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During the past 5 years, National Center for Health
Statistics (NCHS) staff have made a concerted effort to
evaluate the feasibility of developing comprehensive and
systematic epidemiologic data on physical fitness and
physical activity through the National Health and Nutri-
tion Examination Survey (NHANES) and the National
Health Interview Survey (NHIS). The preparation of a
series of expert papers on various aspects of physical
fitness and physical activity assessments was central to
this evaluation effort.

These papers were initially designed with several
purposes in mind. One aim was to contribute to achiev-
ing national health promotion objectives in the area of
physical fitness and exercise by codifying conceptual,
methodological, and measurement approaches to phys-
ical fitness and physical activity assessments of the
general population. A more immediate purpose was to
orient and update NCHS managerial and professional
staff on the current state-of-the-art of fitness and activity
assessment as a way of stimulating consideration of
these topics in NHANES and NHIS planning. Because of
their broad import for population-based studies of phys-
ical fitness and physical activity, it was always intended
to make these papers available to the wider audience of
researchers, program planners and evaluators, students,
and others with an interest in these topics. The publica-
tion of this resource work makes that intention a reality.

Foreword

Manning Feinleib, M.D., Dr.P.H., Director
National Center for Health Statistics

The preparation of the papers in this volume coin-
cided with the planning and design of the 1988-94
National Health and Nutrition Examination Survey
(NHANES III), which made it possible for their insights
and recommendations to be actively and thoughtfully
considered. Many of this volume’s recommendations in
assessing body composition, diet, physical activity, and
the physical functioning of older persons have been
included in the pilot phases of NHANES III; however,
recommendations for the inclusion of tests of cardiovas-
cular endurance, muscular strength and endurance, and
flexibility have not been implemented. Whether future
cycles of NHANES will include such a fitness test battery
remains an open question.

Physical fitness and exercise is only one area of be-
havioral health for which more adequate national data are
needed. In this larger context, the present volume may be
viewed as a model of the kind of indepth analysis and
consideration that may be necessary to advance other
areas of health statistics bearing on national health pro-
motion objectives. Moreover, in the current climate of
lively questioning over the types of physical fitness tests
and physical activity questionnaires that may be most
appropriate for different age groups, this volume also
provides an important set of resource materials for future
efforts to develop standardized assessments of physical
fitness and physical activity in the general population.
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In 1983, National Center for Health Statistics
(NCHS) staff in the Division of Epidemiology and Health
Promotion, Office of Analysis and Epidemiology Pro-
gram, initiated an evaluation study of NCHS fitness and
physical activity data. This study, ‘Assessing Physical
Fitness and Physical Activity in NCHS Population-Based
Surveys,” was concerned with three types of evaluation:
(1) an evaluation of effort, (2) an evaluation of effective-
ness, and (3) an evaluation of adequacy. Based on these
evaluations, an effort was also made to develop recom-
mendations on how inadequacies in existing physical
fitness and physical activity measurements might be
better addressed through the population-based surveys
of NCHS.

In carrying out these evaluations, answers were
sought to the following questions: What efforts have so
far been made in NCHS data systems to assess physical
fitness and physical activity? In the context of what is
currently known about the assessment of physical fit-
ness and physical activity in population-based studies,
how good is the quality of available NCHS data on
specific physical fitness and activity issues? Given what
we most need to know about specific aspects of fitness
and exercise from scientific, policy, and programmatic
perspectives, how adequate are the available data to
answer such questions?

The evaluation took place in three phases. In Phase
I, a series of state-of-the-art papers were prepared by
leading experts related to the assessment of physical
fitness and physical activity in NCHS general population

Note: Thomas E Drury is currently affiliated with the National
Institute of Dental Research.

Introduction

Thomas F. Drury, Ph.D., Editor
National Center for Health Statistics

surveys. In Phase II of the study, NCHS brought the
primary authors of these state-of-the-art papers together
at a workshop designed to formulate specific recom-
mendations regarding fitness testing, activity assess-
ment, and related issues in the specific contexts of the
National Health and Nutrition Examination Survey, the
National Health Interview Survey, and the National
Survey of Family Growth. This workshop, held at Airlie
House in Warrenton, Virginia, on June 2-5, 1985, was
carried out under the NCHS Health Statistics Workshops
and Conferences Contract administered by the NCHS
Office of Program Evaluation and Planning.

Phase III of the overall evaluative effort has focussed
on the preparation of the present volume. It is intended
to be a major reference work, containing the revised
manuscripts of the background papers prepared during
Phase I of the overall evaluation study along with a few
additional papers prepared subsequent to the Airlie
House Workshop.

In the remainder of this introduction, the structure
and content of the volume are outlined. In a brief
discussion of scope, suggestions are made for extending
the work presented here. Finally, the relationship of this
publication to earlier Public Health Service projects is
noted.

Structure and content

This volume is organized into seven parts: The first
part provides a historical perspective on NCHS efforts in
the area of physical fitness and activity assessment.
Nancy Pearce (chapter 1) provides an overview of NCHS
population-based surveys. Arthur McDowell (chapter 2)
documents the efforts made so far in NCHS to assess
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cardiovascular endurance, muscular strength, and lung
function. Dorothy Blair, Jean-Pierre Habicht, and Lee
Alekel (chapter 3) trace the efforts made to assess body
composition, dietary patterns, and nutritional status.

The second section is devoted to fundamental per-
spectives on health-related physical fitness and cardio-
pulmonary health. Jack Wilmore (chapter 4) identifies
major components of health-related physical fitness. He
provides an indepth discussion of the range of basic
design issues and alternatives that need to be considered
in assessing these components of health-related physical
fitness among apparently healthy adults. Karlman
Wasserman (chapter 5) introduces the concept of car-
diopulmonary health, outlines measurements of this
concept, identifies noninvasive integrative methods for
developing these measurements, and discusses the inter-
pretive uses of such assessments.

Part III provides a series of fundamental discussions
on energy turnover, energy balance, dietary patterns,
and physical activity. E.R. Buskirk (chapter 6) introduces
this section with an overview of the issues involved in
the assessment of energy intake and energy expenditure.
Dorothy Blair (chapter 7) addresses the relevance that
the concept of energy balance may have for a large-scale
examination survey of the general population. Catherine
Woteki (chapter 8) reviews the current state of the art in
the assessment of dietary patterns, and Thomas Stephens
(chapter 9) performs a similar review of design alterna-
tives in the conceptualization and survey measurement
of physical activity.

The fourth part addresses issues that arise in assessing
the physical fitness and physical activity of selected sub-
populations. Oded Bar-Or (chapter 10) discusses special
concerns that arise in the study of children and adoles-
cents. On this same theme, James Ross (chapter 11) cod-
ifies the major lessons to be learned from the National
Children and Youth Fitness Studies. Barbara Drinkwater
(chapter 12) synthesizes and evaluates essential informa-
tion on the fitness testing of women. This information
should be taken into account in the design of population-
based studies of women’s fitness and activity patterns.
Nanette Wenger (chapter 13) reviews and evaluates per-
tinent findings from the study of cardiac patients in terms
of the implications for including such persons in a na-
tional survey of physical fitness. Everett Smith and Cath-
erine Gilligan (chapter 14) provide an extensive review of
the literature on aging in relationship to cardiovascular
endurance, flexibility, and bone; on the basis of these
reviews they develop recommendations for health-
related fitness testing of the elderly.

The fifth part highlights the lessons to be learned
from selected community, national, and international
studies. Henry Montoye (chapter 15) develops the les-
sons to be learned from the Tecumseh studies of physical
fitness and physical activity. James Vogel (chapter 16)
provides a systematic review of the fitness and activity
protocols that he and his colleagues have used in major
studies of U.S. Army personnel. Thomas Stephens and
Cora Craig provide an inside review of the Canada

T. F. Drury

Fitness Survey (chapter 17). Roy Shephard (chapter 18)
rounds out this section with a discussion of the lessons
to be learned from recent international studies, particu-
larty those conducted in Canada.

In the sixth part contexts are reviewed within which
physical fitness and physical activity measurements need
to be evaluated. Robert Malina and Claude Bouchard
(chapter 19) provide an up-to-date review of genetic
considerations in physical fitness. William Haskell
(chapter 20) reviews the current state of knowledge in
the area of the biochemical correlates of fitness and
exercise. James House and David Smith (chapter 21)
review major ways of conceptualizing and measuring
physically and psychologically demanding work on and
off the job in relationship to health. Arthur Leon
(chapter 22) reviews measurement approaches to physi-
cal fitness and physical activity in the context of a
substantive discussion of the effects of physical activity
on health. Steven Blair and Harold Kohl (chapter 23)
review what is currently known about the relationship
of physical activity to other health behaviors and life-
style factors. Ronald LaPorte (chapter 24) identifies the
need to study the full spectrum of physical activity,
reviews what is currently known about the quality of
survey measurements of physical activity, and discusses
several anomalies that arise in evaluating interrelation-
ships among physical activity, cardiovascular fitness,
and other health characteristics. Erika Sivarajan and
Victor Froelicher (chapter 25) provide a critical perspec-
tive on high-tech assessments of physical fitness in the
context of national surveys of the general population
and highlight the need for more adequate assessments of
physical activity patterns. Robert Hyde and Ralph Paf-
fenbarger (chapter 26) provide an overview of the his-
tory of epidemiologic concern with physical activity.
They review some of the landmark contributions to this
area of study and state the case for national assessments
of physical activity.

The seventh section of this volume introduces sev-
eral major measurement and analysis strategies that,
although not yet extensively applied in studies of phys-
ical fitness and exercise, hold great promise for the
analysis of data bearing on these topics. George Bohrn-
stedt and Joseph Lucke (chapter 27) introduce the no-
tion of physical fitness and physical activity as latent
variables. They suggest that future studies of these
contructs might consider using LISREL and other avail-
able software packages to evaluate measurement reliabil-
ity and to adjust for measurement error in substantively
oriented analyses of the causes and consequences of
fitness and exercise. Bengt Muthen and Lynn Short
(chapter 28) extend this discussion by reviewing recent
advances in regression and factor analysis, which have
import for the analysis and evaluation of fitness and
exercise measures when data take the form of dichoto-
mies or other qualitative distributions. Allan McCutch-
eon (chapter 29) provides an overview of latent class
analysis, including the range of uses to which this type
of analysis might be put.



Introduction

Many of the chapters in the seven parts of this
volume include extensive appendix material that either
is not elsewhere published or is difficult to obtain,
particularly by newcomers to this field of study. This is
particularly the case with the various schemes that have
been used to develop estimates of energy expenditure
from reported activity measurements. Accordingly, an
appendix to chapter 15 reproduces the energy expendi-
ture coding system used in the Tecumseh studies; and an
appendix to chapter 17 shows the coding scheme used
in the Canada Fitness Survey for this purpose. In the
only stand-alone appendix to this volume, Andrew Dan-
nenberg and Peter Wilson describe the procedures that
were used in the Framingham Offspring Study to assess
physical activity and to develop estimates of energy
expenditure.

Scope

Given limits of time and other resources, any evalu-
ation of the feasibility of assessing physical fitness and
physical activity in the context of the population-based
surveys of NCHS is bound to give only brief attention to
certain topics that others would consider terribly impor-
tant and that we might well have developed more fully
had we known when this project began what we know
now. To further clarify the scope of this volume and in
hope of inspiring scholarly attention to these issues,
some of the more important of these omissions with
respect to physical fitness and physical activity assess-
ments in population-based surveys are identified below.

A basic assumption of this volume is that the lack of
national assessments of the physical fitness status of the
adult population represents a major gap in the national
system of health statistics. In designing the papers,
however, an effort was made to include discussions (see,
for example, chapter 25) that would question the merits
of this assumption. The aim here was to stimulate
consideration by health data policymakers of the relative
merits and uses of physiological measures of fitness in
comparison with the merits and uses of self-report
information on physical activity, perceived fitness levels,
and other healthy lifestyle characteristics.

The protection of human subjects, a key issue in
fitness testing, is touched on in a number of the papers.
This topic deserves specialized attention. However, at
the time the papers in this volume were commissioned,
there was great reluctance among potential authors to
take on this task. In the interim, the experiences gained
from more recent fitness testing in large-scale,
community-based studies are finding their way into the
literature. It is to be hoped that these will provide the
basis for someone to carry out the needed thorough
review of issues pertaining to the protection of human
subjects in large-scale epidemiologic studies of physical
fitness.

Although an effort has been made to consider the
special testing needs of persons with various medical
conditions, only persons with cardiac conditions have
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actually received systematic consideration (chapter 13).
Other medical conditions, including arthritis, diabetes,
chronic respiratory disorders, and obesity, as well as
various forms of disability, also need to be considered in
the design of physical fitness test protocols for use in
population-based surveys.

The economic impact of physical fitness and exer-
cise is a topic that is receiving increasing attention. In
view of the fact that national health promotion objec-
tives call for the development of methodologies to assess
such an impact and that a number of conceptual and
methodological approaches already exist, which might
be applied to the case of physical fitness and exercise, an
examination of the kinds of national data that these
conceptual models and methodological approaches re-
quire would be timely.

Relationship to other Public Health Service
projects

The project that gave rise to this volume benefited
from a number of related projects in the area of physical
fitness and exercise, many of which were sponsored or
carried out by various agencies of the United States
Public Health Service. In the initial stages of the project,
NCHS staff profited immensely from the Office of Dis-
ease Prevention and Health Promotion (ODPHP) reviews
of the literature on physical fitness and physical activity
participation, as well as from the various planning
activities surrounding ODPHP’s sponsorship of the Na-
tional Children and Youth Fitness Studies. In 1984,
Public Health Service agencies carried out three work-
shops on various aspects of physical activity that made it
possible for NCHS staff to focus more intensely on
physical fitness issues than might have otherwise been
the case (1-3).

Concluding remarks

In the preparation of their manuscripts, authors
were asked to provide recommendations for NCHS sur-
veys. These recommendations are included here, not
because they represent in all particulars a blueprint for
local community, State, or regional surveys of physical
fitness or physical activity, but rather because they
highlight a number of important issues that smaller
surveys need to resolve in order to demonstrate more
fully the feasibility of developing national assessments.
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Chapter 1

General Population Surveys of the
National Center for Health Statistics:

Introduction

The National Center for Health Statistics (NCHS) is
one of the major Federal statistical organizations. It
operates a diverse survey and inventory program with
legislative authorization (42 USC 242Kk) to collect statis-
tics on the following:

¢ The extent and nature of illness and disability of
the population of the United States, including life
expectancy, maternal morbidity, and mortality.

¢ The impact of illness and disability of the popu-
lation on the economy of the United States and on
other aspects of the well-being of its population.

® Environmental, social, and other health hazards.

¢ Determinants of health.

¢ Health resources, including health professionals
by specialty and type of practice, and the supply
of services by hospitals, extended-care facilities,
home health agencies, and other health institu-
tions.

¢ Utilization of health care, including utilization of
ambulatory health services, services of hospitals,
extended care facilities, home health agencies,
and other institutions.

® Health care costs and financing.

® Family formation, growth, and dissolution.

An Overview

Nancy D. Pearce, M.A.
National Center for Health Statistics

The Department of Health and Human Services
1990 Objectives for the Nation (1) in the areas of fitness
and exercise call for the development of methodologies
to monitor physical fitness and exercise patterns in the
general population. In response to these objectives, staff
of the National Center for Health Statistics have been
attempting to assess the extent to which NCHS general
population surveys might provide a context for the
development of national statistics on fitness and exer-
cise.

This paper provides background information about
NCHS and describes its population-based survey pro-
gram, including recent and expected changes in the
program. The first part of the paper describes general
aspects of survey planning, data collection and process-
ing, and data release. Next, each of the population-based
surveys is described. These surveys are the National
Health Interview Survey, the National Medical Care
Utilization and Expenditure Survey, the National Health
and Nutrition Examination Survey (NHANES), the first
NHANES (NHANES I) Epidemiologic Followup Survey,
and the National Survey of Family Growth. Finally, there
is a discussion of recent and potential changes in the
NCHS survey program. These changes include an inte-
grated survey design through which the samples for
other NCHS population-based surveys are linked to that
of the National Health Interview Survey, the capability
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to conduct random-digit-dialed telephone surveys, and
the ability to use the National Death Index to determine
the fact and cause of death for individuals in NCHS
surveys.

Although this paper is nontechnical in nature, it
does include some technical terms. For the purposes of
NCHS surveys, many terms have highly specialized def-
initions. No effort has been made here to provide a
comprehensive series of such definitions.

Background

It is important to be aware of the general environ-
ment in which NCHS data collection programs operate.
This section briefly describes the processes through
which surveys are developed and implemented and
some of the constraints on data collection, analysis, and
dissemination.

Survey planning process

A somewhat lengthy survey planning and develop-
ment process is followed in NCHS. This is a result of the
budget process (which includes request and approval for
funds to conduct each year’s data collection activities),
the actual survey-planning process (which requires time
for development and testing of survey questionnaires,
sample design, and procedures), and administrative proc-
esses, such as approval from the Office of Management
and Budget (OMB).

Typically 2-3 years elapse from the time a decision
is made to conduct a survey and funds are requested
through the budget process to the time that data collec-
tion begins. After the data are collected, additional time
is required to complete data reduction, editing, and
analysis for dissemination.

As the statistical agency with responsibility for
health data, NCHS makes every effort to meet data needs
of other Public Health Service agencies that can best be
met through NCHS survey programs. In addition to
consulting with health program planners, managers, and
researchers in the Federal Government, NCHS staff con-
sult widely with experts in the private sector. Decisions
are made about survey content and design based on
priorities identified in the planning process.

Following broad decisions about content areas, staff
responsible for survey planning and development review
the availability of prototype questions and procedures
that have previously been developed and tested for
reliability and validity. To the extent that reliable, valid
questions and procedures suitable for use in a particular
survey do not exist, the development and testing process
is lengthened.

Reviews and approvals

Several reviews and approvals must be obtained
before data collection may begin. These reviews are
directed at technical aspects of survey design and human
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subject concerns. Within NCHS both types of review
occur, and it is only after any issues are resolved that the
plans for the survey are forwarded to the Office of
Management and Budget, which, under the require-
ments of the Paperwork Reduction Act of 1980 (44 USC
3501-3520), must review and approve any collection of
information from more than 9 respondents.

Technical aspects of the survey design and method-
ology are reviewed by the NCHS Office of Research and
Methodology. The purposes of this review (2) are as
follows:

¢ To verify that the proposed statistical method-
ological techniques employed in NCHS projects
are consistent with accepted statistical theory and
practice.

¢ To verify that each project can conceptually meet
its stated objectives.

In addition to technical aspects of the survey, con-
sideration must be given to the potential sensitivity of
individual questions or procedures. The plans and ma-
terials for each survey are also reviewed by the Commit-
tee on Protection of Rights of Human Subjects (3) to
assure that the project has intrinsic value or scientific
merit and to provide the following safeguards:

® Respect of the individual respondent’s privacy,
dignity, comfort, and legal rights.

s Freedom of choice for the subject as to participa-
tion in the project.

¢ Protection against undue hazards to the health
and safety of the subject and others who might be
endangered by the conduct of the research.

Any Department of Health and Human Services
(DHHS) project that includes biomedical or behavioral
research involving humans is subject to the provisions of
45 CFR 46 (revised January 26, 1981) for the protection
of human research subjects. The oversight program is
administered by the Office for Protection From Research
Risks, Office of the Director, National Institutes of
Health. NCHS projects are reviewed by an Institutional
Review Board instead of the Committee on Protection of
Rights of Human Subjects to assure that appropriate
informed consent procedures are followed when con-
ducting physical tests and examinations or when elicit-
ing particularly sensitive information.

When both technical and human subject reviews
have been completed, approval for the survey is sought
from the Office of Management and Budget. (OMB
review is conducted according to provisions of 5 CFR
1320, the final rule implementing the Paperwork Reduc-
tion Act of 1980.) In its review of data collection plans,
OMB gives particular attention to the need for and
expected uses of the data, the total cost of the project in
relation to the need for the data, how essential the
project is to the proper fulfillment of the sponsoring
agency’s mission, and whether there is duplication of
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existing information. Pilot projects and pretests often
require separate review and approval by OMB, a process
that requires approximately 3 months from the time the
request leaves NCHS.

Statistical standards and guidelines

Data collection undertaken by NCHS is subject to
statistical standards established by OMB (4) and to stand-
ards and guidelines of DHHS (5) and of the Public Health
Service (PHS). These standards and guidelines relate to
survey methodology, to how certain data items are to be
obtained and coded, and to how data are presented in
printed reports.

Statistical standards established by OMB relate to the
adequacy of sample design and the achievement of an
adequate response rate, generally considered to be at
least 75 percent for statistical surveys. In order to
maximize comparability of data collected by Federal
agencies and to minimize the recordkeeping burden on
businesses and the public, OMB has also established
standards for certain data items. For example, when a
project obtains information on the race of individuals, it
is also necessary to determine whether the individual is
of Hispanic origin; minimum categories have been es-
tablished for the collection and reporting of such infor-
mation. These standards must be adhered to, and justi-
fication for noncompliance must be provided by the
sponsor and accepted by OMB.

The programs of data standards and guidelines of
DHHS and PHS expand on OMB standards. They in-
clude, for example, specifications that exact date of birth
rather than age at last or nearest birthday be asked to
determine age of individuals and that certain minimum
age groupings be used when only aggregate information
about persons is obtained.

NCHS has established certain additional data stand-
ards. These relate to data collection, data processing,
and data analysis. Although it is not feasible to discuss
these various standards and guidelines in detail, it is
important that they exist and may affect how particular
information is obtained and used.

Confidentiality of data

Data collection activities of the Center are subject to
the specific provisions of both the Privacy Act of 1974
(Public Law 93-579) and the Health Services Research,
Health Statistics, and Health Care Technology Act of
1978 (Public Law 95-623). The Privacy Act covers all
federally sponsored and operated data collection that
involves creation of a system of records containing
unique personal identifiers; the latter is limited to a
portion of the Public Health Service.

In keeping with the requirements of the Privacy Act
of 1974 and NCHS policy, each individual, household,
or establishment asked to provide data for NCHS is
informed of the following:
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e The authorization for soliciting the information.

* The fact that disclosure of such information is
voluntary.

® The principal purpose or purposes (usually statis-
tical or research) for which the information is
intended.

® The routine uses (as published in the Federal
Register) that may be made of the information.

* The effects on the respondent, if any, of not
providing all or any part of the requested infor-
mation.

NCHS is also bound by the provision of its authoriz-
ing legislation stipulating that information obtained in
the course of its statistical activities may not be used for
any purpose other than that for which it was supplied.
Such information may not be published or released in
another form if the particular establishment or person
supplying the information or described in it is identifi-
able, unless the establishment or person has consented
to its publication or release in another form.

Almost all data collected by NCHS are requested
under a pledge to the respondent, either an individual or
establishment, that the information will be used only for
statistical purposes and will not be released in such a
way that individual persons, households, or facilities
will be identifiable. NCHS never releases information
that would identify an individual or household. The
NCHS Policy Statement on Release of Data for Individ-
ual Elementary Units and Special Tabulations (6) and
the NCHS Staff Manual on Confidentiality (7) present
and explain in detail the confidentiality policy.

Data collection mechanisms

NCHS does not have a large data collection staff of
its own. It collects most of its data through interagency
agreements with the U.S. Bureau of the Census or
through contracts with non-Federal organizations.
‘When a competitive contract is awarded for conduct of
a survey, additional lead time is required for NCHS staff
to prepare the specifications for the request for pro-
posal, for the procurement process to solicit technical
proposals, for review of proposals received, and for
negotiation and award of the final contract. Staff of the
U.S. Bureau of the Census and of contractors are bound
to maintain confidentiality of survey respondents in the
same way as NCHS staff are.

Morbidity and mortality data coding

NCHS collects a wide range of information about
illnesses and health problems of the population of the
United States. To enhance the comparability of interna-
tional statistics and of morbidity and mortality estimates
from such diverse sources as household respondents and
health care provider records, these data are coded to
appropriate adaptations of the International Classifica-
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tion of Diseases (ICD). ICD is a system for classification
of diseases and injuries for statistical purposes and is
revised periodically under the auspices of the World
Health Organization.

All NCHS mortality and morbidity information is
classified according to the most recent revision of ICD.
Data for the approximately 10-year period prior to
January 1, 1979, are coded according to the Eighth
Revision International Classification of Diseases,
Adapted for Use in the United States, ICDA-8 (8).
Mortality data for the period beginning January 1979 are
classified according to the 9th Revision of the Interna-
tional Classification of Diseases (9), and morbidity data
are classified using the clinical modification of the 9th
Revision, ICD-9-CM (10).

Data release mechanisms

NCHS releases its data in several ways. When they
are issued, the Vital and Health Statistics series (de-
tailed reports on the design of the various data collec-
tion systems, findings of methodological studies, and
detailed cross-tabulations of data), Advance Data re-
ports (which summarize newly available data on topics
of special interest), and Montbly Vital Statistics Reports
are distributed without charge to libraries, medical col-
leges, schools of public health, and other selected insti-
tutions that have requested all issues in the series. Other
organizations and individuals receive publication no-
tices and information to purchase copies from the U.S.
Government Printing Office. The annual Catalog of
Publications of the National Center for Health Statis-
tics (11) contains a list of reports issued during the
previous 5 years, and the quarterly Publication Note is
issued to provide the latest information.

NCHS also issues a catalog that describes public use
data tapes available for purchase. The data tape program,
begun in 1969, permits researchers to perform their
own analyses of data. Tape availability and contents,
along with information on ordering the tapes, are de-
tailed in a periodic Catfalog of Public Use Data Tapes
From the National Center for Health Statistics (12) and
Data Tape Update. The majority of these data tapes are
now sold by the National Technical Information Service
(NTIS) and are not available from NCHS. Eventually, all
NCHS public use data tapes will be available from NTIS.
The order form in the back of the catalog gives the
address and instructions for ordering from NTIS or, in a
few instances, from the National Center for Health
Statistics.

Many requests for unpublished data are filled regu-
larly using tabulations that have been previously com-
piled. In addition, many special tabulations are prepared
each year to meet data requests that cannot be fulfilled in
any other way. When special tabulations are necessary,
the requester is given a cost and time estimate. Tabula-
tions and public use data tapes are carefully reviewed to
ensure that confidentiality is maintained.
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Population-based surveys

Table 1 provides an overview of NCHS population-
based surveys. The following brief descriptions provide
additional detail of each survey’s objectives, sample
design, questionnaire content, and data collection pro-
cedures. More detail is provided in technical appendixes
of analytic reports from the surveys.

National Health Interview Survey

Background

The National Health Interview Survey (NHIS) is a
principal source of information on the health of the
civilian noninstitutionalized population of the United
States. The National Health Survey Act of 1956 provided
for a continuing survey and special studies to secure on
a voluntary basis accurate and current statistical infor-
mation on the amount, distribution, and effects of
illness and disability in the United States and the services
rendered for or because of such conditions. The survey
referred to in the act, now called the National Health
Interview Survey, was initiated in July 1957. In its early
years the survey was known to many as the National
Health Survey, the name now given to a broader program
of surveys in the National Center for Health Statistics.

Purpose and scope

The purpose of NHIS is to provide national data on
the incidence of acute illness and accidental injuries, the
prevalence of chronic conditions and impairments, the
extent of disability, the utilization of health care serv-
ices, and other health-related topics. A major strength of
this survey lies in the ability to display these health
characteristics by selected demographic and socioeco-
nomic characteristics of the U.S. civilian noninstitution-
alized population.

Because NHIS data are obtained during household
interviews from the people themselves, the statistics
measure health status and experiences and reflect the
social and economic dimensions of health as reported by
individuals—the extent and impact of illness and disabil-
ity and the resulting uses of health care services by the
people experiencing them.

Interviews are conducted each week throughout the
year in a probability sample of households. Data col-
lected over the period of a year form the basis for the
development of annual estimates of the health charac-
teristics of the population and for the analysis of trends
in those characteristics.

The survey covers the civilian noninstitutionalized
population of the United States. Because of technical
and logistical problems, several segments of the popula-
tion are not included in the sample or in the estimates
from the survey. Persons excluded are patients in long-
term care facilities (data are obtained on patients in some
of these facilities through the NCHS National Nursing
Home Survey); persons on active duty with the Armed
Forces (although their dependents are included); U.S.
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nationals living in foreign countries; and persons who
died during the calendar year preceding the interview.

Sample design

The National Health Interview Survey is a cross-
sectional household interview survey. The sampling
plan follows a multistage probability design that permits
the continuous sampling of households. Every 10 years,
the NHIS sample design is revised following the decen-
nial census of the population. Beginning in 1985, the
NHIS sample design has reflected changes based on the
1980 census and an integrated survey design capability
has been implemented. The integrated survey design,
discussed in greater detail in a subsequent section, will
permit use of NHIS as the sampling frame for other
NCHS population-based surveys, which in the past have
been designed independently.

Conceptually, the sampling plan for the 1985 NHIS
remains the same and follows a multistage probability
design with continuous sampling of the civilian nonin-
stitutionalized population of the United States. The first
stage consists of a sample of primary sampling units
drawn from approximately 1,900 geographically de-
fined primary sampling units that cover the 50 States and
the District of Columbia. A primary sampling unit
consists of a county, a small group of contiguous coun-
ties, or a metropolitan statistical area. Within primary
sampling units, smaller units, called segments, are de-
fined in such a manner that each segment contains an
expected number of households. The sampling plan is
designed to yield national estimates, although estimates
can be obtained separately for the four geographic
regions.

The households selected for interview each week
are a probability sample representative of the target
population. Each calendar year through 1984, data were
collected from approximately 40,000 households, in-
cluding about 110,000 persons. The sample design
implemented in 1985 includes approximately 50,000
households with about 135,000 individuals; because of
budgetary restrictions, however, it was possible to im-
plement only a three-fourths sample for 1985. The
annual response rate of NHIS is usually at least 95
percent of the eligible households in the sample. The
5-percent nonresponse is divided equally between refus-
als and households where no eligible respondent can be
found at home after repeated calls.

Data collection procedures

Data are collected through personal household in-
terviews conducted by a permanent staff of interviewers
employed and trained by the U.S. Bureaun of the Census
according to procedures specified by the National Cen-
ter for Health Statistics.

All adult members of the household 17 years of age
and over who are at home at the time of the interview
are invited to participate and to respond for themselves.
The mother is usually the respondent for children. For
individuals not at home during the interview, informa-
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tion is provided by a responsible adult family member
(19 years of age or over) residing in the household.
Approximately 65 percent of the adults 17 years and
over are self-respondents. On occasion, a random sub-
sample of adult household members is selected to re-
spond to questions on selected topics. There are also
instances in which followup supplements are completed
for either the entire household or for individuals iden-
tified as having particular health problems. As required,
either these supplements are left for the appropriate
person to complete and return by mail or the interviewer
calls again in person or by telephone to secure the
information directly. There are, however, additional
costs associated with leaving a supplement for self-
completion (these costs include followup to obtain a
completed questionnaire and processing of separate
documents that must be linked to the original household
questionnaire) or for additional contacts to complete a
personal interview with the sample person.

Nationally there are approximately 110 interview-
ers, trained and directed by health survey supervisors in
each of the 12 Census Bureau regional offices. The
supervisors are career Civil Service employees whose
primary responsibility is the National Health Interview
Survey. The interviewers are part-time employees, se-
lected through an examination and testing process.
Interviewers receive thorough training in basic inter-
viewing procedures and in the concepts and procedures
unique to NHIS.

On the average, the interviews require about 45
minutes in the household. Depending on the family size
and the nature and extent of health conditions of family
members, the length of interview typically ranges from
15 to 90 minutes.

Content of questionnaire

The questionnaire consists of two basic parts: a core
set of health, socioeconomic, and demographic items
and one or more sets of supplementary health items. The
core items constitute approximately 70 percent of the
questionnaire and are repeated each year. The arrange-
ment of core items, complemented by rotating and
single-time supplements (13, 14), allows the survey to
respond to changing needs for data and to cover a wide
variety of topics while providing continuous informa-
tion on fundamental topics. Consideration is currently
being given to shortening the core questionnaire in
order to permit additional interview resources to be
devoted to supplement topics.

The questionnaire now includes the following types
of core questions (15):

¢ Basic demographic characteristics of household
members, including age, sex, race, education, and
family income.

¢ Disability days, including restricted-activity days,
bed days, work-loss days, and school-loss days,
occurring during the 2-week period prior to the
week of interview.



® Physician visits occurring during the same 2-week
period.

¢ Acute and chronic conditions responsible for
these disability days and physician visits.

¢ Long-term limitation of activity resulting from
chronic disease or impairment and the chronic
conditions associated with the disability.

¢ Short-stay hospitalizations, including the number
of persons with hospital episodes during the past
year and the number of discharges from short-stay
hospitals.

* The interval since the last physician visit.

The questionnaire also includes six lists of chronic
conditions. Each condition list concentrates on a group
of chronic conditions involving a specific system of the
body (for example, digestive, skin and musculoskeletal,
circulatory, and respiratory). The body systems ap-
proach to chronic conditions was adopted because it
was found that organizing questions around a particular
body system resulted in more thorough reporting and
increased the number of conditions for which estimates
of prevalence could be made. Beginning in 1978, each of
six representative subsamples of households has been
asked questions based on one of the six lists of chronic
conditions. In this way, national estimates on each of the
six body systems are obtained during the same interview
year. Prior to 1978, only one condition list was asked
each year.

The supplements to the questionnaire change in
response to current interest in special health topics.
Throughout 1981, a child health supplement was in-
cluded. In 1982, supplement topics were health insur-
ance coverage and preventive care. Health habits (in-
cluding alcohol consumption), dental care, and access to
care were the supplement topics in 1983. For 1984,
aging and health insurance coverage were the supple-
ment topics. Throughout 1985, the supplement is on
health promotion and disease prevention, and 1986
supplements are planned on health insurance, dental
care, and use of vitamin and mineral supplements.

Suggestions and requests for special supplements are
solicited and received from many sources. These include
university-based researchers, administrators of national
organizations and programs in the private and public
health sectors, and specialists from other parts of the
Department of Health and Human Services (for example,
the National Institutes of Health and the Centers for
Disease Control). Although it is not possible to include
all of the suggested topics, every effort is made to be
responsive to the data needs of such groups. A lead time
of at least 1 year is required to develop and pretest
questions for new topics to be included as special
supplements. For example, supplements selected in
1985 will be developed and pretested in 1986 and
implemented in 1987 or 1988. Relevant portions of the
questionnaire are included in an appendix to each Series
10 report, and each year’s questionnaire is reproduced
in its entirety in the annual Current Estimates report.
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Data processing and quality control methods

Throughout the data collection and processing
phases, there are extensive quality control activities.
Each interviewer edits all completed work before return-
ing it to the regional supervisor, and in the regional
office there is a preliminary edit of all questionnaires. As
part of the quality control program, interviewers are
provided feedback on their errors. In addition, a small
sample of households is reinterviewed, usually by tele-
phone, by a supervisor or senior interviewer. The rein-
terview questionnaire includes questions from both the
core and supplement(s) and is intended to verify that the
interview was conducted correctly and completely.

The Census Bureau regional offices forward the
questionnaires to the National Center for Health Statis-
tics for coding and data processing. At this time, each
questionnaire is checked again at NCHS for complete-
ness of field coverage, omissions, and other errors.
Ilinesses, diseases, and injuries reported by the house-
holds are coded to a modified version of the Interna-
tional Classification of Diseases. All coding is subject to
recoding on a sample basis to ensure a high level of
accuracy.

Thus, potential nonsampling errors such as those in
reporting, processing, and nonresponse, which are in-
herent in any sample survey, are kept to a minimum by
methods built into the survey procedures. In addition,
with regard to sampling error, standard error charts are
created and provided so that a user can calculate the
variations in the estimates that might occur because only
a sample of the population is surveyed.

National Medical Care Utilization and
Expenditure Survey

Background

The National Medical Care Utilization and Expendi-
ture Survey (NMCUES) is a unique source of detailed
national estimates on the utilization and expenditures
for various types of medical care. This survey builds on
the experience of the National Health Interview Survey,
the National Medical Care Expenditure Survey, and the
former Current Medicare Survey. The first cycle of the
survey covered calendar year 1980.

Purpose and scope

NMCUES is designed to be directly responsive to the
continuing need for statistical information on the health
care expenditures associated with health services utili-
zation for the entire U.S. population. Cycle I was de-
signed and conducted in collaboration with the Health
Care Financing Administration to provide detailed utili-
zation and expenditure data for persons in the Medicare
and Medicaid populations. NMCUES will produce esti-
mates over time for evaluation of the impact of legisla-
tion and programs on health status, costs, utilization,
and illness-related behavior in the medical care delivery
system.
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Cycle I was composed of several related surveys. The
household portion of the survey consisted of a national
survey of the civilian noninstitutionalized population
and a separate survey of the Medicaid-eligible popula-
tions of the States of New York, California, Texas, and
Michigan. These two surveys each consisted of five
interviews over a period of about 15 months to obtain
information on medical care utilization, expenditures,
and other health-related information. A third survey, an
administrative records survey, was designed to verify the
eligibility status of the household survey respondents for
the Medicare and Medicaid programs. Insurance claims
filed with the national Medicare program and Medicaid
programs in each of the four States were checked for
persons in the sample of Medicaid eligibles.

Sample design

The national Cycle I household survey comprised
persons residing in about 6,000 households. The sample
for this survey was a multistage area probability sample
drawn from 106 primary sampling units representing
the 50 States and the District of Columbia. The State
Medicaid household survey sample consisted of about
1,000 families in each of the four States; these families
were selected with a known probability of selection
from the State Medicaid enrollment lists. Thus, the total
sample for the survey was about 10,000 households.

An overall response rate for the household inter-
views of 89.4 percent was achieved in the first interview
in both household surveys in Cycle I: For the national
household survey, the response rate was 91.4 percent,
and for the State Medicaid survey, the rate was 86.7
percent. Attrition over the course of interviewing re-
sulted in final response rates of 84.9 percent for the
national household survey and 76.1 percent for the State
Medicaid household survey.

Data collection procedures

NMCUES is a panel study conducted by private
contractors according to NCHS specifications. Inter-
views in Cycle I were conducted with each household at
approximately 3-month intervals, with interviewing be-
ginning in February 1980 and ending in March 1981.
The first two interviews were conducted by personal
visit of the interviewer to the household, the next two
were conducted by telephone (if a telephone was avail-
able and acceptable to the household), and the final
interview was conducted in person. In each round of
interviewing, questions were asked about the period
since the last interview (except that in the first round,
questions were asked about the period of time following
January 1, 1980).

Collection of data from the households was facili-
tated by the use of a calendar and a summary. At the time
of the first interview, the household respondent was
given a calendar on which to record information about
health problems and health services utilization and to
use in assembling physician and other provider bills
between interviews. Following each household inter-
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view, information about health provider contacts and
the payment of charges associated with them was used
to generate a computer summary of information pro-
vided. This summary was then printed out in a simple
format and mailed to the household for review for
accuracy and completeness prior to the next interview.
At the subsequent interview, the interviewers reviewed
this information with the household respondent to
ensure accuracy and to obtain information not available
during a previous interview.

In recognition of the commitment made by the
household respondent to participate in the series of
interviews and to review the computer-generated sum-
mary of utilization, charges, and sources of payment, a
modest remuneration was provided. At the end of the
first and second interviews, the household respondent
was given $5, and at the end of the fifth interview, the
respondent was given $10. .

The administrative records survey of Cycle I was a
check of the eligibility and claims records of persons
reported as covered by Medicare or Medicaid. The
supplementary and confirmatory data on Medicaid and
Medicare enrollees provided information from the ad-
ministrative records of the programs for comparison
with that reported by the household respondents. The
survey was designed specifically to meet the needs of
the Health Care Financing Administration for program-
matic data that are not otherwise available. For those
individuals identified in the surveys as being enrolled in
either the Medicare or Medicaid programs, sufficient
identifying information was collected to allow the
Health Care Financing Administration to flag incoming
claims for services paid by Medicare, to allow the State
Medicaid agencies in the four States in the State Medicaid
household survey to abstract data from claims, and to
permit all State Medicaid agencies to confirm eligibility
and type of eligibility under their State Medicaid pro-

gram.

Content of questionnaires

Questionnaires for the household surveys were de-
signed to obtain some information on a repeated basis
throughout the survey and some information only one
time. The repetitive core of questions for Cycle I in-
cluded health insurance coverage, episodes of illness,
and the number of bed days, restricted-activity days,
hospital admissions, physician and dental visits, other
medical care encounters, and purchases of prescribed
medicines. For each contact with the medical care
system, data were obtained on the nature of the health
conditions, characteristics of the provider, services pro-
vided, charges, and sources and amounts of payment.
Questions asked only once included data on access to
medical care services, limitation of activities, occupa-
tion, income, and other sociodemographic characteris-
tics.

NMCUES is a unique source of extremely detailed
health care utilization and financing information that
will enable detailed measurement of utilization and
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expenditures for different subgroups of the population.
Specific items of service are identified that can be related
to chronic and acute illness, disability, work-loss days,
and limitation of activity. Such data are essential to the
measurement of the impact of legislation and health
insurance programs on the charges for and financing of
health services and insurance. This survey will be a
principal source of ongoing data needed to monitor
changes over time in the impact on individuals and
families of private and public programs. Data from Cycle
I of the survey are being published in a special series of
joint reports from the Health Care Financing Adminis-
tration and NCHS. The questionnaires and survey pro-
cedures have been published (16).

Data processing and quality control methods

Data collection and processing phases incorporated
a number of quality control activities, including a de-
tailed edit by each field interviewer and, immediately
upon receipt at the central office, a premachine edit of
all key linkage variables. Errors discovered in this pre-
machine edit and in further edit of a sample of all items
provided feedback to interviewers and supervisors.

Illness conditions, operations performed, specialties
of medical providers not precoded on the questionnaire,
and the industries in which persons were employed
were coded prior to data entry. Quality control samples
provided continuous monitoring of each coder, with
retraining of coders and recoding of data, as appropriate,
to ensure high levels of accuracy. Data entry through
key-to-disk minicomputers provided a level of editing
for valid ranges and codes. Check digits embedded in
key identifying numbers kept miskeyed linkage numbers
to an absolute minimum.

National Health and Nutrition Examination
Survey

Background

The first National Health and Nutrition Examination
Survey, referred to as NHANES I, was initiated in 1970,
with data collection beginning in April 1971. NHANES I
was a modification and expansion of the Health Exami-
nation Survey (HES), which had been initiated a decade
earlier and carried out as three separate programs. The
restructuring and modification of HES reflected the
assignment to NCHS of an additional specific responsi-
bility—the measurement of the nutritional status of the
population and subsequent monitoring of changes in
that status over time. On completion of NHANES I, data
were collected for the second National Health and
Nutrition Examination Survey (NHANES II), which be-
gan in February 1976 and ended in February 1980. A
special health and nutrition examination survey directed
to persons in families having one or more members of
Hispanic origin or descent and living in areas with a high
concentration of Hispanics was conducted for the pe-
riod between the completion of NHANES II and the

N. D. Pearce

beginning of NHANES III. Pretesting for the Hispanic
Health and Nutrition Examination Survey occurred in
1981 and 1982; the main survey was conducted from
July 1982 through December 1984.

Planning has begun for NHANES III, which is sched-
uled to begin in 1988. NHANES III is expected to be
conducted over a 6-year period, with a sample of
approximately 20,000 persons every 2 years. This would
permit national estimates every 2 years, estimates for
black persons within 4 years, and estimates for Hispanics
in 6 years.

Purpose and scope

NHANES and its predecessor program, HES, share a
common purpose—the collection and utilization of data
that can be obtained best or only by direct physical
examination, clinical and laboratory tests, and related
measurement procedures. This information, which can-
not be furnished by the people themselves or by the
health professionals who provide their medical care, is
of two kinds. Prevalence data are collected for specifi-
cally defined diseases or conditions of ill health, and
normative health-related measurement data are collected
that show distributions of the total population with
respect to particular parameters, such as blood pressure,
visual acuity, or serum cholesterol level.

In the surveys, probability samples of the U.S. pop-
ulation are used to provide representative national data
that are analyzed and made available in a series of
reports. Successive surveys in the HES and NHANES
programs have been directed to different segments of the
population and have had different sets of target condi-
tions. Thus, the first Health Examination Survey (first
cycle) involved examining a sample of adults, with the
focus primarily on selected chronic diseases. The sec-
ond and third cycles of HES were directed to children
ages 6-11 years and to youths ages 12—17 years, respec-
tively. In both surveys, growth and development data
and sensory defects were emphasized. The nutrition
component of the first NHANES was directed to a
probability sample of people in the broad age range
1-74 years; the detailed health examination component
focused on the population ages 25-74 years. NHANES II
was again directed to a broad population, 6 months-74
years, and the data on nutrition that were collected will
be used in conjunction with the earlier NHANES I data to
monitor changes in nutritional status over time.

Sample design

The samples for all of the HES and NHANES pro-
grams are multistage, highly clustered probability sam-
ples. All of the samples are stratified by broad geo-
graphic region and by population-density grouping.
Within the strata, the sampling stages employed are the
primary sampling unit, the census enumeration district,
the segment, the household, and lastly the individual
person. Until the household stage is reached, all sam-
pling is carried out centrally in conjunction with the
U.S. Bureau of the Census.
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The next stage of the sampling is conducted in the
field in the particular chosen area. It involves inter-
viewer visits and questionnaire completion at each se-
lected household, with the final selection of individuals
included in the sample being dependent on information
elicited by the household interview questionnaire. The
size of the sample in the survey program has varied. In
each of the three HES programs, the sample size was
approximately 7,500 persons. In NHANES I, the sample
selected for the major nutrition components of the
examination contained approximately 28,000 people
and yielded about 21,000 examined persons. A compa-
rably sized sample for NHANES IJ again yielded approx-
imately 21,000 examined persons.

Data collection procedures

Household interviewing during NHANES II was con-
ducted by U.S. Bureau of the Census personnel, a depar-
ture from previous surveys, in which NCHS employees
served this function. However, NCHS employees did the
rest of the interviewing, as well as the history taking,
examining, testing, and measuring in the mobile exami-
nation centers. Data collection teams consisted of spe-
cially trained interviewers and examiners, including phy-
sicians, nurses, dentists, dietitians, and medical,
laboratory, and x-ray technicians.

NHANES examinations take place in the survey’s
specially constructed mobile examination centers, each
consisting of three truck-drawn trailers. These trailers
are interconnected and provide a standardized environ-
ment with equipment for the performance of specific
parts of the examination. This standardized environ-
ment is necessary for such components of the examina-
tion as audiometry, which requires hearing chambers
within which the ambient noise level conforms to the
American Speech Association standards for acoustical
measurements.

The general pattern of data collection has meant that
each survey has been conducted over a period of 3 or 4
years. This results from the limitation on the number of
persons examined in a given timespan (for example, the
number of field teams and the number of sample areas).
The kinds of data to be collected are also limited because
conditions that might show marked year-to-year varia-
tion or seasonal patterns cannot be included. However,
many important chronic diseases and health-related
measurements are not subject to such changes in preva-
lence within shortrun periods. The distribution of the
population according to unassisted visual acuity levels
and the prevalence of such conditions as diabetes or
hypertensive heart disease may vary over long periods of
time, but not so rapidly as to prevent data collection
over a 3- or 4-year period from giving a correct picture
of the population levels during or at the midpoint of that
period. It is hoped that, beginning with NHANES III, the
data collection period can be shortened to 2 years for
some topics and population groups, although longer
periods of time may be necessary for some topics and
special population groups.

k!

Voluntary sample surveys present a problem if no
data are collected on a large fraction of the selected
sample because individuals selected to participate in the
program are not willing to do so. In the HES and
NHANES program, much attention has always been and
continues to be devoted to the question of the response
rate, the proportion of sample persons who are actually
examined. In NHANES there have been, as anticipated,
more problems in the area of response than had been
encountered in the earlier HES programs. The difficul-
ties faced have led to a variety of innovative measures,
including a policy of remunerating examined persons. A
token remuneration of $10 for persons completing the
detailed examination was begun during NHANES I. Dur-
ing NHANES II, the remuneration was raised to $20, and
that level was maintained for the Hispanic Health and
Nutrition Examination Survey. Both NHANES programs
succeeded in obtaining household interview data on
about 99 percent of the sample population. More de-
tailed health data are obtained by use of the medical
history questionnaires; these were completed for 88
percent of the selected sample persons in NHANES I and
for 91 percent of the selected sample persons in
NHANES II. Finally, in NHANES I, 74 percent of the
sample persons selected for the nutrition component
and 70 percent of the persons selected for the detailed
health component were given the standard examinations
and tests; in NHANES II, the overall response rate for the
examination component was 73 percent. There is con-
siderable ancillary information on most of the persons in
the sample population who were not examined, and it is
possible to make use of that data in the process of
imputation and analysis of nonresponse bias. There is,
moreover, some evidence that data obtained through
examinations, tests, and measurements such as those
used in these surveys are less susceptible to potential bias
from a given rate of nonresponse than are data provided
by the individuals themselves.

Content of questionnaires, tests, and
examinations

The kinds of information collected in NHANES and
other examination survey programs are so varied and
extensive that they are only illustrated here. With respect
to nutrition, the following four types of data are in-
cluded:

¢ Information concerning dietary intake—obtained
from 24-hour recall interviews and food fre-
quency questionnaires, both administered by an
interviewer who is a trained dietitian.

* Hematological and biochemical tests—a sizable
battery of such tests, with processing at the mo-
bile examination centers where necessary but
most processing at a central nutrition laboratory
established at the Centers for Disease Control.

* Body measurements—an especially important bat-
tery in connection with infants, children, and
youths, whose growth may be affected by nutri-
tional deficiencies.
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® Various signs of high risk of nutritional defi-
ciency—based on clinical examinations.

The health (as distinguished from nutrition) compo-
nent of the NHANES program includes detailed exami-
nations, tests, and questionnaires that have been devel-
oped to obtain a measure of prevalence levels of specific
diseases and conditions. These vary with the particular
program and have included such conditions as chronic
rheumatoid arthritis and hypertensive heart disease.
Important normative health-related measurements, such
as height, weight, and blood pressure, are also obtained.

A major element in the health component of
NHANES I was an assessment, using index conditions, of
unmet health needs. For the index conditions, the
examination established whether emphysema or another
chronic respiratory disease was present. At the same
time, information was obtained from the examined
person with respect to self-perceived health needs and
actions taken in seeking medical care. Analyses included
the interrelating of these two kinds of information to
produce measures of unmet health care needs.

In NHANES II, the nutrition component remained
nearly identical to that fielded previously. From an early
analysis of the NHANES I data, it was decided to focus
the nutritional examination elements around an anemia-
related assessment approach. This involved the addition
of certain medical history items and a more tailored set
of laboratory determinations. Less was done in the area
of health care needs. However, the emphasis placed on
the effects of the environment on health will probably
be continued in future programs. Data were gathered to
measure the levels of pesticide exposure, the presence of
certain trace elements in the blood, and the amounts of
carbon monoxide present in the blood. In the medical
area, primary emphasis in NHANES II was placed on
diabetes, kidney and liver functions, allergy, and speech
pathology.

The time required for the examination varies with
the content of the examination and the age of the
examinee. The time constraint included among planning
factors has been that the total examination time not
exceed 2-2Y hours. In the planning process and in the
pretests of a survey, much attention is given to the actual
flow of examinees through the examination center, and
every effort is made to streamline this process in order to
reduce the time burden on the sample person. Addi-
tional respondent burden arises from the interview, from
the completion of forms and questionnaires in the
household, and from the varying time required by the
sample person to travel to the examination site. Data
collection forms used in HES 1, II, and III; NHANES I; the
NHANES I Augmentation Survey; and NHANES II are
' reproduced in Series 1 reports numbered 4, 5, 8, 10b,
14, and 15, respectively (17-22).

Data processing and quality control methods

The data collected in NHANES require a variety of
data processing methods. X rays must be interpreted;

N. D. Pearce

blood and other laboratory specimens must be proc-
essed through the appropriate laboratory operations.
Certain data, such as electrocardiographic tracings, are
recorded directly onto magnetic tape and must undergo
appropriate processing to be translated into digital tape
form and, subsequently, to be interpreted. Examination
record forms and interview and questionnaire data must
be coded and put onto magnetic tape.

Methods for handling specific examination elements
are chosen on the basis of appropriateness. The program
makes use of precoded forms, marked-sense record
forms, self-administered forms, interviewer-admin-
istered forms, automatic recording devices, photo-
graphs, and so forth. Throughout whatever process is
chosen, constant emphasis is placed on quality control
measures, such as editing, verifying, and replicating.
Finally, outside consultants frequently collaborate in the
analysis and reporting of data.

NHANES I Epidemiologic Followup Survey

Background

The NHANES I Epidemiologic Followup Survey was
established to make maximum use of detailed, baseline
data obtained in the first National Health and Nutrition
Examination Survey, conducted from 1971 through
1975, as described previously. The objectives of the
Followup Survey were to identify chronic disease risk
factors associated with morbidity and mortality; to as-
certain changes in risk factors, morbidity, functional
limitation, and institutionalization between the time of
NHANES I and the followup recontacts; and to map the
natural history of chronic diseases and functional im-
pairments in an aging population. This survey was
initially a joint project of the National Center for Health
Statistics and the National Institute on Aging. Since its
origin, several other institutes of the National Institutes
of Health and the Alcohol, Drug Abuse, and Mental
Health Administration have become involved in the
development of hypotheses important to their specialty
areas and in the design of the procedures for the
collection of data to test these hypotheses. These co-
sponsors have also provided financial support for the
survey.

A feasibility study conducted in 1980 indicated that
sample persons examined in the NHANES I survey could
be located after a 10-year interval and that they would
authorize access to information from their medical
records. Initial contact with the sample persons was
made in 1983 and 1984. Pretesting has begun for further
recontact with these individuals beginning in 1985.

Purpose and scope

Through the NHANES I Epidemiologic Followup
Survey it is possible to investigate the relationships
between physiological, environmental, nutritional, so-
cial, psychological, and demographic factors and the
mortality and morbidity from specific diseases, as well
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as hospitalization and nursing home utilization. In the
Initial Followup in 1983-84, information was obtained
from in-person interviews with the subjects or a proxy.
In addition to information about their health since the
previous survey and about their current nutrition habits,
information obtained included weight and blood pres-
sure measurements, hospital and nursing home utiliza-
tion, and copies of death certificates for those who had
died. The primary purpose of the Continued Followup
is to extend the period for which data about the subjects
are available. This will provide a more complete profile
of hospital and nursing home use for all respondents and
will increase the age span of respondents covered by the
study. Because NHANES I was restricted to people under
75 years of age, the Initial Followup extended only to
age 85. The Continued Followup will provide important
information about the surviving cohort as they enter
extreme old age. It is hoped that it will be possible to
follow these individuals indefinitely.

Sample design

The Followup Survey universe is the 14,407 persons
who were aged 25-74 at the time they were interviewed
and examined in the original NHANES I survey. These
persons comprise a national sample of the civilian
noninstitionalized population (after adjustment to ac-
count for nonresponse). The followup includes all these
persons, and proxy information is sought for those who
are deceased or unable to respond. It was possible to
trace over 92 percent of the original NHANES I partici-
pants. Of those traced, it was possible to obtain infor-
mation for the Initial Followup for over 94 percent, so
that the final response rate was approximately 85 per-
cent.

Data collection procedures

This survey is conducted by a private contractor,
following specifications set by NCHS. An advance intro-
ductory letter from NCHS was sent to all sample persons,
informing them about the intent of the study. A brochure
explaining the study in more detail was included with
the letter. Following the mailing of the letter, an inter-
viewer telephoned each individual to set an appoint-
ment for the household interview, which was conducted
face to face in the respondent’s home.

Data collection was carried out by region, with
interviewing beginning in the Northeast in late 1982, in
the South beginning in January 1983, in the Midwest
beginning in April 1983, and in the West beginning in
October 1983. Hospital and nursing home data collec-
tion began about 6 months after the initiation of house-
hold interviews in each region and continued over about
a 6-month period. Tracing continued throughout the
survey period, which ended in July 1984.

A brief mental status questionnaire was included in
order to screen for dementia; for persons judged not
suited to participate in the interview, response was
sought for many items from a proxy. When a proxy
respondent was needed for someone who was deceased

13

or incompetent, an effort was made to identify the
person who had been living with the sample person
most recently. The order of priority for a proxy was
spouse, children, other relatives, companion, nurse, or
friends. Only factual and historical questions were asked
of proxy respondents.

For the Followup Survey initial contact, it was
possible to locate or determine the vital status of all but
approximately 1,000 of the NHANES I examinees. Only
25 individuals firmly refused to participate in the initial
contact interview. Survey participants were given a $10
payment for participating in the interview and for
signing 2 consent form to permit access to their medical
records. This payment was made in recognition of the
significant amount of time required for the interview
(about 2 hours) and of the fact that examinees in
NHANES I were paid $10 as remuneration for their time
and inconvenience.

In the Continued Followup, study participants will
also be sent an advance letter to inform them that an
interviewer will be contacting them. This interview,
however, will be conducted by telephone for persons
having a telephone; persons without a telephone will be
sent a self-administered questionnaire to complete and
return. As in the Initial Followup, information from
proxy respondents will be sought in the Continued
Followup for those who have died in the interim or who
are incapacitated such that they are unable to participate
in a telephone interview. The interview is expected to be
15~20 minutes in length.

In the Continued Followup, efforts will continue to
locate individuals who were not located during the
Initial Followup period. Respondents will again be asked
to sign a release to authorize access to information in
their medical records in hospitals and other health care
facilities, and these providers will be contacted to obtain
information about health care episodes. A copy of the
death certificate for each known decedent will be ob-
tained from the appropriate State vital statistics office.

Data collection in the Continued Followup will
again be carried out by region, in the same sequence as
for the Initial Followup. In each region the bulk of the
telephone interviews will take approximately 2 months
to complete; an additional 6 months will be required for
data collection from medical providers.

It is planned that the elderly, those 75 years and
over, will be contacted each year and that those under 75
years will be contacted every other year. These time
intervals were selected in order to minimize the costs of
tracing and relocating respondents and to maximize the
accuracy of recall information.

Content of questionnaires

The Initial Followup interview questionnaire drew
from questions and scales that had been used extensively
in other surveys. About 2 hours were required for the
household interview. Questionnaire topics included
family history of cancer; a health history pertaining to
heart disease; questions on stroke and other neurologi-
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cal symptoms, cancers, and respiratory problems; de-
tailed questions on arthritis; questions on functional
impairment; a medical conditions checklist; smoking
history; questions on lifetime pattern of usual drinking;
questions to identify sleep disorders; questions on cur-
rent use of vitamins and prescription medications and
on physical activity; and questions about current occu-
pation, income, and the occupation of longest duration.
Nutrition data were gathered using an expanded food
frequency questionnaire developed to best meet the
needs of this survey. To facilitate subsequent followup
through the National Death Index (discussed later), each
respondent was asked to provide his or her social
security number. Physical measurements taken by the
interviewers were limited to pulse, weight, and blood
pressure. As in NHANES, quality control measures to
monitor the performance of the measurement equip-
ment and of the interviewers were put in place. Respond-
ents also signed an authorization form to permit obtain-
ing information from their medical records in hospitals
or other health care facilities.

The main purpose of the hospital record-check
procedure was to validate the respondent’s reporting of
aspects of the medical history. For each episode of
overnight hospitalization since 1970, a respondent was
asked to provide the name and address of the hospital
and approximate date of hospital discharge. Hospitals
were asked to provide information on all admissions of
the patient since January 1971. Photocopies of hospital
admission and discharge notes were obtained. For pa-
tients reporting myocardial infarction, a copy of the
electrocardiogram taken the third day after myocardial
infarction was requested to validate self-reports of car-
diovascular disease. Information was obtained on prin-
cipal diagnosis and other diagnoses to estimate rates of
disease, and information on surgical procedures was
obtained to validate certain diagnostic information. A
similar medical record form was used to request a subset
of this information from other inpatient medical facili-
ties such as nursing homes. Dates of admission and
discharge and diagnosis (or reason for admission) were
requested of all facilities.

When it was determined that a sample person had
died, the vital registration office in the State of death was
contacted in order to obtain a copy of the death certif-
icate. The cause of death was coded by NCHS using the
same procedures as are used in the national mortality
data program,

The questionnaire for the Continued Followup will
include questions on functional impairment, change in
personal health practices, preventive health practices,
hospitalizations, and changes in sociodemographic sta-
tus. Information to be requested from health care insti-
tutions will be the same as that in the Initial Followup.

Analysis of data from the survey is a collaborative
activity of staff of NCHS, the National Institute on
Aging, and other sponsoring institutes and agencies.
A background paper describing the 1982-84 survey
activities has been published (23), and a report contain-
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ing the questionnaires and detailing the survey operation
is being prepared (24).

Data processing and quality control methods

Several measures were inchuded in the Initial Follow-
up to maintain quality in the data collection and proc-
essing activities. Interviewers were observed and evalu-
ated by a traveling supervisor in each region. Completed
questionnaires were edited by the interviewer and again
in the field office. Feedback from the editing process
was provided by the supervisor to the interviewer. A
15-percent sample of each interviewer’s work was veri-
fied in a brief telephone reinterview to assure that the
interview was actually conducted and to check the
reliability of a few items in the questionnaire. When a
respondent did not have a telephone, the reinterview
was carried out by mail.

Interviewers received an intensive 3-day training
session on physical measurement preceding the general
training on the conduct of the interview. Experience of
sources of error from prior surveys and screening pro-
grams was used to develop training approaches. Only
interviewers who successfully completed training in
taking physical measurements were employed in the
survey. The blood pressure equipment and the scale used
to weigh sample persons were selected for reliability and
durability under field conditions. Each piece of equip-
ment was calibrated and prepared for field use by a
technician. Interviewers were trained to check their
equipment daily, and equipment was thoroughly recon-
ditioned by a technician when interviewing was com-
pleted in each region. Blood pressure data were moni-
tored for potential problems such as digit preference and
extreme values.

After receipt of the survey interviews by the contrac-
tor, careful editing and coding were completed. Special-
ized coders coded the industry and occupation codes
and medical diagnoses. Range and logic checks were
incorporated in the computer data processing.

In the Continued Followup, computer-assisted tele-
phone interviewing (CATI) will be used. The CATI
system will bring the proper question to the screen for
the interviewer to read to the respondent. The program-
ming will be designed so that the interviewer will be
provided with automatic prompts depending on the
circumstances; for example, a proxy will have different
wording than a participant. Edit checks will be built into
the CATI programming. In addition, interviewing will be
monitored and evaluated by a supervisor.

National Survey of Family Growth

Background

The National Survey of Family Growth (NSFG) is a
multipurpose survey that provides a wide range of
information serving needs of persons and organizations
concerned with the dynamics of population change,
family planning, and maternal and child heaith. Devel-
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opmental funds and necessary positions were provided
for establishing NSFG in NCHS in fiscal year 1971.
Fieldwork for the first cycle of the survey was begun in
July 1973 and completed in January 1974. The second
cycle began in January 1976 and was completed in
September 1976. A third cycle was conducted from
September 1982 through February 1983. Planning has
begun for Cycle IV, to be conducted in 1987.

Purpose and scope

NSFEG is designed to produce data on factors influ-
encing trends and differentials in fertility, family plan-
ning practices of the population, sources from which
family planning advice and services are obtained, the
effectiveness and acceptability of the various methods of
family planning, and those aspects of maternal and child
health that are most directly related to fertility and
family planning. The survey is based on personal inter-
views with women of childbearing age selected from a
nationwide area probability sample of households and
group quarters, exclusive of the institutionalized popu-
lation and women living on military bases.

Sample design

Cycles 1 and II of the National Survey of Family
Growth were based on a cross-sectional sample of
women in the conterminous United States, 15-44 years
of age, who were married, had been married, or had

never been married but had offspring of their own living

with them in the household. Excluded from the sample
were women living in group quarters (that is, five or
more unrelated persons 18 years or older who are
unrelated to the head of the household and who live and
eat together, or six or more unrelated adults who live
and eat together—as, for example, in college dormito-
ries, barracks, or long-term care institutions), and never-
married women without children.

NSFG is designed as a multistage area probability
sample. In the first cycle of this survey, the first-stage
primary sampling units included 101 standard metropol-
itan statistical areas, counties, parts of counties, and
independent cities. Secondary sampling units consisted
of enumeration districts or block groups within selected
primary sampling units. Where feasible, secondary units
were subdivided into third-stage listing units with a
probability of selection proportional to estimated hous-
ing. In the fourth stage, housing units within the third-
stage listing units were chosen by systematic sampling. A
fifth level of sampling among eligible women within a
household was required to obtain one and only one
interview in each household with at least one eligible
respondent. To assure sufficient precision for presenting
intragroup comparisons on various fertility variables,
the black population was oversampled.

The overall sample design for Cycle I called for
10,000 completed interviews, including approximately
4,000 black women and 6,000 women of white and
other racial groups. The overall response rate was 81
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percent. The final number of interviews, 9,797, con-
sisted of interviews with 3,856 black respondents and
5,941 respondents of white and other races.

For Cycle II of NSFG, 2 multistage area probability
design based on 79 primary sampling units was devel-
oped. The remaining stages were broadly similar to
those of the first cycle, except that a stratum for new
housing (housing built since 1970), sampled from build-
ing permit listings, was added. Overall expected sample
size remained at 10,000, with comparable racial compo-
sition. After a certain level of effort was completed in the
fieldwork, remaining nonrespondents were subsampled
at a rate of 1 in 2. The response rate for Cycle II was an
overall 83 percent. The actual number of completed
extended interviews was 8,611—2,946 interviews with
black respondents and 5,665 interviews with respond-
ents of white and other races.

For Cycle II, the sample design was broadly the
same as for Cycle II but with adjustments to accommo-
date the more inclusive universe of women ages 15-44
years of any marital status. The sample of 7,600 women
included women in group quarters such as college
dormitories and boarding houses with more than five
unrelated persons. As in the previous cycles of the
survey, military bases and the institutionalized popula-
tion were not sampled.

Data collection and quality control procedures

Data collection for NSFG is conducted by private
contractors according to NCHS specifications. Personal
indepth interviews are conducted with women identi-
fied as eligible for extended interview by means of a
household screening interview.

The questionnaires used for data collection include
a household screener designed to obtain household
composition data and to identify eligible extended-
interview respondents in the sample households. For
Cycles I and II, two different versions of the question-
naire were used for the extended interview—a currently
married questionnaire for women who were married at
the time of the interview and a postmarried question-
naire for women who were widowed, divorced, sepa-
rated, or who had never been married but had their own
children living in the household. The differences be-
tween the two versions were a result primarily of
rewording the questions and of deleting questions re-
lated to husbands in order to make the postmarried
questionnaire appropriate for respondents not married
at the time of the interview. Throughout the question-
naires, instructions were used to skip interviewers over
questions or entire questionnaire sections that were not
applicable to the individual situations of respondents.
Cycle III of the survey involved a screener questionnaire
similar to that used in the previous cycles and two
separate questionnaires for the extended interviews, one
for women under age 25 and one for women 25 years of
age and over. The construction and format of the
questionnaires were modeled on those of the previous
cycles.
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Standardized interviewer training programs, which
provide indepth training on the questionnaires and on
NSFG concepts and procedures, are conducted in several
different locations in the country. In addition to success-
fully completing training, interviewers are required to
conduct, for review and approval, several practice inter-
views prior to beginning their field assignments. Only
women are employed as interviewers and observers in
NSFG. Field supervisors receive the same indepth train-
ing as the interviewers, in addition to intensive training
in field procedures.

Several quality control procedures were developed
in Cycle I and refined in Cycle II to ensure the quality of
the collected and processed data; a systematic field edit
of selected interview items and a validation of a sample
of each interviewer’s work (a sample recheck) were
performed throughout the fieldwork. Data preparation
was validated through a 5-percent sample recode of all
questionnaires, in addition to systematic verification of
each coder’s or keyer’s work. A comprehensive legal-
code and consistency cleaning program was developed
and used for the data tapes. Similar quality control
procedures were specified for Cycle III.

Content of questionnaires

In Cycles I and II, the NSFG questionnaires covered
marital history, a detailed pregnancy history, fecundity
and expected or intended future births, pregnancy plan-
ning practices and utilization of specific contraceptive
methods, the source and financing of family planning
services, and a broad range of socioeconomic and demo-
graphic characteristics. In Cycle III, information was col-
lected on sex education and the sexually active popula-
tion as well as on the topics covered in Cycles I and I1.

In the first cycle of the survey, the average length of
an interview was 73 minutes; in the second cycle, the
average length of an interview was reduced to about 56
minutes; in the third cycle, interviews were again kept
within an hour on the average.

A copy of the Household Screener questionnaire for
Cycle 1 is contained in appendix III of Series 2, Number
76 (25); the screener for Cycle II is in appendix II of the
comparable report for Cycle II, Series 2, No. 87 (26).
Relevant portions of the extended interview question-
naires are reproduced in appendixes of Series 23 reports.
The currently married questionnaire for Cycles I and I
is reproduced in appendix III of Series 4, No. 18 (27).

Recent and possible future activities

A number of recent or potential future activities
related to the NCHS population-based survey program
are of note because they affect how these surveys are or
may be conducted. Each of these activities is discussed
briefly in this section,

National Death Index

The National Death Index (NDI) is a central, com-
puterized index of death record information obtained by
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NCHS from the States on magnetic tape under contrac-
tual arrangements with the State vital statistics offices.
The tapes contain a standard set of identifying informa-
tion about each decedent, beginning with deaths occur-
ring in 1979. This file is designed to assist in the
mortality ascertainment activities of investigators con-
ducting prospective studies in health and medical re-
search,

Investigators use the NDI to determine whether
persons in their studies may have died. If so, they are
provided with the names of the States in which those
deaths occurred and the corresponding death certificate
numbers. An NDI user then arranges to procure copies
of death certificates from the State vital statistics offices
in order to obtain such statistical information as cause of
death.

Prior to the establishment of the NDI, investigators
often had to contact all or most State vital statistics
offices, asking each to search its files to see if a death
record may have been filed for any individual in the
entire study group. The large size of many study groups
and the time required for the States to complete their file
searches meant that considerable time and effort were
required to determine the vital status of study subjects.
The NDI facilitates prospective medical and health re-
search studies by reducing the time, expense, and effort
involved in State file searches.

NDI files are updated annually. All State data for a
given calendar year are usually received, processed, and
added to the national file within 12-14 months after the
end of the calendar year.

Investigators wishing to use the NDI service must
submit an application to NCHS for review by staff and
consultants, who include representatives from State vital
statistics offices, the National Institutes of Health, the
National Institute for Occupational Safety and Health,
and schools of medicine and public health. The review is
intended to ensure that the proposed use of information
obtained from the NDI (as well as any information
subsequently acquired from State vital statistics offices)
conforms with NCHS confidentiality requirements and
the contractual agreements between NCHS and the State
vital statistics offices and that the potential user’s data
are technically acceptable.

Users are encouraged to provide as many as possible
of the following NDI data set items (28): *last name,
*first name, middle initial, *social security number,
*month and year of birth, day of birth, *father’s sur-
name (primarily for females), age at death (actual or
estimated, if known), sex, race, marital status, State of
residence (last known State of residence), State of birth.
A user must be able, at 2 minimum, to provide first and
last names and social security number or month and
year of birth.

Items marked with asterisks are key items used in the
searching procedure to determine whether a particular
death record in the NDI file constitutes a possible match
with a given user record. The remaining items are
matched against corresponding items in the NDI file
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when a possible record match occurs on the basis of
some combination of the key data set items. Matches or
nonmatches on items not used in the searching proce-
dure enhance 2 user’s ability to assess the quality of each
possible record match, especially when more than one
possible record match is generated by a particular user
record.

Recently, NCHS has begun to include all of the NDI
items in its population-based survey questionnaires. In
most instances this means adding only a few items
(usually the social security number, State of birth, and
father’s surname) to the questionnaire. For example, the
NDI items were included in the Hispanic Health and
Nutrition Examination Survey and in the NHANES I
Epidemiologic Followup Survey, and as of 1985, the
NDI items are part of the core questionnaire used in the
National Health Interview Survey for each person 18
years of age and over. Separate data tapes are being
created for later NDI searches as part of the data proc-
essing for these surveys.

Integrated survey design

Traditionally, the samples for various NCHS popula-
tion surveys have been independently designed and
selected. The sample design for the National Health
Interview Survey has been reevaluated and updated
following each decennial census of the population to
reflect changes in characteristics of the population and
new statistical methodologies. The fact that NHIS is a
continuous survey with a large sample makes it a possi-
ble sampling frame for the periodic population surveys.
However, confidentiality restrictions associated with the
fact that the sample was derived from lists of addresses
compiled during the decennial census prohibit this type
of linkage of NCHS surveys.

As part of the redesign following the 1980 census, it
was decided to use an area sample (rather than the list
frame used by the Census Bureau in surveys it conducts
for other Federal agencies) and to explore whether using
NHIS as a frame from which to select samples for the
other NCHS population surveys was advantageous with
respect to costs, sampling error, nonresponse, respond-
ent burden, and data utility (29). The NHIS sample
design implemented in 1985 is comprised of four pan-
els, one or more of which can be used as a sampling
frame for other surveys.

Many of the conceptual and statistical issues related
to integrating the designs of the National Survey of
Family Growth and the National Medical Care Utiliza-
tion and Expenditure Survey with NHIS have been
investigated, and it is clear that significant cost savings
can be realized for NSFG and also for NMCUES if certain
subgroups of the population are oversampled in
NMCUES. The practical feasibility of linking the surveys
must be investigated also, however. Questions such as
the following have recently been addressed for NSFG
and will soon be addressed for NMCUES: Should the
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sampling unit be a dwelling unit (regardless of whether
the persons living there at the time of the NHIS inter-
view are still there) or residents of the unit (regardless of
where they live at the time of recontact)? Over what
period of time should the sample be accumulated?

It is expected that the next cycle of NSFG and a
NMCUES-like survey will be conducted with samples
selected from the NHIS sample. Because the investiga-
tion of issues associated with linking the National Health
and Nutrition Examination Survey to NHIS has not
begun, NHANES HI will not be linked to the NHIS
sample.

Telephone surveys linked to NHIS

An additional possibility under the new NHIS sam-
ple design is that of using NHIS as a frame from which to
select samples for telephone surveys designed to provide
data on particular topics in a relatively short period of
time. The fact that the names, addresses, and telephone
numbers as well as health, demographic, and socioeco-
nomic data collected in NHIS would be available makes
this a potentially efficient way to target surveys toward
specific health issues or specific population subgroups.

A contract was recently awarded to the Survey
Research Center at the University of Michigan to inves-
tigate the feasibility and potential problems associated
with fielding a linked telephone survey and producing
needed estimates within 3-6 months after identification
of a survey topic. A particular focus of the study is the
effect of sampling frame deterioration, choice of sample
unit, and method of initial contact on the cost, turn-
around time, and statistical integrity of the linked tele-
phone survey. The project will also provide information
on the time needed to design a computer-assisted tele-
phone interview questionnaire, the time needed to
develop and test computer edit specifications, the time
needed to produce estimates, and possible modifications
to current NHIS operating procedures that would facili-
tate more rapid telephone survey sampling and data
collection. Findings will be compared with other possi-
ble methods of collecting data on a rapid turnaround
basis, such as random-digit-dialed telephone surveys.

Random-digit-dialed telephone surveys

Since 1977, the National Center for Health Statistics
has engaged in an extensive program of research and
development in random-digit-dialed sampling and tele-
phone interview procedures (30-32). The lower ex-
pected costs of telephone surveys, along with the in-
creased ability to monitor interviewers’ work when a
centralized telephone interviewing facility is used, led
NCHS staff to embark on a program to study the poten-
tial benefits and problems associated with use of the te-
lephone as a data collection mechanism, either as an
enhancement to the National Health Interview Survey or
for special separate surveys.
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Table 1. Profile of NCHS population-based surveys

N. D. Pearce

Survey

Periodicity

Population covered

Data collection methodology

Sample design

National Health
Interview Survey

National Medical
Care Utilization
and Expenditure
Survey

National Health
and Nutrition
Examination
Survey

NHANES |
Epidemiologic
Followup Survey

National Survey
of Family Growth

Continuous since Civilian noninstitutionalized popu-

1957; supple-
ments to core
questionnaire
change each
year or more fre-
quently

Approximately
quinguennial

First cycle con-
ducted in 1980;
next cycle
planned for 1987

New cycle
begins approxi-
mately every 4
years; Cycle |,
1971-75; Cycle
Il, 1976-80; Cy-
cle lli planned to
begin in 1988

Initial followup in
1983-84; recon-
tact planned on
annual basis for
persons 75 and
over and bienni-
ally for those un-
der 75

Approximately
triennial

Cycle |,
1973-74; Cycle
Il, 1976; Cycle
Il, 1982-83; Cy-
cle IV planned
for 1987

fation of the 50 States and District
of Columbia

Civilian noninstitutionalized popu-
lation of the 50 States and District
of Columbia in national sample;
Medicaid-eligible households in
New York, California, Texas, and
Michigan

Civilian noninstitutionalized popu-
lation of the conterminous United
States in Cycle I; expanded to
cover all 50 States in 1976

Cycle |—persons ages 1-74
years; Cycle ll—persons ages 6
months-74 years

All 14,407 persons who were ages
25-74 at time of examination in
NHANES |

Cycles | and {l: Ever-married
women and never-married women
with own child living in the house-
hold, excluding women in group
quarters such as college dormito-
ries; Cycle lll: All women ages
15-44 regardless of marital or
childbearing status, including
women in group quarters

Initial household interview con-
ducted face to face with an adult
household respondent; supple-
ments may require self-response
(face to face or by telephone) from
a sample person

3 face-to-face and 2 telephone
interviews with an adult household
respondent; review of administra-
tive eligibility and claims records
for persons reported to be covered
by Medicare and Medicaid

Face-to-face interview with an
adult household respondent to
determine household membership,
obtain background information;
and select sample person(s); face-
to-face household interview with
sample person; detailed tests, ex-
aminations, and dietary interview
for sample person in survey’s mo-
bile examination center

Initial followup was face-to-face
interview plus blood pressure and
weight measurements; proxy inter-
view for those who had died or
were incapacitated; continued fol-
lowup for 1985-86 by telephone;
signed authorizations obtained at
each contact to permit obtaining
information from hospital and
nursing home records

Female interviewers visit sample
addresses to enumerate house-
hold members and select sample
women for extended interview;
face-to-face interview conducted in
strict privacy with sample women,;
only 1 extended interview con-
ducted in a household; parental
permission obtained before mi-
nors are asked to participate in
the survey

Multistage probability sample;
each week’s sample is broadly
representative of the target popu-
lation and weekly samples are
additive over time

1973-84: 376 primary sampling
units; based on 1970 census reg-
isters plus area segments and
permit segments (using building
permits issued since 1970);
42,000 households containing
110,000 persons

1985-present: 201 primary sam-
pling units; based completely on
independent listing of areas in the
survey sample; 50,000
households containing approxi-
mately 135,000 persons; because
of budget constraints, only a 3/4
sample was implemented for 1985

Multistage area probability sample
drawn from 106 primary sampling
units for national sample of
10,000 households; probability
samples of about 1,000 house-
holds from State Medicaid eligibil-
ity lists in each of the 4 States

Multistage probability sample; Cy-
cle | used 100 primary sampling
units and examined approximately
21,000 persons in the detailed
nutrition components; Cycle 1|
used 64 primary sampling units
and examined approximately
21,000 persons

Efforts made to trace all 14,407
persons in the universe; located
more than 92 percent; effort con-
tinues to locate persons lost to
followup

Multistage area probability sam-
ple; black women are oversam-
pled; Cycle | used 101 primary
sampling units and obtained 9,797
extended interviews; Cycle Il used
79 primary sampling units and
obtained 8,611 extended inter-
views; Cycle lll used 79 primary
sampling units and obtained 7,969
extended interviews
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NCHS has used a random-digit-dialing (RDD) proce-
dure developed by Waksberg to select the samples for its
studies. This RDD procedure permits the interviewer to
dial a randomly selected telephone number and conduct
an interview without prior knowledge of who the

respondent is or where the home is located. It also.

permits the probabilities of selection to be estimated by
determining the number of telephone numbers for each
household and the number of persons who use each of
the separate telephone numbers.

Methodological studies have been completed that
tested and demonstrated the ability to administer NHIS
supplements by telephone, the comparability of esti-
mates derived from a RDD telephone survey with those
from the NHIS face-to-face interviews, alternate ap-
proaches to administration of the NHIS core question-
naire, and use of computer-assisted telephone interview-
ing to conduct the interview and enter the data directly
into the computer. These studies have shown the follow-
ing:

* Telephone interviewing and RDD sampling can be
substantially less costly than the face-to-face inter-
view (although the amount of savings varies by
the type of application and by the organization
collecting the data).

¢ Some problems remain because not all house-
holds have a telephone, but problems can be
reduced or adjustments made through statistical
techniques.

¢ For RDD surveys on health issues with a Federal
agency as the sponsor and a ‘“knowledgeable
adult’ as the respondent, overall response rates of
up to 85 percent can be achieved.

¢ For a well-designed interview, there are no major
differences between data collected via telephone
and data from face-to-face interviews.

o It is feasible to conduct the entire NHIS interview
by telephone.

® Use of CATI enhances both the quality of data
collection and the timeliness of data dissemina-
tion.

In recognition of the findings of these studies,
serious consideration was given to using a dual-frame
approach for the redesigned NHIS sample that was
implemented in 1985. The advantage of a dual-frame
dual-methodology approach is that coverage problems
are minimized while design efficiency is maintained.
However, the decision to link the other NCHS
population-based surveys to NHIS led to the conclusion
that it would be preferable to conduct all NHIS inter-
views face to face.

Summary

This paper has provided an overview of the current
population-based survey program of the National Center
for Health Statistics. The description of each survey is
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necessarily brief. Table 1 provides a profile of each of
the four surveys discussed. Additional technical infor-
mation about each survey is available in published
reports containing data from the survey.

Additional analytic potential for data from the sur-
veys should be realized as a result of the recent addition
to the survey questionnaires of the data items needed for
matching with the National Death Index. Linkage to the
National Health Interview Survey of the samples for the
other population-based surveys and continued explora-
tion of the possibility of conducting rapid-turnaround
telephone surveys of special population groups using the
NHIS sample or independent random-digit-dialing tele-
phone surveys are also probable future enhancements to
the NCHS program.

In considering ways in which data on physical
fitness and activity patterns might be collected through
any of these surveys, it will be important to keep in mind
the environment in which NCHS data collection activi-
ties are planned and carried out. Numerous reviews and
approvals are required, and often they place constraints
on what data are collected and how the information is
obtained. There may, however, be more flexibility in
what can be done and how it can be done than appears
at first look. An optimistic, open-minded approach
should always be taken.
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Chapter 2

Cardiovascular Endurance, Strength,
and Lung Function Tests in the
National Health and Nutrition

Introduction

In the course of planning a major health survey, the
purpose of each step in the process must be understood.
The present section looks at the history of five national
health examination surveys, focusing particularly on
several measurements and tests related to certain aspects
of physical functioning. Why? If we believe, and we do,
in the “prime importance” (1, 2) of being specific about
the purpose of the survey we are planning, then we must
put this principle into practice here and always.

It is a truism to say that we must look at our history
in order to learn from our past experiences. It is essen-
tial, however, that we truly learn, which means that we
will wisely adapt—not merely adopt—the previous pat-
terns. James Russell Lowell said: “New occasions teach
new duties . . . time makes ancient good uncouth”
(3). Remembering this can help us to avoid Epaminon-
das’s foolish repetition of behavior that would perhaps
have been appropriate earlier but is no longer so (4). Lest
the point be missed, examples could be cited of planners
of health examination surveys in a developing country
who were insistent on utilizing certain sophisticated and
delicate measuring instruments because ‘“‘that is the way
it was done in the United States,” ignoring pronounced
and uncontrollable variations in environmental situa-
tions that interfered with the use of these instruments.

Examination Surveys

Arthur J. McDowell

There are, on the other hand, instances in which U.S.
advisers were confounded when the national planners
were proven right in their confidence that in their
cultural situation it was possible to obtain compliance
of very high percentages of selected sample persons
under operational procedures that would not be accept-
able in the United States.

The purpose, then, of setting forth here some his-
tory of the operations of examination surveys of the
National Center for Health Statistics (NCHS) is to exam-
ine critically the way in which:

* The survey planning was done.
® The operations of the survey were carried out.
¢ The resultant data were made available.

Purposes of the surveys and their
relation to assessing physical fitness

Before detailing what was done, how it was done,
and how well it was done in each of the surveys, it is
appropriate to examine why that which was done was
done at all. What were the goals of these programs?

The first Health Examination Survey

One of the goals of the very first Health Examination
Survey (HES I) was to establish that it was possible to
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successfully conduct a national health survey in which
many of the data were collected by individual physical
examinations and tests of selected sample persons. In
1950 the National Morbidity Subcommittee of the U.S.
National Committee on Vital and Health Statistics was
established to review the needs for morbidity statistics
and to prepare a program for meeting them (5). That
subcommittee’s report in 1953 recommended establish-
ment of two continuing national sample surveys (6, p.4).
One survey was needed to collect data by health inter-
views; another was to utilize ‘‘mobile examination units
to obtain data on undjagnosed and non-manifest disease,
by means of laboratory screening, detection, and physi-
cal examination” (7).

However, at the time planning was under way for
the first U.S. national health examination survey, there
was no precedent for such a program. Health examina-
tion surveys had been conducted in limited geographical
areas in the United States, but they had very different
constraints (e.g., in the time available to obtain partici-
pation from sample persons). The plan developed took
account, therefore, of the possibility that this first sur-
vey program might, for various reasons, have to be
terminated before completion (8). Happily, this concern
proved unfounded.

Obviously the first HES program had purposes be-
yond establishing the feasibility of such surveys. This
concern, however, had an impact on the setting of the
survey’s goals. Some procedures that were believed
likely to discourage participation by the selected sample
persons were avoided for that reason. Thus, for exam-
ple, although one of the goals was to determine the
prevalence of diabetes, the survey’s serum glucose test
was not based on a blood specimen taken in a fasting
state and the level was determined only at 1 hour after
challenge. By the time the second Health and Nutrition
Examination Survey was carried out, it was deemed
feasible to obtain fasting specimens and also specimens
at 1 hour and 2 hours after glucose challenge.

In addition to the specific target of diabetes preva-
lence, the HES I had the goals of obtaining data indica-
tive of the prevalence of the specific forms of arthritis
and of cardiovascular disease. Baseline data on certain
physical and physiological measurements (blood pres-
sures, serum cholesterol levels, skinfolds, electrocardio-
graphic tracings, height, weight, auditory and visual
acuity levels, etc.) were also obtained in the program.
The purposes of that first survey, then, were specific and
somewhat limited and did not aim at an assessment of
physical functioning per se.

The second and third Health Examination
Surveys

When the first HES program was in place, proving
that such surveys could be successful, attention was
directed to the question of what should be the next
program. Operations of HES I (also called Cycle I), begun

A. J. McDowell

in November 1959, had reached the planned full-scale
level in early 1961. The experience already gained
demonstrated the great importance of the skills and
dedication of the trained field staff and the complexity
of assembling the necessary equipment and recruiting
the required personnel. This awareness was a reason for
the decision to adopt a pattern of simultaneous opera-
tion on three levels. The concept was that over a
particular time period of, say, 2 or 3 years, the program
would be engaged in analyzing the data from the past
survey (HES I), collecting data in the succeeding survey
(HES II), and carrying out general and then detailed
planning for the next survey (HES III). Under this
concept, it was hoped to avoid a complete dismantling
of the carefully constructed field apparatus (human and
mechanical) at the end of a survey and to move directly
into pilot testing, pretesting and operation of a new
survey program (9, p. 2).

The target population for a second health examina-
tion survey was recognized almost from the beginning as
the children and youth who had been excluded by the
limitation on the HES I target population of 18-79 years
of age. As the adult examination survey had come to the
attention of health workers in government and in the
private sector, those individuals, groups, and agencies
concerned with child health expressed interest in a

~ survey in which those under 18 years would be exam-

ined. In the earliest phases of planning HES II, the
tentative designation of the group to be studied had been
children and youth ages 6 through 17 years. As the
planning proceeded, it became apparent that differences
between the children in the early years of this age
segment and those in the later years were so great as to
require separate programs. Such matters as feasibility of
self-administered tests, types of motivational ap-
proaches to be used, and size of some of the equipment
led to the decision to redefine the target age group to the
population of children ages 611 years (9, p. 4).

The determination of the substantive goals of the
second Health Examination Survey necessarily reflected
the interests and concerns that had been expressed
about the heaith of these children. It was obviously a
different set of concerns from those of the HES I
program. Chronic diseases such as arthritis and diabetes
were not appropriate topics of concern because preva-
lence rates were known to be too low for study through
this sort of survey. The acute conditions that do present
health problems in the age group 6-11, conditions such
as communicable diseases, cannot be studied in a survey
that has the kind of geographic and time constraints
characteristic of HES.

There was broad agreement that data related to
growth and development of U.S. children were needed.
Normative standards of physical growth, measured not
only by height and weight but also by a variety of
segmental lengths, of girths, and of skinfold thicknesses,
were needed. It became apparent that some data relevant
to the intellectual growth and development of children
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should be included. Measures of visual acuity levels and
of auditory acuity levels for a representative sample of
the child population were seen to be important, both as
indicators of health problems requiring attention and as
a basis for establishing norms.

As the various interests were examined, it became
clear that a study focused on growth and development
would require some measurements of physical function-
ing, assessments of specific aspects of fitness. Thus the
targeted conditions included several that are related to
the goals indicated for the third National Health and
Nutrition Examination Survey (NHANES III), although
the difference in age groups for the two surveys limits
the applicability of that experience.

Selecting the target population of the third Health
Examination Survey (HES III) presented no problem. At
the time the age range for HES II had been set at 6-11
years, it was recognized that a later survey would be
needed to address the older children and youth. Thus,
the planning of HES III aimed at continuing many of the
measurements made of children 6-11 years (heights,
weights, skinfolds, visual and auditory acuities, etc.), so
the selected parameters of growth and development
could be followed up to what is, for most individuals,
the end of the growth period. These measurements were
continued. In addition, the plan and the purposes of this
survey were expanded and modified from those of the
predecessor survey. In part this reflected the growing
experience in the examination survey operation meth-
odology. In part it reflected the population differences,
with the targeted age group covering the period of
adolescence, except for early adolescence. In part the
changes grew out of the longer planning period and the
broader range of expert consultants who participated in
the development of this program (10, pp. 3-7).

One innovation carried out in the Cycle III program
had been planned earlier. This provided that, for the first
time, an element of longitudinality would be introduced
into the series of HES programs. It had been decided to
conduct the Cycle I1I survey, in which those 12-17 years
would be examined, in the same 40 sample areas and the
same sample segments as were utilized in the Cycle II
program, involving children 6-11 years. This meant that
some of the children examined in Cycle II would be
examined again in Cycle III. A child aged 10 years in the
first of these programs, for example, might be aged 13
and still living in the same place when the later survey
was carried out (10, p. 8).

To an even greater extent than in the HES II program,
attention in HES III was addressed to physical function-
ing. Contracts were used in the planning process to
develop instrumentation appropriate for the mobile ex-
amination center operating method. This was not 2 new
concept. In planning Cycle I (HES I), a single-visit
cardiovascular examination had been developed by the
contract process (11). The extent of this activity was
expanded for Cycle III. In the area of psychological
testing and measurement of behavior, the data pertaining
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to the child had been obtained from the parent or
guardian and from the school. With the older children
able to respond for themselves, considerably more data
were collected bearing on these important health-related
variables of health habits, history, and behavior (10, pp.
49-61). This, at least in part, reflects the interest in the
total person that the pediatrician and adolescent medi-
cine specialist had with regard to their patient popula-
tions, an interest frequently greater than that of the
medical practitioners dealing with adults. This is less
true today as the importance of the individual’s own
input into his or her health maintenance has come to be
widely recognized.

The first National Health and Nutrition
Examination Survey (HANES I), including
HES IV

The present paper is not intended to provide a
history of the development of the series of HANES
programs now carried out by NCHS. Elsewhere in these
chapters a general picture is presented of the evolution
of HANES from the HES programs and of their relation to
the total set of NCHS general population surveys. How-
ever, it may be instructive to examine briefly certain
stages in that evolution. The exercise will illustrate, with
respect to planning national surveys in the context of a
Federal Government health agency, how necessary it is
to adapt plans to changing demands and exigencies, and
how flexibility helps offset the “‘gang aft a-gley” factor
(12) in plans that are never the “best laid”” ones in the
first place.

Under the three-level operation concept described
earlier, by the year 1969 the program should have
finished the planning phase of the next (fourth) Health
Examination Survey (HES IV), completed the data col-
lection (field operation) phase of HES 111, and been ready
to shift the analytic and publication efforts from HES II
data to HES III data. This was not the situation at that
point in time. In the latter part of 1964, about halfway
through the data-collecting phase of Cycle II, budgetary
problems had arisen, necessitating some adjustments.
Severe restrictions on personnel and dollar resources
had resulted in a decision to slow down the data-
collecting work and thus prolong the time period (9,
p- 14). This added constraint on the survey program had
not been removed for the Cycle HI operation and it
remained in 1969 (as did the war in Vietnam, which, of
course, was related).

Work on a plan for a Cycle IV Health Examination
Survey had been carried out during the 1967-68 period,
and many tentative decisions had been reached. These
called for a target population of adults and a set of
specific diseases that would be among the target condi-
tions for the program. Some of them (e.g., cardiovascu-
lar diseases) had been target conditions in Cycle I, and
the aims of the planned Cycle IV program included
some indications of changes over time. Heart disease
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prevalence may have been lowered because much effort
had been expended by public health workers to promote
preventive measures such as dietary changes and exer-
cise. Other target conditions (e.g., chronic pulmonary
disease) were to be measured for the first time (13).

The general thrust of the early planning took into
account the past HES experience, the gaps in the health
data already collected, and the expressed needs of many
different disciplines in the health field. In hindsight,
however, it is clear that the planning was still focused on
the long-range goals of providing better research data.
Such data could ultimately serve in improving knowl-
edge about disease prevalence and health-related norma-
tive data and so, it was hoped, in improving health and
medical care. These kinds of gradualist goals had been
acceptable in the late 1950’s and early 1960’s, when the
first examination surveys were planned and supported.

By the time of the late 1960’s enormous changes had
taken place. National attention had been brought to
problems of hunger, malnutrition, and disease found to
exist in many parts of the United States, particularly
among impoverished persons, with initial evidence
based on examination of children in some Southern
States. A report by a ‘“Citizens’ Board of Inquiry into
Hunger and Malnutrition,” hearings and a field inspec-
tion trip by a subcommittee of employment, manpower,
and poverty (under the Senate Committee on Labor and
Public Welfare)—these things and more led to pressures
requiring increased Federal health resources to address
this present problem.

In December 1967 the U.S. Congress passed legisla-
tion (14) requiring a ‘‘comprehensive survey of the
incidence and location of serious hunger and malnutri-
tion and health problems incident thereto.” Serious
problems were inherent in the nature of the charge of
this legislation and the requirement for a report to the
Congress within 6 months giving “findings and recom-
mendations.” These, along with other budgetary, ad-
ministrative, and jurisdictional considerations, placed
impossible limitations on obtaining a statistically valid
sampling national survey. The survey that was carried
out, the “National Nutrition Survey,” which came to be
known as the “Ten State Nutrition Survey” (15) did
provide, at the least, evidence of some nutrient deficien-
cies. Before any final data from that survey were avail-
able, however, it was apparent that, because of the
design and methodology, valid measures for the U.S.
national population and designated subgroups thereof
(age, regional, income, etc.) could not be provided. The
Secretary of Health, Education, and Welfare therefore
decided that the authority of the 1956 National Health
Survey Act would be used to institute a continuing
program of national nutritional surveillance. Within the
National Center for Health Statistics it was decided, after
detailed study, to assign to the Health Examination
Statistics Division, which had conducted the HES pro-
grams, the task of planning and carrying out the re-
quired survey (6, pp. 21-24).

The detailed history of the beginnings of HANES is
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set forth elsewhere (6, pp. 14-21; 13, pp. 1-5). The
point here is to note that after about 2 years of planning
the content of the HES IV program, political and admin-
istrative considerations required a new and major kind
of survey program. Other considerations also required
the tentative plan to be reworked. At about the same
time, and growing out of the same new concern for the
practical usefulness of survey data, the National Center
for Health Statistics was directed to focus more of its
resources on obtaining data concerning health care
needs, particularly unmet health needs. The plan de-
cided on for the HANES I program did not abandon any
of the three different purposes:

e Obtaining some prevalence data on specific dis-
eases in adults.

* Measuring the nutritional status of the total pop-
ulation.

¢ Obtaining data to serve as indexes of unmet health
needs.

It is the first of these three purposes that yielded data
most nearly related to the present effort to include in
HANES III measures of physical functioning and fitness.
This first purpose could not be satisfactorily accom-
plished with examinations of only the subsample of the
adult population in HANES I, which had been projected
as about 30,000 persons for the entire sample ages 1-74
years. It was decided to continue examination of more of
the adults on completion of the HANES I cycle, an
activity labeled as the “HANES I Augmentation” (or
sometimes as the “HES IV Continuation”).

The second National Health and Nutrition
Examination Survey

In mid-1974, as the data collection phase of the first
HANES program was completed, formal planning for the
next such program was begun. About that time, the
acronyms used and the names of the programs were
modified so as to include the designation “national,”’
which all of these related HES and HANES programs had
always been. The principal purposes of NHANES II were
to be the dual ones of again making an assessment of the
nutritional status of the U.S. population and obtaining
detailed data regarding a number of specific diseases.
The nutritional assessment was required to fulfill the
charge to measure and monitor nutritional status. The
disease-related data included prevalence of certain new
target conditions (e.g., diabetes, allergy, and lead levels
in blood). It was also planned to obtain normative data
on pulmonary function for persons 6-24 years of age
similar to those collected in NHANES I for persons
25-74. The original plan called for an investigation of
cardiac arrhythmia as part of the continuing collection
of data related to cardiovascular disease. A more detailed
description of the plan and the planning process has
been published (16), as is the case for each of the HES
and NHANES surveys.
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Measurements of or related to
cardiovascular endurance, lung function,
and hand grip strength

The description of what was done in these five
national surveys and how it was done is well docu-
mented in several hundred pages of separate program
reports in Series 1 of the NCHS Vital and Health
Statistics publications. Beyond that level, there are avail-
able, on a limited basis, printed or mimeographed (but
not formally published) manuals of staff instruction for
particular surveys. These relate to the entire survey and
give evidence of the concern for quality control, stand-
ardization of operational procedures, and similar mat-
ters that are essential to the successful conduct of a
statistically valid sampling survey involving health ex-
aminations. An example of one portion of one such
manual, covering only the steps related to the specific
tests of lung function and the electrocardiographic trac-
ings, is presented as appendix A.

In the following paragraphs, the detail will be lim-
ited to brief descriptions of what kinds of tests were
done and what equipment was used for each of the
specific sets of measurements of particular interest here.
Along with this information concerning how it was
done, there will be some evaluations of how success-
fully it was done and what kinds of problems were
encountered.

Tests of cardiovascular endurance

In the first HES program (HES I), there was no test of
cardiovascular endurance (table 1). In HES II, children
6-11 years were given an exercise tolerance test. The
equipment used was the bicycle ergometer—Model AM
368—manufactured by Elema-Schonader of Sweden.
The end point of the test was the examinee’s pulse rate,
which was monitored and recorded using special equip-
ment (Kenelco) fastened to the examinee by an electrode
attachment. The equipment was set for the required
workload using a reference table specific for age, sex,
and weight. If the pulse rate had advanced appropriately
after a 1-minute test run, the test was continued for 2
minutes. If the test run indicated underloading or over-
loading, the load was adjusted and the test continued.
Values recorded were the four pulse rates: Before exer-
cise, at 2 minutes after ending exercise, at the maximum
point reached during the 5-minute rest after ending the
exercise, and at the end of that 5-minute rest. In addition
to these values, there was a timed graph of the pulse rate
throughout the test, which the equipment automatically
traced.

Throughout the HES II data collection, the experi-
ence with the bicycle ergometer could have been re-
garded as highly satisfactory. It became the favorite part
of the entire examination for the young children and was
featured in the brochures used in the household visit by
the HES interviewer, when parental consents and addi-
tional data were obtained. A picture of the child taken on
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the bicycle ergometer was given to him or her after the
total examination in the mobile examination center was
completed. The HES experience with this instrument
was not truly successful, however, because of problems
in the resultant data. One of the bicycle ergometers used
turned out to have been out of calibration, at least by the
end of the survey, with respect to the other one and the
true workload that the ergometer should have been
presenting. This problem was recognized in a study (17)
made after the survey was completed, but because there
seemed to be no obvious way of identifying the errors so
as to permit adjustment, the data were set aside for later
study. The pressures of other data sets and other surveys
were such that this was never done.

Even before detection of the calibration error in the
Cycle II exercise tolerance test, the planning work with
respect t0 measuring cardiovascular endurance in the
Cycle III survey had moved in another direction. After
considerable consultation, it had been decided to use a
treadmill exercise tolerance test. This involved a walk on
a specially constructed treadmill at a speed of 3.5 miles
per hour. The grade of the incline was zero at the outset.
The treadmill incline was elevated by an electric motor
to a 10-percent grade for the last 3 minutes of the
5-minute work period. The end point of the test was the
subject’s pulse rate before and at various intervals during
the walk on the treadmill. The pulse rate was monitored
and recorded by means of precordial leads going to a
cardiotachometer, which gave both the electrocardio-
gram and instantaneous pulse rate (appendix B).

The planning work for the exercise tolerance test
had involved much consultation with the Laboratory of
Physiological Hygiene at the School of Public Health and
the Exercise Laboratory at the School of Education, both
of the University of Minnesota. In June 1964 a contract
relationship was entered into between those two groups
and NCHS. Under this contract and its later amend-
ments, the work to be carried out involved developing
and determining the feasibility of a test of aerobic
capacity. This contract also involved carrying out repli-
cate measurements in the laboratories at Minnesota made
on sample youth who had recently been examined in the
Health Examination Survey in sample segments located
in that area. This aspect of the contract would inciden-
tally provide a check on the measurements made under
field operating conditions by permitting comparison
with several repeated tests in the laboratory. Primarily,
however, it was part of a continuing effort to develop
equations that could be used to predict the maximal
oxygen consumption under the conditions of the HES
treadmill test.

The report of this research effort was not received in
NCHS until mid-1975. This was 5 years after completing
the data collection in the HES III survey and a year after
the succeeding HANES 1 field operations had ended.
This delay, pressurtes of new surveys, changes in key
personnel, and other factors all are among the reasons
that there have been no reports of the results of the
treadmill exercise tolerance test.
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Table 1. Selected tests related to physical fitness performed in the Health Examination Surveys (HES) and National Health and Nutrition

Examination Surveys (NHANES) with indication of tests used and of available information

Survey, age of
sample persons
tested, and dates of
data collection

Cardiovascular
endurance test

Lung function test

Hand grip
strength test

Other relevant or correlated measures

ECG

Body measurements

HES-I, adults 18-79
years, 1959-62

None done.

None done.

None done.

12-lead EKG Details
and findings in Series
11, No. 10.

Height, weight, 3
girths, 2 skinfolds, 11
anthropometric
measurements.
Details: Series 1, No.
5. Findings: Series 11,
Nos. 8, 14, 35.

HES-II, children
6-11 years, 1963-65

Bicycle ergometer ex-
ercise tolerance test;
pulse rate. Details: Se-
ries 1, No. 5; Series 2,
No. 21. Findings: No
published reports. No
public use data tapes.

Spirometry—Collins
water-sealed 6-liter
vitalometer. Details:
Series 1, No. 5; also
Series 2, Nos. 72, 86.
Findings: Series 11,
No. 164. No public use
data tapes.

Hand dynamometer,
3 tests each hand,
record of handed-
ness Details: Series
1, No. 5. Findings:
No NCHS published
reports. See App. D,
this paper.

10-lead EKG
Findings: No NCHS
published reports.

Height, weight, 5 girths,
3 skinfolds, same 11
anthropometric mea-
surements as in HES-|
plus 11 more. Details
Series 1, No. 5. Find-
ings Series 11, Nos.
104, 119, 120, 123.

HES-il, youth
12-17, 196670

Exercise tolerance test
using treadmill walk at
3.5 mph, for 2 minutes
at zero grade and 3
minutes at 10% grade.
Details: Series 1, No.
8. (See also table 2
this paper.) Findings:
No NCHS published
reports. Public use
data tapes do include.

Spirometry recorded in
analog data form on
magnetic tapes to be
converted to digital
tape form using PHS
computer program.
Details: Series 1, No.
8. Also Series 2, No.
72, 86. Findings: No
NCHS published re-
ports. No public use
data tapes.

Hand dynamometer,
3 tests each hand;
record of handed-
ness. Details: Series
1, No. 8. Findings:
No NCHS pub. Pub-
lished reports (see
table 2.)

12-lead ECG done in
conjunction with spiro-
gram using Data Ac-
quisition Unit. Analog
tapes converted to dig-
ital. Details: Series 1,
No. 8. Findings: No
NCHS published re-
ports.

Height, weight, 6
girths, 4 skinfolds,
plus 26 additional
measurements, 17 of
which were made in
HES-N. Details: Series
1, No. 8. Findings:
Series 11, Nos. 124,
126, 132, 143.

HANES~I, Nutrition
Exam 1-74 years
1971-74 Detailed
‘Exam, 25-74
1971-75

None done.

For detailed exam sub-
set—spirogram, re-
corded by Beckman
Digicorder onto mag-
netic tape in digital
form. Details: Series 1,
No. 10a, of this paper,
and Series 2, No. 86.
Findings: Series 11,
No. 222. Public data
tapes do include best
trials data only.

None done.

For detailed exam sub-
set—12 lead electro-
cardiogram with re-
sults recorded on
magnetic tape in digi-
tal form. Details: Se-
ries 1, No. 14a. (Also
see appendix A of this

paper.)

For both nutrition and
detailed exam, height,
weight, 2 skinfolds, 2
breadths (bitrochan-
teric and elbow}), plus
others for ages 1-7
years. Details: Series
1, No. 10a. Findings:
Series 11, Nos. 208,
211, 224.

NHANES-II, Nutri-
tion exam 6
months-74 years,

Health exam variable

ages 1976-80

None done.

For persons aged
6-24-spirogram, re-
corded by Beckman
Digicorder onto mag-
netic tape in digital
form. Details: Series 1,
No. 15, Series 2, No.
86. Findings: No
NCHS reports. Data
on this, 6-24 ages spi-
rometry released 1986.

None done.

For persons 25-74,
supine ECG
performed. 3 channels
of data (12 std, lead
and 3 Frank lead) re-
corded in digital mag-
netic tape. Details: Se-
ries 1, No. 15.
Findings: No NCHS
published reports.

Height, weight, 2 skin-
folds, 2 breadths, 1
girth, plus certain
others for very young.
Details: Series 1, No.
15. Findings: No
NCHS published
reports.

The draft report (18), accepted as a final one on this
study, presented a somewhat tentative recommendation
that the following equation be applied to the HES data in
order to estimate maximal oxygen intake from pulse rate
after exercise (P), taking account of height, weight, age,

and sex:

Max VO, (ml/kg) = A + B(P) + C(wt/HT>).

Values derived in the contract study for the coefficients
A, B, and C in this equation were presented separately
for each of six age-sex groups in table 2.

Despite the great amount of time and resources
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Table 2. Least squares regression coefficient and standard error of estimate for estimation of MVO,(cc/kg/min) from submaximal puise

rate, weight, and height: Health Examination Survey sample data

Sex and age N A B C x 10°% S.E.E.
Lab pulse rates
Boys:
12-13 years 28 84.40 -0.1479 -10.5851 4.34
14-15 years 28 87.47 —0.2389 -1.2199 5.05
16-17 years 15 71.60 —0.1396 —-0.3870 4.15
Girls:
12-13 years 28 87.40 —0.1965 -11.1803 3.48
14-15 years 17 86.61 -0.2697 —3.2963 3.38
16-17 years 15 50.76 ~0.0642 —3.4440 2.55
Trailer pulse rates
Boys:
12-13 years 28 88.74 -0.1559 -11.9510 4.30
14-15 years 28 90.34 -0.2545 -0.3184 4,16
16-17 years 17 79.28 -0.1953 +1.2134 4.63
Girls:
12-13 years 28 97.32 ~0.2310 —12.0705 3.19
14-15 years 18 95.22 -0.2747 —6.2547 3.45
16-17 years 15 55.92 —0.0844 —4.0004 2.30

Notes: PR = five minute N.H.S.T. pulse rate. “Lab. Pulse Rates” refer to fourth Laboratory visit. MVO, = A + B(PR) + C{(Wt/Ht.).
Source: Table 16 from report listed as reference 18: Taylor, H.L., and others: Preliminary Report on the Development and Feasibility of a Test of

Aerobic Capacity for the Health Examination Survey.

devoted to obtaining data on cardiovascular endurance
in the HES II and HES III programs, no findings reports
have been produced.

No attempt was made to obtain measures of cardio-
vascular endurance in either the NHANES I or NHANES
II programs. In the planning work for the latter program,
however, there was an attempt to obtain data on cardiac
arrhythmia, including heart monitoring by use of porta-
ble Holter electrocardiogram recorders. These record-
ings were to be made over a 2-hour period while the
other parts of the examination were carried out. This
was not done in NHANES II because of interactions
between this and certain other procedures (e.g., glucose
tolerance testing). Pressures of survey operating sched-
ules prevented resolution of that problem in time to
include the test. It is mentioned here because there
might be relevance to cardiovascular endurance testing if
such a test were to carried out in a future NHANES
program.

The experience of the five national surveys dis-
cussed here is of limited value in planning for measure-
ment of cardiovascular endurance measurement per se
in a NHANES program to assess the physical fitness status
of U.S. adults. In none of these surveys were tests to
measure this variable administered to an adult popula-
tion. The surveys in which children and youth were
examined (HES II and HI) did establish that in these age
groups it was possible to obtain high response rates for
participation in the examinations (96% and 90%, re-
spectively). Nearly all of those examined were willing
and able to perform the tests of cardiovascular endur-

ance (bicycle ergometer and treadmill, respectively).
However, this experience is not what could be expected
from an adult population. In the Tecumseh Community
Health Study (19), for example, there is a decrease in the
percentage of the sample willing and able to take the
modified Harvard Step Test as age increases. More than
90 percent of those aged 10-19 years completed this
test; just under 50 percent of those aged 50-69 com-
pleted the test (20).

The significance of the concern with the expected
participation rate for a test of cardiovascular endurance
must be understood in the light of the purpose of the
program. Where that purpose is largely methodological
or is the study of relationships among the test results and
other data collected in the same program, the composi-
tion of the population for which data are obtained is
relevant but not of preponderant importance. Where
that purpose is the description of the entire population
for which the group tested is a sample, the representa-
tiveness of that sample comes to be of overwhelming
importance. If NHANES III, now being planned, has as a
principal purpose an assessment of the physical fitness
status of the American adult population, then any test
included for that purpose must be one that can be
expected to yield participation rates that will permit
generalization of the findings to the total U.S. popula-
tion. There is no precise answer to the question of how
high the participation rates must be to avoid nonre-
sponse rates that will invalidate the generalizability of
the findings. A number of NCHS reports have addressed
the problems related to nonresponse (21-24). When
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account is taken of the fact that only with the expendi-
ture of enormous effort has it been possible to achieve
overall response rates in the range of 70-75 percent for
the all-ages populations included in the NHANES sam-
ples, it becomes clear that it is unwise to consider
including tests that will add appreciably to nonresponse.

Tests of lung function

In the first Health Examination Survey no attempt
was made to measure lung function. The second survey,
directed to a sample of children 6-11 years, included a
vital capacity test. The spirometry test made use of a
Collins 6-liter vitalometer. This test produces a tracing
made on a timed rotating cylinder as the examinee blows
back a deep breath into the tube on the equipment.
These tracings can be measured to provide parameters
such as maximal forced expiratory volume and peak
flow rate. Three separate recordings were supposed to
be made for each examinee, but for most subjects there
were no more than two. Because the test is dependent
on maximal effort by the examinee, the technician
administering the test encouraged and exhorted the
examinee throughout. During the data collection pe-
riod, it was not recognized that this test presented
unusual problems in getting the sample persons to take
the test. Test tracings were available on 6,932 children—
all but 187 of the 7,114 children 6-11 years who came
for the exam. The retrieval of the data from the tracings
produced did require the additional step of carefully
measuring each of the charts to obtain the wvalues
needed. This was done, and some of the results are set
forth in a published report (25). As shown in this report,
however, the data have very serious shortcomings.
These problems were encountered during analysis of the
data. Additional measuring of the data by various per-
sons skilled in the area of spirometry revealed that the
measurements made by clerical personnel were seriously
flawed, and both the measurements and the decisions as
to such matters as selecting best trials were carefully
reconsidered. This led to decisions to reject some of the
data and to make imputations based on other data
available. What was done and the implications thereof
are set forth in the previously referenced findings report
and also in a report in the methodology series (26).

In the third Health Examination Survey, a changed
method of spirometry was introduced. A module that
used computerized data collection techniques was used.
The data were recorded in analog form on magnetic
tape, and the tapes were translated into digital form
using the spirometry computer program developed by a
unit within the Public Health Service. Most unfortu-
nately, the tapes containing these data were largely
destroyed. The loss of these data is described in a
methodology report (26).

In the work of planning the first National Health and
Nutrition Examination Survey (NHANES I), further re-
finements were made in the spirometry data collection
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module. The analog data system used in HES III was
replaced by digital tape equipment. The field operating
procedures manuals were revised to reflect the then-
current methodology (e.g., use of a standard set of five
trials to ensure maximal values). A report in the NCHS
methodology series gives a detailed description of the
spirometry data acquisition hardware system (27).

A report presenting some findings from the spiro-
metry testing in the NHANES I program has been pub-
lished (28). This report presents the findings data for
nine parameters for the some 5,500 persons tested.
Approximately 84 percent of those tested had totally
satisfactory data, as defined by presence of reproducible
best trials, The data are shown separately for this group
and for the some 800 persons who did not have repro-
ducible best trials. No data were obtained for about
1,300 sample persons who, for various reasons, did not
start or did not complete the test, although these were
sample persons who had come to the mobile examina-
tion center to be examined. A total of about 6,900
persons did come in for the NHANES I detailed exami-
nation. That total was out of a sample size of 9,881
persons in the target population. Thus the overall re-
sponse rate for the detailed examination was about 70%
(70.7% on an age-adjusted basis). The total nonresponse
(survey overall nonresponse plus item nonresponse) on
this test, then, was essentially 50%. This would seem to
preclude making statistically valid projections to the
total U.S. population sampled. Some uses are being
made, however, of lung function data from NHANES I.
An example is in the analysis of the NHANES I Epide-
miologic Followup Study data (29). Reduced pulmonary
function has been shown to be significantly associated
with an increase in mortality, even after adjusting for
smoking behavior (30).

Tests of hand grip strength

No test of hand grip strength was included in the
first Health Examination Survey (HES I). In the second
and third programs (HES II and III), a test was included.
The procedure was similar for both programs. Using a
hand dynamometer, the technician tested the examinee,
adjusting the handle to fit the hand properly and urging
maximum effort in squeezing. Three tests were made
with each hand, alternating hands after each test. The
technician also recorded the response to a question
about handedness and noted any relevant impression as
to the validity of the test.

No NCHS publications have included the findings of
the hand grip strength tests for either Cycle II of III. The
test data are included in the public use data tapes that
have been made available by NCHS. These standardized
microdata tape transcripts are described in a published
NCHS catalog (31). Some findings from the survey of
children aged 6~11 years are contained in table 3.

No hand grip strength tests were included in either
the NHANES I or NHANES II programs.
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Table 3. Hand grip strength findings in Health, Examination Survey of U.S. children and youth, 1963-65: Means (%) and standard deviations

(SD), separately for each hand, by sex, age and race

Male Female
Right hand Left hand Right hand Left hand
grip strength grip strength grip strength grip strength

Race and age X SD x sD x SD X SD
Total

6-11 years 13.7 4.7 128 4.6 11.8 4.5 10.9 4.3

6 years 8.8 27 8.3 2.6 7.6 2.4 7.0 24

7 years 10.7 2.9 10.1 2.8 9.0 2.6 8.4 25

8 years 12.7 3.1 11.9 32 106 2.7 9.8 2.8

9 years 145 3.4 13.6 3.3 123 3.2 11.4 3.0

10 years 16.4 3.5 15.4 3.5 14.2 3.6 13.3 3.6

11 years 18.8 4.1 17.8 4.1 17.0 4.5 15.7 4.3
White

6-11 years 13.6 4.7 12.9 4.5 11.6 4.4 10.8 41

6 years 8.8 2.7 8.3 2.6 7.5 24 6.9 23

7 years 10.7 2.8 10.1 2.8 8.9 2.5 8.3 2.4

8 years 12.6 3.1 11.8 3.2 10.5 2.7 9.7 2.7

9 years 14.4 33 13.5 33 12.2 3.1 11.2 29

10 years 16.4 3.5 15.3 3.5 14.0 3.4 13.0 3.5

11 years 18.7 4.1 17.7 3.9 16.7 4.2 15.4 4.0
Black

6-11 years 141 5.0 13.1 5.0 12.6 52 11.7 5.0

6 years 9.2 27 8.5 2.8 79 24 7.1 25

7 years 10.8 3.1 9.7 29 9.5 2.8 8.8 27

8 years 13.6 34 123 3.4 10.9 3.1 10.0 3.0

9 years 15.0 3.8 141 33 13.5 37 124 3.5

10 years 16.7 3.8 159 3.8 15.8 4.1 15.1 4.1

11 years 19.6 4.3 18.6 4.8 18.7 5.8 174 5.6

Notes: The sample numbers on which the table is based are 3,574 males (3,101 white and 458 black). Totals include persons of other races not

shown as separate categories.

Source: Adapted from tables in personal communication from Dr. Robert Malina, Department of Anthropology, University of Texas at Austin.

Other measurements relevant to or
correlated with these physical fitness tests

Electrocardiograms

The experience of the HES and HANES programs
with respect to use of electrocardiograms has possible
relevance to the tasks of designing an NHANES III fitness
protocol. Measures of individual physical fitness fre-
quently use heart rate as the end point measured along
with specific work performance tasks involving known
energy expenditure. Although this has not been done for
any of the adults included in these past programs,
12-lead, resting electrocardiograms have been recorded.
The only ECG data included in published NCHS reports
are those for the HES I program (32), but the NCHS
public use data tapes, referred to earlier, include these
test results for the HANES I and HANES I Augmentation
(or Cycle IV detailed examination) as well as for the
HES I program. Other ECG data, including those from
NHANES II and Hispanic HANES, are expected to be
released in 1987.

The methodology employed in these programs has
varied from the use of paper tracings in HES I, through
analog magnetic tape form in HES III, to use of Beckman
Digicorder equipment, which produces digitally re-
corded data on magnetic tapes. The difficulty with the
first of these methods is in the measurement and inter-

preting process required. How this was done in the HES
I program is described in the Series 11 report of findings
(32). The second of these methods, which records the
ECG data in analog tape form, requires that these tapes
be translated into digital magnetic tape form. The third
method, the recording of ECG data directly onto digital
form magnetic tape, as was done in the NHANES I and
NHANES Il programs, does not have either of the
problems associated with the other two. The detailed
instructions followed by the technician in using the
Beckman Digicorder to do this in the two NHANES
programs were set forth in the staff procedures manual,
the relevant portion of which is included as appendix A.

Body measurements

In each of the five HES and HANES programs, the
recorded data have included a broad range of body
measurements. Many of these are relevant to the process
of measurement of physical fitness. In predicting maxi-
mal oxygen intake in tests of aerobic capacity, the
regression equations may make use of both body weight
and some index of obesity. This may also involve use of
height and of some skinfolds and girths. A study based
on HANES I data assessing dietary intake and cardio-
vascular risk factors, specifically blood pressure corre-
lates, found that body mass index (weight/height
squared) and subcutaneous adiposity (measured as the
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sum of subscapular and triceps skinfolds) were impor-
tantly related to systolic and diastolic blood pressures
(33). This association was found in every sex, age, and
race group examined. Because of the correlations and
relationships, it is appropriate to note here what related
data have been obtained in the HES and HANES pro-
grams.

In every one of the five national survey programs,
height and weight have been recorded with meticulous
concern for accuracy. The details of how these measure-
ments were done are set forth in the already referenced
program description reports and in the reports of find-
ings (34—41).

There have been skinfold measures recorded in each
of the HES and HANES programs. These readings have
been made in a standardized manner in so far as speci-
fying just how the procedure is to be done and training
and retraining the technicians can ensure standardiza-
tion. Two skinfolds, triceps skinfold measured as the
right upper arm and subscapular skinfold measured on
the right side, have been done in each one of the five
surveys. In the children and youth surveys (HES II and
III), there was also a skinfold taken on the right lateral
chest wall. The Cycle III program also included two
additional skinfold measurements, right-side suprailiac
and a medial calf skinfold made on the left side. Some
girths were included in each of the surveys. Details on
these, various measurements of breadth, and other body
measurements such as sitting height and segmental
lengths are set forth in the published reports of findings
(42-47).

Lessons from the HES-NHANES
experience

Issues relevant to NHANES III planning

It would be hard to overstate the critical importance
of specific recognition of the purpose for each element
considered in the design of NHANES III. It is not enough
to speak of wanting to obtain data related to physical
fitness of American adults. Because what we are consid-
ering is a national survey involving scientific sampling
and medical examinations, every aim of the survey must
be identified and subjected to the following inquiry: Is
the rather elaborate mechanism needed to fulfill this
aim? If the aim is, for example, to establish the preva-
lence rate of diabetes in U.S. adults so that planning for
health programs and medical care can be done, then the
answer is probably affirmative. If the aim is only to
examine the interrelationship between a particular lab-
oratory finding and a specific disease, the answer may be
negative. In the past there have been occasions when a
survey has ended up with inadequate valid data to
generalize about the entire population sampled for the
test in question. In such cases it may be possible only to
salvage some investigation of interrelationships among
internal parts of the data, but we should not plan to do
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that at the outset and we should make every effort to
avoid ending up with only that.

A design issue deserving some attention is whether
the plan should aim at collecting only cross-sectional
data or whether there should be some planning to have
a longitudinal element in the survey. Each of the past
surveys has been basically an attempt to get a one-time
picture of the state of the studied population. Although
it has taken several years to collect the national data for
a single survey, the conceptual model has been obtaining
data that could be assumed to characterize the total
population at the midpoint of the survey collection
period—point prevalence. There have been, however,
some steps in the direction of adding an element of
followup. Thus, a separate NHANES I Epidemiologic
Followup Survey, described elsewhere, was carried out
by an NCHS contractor using the findings for the sample
population examined in the NHANES I program as a
starting point and comparing those findings with newly
obtained data on these same individuals about 10 years
later. Again, as pointed out earlier, the Cycle IlI sample
aged 12-17 years was designed to ensure some followup
examinations of persons who had been examined in the
HES II program. Where it is thought fairly likely that this
kind of thing might be done later, some steps should be
taken regarding the identifying data recorded and the
consents obtained.

A sample design issue that must be given attention is
the best relationship, if any, between the sample selected
for the NHANES III program and the samples selected for
the successive National Health Interview Surveys (NHIS)
carried out by NCHS. This issue is not 2 new one. In the
very first HES program it was considered, and it contin-
ues to recur. Most frequently, it is suggested that the
examination in the HANES program might be given to a
sample that is a subset of the NHIS sample. In this
simplest form, the suggestion is not feasible for a variety
of reasons. One major reason is that the NHIS sample
is—for good design considerations—located in 1,900
different primary sampling units throughout the United
States. The smallness of the numbers of persons inter-
viewed for NHIS in any one primary sampling unit, even
in as long a period as 1 year, is inconsistent with the
numbers of persons required for NHANES in one geo-
graphic location. Several hundred sample persons are
the minimal numbers in order to move in, set up, and
relocate a team of medical and paramedical examiners
with anything approaching cost effectiveness. There are
other reasons, too, why this subset concept is not
feasible. They have been developed in reports made to
the NCHS Director by a special committee set up within
NCHS to study this question (White-McDowell commit-
tee) and by the responsible division director within
NCHS to both the General Accounting Office and the
Office of Management and Budget in response to their
questions.

There can be a relationship between the two sam-
ples and the two sets of data (NHANES and NHIS)
without the one sample being a subset of the other. In
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the first HES program, the same set of interview ques-
tions as used in NHIS at the time HES began was
administered to the persons in the HES sample. These
interview questions remained unchanged for the HES
sample persons throughout the 3 years of the survey,
although some later changes occurred in the instrument
used in NHIS. Some sort of linkage between the two
survey programs provides great potential advantages.
This is especially true as NHIS moves more in the
direction of obtaining data describing the lifestyle pat-
terns of the population. To study the health of the U.S.
population in the 1980’s without collecting information
on such matters as the amount and kind of physical
exercise and like activity would be to lag decades behind
the state of knowledge. To be at the cutting edge, it
would seem desirable to include not only these things
but areas that are the province today of such pioneers as
Norman Cousins (48, 49) and Richard Symington (50).
That would involve finding out the extent to which the
U.S. population was recognizing the responsibility of the
individual for his health maintenance and disease con-
trol. Is this issue too controversial to be considered?

The three-level operation concept has been de-
scribed in these pages and in referenced publications.
When one considers the experience of these five sur-
veys, it is clear that the survey operations have strayed
widely and to an increasing extent from this model. The
difficulties of ensuring continued Federal funding (in-
cluding authorizations and salaries for needed person-
nel) to carry out health examination surveys extending
over several years has been a factor in this changed
pattern. The mechanism of contracting the conduct of
survey operations to private agencies outside the Federal
Government permits multiyear contracts in years when
dollar availability exists. This methodology has other
problems, which will be discussed shortly. In the proc-
ess of designing NHANES III, it will be important to
consider by whom each of the three operations of
planning, data collection, and data analysis and report-
ing should be performed and how each of them should
be phased.

The experience of the five national health examina-
tion surveys should make planners conscious of the
importance of asking the question, How much is too
much program content? It is not easy to answer the
corollary question, How do we tell? The answers will, of
course, be dependent on many factors, such as the
available resources, the various time limitations (e.g.,
time allowed for obtaining the complete survey data and
time burden that can be borne by each examinee), and
the value of the resultant data from the specific item
considered for inclusion in the program. Some help in
answering the questions about “too much” will come
from applying the guidance already given (1) about
being conscious of the purpose and being specific about
its details. Experience shows, however, that there is a
barely resistable urge to add on still another item be-
cause ‘“‘as long as the effort has been made to get the
sample person there for the examination, it will be a
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simple matter to do the test for item X as well.”” That
urge should be resisted. Consideration of the data that
have been collected and not analyzed or put to possible
use should help in resisting it.

An issue, separate from but not unrelated to the “too
much” issue, is the matter of whether certain tests are
inappropriate for use in a national health examination
survey because they require such elaborate and complex
instrumentation. The methodology for use in testing
cardiovascular endurance should aim for use of some
simpler exercise challenge than the elevating treadmill,
which may perhaps have been defensible for teenagers.
The use of the simpler and well-tested Harvard Step Test
or modifications thereof would seem better advised.
The methodology used for spirometry in the adult
detailed examination of the NHANES I and Augmenta-
tion programs probably represents the best state of the
art. The fact is that, in the population samples for those
programs, the number of usable test results constitute
data for only a little more than half of the people who
should have been persuaded to come in for examination
and should have produced a satisfactory test. This kind
of response rate makes it impossible to generalize about
the total national population. Although there are simpler
tests that relate to lung function, the data they yield are,
of course, less comprehensive and may raise questions
of validity. In any event, it is important to be clear as to
the purpose of the test and then to decide on the
required complexity of instrumentation.

Issues related to data collection

The issue of contract mechanism versus in-house
effort should not be misunderstood as a matter of either
one or the other. The issue is rather the extent to which
the NCHS (in-house) staff will actually carry out the field
operation, as compared with setting forth standards and
guidelines in a contract to some agency outside NCHS.
All of the HES and NHANES programs have had a mix of
the two operating methods, but in markedly differing
proportions. In most of these surveys, the U.S. Bureau of
the Census has acted as a contractor for NCHS in the
initial phase of interviewing at potential sample house-
holds. In some of the surveys, they have also carried out
a large part of the process of explaining the survey to
and obtaining consents from selected sample persons. In
two related surveys (the Hispanic HANES and the
NHANES I Epidemiologic Followup Survey), the actual
data collection has largely been done by an outside
contractor, with guidelines from and some participation
by staff of NCHS.

There are advantages and disadvantages to both
methodologies. The Bureau of the Census is especially
expert in the conduct of the early phases of such
surveys, and their access to official Census Bureau
address lists provides an important advantage. The
HES-NHANES experience gives some evidence that the
use of NCHS personnel has advantages in the “per-
suasion process,” the obtaining of consents for exami-
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nation. There is also some limitation on the flexibility of
scheduling and operating the survey when the Census
Bureau has responsibility for the first wave of interview-
ing. There is an important disadvantage to having most
of the data-collecting work performed on an outside
contract basis because the personnel in NCHS who
should be responsible for many aspects of the interpre-
tation of the final data cannot properly perform this
function if they have been dependent on some other
agency to carry out the work of collecting those data.

The second issue noted in this section concerns the
use of mobile examination centers. This issue has some
relationship to the immediately preceding one because,
when use of outside contractors is considered, there
may be suggestions to do the data collecting—the phys-
ical examination part of it, that is—in fixed sites, medi-
cal clinics, hospitals, or the like. At times in the past
HES-NHANES experience such suggestions were made,
and at one point the conduct of a pilot study to
investigate the feasibility of that operation was even
required. It is well to keep in mind the several kinds of
reasons that have led to the decisions to use mobile
examination centers. They include such concerns as the
requirements for very special housing for some measur-
ing instruments, such as spirometry and lung function
tests or treadmill exercise cardiovascular endurance
tests. For these, there not only must be adequate elec-
trical power and the like, but there needs to be a
controlled environment with respect to temperature and
humidity. Even if no such complicated and sensitive
measuring instruments were included in the examina-
tion, there is need for a standardized setting for making
almost all of the measurements. The measurement of
blood pressure, for example, will be affected by very
many situational factors. One might not get valid sample
data for projection to a national population if the
subject’s blood pressure is markedly affected by house-
hold factors, which are not standardized and are variable
in their effects. There is a temptation to think that one
can carry out physical examinations in hospitals, clinics,
or doctors’ offices, which will be found in all parts of
the country, but experience with the vagaries of national
scientific sampling surveys makes one aware that some-
times the location will be in an area where such opti-
mism is belied. A mountainous rural county in Appa-
lachia or an Indian reservation location in Arizona come
to mind. Then, even in our cities, there may be over-
crowding of existing medical facilities, which precludes
access.

Another issue related to the data collection process
is the matter of the kinds of persons who should
supervise the steps in the examination process. The
interdisciplinary nature of the operation is a part of this.
Some operations in some examination surveys may be
conducted by health technicians, medical electronics
engineers, nurses, physicians, dentists, psychologists,
nutritionists, dietitians, interviewers, and even by spe-
cialists in certain medical fields (e.g., dermatologists and
cardiologists). It is essential that definite responsibilities
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for aspects of supervision be clearly established. There
must be some single overall responsibility because inter-
ests may sometimes conflict among separate pieces of
the examination. The possibilities include a survey stat-
istician experienced in health surveys and skilled in
diplomacy, a physician with good appreciation of statis-
tical problems and issues and with research require-
ments, an epidemiologist, and perhaps others. There
needs to be definite understanding of the roles of the
various staff members and of the authority to resolve
problems, both at the field location and at the overall
headquarters. In the HES and HANES experience, it has
sometimes proved useful to make use of an adapted
academic research model in which a particular expert in
a specialty field plays a significant role in planning how
a piece of the data will be collected, training the field
personnel who will be responsible for administering the
test, making numerous field visits to observe the perform-
ances, reviewing the data as they are collected, and
participating in the analysis and presentation of the
findings. In terms of the supervision question, this has
the potential of adding an additional problem, but if
lines of authority are clearly specified, the advantages of
this model can come without undue disruption.

An issue that can never be disregarded is the impor-
tance of staff motivation. The planner can expend great
cost and effort to design a survey but the end point of it
all is the report of findings. Essential to success in the
effort is a high degree of motivation on the part of every
member of the survey team. The cooperation of the
sample persons must be obtained, first in agreeing to the
examination, then in coming, in staying throughout, in
exerting maximal effort where required, in agreeing to
the less pleasant aspects such as having blood drawn,
and in other ways. It is the individual staff members, one
after another, who must be able to obtain this coopera-
tion and who need to be highly motivated in belief in the
importance and concern for the success of the survey.
The process starts with staff selection, but training and
retraining are required. There is no magic formula, but
where experience has shown success, the retention of
demonstrated abilities seems indicated.

In this rapidly changing world of information re-
cording and transmitting, an obvious issue concerns the
ways in which the survey should make use of the latest
developments in electronic communication. This area
has been the subject of some study within NCHS. The
topic included study of the extent to which the data
could be recorded directly in the field in a form that
would be transmitted electronically to the headquarters
computer center. Related research was carried out by the
Bureau of Census.

Finally, with respect to issues in the data collection,
one must emphasize the overriding importance of a
response rate high enough to permit statistically valid
conclusions pertaining to the total population of which
the survey is a sample. When a program director defend-
ing a health examination survey is asked how much each
one of these examinations costs, it is essential to be able
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to point out that the real measure of cost is not the single
examination, because that one particular samplé person
actually represents thousands of like persons in the
population surveyed. This point can be made, but only
so long as the survey’s response rates remain acceptable.
The solution to this problem is not an easy one. It is not
a problem that can be solved by money alone. It has
been pointed out that, in the NHANES I program, NCHS
did, for the first time, begin remunerating the sample
persons who participated. This seemed to have some
favorable effect on the response rate and it has been
continued. A later study examining the effect of an
increased amount of payment did not show that clear
gains would result from such change. Today’s climate
may possibly be one in which we should not take for
granted the favorable effect of even the minimal pay-
ment used in the past. The concern with budget deficits
and Government costs, coupled with the many state-
ments denigrating the work of Federal Government
employees, may present new problems in response rates
for surveys.

Data release issues

There will be some among the users of NHANES III
data who will be notably less concerned with how the
data were obtained than when the data will be available.
The need for speed issue is frequently opposed to the
need for quality research, but ways must be found to
satisfy it while maintaining high quality standards. One
way in which this issue can be partly met is in planning
the survey to be completed in 3 years but to consist of
two parts, each a representative sample of the popula-
tion. One half-sample would be scheduled to be com-
pleted in about the first 18 months of the survey’s
data-collecting period, and some broad preliminary data
could be made available from that smaller sample.

A second issue related to the release of the data from
NHANES III concerns the medium to be used for release
of data. In the early history of the National Center for
Health Statistics, the major means for release of data
from its programs was in various series of reports
published by NCHS (or by the U.S. Government Printing
Office for NCHS) after preparation, most frequently by
NCHS staff. Sometimes reports of particular findings
were published in the appropriate scientific literature,
either by NCHS staff or by persons obtaining special
tabulations of NCHS data. Beginning as a formal program
in 1978, NCHS made available public use data tapes
containing the raw data collected in the survey. Any data
that would permit the identification of individual sam-
ple persons were omitted from the tapes. The appropri-
ate sampling weights were included along with other
administrative and demographic data. This has proved to
be a very useful means of data release and has greatly
increased the usefulness of those data. It would be
unfortunate, however, if this kind of data availability
were to be thought of as lessening the need for contin-
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uation of the publication of separate reports on partic-
ular findings of the survey. Many health research and
public health workers are not able to take advantage of
the availability of computer tapes. Equally important,
the importance of having NCHS staff persons present the
data with their knowledge of how the total data collec-
tion process may have affected the findings is quite
great. Equally great is the availability of a vehicle in
which the NCHS staff persons can follow through on the
planning and directing work of the survey and gain the
satisfaction of a final product.

A final issue related to release of data from the HES
and NHANES programs concerns the need for collabo-
ration with the related professional communities. Data
from these surveys gain great usefulness by being incor-
porated in textbooks, reference works, and the like,
which reach a far wider audience of medical and health-
related workers than can be reached otherwise. Many
examples could be given to illustrate this, but a single
one will make the point. A very large body of survey
data with respect to body measurements characterizing
the children and youth of the United States has been
incorporated in the reference work produced by Malina
and Roche in two volumes, entitled Pbysical Status and
Physical Performance, respectively (51). This kind of
collaboration has produced similar examples in a broad
range of medical areas that have been subjects of past
surveys in this series of programs. This fine record will,
it is hoped and believed, be continued with data from
NHANES III.

Recommendations

1. In planning NHANES III, a deliberate effort should
be made at every step of the process to specifically
identify the purpose of each aspect of the plan and
to assess the purpose’s importance, its realistic
chance of achievement, and its relevance to other
and to overall purposes.

2. NHANES Il should be planned as a single survey in
which cross-sectional data on the sample popula-
tion are collected, but data should include sufficient
identifying information to make future followback
study feasible if this proves desirable and possible.
This information should include social security
number if the obstacles to this have been or can be
overcome.

3. It is recommended that the NHANES III sample be
selected independently of the NHIS sample, but a
possibility of some linkage should be secured
through administering a set of identical interview
questions to each of the two population samples.
This set of questions should include not only ones
that would characterize lifestyle with respect to
exercise, activity (work and leisure), and like mat-
ters, but also questions concerning attitudes to-
wards health and self-responsibility in disease pre-
vention and therapy.
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10.

11.

. It is recommended that a deliberate effort be sus-

tained throughout the planning process to avoid
overloading the content of the examination beyond
what is necessary to accomplish the essential pur-
poses of the survey. It may help to remember the
crudely expressed “KISS” rule, attributed to the
Army. The acronym stands for “keep it simple,
stupid!”’

. For the adult population of NHANES IlI, it is rec-

ommended that less complicated tests than used for
the HES youth program be used for measuring
cardiovascular endurance and lung function. In the
survey, the kinds of data that are correlated with the
targets of those tests should be collected, including
blood pressures and measures of adiposity and body
mass. In addition, some simpler measures of dimin-
ished vital capacity and of increased heart rate
should be considered. Pilot testing of such meas-
ures, as well as steps to ensure standardization,
validity, and reliability, would be required.

Every effort should be made to ensure that adequate
staffing (both numerically and skillwise) be pro-
vided to NCHS so that direction of every phase of
the program—planning, data collecting, and analy-
ses—can be carried out on an in-house basis. To the
extent that outside contracting must be used, effec-
tive control of what is done and how it is done must
be retained.

. It is recommended that the mobile examination

center type of data collecting operational mode be
used in NHANES III.

All members of the staff involved in the NHANES III
program, most certainly including all field staff
members, should participate in a training program
to ensure awareness of the importance of the survey,
the benefits that should result from its successful
completion, and the role they can play in this.

. In order to provide information from NHANES Il

on as rapid a time schedule as possible, it is recom-
mended that the sample be planned and scheduled
for a 3-year data collection period, with a represen-
tative half-sample of locations included in the first
about 1% years of data collection. Thus preliminary
data from this half-sample can be made available.
It is recommended that release of the data from
NHANES III be accomplished through reports pub-
lished in the established NCHS series as well as
through making available detailed public use data
tapes and through professional journal articles.
Finally, it is recommended that the NHANES III
program continue the high level of cooperation and
collaboration with the relevant professional and
scientific communities both in the Federal Govern-
ment and in the private sector. This has been a
hallmark of the survey programs and is of prime
importance in their success.
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Appendix A. Excerpt from NCHS Instruction Manual. Data Collection, Part 15c
(Chapters 10 and 11) Examination Staff Procedures Manual for the Health Examination
Survey, 1974—-1975.

CHAPTER 10
ELECTROCARDIOGRAPHY AND SPIROMETRY

Equipment

The Beckman digicorder is used in HES to record spirograms and
electrocardiograms, All data gath'ered by this unit are recorded on magnetic
tapes which are to be forwarded to the Collection and Analysis Linkage
Section at the end of each stand,

Aside from recording data, the little unit also provides a special coding
circuit, The code is a series of pulses which the computer program identifies
as the lead code; the recording location; the examinee's identification number;
age, sex, race, and height; technician number; and a calibration constant.

This calibration constant is the product of the temperature correction
factor and the water vapor pressure factor. The constant corrects volumes
from ambient temperature and pressure saturated with water vapor (ATPS)
to body temperature pressure saturated with the water vapor (BTPS), The
‘code initiates each recording,

Code Interpretation

1. Coded information to be recorded with lead selector switch turned to
Electrocardiogram STD:

1 2 3 4 5 6 7 8 9 10 11 12
Stand Number Tech. Number temp. B.P. Sample Number No:1
use
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2. Coded information to be recorded with lead selector switch turned to
EKG leads 1 through 12:

1 2 3 4 5 6 7 8 9 10 11 12
Height Weight. Age SR 9 9 1.D Not
. used

3. . Coded information to be recorded with lead- selector switch turned to
Aux, Lo (spirometer electronic calibration) and Aux, Hi I (spirogram):

1 2 3 4 5 6 7 8 9 10 11 12
Height Weight Age S/IR 9 9 1.0 Not
used
Codes
Stand Number:
00-99

Technician Number:

71-99, 01-09
Temperature:
8 = 28?C 3= 23°C
9 = 29°C or greater 4 = 24°C
0 = 20°C or less S = 25°C
1=21°C 6 = 26°C
2=22°C 7 = 27°C

Sample Number:

First two digits: 01-99,00 = stand number
Last three digits: 600-799 = examinee number
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Height:

01-98 = height to nearest inch
99 = height unknown

Weight:

001-998 = weight to nearest pound
999 = weight unknown

Age:

25-74 = age in years
99 = age unknown

Barometric Pressure:

0 = 695 mm, to 704.9 S = 745,0 to 754.9

1 = 705.0 to 714.9 6 = 755.0 or greater

2 = 715,0 to 724.9 7 = less than 675.0

3=725,0t0734.9 - 8 = 675.0 to 684.9

4 = 735.0 to 744.9 9 = 685.0 to 694.9
Sex/Race:

1 = white male S = other male

2 = white female 6 = other female

3 = Negro male 9 = race unknown

4 = Negro female

L.D.:
0-9 = last digit of sample number

Digicorder Computer Tape
1, Label all tapes with the stand number, location, date, and the number

of the tape for that stand, e.g., Stand 01, Philadelphia, Pa,, Tape 1,
4-27-71,
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2. Don't record more than 30 examinations on one computer tape,

3. If the power is shut off while the digicorder is on, remove the data
tape and mount a new tape on the digicorder,

4. Send the computer tapes, all tracings, and two copies of the log book
to Headquarters at the end of each stand,

EKG-Spiro Data Book

At the beginning of each stand record the barometric pressure at the top
of the page.

On the top of each right hand page write the stand number and tape number.
Below this make six columns headed respectively: Examinee ID (sticker), Date,
Technician, EKG, Spiro, Temp. 29, Enter the appropriate information in these
columns as the examinations are done,

On top of each left hand page write "Comments," Record on this page,
directly opposite such comments as:

Miscoded info on 01999; should be...

Info not coded on 01999; should be...

Canc/PHY (Exam cancelled per physician)

Exam not done (or not completed) due to maximum time
Exam done on backup unit

New tape mounted on digicorder

O\Ul:hwl\'i'-'

The EKG-Spiro data book is to be used as the unusual occurrence form
for these two sections, Any information which the technician regards as
pertinent to the exams should be noted.

Electrocardiogram

1. General
For the electrocardiogram analysis, information from twelve leads is

recorded on magnetic tape. A computer program has been developed to
analyze this information and print diagnostic messages along with the data,
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2, Procedure

Record the time on the control record. Put up the table and ask the ex-
aminee to lie on his back on the table and make himself comfortable.

A, Place the electrodes on the examinee,

(1) Place the electrodes over areas with the least muscle move-
ment (approximately 2 to 3 inches above wrist and ankle joints
over medial radius and medial tibia),

(2) Sensitize the areas where ‘limb lead electrodes are to be placed

by rubbing them lightly with electropads and leaving the pads in
place,

B. Turn the selector switch to the STANDARD (STD) position,
C. Enter the examinee's identifying information in the following posi-
tions:

;} Location (stand number)

2} Technician number

5 Temperature in °C
6 Barometric pressure

7

8

9 ) Sample number
10
11

12 Not used

D. Record a standard by depressing the RECORD DATA push button,
Criteria for an adequate STD are listed below,

10 mm, in height + 1/2 mm,

baseline on 25 mm, line + S mm,

four standard complexes present not varying vertically
by + 3 mm, between complexes
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E. Change the examinee's identifying information code to the following:

2
3
4
S
6
7
8
9
10
11
12

1 }Height to the nearest inch

}Weight to the nearest pound

} Age

Sex/Race

9

9

ID (same as STD)
Not used

F. Turn the selector switch to Leads 1, II, IIl, aVR, aVL, aVF in turn
and record these leads, Wait a few seconds after turning selector
switch before recording lead to allow machine to stabilize,

G. Place the chest lead on the examinee:

(1) Sensitize the areas where chest leadsare to be placed by rubbing
them lightly with the electropads and leaving the pads in place.

(2) Place the lead onthe examinee before turning the selector switch
to the position for that lead., Automatic centering is activated by
positioning the chest lead before turning the selector switch,

H., Record chest leads, V1, V2, V3, V4, V5, V6,

3. Recording

A, The quality of the tracings should be checked in the monitoring

B.

oscilloscope before recording,

If any of the below described artifacts are present, check the possible
causes and repeat the lead, The computer will process the last re-
cording of each lead EXCEPT FOR LEAD Ve which should not be
repeated even if it is unacceptable,

The following criteria should be used to determine if a recorded
lead is acceptable,

(1) Noisy signals in a lead are interference causing the baseline
to be thickened; obscuring or obliterating the P wave, This can
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be corrected by having the examinee relax completely and not
touch any metal objects on or off the bed. Also check that the
electrode clamps are not too tight,

(2) Wandering baseline occurs when the vertical difference between
consecutive complexes is 3 mm, or more, If the baseline is
wandering the electrodes should be reapplied using new electro-
pads and frictioning the area well, Loose electrode clamps will
cause high contact resistances that will result in a wandering
baseline, By allowing a few seconds for the baseline to stabilize
after changing the lead selector switch you may avoid many
wandering leads,

(3) Check that the entire complex is on the tracing. If not, correct

- by adjusting centering control on the digicorder.

(4) Check the tracing for adequate stylus performance, Complex
peaks should be clearly defined, the baseline should not be fuzzy,
Adjustments can be made with the heat control on the digicorder,

(5) Four acceptable complexes must be present on each lead, The
length of each lead should be 5 sec. (25 boxes).

(6) Check that the leads are marked correctly.

4, Lead positions

The basis of electrocardiography is the neuromuscular mechanism of
the heart, The heart muscle contracts and the heart '"beats' in re-
sponse to a stimulus, The action of this stimulus sets up a tiny electric
current which can be received and recorded by electrodes, Since elec-
trical current in the heart flows from negative to positive, EKG elec-
trodes are paired negative with positive to record the flow, Below is a
listing of the negative and positive electrodes for each lead,

LEAD POSITIVE NEGATIVE

I LA RA

I1 LL RA

I11 LL LA

aVR RA LL&LA

aVvVL LA LA & RA

aVF LL LL & RA

\Y Chest LL & LA & RA
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Graphic locations of standard leads (I, II, III), augmented limb leads
(aVR, aVL, aVF), and precordial leads (V,- Vg ) with reference to the
heart are shown in the diagram, The electrical potential of any ex-
tremity is the same anywhere from its point of attachment to the torso
to its most distal end, Therefore, electrodes attached to wrists and
ankles will give the same EKG pattern as those placed at the point of
union of torso and extremity. The extremity electrodes should be
placed over the area where muscle is at a minimum, This prevents
picking up muscle potential artifacts, The electrodes should be placed
on the inside area of arms and legs, approximately 2-3 inches above
ankles and wrists, The electrodes may be moved around to obtain a
better recording at the discretion of the technician doing the test.
The electrodes should be cleaned weekly with an abrasive cleaner,

STANDARD ELECTRODE POSITIONS

\"’ ~ . \/\
SN

¢

Lead positions

The accompanying chart illustrates the most commonly used electrode positions for
chest or precordial leads. The positions shown are located or determined as foliows:

V, Fourth intercostal space, at right V, Fifth interspace, at left midclavicular line.

border of sternum. Vs Same level as 4, in anterior axillary line.

V, Same interspace, at left sternal border. Vg Same level as 4 and 5, in midaxillary line.

V; Midway between positions 2 and 4.
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Spirometer

1.

2.

General

The volume output of an electronic spirometer is recorded on magnetic
tape. A computer program has been developed that is capable of meas-
uring the forced vital capacity, the forced expiratory volumes at 1, 2,
and 3 seconds, the maximum expiratory flow rate, the maximum mid-
expiratory flow rate, and various peak flow rates for the tape recorded
signal,

The examinee, who must stand during the test, is instructed to inhale
maximally from room air, then exhale with maximal force and speed
into the spirometer, A nose clip, if needed, and a disposable mouth-
piece are provided for the examinee,

The important variables that affect the performance of the Forced Ex-
piratory Spirogram (FES) fall into three categories:

Equipment function
Technician skill
Examinee comprehension and motivation

The section labeled ''Calibration Procedure'' is designed to help you
control the first variable, The second variable refers to the technician's
ability to establish initial rapport with the examinee, clearly administer
the test instructions, provide the necessary stimulus and motivation for
each examinee to perform maximally, and to judge the quality and re-
producibility of the spirometry signals, Examinee comprehension and
motivation are the end results of technician skill, i.e., the interaction
between the technician and the examinee,

Should your best efforts not provide an acceptable test, indicate on the
chart and in the EKG Spiro data book that the exam is VOID; and record
on the chart your comments concerning the reason for such poor re-
cordings; i.e., language barrier, submaximal effort (SME), inhalation
artifact (IH), premature termination (PT).

Procedure

A, Depress the ON button on the storage display unit,
B. Set the BTPS factor on the calibrator in the spirometer to 000,
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C. Set the BTPS factor on the F/V converter to 0.
D. Record the spirometer calibration as follows:

1)
(2
3)
4)
©)

Turn the selector switch to AUX LO, Use the same coding as in
EKG lead 1-12 (page 10-2),

Depress the RECORD DATA push button,

Turn the spirometer VOLUME CALIBRATION selector switch
from O to 5 three times, recording each selection for a minimum
of 1 second.

Set the spirometer volume calibration selector switch on
"Operate,"

Set the spirometer flow calibration selector switch on "Operate,"

E. Turn the selector switch to AUX HI,
F, Instruct the examinee according to the following instructions:

(L
2

(3

(4)

®)

"Take in a great big deep breath of air.' (Have the examinee
inhale maximally from room air.)

"Hold all of the air in," (Have him hold his breath long enough
to insert the cardboard mouthpiece into his mouth while you
start the recording,)

"Put the mouthpiece into your mouth with your teeth resting
lightly on it, Seal your lips tightly around it." (Demonstrate the
right way,)

"Blast your air into the tube as fast as you can, like a cough.'
(The exhalation should be made with the lips tight around the

45

mouthpiece with maximal force and speed. Do not have the -

examinee use the nose clip unless he exhales through his nose.)
""Keep on blowing out the same breath of air—don't stop, don't
take another breath—until you just can't blow anymore." (Have
him blow out as hard and fast as he can and to keep blowing
until he "empties" his lungs.)

G. Demonstrate to the examinee a deep inspiration, proper placement
of the mouthpiece, and the bursting of air into the tube, Continue to
blow for at least 4 seconds. ‘

H, Have the examinee do the first trial; observe closely to insure that
all instructions are being followed,
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I. Using the oscilloscope, calculate the examinee's approximate volume
and flow rate, Refer to the regression chart and find Peak Flow Rate
(PFR) and Vital Capacity (VC) cutoff points for the examinee.

J. I the examinee's values fall below the cutoff points, give additional
instructions,

K, Make sure that the following requirements are met:

(1) The onset of the spirogram should occur within 3 seconds after
you depress the Record Data button,

(2) An optimal baseline should not be less than 1 second or more
than 3 seconds in length,

(3) The spirogram should not fall at the completion of the examinee's
effort, It is a good technique to try to maintain a straight line,

(3) The computer program demands that the peak of the spirogram
be maintained for at least 0.2 second (5 mm.).

L. Proceed with trials 2, 3, 4, and 5, Five trials must be done but no
more may be done without allowing the examinee to rest for 20 min,

M. Try your best to get the full cooperation of the examinee, Since there
is a great deal of voluntary control over respiration, the success
of lung-function tests depends on your getting the examinee to ac-
tively and fully participate,

N. If two of the trials are not within the allowable range for both volume
and flow rate after five trials, stop testing and let the computer de-
cide which two trials are the most comparable,

O. Label and keep all tracings.

3. Determining data

A, Monitoring the volume signal with a strip chart recorder

A clinically acceptable curve must be smooth and free of inhalation
artifacts., The extent of the examinee's cooperation should be ques-
tioned if successive total volumes vary more than + 5 percent for
volumes greater than 3 liters or + 10 percent for volumes less than
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3 liters, This variability can be easily estimated on the oscilloscope
by eye and on Sanborn paper in the following manner:

S percent of 6 liters (30 mm,) is 1.50 mm,
S liters (25 mm.) is 1.25 mm,
4 liters (20 mm,) is 1.00 mm,
10 percent of 3 liters(15 mm,) is 1. 5 mm,
2 liters (10 mm,) is 1, 0 mm,
1 liter (5mm,)is 0.5 mm,

B. Monitoring flow and volume with an oscilloscope

A memory oscilloscope with an X-Y axis is the most precise method
of monitoring examinee effort, Flow is registered on the Y axis
(vertically one square equals 2 liters per second)., Volume is reg-
istered on the X axis (horizontally one square €quals 1 liter), Both
parameters can be calibrated so that flow and volume readings
are read directly from the face of the CRT. Each respiratory effort
results in a flow-volume loop., This is displayed on the oscilloscope
and compared with subsequent efforts. Discreet changes in examinee
effort and cooperation can be monitored by_observing the shape of
the loop and peak flow deflection. Small variations in respiratory
effort cannot successfully be monitored with a volume curve alone,
Acceptable spirograms result in reproducible loops. Reproducibility

is determined by superimposing one loop over the other or companng
them side by side.

C. Oscilloscope evaluation

After the examinee has blown into the spirometer and you have watched
the FV loop on the screen, evaluate the examinee's effort, If the
vertical and horizontal movement of the scribing point of the scope is
low or reduced, look for the following conditions in your examinee:

(1) The mouthpiece not being inserted into the mouth far enough or

putting the lips in front of instead of around the mouthpiece,
(2) Collapsing of the mouthpiece by excessive mouth pressure,
(3) Tongue occluding the mouthpiece opening,
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(4) Submaximal effort due to a lack of understanding of the pro-
cedure, reluctance to give a full effort, or improper instructions,
(5) Inability to comprehend instructions.

OSCILLOSCOPE EVALUATION USING THE FLOW-VOLUME LOOP

/k Typical flow loop
l/\ Sub-maximal effort (SME)

Hesitation in initial expiration effort - inhalation
artifact (IH)

Blowing stopped too soon or mouthpiece removed
before completed expiration - premature
termination (PT)

Repeated efforts without removing mouthpiece -
inhalation artifact (IH)
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QUALITY CONTROL PROCEDURE

Quality Checks

A. Morphology

Peak Flow
Rate greater
than 50%

1.  Examinee has not given a satisfactory test.

2. A satisfactory test must be achieved before
testing for reproducibility.

3. Test up to five (5) trials only!

B. Reproducibility

No —————— e —3

Reproducible

FVC and

PFR greater
than

predicted?

2
5)
\

i0-14

inhatation 1.

Artifacts Yes — 2.

present? 3.

Terminal

Flow No > 5

present? .

1.

FVC greater 2.
than 1% Yes >

imes normal? 3.

1.

Flow greater 2.
than 3 times Yes >

predicted? 3.

4.

1.

Do you 2.
have a Yes >

good trial? 3.

Technician Corrective Action

Reinstruct examinee to blast air out.
Recheck lip seal for air leak.
Test is conditionally acceptable.

Discard this trial.
Reinstruct examinee.
Repeat trial.

Examinee terminated effort prematurely.

Reinstruct examinee to keep biowing until. . .

Data is outside clinical limits.

Super normal? Keep if reproducible, discard
if not.

Check lip seal for Venturi Phenomena—
reinstruct examinee if necessary.

Data outside clinical limits.

Super normal? Keep if reproducible, discard
if not.

Check lip seal, and reinstruct examinee.
Recheck fiow calibration.

Proceed with next trial.
If quality checks passed, proceed with

reproducibility checks.
Go to "“B"'.

Repeat up to 5 trials.

Repeat up to 5 trials.
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Calibration Procedures
1, Voltmeter calibration procedure

The instrument takes Volume and Flow Signals from a spirometer and
freezes the display of the Volumne voltage when the Flow voltage is zero.
This freeze will happen at the maximum or minimum value of the Volume
Signal when used in conjunction with a spirometer + Yoke Calibrator.
The instrument will hold and display the first maximum or minimum
after the RESET button is released.

To operate, plug Volume and Flow cables from the spirometer into the
appropriate front panel connectors or the rear panel connectors. Set the
Front/Back switch located on the front panel to the appropriate position.
Turn power on with ON/OFF switch, Allow 10 minutes warmup. Press
RESET button and turn HOLD switch to hold position, The display will
change as the Volume voltage changes until a minimum or maximum
voltage is encountered, The display will hold the minimum or maximum
voltage until the RESET button is pushed.

To get the desired maximum or minimum value, the release of the RESET
must be synchronized with the movément of the spirometer piston, Look
at volume display for indication of increasing volume, A similar procedure
for holding minimums can be used.

For best results, it is advisable to take 12 maximum and 12 minimum
readings, Discard the highest and lowest value from each set leaving
10 readings to average,

Subtract the means of the maximum and minimum sets, then add .003L.
(calculations done in Headquarters).

The voltmeter calibrator can be used as a voltmeter by placing the HOLD
switch in the off or electronic position. The meter has a maximum range
of + 20V. The voltage displayed will be on the leads connected to the
VOLTAGE terminals. :

2, Spirometry calibration

A, Beginning of stand

(1) Preliminary setup

(a) Insert and connect the flow volume converter,
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(b)

(c)
(d)
(e)

Check to see if the bellows were completely open for transit,
and remove the stopper from the portal.

Engage the autonegator,

Turn on all equipment and check the function of it.

Put a tape on the digicorder labeled: Test tape - van number -
beginning stand number - stand location - date - tech number,
Proceed only after a minimum 20-minute warmup,

(2) EKG standard

(a)
(b)

©
@
(e)

(f)

Turn the DRS lead selector switch to ""'STD" position.

Turn the strip chart to "RUN" and use the "CENTERING
CONTROL" on the main operator panel to position the
baseline of the 10 mm. standardization pulse so that it coin-
cides with the 25 mm, line on the chart,

Check that the baseline is at the 25 mm, level on the DRS
scope.

Check that the height of the leading edge of the standardl-
zation pulse is 10 + 1/2 mm,

Code in on the DRS: stand number - tech number - temper-
ature - barometric pressure; then 9's for the remaining six
digits,

Depress the "RECORD DATA" button on the DRS,

(3) Electronic spirometer calibration

(a)
(b)
(©
(@
(e)

0

(g)
(h)

(1)

Code in all 9's on the DRS,

Turn DRS lead selector switch to Aux Lo,

Check that the BTPS on calibrator is on 000,

Check that the BTPS on F/V converter is on 0,

Place the "Front/Back" switch on the voltmeter calibrator
to the "BACK" position,

Turn the "HOLD" switch on the voltmeter calibrator to the
"ELECTRONIC" position,

Turn volume calibration dial (F/V converter) to "OPERATE."
Record values (volts) from voltmeter calibrator on calibration
form (Column 1),

Depress the "RECORD DATA" button on the DRS,
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(i) Turn volume calibration dial to "O,"

(k)
@)
(m)
(m)
(o)
®)
(@)
(r)
(s)
(t)
(u)
)
(w)
(x)

)
(2)
(aa)

(bb)

(cc)
(dd)

Record values on form.

Depress "RECORD DATA" button,

Turn volume calibration dial to "'5."

Record values on form,

Depress "RECORD DATA" button,

Turn volume calibration dial to "'3,"

Record values on form.

Depress "RECORD DATA" button.

Turn volume calibration dial to "1," .

Record values on form.

Depress "RECORD DATA' button,

Repeat steps (g) through (u) (Record results in Column 2),

Depress "RECORD DATA' button,

Turn volume calibrationdial (F/V converter) from "OPERATE"
to: 0-5-0-5-0-5-0 (holding each for 1 second; the whole
process should be completed in 9 seconds).

Repeat steps (w) and (x) five times,

Look at the storage scope for horizontal displacement, the
large squares are equal to 1 liter/square horizontally,
Check the strip chart tracing for proper stylus placement;

0 should be 5 mm, from bottom of tracing and 5 should be
35 mm, from bottom of tracing,

Record inEKG/SPIRO data book the date.and the values (volts)
for "0' and "5" ( e.g., 0 = 0,016 volts; 5-= +5.007.volts).
Compare these values to the values posted on the spirometer,
Report any differences greater than 0.020 volts to the super-
visory technician,

(4) Mechanical spirometer calibration

(a) Turn volume calibration dial (F/V converter) to "OPERATE,"

(b) Turn theDRS selector switch to AUX HI,

(¢) Turn the "HOLD" switch on the voltmeter calibrator to the
""HOLD" position, .

(d) Attach the piston rod with the bolt on the shaft of the calibrator
yoke, '

(e) Turn on the calibrator,
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(f) Check the circle on the storage scope for accuracy and any
irregularity of the line while allowing the bellows to loosen up.
Report any persistent irregularity of the line to the supervisory
technician,

(g) Push the "RESET" button on the voltmeter calibrator between
2 »6 liters (observe on the digital display) to obtain the maxi-
mum value (volts),

NOTE: Do not hold the reset button, just depress firmly and then
release,

(h) Record the value (volts) from the reading on the voltmeter
calibrator in column A of the form,

(i) Depress "RECORD DATA" button on DRS,

(j) Repeat steps (g), (h), and (i) five times,

(k) Push the - "RESET" button on the voltmeter calibrator between
7 »3 liters (observe on the digital display) to obtain the minimum
value (volts),

(I) Record the value (volts) from the reading on the voltmeter
calibrator in column B of the form,

(m) Depress "RECORD DATA' button on the DRS,

(n) Repeat steps (k), (1), and (m) five times,

(o) Inthe EKG/SPIRO data book record the date and the first values
in columns A and B, Subtract the firstnumber in column A from
the first number in column B (e.g.: 8/27/73 7,328 - 2.189=
5.139 volts) .

(p) Compare the difference with the posted value,

(@) Report any differences greater than 0,020 volts to the super-
visory technician,

(r) Remove the test tape and send it to Headquarters,

(s) Send the calibration form and tracing to the supervisory
technician at Headquarters.

) Bellows leak check —beginning of stand
(@) Detach the bolt on the calibrator yoke,

(b) Open the bellows 5 —»7 liters (read on projection display).
(¢) Insert the stopper in the portal,
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(d) Turn the "HOLD" switch to the "ELECTRONIC" position.
(e) Turn volume calibration dial (F/V converter) to "OPERATE,"
(f) Record values (volts) from voltmeter calibrator on calibration
form,
(g) Turn off all equipment for 12 to 24 hours,
(h) Turn on all equipment (Dry Run Day),
(i) Allow minimum warmup period of 15 minutes,
(i) Record values (volts) from voltmeter calibrator on calibration
form,
(k) Difference of 0.020 or greater is significant,
(I) Repeat leak test (steps (a) through (k)).
(m) Report any significant findings to the supervisory technician,
(n) If the second test also showed a leak of 0.020 volts or more:
® Remove the front plate of the spirometer with rubber
glove on,
® Rub a light, smooth coat of talcum powder into the surface
of the seal and the cylinder surface, Remove the excess
dust. .
® Rub a light film of Vaseline on "0" ring.
® Carefully reinstall the front plate. NOTE: See detailed
instructions in Ohio Instrument Operations Manual, pages
39-40,
(o) Repeat leak test and report results to the supervisory tech-
nician; contact the engineer if difference is 0.020 volts or
greater,

B. Daily calibration

A daily calibration is to be performed at the beginning of the first
session of each examining day and at the beginning of both sessions
when there is a break between; for example, morning and evening,

A MINIMUM OF A 20-MINUTE WARMUP OF THE EQUIPMENT
MUST PRECEDE THE DAILY CALIBRATION.

(1) Turn the DRS lead selector switch to the STD position,

(2) Position the baseline of the 10 mm, standardization pulse to
coincide with the 25 mm, line on the strip chart with the "Cen-
tering Control'" on the DRS,
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&)

4)
®)
(6)
o)
@®)
&)
ao)
(11)

(12)
(13)

(14)
(15)

(16)
(17)
(18)
19)

(20)
(21)

(22)

(23)

(24)
(25)

Code in the stand number, technician number, temperature,
and barometric pressure, then 9's for the remaining six digits
on the digicorder,

Depress "RECORD DATA" button on the DRS,

Code in 9's for all 12 digits on the digicorder.

Turn DRS lead selector switch to AUX LO,

Check that the BTPS on calibrator is on 000.

Check that the BTPS on F/V converter is on 0.

Turn the "HOLD" switch to the "ELECTRONIC" position,
Depress "RECORD DATA' button,

Turn volume calibration dial (F/V converter) from "OPER"
to: 0-5-0-5-0-5-0 (holding each for 1 second; the whole pro-
cess should be completed in 9 seconds).

Check reading onvoltmeter calibrator at "'0" and "'5,"

Record in EKG/SPIRO data book; DAILY CALIB -- DATE--
TECH #-- VALUES (volts) for 0" and "S5."

Compare these values with the values posted on the spirometer,

Report any differences greater than 0.020 to the supervisory

technician,

Turn the volume calibrator (F/V converter) to "OPERATE,"
Turnthe DRS selector switch to AUX HI,

Turn the "HOLD" switch on the voltmeter calibrator to the
"HOLD" position,

Attach the piston rod with the bolt on the shaft of the calibrator
yoke, '
Turn on the calibrator, _
Check the circle onthe storage scope for accuracy while allowing
the bellows to loosen up,

Push the "RESET" button on the voltmeter calibrator between
2 »6 liters (observe on the digital display) to obtain the maximum
value (volts).

Record the value (volts) from the reading on the voltmeter
calibrator in the EKG/SPIRO data book.

Depress "RECORD DATA'' button on DRS,

Push the "RESET" button on the voltmeter calibrator between
7 -3 liters (observe onthe digital display) to obtain the minimum
value (volts),
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(27)
(28)
(29)
(30)

(31)
(32)

(33)
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Record the value (volts) from the reading on the voltmeter
calibrator in the EKG/SPIRO data book.

Depress "RECORD DATA' button on DRS

Repeat step (27) three times,

Turn off the calibrator,

Subtract the two values in the EKG/SPIRO data book (e.g
7.328-2,189 = 5,139 volts),

Compare the difference with the posted value,

Report any differences greater than 0,020 volts tothe supervisory
technician,

Detach the piston rod from the shaft of the calibrator yoke,

C. End of stand

Perform the normal daily calibration on the last day of examinations.

Sterilization Procedure

Soak the spirometer hose for.at least 1 hour in cidex aqueous solution
and then wash it at the end of each stand and after an examination has been
performed on an examinee who has TB or any other active respiratory tract

disease,

Remove the front panel of the spirometer and wash the cylinder bore,
seal, and piston with cidex aqueous at the end of every third stand See the
spirometer manual for further details,
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FORCED VITAL CAPACITY
80 Percent of Predicted Value

Male

Height range in inches

Age range in years
gerangefny 59-63 64-68 69-73 74-78 79
20-25 3.24 3.85 447 5.08 5.33
26-30 3.1 3.73 4.35 4.96 5.21
31-35 3.00 3.62 4.24 4.85 5.10
36-40 2.89 3.51 4.13 4.74 4.99
4145 2.78 3.40 4.02 4.63 4.88
46-50 267 3.29 3.90 452 4.77
51-55 2.53 3.18 3.78 4.38 4.66
56-60 245 3.07 3.68 4.30 4.56
61-65 2.34 2.96 3.57 4.19 4.44
66-70 2.23 2.85 3.46 4.08 4.33
Female
Height range in inches
Age range in years
55-59 60-64 65-69 70-72
20-25 2.33 2.74 3.16 3.49
26-30 2.26 2.67 3.09 3.42
31-35 2.19 2.61 3.02 3.35
36-40 2.13 2.54 2.96 3.29
41-45 2.06 2.48 2.89 3.22
46-50 2.00 2.41 2.82 3.16
51-55 1.93 2.34 2.76 3.09
56-60 1.86 2.28 2.69 3.02
61-65 1.80 2.21 2.63 2.96
66-70 1.73 2.15 2.56 2.89
Peak Flow Rate
80 percent of predicted 50 percent of predicted
Age range in years
Male Female Male Female
20-29 9.46 6.14 5.91 3.84
30-39 9.08 5.90 5.68 3.68
40-49 8.71 5.65 5.44 3.53
50-59 8.33 5.40 5.21 3.38
00-69 7.96 5.16 4.97 3.22
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CHAPTER 11
SINGLE-BREATH DIFFUSING CAPACITY

Equipment

Spirometer with 7-liter bell mounted in console

30-liter box-balloon system and single-breath 5-way valve mounted on
console

Seven push-button panel with seven solenoid valves and associated elec-
tric circuitry

CO meter with relay-rack-mountable control panel with digital readout

Relay rack version of Collins helium meter with digital readout

Foot switch to activate kymograph

Tank of gas mixture containing approximately 10 percent helium, approxi-
mately 0.3 percent carbon monoxide, balance air, and reduction value

Stopwatch

Proportional divider

Metric ruler

Nose clip and foam inserts

Chart paper

Pens

General

The single-breath diffusing capacity will be measured on all examinees
except those who the physician says are medically unable to do this part of
the exam,

Because of the need for knowing the examinee's vital capacity before
measuring the single-breath diffusing capacity, the spirometry measurements
must be taken before the single-breath diffusing capacity,
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Machine Maintenance and Calibration

1. Beginning of stand

A, Tightly close the metal grid on the right half of the vent over the

Moo

the Lung Analyzer machine and switch off the right half of the
vent entirely, Adjust the metal grid on the left half so that the
air is directed to the left side of the room.

Adjust the following switches and leave them for the entire

stand:

(1) Turn the ON-OFF switch on the back of the machine to
ON. Minimal warmup time is 6 hours,

(2) Turn the CO switch on the CO readout panel to the .03
percent position,

(3) Turn the He ON-OFF switch on the He readout panel to
ON,

Replace the drierite in the back of the machine,

Replace the pens,

Check the speed of the kymograph with the stopwatch; it should
be 32 mm,/sec.

F, Fill the drum with distilled water to a level of 1 inch from the
top.
2, Daily
A. Replace the ascarite each morning,
B. Check the drierite and replace when one-half inch is pink,
C. Check the position of the pen and make sure it writes,
D. Place paper on thethe kymograph and cut sheets for the entire

m

day's exams.

See that the water level of the spirometer is 1 inch from the
top.

Check the pressure in the tank and notify the FOM if it's less
than 500.

Adjust the mercury level on the barometer base so that the
ivory tip just kisses the top of the mercury.
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3. Before each examination session

A, Fill the balloon,

(1) Push the RV-BB valve IN,
(2) Connect the tubing from the gas tank to the CO-IN petcock.
(3) Open the CO-IN and CO-OUT petcocks.

(4) Slowly fill the balloon to between one-half and two-thirds
full,

(5) When the gas escape has stopped, close the CO-IN and then
the CO-OUT petcock.

(6) Pull the RV-BB valve OUT,

B. Empty the balloon,

(1) Turn the 5-way valve to Position 3. Raise the spiro bell,
(2) Turn the valve to Position 2, Lower the spiro bell,
(3) Repeat steps (1) and (2) until the bag is empty,

C. Fill the balloon a second time,
D. Fill and flush the system.

(1) Turn the 5-way valve to Position 1, and remove the side
stopper. '

(2) Raise the spiro bell and replace the stopper.

(3) Turn the valve to Position 2, and lower the spiro bell,

(4) Repeat steps (1), (2), and (3) until the bag is empty.,

E. Fill the balloon a third time,
F. Check the zero and gain (span).

(1) Set the pump on Position 4,

(2) Push the AIR and GAS-PMP buttons.
(3) Set the flow meter on 400,

(4) Make all readings with the pump off,

(5) Adjust the CO and He meter readings to zero and check
again,
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(6) Push the INSP and PMP buttons and let the machine run
until the numbers stabilize,

(7) Stop PMP and then run again for a few seconds,

(8) If the helium reading is within + 1 percent of the percent-
age certified on the tank, change it to read the same as
the certified percentage.

(9) K the CO reading is within 10 percent of 100, change it to
read 100.

(10) If both readings exceed the known percentages by + 1 percent
and + 10 percent, respectively, flush the bagand start over,
(11) Record the zero, span, and gain settings in the log book.

The gain setting and helium reading should not change from day to day
by more than + 3 percent. Any larger deviation on any given day suggests
that the balloon has been incompletely flushed or that there are leaks,

Criteria for an Acceptable Exam

Three trials must be done and all three must meet all the criteria listed
below, A maximum of five trials may.be done in order to meet the criteria,
A small amount of CO is taken up by the bloodstream with each trial. There-
fore, the blood carboxyhemoglobin saturation slowly rises, As a result, a
significant "back pressure" develops after 5-10 trials, depending upon the
depth of inspiration, which causes a measurable but small reduction in
successive measures of ""apparent diffusing capacity."

1-

2.

The volumes inspired must be at least 80 percent of vital capacity
as determined by spirometry, '
Inspiration time must not be longer than 3 seconds (9.6 cm.). The
only exception to this rule is the case in which all three trials are
identical with full examinee cooperation.

Breathholding time may not vary more than 1% seconds from the ideal
of 10 seconds (32 cm. % 4.8 cm.,).

There must be a minimum dead space washout of 500 ml,; the ideal
is 1000 ml,

There must be a minimum volume collected of 500 ml.

The volume of inspired gas should not decrease more than 200 ml,
during breathholding time. A decrease greater than 200 ml, indicates

a defective J-valve in the machine,
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Expired CO and He results from successive trials should not vary by
more than 10 percent provided the inspired volumes were the same,
There should not be any inhalation artifacts.

There should be a smooth 1 second baseline before the onset of
inspiration,

Examination Procedure

1. Apply paper to the kymograph drum; overlap right over left and tape.
Place examinee label and technician number on the tracing,

Empty the balloon, This step is always required when gas has re-
mained in the balloon for more than one-half hour, It should be done
twice at the beginning of an examining session.

2.

A.
B.

C.
D.

E.
F,

G.

Set the RV-BB valve in the BB position (OUT),

See that the free-breathing valve is closed (""examinee to room
air") (Position 1),

Move the single-breath 5-way valve to Position 3,

Gently raise the spirometer bell by hand to near the top, The
bottom of the bell must remain in the water, During this maneuver
air enters into the mouth opening of the single-breath 5-way

valve, proceeds through Sidearm 3 to the box, thereby permit-
ting gas to be removed from the box through the other orifice
into the spirometer,

Turn the single-breath valve to Position 2,

Gently lower the spirometer bell by manual pressure, Note that
air from the spirometer now enters the box and cannot escape the
box, Therefore, the gas compresses the balloon which now empties
via the one-way V-valve to Opening 2 of the single-breath valve and
hence escapes through its mouthpiece, Each time the spirometer
bell is depressed a decrease in the size of the balloon can be seen
through the window in the box,

Repeat Steps C, D, E, and F until the bag is empty, which is sig-
naled by arrest of the descent of the spirometer bell,

Fill the balloon,

A,

Turn the RV-BB valve to the RV position (IN), This must always
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F
Go

H,
L

be done when filling the balloon; otherwise, the pressure within
the box will force up the spirometer bell.
Turn the 5-way valve to Position 1.
Connect a rubber tubing from a CO tank to the CO-IN petcock on
the front of the panel,
Open both petcocks—CO-IN and CO-OUT—during filling, Open-
ing of the CO-OUT petcock permits air to escape from the box
while the balloon is filled, If it is not opened the box or as-
sociated tubing will rupture,
Open the reduction valve on the CO tank, In order to avoid devel-
opment of excessive pressure in the box, do not permit a flow of
more than 10-15 liters/minute, At this rate it will require 2-3
minutes to fill the balloon about half full. The filling can be checked
by inspection through the box window. The balloon should be filled
until it is well-rounded and its edges touch the sides of the box.
but it should not be filled to the point at which it appears to be
under pressure, Meteorological balloons vary somewhat in size
but, without pressure, they hold approximately 25-35 liters.,
Close the CO tank valve,
Close the CO-IN valve and wait until no more gas escapes from
the CO-OUT valve,
Close the CO-OUT valve,
Return the RV-BB valve to the BB position (OUT),

4, Zero the helium and CO meters.

5

moOUOw

Push the AIR button and GAS-PMP button. The sampling flow

rate produced by the gas pump is now indicated on the flow meter,
Set the gas pump to Position 4,

Set the flow meter on 400,

Allow the GAS-PMP to run until the numbers stabilize,

Turn the GAS-PMP button off by pushing it a second time, (Note:
During all analytical procedures associated with the single-
breath procedures, meter readings should be taken while the
sample pump is off, When the sample pump is running the pres-
sure in the analytical cells is reduced slightly below atmos-
pheric, Inasmuch as the CO meter reading indicates the total
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number of molecules of CO within the sample cell, the meter

reading will be slightly lower while the pump is running.)

Set the helium meter reading to 00.00 + 0.02 w1th the Zero

Adjust knob,

Setthe COmeter reading to 000.0+0,2 with the Zero Adjust knob,

Push the GAS-PMP button and pump for another 30 seconds,

Then repeat the zeroing process,

I. If the CO meter cannot be set to zero by means of the zero
control, then the internal shutter on the control chamber within
the CO meter will have to be changed, (See Section I and direc-
tions in the CO meter manual.) The CO meter and front panel
CO readings should be the same,

e

0

5. Make the inspired gas adjustments (repeat before each trial),

A, Push the INS-GAS button and the GAS-PMP button and run the
sample pump until the numbers stabilize (30-60 seconds), If
the machine takes a long time to stabilize, check:

(1) The flow meter (it should be at 400),

(2) The ascarite sample tube (discoloration should not exceed
a quarter of an inch), and hardening should not be present,

(3) The drierite sample tube (discoloration should not exceed
one-half inch),

B, Stop the GAS-PMP and check the readings,

C. Repeat Steps A and B,

D. If the reading is within 1 or 2 percent of 100 unlock the CO
meter gain control and turn it until the meter reads exactly 100,
If not, repeat Steps 2-5.

E. 1If the reading is within1 or 2 percent of the certified percentage
unlock the helium meter gain control and turn it until the meter
reads the same as the percentage certified by the gas supplier
on the tank, If not, repeat Steps 2-5.

6. Now bring on the examinee,

A, Flush and fill the system with known gas:

(1) Turn the single-breath valve to Position 2.
(2) Lower the spirometer bell by manual pressure,
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v o

1

(3) Turn the valve to Position 1.

(4) Remove the rubber stopper from the examinee's side of
the machine,

(5) Raise the spirometer bell and replace the rubber stopper,

Note: Do not use weights on the spirometer, Always lift
the spirometer bell by hand with the free-breathing valve
open to permit gas to enter the spirometer., Opening the
free-breathing valve and raising the spirometer bell do
not contaminate the system because the spirometer is
connected only to the box and not the balloon, Raising the
spirometer bell as just described is an essential step, If
the spirometer bell is not filled as high as possible with
the base submerged in water, then, when the examinee
suddenly makes a maximal inspiration the spirometer bell
will hit bottom and may crack, Futhermore, water will be
sucked into the interior of the spirometer and will run into
the box because the RV-BB valve is in the BB position. Such
a disaster necessitates the dismantling of the equipment,

Be sure the balloon has at least 15-20 liters of gas in it (even
more if the examinee's vital capacity is greater than 4 liters),
Be sure the RV-BB valve is in the BB (OUT) position,

Be sure the spirometer pen is working properly on the paper,
Start the pen just left on the paper overlap.

Set the paper speed to 1920 mm,/minute,

Adjust the height of the single-breath valve to the level of the
seated-examinee's nose; attach a rubber mouthpiece and insert
it in the examinee's mouth, The examinee's neck will be extended
upward slightly.

With the single-breath valve in Position 1 do a practice trial in
the following way:

Place the nose clip on the examinee's nose and instruct him
thusly: "'Take in a deep breath, Now blow all the air all the
way out, When all the air is out, raise one hand or knock on
the side of the machine, Now take in a great big breath as
fast as you can and hold it, , .Hold it. . .hold it (10 seconds
from start to expiration), Breathe out as fast and as much as
you can, Now just breathe quietly."
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If the examinee does the trial satisfactorily, proceed with
the test, .

If the examinee does not do the practicetrial satisfactorily,
repeat the trial,

Push the BAG-PMP button; wait until the sample bag is entirely
evacuated and the tubing is flattened; and then push the OFF
button to seal the vacuum in the bag,

Put one foot on the remote kymograph control, one hand on the
single-breath valve, and the other hand around a stopwatch,
See that the single-breath valve is in Position 1 and that the
examinee is breathing quietly,

Ask the examinee to take in a deep breath, blow all the air all
the way out, and then signal (put a finger up or tap the side of
the machine),

At the examinee's signal step on the foot switch to start the
kymograph, There should be at least 1 inch of baseline before
the onset of inspiration.

Turn the single-breath valve to Position 2; ask the examinee to
take in a deep breath, and start the stopwatch,

When a full inspiration is achieved as rapidly as possible, en-
courage the examinee to hold his breath. (As long as the single-
breath valve is in Position 2 expiration is prevented by the
one-way J-valve near the side of the machine,)

When 9% seconds have passed, quickly turn the valve to Position
3 and tell the examinee to exhale as fast and as fully as possible,
After a minimum of 500 ml, has been expelled (a fraction of a
sec,) turn the valve to Position 4 until the sample bag is nearly
full or until expiration has ceased (whichever occurs first),
Then return the valve to the original Position1 and remove your
foot from the foot switch.

Take the examinee off the mouthpiece, and remove the nose clip.
Number the tracing of each trial at the beginning and the end.

Smooth operation of the valve requires some practice, With
normal examinees the valve can be turned from Positions 2
through 4, and 4 back to Position 1 in one smooth motion, This
will result in an adequate flush-out and bag sample because of
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the large volume and rapid flow rate, For examinees with ob-
structive disease the valvemay have to be held in Positions 3
and 4 for one-half second or more. For examinees with a vital
capacity of 1400-1500 ml,, several trials may be required, If
the vital capacity is less than 1400 ml,, it will not be possible
to do the test because a minimum of 500 ml, is required to
flush out the dead space (of the mouthpiece and valve as well
as the anatomical dead space of the examinee), and a minimum
of 500 ml, more is required in the bag as a sample for flushing
of the sampling circuit and the CO and helium cells, Usually
an examinee whose vital capacity is less than 1000 ml, cannot
hold his breath for 10 seconds anyway,

7. Analyze the sample,

A,

moow

J

Push the GAS-PMP button and the BAG button once each and
wait until the numbers stabilize,

Stop the GAS-PMP and check the readings.

Repeat Steps A and B,

Press the OFF button for the seven solenoid valves.

Record the CO meter reading on the examinee' s chart (Expired
CO).

Record the He meter readings on the examinee's chart (Ex-
pired Helium Percent).

For examinees with a normal vital capacity, the bag will contain

approximately 1500 ml, Since the pump is set for 400 ml./min.,

pumping for 1% to 3 minutes should allow for several readings
to be taken, If the sample is small (less than 1000 ml,) reduce
the pump flow speed to about 300 ml./min, by regulating the
flow control at the bottom of the sample CO and He flow tube,
Since the volume of tubing, chemical tubes, and CO and He
analysis cells is about 300 ml,, a reliable reading will not be
possible if there are less than 400 or 500 ml, of gas in the bag,

8. At least 5 minutes must be allowed between trials to assure complete
removal of all CO and He from the lung gas, For examinees with
marked obstructive disease, it may be wise to wait even a little
longer,

11-10
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Recording of Temperatures and Pressure

1,

20

Record the Uncorrected Barometric Pressure to the nearest tenth
of a mm, of mercury on the examinee's chart,

Record on the chart the room temperature to the nearest degree
centigrade from the thermometer mounted on the barometer., Record
it in the space to the right of the Uncorrected Barometric Pressure,
This temperature is used to correct the barometric pressure,

Record on the chart the Small Spirometer Temperature to the nearest
degree centigrade from the thermometer on the CO tubing system,
This temperature is used in the calculation of the STPD factor.

Interpretation of Spirogram

1

20

Data from the spirogram

A, Inspired volume (VC ATPS) in ml, This is calculated and re-
corded on the examinee's chart, :

B, Breathholding time, This is measured and recorded on the
chart in cm. as the distance from the midpoint of inspiration
to the onset of gas collection,

C. Volume of dead space washout (minimum of 500 ml,). This is
not recorded on the chart,

Procedure for getting this data

A, Set the proportional divider for lines at a 1:2 ratio,

B. Extrapolate the baseline of the tracing until it reaches a point
where the line is perpendicular to the peak volume point of the
spiro tracing, If there is a decrease in volume of more than
200 ml, during breathholding, use the mean of the volume from
beginning to end of breathholding as the peak volume point,
Small artifacts at the peak of inspiration should not be inter-
preted as peak volume as they are due to the inertia of the
spirometer bell, |

C, Put one arm of the proportional divider on the baseline under
the peak volume point and the other at the peak volume point
of the spiro tracing,
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D,

Without altering the divider setting, remove the divider from
the tracing, put one arm on a vertical line at zero and the other
arm on the same line above it, Read the number of ml, at this

point to get the inspired volume (VC ATPS) and record this

volume on the tracing,

Without altering the divider setting, turn the divider over and
place one arm on the baseline and the other on a point directly
above, ' ‘

Draw a horizontal line from this point parallel to the baseline
until it intersects the spiro inspiration tracing, This inter-
section is the one-half inspiration point,

Draw a vertical line through the small artifact at the point
where the washout tracing ends and the collection of gas in
the sample bag begins,

Place one arm of the divider on the tracing at the point where
gas collection begins and the other arm directly above at the
level of the peak volume, This is the washout (dead space) meas-
urement and must be at least 500 ml,

Place one arm of the divider on the tracing at the point where
gas collection begins and the other arm on the extended base-
line, This is the air sample collected and must measure at
least 500 ml,

Measure and record the distance from the vertical line drawn
through the artifact to the one-half inspiration point with a
metric ruler, Make sure the ruler is parallel to the baseline,
This is the breathholding time in cm, The computer program
will divide the cm, results by 3.2 (the paper speed of the ky-
mograph is 32 mm,/sec,) to get breathholding time in seconds.
If inspiration time is hard to determine, extrapolate lines from
the major (most constant, longest, and most obvious) section
of the inspiration tracing., Zero inspiration is the point at which
the extrapolated line intersects the baseline, Termination of
inspiration is either the point at which the extrapolated line
crosses a horizontal line tangent to the total volume peak, or
the point at which a normal-looking inspiration curve reaches
a peak and levels off with only a slight gradual increase,
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Optional Check Procedures
1. Checking the tank gas against the balloon gas.

A, Completely remove the sample bag from the single-breath
valve and from the machine,

B. Remove the rubber tubing from the CO-IN petcock and connect

it to the sample bag,

Open the CO tank valve and allow the gas to pass in and through

the sample bag, thereby flushing the bag but still retaining a

reasonably large sample,

Close the CO tank valve,

Seal off both ends of the sample bag,

Remove the tubing from the sample bag.

Reattach the -sample bag to the machine; keep the other end

sealed off.

Push the BAG and GAS-PMP button and allow the machine to run

until the numbers stabilize,

Turn the GAS-PMP off,

. Repeat Steps H and I and then check the readings. The readings
obtained with gas directly from the tank should be the same as
the readings obtained from inspired gas in the bag.

o

Qapp

T

~ -

2. Checking the gas in the tubing and system against the gas in the tank,

A. Remove the end of the sample bag tubing from the machine
inlet, '

B. Attach one end of a 2-3 foot piece of tubing of the appropriate
size to this inlet,

C. Attach the other end to the petcock on the 5-way valve, and open
the petcock.

D, Push the BAG and PMP buttons and allow the machine to run
until the numbers stabilize,

E, Turn the GAS-PMP off,

F, Repeat Steps D and E and check the readings, They should be
the same as the readings obtained from the gas in the bag
(inspired gas).
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Appendix B. Excerpt from NCHS Instruction Manual. Health Examination

Survey—Cycle IIl, Field Staff Procedure Manual.

CHAPTER 18.
TREADMILL TEST

Restrictions

Subjects are to be restricted from performing the Treadmill Test

1.

2.
3.
4,

If there is a restriction on exercise or hard work imposed either by the
parents or by the subject's physician,

If the subject is known to be pregnant.

If the subject has an oral temperature of 100" or greater.

If the examining staff physician feels there is any medical contraindication
to performance of the test.

Restrictions will be noted on the Control Record. The examining staff physician
is to be consulted on any questionable subject.

Equipment

3-Electrode kit (Beckman #350096).

Electrode adhesive collars (Beckman# 350177, 50 rolls, 100/roll).

Coupler Cable (15 ft. shielded connecting cable, Beckman Type 9806A for A-C
Coupler).

Type RS or RP Dynograph, Beckman, Direct Writing Recorder, Simpson Model

29.

Littlefuse fuses, 3AG, 3-2/10, SB.

Ink (Offner Dynograph ink).

Paper (Beckman Instruments, Inc., #21707).
Keystone grease (#29, X-Light).

Keystone oil (S.R. #1 Specialized Lubricants Oil).
Floor wax (Powdered Cook's Dance Floor Wax).
2-levels.

Wooden template.

Grounding wire.

Timing clock.

Stop watch.

Thermometer.

January 1967
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Hygrometer.
Humidifier.

Air conditioner,
Acetone.

4 x 4 gauze sponges.
Hemostat.

Kontax EKG Cream.

2 - 5 cc. syringes with needles of gauge # B-D 18,
Terry cloth wash rags.
Distilled water.
Smelling salts,

Exercise Room Procedure

Temperature and Relative Humidity

Ambient testing conditions 70-74% F. and 50-60 percent relative humidity.
(The proper temperature range is more critical than relative humidity
range.)

Before Subject Enters Exevcise Room

1. Check level of treadmill at O-percent grade and the achievement of the
proper 10-percent grade by use of the wooden template once a week.
Headquarters in D.C. must notify W, E. Quinton Instrument Co., Seattle,
if any correction in the percentage grade is necessary, Correct any
deviation in leveling.

a. If possible, relevel by leveling the trailer,
b, If for some reason thetrailer cannot be made level, then level the tread-
mill with wooden sheets.

2. Check calibration of treadmill speed by timing the revolutions of the belt
with a stop watch (10 rev. = 22.8 sec.).
3, Calibrate tachometer for 60-120-180-240 BPM

Subject in Exercise Room Before Test

1. Scrub electrode placement sites briskly with acetone soaked sponge on
hemostat to decrease skin resistance. :

January 1967
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2. Apply EKG paste to electrodes, using syringe (use enough, applied throuzh
center hole to fill the 3 holes and the well), '

3. Apply electrodes to the following sites:
a. Manubrium--white lead
b. Anterior arc of fifth rib—red lead
¢. Xyphoid process—black lead

4, Connect three-prong connection to the coupler wire.

5. Have subject stand at frontoftreadmill witharms atside—take shortrest-
ing EKG strip (25 mm/sec.—15-20 clear complexes).

Exercise Test

5 minutes—Speed 3% mph. (Calibrate by belt speed at least two times per
day; for 3% mph, 10 belt revolutions = 22.8 seconds.)

Time (min.) Grade (%) Speed (mph)
0-2 0% 3%
2-5 10%, 3%

Give following explanation while subject is standing on the mill:

"This is a short, easy test of physical fitness which we give to all the boys and
girls so that we can tell what state of physical condition you are in. It consists of
walking for 5 minutes on this treadmill and it is an easy test to do. I will stay
right here beside you during the entire test.”

In addition to the above, positive encouragement is essential for an optimal
reaction on the part of the subject. "You are doing very well..." should be men-
tioned to the examinee frequently during the test.

Specific Instructions

1. Have subject hold onto front bar with both hands.
2. Warn subject that treadmill will start on the count of "3." Count "'} -2-3,"
3. Coach subject during walk while he (she) holds onto the bar.

a. Natural strides--hips straight, head up.

b. Land on heels.
c. Bear body weight on the feet—not on the bar with hands.
d. Release hands from bar and walk with natural arm swing.

January 1967
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Common Faults
1. Waiting after start of treadmill before starting to walk. Belt carries feet
back and subject is off balance,
2. Short choppy strides.
3. Bending forward at waist,
4. Head down looking at feet,
5. Nervousness,
With proper coaching the subject should walk naturally and fully adapted within
1% minutes.
1. Raise treadmill to 10-percent grade at 2:00 minutes.
2. Have subject hold front bar just before treadmill is stopped at 5 minutes.
3. Record directly on the EKG tracing:

A. A subjective evaluation of the walking gait viz ''good" or ''poor."
Record this after 5-minute heart rate record

B. Any differences in the subject from the normal after the 5-minute
heart rate record, e.g.,

Subject nervous

Subject held the bar frequently

Subject was awkward

Subject had balance problems

Subject repeated test

peoop

Electrocardiograms are sent weekly to
Dr. Jack Alexander
Lab. Physical Hygiene
Stadium Gate 27
University of Minnesota
Minneapolis, Minnesota 55414

Cardiotachometer Procedure

Calibration

L.
2.

Paper speed - 2.5 mm./sec.
Motor dial - to "operate' position.

3. Calibration dial - 60 BPM, 120 BPM, 180 BPM, 240 BPM.

January 1967
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Align stylusto 5 mm. above right side of paper with the "centering” dial to
coincide with calibration dial indication of 60.

Set calibration dial to 120. Stylus should reach 25 mm. line—adjust with
the '"range' dial.

Set calibration dial to 180. Stylus should reach 45 mm. line—adjust with
the "range' dial.

Set calibration dial to 240. Stylus should reach 65 mm. line—adjust with
the range dial.

Establish linearity between 60 (e.g., 15 mm.) and 240 (65 mm.) using ''cen-
tering'' and ''range' dials, respectively.

Operation

3.

. Leave motor dial on "operate' position.

Set calibration dial to "direct" position and adjust sensitivity.

a. Adjust preamp.#1 to 5 or 2 or 1 (MV/CM) position or until the qrs
EKG spikes are approximately 10 mm. high.

b. Adjust preamp #2 to 10 or 5 or 2 (MV/CM) position or until the grs
EKG spikes are approximately 2 mm. high.
Leave all other dials alone,

Set calibration dial to "RATE" position.

Record

1.

'(JONJ

S.

Calibration no. 1 at 60-120-180-240 BPM (paper speed 2.5 mm./sec.).
15 mm. is sufficient for each calibration line.

Rest (standing) (25 mm./sec.).

At one minute check speed of treadmill with stop watch.
Recording times and paper speeds:

0:50 to 1:00 minute

1:50 to 2:00 minutes

2:50 to 3:00 minutes Exercise at paper speed S mm./sec.
3:50 to 4:00 minutes

4:45 to 5:00 minutes

5:00 to 5:10 minutes Exercise at paper speed 25 mm./sec,
Calibration no. 2 after finishing walk.

January 1967
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NOTE.~—Recording 4:45 to 5:10 minutes is the critical one. Make sure it is
accurately timed, and include on the record the exact point at which the

subject has walked in 5 minutes. This is done with a check mark through
the EKG.

Care of Equipment

Electrodes

1. To detach the electrodes from the subject, proceed as follows,
a. Disconnect the electrode leads from the input cable of the RS Dynograph.

CAUTION: Never pull on a lead to remove an electrode or for any other
reason. Always protect the lead-to-electrode junction from excessive
stress.

b. When the leads are free, detach the electrodes from the subject by
pulling firmly and quickly on the edge of the adhesive collar.

c. Use finger and thumb pressure directly on the electrode body to pull
it clear of the adhesive collar (see caution above) and discard the
collar, .

d. If the electrodes are to be used again immediately, wipe their faces
on clean cloth and immerse in distilled water. If the electrodes are not
to be used again immediately, clean them as soon as they have been
detached from the subject,

2. Clean the electrodes as follows:

a. Submerge the electrode in the beaker of distilled water.

b. Use the syringe and beaker water to flush each hole in the submerged
electrode several times., Avoid scratching the electrode sensor pellet
with the needle,

c. Remove the electrode from the water, pat it dry on clean absorbent
cloth, and expose it to room air for S minutes. At the end of 5 minutes,
the electrode will be ready to be reloaded with electrolyte or stored.

d. Fit adhesive collars onto clean, dry electrodes.

NOTE:—The above is in part from ''Biopotential Skin Electrode, Instruction
Manual," published by Spinco Division of Beckman Instruments, Inc., Stanford
Industrial Park, Palo Alto, California, # 0-TB-002, October, 1965,
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© Treadmill

The treadmill is a sturdy piece of equipment which should need very few

3.

repairs and adjustments. The following items should be noted:
1.

Waxing. The slipway (surface beneath belt) should be waxed once per
month using two or three shakes from the wax can (powder). Do not put
excess wax on the slipway.

Lubrication. It need be greased only once per year (Keystone Grease).
There are three nipples located near the driveshaft about three-fourths
to the rear of the treadmill. Oil (Keystone) need only be added when there
is a leak from the crankcase, Oil is added through the small brass hex nut
(hole in center) at the left rear side above the drive chain guard box.
Belt tracking. The belt should be adjusted only when it slips loosely over
the drums or slips (tracking) toone side of the slipway surface. To correct
slipping on the drums, use a key and lengthen both screw adjustors located
on either side of the front drum. To correct tracking, lengthen the screw
adjustor on the side to which the belt has tracked.

4. Transpovtation. The treadmill should be bolted down with the bolts provided.

Cardiotachometer

At the end of each Stand the ink should be drained from the cardiotachometer,

and it should be flushed with distilled water. The cardiotachometer should
then be stored in the special crate provided.

January 1967
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Chapter 3

Assessments of Body Composition,
Dietary Patterns, and Nutritional
Status in the National Health
Examination Surveys and National
Health and Nutrition Examination

Introduction

This chapter presents a developmental and method-
ological perspective on the National Health Examination
Surveys (NHES) and the National Health and Nutrition
Examination Surveys (NHANES), carried out from 1959
to 1985. It focuses on the measuring and monitoring of
the Nation’s nutritional status using dietary, biochemi-
cal, and body composition variables. The issues ad-
dressed are the following: How the survey series has
evolved over the last 25 years and the factors that have
defined and limited the methodologies chosen to assess
nutritional status in a National Nutrition Surveillance
Survey (NNSS); what the data from these surveys reveal
about the Nation’s nutritional health; and finally, mea-

Surveys

Dorothy Blair, Ph.D.
The Pennsylvania State University

Jean-Pierre Habicht, M.D., Ph.D.
Cornell University

Lee Alekel, M.S., R.D.
The Pennsylvania State University

surement and design issues that reduce the sensitivity,
specificity, and reliability of our estimates of nutritional
status and the means by which these might be improved.

Tables 1-3 present in detail the body composition,
dietary, physical fitness, and biochemical variables that
were collected for each survey of the NHES-NHANES
series from 1959 to the present. The tables reflect the
original protocol for each survey. They include both
those variables that are actually available for analysis and
those that were included in the survey’s published
protocol but were disregarded because of methodologi-
cal, reliability, or analysis difficulties. Variables that are
not available on public use data tapes at the time of this
writing are presented in brackets.
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Table 1. Anthropometric and x-ray measures used in the National Health Examination Survey (NHES) and National Heaith and Nutrition

Examination Survey (NHANES): 1959-80

NHANES | NHANES
NHES |, NHES II, NHES il NNSS,’ NHES IV, Augmentation, I,
ltem 1959-62 1963-65 1966-70 1971-74 1971-74 1974-75 1976-80
Age in years 18-79 6-11 12-17 1-74 25-74 25-74 6 mo.-74
Number examined 6,672 7,119 6,773 216,895 3,854 3,059 20,322
Percent of sample
examined 86.5 96.0 90.1 74.0 70.0 71.3 731
Anthropometric measurement
Height, Standing 3 *hkx LE R 2 kNN LA A K] bk ke LR R X ] * W h ke
weight WA W LR & 2] kW Tk ok k * kxR L2 223 %ok ke ok
Number of:
Heights 6 4 10
Lengths 2 6 3
Breadths-depths 2 6 12 Bitrochanteric, elbow ol raww T
Diameters 1 3 0
Girths 3 6 6  Upper arm it e bl
Circumferences 0 0 0  Chest (1-7 yr) Chest: Inspiration e Chest: Erect
(2-7yn)
Chest: Supine
(0-3 yr)
Head (1-7 yr) Expiration ____________ **** Head
(0-7 yn)
skinfolds 3Triceps LE S R LA S X wkokk LEE &) LA R * ok ke
3Subscapular LR R R I3 2 X LER &4 Wk k LE S R *
Lateral chest wall ****
Suprailiac
Medial calf
X ray
Bone:
Age Hand-wrist ol PR (AT yn)
Cortical thickness Phalanx ______ ****
Density Phalanx __ e
Radius ___________****
Joint:
Chondrocalcinosis Hip, knee raww
Osteoarthritis/ Hands, Hip, knee & [cervical & lumbar
rosis feet Sacroiliac ______ **** spine (25-74 yr))
Rheumatoid Hands,
arthritis feet
Sacroiliitis Hip - M

T'National Nutrition Surveillance Survey.

2 The total number of those persons receiving the nutrition portion of NHANES | is 20,749, which includes the NNSS and NHES IV samples.

The NHES |V sample also received a detailed examination component.

3 Triceps referred to as “upper arm” and subscapular as “infrascapular” in NHES | and Il

Notes: **** indicates that the measure was collected for that survey.
____indicates continuity between surveys.

[ ] indicate that the data have not yet been released on public use data tapes. For a few specific indexes, data may be obtained with per-

mission from the National Center for Health Statistics.

Data for certain variables in NHANES were collected
on subsamples of the total examined population. The
age ranges for the subsamples are noted in the tables
next to the variable. In some cases, the subsampling
techniques are based on more extensive information
than age and are therefore explained in the text.

Unbroken lines in tables 1-3 indicate continuity of
data collection across surveys. Although all the surveys
have a certain continuity of core variables, the concept

of surveillance of the changes in the Nation’s health was
not a consideration in the original NHES design. Main-
taining data continuity among surveys is a more recent
concern, beginning with the mandate for national nutri-
tion surveillance in the late 1960’s.

Readers should refer to tables 1-3 throughout the
following discussion of the evolution of the NHES-
NHANES series. These tables will also be useful refer-
ences for the subsequent discussion of the factors that
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Table 2. Dietary-nutrition information and physical fitness-activity parameters used in the National Health Examination Survey

(NHES) and National Health and Nutrition Examination Survey (NHANES): 1959-80

NHANES
NHES NHES NHANES
NHES 1, NHES I, n, NNSS,! v, Augmentation, 1,
[tem 1959-62 1963-65 1966-70 1971-74 1971-74 1974-75 1976-80
Age in years 18-79 6-11 12-17 1-74 25-74 25-74 6 mo.~-74
Number :
examined 6,672 7,119 6,773 216,895 3,854 3,059 20,322
Percent of sample
examined 86.5 96.0 90.1 74.0 70.0 71.3 73.1
Dietary-nutrition information
Eating habits-patterns il el bl
(qualitative, descriptive):
Alicohol Consumption Liquor, wine consumption
(12-74 yr) Liquor, beer frequency
Coffee-tea (frequency) e W ilahad
Questionnaires:
FOOdprograms L& X X3 * %k *kh R
24-hour dietary recall el e ool
Dietary ffequency LA 2] * ek h *kk
Water usage 3 b
Supplementary dietary questions rrw bl raww *rEr (12-74
yn
Vitamin-mineral usage bl ol el
Physical fitness parameters
Cardiovascular function:
B'ood pressure LE & 2 a ek L2 2] * dedr ¥ * kR * X hk
Cardiotachometer
(pulse rate) bl
Electro_ W dw * kW d * kW ke hhkk * fe ok I [**i*] (25_74
cardiogram yn)
Exercise tolerance:
Bicycle ergometer rhw
Treadmifl ilaad
Pulmonary function-characteristics:
Carbon monoxide (pulmonary diffusion) bl il
Chestxrays W W kW w ook LA S 2 ) o deok ok (20_74
yr)
Spirometry ok w* %Wk ﬁ**i(6_24yr)__—t*** g ko [t*tﬁ] (6_24
yn)
Goniometry (range of motion) 4 il
Grip strength:
Dynamometer W aww
Smoking behavior *hhK ek k * kkn Wk kR (12_74
yr)
Physical activity-exercise behavior (subjective) rrr(12-74 e HEEE *rrr(12-74
[y M yr)

1 National Nutrition Surveillance Survey.

2 The total number of those persons receiving the nutrition portion of NHANES | is 20,749, which includes the NNSS and NHES IV samples.
The NHES IV sample also received a detailed examination component.
3 water usage data were collected but are not available because of methodological problems.
+ Goniometry data were collected only for the first 36 stands. These data are available.
Notes: ****indicates that the measure was collected for that survey.

____indicates continuity between surveys.

[ ] indicate that the data have not yet been released on public use data tapes. For a few specific indexes, data may be obtained with per-
mission from the National Center for Health Statistics.
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Table 3. Biochemical indexes used in the National Health Examination Survey (NHES) and National Health and Nutrition Examination

Survey (NHANES): 1966-80

NHANES |
NHES iV
NHES Iil, NNSS,! only, Augmentation, NHANES II,
ltem - 1966-70 1971-74 197174 1974-75 1976-80
Age in years 12-17 1-74 25-74 25-74 6 mo-74
Number examined 6,773 216,895 3,854 3,059 20,322
Percent of sample
examined 90.1 74.0 70.0 71.3 73.1
Whole blood
Hematocrit dede e & LR R 22 LE S 2 * %k
Hemoglobin * gk % e de ok * ok ke h
Blood type
Protein-bound iodine
Red cell antigens
3 RBC morphology Tk 222 [****]
Platelet estimate hlah
4RBC count g etk L2 X 2] koK
WBC count * b d ok o e %k gk
3 WBC differential A A [****]
Sed. rate, e
Lead
Protoporphyrin
3 [RBC folate]
Methemoglobin
Carboxyhemoglobin
(3-74 yr)
[Abnormal hemoglobin]
Urine
[Testosterone (boys)]
Bacteriuria (girls)
Creatinine wHEE
lodine, el
Riboflavin i
Thiamin i
[Specific gravity &
urinary sediments
(20-74 yn)]
[Gonorrhea cultures]
(12-40 yr)
[Pesticide residues &
metabolites (12-74 yr)]
N-Multistix (dipstick)
(6-74 yr):
Acidity (pH) kR W kk [Q***]
Albumin protein FrAE il [****]
[Bacteriuria
(nitrite)]
Bilirubin [****]
Glucose ko L2 22 [***w]
Hematuria LR & 2 LA A R4 [t**t]
Ketones rrww
Urobilinogen [****1
Serum/plasma
Cholesterol (4-74 yr) e bt (20-74 yr)
[Triglycerides &
HDL (20-74 yr)]
Uric acid . Uric acid e
Protein, total & el
Albumin (4-74 yr) o Albumin (3-74 yr)

[vit B,]
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Table 3. Biochemical indexes used in the National Health Examination Survey (NHES) and National Health and Nutrition Examination

Survey (NHANES): 1966-80-—Continued

NHANES |
NHES IV
NHES IlIt, NNSS,’ only, Augmentation, NHANES I,
Item 1966-70 1971-74 1971-74 1974-75 1976-80
Serum/plasma—Con.
Iron (474 yr) ekl Iron
Transferrin sat & bl Transferrin sat
TIBC (4-74 yr) ool TIBC
3 [Ferritin (3-74 yn)]
Copper &
zine (3-74 yr)
S Folates, 5 wwww Folates Haww
Calcium, ialalaid
Magnesium (4-74 yr) bl ool
Phosphate il
Potassium
Sodium

Vit A
SvVitC

Vit A (3-11 yr)
Vit C (3-74 yr)
[GTT (20-74 yr)]
Kidney function tests:

BUN
Creatinine (12-74 yr)
Liver function tests:
Alkaline phosphatase bk S
Bilirubin, total S
SGOT 2T T 6[**'*1

[Bile acids (36~74 yr)]

Thyroid function tests:

Ta&T,

[Syphilis, pesticide
residues, &
metabolites (12-74 yr)]

! National Nutrition Surveillance Survey.

2 The total number of those persons receiving the nutrition portion of NHANES | is 20,749, which includes the NNSS and NHES IV samples.
2 Tests were performed on 10% of the sample and on those individuals with abnormal hemoglobin criteria, as explained in references 7 and 8.
4 Approximately 20-25% of the RBC count data were discarded because of methodological difficulties.

5 Folate and vitamin C analyses are not available on the NHANES 1 data tapes.

8 Tests were performed only on those individuals with elevated bile acids.

Notes: **** indicates that the measure was collected for that survey.
— indicates continuity between surveys.

[ ]indicate that the data have not yet been released on public use data tapes. For a few specific indexes, data may be obtained with per-

mission from the National Center for Health Statistics.

determine variables chosen to be representative of nu-
tritional status in the United States.

Evolution of the NHES—-NHANES series

Survey history

The National Health Survey Act of 1956 (Public Law
84-652) authorized the creation of an ongoing National
Health Survey and special studies to secure ‘“‘accurate
and current statistical information on the amount, dis-
tribution and effects of illness and disability in the
United States.” The focus of the first of the special
studies was on obtaining information about debilitating
diseases such as heart disease, cancer, diabetes, arthritis,
and rheumatism.

In the first through third cycles of NHES (NHES I
through NHES II) the population of the United States
was surveyed by age group, and the information col-
lected was tailored to the health concerns of the age
group being examined. From 1959 through 1970, spe-
cial mobile examination caravans toured the United
States almost continuously, interviewing and examining
a systematic stratified sample of persons from house-
holds within systematically chosen geographic areas
representative of the United States.

The core information that was common to each
survey included medical and dental examinations, blood.
pressure and an electrocardiogram, hand-wrist and chest
X rays, weight, height, girth and skinfold thicknesses,
visual and auditory acuity, household composition, and
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demography. In NHES I, adults 18-79 years of age were
examined, with the focus on degenerative diseases; the
biochemical analyses performed were limited to whole
blood glucose, a hematocrit, a serologic test for syphilis,
serum cholesterol, urine albumin (males only), and
glucose (1). In NHES 11, children 6-11 years of age were
examined, with the focus on growth; physical, intellec-
tual, and psychological development; and fitness. No
blood or urine analyses were performed, but a limited
qualitative assessment of food consumption and eating
habits was added to the original NHES protocol (2). In
NHES III, youths 12-17 years of age were examined; the
format was similar to that of NHES II, with information
on sexual maturation added. Blood and urine were more
extensively analyzed in NHES III than in NHES I (3).
Because so few biochemical measures were collected in
NHES I and II, these surveys were omitted from table 3.

The data from the NHES series have been published
in 103 primarily descriptive reports, each dealing with
one particular health, educational, or developmental
parameter, usually cross-tabulated by race, sex, age,
income, location, or other descriptive variables. Regres-
sion techniques have been used sparingly to delineate
disease or developmental relationships. The purpose of
these reports has been to make health statistics available,
rather than to interpret these statistics for policy pur-
poses (4).

The original mandate for creating NHES did not
include nutritional health as an examination priority.
However, by the mid-1960’s, reports of malnutrition
existing in the United States shocked the public and
raised congressional consciousness. In 1968 the docu-
mentary film “Hunger in America” appeared on national
television. The report of the Citizens’ Board of Inquiry
into Hunger and Malnutrition, Hunger-USA, was re-
leased (5), documenting cases of malnutrition among
Mexican Americans, American Indians, black people in
Mississippi, and Appalachian white people. These and
other inquiries, plus widespread media attention, led to
the creation of the Senate Select Committee on Nutrition
and Human Needs (6) and spurred the congressional
mandate for a national nutrition survey to determine the
“incidence and location of serious hunger and malnu-
trition in the U.S.” (7).

The Nutrition Program of the National Center for
Chronic Diseases, Department of Health, Education,
and Welfare (DHEW), took responsibility for the survey.
With an inadequate budget and political time pressures,
a random sample of the U.S. public could not be
obtained. The Ten-State Nutrition Survey (TSNS), as it
came to be called, was carried out from 1968 to 1970 in
a sample of 10 States thought to have a high proportion
of low-income residents. Sampling was heaviest in areas
with high concentrations of migrant laborers, south-
western Spanish-speaking people, and inner-city slum-
dwellers. Sampling was based on 8-10-year-old census
data (8).

Before it was completed, the deficiencies of the
TSNS were clear. TSNS exemplified the difficulties of
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assessing nutritional status with existing methodologies
and of obtaining statistically reliable assessments of the
nutritional status of the U.S. population. In 1969 Presi-
dent Nixon gave the job of a continuing nutrition
surveillance program to DHEW. The National Center for
Health Statistics (NCHS) formed a task force on nutrition
surveillance that determined that a National Nutrition
Surveillance Survey could be conducted in conjunction
with NHES. Thus, NHES IV became part of the first
National Health and Nutrition Examination Survey, or
NHANES I (9).

Planning for NHES IV was almost complete when
the NNSS was added. Therefore, NHES IV retained a
separate identity within NHANES I. A subsample of the
persons participating in NHANES I received the more
extensive NHES examination. Unfortunately, in NHANES
I, a substantial decrease from the previous surveys oc-
curred in the percent of sample persons electing to
participate in the examination portion of the survey. The
3,854-person sample size achieved for NHES 1V during
the 1971-74 period of data collection was not suffi-
cient. A 14-month Augmentation Survey was required so
that the detailed examination component could be per-
formed on 3,059 more individuals, for a total of 6,913
NHES examinees (10, 11).

NHES IV was designed to assess the health, per- '

ceived health care needs, and the use of health care in
adults ages 25-74. The survey focused on chronic and
debilitating disease conditions, especially arthritic, res-
piratory, and vascular disease. The NHES IV protocol
was shortened to accommodate the NNSS. The NHES IV
Augmentation Survey was based on approximately the
same protocol, although dermatologic and ophthalmo-
logic tests were dropped. In order to test procedures for
NHANES II, other variables were added, such as serum
calcium and the mineral content of drinking water.

For the nutrition phase of NHANES I, 20,749 indi-
viduals ages 1-74 received the nutrition examination
component. The elderly, women of childbearing age,
children, and persons at or below the poverty level were
sampled at rates that were substantially higher than their
representation in the U.S. population. These persons
were considered to be at higher risk of nutritional
deficiencies than the general population and therefore
were oversampled to improve the reliability of the
statistical analysis of their data.

The choice of nutrition variables to be included in
the NNSS portion of NHANES I was made only after
consultation with many private individuals and persons
from agencies within the Government. Those at the
Centers for Disease Control who had been involved with
the TSNS and those within the Department of Agricul-
ture who had participated in the planning of the Nation-
wide Food Consumption Survey were particularly valu-
able resources. Tests, measurements, and clinical
assessments were specifically tailored for the purpose of
assessing nutritional status. The skin, mouth and gums,
musculoskeleture, and organ examinations concentrated
on uncovering lesions associated with the deficiencies
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of essential nutrients. Anthropometric indexes in NHES
I and I had been designed in part to measure body frame
lengths, widths, and diameters for clothing and seating
manufacturing needs. Anthropometric indexes in the
NNSS for all ages were gauges of obesity, arm muscle
mass, and body build. They were also measures of early
protein-calorie malnutrition in children. The selected
biochemical indexes of nutritional status reflect the
nutrition concerns of the early 1970’s: Urinary ribofla-
vin, thiamin, and iodine; serum vitamin A, vitamin C,
folacin, magnesium, protein, and albumin; multiple in-
dexes of iron status; and fluoride (by microbiopsy of
tooth enamel). Later, most folacin data, the vitamin C
data, and the red blood cell count were discarded
because of methodological problems. For the first time,
quantitative measures of dietary intake for estimating
nutrient consumption were added to the NHES series, as
well as a food frequency questionnaire and questions as
to Federal food program utilization (10). (See tables 2
and 3.)

NHANES II: Continuity versus flexibility

A major question in the development of successive
surveys in the NHANES series is whether the survey’s
major function is to monitor changes in the nutritional
status of the population over time with maximum con-
tinuity or whether the surveys should be flexible enough
to respond to newly defined nutritional concerns and
methodological improvements that allow more precise
determinations of nutrition parameters. Each survey in
the series has provided the proving grounds for subse-
quent surveys, allowing modifications in survey proto-
col that enhance the utility of the data collected (12).

Flexibility is desirable to improve the survey, but
excessive flexibility erodes the surveillance function of
the survey. Samples must remain comparable, and des-
ignated core variables should continue to be measured in
a comparable manner over time. A good example of
these considerations is the elimination of vitamin A as a
variable for adults in NHANES II after it was demon-
strated in NHANES I that low serum vitamin A levels
were not a public health problem. Some people have
deplored the deletion of a variable that did not currently
seem important because of the possible beneficial rela-
tionship of provitamin A with cancer. This relationship
became apparent shortly after NHANES II was imple-
mented. These people feel that NHANES lost an impor-
tant opportunity to provide baseline data on the rela-
tionship among dietary provitamin A, serum vitamin A,
and disease.

Careful examination of the dietary interview sched-
ule and of biochemical variables collected reveal that
substantial changes would have had to be made in both
for either useful monitoring of provitamin A ingestion or
relating provitamin A ingestion to morbidity or mortal-
ity in individuals. The conclusion from this example is
that it is not useful to collect data before their use and
the level of appropriate statistical analysis are defined.
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Thus the elimination of vitamin A in adults was justified.
The questions are, How will the data be used and what
are the best means to collect information about provita-
min A for those uses?

The trend in the planning for subsequent NHANES
surveys is to try to achieve the goals of both continuity
and flexibility, with the emphasis on flexibility. In
NHANES II, a nutritional status assessment protocol
similar to that of NHANES I continued to be used, but
many variables were added that reflect new nutrition
concerns. The scope of our concept of nutrition health
changed in the 1970’s. In 1974, the Senate Select Com-
mittee published their dietary goals, which reflected the
increasing concern about the role of overconsumption
of macronutrients in the aggravation of degenerative
diseases (6). Knowledge of the interactions between
vitamins and minerals and disease states was beginning
to blossom. In response, the scope of NHANES II be-
came correspondingly broader, still maintaining a core
interest in undernutrition and obesity but also focusing
on nutrient-disease relationships, environmental con-
taminants, and overconsumption of vitamins and miner-
als. Anemia, which was shown to be a particular health
problem in NHANES I, was afforded a more indepth
assessment in NHANES IH.

Increased collaboration between NCHS and other
Federal agencies has provided pressure for flexibility
rather than coatinuity. With the added resources avail-
able from collaborative data collection and analysis
efforts, the scope and complexity of the data collected
could increase dramatically. Specialized offices such as
the Office of Pesticides and Toxic Substances (Environ-
mental Protection Agency), the Bureau of Laboratories
(Centers for Disease Control), the Bureau of Foods (Food
and Drug Administration), the National Heart, Lung, and
Blood Institute and the National Institute of Arthritis,
Metabolism, and Digestive Diseases (National Institutes
of Health) were able to design the survey protocol
related to their special interest area, implement the
analysis, and in some cases provide special funding.
NHANES II could then be a source of high-quality
information to be used as baseline data for further
studies.

A major change in data analysis expectations has also
influenced the scope of NHANES II, compared with that
of past surveys in the series. Data tapes from the NHES
I-III series were not released to the public until 1984.
Data were analyzed in house and released to the public
in the form of descriptive publications on the incidence
of single health or developmental variables. NHANES 1
data tapes were released to the public only after certain
in-house descriptive studies were published. Relative to
other surveys, NHANES II data have been rapidly re-
leased to the public without waiting for the publication
of in-house descriptive studies. The expectation is that
most of the data analysis will be done on a contractual
basis with agencies and universities or by individuals
with their own particular health and nutrition interests.
Greater public participation in data analysis has slanted
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the analysis emphasis toward the definition of the inter-
relationships among nutrition variables and between
nutrition variables and measures of health status.
NHANES II has been adjusted to provide the variables
that make this type of analysis more feasible.

Modifications of NHANES II

By the time NHANES II was initiated in 1976, the
objectives of NHES and the NNSS were completely
integrated. The examination focused on four new target
conditions: Diabetes, kidney disease, liver disease, and
allergy. Data were also collected related to nutrition,
cardiovascular conditions, lung function, osteoarthritis,
hearing and speech pathology, and environmental pol-
lutants such as lead and pesticides. There was no de-
tailed examination component for a subsample of the
examinees in NHANES II. Rather, the overall survey
protocol varied by age group. Spirometry and allergy
tests were reserved for persons aged 6-24 years; only
adults aged 25-74 received x rays. In some cases the
sample was split in two. Half of the group aged 20-74
years received serum and urine pesticide tests, and the
persons in this group aged 35-74 years received a
postprandial liver bile acid test. The other half of the
group aged 20-74 years underwent a 2-hour glucose
tolerance tests and received triglyceride and high-
density lipoprotein determinations (12).

New nutrient variables added to NHANES II in-
cluded serum zinc and copper. The importance of these
trace minerals as part of enzyme systems and the exten-
sive nature of their interaction with disease processes
was only fully realized only by the 1970’s. Vitamin C
was analyzed successfully in NHANES II. Other new
biochemical determinations included pesticide residues
in serum and urine in all persons aged 12-19 years and
in those aged 20-74 years who received the glucose
tolerance test. Whole blood lead, carboxyhemoglobin
plus methemoglobin determinations were performed on
odd- and even-numbered examinees, respectively (12).

Data from NHANES I had shown that anemia was a
significant public health problem in the United States.
Therefore, anemia was accorded special detailed atten-
tion in NHANES II through biochemical assessments of
blood, medical history questionnaires, and physician’s
examinations. A complete red blood cell morphology
was performed as well as an assessment of iron stores
and iron-binding capacity. (See table 3.) Serum folate,
ferritin, and vitamin B, , assessments were performed on
those individuals who were found to be anemic and also
on a subsample of all examinees. Such an indepth
analysis allows a more precise determination of the
prevalence of various types of anemia in the United
States than was possible using NHANES I variables and
allows relationships between measurements of iron sta-
tus to be characterized (12).

Some aspects of the sampling protocol were revised.
In NHANES II, the oversampling of females of childbear-
ing age was eliminated because of their already adequate
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representation in an unweighted sample. NHANES II
included infants ages 6 months to 1 year.

A second modification of the sampling was the use
of health-related variables in addition to population
density to determine the 16 superstrata in each of the 4
regional areas in the United States from which the 64
primary sampling units would be chosen. Prior surveys
had relied on U.S. Bureau of the Census data emphasiz-
ing only population density as a criterion variable.
Population density continued to be used, but regression
analysis was also employed to determine which health-
related variables were most predictive of five specific
health conditions (infant mortality rates and percent
with kidney trouble, heart trouble, hypertension, and
high serum cholesterol) in each of the four regional
areas. Based on this analysis, median income was chosen
as the second major predictor of health problems. The
third variable chosen differed for each regional area:
Northeast—percent below poverty line; Midwest—rate
of growth; South and West—races other than white plus
Hispanics (12). These sampling changes did not impair
the nutrition monitoring function of NHANES.

The number of Hispanic persons included in
NHANES I and II was representative of their numbers in
the general U.S. population but was insufficient for
separate data analysis. In an effort to sample Hispanic
persons in sufficient numbers for surveillance and mon-
itoring purposes, a special addition to NHANES II, the
Hispanic Health and Nutrition Examination Survey (His-
panic HANES), was conducted from 1982 to 1984. The
mobile caravans sampled Hispanics ages 6 months to 74
years in geographic regions with high densities of per-
sons of Puerto Rican, Mexican, and Cuban extraction or
with other Latin American ethnic backgrounds. The
protocol for the Hispanic HANES is not ideatical to
NHANES II. Some new measures were included that may
be particularly reflective of Hispanic nutrition and
health problems. New measures were also added to test
their feasibility for inclusion in NHANES III. Table 4
shows the new dietary, anthropometric, and biochemi-
cal variables included in the Hispanic HANES (13).

Practical considerations and constraints in
variable choice for NHANES

The mobile examination caravan travels from one
primary sampling unit to the next with its field staff and
administers hundreds of examinations per month. The
mobile examination caravan has been adapted to collect
a tremendously wide variety of data from the NHANES
examinees, but this field examination situation carries its
own constraints, which have shaped the protocol for
NHANES. Measurements chosen for inclusion in
NHANES must meet certain practical criteria. They must
be acceptable to the examinees, not overly taxing for the
technical staff, and adaptable to the field situation.

In less than 3 hours an immense amount of data is
collected from one examinee undergoing the NHANES
protocol. To maintain subject compliance, the whole
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Table 4. Dietary, anthropological, biochemical and other physical
parameters included in the Hispanic Health and Nutrition Exami-
nation Survey, 1982-84, that were not included in the second
National Health and Nutrition Examination Survey, 1976-80

Category Age Description
Dietary intake 6 mo-74 yr Food frequency adapted for
ethnic food use
Anthropometry 6-74 yr Biacromial breadth

Biiliac breadth

Medial calf skinfold

Hiac crest skinfold

Medial calf circumference
<3yr Crown-rump length
>2yr Sitting height

Vitamin A
Vitamin E
Calcium
Phosphorus
Sodium
Chlorine
Potassium
Uric acid
Tetanus

Biochemistry
(serum)

4-74 yr

20-74 yr

411 yr

Hair collection for mineral
analysis, including a question-
naire on hair care practice
(performed on a subsample)
Ultrasound examination of the
gall bladder

Tympanic impedance

Other physical
parameters

12-74 yr

20-74 yr

6 mo-74 yr

process must flow smoothly and not be overly demand-
ing, embarrassing, or uncomfortable. The numbers of
sample persons actually complying with the examina-
tion component has decreased from a high of 96%
during NHES I to 73% during NHANES 11, even with the
institution of a $20 remuneration. The examination
duration and rigorousness was limited in NHANES II to
ensure maximum participation. Consideration was also
given to the elimination of procedures that might create
participation bias.

A second constraint is the need to train and maintain
a highly motivated field staff. Methodologies chosen
should not require high levels of technical proficiency.
Measures need to be precise, which means readily re-
peatable among examiners and by the same examiner on
multiple tries, without requiring excessive training.
Methods must lend themselves to quality control proce-
dures that are not overly burdensome.

Field methods require the use of the minimum of
sensitive equipment, which is prone to malfunction.
Techniques should be completely validated and pre-
tested for field conditions. Adequate support systems
must exist to expedite the biochemical analysis of blood
and urine. Measures must be accurate reflectors of the
conditions being measured, but the field situation
presents many practical considerations where accuracy
may be reduced for expediency.
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Throughout NHANES, the 24-hour dietary recall
method of collecting food consumption data has been
used to give a quantitative assessment of nutrient intake.
The suitability of the 24-hour recall method for this
purpose has been hotly- debated (14). Its continued
inclusion in NHANES II and the Hispanic HANES serves
as an example of the methodological considerations and
constraints that dictate the planning of these surveys.

Ideally, dietary data should be collected over at least
3 days (15), but logistically it would be difficult in
NHANES to adopt a method of longer than 24-hour
duration. Only 1 day’s food intake can be recalled during
the 3-hour examination period. Hiring and training
special dietitians to remain in the area after the exami-
nations to collect dietary information on successive days
would substantially increase survey costs. Dietary inter-
views by telephone are a possibility (16) but would
constitute a change in methods and introduce new error.
Standardization, and thus quality control, of successive
dietary recalls would be difficult. The extra burden on
the subjects may decrease participation in the overall
examination protocol.

Given the existing constraints on dietary data collec-
tion within the context of a mobile health examination
caravan, at the present time the 24-hour recall method
provides the only possibility for quantitative assessment
of nutrient consumption. However, it is feasible to
perform a repeat 24-hour recall on a smaller percent of
the sample. The use of less than optimal assessment
techniques requires that the data analysts be aware of the
limitations of field techniques.

In each NHANES, a dietary frequency survey has
complemented and reinforced the data collection of the
24-hour dietary recall. This frequency survey registers
the number of times (daily, weekly, monthly) foods from
18 food groups have been eaten. The logic of grouping
the food affects the usefulness of these data. For in-
stance, provitamin and vitamin A are found in large
quantities in only two of the food groups, and calcium
predominates in only one. If consumption is low in
these groups, vitamin A and calcium intakes are presum-
ably low. The certainty is far greater than that afforded
by 24-hour recall data. However, intakes of fat and many
of the vitamins are distributed over many food groups so
that one cannot identify excessive or low intakes. Iden-
tifying high intakes from the food frequency intake data
is difficult unless the foods grouped together in a
particular food group all contain similar amounts of the
nutrient of interest. This method of grouping has not
been utilized in NHANES, and in the future more
thought should be given to the impact of specific food
groupings.

NHANES I and NHANES II: Survey
findings on the Nation’s nutritional
health

One of the surveillance functions of NHANES is to
provide information on the national prevalence of im-
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portant health conditions and nutritional status indica-
tors in the population by sex, age, race, income level,
and region. NHANES I was designed so that early release
of half the data could be analyzed by those who make
public policy decisions that affect the health and nutri-
tion of the community. Because NHANES I was based on
what was considered to be a representative sample of the
U.S. population, the NHANES I preliminary data were
the basis for designing programs for those who were
malnourished or at nutritional risk. NHANES I also
facilitated improvement of monitoring and surveillance
in the United States. During the past 15 years, there has
been an expansion of nutrition programs, greater em-
phasis on surveillance and monitoring, and evidence of
action directed at reducing malnutrition.

The NHANES I data revealed that malnutrition in the
United States was associated with diseases and socioeco-
nomic factors in subgroups identified at risk. NHANES I
results identified these groups as the elderly, preschool
children, low-income groups (particularly black per-
sons), and women of childbearing age.

Clinical findings, NHANES I

The overall prevalence of single clinical signs possi-
bly related to nutritional deficiencies or excesses was
low (<15%), with the exception of gum signs in per-
sons with chronic gingivitis. The prevalence of many
clinical signs showed an increase from ages 1-18 and
after age 45 years. There were marked sex differences in
prevalences of various signs, as well as higher preval-
ences in black than white persons. The greater preva-
lence of most clinical signs in black persons cannot be
explained merely on the basis of income level (17).

In NHANES I, only 3% of all persons examined were
free of the 48 clinical signs used for assessment (17).
This is not surprising because very few clinical signs are
specific indicators of malnutrition, particularly when
dealing with the milder forms, as seen in industrialized
countries (18). The signs and symptoms of nutritional
deficiency overlap with many other diseases and may
affect various organ systems. Clinical symptoms are
nevertheless helpful when used in conjunction with
biochemical and anthropometric parameters in making a
complete nutritional assessment or diagnosis of malnu-
trition (19).

Biochemical indicators, NHANES I

The major laboratory finding of NHANES I was the
relatively high prevalence of anemia among infants,
adolescents, females during the reproductive years, and
pregnant women, as defined by standard cutoff points
for hemoglobin. This was especially true for the poor
and even more so for black persons. The prevalence of
low hemoglobin was 19.3% for males and 12.6% for
females at age 1 year and approximately 9% for both
sexes at 2-3 years of age. After early childhood, the
prevalence rarely exceeded 5%, except for males 65-74
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years of age, for whom it rose to almost 15%. At most
ages black males and females were 210 times more
likely to have low hemoglobin concentrations than
white persons. Males showed a greater prevalence of low
hemoglobin values than females in most age groups,
with pronounced differences seen in infancy, ages 12-14
years, and ages 55 years and over. Approximately 32% of
the pregnant women in the survey had hemoglobins
below 12 g/dl, with a prevalence of 28.4% among white
women and 52.9% among black women (17). Physio-
logically low hemoglobin concentrations because of
hemodilution in pregnant women have been widely
reported. Therefore, lower cutoffs are in common use.

Further analyses of NHANES I data resulted in major
reinterpretations of these data. The commonly reported
differences in hemoglobin levels between black and
white persons are apparently genetically determined. At
equivalent transferrin saturation levels, black persons
have consistently lower hemoglobin concentrations
than white persons. These findings indicate that a racial
variation exists for hemoglobin values (20). Thus, tradi-
tionally used hemoglobin cutoff values to indicate ane-
mia in white individuals may not be applied to black
individuals. Using the example of black and white
women, when appropriate statistical methods are used
(21), most of the differences in the prevalence of iron-
deficiency anemia between the races disappear.

Low serum iron concentration, high total iron-
binding capacity (TIBC), and low transferrin saturation
were widespread. These findings were considerably
more common than low hemoglobin values and equally
prevalent among black and white persons. TIBC is a
measure of the total amount of transferrin available for
iron binding. Transferrin saturation (%) is calculated
from the formula:

serum iron (ug/dl)
TIBC (pg/dD)

A change in transferrin saturation can thus result
from a change in either measurement but is a more
useful diagnostic indicator of iron deficiency than either
value alone. A transferrin saturation less than 16% in
adults is considered to be indicative of iron-deficient
erythropoiesis.

Groups identified in NHANES I as being at the
greatest risk of iron deficiency were children 1-5 years
of age, adolescents 12~14 years of age, and women
18-44 years of age. Although iron-deficiency anemia
(low hemoglobin concentration with low transferrin
saturation) seemed to be a problem among 1-year-old
children, only a small proportion of those over 2 years
were classified as having iron-deficiency anemia. De-
spite the prevalence of low transferrin saturation, ac-
cording to NHANES I data, frank iron-deficiency anemia
was not found to be widespread when appropriate
statistical methods were used (22).

The finding of widespread low values of transferrin
saturation in NHANES I should be treated with caution

X 100%
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because low serum iron and high TIBC may be caused by
a variety of chronic disorders. Moreover, because of
methodological problems, serum iron values were fre-
quently imputed and therefore may not be valid reflec-
tors of iron status. It must be noted that there are several
sources of error and variability in the measurement of
serum iron and TIBC. These problems were recognized
in the planning stages of NHANES II, and more specific
indicators of iron status were included in the NHANES II
survey protocol.

Biochemical indicators, NHANES 1I

Results from the selected hematological and nutri-
tional biochemical determinations from NHANES I are
presented by race, sex, and age in tables 5-8, with
iron-deficiency indexes presented first. The data for
children ages 6 months—2 years are not presented be-
cause the problems of drawing blood from this age
group resulted in a large percentage of missing data. The
biochemical results chosen include prevalences of low
serum zinc, copper, vitamin A, and vitamin C, and
hematological parameters related to iron-deficiency ane-
mia that have been statistically analyzed and published.
Reports on zinc, iron, folacin, and vitamin A have been
prepared by The Federation of American Societies of
Experimental Biology (FASEB) for the Food and Drug
Administration (23-26). The current publication of
NHANES II serum copper data (27) presents means,
standard deviations, and cumulative percent distribu-
tions but does not contain standards for normal values.
Therefore, the cutoff value for suboptimal serum copper
levels used in table 8 has been selected from the litera-
ture (28). It is difficult to make direct comparisons of
NHANES I and II results because a number of laboratory
tests, procedures, and quality control measures changed
between the two surveys.

Hematological variables and iron nutriture

NHANES 1I afforded a more indepth assessment of
the relationship between iron nutriture and
hematological-biochemical variables. NHANES II bio-
chemical analyses new to the survey series included
erythrocyte protoporphyrin, a measure of the availabil-
ity of iron for heme synthesis; serum ferritin, an index of
iron stores; and mean corpuscular volume (MCV), a
direct measure of microcytic anemia. Serum ferritin
values were obtained for 5,157 persons aged 3—-74 years.
Despite its smaller size, the ferritin sample yields na-
tional probability estimates similar to those of the larger
NHANES I population.

The NHANES 1I data on iron status were analyzed by
a group of experts and approved by the Life Sciences
Research Office Advisory Committee under the author-
ity of FASEB (24). Two models were developed to
estimate the prevalence of impaired iron status. The
ferritin model included ferritin, transferrin saturation,
and erythrocyte protoporphyrin as variables. The MCV
model included MCV, transferrin saturation, and eryth-

Table 5. Cutoffs used for prevalence analyses in the second
National Health and Nutrition Examination Survey

Mean

Serum  Transferrin Erythrocyte corpuscular
ferritin  saturation  protoporphyrin volume

Age (ng/ml)  (percent) (ug/dl RBC) (f)

1-2 years - <i2 >80 <73
3-4 years <10 <14 >75 <75
5-10 years <10 <15 >70 <76
11-14 years <10 <16 >70 <78
15-74 years <12 <16 >70 <80

Source: Pilch, S.M., and F.R. Senti, editors: Assessment of the iron
nutritional status of the U.S. population based on data collected in the
second National Health and Nutrition Examination Survey, 1976-1980.
Prepared for the Center for Food Safety and Applied Nutrition, Food
and Drug Administration, under Contract No. FDA 223-83-2384 by the
Life Sciences Ressarch Office, Federation of American Societies for
Experimental Biology, Bethesda, MD. Available from: FASEB Special
Publications Office, Bethesda, MD. 1984.

rocyte protoporphyrin. Thus, the second model con-
tained a measure of frank anemia assumed to be specific
for iron deficiency. The ferritin model is more sensitive
because it can identify mild depletion of iron stores.
Each model required that at least two of the three
iron-status variables be abnormal. A hemoglobin percen-
tile shift model was also defined but is not reported
here.

The rationale for choosing a model with three
iron-status indicators was to provide a better measure of
iron status and to increase the specificity for diagnosing
iron deficiency. Taken alone, none of the measures is
diagnostic for iron deficiency. Transferrin saturation is
highly labile, responding to diurnal variations in serum
iron and generally declining in response to infection or
inflammation. Although erythrocyte protoporphyrin de-
termination does not distinguish between iron defi-
ciency and infection and is also elevated in lead poison-
ing, it provides a more stable index of iron-deficient
erythropoiesis than transferrin saturation. Serum ferritin
values tend to increase in response to infection, malig-
nancy, and liver disease, but serum ferritin is the most
sensitive indicator of storage iron depletion. The occur-
rence of two or three abnormal values for iron-status
indicators in an individual cannot be used solely as the
basis for a definitive diagnosis of iron deficiency but is
an improvement on past attempts to determine the
existence of low iron stores in otherwise asymptomatic
individuals.

Table 5 presents the cutoffs used for the analysis of
iron nutrition status by FASEB. Precise definitions of
normal and abnormal values for iron-status indicators in
infancy, childhood, and adolescence are still evolving.
The expert committee based their cutoffs on statistical
analyses, specificity considerations, and cutoff values in
current use.

Abbreviated results of the analysis of the prevalence
of two or three abnormal values using the ferritin model
and the MCV model for black and white subjects aged
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3-74 years are shown in table 6. Data are presented for
males and females together through age 10 years because
there were no significant differences in values for iron-
status indicators by sex up to this age. For most age-sex
groups, the prevalences of abnormal values obtained
using the ferritin model were slightly higher than those
using the MCV model. The greatest differences were
seen in males aged 11-14 years (not shown), females
aged 15-19 years, and females aged 20-44 years. The
ferritin model yielded slightly lower prevalence esti-
mates than the MCV model in the elderly, possibly
reflecting elevated serum ferritin levels caused by in-
flammatory disease in older groups.

The association of low hemoglobin concentrations
with abnormal values for iron-status indicators was also
examined by the FASEB committee. The prevalence of
low hemoglobin values increased with an increasing
number of abnormal values for iron-status indicators.
This finding supports the usefulness of the ferritin and
MCYV models for identifying populations with impaired
iron status.

The analyses of NHANES II data by FASEB suggest
that the prevalence of impaired iron status was fairly low
for most age-sex groups. Black persons tended to have
slightly higher prevalences of abnormal values than did
white persons, with statistically significant differences
for children aged 3-4 years (using the MCV model),
females aged 15-19 years (using both models), and
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persons of both sexes aged 45-74 years (using both
models). Several groups in the population exhibited
relatively high prevalences of inadequate iron status and
deserve further consideration: Children aged 1-2 years,
males aged 11-14 years, and females aged 15-44 years.

The ranges of prevalence estimates for impaired iron
status tend to be lower than those from some other
recent surveys of North American populations, includ-
ing NHANES I. One interpretation is that the change is
methodological in origin. Comparison of absolute val-
ues is almost impossible. Different parameters were
used, the choice of cutoff values changed, and the
survey and laboratory analytical methodologies were
modified. Another interpretation is that iron status has
actually improved in the United States. The authors
speculated that the range of prevalence for impaired iron
status is lower because of the availability of high-quality
food through feeding programs, availability of the iron
used in fortification, use of iron supplements, use of
ascorbic acid supplements or dietary ascorbic acid, and
use of oral contraceptive agents, which decrease men-
strual blood loss. In spite of differences in numbers
deficient, relative trends of impaired iron status among
various groups in NHANES II remained similar to those
from earlier surveys.

The extensive NHANES II data on iron nutriture
allowed an opportunity to generate new reference stand-
ards for hemoglobin concentrations and to reassess the

Table 6. Percent of persons with 2 or 3 abnormal values for iron status indicators using the MCV and ferritin models, by race: Second National

Health and Nutrition Examination Survey, 1976-80

MCV model * Ferritin model 1
Sex Age White Black P-value 2 White Bilack P-value 2
Percent Percent

Both sexes 1-2yr 8.4 10.9 NS

Both sexes 3-4yr 32 8.5 <0.05

Both sexes 5-10 yr 3.8 49 NS

Male 11-14 yr 35 238 NS

Female 11-14 yr 3.0 6.7 NS

Male 15-18 yr 0.8 1.6 NS 0.0 0.9

Female 315-19 yr 3.8 12.6 <0.10 11.7 31.3 <0.05
Male 20-44 yr 0.8 1.1 NS 0.6 0.4

Female 320-44 yr 5.0 57 NS 9.2 11.9

Both sexes 45-74 yr 29 5.9 <0.05 2.7 4.9 <0.10

! The MCV model employs mean corpuscular volume, transferrin saturation, and erythrocyte protoporphyrin as variables. The ferritin model employs
serum ferritin, transferrin saturation, and erythrocyte protoporphyrin as variables.

2 Based on 2-tailed t-test.
3 Pregnant women are excluded.

Notes: All statistics are weighted to represent the U.S. population at the midpoint of the survey (March 1, 1978) by a method that accounts for the

complex survey design.
NS = not significant, p = 0.1.

Source: Adapted from: Pilch, S.M. and F.R. Senti, editors: Assessment of the iron nutritional status of the U.S. population based on data collected
in the second National Health and Nutrition Examination Survey, 1976-1980. Prepared for the Center for Food Safety and Applied Nutrition, Food
and Drug Administration, under Contract No. FDA 223-83-2384 by the Life Sciences Research Office, Federation of American Societies for
Experimental Biology, Bethesda, MD. Available from: FASEB Special Publications Office, Bethesda, MD. 1984.
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Table 7. Prevalence of anemia in persons of all races and white persons: Percent below the 95th percentile reference ranges,’ by age
and sex in the second Health and Nutrition Examination Survey, 1976-80

1-2 3-5 6-8 9-11 12~14 15-17 18-24 25-44 45-64 65-74
Sex and race years years years years years years years years years years
Both sexes
All races 5.7 3.5 2.3 2.8
White 23 15 25
Male
All races 29 2.6 27 2.9 3.8 4.4
White 22 22 3.0 29 3.4 4.5
Female
All races 3.6 59 33 5.8 3.9 39
White 3.7 4.3 3.0 4.6 3.7 3.5

* Ranges in hemoglobin concentrations by age, sex, and race were derived after excluding pregnant women, subjects with hemoglobinopathies, and
individuals with transferrin saturation <16%, MCV <80 fl, or erythrocyte protoporphyrin >75 pg/dl red blood cells. The 85th percentiles of these
ranges are used as the cutoffs for normal hemoglobin for each age, sex, and race group.

Source: Daliman, P.R., R. Yip, and C. Johnson. Prevalence and causes of anemia in the United States, 1976 to 1980. Am. J. Clin. Nutr. 39:437-445,

1984. Copyright © Am. J. Clin. Nutr.

prevalence of anemia in the United States based on these
new hemoglobin reference standards. This work was
undertaken by Dallman, Yip, and Johnson (29).

To develop the reference standards for hemoglobin,
all persons with hemoglobinopathies and abnormal val-
ues of transferrin saturation, MCYV, or erythrocyte proto-
porphyrin were eliminated from the sample. Criteria for
elimination tended to be stringent, resulting in the
exclusion of some healthy individuals. Also, pregnant
women were removed from the sample. The 95% range
around the mean was calculated in each age, sex, and
race group in which the sample size exceeded 200. The
lower hemoglobin value in the 95% range was consid-
ered the cutoff point for anemia.

The hemoglobin reference standards that resulted
from this analysis of NHANES II data correspond well to
the results of large sample surveys in Western countries.
Hemoglobin concentrations peaked in adults in their
early twenties. Thereafter, hemoglobin concentrations
gradually declined, and the range of values broadened
among elderly males. In adult women, hemoglobin
concentrations rose slightly after age 40.

Prevalences of anemia based on the hemoglobin
reference standards are shown in table 7. Prevalences
ranged from 1.5% in white children aged 6-8 years to a
high of 5.8% in females of all races aged 25-44 years.
Anemia prevalences were considerably lower than those
obtained in NHANES I using standard cutoff values for
hemoglobin concentrations. Because of the small sam-
ple sizes necessitated by the use of ferritin as a variable,
data for black persons could not be disaggregated. There
was a tendency for the prevalences to be higher in the
“all races” groups than in the white groups, especially in
children ages 1-11, but this trend was not consistent in
teenagers or adults of either sex.

Thus, the consistently higher incidences of anemia
among black persons originally reported in NHANES I
were not borne out by NHANES II data, but the two data
sets are congruent when analyzed by the same methods.

One unexplained finding, probably resulting from dif-
ferences in methodology, is a systematically lower level
of hemoglobin in NHANES II than NHANES 1. There is
no evidence that this is related to iron nutrition status.

Other biochemical variables

Table 8 shows the prevalences of low laboratory
values for serum copper, zinc, vitamin C, and vitamin A
in NHANES II (26, 27, 30). The prevalence of low serum
zinc values was greater in white females than white
males 15-64 years of age and greater in black females
than black males beginning with age 6 years. Mean
serum zinc values were higher in males than in females
for ages 12-74 years (30). The major differences in
serum zinc levels seem to be between the sexes, partic-
ularly in white persons.

On the other hand, the prevalence of low serum
copper levels was greater in white males than white
females for each age category (whereas conclusions
could not be drawn for black persons because of small
sample sizes). For each sex, black persons had higher
observed serum copper levels than white persons. Thus,
mean serum copper levels were higher in black than in
white persons and were higher in females than in males
27).

The reported high prevalence of low serum zinc
values must be carefully interpreted. Circulating zinc
levels in plasma and serum do not necessarily provide an
accurate reflection of body zinc stores and therefore can
only be suggestive of zinc nutritional status. Circulating
zinc levels closely correlate with albumin and thus may
reflect depressed plasma protein binding of zinc as well
as body zinc deficiency. In addition to nutritional fac-
tors, many diseases and medical treatments may produce
zinc deficiency. Measures of plasma or serum zinc in-
volve the determination of zinc levels in a body fluid and
do not indicate zinc-dependent metabolic functional
status. Functional tests that include zinc-dependent en-
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Table 8. Percent of population below standard values for serum copper, zinc, vitamin C, and vitamin A, by race, age, and sex: Second
National Health and Nutrition Examination Survey, 1976-80

Serum copper '+ 2 Serum zinc ® Serum vitamin C 3 Serum vitamin A 35
Race and age Male Female Age Male Female Male Female Male Female
White

3-5yr — 0.2 3-5yr 3.1 3.8 0.1 — 2.8 6.1
6-11 yr 0.6 0.1 611 yr 1.9 1.2 0.4 — 2.0 1.6
12-14 yr 0.8 0.8 12-17 yr 1.0 0.8 1.6 1.7

15-17 yr 1.6 0.3

18-24 yr 1.9 0.5 18-24 yr 0.2 3.6 2.1 1.9

25-44 yr 0.9 04 25-54 yr 1.0 3.0 54 29

45-64 yr 0.9 0.2

65-74 yr 0.4 0.1 55-74 yr 1.8 2.4 6.5 1.8

Biack

3-5yr — - 3-5yr 27 1.0 — — 5.9 3.0
6-11 yr — 1.4 6-11yr 3.0 3.9 — 1.0 29 1.6
12-14 yr — — 12-17 yr 1.3 3.2 14 0.6

1517 yr 1.3 —

18-24 yr — 11 18-24 yr 2.1 5.9 3.0 25

25-44 yr — — 25-54 yr 1.4 55 9.6 4.7

45-64 yr — —

65-74 yr — — 55-74 yr 3.3 38 16.2 5.3

1 Source: National Center for Health Statistics, R. Fulwood, C.L. Johnson, J.D. Bryner, E.W. Gunter, C.R. McGrath: Hematological and nutritional
biochemistry reference data for persons 6 months-74 years of age: United States, 1976-80. Vital and Health Statistics. Series 11-No. 232. DHHS
Pub. No. (PHS) 83-1682. Public Health Service. Washington. U.S. Government Printing Office, Dec. 1982.

2 Gutoff value of <70 ug/dl from Sauberlich, H.E. Current laboratory tests for assessing nutritional status. Surv. Synth. Path. Res. 2:120-133, 1983.
® Source: U.S. Department of Health and Human Services and U.S. Department of Agriculture: Nutrition Monitoring in the United States—A Report
from the Joint Nutrition Monitoring Evaluation Committee. DHHS Publication No. (PHS) 86-1255. Public Health Service. Washington. U.S.

Government Printing Office, July 1986, pp. 102, 140, 180, 309, 311, 315. Cutoff values used:
Zinc: <70 pg/dl—a.m., fasting; <65 pg/dl—a.m., nonfasting; <60 pg/di—p.m.

Vitamin C: <0.25 ug/di.
Vitamin A: <0.20 pgrdl.
# Vitamin A status was assessed only in children 3-11 years of age.

8 Source: Pilch, S.M., editor: Assessment of the vitamin A nutritional status of the U.S. population based on data collected in the National Health and
Nutrition Examination Surveys. Prepared for the Center for Food Safety and Applied Nutrition, Food and Drug Administration, under Contract No. FDA
223-84~2059 by the Life Sciences Research Office, Federation of American Societies for Experimental Biology, Bethesda, MD, 1985, p. 31.

Note: — = insufficient sample size for analysis.

zyme activities would be more sensitive and specific to
zinc nutritional status (31).

Low serum copper levels did not seem to be a
problem, according to NHANES II data, although fewer
studies on which to base cutoff values are available for
copper than for zinc. Normal ranges for circulating
copper are very similar to the ranges for zinc, although
there is indication that they may be age specific (25).
Decreased copper levels are found in patients with
Wilson’s disease (a copper accumulation disorder),
nephrosis, kwashiorkor, and cystic fibrosis. Serum cop-
per levels must also be interpreted with caution because
elevated levels accompany most infections, leukemia,
Hodgkin’s disease, various anemias, hyperthyroidism,
hemochromatosis, collagen disorders, and myocardial
infarction (31). Perhaps serum copper values should be
examined in terms not only of percent of population
below but also percent above the standard.

Mean levels of serum vitamin C were within the
acceptable range for males and females classified by age,
race, or poverty status, although they differed by age and
sex. Values of less than 0.30 mg/dl indicate low or
inadequate intakes with inadequate reserves, although

serum vitamin C is sensitive to recent intake. The
percent of males below the standard tended to increase
with age, with the percent of black males 65-74 years
being notably highest. Males had lower mean levels of
serum vitamin C than females for all the adult age groups
(30).

Other factors, such as cigarette smoking and vitamin
supplementation, can affect levels of serum vitamin C.
Adults in NHANES II who smoked cigarettes and seldom
or never used vitamin-mineral supplements had a much
higher percent of low serum vitamin C values than
would be expected. Although the overall proportion of
persons aged 3-74 years with low serum vitamin C was
only about 3%, some adult subpopulations considered
to be at high risk for poor vitamin C nutritional status
were identified by NHANES II data analysis. These
include consumers of diets that were low in vitamin C,
smokers of cigarettes, irregular consumers or nonconsu-
mers of vitamin-mineral supplements, and the poor (30).

Vitamin A status was assessed only in children 3-11
years of age because, in NHANES I, low levels of vitamin
A had been found in less than 1% of all persons 12-74
years of age. The Expert Panel on Vitamin A Nutriture
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stated that serum vitamin A levels alone are inadequate
to provide estimates of the prevalence of vitamin A
deficiency and toxicity in the U.S. population (26). Table
8 shows that about 5% of children 35 years of age had
low levels of serum vitamin A, and this decreased to
about 2.0% in the age group 6-11 years. There do not
seem to be consistent patterns with regard to race in the
prevalence of low values. Mean serum vitamin A levels
were within normal ranges regardless of race, sex, or
poverty status (26).

Because the overall prevalence of low serum albu-
min in NHANES II was less than 0.1% and did not differ
significantly by race or poverty status, the data are not
presented. These findings are consistent with the dietary
data and indicate that protein nutriture is not a public
health problem (30).

Although cutoff values have been used in this dis-
cussion of serum nutrient status, we recognize that they
merely represent guidelines for expressing the biochem-
ical levels of specific parameters rather than quantifying
deficiency status. Such cutoff points lack sensitivity and,
above all, specificity when used as diagnostic criteria for
assessment of nutritional or health status.

Functional indicators of nutritional status have po-
tential benefits over static indicators and are emerging as
a new class of diagnostic tools. Five areas of functional
competence likely to be affected by malnutrition have
been identified by a group under the auspices of the
National Academy of Sciences (32). They include cogni-
tive ability, disease response, reproductive competence,
physical activity and work performance, and social-
behavioral performance. Solomons and Allen amplified
this concept and suggested that functional performance
can be used as an index of nutritional status (33).
However, more nutrient-dependent physiological func-
tions need to be explored and diagnostic procedures
developed before functional indicators can be of wide-
spread use or applicable to field surveys such as
NHANES. The sensitivity-specificity relationship (34) of
those measures is probably even worse than that of more
traditional indicators of nutritional status.

Dietary intake in NHANES: Findings and
problems with data interpretation

NHANES I dietary data indicate that iron, calcium,
and vitamin A consumption were substandard. Mean
iron intake was about 50% of the Recommended Dietary
Allowances, or RDA’s (35), in children ages 1-4 years
and in women during the reproductive period, 12-54
years of age (36). The range of mean calcium intake was
65-80% of the 600-mg standard for black women and
95-114% of that standard in white women (20~74 years
of age). The median vitamin A intake was 46-75% of the
3,500 IU standard in black women in most age groups
and in black males aged 12-34 years (17, 33). NHANES
II dietary data have not yet been analyzed in terms of
substandard intakes.
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Three major problems arise in the interpretation and
utilization of nutrient intake data. The first problem is
the variability and error inherent in the data. The second
is the correct application of standards in assessing the
adequacy of quantified dietary intakes. The third lies in
the appropriate uses of dietary intake variables.

Inherent variability and error

Beaton (37) divides the variability observed in group
dietary intakes into two categories: True interindividual
variation resulting from actual subject differences in
usual intake and intraindividual variation, which in-
cludes any methodological error plus true variability in
day-to-day food consumption.

Methodological errors in 24-hour recall data include
error in subject recall of actual food consumed and error
in the quantification of nutrient composition from di-
etary data. The subject may have difficulty remembering
exactly what and estimating how much was eaten. The
24-hour recall may result in overreporting intakes below
the mean and underreporting intakes above the mean,
the “flat-slope syndrome” (38). Nutrient calculations
from food data lack accuracy because of the inherent
variability in the nutrient content of foods caused by
cultivar differences, food handling, and processing.

Another level of error in the 24-hour recall data is
the inability to measure day-to-day variability in dietary
intake by this method. The intake of certain nutrients
such as vitamin A varies greatly from day to day and may
require many days for an accurate assessment of habitual
consumption. Short-term intake data may tend to over-
estimate the prevalence of habitually low nutrient in-
takes (39).

Application of standards for assessing the
adequacy of intakes

Beaton has recently demonstrated the folly of using
the RDA’s as standards for assessing the nutrient intakes
of populations without knowledge of the nature of the
distribution of requirements for a specific nutrient.
Because the RDA is usually set two standard deviations
above the mean requirement for a nutrient, individuals
at any particular intake level can be assigned only a
probability of risk for inadequate intake. Thus, RDA’s do
apply to individuals, but definitive statements cannot be
made about the actual adequacy or inadequacy of indi-
vidual nutrient intake. An estimate of the number of
persons in a population group who have inadequate
intakes may be calculated with knowledge of the prob-
ability of inadequacy at each level of intake and the
actual number of persons in the sample at each level of
intake. Such an analysis requires that the nature of the
distribution of requirements for each nutrient used in
generating the RDA’s be published along with the other
RDA information (40).

Beaton makes a second important point in his anal-
ysis of correct RDA usage. The RDA can be applied only
to group data that are estimates of the usual intakes of



94

D. Blair, J.-P. Habicht, & L. Alekel

Table 9. Regression analysis of biochemical values on nutrient intake and sociodemographic variables: First National Health and Nutrition

Examination Survey, 1971-74

. . Unadjusted Adjusted !

Dependent variable Sample  Independent variable

(biochemical value) size (nutrient intake) Slope R2 Slope R?
1 Serum protein 18,159 Protein intake **0.0037 0.001 0.0010 0.080
2 Serum albumin 18,159 Protein intake **0.0124  0.011 0.0023 0.097
3. Serum vitamin A 18,159 Vitamin A intake **0.0822 0.004 0.0264 0.265
4, Urinary thiamin/creatinine ratio 16,533 Thiamin intake *1.9702 0.002 **2.4585  0.031
4a, Log transformed urinary thiamin/creatinine ratio 16,533 Thiamin intake **0.0024 0.012 **0.0026 0.092
5. Urinary riboflavin/creatinine ratio 16,677 Riboflavin intake **1.2703  0.003 **15152 0.023
5a. Log transformed urinary riboflavin/creatinine ratio 16,677 Riboflavin intake *0.0019 0.025 **0.0019 0.092
6. Hb 17,238 Iron intake **~0.0151 0.010 —-0.0009 0.098
7. Hematocrit 17,238 Iron intake **-0.0195 0.023 -0.0011 0.115
8. Serum iron 17,200 Iron intake **-0.2968 0.044 **-0.0899 0.156
9. Transferrin saturation 17,200 Iron intake **-~0.0846 0.006 **-0.0385 0.096

1 Adjusted for race, sex, age, income above or below the poverty level, and urban or rural residence.
Notes: * p <0.05. (Refers to slope values significantly different from zero.)

** p <0.01.

Source: Kerr et al.: Relationships between dietary and biochemical measures of nutritional status in HANES | data. Am. J. Clin. Nutr 35:303, 1982.

Copyright © Am. J. Clin. Nutr.

individuals. The RDA’s are not standards for daily require-
ments but rather are standards for the average of usual
intakes over time. Because single-day assessments over-
estimate the number of habitually low intakes in a
population, use of the RDA as a standard for the 24-hour
recall data in NHANES grossly overestimates the number
of persons truly at risk of deficiency (40).

Relationships between dietary and biochemical
measures in NHANES I

Cross-sectional nutrition survey data should not be
used to indicate cause-and-effect relationships. How-
ever, a link between dietary intake of a particular nutri-
ent and its respective biochemical measure may be
found. To assess the predictive value of nutrition survey
data, Kerr et al. (41) examined the relationships between
dietary and biochemical indexes (of individual subjects)
for several nutrients evaluated by NHANES I.

Kerr et al. considered those nutrients for which both
dietary and biochemical values were available from
NHANES I data tapes. These included the intake of
protein, vitamin A, thiamin, riboflavin, and iron; serum
protein, albumin, and vitamin A; urinary
thiamin-creatinine and riboflavin-creatinine excretion
ratios; hemoglobin, hematocrit, percentage transferrin
saturation, and serum iron.

All dietary and biochemical data were expressed as a
percentage of the appropriate values for age and sex on
smoothed curves derived from commonly used refer-
ence standards. The reference standards for 24-hour
dietary recall data were derived from the 1980 RDA and
those for biochemical and hematological data were
adapted from minimal “acceptable” standards previ-
ously used in national nutrition surveys (36).

The results from the Kerr et al. study are presented
in table 9. Relationships between biochemical and di-
etary values were examined by regression analysis. First,
the effect of the nutrient intake (independent variable)

on the biochemical value (dependent variable) was ex-
amined under the heading ‘“‘unadjusted.” In a second
analysis, five additional independent sociodemographic
variables (race, sex, age, income below or above the
poverty level, and urban or rural residence) were added
to the regression equation. These results are under the
heading “adjusted.” The R? values indicate that nutrient
intake as assessed by a 24-hour recall is 2 poor predictor
of an individual’s biochemical values. The inclusion of
the five sociodemographic factors into the equation
improved the R? values considerably. These results im-
ply that the sociodemographic profile is a better predic-
tor of biochemical status than a 1-day reported dietary
intake.

These results demonstrate the difficulty of using
24-hour recall data to predict biochemical parameters.
The correct assumption may not be that no relationship
exists within the population, but rather that the methods
used to assess dietary intake are not sufficiently reliable
to truly estimate intraindividual variability.

Given a sufficiently large sample size, good esti-
mates of group mean nutrient intakes can be achieved
using 24-hour recall nutrient data. However, a large
group size does not eliminate the problems of using data
with a high intraindividual variance to perform correla-
tional or regression analysis. The largest source of in-
traindividual variation is the day-to-day variability in
nutrient intake (14). An increase in the number of days
measured is necessary to increase the reliability of the
estimate of usual intake. Replicate examination of 24-
hour recalls in a subsample of the population would at
least provide the information to calculate the magnitude
of intraindividual covariance (34).

Analyses using data from the dietary frequency in-
terview concerning food groups specific for certain food
components have revealed interesting associations (42),
and development of this method is worth pursuing.
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Table 10. Comparison of the percent of men and women aged
20-74 years in the first National Health Examination Survey (NHES
I) (1960-62) and first National Health and Nutrition Examination
Survey (NHANES 1) (1971-74) 10 and 20 percent or more above
desirable weight, by sex and age: United States

Percent deviating from desirable weight '—

10 percent or more 20 percent or more

Sex and age  1960-~62 1971-74 1960-62 1971-74
Men
20-25 years 22.2 18.5 9.6 7.4
25-34 years 28.7 30.3 13.3 13.6
35-44 years 31.8 39.1 14.9 17.0
45-54 years 36.9 35.7 16.7 15.8
55-64 years 36.4 34.0 15.8 15.1
65-74 years 33.5 32.5 14.6 134
20-74 years 32.1 32.1 14.5 14.0
Women
20-25 years 18.8 19.4 9.1 9.6
25-34 years 24.3 25.2 14.8 17.1
35-44 years 34.6 36.6 23.2 243
45-54 years 434 42.9 28.9 27.8
55-64 years 56.2 50.2 38.6 34.7
65-74 years 56.2 49.0 38.8 31.5
20-74 years 38.1 36.4 25.1 23.8

' Desirable weight estimated from regression equations of weight on
height for men and women aged 20—29 years, obtained from NHANES
I and used as the base for the findings in NHES 1.

Source: Adapted from: National Center for Health Statistics, S. Abra-
ham, C.L. Johnson, and M.F. Najjar: Weight and height of adults
18-74 years of age, United States, 1971-1974. Vital and Health
Statistics, Series 11-No. 211, DHEW Pub. No. (PHS) 79-1659. Public
Health Service. Washington. U.S. Government Printing Office, May
1979.

NHES and NHANES: Body composition
and obesity

Prevalence of obesity and overweight in
NHANES

The ranges of weight, height, and body fatness
found in NHES and NHANES I have been extensively
analyzed (43-50) and compared (51-53). Tables 10 and
11 and figure 1 present some of the important compar-
isons that have been published in the literature. These
examples are chosen for the extent to which they
condense information relevant to the following discus-
sion.

Analyses comparing NHES 1 data with NHANES I
data show a distinct trend toward taller and heavier
bodies and larger arm muscle areas in NHANES I (52,
53). These increases were evident across all age and sex
groups except women ages 55-64, who were actually 1
pound lighter in 1971-74 despite a 4-cm increase in
stature. Subscapular skinfolds increased in all but
women ages 55-64 years; triceps skinfolds decreased in
men ages 25-55 (figure 1).
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Table 11. Percent of persons in first National Health and Nutrition
Examination Survey (1971-74) who would be considered obese at
selected percentiles based on triceps plus subscapular skinfolds,
by age and sex

Percent obesity ! at selected percentiles
(cutoff for skinfold sums at each percentiie,
male/female ages 20-29)

85th percentile  90th percentile  95th percentile

or more or more or more
Sex and age (38/52mm) (43/58.5mm) (51.1/68mm)
Men
20-24 years 12.7 g.1 4.5
25-34 years 20.8 13.6 6.6
35-44 years 21.2 1141 3.8
45-54 years 20.8 1441 6.3
55-64 years 185 12.0 4.2
65-74 years 16.6 10.0 39
20-74 years 194 12.0 5.1
Women

20-24 years 13.2 8.1 3.6
25-34 years 21.0 14.4 8.0
35-44 years 30.7 19.9 10.3
45-54 years 37.1 23.8 11.0
55-64 years 36.4 23.2 10.6
65-74 years 26.1 23.2 6.3
20-74 years 27.7 17.8 8.5

1 Obesity measure is based on the sum of triceps and subscapular
skinfolds and is defined as the sex-specific 85th, 90th, and 95th
percentile for persons aged 20-29 years.

Source: Adapted from: National Center for Health Statistics, S. Abra-
ham, C.L. Johnson, and M.F. Najjar: Weight and height of adults 18-74
years of age, United States, 1971-1974. Vital and Health Statistics.
Series 11-No. 211. DHEW Pub. No. (PHS) 79-1669. Public Health
Service. Washington. U.S. Government Printing Office, May 1979.

These data indicate that Americans have been enjoy-
ing a continually favorable environment for growth over
the period from 1960 to 1974. The authors have also
interpreted the increase in body size to imply that the
samples from NHES I and NHANES I are not anthropo-
metrically comparable and therefore are unsuitable for
monitoring changes in obesity in the U.S. population
over time. By the same line of reasoning, these authors
propose that the old standards for obesity not be applied
to the new surveys.

It is important to know that height has increased -
before interpreting the meaning of increased body
weights in NHANES I relative to NHES 1. However, a
change in body dimensions does not alter the validity of
using relative measures of obesity such as the body mass
index (BMI) or skinfold thickness to predict body fat. If
this were otherwise, relative measures could not be used
to compare obesity within samples for which body
dimensions varied widely. An increase in arm circumfer-
ence and arm muscle circumference without a change in
skinfold thickness implies an increase of absolute body
fat as well as an increase in bone diameter and muscle
thickness. The amount of fat as a percent of total body
weight remains constant. The prediction of percent
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Figure 1. Comparison of median subscapular skinfold thickness, sum of triceps and subscapular skinfold thicknesses, median upper-arm muscle
area from first National Health Examination Survey (dot-dashed lines) and first National Health and Nutrition Examination Survey (dashed lines).
Arrows indicate change in the median for each age group as it aged 10 years. Source: Bowen, PE., and P.B. Custer. Reference values and age related
trends for arm muscle area, arm fat area, and sum of skinfolds for United States adults. J. Amer; Col. Nutr, 3:357-376, 1984. Copyright; used by
permission.
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body fat by skinfold thicknesses is improved only
slightly and inconsistently by inclusions of height,
weight, or arm circumferences as predictor variables
(54).

A second interpretation of the trend toward larger
body dimensions and skinfold thicknesses from NHES I
to NHANES 1 is that the differences are in part method-
ological. Weight and height are relatively easy measures
to replicate, but methods for obtaining skinfolds must be
highly standardized. Without constant training and re-
training of the technical staff, skinfold measurements
may vary among staff members. Expert trainers change
between surveys and may vary in their technique.
Springs in skinfold calipers wear out with constant use
and thus must be frequently calibrated. The skinfold
measurements in NHANES II are slightly higher than
those in NHANES I without a compensatory increase in
weight (55), indicating a slight change in technique
between surveys or equipment malfunction.

It is clear from the analysis of NHANES I and the
comparison of NHANES I with NHES I that greater than
ideal weights and larger than desirable skinfold measure-
ments exist in a substantial portion of the adult popula-
tion, particularly in middle-aged females and males and
especially among the poor. Obesity, as measured by
overweight and overfatness, is the most prevalent form
of malnutrition in the United States (tables 10 and 11).

The NHES and NHANES data sets support the well-
recognized fact that obesity is a major public health
problem. A particular strength of such data sets should
be their ability to provide us with standards for desirable
levels of skinfolds or weight standards based on the
minimization of disease risk and other negative func-
tional outcomes associated with overfatness. Such stand-
ards would allow us to quantify the degree of functional
obesity, as opposed to cosmetic obesity. Such standards
should have a high level of specificity and sensitivity to
aid in the survey’s functions of surveillance, screening,
and causal determination.

NHANES 1 data have provided the opportunity to
compare measures of body fatness with blood pressure
(42, 56, 57), serum urate and serum cholesterol (58), and
prevalence of diabetes (59). These analyses demonstrate
fairly linear relationships between indicators of health
risk on the one hand and increasing body weight, BMI as
measured by weight over height squared, and skinfold
thickness on the other. Individuals in the lowest 20th
percentile of weight, BMI, or skinfold thickness have
consistently lower indicators of diabetes and cardiovas-
cular disease risk than those with higher percentiles.
Thus, any increment in body fatness can be construed as
risk. NHANES II data will allow further assessment of
the association between obesity and indicators of health
risk or actual disease states such as osteoporosis and
hyperglycemia.

Based on the existing data from NHANES I, stand-
ards for obesity derived from negative functional out-
comes would need to be set far below the mean weights
or skinfolds of the U.S. population. Even a small amount
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of excess fat presents a health risk. There is little medical
rationale at this time for stating that 20% overweight
should be the cutoff for weight loss therapy intervention
with otherwise healthy adults, as did a recent National
Institutes of Health consensus panel (60). The disease
risk is less in all but excessively lean individuals, i.e.,
triceps skinfold <5 mm or relative weight <75% of
desirable weight (59, 60). The 20% overweight cutoff
rationale is essentially methodological. Overweight is
not specific for obesity at weights less than 20% above
desirable weight and may result from lean body mass.
Therefore, the cutoff of 20% above desirable weight is
more a function of the crudeness of our measurement of
obesity than a reflection of the cutoff for risk. NHANES
III should provide alternatives to relative weight esti-
mates of obesity.

A second asset of a large surveillance survey, such as
NHANES, in which multiple indexes of fatness are meas-
ured is the opportunity to determine which parameters of
obesity are most specifically correlated with disease out-
comes. Delineating the best criteria for obesity is partic-
ularly important for diagnostic and screening purposes.

In the NHANES analyses published to date, the BMI
has been the single highest predictor of serum choles-
terol, uric acid, and blood pressure (42, 58). Weight,
triceps or subscapular skinfolds alone, and the sum of
triceps and subscapular skinfolds are significantly, but
not as highly, related to disease risk. The relationship
between skinfolds and blood pressure tends to be non-
linear at the extremes of skinfold thickness. The linear-
ity of the relationship is not improved when skinfolds
are logged (57, 61).

Because the BMI is based on simple and readily ac-
cessible measurements, the BMI is gaining in popularity
as an obesity indicator. Its linear correlation with disease
outcomes is another strong point. However, the meaning
of the BMI is difficult to interpret. The BMI explains, on
the average, only 50% of the variation in skinfolds (61).
Therefore, it is not synonymous with adiposity. The BMI
explains less of the variation in body density than skin-
folds (61). The optimal BMI is not correlated to height,
but the power to which height must be taken to achieve
the optimal BMI differs with age and sex (50). The com-
monly used weight/height? is optimal only for middle-
aged males; thus, the meaning of the BMI is not the same
across age and sex groups unless the power to which
height is taken varies optimally with the group. Part of the
association of the BMI with the negative functional out-
comes of obesity is its association with aging, a stronger
association than for skinfolds (57).

Skinfold thicknesses are less precise measures than
height and weight but are more direct assessments of
actual adiposity than the BMI. In the case of hyperten- -
sion in persons aged 30-59 years, the relationship
between skinfolds and blood pressure is not age depend-
ent (57). Furthermore, all skinfolds are not equal in their
ability to predict the aspect of obesity related to disease.
By summing skinfolds, important predictive information
may be lost.
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Stepwise regression analysis of NHANES 1 data
shows that triceps skinfold has no ability to predict
either systolic or diastolic blood pressure after removing
the variance in triceps explained by subscapular skin-
fold. However, subscapular skinfold has significant pre-
dictive power beyond that explained by triceps (57).
This analysis is supported by other research indicating
that fat deposited on the trunk is the best predictor of
blood pressure, diabetes, and elevated lipids (62-65). In
some cases, triceps skinfold may even be a negative
predictor variable (63). Subscapular skinfold, although
relatively reliable and easily obtained, is probably not
the skinfold of choice for predicting centralized obesity.
A better estimate would be less highly correlated to
peripheral body fat. Such a skinfold might be obtainable
from an abdominal site such as the iliac crest.

Two new skinfold sites, the iliac crest and calf
skinfolds, were included in the Hispanic HANES proto-
col. This trend toward increasing the diversity of meas-
ures for estimating obesity should continue in NHANES
III. When anemia was identified as a significant public
health problem from NHANES I data, the sophistication
and number of measurement tools for iron status in-
creased in NHANES II. Likewise, the tools used to
measure obesity should be sharpened in NHANES III so
that health outcomes may be clarified. It is particularly
important to include measures that distinguish between
peripheral and centrally located body fat and those that
are sensitive and specific indicators at lower levels of
adiposity. By the criteria of precision, the calf skinfold is
properly not included in NHANES III, although it does
give important information about peripheral body fat.
The biceps skinfold is a more precise alternative. The
addition of simple circumference measures, such as the
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minimum waist and maximum hip circumferences or
diameters, would meet the criteria both of precision and
of identifying centralized obesity. More sophisticated
techniques for measuring adiposity should be included
in NHANES as these become practical for field studies.

Relationship of obesity to caloric
consumption and activity levels

Obesity results from excess caloric consumption
relative to need. Factors that influence caloric require-
ments are age and growth rates, lean body mass, genetic
variations in metabolic efficiency, less commonly meta-
bolic abnormalities and disease states, and levels of
physical activity. NHANES I data provide some evidence
that caloric intake is related to reported levels of physical
activity (table 12), although reported recreational activ-
ity levels accounted for, at most, 6.2% of the variance in
caloric intake. A corollary finding is that obesity as
measured by the sum of triceps and subscapular skin-
folds is negatively associated with reported caloric con-
sumption. These two findings support the conclusion
that obesity in the United States is 2 function of under-
activity rather than overeating.

Within samples of persons of similar sex and weight,
activity levels predict actual energy needs. Among these
groups, activity levels should be considered important
nutrition variables. However, among persons of widely
differing weights, the major predictors of energy needs
are body weight and lean body mass (66). These variables
predict both the resting metabolic rate and the caloric
cost of physical exertion. Except among those engaged in
intensive bouts of activity, the resting metabolism ac-
counts for the largest percent of a day’s energy needs.

Table 12. Correlation coefficients among the sum of triceps and subscapular skinfolds, age, caloric intake, and recreational and
nonrecreational activity, by race and sex, in persons aged 12~74 years participating in the first National Health and Nutrition Examination

Survey, 1971-74

Correlation coefficients '

Male Female
White Black White Black
ltem (n = 5,141) (n = 1,095) (n = 7,339) (n = 1,766)

Skinfold sum by:

Recreational activity 2 -0.165 -0.198 -0.216 -0.245

Nonrecreational activity 2 ~0.140 -0.078 -0.121 -0.137

Reported keal intake -0.117 -0.049 -0.187 ~0.168

Age 0.162 0.184 0.233 0.284
Reported kcal intake by:

Recreational activity 0.190 0.248 0.126 0.181

Nonrecreational activity 0.180 0.228 0.074 0.096

Age -0.394 -0.368 -0.247 ~0.326
Age by:

Recreational activity -0.390 -0.556 -0.294 -0.360

Nonrecreational activity -0.253 -0.329 -0.151 ~0.190

* Significant at p <.05if r = .062; at p < .01 if r = .081.

2 3-point self-reported exercise score: Little or none = 1, moderate = 2, much = 3.
Source: Blair, D. The energy expenditure and activity levels of lean, adult-onset, and child-onset obese women. Unpublished dissertation data.

Cornell University, 1980.
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The data that indicate obesity as a function of
inactivity rather than caloric intake may be an artifact of
reporting differences between the obese and lean. Meas-
ures of both reported dietary intake and self-reported
activity levels depend highly on subject self-perception.
In these measures, no reporting bias between the obese
and lean is assumed. Existing data imply that such
reporting biases may exist and may skew the results.

First, it was assumed in NHANES I that a given
amount of inactivity means the same for an obese person
as for a lean person. In a small study of energy expend-
iture in obese and lean women (66), the self-rated
activity scores used in NHANES I were compared with
actual measured energy expenditure and time spent in
activities by middle-aged females. In lean women, the
correlation between the NHANES I recreational activity
scale and the actual measured time per day spent at
energy expenditure levels >6 kcal/min was 0.912 (n =
8). For obese women, the correlation was 0.174 (n =
15). The obese women tended to rate themselves as
inactive whether or not they were active. The NHANES
I nonrecreational activity score showed no correlation
in either group to the actual time per day spent in
medium to heavy work (» = 0.002, n = 23). These data
indicate that self-reported recreational activity scores
underrate activity in the obese (67).

Second, the 24-hour recall of dietary intake is a
situation that favors underreporting of large intakes (38).
Underreporting may be more predominant in the obese
than in the lean. Several studies have shown that the
accuracy of recall methods of estimating dietary intake
in obese subjects depends on the extent of the probing
techniques. Caloric intakes reported by 24-hour recall
methods were originally lower in the obese than lean
adults but were significantly higher in the obese when
dietary history techniques were employed (68, 69).

The scope of nutrition surveillance includes the
provision of information that will “contribute to the
analysis of causes and associated factors and so permit a
selection of preventative measures which may or may
not be nutritional”” (70). Obesity has been delineated as
a major public health problem by NHANES and other
large surveys such as the Framingham Study. To fulfill
the surveillance objective of causative and associative
analysis, measures that attempt to delineate differences
between the obese and lean must be quantitative, must
put less emphasis on subject perception, and should take
advantage of existing probing techniques.

Implications for development of
indicators of body composition, dietary
patterns, nutritional status, and physical
fitness

In this review, we have attempted to summarize the
most salient findings from the NHANES series. Some of
these findings are clear cut. Others are clouded by
interpretive difficulties. Differences observed in indica-
tors may result from real changes in the underlying
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phenomenon or may be artifacts of changes in measure-
ment or statistical methods. Limitations in the interpret-
ability of NHANES data restrict the usefulness of the data
for policymakers and program planners. We suggest the
following eight steps as possible remedies:

1. Define the objectives of the data collection
and analyses

NHANES data are used to ascertain the prevalence of
states of health and of health risk factors in the U.S.
population, to estimate differences in these prevalences
among population subgroups, to identify potentially
important determinants of these differences, and to
estimate the impacts of these determinants on the ob-
served differences in prevalence. NHANES data are also
used in setting normative standards such as “growth
standards.” These objectives cannot be met by measur-
ing only the outcomes of concern (e.g., health, nutri-
tional status, physical fitness). They also depend on the
design of the surveys and on the design of the statistical
analyses of the data. For all these objectives, except for
estimating the absolute prevalences, other kinds of data
need to be collected.

It is critical to identify population groups for com-
parisons (e.g., targeting of programs) and to collect the
appropriate data to meet these specific objectives. If the
data are used to investigate the existence and impact of
determinants, then the determinants must themselves be
correctly measured. For example, studying the effect of
food stamps requires knowledge not only about eligibil-
ity and present use of food stamps but also about the
extent and timing of past use. Other determinants of
outcome may confuse interpretation of the results unless
they are identified and correctly measured. (For example,
racial effects on hemoglobin, independent of income,
must be taken into account because they will otherwise
exaggerate the impact of poverty on anemia rates.) Often
one will wish to measure factors (such as food intake) that
are thought to covary with both a determinant (such as
poverty) and an outcome (such as anemia). None of these
needs for ancillary data collection is usually considered
in discussions about indicators, nor will we consider
them at greater length here. Nonetheless, they are as
important to meeting NHANES objectives as are correct
choice and measurement of the indicators (71).

2. Define the phenomenon that the indicator is
supposed to reflect

The papers commissioned for this compendium,
Assessing Physical Fitness and Physical Activity in
Population-Based Surveys, have helped to define those
underlying qualities of physical fitness that are desirable
to measure. A similar process has been undertaken with
dietary intake and body composition. When the phe-
nomena of interest are carefully defined, it is possible to
ascertain the match between indicators and the actual
phenomena of interest.

The clarification of phenomenon-indicator relation-
ships is a process that needs to be continued with other
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nutrition variable categories, such as nutritional status,
in the context of the specific purposes for which
NHANES is designed. Developing such a consensus will
require efforts similar to this one on physical fitness and
the NHANES III Dietary Survey Methodology Workshop
in March 1986.

3. Develop and validate responsive and specific
indicators

Once the phenomena are defined and operational-
ized, indicators that are responsive to changes in the
specific underlying phenomenon can be developed and
validated. This usually proceeds by identifying indica-
tors in clinical settings that are responsive in some range
of the underlying phenomenon and then ascertaining
the extent of the range of responsiveness. For instance,
hemoglobin is responsive to improvement in very defi-
cient iron nutriture but not in moderate deficiency;
ferritin, an indicator of iron stores, is not responsive in
the very deficient range because the stores remain empty
as iron is incorporated into hemoglobin. Ferritin be-
comes more responsive as deficiency decreases. Once
the responsiveness has been ascertained in clinical set-
tings, it must be examined in free-living populations,
where the responsiveness is usually attenuated (71).

NHANES planners are often urged, for the reasons
given in this review, to adopt functional indicators of
nutrition status such as cognitive development and
disease response. However, these indicators have been
shown to be responsive only in severe to moderately
severe malnutrition, levels that are more sensitively and
specifically picked up by clinical, anthropometric, and
biochemical indicators already in use in NHANES. These
are also levels of malnutrition so rare in the United States
that the prevalences are too low to be picked up by
NHANES.

The indicator should be responsive to changes in the
underlying phenomena of concern but should not be
responsive to other determinants. Optimally, the indica-
tor should be specific to the phenomenon of concern. In
reality, the goal should be to choose indicators that are
least likely to be affected by determinants that confuse
or confound the interpretation of the findings.

This goal requires an examination of the kinds of
findings one expects from NHANES. For instance, if
NHANES data are to be used to determine whether or not
poverty is an important determinant of malnutrition,
indicators of nutritional status should not be strongly
affected by other factors associated with poverty. In this
case, cognitive development would be a particularly
poor indicator for assessing the nutritional status of the
poor.

Few indicators are perfectly specific. Sometimes a
number of indicators can be found for the same under-
lying phenomenon that are affected by different con-
founding factors. Appropriate analysis of these combi-
nations can then give reasonable estimates of the
underlying phenomenon (21).

Sometimes the major confounding factor is known
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and can be quantified. Low serum albumin, an indicator
of severe protein-energy malnutrition, may also be
caused by nephrosis. Proteinurea, a diagnostic test for
nephrosis, could be used as a marker for eliminating
suspect cases from the analysis.

4. Document the reliability of indicators

Factors that affect the indicators independently of
the underlying phenomenon affect not only the speci-
ficity of the indicator but also its responsiveness. Re-
sponsiveness can be thought of as the degree to which a
signal can be differentiated from background noise. The
signal is the actual change of the indicator in response to
a change in the underlying phenomenon. The back-
ground noise is the random responses of the indicator to
all other determinants. The more the random changes
resulting from other factors or determinants, the lower is
the responsiveness of the indicator to the signal in
question. Some of this noise created by peripheral
factors can be quantified by repeating measurements of
an indicator over time while the underlying phenome-
non remains constant. An indicator that varies only
slightly from measurement to measurement relative to its
overall range in a population is said to be reliable.

Knowledge about the reliability of NHANES data is
essential for its interpretation, as is discussed under
point 5. Therefore, in NHANES, replicate measures
should be collected in a small subsample of subjects over
a few weeks, as was done for anthropometry in NHES II
(72) and NHANES II (73), and then the results should be
published.

The noise that contributes to unreliability is made
up of measurement variability and of variability of the
indicator itself, which is independent of changes in the
underlying reality. The measurement variability is called
imprecision, and the variability of the indicator itself
can be named undependability (74). Unreliability, impre-
cision, and undependability can be quantified and re-
lated to each other (74).

5. Document the precision of an indicator and
improve it if necessary

Imprecision is estimated by repeated measurements
of a stable indicator performed without knowledge of
the previous measurements. For indicators that can be
expected to fluctuate over a timespan, the repeat meas-
urements must be done over shorter timespans. Such
data are currently collected through NHANES for anthro-
pometry and could be collected for almost all measured
(in contrast to interview) data. This imprecision should
be documented, the range of imprecision over measur-
ings and over time should be analyzed, and the results
should be examined to see if greater precision is neces-
sary.

If reliability (73) is poor (for instance, <90% in
anthropometry) and if imprecision is a large component
of unreliability, then increases in precision should be
sought either through improving the measurement
methodology or through repeated, independent meas-

=
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ures that are then averaged (74). For example, triceps
skinfolds have a reliability of 86% in men in NHANES II
(73) and imprecision makes up 96% of the unreliability.
The average of two measures of triceps skinfold in-
creases reliability to 93%. Thus it is worth continuing
the present NHANES practice of measuring skinfolds
twice and using the average.

Another important comcern about precision is
whether or not there are biases in measurement between
the groups being compared. For example, different
technicians may measure different groups or the obese
may appear to eat less than others because they under-
report food ingestion. Biases in measurement may also
occur over time (unintentional changes in methodol-
ogy). The biases in measurement among groups can be
caused by inadequate randomization of measurers across
groups; the extent to which this can occur needs some
attention and documentation from NCHS analysts, al-
though it is unlikely to be a serious source of error in
NHANES. Differences in measurement resulting from
characteristics of those being measured should be an
object of scientific research fostered by NCHS.

Secular changes in methodology are the curse of any
monitoring survey. The methodology to identify such
shifts needs to be developed and implemented over all
the important NHANES core variables. An example of
the beginning of such work is the attempt to estimate the
extent of the method-related shifts in values for hemo-
globin and skinfolds between NHANES I and II. This
includes inspection of the means and distributions over
time and within surveys. It also includes looking at
changes in factors that are important covariants of the
indicator variable. For instance, weight and skinfolds
usually vary together, but weight has not increased
between NHANES I and II, as have skinfolds. Once a
methodological shift is identified, it is important that
data users be made aware of the fact and that appropriate
statistical corrections be performed.

6. Improve dependability if necessary and
possible

Undependability is calculated from unreliability and
imprecision (73, 74). If reliability is poor and undepend-
ability is a large component of unreliability, an attempt
should be made to increase dependability. This can be
done by one of the following methods.

® Identify determinants that cause the random vari-
ability in the indicator and either stratify the
measurements so as to control for this variation,
or measure the determinant and control for it in
the statistical analysis. For instance, the time of
day is often a powerful determinant of the level of
an indicator, such as transferrin saturation. Meas-
uring everybody at the same time of day would
reduce this undependability. Where this is imprac-
tical, recording the time of day and introducing
this variable into the statistical analysis can
achieve the same end (75).
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¢ The mean of repeated measurements taken over a
long enough timespan will be more reliable be-
cause both undependability and imprecision are
reduced. This is the solution usually prescribed
for improving the usefulness of dietary intake
data. These data are notoriously unreliable in that
the within-person day-to-day variability is very
high relative to the phenomenon of concern, the
between-person variability in usual intake.

¢ For some uses, estimates of the unreliability based
on replicate measurements, as recommended in
point 4, would be sufficient. These uses include
but are not limited to estimating the likely qtian—
titative relationships among underlying phenom-
ena through regression and correlation coeffi-
cients (see point 7) or estimating the prevalences
of the phenomenon of concern—for example,
using dietary survey data to estimate the preva-
lence of dietary intakes inadequate to meet nutri-
tional requirements (76).

It is particularly important to note that better meas-
uring methodology, which only improves precision, is
not the answer to remedying unreliability, which results
from undependability.

7. Consider the impact of unreliability in
estimating prevalence and differences in
prevalence

NHANES data are used to estimate the prevalences of
various phenomena and to identify and estimate differ-
ences in these prevalences within and across NHANES.

It is now becoming clear that estimating prevalences
of underlying phenomena through counting persons
who fall above or below a specified level (a cutoff point)
of an indicator is fraught with major difficulties (34),
especially if the indicator is unreliable (77). The results
often yield unacceptable numbers of false positive cases.
In theory these mistakes could be corrected, but in
practice this seems unfeasible. Other methods have been
suggested, such as comparing distributions of popula-
tions containing nonhealthy individuals with healthy
populations (21, 75, 78) or with other standards (76).
Unreliability will affect these alternative methods for
estimating prevalence, but the extent of error has not yet
been investigated. In fact, absolute prevalences are rarely
required for any important decisions. A twofold mistake
is often acceptable, but not the fivefold to tenfold errors
sometimes being made.

More exactitude is required in identifying differ-
ences in prevalence. Often the most powerful test for
identifying differences in prevalence is the statistical test
for the difference in indicator means (77). The advantage
of this test is that data on the indicator’s precision and
dependability can be used directly to ascertain how
much they affect the statistical test (74). The estimate of
the magnitude of the differences can then proceed using
less powerful methods, where again the exact magni-
tude is not usually important.
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8. Take reliability data into account in
multivariate analysis

Examining NHANES data to identify determinants of
outcomes and to estimate the impact of these determi-
nants involves comparing different levels of the deter-
minants with different levels of the outcomes. Because
of the need to take many determinants into account at
the same time, one usually uses multivariate analysis
techniques. If ordinary least-squares techniques are em-
ployed, the reliability of the indicator can determine
whether the indicator can be used for these analyses. For
instance, it is useless to compare NHANES 24-hour recall
data on dietary intake of vitamin A with vitamin A
nutritional status because the reliability of 24-hour vita-
min A intake is close to zero in the United States, and
therefore the best #* that could be expected would be
statistically insignificant. Sempos et al. (79) show how
one calculates the number of times one needs to measure
vitamin A intake in each individual to be able to use such
data in multivariate analyses. This is clearly impossible
in the NHANES context. In this case, another solution
must be sought. For instance, a recall of the frequency of
consumption of foods rich in vitamin A is feasible and
would certainly be more reliable than the 24-hour recall.
Such a solution, however, remains to be developed and
validated.

If the indicator’s reliability is adequate, then one can
use the reliability data to estimate the maximum associ-
ation (maximum r?) that can be expected (74). It is this
maximum expected proportion of the 7%, and not the
absolute value of the 72, that is important in interpreting
the data. For some indicators, the maximum expected 7*
is 10%, in which case an actual 7% of 5% would indicate
a strong association. Reliability data can also be used to
see how much unreliability attenuates the estimate of
the magnitude of impact.

If the eight points outlined here were followed
during the appropriate phases of the NHANES III design,
implementation, and analysis, the resulting information
would be readily interpretable and usable by policy
planners. The survey represents a monumental and
expensive effort of data collection and processing. Its
continued funding rests on the data’s usefulness, which
is in turn dependent on the specificity and sensitivity of
its indicator variables and the components of its reliabil-
ity. Every step must be taken to promote the continued
improvement of the reliability of the NHANES data so
that results of high quality, continuity, and applicability
may be assured and so that the survey’s diverse functions
can be achieved.
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Part I I

Fundamental Perspectives on
Health-Related Physical Fitness
and Cardiopulmonary Health



Chapter 4

Design Issues and Alternatives in
Assessing Physical Fitness Among
Apparently Healthy Adults in a Health
Examination Survey of the General

Introduction

In 1980, the U.S. Public Health Service published a
report entitled Promoting Health/Preventing Disease:
Objectives for the Nation (1). This document presented
a series of goals and objectives formulated in each of 15
priority areas of concern for health promotion and
disease prevention. These goals and objectives repre-
sented the consensus of more than 500 individuals and
organizational representatives from the public and pri-
vate sector, each with expertise in one or more of these
15 designated areas. The areas addressed included: High
blood pressure control, family planning, pregnancy and
infant health, immunization, sexually transmitted dis-
ease control, toxic agent and radiation control, occupa-
tional safety and health, accident prevention and injury
control, fluoridation and dental health, surveillance and

Note: Parts of this chapter were adapted with permission from:
Wilmore, J.H., and D.L. Costill. Training for Sport and Activity: The
Physiological Basis of the Conditioning Process. 3rd edition. Boston:
Allyn and Bacon, 1987.

Population

Jack H. Wilmore, Ph.D.
University of Texas, Austin

control of infectious diseases, smoking and health, pre-
vention of misuse of alcohol and drugs, improved nutri-
tion, physical fitness and exercise, and control of stress
and violent behavior.

For each of the 15 priority areas, the report briefly
outlined the nature and extent of the specific problem
area, described and evaluated available health promo-
tion and disease prevention measures, and identified
national objectives. The objectives were identified in
sets under the following categories: Improved health
status, reduced risk factors, increased public or profes-
sional awareness, improved services or protection, and
improved surveillance or evaluation systems. The spe-
cific background information and recommendations in
the area of physical fitness and exercise are presented in
appendix A.

Since the publication of this report, much progress
has been made in implementing plans for attaining these
national objectives (2). This has been particularly evi-
dent in the specific area of physical fitness and exercise,
with increased Government funding of basic research on
the role of physical fitness and exercise in promoting
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health and preventing disease. However, in the establish-
ment of the objectives in the area of physical fitness and
exercise, there were few data sets that provided accurate
information on the existing fitness levels and exercise
habits of the American population. Although national
estimates of the physical fitness status of children and
youth have been collected for more than 25 years, data
on the physical fitness status of American adults drawn
from national probability samples do not exist. Without
a representative data base, it would be impossible to
assess changes in the population as a result of various
intervention strategies. Thus, staff of the National Center
for Health Statistics (NCHS) have recently added more
appropriate questions on exercise to their population-
based surveys and have begun to explore how national
assessments of physical fitness might be developed
within the context of ongoing NCHS data systems.

The purpose of the present paper is to provide a
broad overview of design issues and alternatives in
assessing physical fitness among apparently healthy in-
dividuals in a health examination survey of the general
population. The term “apparently healthy individual’
refers to those individuals with no known disease who
are asymptomatic for any disease. Physical fitness assess-
ment in special populations, such as children, the eld-
erly, and patients with specific diseases, presents unique
design problems that are not addressed in this chapter
but will be addressed in other chapters in this book.
Further, a recent book edited by Skinner, Exercise Test-
ing and Exercise Prescription for Special Cases, pro-
vides considerable detail in this area (3). This paper will
initially attempt to answer the question, What is physical
fitness? The specific components that combine to form
the entity “‘physical fitness’” will then be isolated, de-
scribed, and discussed. This will be followed by a
discussion of both laboratory and field assessment tech-
niques for assessing each of the identified components
of physical fitness, with an emphasis on the strengths
and weaknesses of each technique, including adminis-
trative concerns. Finally, on the basis of this review, a
recommendation will be made regarding the appropriate
battery for assessing physical fitness in the context of an
examination survey of the general population.

Physical fitness: A definition and an
analysis of its components

Physical fitness is a term that is used frequently, but
often in quite different contexts. The drill sergeant in the

Marine Corps has his or her own unique definition of

physical fitness, which is based on a perception of what
attributes Marine recruits need to prepare themselves for
a state of military emergency. The high school track
coach, who has the responsibility of optimizing the
performance of highly skilled athletes, has a definition
of physical fitness that is likely to differ considerably
from that of the drill sergeant. In fact, the track coach
may define fitness differently for each athlete on the
basis of his or her event because each event has its own

J. H. Wilmore

specific requirements. The physical education specialist
in the elementary school and the pediatrician will also
differ in their definitions of physical fitness based on
their different professional perceptions of the growing
child.

A definition of physical fitness

Because of these different definitions, physical fit-
ness would appear to be an amorphous term, defying
precise definition. However, a detailed analysis of the
definitions of the drill sergeant, the track coach, the
physical education specialist, and the pediatrician
would reveal that their differences are more a matter of
emphasis than substance. This becomes clear after re-
viewing the classic definitions of physical fitness that
have been reported in the literature over the years. In
1963, Hunsicker (4) stated that there were several oper-
ational definitions of physical fitness, which included:
(a) Freedom from disease and disability, (b) the ability of
the organism to maintain the various internal equilibri-
ums as closely as possible to the resting state during
strenuous exertion and to restore promptly after exercise
any equilibriums that have been disturbed, and (c) the
ability to meet the physical demands of one’s daily
routine and possess sufficient reserve for additional
activities. Getchell (5) defines physical fitness as the
capability of the heart, blood vessels, lungs, and muscles
to function at optimal efficiency, with optimal efficiency
defined as the most favorable health needed for the
enthusiastic and pleasurable participation in daily tasks
and recreational activities.

Throughout the years, classic tests of physical fit-
ness, such as those developed and promoted by the
American Alliance for Health, Physical Education, Rec-
reation, and Dance (AAHPERD) (6) and the President’s
Council on Physical Fitness and Sports (7), have con-
tained a mixture of items, such as the pullup or flexed-
arm hang, situp, standing long jump, shuttle run, 50-
yard dash, 600-yard run, and softball throw for distance.
There has been considerable debate, however, over the
appropriateness of a number of these test items for a
physical fitness test battery. Pate (8) has made an impor-
tant distinction between motor fitness, or athletic fit-
ness, and health-related physical fitness test items.
Health-related physical fitness includes the components
of cardiorespiratory endurance, muscular strength and
endurance, body composition, and flexibility. Motor
fitness includes each of the health-related physical fit-
ness components in addition to the components of
agility, power, speed, and balance. He defines health-
related physical fitness as the ability to perform strenu-
ous physical activity with vigor and without excessive
fatigue and a demonstration of physical activity traits
and capacities that are consistent with minimal risk
ofdeveloping hypokinetic diseases, i.e., diseases associ-
ated with physical inactivity.

The distinction between motor fitness and health-
related physical fitness is an important one when con-
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templating the design of a physical fitness test battery for
a national examination survey of the general population.
From the examples used in the introduction to this
section, the drill sergeant, track coach, and physical
education specialist would be most concerned about
motor fitness, with a different emphasis being placed on
each of the specific components. Conversely, although
the pediatrician recognizes the importance of proper
development of motor fitness in the growing child, his
or her major concern would be with health-related
physical fitness.

Health-related physical fitness components

For the purpose of this paper, the sole emphasis will
be on the health-related aspects of physical fitness.
Health-related physical fitness includes only those fit-
ness components that directly relate to disease preven-
tion, health promotion, or both (8). These components
have been recently defined by AAHPERD as cardiorespi-
ratory endurance, muscular strength and endurance,
flexibility, and body composition (8). Each of these
components will be defined, described, and briefly
discussed. Other components such as balance and reac-
tion time become important in the aging population, but
these will not be discussed.

Cardiorespiratory endurance

Cardijorespiratory endurance can be defined as the
ability to perform high-intensity activity for a prolonged
period of time without experiencing fatigue or exhaus-
tion (9). It differs from muscular endurance in that it
involves total body activity, which is limited by cardio-
vascular and respiratory factors. Muscular endurance, on
the other hand, refers to the ability of a single muscle or
a muscle group to sustain prolonged exercise, either of a
rhythmical and repetitive nature, e.g., pullups, or of a
static nature, e.g., sustained isometric contraction. A
highly developed cardiorespiratory endurance capacity
is typified by the marathon or cross-country runner or
cross-country skier, who is able to run or ski long
distances at a fast pace.

Exercise scientists agree that the best measure of
cardiorespiratory endurance capacity is one’s maximal
oxygen uptake (10). In the research laboratory, oxygen
uptake is measured directly while the individual exer-
cises at increasing intensities on either a treadmill or
cycle ergometer. Although other types of ergometers can
be used, the treadmill and cycle ergometer are by far the
most common. As the intensity of exercise increases, the
oxygen uptake increases in direct proportion. Eventu-
ally, the individual will reach his or her maximum ability
to deliver oxygen to the active tissue; i.e., the oxygen
uptake will plateau as the rate of work continues to
increase. This is illustrated in figure 1 using two exam-
ples, a highly fit athlete and an unfit individual. The
individual is at or near exhaustion when oxygen uptake
plateaus. The value achieved at the point of the plateau
is referred to as the maximal oxygen uptake (VO,max).
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Figure 1. Maximal oxygen uptake in a trained and untrained individ-
ual, determined on a treadmill using increases in speed with the grade
held constant at 0.0 percent.

With respect to the two examples in figure 1, the higher
VO,max of the trained athlete allows him to run on the
treadmill at substantially higher speeds than the un-
trained individual. This is an important point, for several
of the field tests used to estimate maximal oxygen
uptake are based on this linear relationship between
speed and oxygen uptake capacity.

Because oxygen uptake represents the product of
cardiac output and arteriovenous oxygen difference,
VO,max represents the ability of the individual to max-
imize both oxygen delivery, i.e., cardiac output, and
oxygen extraction, i.e., arteriovenous oxygen differ-
ence. Maximal cardiac output is determined by the
interaction of heart rate and stroke volume. Maximal
heart rates do not usually differ significantly between
highly fit and unfit individuals of the same age. In fact,
highly fit individuals tend to have slightly lower maxi-
mal heart rates than low-fit individuals (9). High-fit
individuals also have, however, considerably higher
stroke volumes at the point of maximal exercise than
unfit individuals. Arteriovenous oxygen difference is
determined by one’s ability to extract oxygen at the
active site of muscular contraction. Again, the more fit
individual appears to have achieved adaptations through
training that allow greater extraction of oxygen at the
tissue level. The combination of a higher stroke volume
and an increased ability to extract oxygen in the muscles
provides the highly trained individual with a greater
cardiorespiratory capacity, which is reflected in a high
VO,max compared with the untrained individual.

Maximal oxygen uptake values relative to fitness
category and age are presented in table 1 and figure 2.
Values of athletes trained in different sports are pre-
sented in appendix B, table B—1. VO,max is a particu-
larly good index of cardiorespiratory endurance capac-
ity, as it is highly responsive to changes in the activity
level of the individual. With endurance training, VO,
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Table 1. Maximal oxygen uptake values, by age and fitness level

J. H. Wilmore

Maximal oxygen uptake, ml-kg™'-min™!

Age Low Fair High
10-19 years Below 38 38-46 47-56 57-66 Above 66
20-29 years Below 33 33-42 43-52 53-62 Above 62
30-39 years Below 30 30-38 39-48 49-58 Above 58
40-49 years Below 26 26-35 36-44 45-54 Above 54
50-59 years Below 24 24-33 34-41 42-50 Above 50
60-69 years Below 22 22-30 31-38 39-46 Above 46
70-79 years Below 20 20-27 28-35 36-42 Above 42

Note: Because values for females are generally 20 percent lower, on the average, than values for males, normal values for females can be obtained
by shifting over one category to the right; e.g., the “fair” category for males would be considered “good” for females.
Source: Adapted from: Wilmore, J.H. Training for Sport and Activity: The Physiological Basis of the Conditioning Process. Second Edition. Boston: Allyn

and Bacon, 1982, p. 274.

max will increase in proportion to the training stimulus,
i.e., intensity, duration, and frequency of exercise (11).
Likewise, with physical inactivity or bed rest, VO,max
will decrease accordingly (12). A word of caution must
be raised at this point. There is a strong genetic compo-
nent that influences one’s VO,max. This was first dem-
onstrated by the work of Klissouras (13), who concluded
that 93.4% of variation in VO,max was genetically
determined. In a recent review of literature on the
genetics of physiological fitness, Bouchard and Malina
(14) indicate that the genetic component is not as
dominant as was initially proposed by Klissouras. They
conclude, on the basis of their analysis of the literature
in this area, that heritability accounts for not more than
40% to 60% of the overall variability in VO,max, and
possibly less. (Refer also to chapter 19.)

The concept of heritability of any physiological
variable is of particular importance to cross-sectional
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Figure 2. Maximal oxygen uptake in highly trained, active, and
inactive individuals with aging. Adapted from Wilmore, J.H. The Wil
more Fitness Program. New York: Simon and Schuster, 1981.

epidemiological studies. Using VO,max as an example,
several studies have conducted cross-sectional examina-
tions of large populations and have made the assump-
tion that VO,max is an accurate index of general physi-
cal activity level (15-17). Saris et al. (18) and Noonan
(19) have recently demonstrated that there is not a close
relationship between physical performance capacity or
VO,max and daily physical activity levels, as estimated
by 24-hour heart rate monitors. Saris et al. (18) reported
that children ages 4—6 and 8-12 years with high physical
performance capacities spent fewer minutes with their
heart rates in an active zone of 125 to 176 beats per
minute than those with low physical performance ca-
pacities. Noonan (19) found no difference in physical
activity levels across tw