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Introduction

The third National Health and Nutrition Examination
Survey (NHANES III) is the seventh in a series of national
examination studies conducted in the United States beginning
in 1960. Three of these studies, the National Health Examina-
tion Surveys (NHES) (1–3) were conducted in the 1960’s.
Beginning in 1970 a large nutrition component was added to
the basic design, and the name was changed to the National Health
and Nutrition Examination Survey (4–6). A special study of
Hispanic populations in the United States was conducted in
1982–84 (7). These studies have contributed to our knowledge of
public health in the United States and have contributed to the
formulation and conduct of public health policy.

Planning for the NHANES III began in 1985 with a broad
solicitation for topics to be considered for inclusion in the
survey. Announcements were published in professional jour-
nals and newsletters, and letters were sent to all parts of the
Public Health Service and other parts of the Federal Govern-
ment. As a result of this solicitation for topics, about 100
suggestions were received. All of these suggestions were
considered and some were developed into 30 detailed propos-
als by the National Center for Health Statistics (NCHS) staff
and collaborators and were peer-reviewed by 20 staff members
at the NCHS. Evaluation criteria were: scientific worth, public
health importance, practical utility, and feasibility. Protocols
for the worthy proposals were developed by NCHS staff and
Federal collaborators, and these projects were tested during
the three pilot studies and the dress rehearsal. The topic areas
included in the NHANES III and their rationale, aims, and
methods are described in this report.

As a result of the broad solicitation for topics, many parts
of the Public Health Service and other parts of the Federal
Government displayed great interest in collaborating with
NCHS on the design and operation of the NHANES III and
the analysis of the data. The NHANES III Research Consor-
tium of Federal Agencies resulted from this interest.

The goals of the NHANES III are in many respects
similar to those of earlier NHANES:

1. to estimate the national prevalence of selected diseases and
risk factors

2. to estimate national population reference distributions of
selected health parameters

3. to document and investigate reasons for secular trends in
selected diseases and risk factors

4. to contribute to an understanding of disease etiology
5. to investigate the natural history of selected diseases

Previous NHANES have shared the first three of these
goals, but the last two are new for the NHANES III. The
previous NHANES were designed as descriptive surveys and
sometimes used for analytic purposes. The NHANES III has
been designed to be both a descriptive survey and an analytic
study as well, and the last two goals in the list reflect this new
analytic intent of the study design. The NHANES III was also
intended to be a longitudinal study enhancing the analytic
goals of the study.

The sample for the NHANES III was selected from
households in 81 counties across the United States. The survey
period is 1988–94, consisting of two phases of equal length
and sample size. Both Phase 1 and Phase 2 comprise random
samples of the U.S. population living in households. About
40,000 persons 2 months of age and over were selected and
asked to complete an extensive interview and an examination
in a large mobile examination center.

The goals of the NHANES III included the need for
precise descriptive information on the health status of selected
population groups of the United States and required that these
groups be sampled in large proportions to ensure the precision
of the information. Children aged 2 months to 5 years and
persons 60 years of age and over comprised two of these
groups. Children in this age group represent about 23 percent
of the NHANES III sample but only 9 percent of the U.S.
population. Growth charts were produced from the NHANES
I, NHES II, and NHES III (8) and have been used worldwide
as a reference standard, although with some known method-
ological limitations. Revised growth charts, which required
about 9,400 children aged 2 months to 5 years to obtain
estimates of the required precision, will be produced from the
NHANES III data and will correct these limitations. The U.S.
population is aging, and health issues regarding the elderly
have grown in importance in recent years. Therefore, a large
number of elderly persons was also selected for the survey.
Persons 60 years of age and over (about 8,200 persons)
represent 20 percent of the NHANES III sample and 16 per-
cent of the population.

The previous NHANES II and the Hispanic HANES have
shown that some minority groups in the United States can
have very different health status and characteristics, and thus
black Americans (12,000) and Mexican-Americans (12,000)
were selected for the NHANES III in large numbers also. Each
of these groups separately comprises 30 percent of the sample
but only 12 percent and 5 percent of the population, respec-
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tively. These data will allow the investigation of risk factors
that may explain ethnicity or racial differences in health and
nutritional status.

As previously mentioned, growth charts were produced
from the earlier NHANES I and have been adopted by the
World Health Organization as the standard for comparison (8).
The National High Blood Pressure Education Program and the
National Cholesterol Education Program, both programs of the
National Heart, Lung, and Blood Institute, use data from the
NHANES to track secular trends in high blood pressure (9)
and blood cholesterol (10–12) and to evaluate the progress in
reducing the U.S. population’s risk for heart disease. In the
1980’s the data on blood lead from the NHANES II (1976–80)
were instrumental in persuading policymakers to eliminate
lead from gasoline (13). The NHANES is the cornerstone of
the Department of Health and Human Services efforts to meet
the requirements of the National Nutrition Monitoring and
Related Research Act of 1990 (14), and the Surgeon General’s
Report on Nutrition and Health makes liberal use of the data
from the NHANES (15). Thirty-three of the National Health
Promotion and Disease Prevention Objectives of the Healthy
People 2000, including six objectives in the nutrition priority
area, rely on the data collected in the NHANES to evaluate the
Nation’s progress in meeting these objectives (16). Although
this is a short list of the contributions of the NHANES, many
more could be listed. A bibliography of articles using the
NHANES surveys lists nearly 750 articles published by uni-
versity researchers and Public Health Service staff in the
period 1980–92. The breadth and depth of topics covered in
the NHANES III are greater than found in previous studies. As
a result, the NHANES III should make an even greater
contribution to the Nation’s dialogue on public health issues.

This report is an overview of the plan and operation of the
NHANES III. Health policymakers that use the information
obtained in the NHANES III will gain better insight into the
strengths and limitations of the study and therefore, its appli-
cability to the policy issues under their consideration. Those
who use the public release data sets for the NHANES III will
find this report to be useful and to provide information that
will allow them to use the data sets intelligently. (NCHS

requests that researchers using the NHANES III include this
acronym or the full study name in their abstracts for their
published papers to facilitate identification in health biblio-
graphic data bases.) Others may wish to design studies using
the methods employed in the NHANES III for comparability
purposes and will need to reference the data collection instru-
ments. The aims of the study and the rationales will also be
helpful to these other study planners.

Using the NHANES III methods and instruments in other
studies conducted in the United States and other countries
allows the comparison of the results from these studies with
data collected nationwide in the NHANES III. In 1992 the
Division of Health Examination Statistics (DHES) within
NCHS was appointed as a World Health Organization (WHO)
Collaborating Centre for Health and Nutrition Examination
Surveys. The terms of reference for the center are: (1) to
support the World Health Organization’s programs in noncom-
municable diseases; (2) to give advice and technical assistance
and to provide training to developed and developing countries
that wish to carry out national or subnational health and
nutrition examination surveys; (3) to serve as an archive for
methods and data from national and subnational health and
nutrition examination surveys; and (4) to coordinate and
facilitate efforts to integrate data from surveys by other WHO
member states to provide more useful data for health policy,
planning, or epidemiologic analyses.

The section entitled ‘‘Health status assessment’’ briefly
describes the rationale, aims, and methods for each of the
study components for the health status assessment; the next
section is similarly organized for nutritional status assessment.
‘‘Sample design and analysis guidelines’’ briefly describes the
sample design for the NHANES III, which is more completely
described elsewhere (17), and issues related to the analysis of
the data. ‘‘Data collection and reports of findings’’ describes
the operational plan for the survey, including safety and
ethical issues. Several appendixes are also included that
contain the data collection instruments and lists of the exami-
nation components and laboratory measurements. Detailed
descriptions of the data collection procedures are available
from NCHS in an extensive set of data collection manuals.
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Health status assessment

Because of the variety and complexity of the data col-
lected in NHANES III, the information in this section is
presented in different ways. The first part provides overviews
of some of the main areas of special interest addressed in
NHANES III and highlights some of the public health and
scientific issues covered by the survey in each of these areas.
The second part provides a more detailed account of the data
collected by examination and interview for each of the major
health topic areas included in the survey. The third part
describes the risk factors and health behaviors measured in
NHANES III, and the fourth part describes three special
studies.

Health of population subgroups and
topics of special interest

In this section some of the major contributions made by
NHANES III in assessing and monitoring the health of
population subgroups of interest, including children and ado-
lescents, the elderly, women, and minorities, are described.
Also covered are contributions in providing information on
special topics, including environmental and occupational health
and the assessment of health care coverage and needs. NHANES
III is a national survey, designed to collect information to
assess the health status of the entire U.S. civilian, noninstitu-
tionalized population. Within that framework, however, the
survey was also designed to sample large numbers of young
children, older persons, black persons, and Mexican-
Americans, so that reliable estimates of health status can be
produced for these population subgroups.

Child and adolescent health

NHANES III is the first NHANES to include children as
young as 2 months of age. The survey was designed to
oversample children aged 2 months to 5 years so new growth
charts could be created for use in assessing children’s growth
and development. To increase the response rates among infants
aged 2–l1 months, the option of a home examination was
offered to parents unwilling to bring very young children to
the mobile examination center (MEC).

NHANES III data on child health are relevant to many
key areas of public health for children in the United States.
Environmental lead exposure and progress in reducing chil-
dren’s lead exposure were assessed by questionnaire data and
measurements of blood lead levels for all children 1 year of

age and over. Information on children’s exposure to tobacco
smoke was gained by questionnaire data on smoking by
household members, coupled with measurement of serum
cotinine levels. Measurements of hepatitis B markers, tetanus
antitoxin, diphtheria antibody, and rubella antibody levels
serve to assess and monitor immunization levels in children.
The use of NHANES III data in the creation of new growth
charts is discussed in more detail in the section ‘‘Nutritional
health assessment.’’ Also relevant to child health is the knowl-
edge gained from NHANES III about the health status of
women of childbearing age, including folate status and suscep-
tibility to the rubella virus.

The content of the survey varied for children of different
ages. However, in general, for infants and young children (2
months to 5 years of age), the survey included information on
oral health, growth, and motor and social development. For
older children and adolescents, NHANES III collected data on
varied conditions that include asthma and allergy, pulmonary
function, oral health, hearing, cognitive function, blood pres-
sure, and stage of sexual maturation as well as questionnaire
data on physical activity and tobacco use and many laboratory
determinations. In addition, adolescents were asked in private
interviews about tobacco, drug, and alcohol use, reproductive
history, and mental health.

Health of older persons

NHANES III is the first NHANES to include persons 75
years of age and over. In order to address scientific and policy
issues pertinent to the older population in the United States,
NHANES III included an oversample of older persons (aged
60 years and over). To minimize nonresponse in older persons,
a home examination was developed for those persons who
were unable or unwilling to come to the MEC for a complete
examination. This home examination included an abbreviated
set of measures parallel to those performed in the MEC.

The survey content of NHANES III is particularly useful
for the study of the contribution of multiple diseases to
disability in old age. As covered in other sections of this
report, this content included nutritional status, cardiovascular
disease, pulmonary disease, dental disease, diabetes, retinopa-
thy, osteoarthritis, and osteoporosis. Besides these specific
diseases, the survey included measures of functional status in
older persons to ascertain the prevalence of disability and
limitations in function and the correlations of patterns of
disease with functional health status. The survey addressed
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three major areas of function: social, cognitive, and physical
function. Much of the content of NHANES III in these areas
was shaped by a special workshop, ‘‘Innovations in the
Measurement of Function for Older Persons: A Focus on
National Surveys,’’ held in September 1985.

Minority health

NHANES III is the first NHANES to include planned
oversampling of the two largest minority groups in the United
States. The black and Mexican-American populations were
oversampled to obtain statistically reliable estimates for the
two largest minority groups in the United States. In previous
national surveys, although these groups were included in the
sample according to their representation in the national popu-
lation, sample sizes were often too small to provide adequate
estimates. As a result, it was decided to include planned
oversampling of these two groups in NHANES III.

The content of the examination is targeted to the national
population as a whole and to specific age ranges, rather than to
specific minority groups. However, many health conditions
studied in the survey occur at high rates in minority popula-
tions, including diabetes mellitus among Mexican-Americans
and hypertension among black persons. The survey provides
extensive data for minorities on chronic diseases, renal func-
tion, pulmonary function, environmental exposures, immuni-
zation status, risk factors, and health behaviors. In addition,
because the survey included oversampling of children and the
elderly, NHANES III provides information on the health of
black and Mexican-American children and older persons. In
many of these areas, NHANES III provides the first compre-
hensive national data and reference standards for the black and
Mexican-American populations. Further, NHANES III data
allow for valid comparisons among different race-ethnic groups
because data were collected in a standardized manner for all
survey participants. Race-ethnic groups were defined based
upon combinations of the reported race and reported ethnicity
of survey participants. These data can be used to provide
insight into the causes and concomitants of the disparities in
health status among race-ethnic groups in the United States.

Women’s health

Women’s health has traditionally referred primarily to
issues related to reproduction. In recent years there has been a
heightened awareness that women’s health encompasses a
wide range of conditions, for many of which adequate data are
lacking. Although NHANES III does not include oversam-
pling of the female population, it was designed to include
equal numbers of males and females in each age and race-
ethnic subgroup. Thus the survey provides extensive data on
the health status of girls and women in the United States.
Because the survey included special emphasis on the health of
older persons, as well as oversampling of minority popula-
tions, data will be available on older women and on black and
Mexican-American women. Many of the components in
NHANES III were also included in previous surveys, allowing
study of trends over time.

The survey content includes extensive information on
reproductive health as well as on many conditions that are
either of high prevalence in women or that occur more
frequently in women than in men. These conditions include
cardiovascular disease, the leading cause of death in women
(18), osteoporosis, diabetes, arthritis, thyroid dysfunction,
obesity, gallbladder disease, and mental conditions.

Environmental and occupational health

NHANES III provides new national population data rel-
evant to occupational and environmental health. Markers of
exposure to toxic metals and assessments reflecting indoor air
quality were the focus of the environmental health data
collected in the survey. These activities were, in part, a
response to Title IV (Radon Gas and Indoor Air Quality
Research) of the Superfund Amendments and Reauthorization
Act of 1986 (Public Law 99–499).

In NHANES III, blood lead level, a key indicator of
exposure to environmental lead, was measured for the second
time in the U.S. population. NHANES II (1976–80) lead data
were used extensively to assess the extent of exposure to lead
in the United States, to identify correlates of exposure (e.g.,
urbanization, age), to monitor trends in exposure, to support
policy and regulatory decisions regarding lead in gasoline, and
to identify health effects resulting from lead exposure (e.g.,
blood pressure elevations, diminished height in children) (19).
It is expected that the lead data from NHANES III will serve
a similar purpose during the 1990’s. Cadmium, a toxicologic
concern ranking close to that of lead (20), was measured for
the first time in NHANES III.

In 1985, the Interagency Committee for Indoor Air Qual-
ity identified NHANES III as providing an important opportu-
nity to examine the relation of indoor pollutant exposures to
potential health effects on a national basis (21). Although
levels of indoor air pollutants were not directly measured in
the NHANES III homes, data were collected on housing
characteristics, water sources, and cooking and heating fuel
systems. Information on health outcomes related to the indoor
environment included data on respiratory symptoms and smok-
ing history, measurements of allergic reactivity to mites (house
dust), pulmonary function testing, and the physician’s assess-
ment of bronchial sounds. Tobacco smoke is a significant
indoor air pollutant, and passive exposure to tobacco smoke
has been determined to be a major health hazard by the
Environmental Protection Agency (22). In NHANES III, serum
cotinine levels were measured to determine active and passive
exposure to tobacco smoke and other sources of nicotine.

A report by the House Committee on Government Opera-
tions entitled ‘‘Occupational Health Hazard Surveillance—72
Years Behind and Counting’’ (23) provided the impetus for the
NHANES III collection of more data related to occupational
health. Three examination components were designed to assess
potential health effects that may result from occupational
exposure: the neurobehavioral evaluation system (NES) for
central nervous system testing, the physician’s examination
for assessing hand blistering and redness, and the spirometry
test for measuring pulmonary function. Questions on current
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and longest held occupation, use of protective equipment at
work and passive exposure to smoke at work were also
included.

Health care coverage and health care needs

NHANES III provides a unique opportunity to assess the
prevalence of unrecognized disease and unmet health care
needs. Because this is an examination survey, it allows for
objective determination by examination and measurement of
many health conditions. Thus it is possible to assess the degree
to which these conditions are recognized and the implications
for health care needs.

For example, NHANES III measurements of blood pres-
sure, combined with information on prior diagnosis and on the
use of antihypertension medications or nonpharmacologic
therapy can be used to estimate the extent to which persons
with high blood pressure are aware of their condition, the
extent to which those who are aware are receiving treatment,
and the extent to which those receiving treatment have reduced
their blood pressure to acceptable levels. National data on
blood cholesterol levels from NHANES III were used to
estimate the numbers of people requiring intervention and
treatment under the Adult Treatment Panel guidelines of the
National Cholesterol Education Program and to monitor changes
since similar data were collected in NHANES II. Dental
examination data can be used to describe the extent of
population needs for dental care, the extent to which existing
conditions have been treated, and, coupled with information
on dental care utilization, the degree of access to dental care
for people with differing needs. Immunization data obtained
from blood samples can be used to assess the level of
protection in the population.

As part of NHANES III, data on health care utilization,
health insurance coverage for all family members, and income
assistance, including Medicaid, Social Security, and Supple-
mental Security Income, were collected to assess health care
needs and participation in public assistance programs. Partici-
pants were asked detailed questions about coverage by Medi-
care, other forms of health insurance or reasons for lack of
coverage, and about their use of health services and medica-
tions, established relationships with providers, and history of
health conditions and hospitalizations. These data can be used
in conjunction with the other information collected in the
survey to determine the relationships between access to care
and health status.

Health status components

This part provides a brief account of the data collected by
examination and interview for each of the major target condi-
tions and physiological measurements in NHANES III. In the
survey, data were collected on dietary intake and nutritional
status (described in the section ‘‘Nutritional health assess-
ment’’), anthropometric measurements (described in that same
section), reproductive history and sexual behaviors, use of
vitamin and mineral supplements and medications, tobacco
and alcohol use, physical activity, and sociodemographic

characteristics. These data, although not mentioned specifi-
cally, are relevant to many of the components. A list of topics
included in the questionnaires administered during the house-
hold interview and in the questionnaires and procedures
administered in the examination can be found in appendix
tables I and II. Other summary information is included in
appendix I and appendix tables III–XII and the data collection
forms are in appendixes III and IV.

The examination teams, described more fully in the
section ‘‘Data collection and reports of findings,’’ included a
physician, a dentist, a certified ultrasound technician, health
technicians, medical technologists, a phlebotomist, a health
interviewer, and dietary interviewers, as well as other person-
nel. Except as noted under specific components, a health
technician administered all MEC examination procedures, and
the health interviewer administered the MEC adult, youth, and
proxy questionnaires. Examinees were excluded from each of
the examination components for specific safety, health, or
logistical reasons. These exclusion criteria are specified in
appendix table VIII.

Fasting instructions were common to all components. For
morning examinations, examinees aged 12–19 years were
instructed to fast at least 8.5 hours preceding the examination,
and those 20 years of age and over were instructed to fast 12
hours. For afternoon or evening examinations, all examinees
12 years of age and over were instructed to fast for 6 hours
preceding the examination. Children under age 12 and persons
of any age who reported using insulin were instructed not to
fast.

Many laboratory determinations were conducted on blood
and urine specimens obtained during the MEC examination.
Most of these determinations are mentioned briefly under the
relevant topic headings. However, the laboratory methods are
not described in any detail in this section. Full procedural
descriptions of the laboratory methods are available from
NCHS, and a summary of the assay methods is provided in
appendix I. For the convenience of the reader, the laboratory
analyses conducted in all three of the NHANES and the
Hispanic HANES are provided in appendix table VI. A
complete list of all the laboratory determinations on blood and
urine specimens can be found in appendix table IV. The
laboratories and diagnostic centers are also listed in appendix
table III.

Cardiovascular disease

Cardiovascular disease, including coronary heart disease
and stroke, is the leading cause of death in the United States
for both men and women (18). Since the first National Health
Examination Survey in 1960–62, the assessment of cardiovas-
cular disease-related risk factors and, to a lesser extent,
cardiovascular disease have been a central component of the
NHANES program (1). The main elements of the cardiovas-
cular disease component in NHANES III were measurements
of blood pressure, measurements of blood lipid levels, and
electrocardiograms (ECG’s).

For the first time in any NHANES, blood pressure was
measured on two separate occasions to reduce misclassifica-
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tion error. For adults 17 years of age and over, a total of six
seated blood pressure measurements were obtained: three by
the interviewer in the household interview and three by the
physician during the MEC examination. For children 5–16
years of age, three blood pressure measurements were made in
the MEC by the physician. In the MEC, the first, fourth, and
fifth Korotkoff sounds (K1, K4, and K5) were recorded for
those 5–19 years of age, and K1 and K5 were recorded for
those 20 years of age and over. Blood pressure measurements
were conducted according to the standardized measurement
protocols recommended by the American Heart Association
(24).

ECG’s were done on all examinees 40 years of age and
over. The ECG’s were interpreted by computer using the
Minnesota Code (25). The physician’s examination in the
MEC included assessment of systolic and diastolic heart
murmurs for all examinees.

Blood lipid levels were determined on a specimen obtained
by venipuncture during the MEC or home examination. Serum
total cholesterol, high-density lipoprotein (HDL) cholesterol,
and serum triglycerides were measured on all examinees 4
years of age and over. Measurements of total and HDL
cholesterol and fasting triglyceride levels permit low-density
lipoprotein (LDL) cholesterol levels to be calculated using the
equation developed by Friedewald, Levy, and Fredrickson
(26). Phase 1 of the survey also included measurements of
apolipoproteins A1 and B, and Phase 2 included measurements
of Lp(a), both for all examinees 4 years of age and over.

The Household Adult Questionnaire, administered to adults
aged 17 years and over, included questions on family history
of heart attack; history, knowledge, and treatment of high
blood pressure and high blood cholesterol; and history of heart
attack, stroke, transient ischemic attacks, and congestive heart
failure. The questionnaire also included three sections from
the London School of Hygiene Cardiovascular Questionnaire
(27), including the Rose Angina, Possible Infarction, and
Intermittent Claudication questions. During the household
interview, the interviewer made three seated blood pressure
measurements (K1 and K5) for adults aged 17 years and over.

The Household Youth Questionnaire included questions
on history of rheumatic fever and heart disease for children
aged 2 months to 16 years and questions on history of high
blood pressure and high blood cholesterol for children aged
4–16 years.

Respiratory disease

Respiratory disease has a substantial effect on morbidity
and mortality rates in the United States. It is estimated that up
to 20 percent of the adult population suffer from one of the
chronic obstructive pulmonary diseases (asthma, chronic bron-
chitis, or emphysema) (28).

The respiratory disease component for NHANES III was
designed to measure pulmonary function and chronic obstruc-
tive pulmonary disease. The main element of the component
was assessment of pulmonary function by spirometry. Respon-
dents were also tested for skin-test reactivity to selected
standardized allergens.

Spirometry was conducted for all examinees 8 years of
age and over in the MEC or home examinations. Procedures
for testing were based on the current recommendations and
standards of the American Thoracic Society (29). A custom-
ized Ohio Censored 822 or 827 dry rolling seal spirometer was
used in the MEC and a portable spirometer was used in the
home examination. Examinees performed five to eight blows
to obtain curves acceptable according to the protocol. The
National Institute for Occupational Safety and Health (NIOSH)
was responsible for training the technicians, providing the
equipment, and processing the spirometry data.

The Household Adult Questionnaire, administered to adults
17 years of age and over, included questions on the medical
history of respiratory and allergic symptoms and conditions.
Additional questions ascertained previous diagnosis of asthma,
chronic bronchitis, or emphysema. The Household Youth
Questionnaire included a similar set of questions for children
aged 2 months to 16 years.

Diabetes mellitus

Diabetes mellitus is well recognized as a major public
health problem in the United States. The disease affects
virtually every organ system in the body, and the rates of such
conditions as kidney disease, blindness, hypertension, ischemic
heart disease, stroke, and disability are significantly higher in
persons with diabetes. The direct and indirect costs of diabetes
in the United States were estimated to be more than $20
billion in 1987 (30), and diabetes ranks as the seventh leading
cause of death (18).

The diabetes component was designed to assess glucose
tolerance and diabetes. The main elements of the component
were an oral glucose tolerance test and other diabetes-related
laboratory determinations. Related information includes the
data collected in the diabetic retinopathy and vision component.

The MEC examination included a 2-hour 75-gram oral
glucose tolerance test (OGTT). Adults 40–74 years of age
examined in the morning session were given the OGTT after
being instructed to fast for 12 hours prior to the examination.
After a fasting blood specimen was obtained by venipuncture,
examinees were then administered a glucose challenge (Dextol-
75) containing the equivalent of 75 grams of glucose. A
second blood specimen was drawn 2 hours after the fasting
blood specimen. Measurements of fasting and 2-hour plasma
glucose levels permit identification of diabetes and impaired
glucose tolerance according to World Health Organization
(WHO) criteria (31).

Adults 40–74 years of age who were examined in the
afternoon or evening were given the OGTT after being
instructed to fast for 6 hours prior to the examination. This
procedure does not follow exactly the WHO recommenda-
tions. However, the National Diabetes Data Group of the
National Institute of Diabetes and Digestive and Kidney
Diseases strongly recommended that all adult participants
40–74 years of age be screened for glucose tolerance in order
to have sufficient numbers of subjects to ascertain the natural
history of glucose intolerance and to quantify risk factors for
the development of diabetes.
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Fasting blood specimens obtained by venipuncture during
the MEC examination from adults 20 years of age and over
were tested for glucose, levels of insulin, and C-peptide.
Glycated hemoglobin concentration (HbA1c) was determined
in all individuals 4 years of age and over as a measure of
glucose levels over time. In Phase 2, insulin and C-peptide
levels were also measured on the 2-hour blood specimens for
adults 40–74 years of age.

The Household Adult Questionnaire, administered to adults
aged 17 years and over, included questions designed to
ascertain those individuals with a medical history of diabetes.
Information collected included family history and age at
diagnosis; use, frequency, and amount of insulin taken; use of
oral hypoglycemic agents or diet to lower blood glucose
levels; and reported retinopathy. The Household Youth Ques-
tionnaire included questions on diabetes and insulin use for
safety screening purposes only.

Diabetic retinopathy and vision

The diabetic retinopathy and vision component of
NHANES III was designed to assess diabetic retinopathy and
macular degeneration, two of the major causes of severe visual
handicap and blindness among adults in the United States
(32). The main element of the component was retinal photog-
raphy carried out in the MEC. Related information includes
the data collected in the diabetes component.

The MEC examination included a nonmydriatic fundus
photograph of either the right or left eye for all examinees 40
years of age and over (33–35). The eye to be photographed
was randomly selected according to the last digit of the
examinee’s identification number. Photographic fields were
graded by masked, trained graders for macular degeneration,
for the presence and severity of retinopathy and for the
presence of specified diabetic lesions using the Modified Airlie
House Classification scheme (36). The training of photogra-
phers and the grading of photographic slides was done by the
staff of the Department of Ophthalmology, University of
Wisconsin Medical School.

In the physician’s examination, examinees aged 2 months
to 18 years were evaluated for a missing globe or blindness;
children 2 months–4 years of age were examined for ability to
track light; and those 5–18 years of age were examined for
strabismus. No funduscopic examination was included in the
physician’s examination and no vision examination was included
in the survey.

The Household Adult Questionnaire, administered to adults
17 years of age and over, included questions on problems with
vision and presence of blindness, cataracts, or retinopathy. The
Household Youth Questionnaire included an abbreviated set of
vision questions for children aged 2 months–16 years.

Thyroid function

The thyroid component of NHANES III was designed
to provide information on the prevalence of autoimmune
thyroid disease, thyroid function, iodine intake, and popu-
lation estimates for normal hormone levels through labora-
tory measurements.

Measurement of serum thyroid-stimulating hormone (TSH),
thyroxine (T4), and antithyroglobulin and antimicrosomal anti-
bodies were conducted on blood specimens obtained by
venipuncture during the MEC examination from examinees 12
years of age and over. Urinary iodine and creatinine were also
measured for examinees 12 years of age and over to evaluate
the relationship between iodine intake and thyroid dysfunction.

The Household Adult Questionnaire, administered to adults
aged 17 years and over, included questions regarding history
of goiter or other thyroid diseases.

Reproductive health

The reproductive health component of NHANES III was
composed of questions on the menstrual cycle, pregnancy
history, menopause, use of contraception, and sexual experi-
ence among women, as well as laboratory determinations of
follicle-stimulating hormone (FSH), luteinizing hormone (LH),
and pregnancy and lactation status. Related information includes
data collected in the immunization and infectious disease
component.

In the MEC Proxy Questionnaire, data were collected on
age of menarche for girls 8–9 years of age. In the MEC Youth
Questionnaire, girls 10–16 years of age were asked about age
of menarche and were asked to estimate the time since their
last period. Girls aged 12–16 years were asked about preg-
nancy history, breast feeding, use of oral contraceptives, and
sexual experience. In the MEC Adult Questionnaire, women
17 years of age and over were asked about age at menarche,
pregnancy history, breast feeding, natural and surgical meno-
pause, use of NORPLANTt, use of estrogen, sexual experi-
ence, and whether they had ever had genital herpes. A similar
set of reproductive history questions was included in the home
examination for women 20 years of age and over.

FSH and LH levels were determined on blood specimens
obtained by venipuncture during the MEC examination from
women 35–60 years. In addition, a urine pregnancy test was
administered in the MEC to women 20–59 years of age.

Kidney disease

Kidney diseases constitute a major public health problem
with rapidly increasing visibility because of the fast-growing
numbers of patients with end stage renal disease (ESRD). The
number of patients enrolled in the Medicare ESRD program
increased from 113,542 in 1984 to more than 170,000 in 1989
(37). The annual costs of the ESRD program have continued
to increase since 1974. The annual expenditures for 1974 were
reported to be $229 million and had reached almost $3 billion
in 1989 for this program (38). Based on both the escalating
costs and increasing numbers of patients being served by the
ESRD program, cost-effective preventive measures must be
implemented.

The kidney disease component of the NHANES III was
designed to assess renal function. The main elements of the
component were laboratory determinations on blood and urine
specimens. Urinary albumin (microalbuminuria) and creati-
nine levels were measured in urine specimens collected during
the MEC examination from examinees aged 6 years and over.
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Measurements of serum creatinine and blood urea nitrogen
(BUN) were made on blood specimens obtained by venipunc-
ture from examinees 12 years of age and over.

The Household Adult Questionnaire, administered to adults
aged 17 years and over, included questions on the history of
kidney and urologic disorders.

Gallstone disease

Approximately 600,000 patients undergo cholecystectomy
each year, making it the most common abdominal surgical
procedure. As a cause of hospitalization, gallstone disease is
the most common and most costly digestive disease, with an
annual overall cost of well over $5 billion (39).

The gallbladder component for the NHANES III was
designed to determine the prevalence of diagnosed and undi-
agnosed gallstone disease. The main element of the compo-
nent was real-time ultrasonography, a noninvasive technique
for detecting gallstones. The ultrasound examination of the
gallbladder was administered by a certified abdominal ultra-
sound technician to all examinees 20–74 years of age. Exami-
nations were conducted with examinees in both supine and left
decubitus positions. A diagnosis of gallstone disease was made
by commonly used criteria of echoes within the gallbladder
with shadowing in two views. Diagnoses were first made by
the ultrasound technician in the MEC and later confirmed by
radiologists. If a right upper quadrant or epigastric scar was
observed and the gallbladder was not seen, it was concluded
that a cholecystectomy had been performed. Data for other
abnormal pathologies observed in the surrounding areas, such
as the liver or the right kidney, were also recorded.

The Household Adult Questionnaire, administered to adults
17 years of age and over, included questions on previous
diagnosis of gallstone disease, surgery for gallstones, or other
gallbladder disease. Further questions ascertained occurrence,
frequency, and character of pain in the abdomen or lower
chest.

Arthritis and related musculoskeletal conditions

Arthritis and related musculoskeletal disorders are fre-
quently chronic, disabling, and painful. It is estimated that the
total economic cost to the United States of musculoskeletal
conditions was more than $126 billion in 1988 (40).

The arthritis component of NHANES III was designed to
identify rheumatoid arthritis and osteoarthritis in adults 60
years of age and over. The main elements of the component
were radiographs and physician’s examination of joints. Related
information includes data collected in the osteoporosis and
functional health status of the elderly components.

During the MEC examination, straight posterior-anterior x
rays of the hands and wrists and straight anterior-posterior
non-weight-bearing views of the knees were obtained for
examinees aged 60 years and over. The knee position was
selected because of safety considerations related to the space
limitations in the MEC. Additional data were collected during
the physician’s examination for those 60 years of age and
over. Hand, knee, and great toe joints were examined for
tenderness, swelling, and pain on passive motion. The pres-

ence of hand and foot deformities was also recorded. Abnor-
malities in gait were evaluated by the physician for all
examinees 3 years of age and over.

Serologic analyses of rheumatoid factor for examinees
aged 60 years and over and of C-reactive protein for examin-
ees 4 years of age and over were conducted on blood obtained
by venipuncture during the MEC examination.

The Household Adult Questionnaire, administered to adults
17 years of age and over, included questions on joint pain,
stiffness and swelling in hands, wrists, and knees, back pain,
and medical history of arthritis.

Osteoporosis

The growing recognition of the public health significance
of osteoporosis coupled with the lack of prevalence estimates
based on a nationally representative sample motivated the
inclusion of the osteoporosis component in NHANES III. The
cost of hip fractures was estimated to be $3.5 billion per year
in the United States (41). Those who survive hip fracture are
often permanently disabled and must be institutionalized. The
extent of problems associated with hip fracture is likely to
increase in the future as the population ages, so that the
number of hip fractures may double or triple by the year 2050
(42). The NHANES osteoporosis component was designed to
assess many of the suspected risk factors for osteoporosis and
hip fracture in a nationally representative sample of adults
over 20 years of age.

Although osteoporosis cannot currently be defined by
bone density alone, low bone density is a primary risk factor
for osteoporotic fracture, with the risk of fracture increasing as
bone density decreases (43, 44). The cornerstone of the
osteoporosis component was the measurement of bone density
at the proximal femur of adults 20 years of age and over.
Related information includes data collected in the functional
health status of the elderly and arthritis and related musculosk-
eletal conditions components. Several bone-related biochemis-
tries were also measured.

Bone density measurements were made with dual-energy
x-ray absorptiometry or DXA (45). The equipment measured
areal bone density (bone mass per unit of area scanned) in five
regions of interest in the proximal femur: femoral neck,
trochanter, intertrochanter, Ward’s triangle, and total region.
Scans were reviewed by consultants at the Mayo Clinic for the
purpose of quality control.

The Household Adult Questionnaire, administered to adults
aged 17 years and over, included an extensive series of
questions on history of falls and fractures and on maternal
history of fractures and osteoporosis. Data on historical milk
intake and use of antacids and calcium supplements were also
collected as part of the dietary section. Data were also
collected on tobacco use, physical activity, reproductive health,
medication use, and family history of osteoporosis.

Functional health status in the elderly

The functional health status component was designed to
ascertain the prevalence of disability and limitations in func-
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tion among the elderly. This component addressed three major
areas: cognitive, physical, and social function.

Cognitive and physical function were assessed in the
MEC and home examination for persons 60 years of age and
over. Cognitive assessment consisted of a short paragraph
given as an immediate and delayed recall task as part of the
MEC Adult Questionnaire or the home examination. Physical
function was assessed with a short battery of physical perfor-
mance tests chosen to test different aspects of physical func-
tion important in everyday life. The measures included: range
of motion of the shoulder, timed task of hand function (using
a key to open a lock), rising out of a chair without the use of
arms and timed rising five times from a chair in similar
fashion, mobility of the hip and knee, timed task of balance
(tandem stand), and timed walk with counting of steps on an
8-foot course.

Cognitive function among persons 60 years of age and
over was assessed in the Household Adult Questionnaire
through administration of a modified version of the Mini-
Mental State Examination (46). The questions included count-
ing backward from 20 by 3’s and immediate and delayed
recall of 3 items. In addition, all persons 17 years of age and
over were assessed for orientation to location and date in the
Household Adult Questionnaire.

For persons aged 60 years and over, the Household Adult
Questionnaire contained standard questionnaire items on physi-
cal function derived from the NHANES I Epidemiologic
Followup Study and the Supplement on Aging to the 1984
National Health Interview Survey. These items included ques-
tions on performance of activities of daily living and need for
help and several questions directed to instrumental activities
of daily living and need for help. Questions directed toward
higher level function such as walking distances and climbing
stairs were also included.

For adults aged 17 years and over, the Household Adult
Questionnaire contained questions on social support. The
questions included information on contact with friends and
family members, attendance at organized religious activities,
and involvement in other types of organizations.

Allergy

The primary element of the allergy component consisted
of assessment of skin-test reactivity to standardized allergens.
Related information includes data collected in the respiratory
disease component.

Skin-prick tests were administered in the MEC to all
examinees 6–19 years of age and to a random half-sample of
examinees 20–59 years of age who were assigned to receive
the allergy tests if their identification number ended in an even
digit. Immediate hypersensitivity to any of 10 licensed com-
mercially available allergens (mite, cat, short ragweed, peren-
nial rye, alternaria, Bermuda grass, cockroach, Russian thistle,
white oak, peanut) was determined. Histamine phosphate was
used as a positive control and 50-percent glycerol saline was
used as a negative control. The skin reactions were read 15–20
minutes after the skin was punctured and the allergens applied.
Both the length and width of the wheal and flare were
measured.

The Household Adult Questionnaire, administered to adults
aged 17 years and over, included an extensive series of
questions on respiratory symptoms related to allergies. The
questions were designed to obtain information on trigger
factors, severity, medication use, and hospitalization. An addi-
tional question ascertained previous diagnosis of asthma. The
Household Youth Questionnaire included a similar set of
questions for children aged 2 months–16 years.

Immunization and infectious diseases

Almost all infectious agents—bacteria, viruses, and
parasites—elicit long-lasting and detectable immunity in the
host. Therefore, NHANES III provides an important opportu-
nity to study the seroepidemiology of the following infectious
diseases: hepatitis A, B, C, and delta, herpes simplex I and II,
human immunodeficiency virus (HIV), varicella, hantavirus,
and Toxoplasma gondii. In addition, antibodies to the follow-
ing microbial agents have been determined to assess the level
of protective antibody in the population: tetanus, diphtheria,
and rubella. Finally, antibody to Cryptosporidia parvum will
be determined in sample persons from selected communities
to assess exposure to this water-borne pathogen based on
water source.

Serologic tests for antibodies will provide national esti-
mates of exposure to hepatitis A, B, C, delta, and E and will
assist in validating surveys that are more localized or that
involve samples with potential sources of bias not found in
NHANES. Because hepatitis A, B, and delta were performed
on NHANES II (1976–80) sera, trends over time in the
prevalence of infection can be determined (47). Hepatitis C
virus is the name assigned to a newly detected virus that is
thought to be the primary cause of transfusion-associated
non-A, non-B hepatitis in the United States (48, 49). Testing
of the NHANES III sera provides the unique opportunity to
produce a baseline measure of the extent of infection in the
U.S. population by this agent.

The presence of specific antibodies directed against her-
pes simplex I and II will also be determined by serology. The
population prevalence estimate will be used as a comparison
for validating reporting systems involving patient-based and
other smaller studies. NHANES II surplus sera were also
previously tested for antibodies to these viral agents (50).
Continuation of herpes serologic testing in NHANES III will
produce trend data that will help to delineate the extent of a
possible herpes epidemic. Other information related to sexual
behavior and history of genital herpes was collected in the
MEC Youth and MEC Adult Questionnaires.

Human immunodeficiency virus (HIV) testing was per-
formed on all sample people over the age of 18 years using an
anonymous protocol. Serum collected for the many other
laboratory tests was separated into a vial that had been
randomly numbered and not linked to the sample person’s
identification number. The only demographic information
attached to the HIV sample was: age in 20-year groups, sex,
race or ethnic group, and sampling location. In Phase 2 of the
survey, a basic sampling weight, an education variable, and
the results of the urine drug testing were also linked to the
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HIV result. Sample people were notified during the informed
consent process that blood samples would be tested for HIV.
As with any other component of the survey, the sample person
had the right to refuse the test. The anonymous testing
procedure was chosen for the HIV antibody testing to provide
the maximum safeguard of the sample person’s confidentiality.
Anonymous testing was considered the only feasible method
to provide unbiased estimates of seroprevalence of HIV anti-
body. The HIV prevalence estimate on a representative sample
of the U.S. population will contribute further to the knowledge
of the epidemiology of the disease previously obtained from
select populations in the Center for Disease Control and
Prevention’s family of surveys (51, 52) and the distribution of
reported cases.

A candidate vaccine for varicella has been developed and
is currently undergoing final clinical trials prior to anticipated
application for licensure for use in the United States. The
seroprevalence and risk factors for varicella infection need to
be established to better plan for wide use of this vaccine.
NHANES III data will be used to target at-risk populations in
the United States.

Because of the outbreak of adult respiratory disease
syndrome caused by a newly described hantavirus during the
summer of 1993, sera from NHANES III specimens were
tested to determine the geographical distribution and preva-
lence of viruses in this family. These data will help quantify
the extent of infection in the United States with these viruses
to better assess the potential for additional cases of this
often-fatal illness. The results of the testing will also immedi-
ately affect CDC educational efforts and surveillance activities
directed against this virus.

Because congenital toxoplasmosis often leads to mental
retardation, visual impairment, deafness, or death in an infected
infant, prevention of maternal infection is critical. To look at
the cost-benefit relationship of a screening program for women
to prevent this infection, an accurate estimate of the preva-
lence of infection in the United States must be made. Deter-
mination of risk factors for women who become infected with
T. gondii will help in targeting prevention strategies. The use
of NHANES III serologic specimens to assess prevalence is
essential to develop recommendations for prevention of con-
genital toxoplasmosis and to address the risk of exposure to
acquired immunodeficiency syndrome (AIDS) patients.

The following serologic tests were performed to deter-
mine the level of protective antibody elicited by the respective
vaccines. This is an important component of the U.S. immu-
nization initiative. A tetanus antibody titer was determined to
indicate the level of protection for all examinees 4 years of age
and over. Children aged 2 months–16 years (or the parent or
guardian) were asked if the children had ever had a diphtheria-
pertussis-tetanus (DPT) shot and if so, when the last shot was
given. In addition, diphtheria antitoxin levels were determined
in sera specimens because of evidence that this component of
the DPT vaccine may elicit a weaker immune response and
provide reduced levels of protection against this bacterial
toxin. Because of recent outbreaks of measles and rubella,

inclusion of a serologic test for rubella antibody using NHANES
III specimens will provide information on populations at risk
for these viruses.

Hearing

The principal elements in the hearing component were the
measurements of pure tone air conduction audiometric thresh-
olds and tympanic compliance in children. These examina-
tions, pure tone audiometry and tympanometry, were conducted
in a soundproof room in the MEC for examinees aged 6–19
years. Pure tone air conduction audiometry thresholds were
obtained in both ears at 500, 1000, 2000, 3000, 4000, 6000,
and 8000 hz. A screening questionnaire administered before
the examination provided data on recent noise exposure and
use of headphones. Because pure tone screening by itself may
not be sensitive enough to detect middle ear disease, tympa-
nometry was conducted to provide an estimate of tympanic
membrane compliance.

The Household Adult Questionnaire, administered to adults
aged 17 years and over, collected information on hearing
status and use of hearing aids. The Household Youth Question-
naire included questions on frequency and treatment of ear
infections, hearing status, and hearing aid use for children
aged 2 months–16 years.

Lead exposure

The lead exposure component was designed to assess
environmental lead exposure through measurement of blood
lead levels. Blood lead levels were determined on examinees 1
year of age and over on specimens collected by venipuncture
during the MEC or home examination. Analysis was per-
formed by graphite furnace atomic absorption spectrophotom-
etry. Erythrocyte protoporphyrin, a screening test only sensitive
to high lead levels, was also measured.

The Household Youth Questionnaire included questions
on history of testing and treatment for lead poisoning for
children aged 2 months–16 years. Information on the age of
the housing structure was also collected in the Family
Questionnaire.

Mental health and neurobehavioral function

The primary elements of the mental health and neurobe-
havioral function component were conducted in the MEC and
included assessment of depression and mania, cognitive func-
tion, and functioning of the central nervous system. Supple-
mental data were collected in the household interview.

The mental health and neurobehavioral function compo-
nent of NHANES III included the depression and mania
subsections from the Diagnostic Interview Schedule (DIS),
developed by the National Institute of Mental Health (NIMH).
Sections of the DIS have also been used in the Hispanic
HANES and in several community studies (53–55). Trained
interviewers administered the NHANES III DIS questions in
the MEC, using automated data entry, as part of the MEC
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Youth Questionnaire for examinees 15–16 years of age and as
part of the MEC Adult Questionnaire for examinees 17–39
years of age. The data collected from the DIS permit diag-
noses based on the third edition of the Diagnostic and
Statistical Manual of Mental Disorders (DSM-III)(56).

Intellectual function and academic performance were
assessed for children aged 6–16 years with standardized
cognitive tests. The examination included the block design and
digit-span subtests from the Wechsler Intelligence Scale for
Children, Revised (WISC-R) (57) and the reading and arith-
metic sections from theWide RangeAchievement Test, Revised
(WRAT-R) (58).

Central nervous system function was assessed with a set
of simple, nonverbal performance tests designed to be mini-
mally influenced by differences in language or education. The
tests were administered to a random half-sample of all adults
20–59 years of age, who were assigned to receive these tests if
their identification number ended in an odd digit. The exami-
nation was composed of three tests—simple reaction time,
serial digit learning, and symbol digit substitution—selected
from the larger battery of Neurobehavioral Evaluation System
(NES) tests (59). Factors that might have affected performance
such as motivation, use of drugs, alcohol, or caffeine, and the
temperature, humidity, and air flow in the testing booth were
recorded in a brief pre- and post-test questionnaire.

The Household Youth Questionnaire, administered to chil-
dren aged 2 months–16 years, included questions on atten-
dance to special classes in school as a result of impairment and
diagnosis of mental retardation. Data were also collected on
visits to a psychiatrist, psychologist, or psychoanalyst for
children 4–16 years of age and on school attendance and
relationships with friends for those 5–16 years of age.

The Household Youth Questionnaire also included a series
of questions on motor and social development for children
aged 2 months–3 years. The questions were modeled after the
Denver Developmental Screening Test (60) and a similar
component used in the Child Health Supplement to the 1981
National Health Interview Survey. Related information includes
occupational history and the cognitive, physical, and social
function data collected in the functional health status of the
elderly component.

Oral health

The main element of the oral health component was an
oral examination conducted in the MEC. Methods used in this
component were designed to be consistent with previous
health examination surveys conducted by NCHS and with
previous national surveys of oral health conducted by the
National Institute for Dental Research (NIDR). Related infor-
mation was also collected on selected risk factors such as diet,
the use of smokeless tobacco, and the use of fluoride
supplements.

During the MEC examination, the dentist performed oral
examinations on all examinees 12 months of age and over.
Oral soft tissue lesions were assessed for examinees aged 2
years and over. The assessment involved visual observation of
the oral mucosa and laboratory assessment of an oral mucosal

smear for the presence of hyphae of candida albicans. A dental
caries examination included an evaluation of coronal caries for
those aged 2 years and over, root surface caries for examinees
18 years and over, and baby-bottle tooth decay among children
aged 12–23 months. Examinees were questioned about history
of injury to front teeth and then were examined for evidence of
traumatic injury to the four upper and four lower permanent
incisors.

Occlusal characteristics were assessed in examinees aged
8–50 years and included measurement of the alignment of
teeth and assessment of posterior crossbite, overjet, overbite,
and maxillary diastema. A periodontal examination was per-
formed on two randomly selected quadrants of the mouth for
examinees 13 years of age and over. Restorations and tooth
conditions for those 18–74 years were also evaluated.

The Household Adult Questionnaire, administered to adults
17 years of age and over, included questions on utilization of
dental health services and information needed to interpret the
oral examination findings, such as history of cold sores and
receipt of orthodontic treatment. The Household Youth Ques-
tionnaire included similar questions for children aged 2–16
years, as well as infant feeding practices contributing to baby
bottle caries.

Risk factors and health behaviors

Risk factors and health behaviors associated with many
chronic diseases and conditions were evaluated in NHANES
III both in the household interview and during the MEC
examination. The five primary behaviors assessed in the
survey were alcohol use, tobacco use, drug use, physical
activity, and sexual experience. The component on drug use is
described in the special studies topic of this section.

Alcohol use

The MEC Youth and MEC Adult Questionnaires included
questions on alcohol use for all examinees 12 years of age and
over. The questions were designed to identify nondrinkers,
very light drinkers, and former heavy drinkers; to ascertain
quantity and frequency of use for quantifying alcohol intake;
and to determine the frequency of heavy drinking occasions.
Data on any alcohol intake during the previous day were also
recorded for all examinees as part of the 24-hour dietary
recall. The section on ‘‘Nutritional health assessment’’ of this
report also has some information on alcohol. Standard liver
function tests were performed. The Household Adult Question-
naire, administered to adults 17 years of age and over,
included questions on the frequency of consumption of beer,
wine, and liquor as part of the food frequency section.

Tobacco use and exposure

To encourage honest reporting of tobacco use by youths
aged 8–16 years, information on use of cigarettes and smoke-
less tobacco (snuff or chewing tobacco) was collected in the
privacy of the MEC as part of the MEC Youth Questionnaire.
Data were collected on age of initiation, frequency, duration,
and amount of tobacco consumed. Recent use of tobacco or
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nicotine gum within the past 5 days, for evaluation of labora-
tory results, was also assessed in the MEC Youth and MEC
Adult Questionnaires and the home examination for those
aged 8 years and over.

The Household Adult Questionnaire, administered to adults
17 years of age and over, included questions on the use of
cigarettes, cigars, pipes, and smokeless tobacco (snuff or
chewing tobacco). Data were collected on age of initiation,
frequency, duration, and amount of tobacco consumed and on
exposure to tobacco smoke at work. Data on passive smoke
exposure were collected in the Family Questionnaire. Family
members who smoked cigarettes in the home were identified
and the amount smoked per day was estimated. The House-
hold Youth Questionnaire included questions on history of
maternal smoking during pregnancy for children aged 2
months–11 years.

A biochemical determination of tobacco exposure was
used to assess both passive smoking and tobacco use through
measurement of blood cotinine levels from specimens obtained
by venipuncture in the MEC from examinees aged 4 years and
over. Cotinine is a metabolite of nicotine and is thus an
indicator of primary or secondary exposure to tobacco. Coti-
nine was detected using an isotope dilution, liquid chromatog-
raphy, tandem mass spectrometry method developed by the
National Center for Environmental Health, CDC, which con-
ducted the analyses. This was a newly developed method
designed to detect levels as low as 0.030 nanograms per
milliliter. Related information includes data collected in the
respiratory disease component and identification of oral soft
tissue lesions in the oral health component.

Physical activity

For children 8–16 years of age, data on frequency of
exercise and physical activity were collected during the MEC
interview. The Household Adult Questionnaire, administered
to adults aged 17 years and over, contained questions on
leisure-time physical activity adapted from the 1985 National
Health Interview Survey and included information on types of
activity, frequency, and assessment of level of activity com-
pared with others. Participants were also asked to compare
current levels of physical activity with those of the past year
and 10 years ago. Related information includes data collected
in the functional health status of the elderly component.

Sexual experience

Questions on sexual experience were included in the
MEC Youth and MEC Adult Questionnaires for examinees
aged 15–59 years. Information on age at first sexual inter-
course, total number of partners, and number of partners in the
past year was collected for those 17–59 years of age. Males
17–59 years of age were asked about the numbers of male and
female partners. Age at first sexual intercourse was obtained
from youths aged 15–16 years. Related information includes
data collected in the immunization and infectious disease and
reproductive health components.

Special studies

Four special studies requiring an additional collection of
blood or urine during the MEC examination were carried out
in conjunction with NHANES III. Planned and sponsored with
other agencies, their unique status was warranted either by the
confidential or experimental design of the research. The two
highly sensitive studies, HIV testing and drug testing, were
conducted using a rigorous protocol that maximized anonym-
ity and confidentiality. The HIV testing is described in the
immunization and infectious diseases section. The results from
these analyses can only be linked to a limited set of demo-
graphic and medical information collected in the survey. The
priority toxicant range study and the establishment of a
deoxyribonucleic acid (DNA) storage bank for genetic research
were both designed, in part, to explore new and experimental
laboratory techniques. Also, a portion of the sera was placed in
a bank for unanticipated future research projects.

Drug use

All examinees aged 12 years and over were questioned in
the MEC Adult and Youth Questionnaires about lifetime and
past-month use of marijuana and cocaine. In Phase 2 of
NHANES III (1991–94), anonymous urine testing was included
in the MEC examination in order to detect the presence of
marijuana, cocaine, phencyclidine (PCP), opiates (morphine
and codeine), and stimulants (amphetamine and methamphet-
amine) among examinees 18–59 years of age. Urine speci-
mens were randomly numbered so they could not be linked
with the examinee identification numbers. Limited demo-
graphic data including age (in 20-year categories), sex, race or
ethnicity, sampling location, and educational level were included
with the random numbers on protected data files. The identical
random numbers and the associated demographic variables
were assigned to the HIV serum, so that the association
between drug use and HIV status could be examined.

Specimens were screened using an enzyme multiplied
immunoassay technique with cutoff concentrations lower than
those generally used in drug screening. Positive specimens
were confirmed and then quantified using gas chromatography
mass spectrometry. Urine analyses for drug screening were
performed in a National Institute of Drug Abuse (NIDA)
certified laboratory according to NIDA guidelines.

Priority toxicant reference range study

The purpose of the priority toxicant reference range study
was to assess the levels of common pesticides and volatile
organic compounds (VOC’s) in a large sample of the U.S.
population and to evaluate laboratory analytic methods in the
process. Two groups of organic compounds were measured in
the priority toxicant study: selected pesticides and their metabo-
lites at the low parts-per-billion levels in urine and VOC’s at
the low parts-per-trillion levels in whole blood (see appendix
table VII). The Division of Environmental Health Laboratory
Sciences, National Center for Environmental Health, CDC,
conducted the Priority Toxicant Reference Range Study on
approximately 3,600 persons aged 20–59 years examined in
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NHANES III. Participants volunteered to complete a brief
chemical exposure questionnaire and to provide an additional
20 ml of blood and 40 ml of urine. No formal sampling
procedures were instituted; 45 volunteers participated at each
survey location. A $10 remuneration was awarded for partici-
pation. Demographic and medical information obtained from
NHANES III can be linked to the resulting laboratory
measurements.

Serum bank and DNA specimen bank

NHANES III provided an opportunity to establish two
nationally representative specimen banks, a serum specimen
bank and a DNA bank of preserved, viable cells. Serum
specimens are stored at -70oC or less and will be used for
unanticipated future research projects.

For the DNA analyses, new molecular genetic techniques
make it possible to examine substantial portions of the DNA
sequence and its variation in the population using small
samples of nucleated cells obtained by venipuncture. The
development of transformation and immortalization proce-

dures to maintain active cultures of cells means that small
samples collected from a large population can be maintained
and amplified to provide specimens for future studies. It is
anticipated that this endeavor will help establish a new era of
health research that integrates genetics and environmental
factors in the understanding of human disease.

During the MEC examination, a 6-cm3 specimen of
venous blood was collected in a vacutainer tube containing a
Ficoll heavy-density layer overlaid with a thixotropic gel
followed by ACD anticoagulant from examinees 12 years of
age and over. The specimen was then prepared by the National
Center for Environmental Health following one of two meth-
ods. Either the nucleated cells were separated from the blood
sample and then separated in several aliquots or the cells were
separated from the blood sample and virally transformed to
yield an immortalized culture. In both instances, multiple
aliquots from each subject were frozen, following a controlled
freezing procedure. The frozen aliquots are maintained in
liquid nitrogen.
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Nutritional status
assessment

Nutrition data from the National Health and Nutrition
Examination Survey (NHANES) are vital to nutrition monitor-
ing and public health. As the cornerstone of the ‘‘nutrition and
related health measurement’’ component of the Federal Gov-
ernment’s National Nutrition Monitoring and Related Research
Program (NNMRRP) (61), NHANES nutrition data are used
in a variety of settings to enhance the health and nutritional
status of the Nation. NHANES III data will be used to track
progress toward the Nation’s health and nutrition objectives
(62,63,16) for diet, serum cholesterol, hypertension, iron defi-
ciency anemia, overweight, and infant feeding practices. Addi-
tionally, NHANES provides reference data for nutritional
biochemistries (64–72), anthropometric measures (73–76,8),
and nutrient intakes (77–78); and provides information for
policymakers to set nutrition policy (16,62,79–82) and research
agendas (79,83,84). NHANES III was also designed to dem-
onstrate relationships between diet and health. The nutritional
assessments were designed to complement and link to NHANES
III health components such as cardiovascular disease, diabetes,
hypertension, osteoporosis, and dental caries to maximize data
utility. A longitudinal design was added to the traditional
NHANES cross-sectional design and studies of the relation-
ship between present diet and future disease will be possible.

Food and nutrient consumption

Dietary factors are associated with 5 of the 10 leading
causes of death and are associated with other conditions such
as obesity (16). Deficiencies of nutrients and minerals, such as
iron and some vitamins, remain a problem in selected popula-
tion subgroups. Inadequate food intake and undernutrition are
problems in high-risk subgroups such as low-income popula-
tions. Overconsumption of food components such as fat,
cholesterol, and salt and underconsumption of fruits, veg-
etables, and complex carbohydrates are significant problems in
the general population. Measurement of nutrient intake is
important in evaluating food fortification, nutrition education,
and intervention programs aimed at improving the popula-
tion’s dietary intake. Measurement of foods as they contribute
to nutrient intake and as they comprise dietary patterns are
important for evaluating and developing dietary guidance (81).
Recognizing the importance of measuring both nutrient intake
and food intake to meet current nutrition monitoring data
needs, the NHANES III dietary component was developed to
estimate total nutrient intake, nutrient intake from foods,

intake of specific foods, and problems and factors related to
insufficient food and nutrient intake.

Vitamin and mineral supplement data will be used by
NCHS and the Food and Drug Administration (FDA) to
determine the prevalence of very low and very high total
nutrient intake levels in the population and for assessing the
contribution of supplements to total nutrient intake and nutri-
tional status (83). Total nutrient intake is also important for
evaluating diet-health relationships such as the association
between total calcium intake, blood pressure, and hypertension
risk (84), and total calcium intake and bone density (85–86).

Alcohol intake

Alcohol problems and associated health risks are preva-
lent problems in adolescents and adults (16). Excessive alco-
hol intake is associated with cirrhosis of the liver as well as
accidents and suicides (16). Moderate amounts of alcohol have
been related to both increased risk of certain cancers and
decreased risk of coronary heart disease (87). Information on
alcohol was collected in NHANES III to quantify the contri-
bution of alcohol to total caloric intake for population refer-
ence data, to assess the proportion of the population who
typically consume larger amounts of alcohol than recom-
mended in theDietary Guidelines for Americans(81), and to
investigate the relationship between alcohol intake and health
outcomes (87,15).

Food program participation and
food security

In the 1980’s there were several reports that indicated that
hunger was a serious problem in the United States on a
national level and for certain subgroups of the population
(88–93). However, accurately estimating the prevalence and
severity of hunger is complex and historically has been
controversial. In 1987, the University of California at Berke-
ley sponsored a workshop to bring together hunger researchers
working at the local, State, and national levels. The workshop
concluded that ‘‘of all the relevant Federal surveys, NHANES
is probably the best equipped to look at the interrelationships
between diet, food shortages, and health indicators’’ (94).

In addition to questions for families and individuals about
having enough food or money to buy food, data were collected
in NHANES III about the use of food stamps, participation in
the Special Supplemental Food Program for Women, Infants,
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and Children (WIC), school breakfast and school lunch pro-
grams, and elderly feeding programs. Assessment of the
dietary status of participants of such programs is important in
aiding the study of Federal food programs and their effect on
the dietary intake of low-income and high-risk subgroups.

NHANES III will enable researchers to link food security
and program participation with other nutrition and health
indicators, including cognitive function. This is especially
important for children. It has been documented that hungry
children can be irritable, apathetic, or lethargic, which can
interfere with learning (95). The National Education Goals
were established in 1990, the first of which states that by the
year 2000, ‘‘all children in America will start school ready to
learn’’ (96). Having adequate food is a large part of this.

Vitamin and mineral status

Biochemical and hematological indicators of nutritional
status are an essential part of the NHANES III nutrition
component. Blood assessments have been included in past
NHANES to determine the prevalence of compromised vita-
min and mineral status at both the high and low ends of the
population distribution (64–72); and the prevalence of nutrition-
related risk factors, such as elevated serum cholesterol
(10,11,97,98) or serum albumin (68).

Assessing fat-soluble vitamin status is of interest because
of the widespread use of vitamin and mineral supplements in
this country, coupled with the toxic potential of vitamin A (87)
and the recent development of fat substitutes in food, which
may influence fat-soluble vitamin absorption (87). In addition,
serum levels of antioxidants, including alpha-tocopherol, caro-
tenoids, selenium, and vitamin C, are of interest because of
their possible role in reducing the risk of some cancers and
heart disease (87). Finally, serum assays for the heavy metals
lead and cadmium were included to assess toxicities of these
contaminants and to correlate them with other health measures.

History of the use of certain drugs was ascertained
because such use may be related to specific diseases. For
example, long-term use of antacids containing calcium may be
related to bone densitometry or blood pressure. In addition,
chronic use of aspirin could affect risk of heart disease, stroke,
or gallstones. This information will be used to assess the
potential interaction of nutritional status and medications.

Iron-deficiency anemia

Iron deficiency has been described as the most common
single nutritional deficiency in the developed and developing
countries (64,68,72,99,100). Iron deficiency continues to be a
special concern for children and women in poverty and
women of childbearing age. NHANES II showed that 9 per-
cent of children 1–2 years of age, 4 percent of children 3–4
years of age, and 5 percent of women aged 20–44 years had
iron-deficiency anemia (16,68,72). The prevalence in low-
income women and children was even higher. Because iron
depletion develops gradually (72,100), a battery of iron-status
indicators was included in NHANES III to assess all stages of

iron deficiency. Most of these indicators have also been
included in previous NHANES, so it will be possible to
examine secular trends.

Folate deficiency

There is some evidence that low serum folate levels in
pregnant women are associated with neural tube defects in
their infants (101,102). The Centers for Disease Control and
Prevention (CDC), Food and Drug Administration, and other
Public Health Service agencies are considering food fortifica-
tion changes to increase folate intake in the target population,
i.e., women of childbearing age (103). Assessment of anemia
resulting from folate deficiency will be possible because of the
availability of serum and red cell folate, dietary folate, and
supplement-usage data in NHANES III. Because high intakes
of folate can mask vitamin B12 deficiency, it is also important
to have a measure of vitamin B12 status. An assessment of this
status was added to Phase 2 in NHANES III to estimate the
prevalence of vitamin B12 deficiency in the population and to
establish a baseline for evaluating future changes in folate
food fortification policy.

Infant and child nutrition

Infants and children are particularly vulnerable to poor
nutrition. Childhood and adolescence are important periods for
establishing nutrition and health habits for later life. Whether
or not an infant is breastfed, the type of milk or infant formula
an infant is fed, and the types of solid foods first introduced
are all critical infant feeding practices. Adequate dietary intake
during infancy and childhood is necessary for proper growth
and development and the prevention of future health problems.
Of particular concern at this early age are iron deficiency, poor
dietary habits, breastfeeding, and inadequate intake in high-
risk populations (95). Also, overconsumption of certain foods
is related to the development of obesity and dental caries in
children.

Growth

Anthropometric measurements have been included in the
National Health Examination Surveys since the first National
Health Examination Survey (NHES I) was conducted in
1960–62 (1,104). These measurements were the basis for the
NCHS growth charts, which were constructed with data from
the earlier health examination surveys. The charts are used
nationally in hospitals, health departments, and physicians’
offices and have been adopted for international use by the
World Health Organization (105,106). The production of these
original growth charts, however, was affected by some inher-
ent limitations. Because data were not available in previous
NCHS surveys for the very youngest age group (age under 1
year), the data were supplemented with data from the Fels
Research Institute (8). This resulted in growth curves for
recumbent length (for children from birth through 3 years of
age) based on Fels data and for stature (for children aged 2–18
years) based on NCHS data. Because the median statures for
the Fels data were greater than the median statures in the
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NCHS data, there was a disjuncture in the curves for children
between 24 and 36 months of age (107). NHANES III was
specifically designed to resolve both of these limitations;
children 2 months of age and over were included in the survey
(108), and more sophisticated curve-smoothing techniques that
have evolved since the first NCHS growth charts will be used.

Overweight and obesity

Overweight and obesity are current public health issues
and prevalent risk factors for chronic disease. NHANES III
anthropometric data will be used to estimate the prevalence of
overweight and severe overweight in the United States for
various age, race or ethnicity, and gender subgroups (16,74).
NHANES II data showed that 26 percent of adults were
overweight (16). Assessment of body fat distribution has been
shown to be related to chronic disease development (87).
Body measurement data indicative of overweight or obesity
will be used as control or explanatory variables in epidemio-
logical analyses of many other examination items, including
blood pressure, glucose intolerance, gallbladder ultrasound,
and a battery of other indicators for cardiovascular disease.

Anthropometric measures can be utilized in many ways;
for example, to estimate body composition, to develop various
reference standards, to establish baseline data for future longi-
tudinal studies, to monitor trends over time in the population,
and to evaluate risks for adverse health outcomes (109).

Diet-health relationships

With the growing understanding of the role of nutrition in
health promotion and disease prevention, nutritional status
assessment has assumed greater prominence and has been
integrally linked with other aspects of NHANES III. As the
Surgeon General remarked upon the release ofThe Surgeon
General’s Report on Nutrition and Health(15), for the
majority of adults who don’t smoke and don’t drink exces-
sively, what they eat is the most significant controllable risk
factor affecting their long-term health. The NHANES III has
been designed to capture as many nutrition risk factors as
feasible related to the major chronic diseases affecting Ameri-
cans, while continuing to provide a comprehensive assessment
of the population’s nutritional status for nutrition monitoring
purposes.

The dietary information will be useful for studying the
relationship between dietary habits and health. For example,
sodium-intake data from the dietary interview, more specific
than in past NHANES, can be linked with blood pressure data,
saturated fat can be linked to blood cholesterol, and intake of
antioxidants such as vitamins A, C, E, and carotenoids can be
joined with followup information on cancer and heart disease
(15). Past NHANES data have been used to relate the number
of meals and snacks eaten to dental caries (110); and informa-
tion on the number of meals eaten away from home can be
used to plan and evaluate nutrition education programs target-
ing overweight and obese clients.

Osteoporosis and calcium intake

Osteoporosis is a debilitating disease of reduced bone
mass that causes fractures of the vertebrae, hip, forearm, and
other bones. Intake of calcium, phosphorus, vitamin D, pro-
tein, and alcohol, as well as a sedentary lifestyle, may all be
related to the development of osteoporosis (111). NHANES III
measures intake of these nutrients, including total calcium and
frequency of consumption of calcium-rich foods. In addition, a
question on historical intake of milk was included in the
household interview to investigate the relationship between
past calcium intake and current bone densitometry results.
Interest in past consumption of dairy foods has been raised by
findings suggesting that the level of calcium intake by young
adults may be related to peak bone mass (85,86).

Nutritional status methods

The nutritional assessment component of NHANES III
was designed to include several data sources (dietary intake
interviews, nutrition-related interviews, anthropometric data,
hematological and nutritional biochemistries, and nutrition-
related clinical assessments) in order to provide a comprehen-
sive assessment of nutritional status (112).

Methodologies for the nutritional assessment were devel-
oped with input from experts and data users from government
agencies, academic research institutions, and industry. In
1986, an NHANES III Nutrition Methodology Working Group
was established. In addition to NCHS planning staff, it included
Federal staff with specific expertise in the topics under discus-
sion and/or who were primary data users with a nutrition
policy need for the data. The Nutrition Methodology Working
Group reviewed the literature and discussed survey methods,
operational issues, and specific details that needed to be
determined for the NHANES III nutrition component. Plan-
ning sessions included discussion of the following topics:

+ General issues. Household versus mobile examination
center (MEC) administration of the dietary interview;
automated data collection; nutrition monitoring and com-
parability to other national surveys, primarily the food
consumption surveys conducted by the U.S. Department
of Agriculture (USDA)

+ 24-hour dietary recall method. Automated versus manual
data collection; number of days of observation; location of
interview; number of interviews per individual; adults
versus children in the household

+ Food frequency questionnaire (FFQ). Review of FFQ’s
used in other surveys, including past NHANES and the
1987 National Health Interview Survey; appropriate uses
of FFQ data

+ Longitudinal study issues relative to nutrition
+ Children’s issues. Proxy rules; use of food models; data

retrieval for day care and school lunch
+ Dietary questions. Interview information needed on food

security (hunger); water intake; dietary practices
+ Vitamin and mineral supplement usage. Level of detail

required; method of data collection
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+ Anthropometry. Measurements; bioelectrical impedance;
supplemental interview questions (e.g., self-assessment of
overweight)

Based on the study objectives, consideration of outside
input, and the Nutrition Methodology Working Group discus-
sions, a comprehensive nutrition proposal was developed by
NCHS staff. The proposal was reviewed by NHANES III
Research Consortium members and served as the basis for
planning the nutrition component.

Dietary methodology

Prior NHANES conducted between 1971 and 1984 included
24-hour dietary recall and food frequency components as parts
of the dietary interview (77,113). On March 16–18, 1986,
NCHS sponsored the Dietary MethodologyWorkshop to review
dietary methodologies and obtain recommendations for selec-
tion of methods for NHANES III (114). Experts in the fields of
dietary survey methodology, epidemiology, nutrition, public
health, and biostatistics presented papers that addressed statis-
tical issues unique to the interpretation and use of dietary
survey data, selection of dietary methods appropriate for
nutrition monitoring activities, and approaches useful for
assessing the relationship of diet to energy balance and three
diet-related chronic diseases (cancer, cardiovascular disease,
and osteoporosis) (114).

The overall workshop recommendation, based on the
major aims of the NHANES III nutrition component, was that
NCHS should continue to use the 24-hour recall as the
principal methodology to provide detailed quantitative food
and nutrient intake data for the U.S. population. Use of a food
frequency was recommended to supplement data from the
24-hour recall and to provide typical or qualitative data for
ranking persons by intake of specific foods and food groups.

Twenty-four-hour dietary recall

The 24-hour recall was collected through an automated
interview using the Dietary Data Collection (DDC) system
(appendix I). All NHANES III examinees, approximately
30,000 total, were asked to complete a 24-hour dietary recall
during their MEC visit. In addition, about 5 percent of all adult
examinees received a second replicate MEC examination that
included a 24-hour dietary recall; replicate data will be used to
estimate within- and between-person variances for estimating
nutrient intake distributions. NHANES III examinations were
conducted on all days of the week with the objective of
conducting approximately 15 percent of the 24-hour recalls on
each day of the week.

NHANES III, Phase 1 examinees 50 years of age and
over (approximately 3,500 persons) who completed a 24-hour
recall interview in the MEC were eligible to participate in a
special dietary study of older persons—the Supplemental
Nutrition Survey of Older Americans (SNSOA) (115,116).
The SNSOA was funded through an interagency agreement
with the National Institute on Aging at the NIH. The objective
of the study was to obtain two independent replicate 24-hour
recalls, administered by trained telephone interviewers, using

the DDC system. Replicate 24-hour recall data will be used to
estimate usual intakes of older persons, to adjust nutrient
intake estimates, and to explore methodologic issues (116).

The SNSOA telephone methodology was pretested in two
pilot studies. SNSOA subjects were recontacted by telephone
interviewers approximately 8 and 16 months after their MEC
examination. Most of the telephone interviews were unsched-
uled and subjects were not compensated for their participation
in the SNSOA. Appendix table IX indicates the administration
of the 24-hour dietary recall and the FFQ in NHANES III by
age of the sample person, respondent (self and/or proxy), place
of interview (sample person’s home or MEC), and interview
type (nondietary, dietary, and telephone).

Food frequency

In a major innovation for the NHANES, a FFQ was
incorporated into the household interview to provide general
qualitative dietary information for individuals aged 17 years
and over. The FFQ used a 1-month reference period and was
not quantitative, i.e., did not collect portion sizes. It was not
designed to produce population nutrient intake estimates, and
use of food frequency data for this purpose is not appropriate
(109,117–119).

The FFQ food list was developed to be comparable to
food lists used in past NHANES for trend assessment but was
expanded to capture more detailed intake of foods containing
specific nutrients of interest. Foods containing nutrients related
to risk for cancer, cardiovascular disease, and osteoporosis
(87), such as vitamins A and C, caffeine, and calcium,
respectively, were added to a general food list. In addition, the
instrument was modified to be appropriate for use with the
population subgroups sampled in NHANES III by including
foods high in these nutrients that were reported by white and
black persons in NHANES II and by Mexican-Americans in
Hispanic HANES.

Because the FFQ was collected during the household
interview, information on food intake is available for all
interviewed persons and can also be linked with reported
health conditions. Collection of the FFQ in the household for
all interviewed persons will also allow assessment of potential
nonresponse to the 24-hour recall, which was collected in the
MEC for interviewed and examined persons. Another impor-
tant use of the food frequency data is to provide baseline
dietary data for followup analysis. Because all NHANES III
sample persons are followed for mortality, a larger sample of
interviewed persons with dietary intake information is avail-
able for followup analysis.

To complement the osteoporosis component, adults were
asked to report their milk consumption during five age peri-
ods: 5–12 years, 13–17 years, 18–35 years, 36–65 years, and
65 years of age and over. Responses were recorded as ‘‘more
than once per day,’’ ‘‘once per day,’’ ‘‘less than once per day,
but more than once per week,’’ ‘‘once per week,’’ ‘‘less than
once per week,’’ or ‘‘never.’’ Although several researchers
have found that the recall of past diet was strongly influenced
by present dietary habits (120–124) and that it is difficult to
quantify the amount of calcium consumed during periods of
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peak bone growth using retrospective dietary data, most
people can probably retrospectively report whether or not they
consumed milk products during these time periods in a
qualitative sense.

Nutrition-related interview
A complete picture of dietary intake is not possible with a

single 24-hour recall and food frequency. Therefore, additional
interview questions were asked about water intake, usage of
vitamin and mineral supplements, meal and snack patterns,
infant feeding practices, alcohol intake, and food sufficiency.
Appendix table X shows the nutrition-related interview infor-
mation collected in NHANES III by age of individual.

Questions related to periodic or chronic food shortages
were asked for both families and individuals to study the
impact of food insecurity on dietary intake, nutritional status,
and health (88). At the family level, questions were asked
about the number of days per month on which there was no
food or money to buy food and the reasons for the problem.
The questions for individuals, modeled after those developed
and used in the Community Childhood Hunger Identification
Project (125), asked about the frequency of and reasons for
skipping meals and going without food (88).

In addition to the 24-hour recall and food frequency,
alcohol intake information was collected through additional
questions about current and past alcohol consumption asked of
respondents aged 12 years and over during a private interview
in the MEC. When using and interpreting alcohol data from
the various data collection methods used in NHANES III, it is
important to note that alcohol intake estimates can vary
between dietary methods because of method and reporting
differences (126). To assess total nutrient intake, sources of
nutrients such as discretionary salt, water, vitamin and mineral
supplements, and nutrient-containing medicines were evalu-
ated. The DDC system (i.e., 24-hour recall) was specifically
designed to probe for fat and salt used in the preparation of
foods, and additional questions about type and frequency of
salt used at the table were asked. Usual daily water consump-
tion and the amount of water consumed for the 24-hour recall
period were collected. The source of the home water supply
and the presence in the home of a water softening or condi-
tioning system were assessed during the household interview.
Serious consideration was given to the collection of a house-
hold drinking water sample, but it was decided that one casual
water sample would not be representative of the usual content
of household water for all seasons.

Information about current vitamin and mineral supple-
ments and prescription and nonprescription medication usage
for the month prior to the interview was collected during the
household interview and for the 24-hour period prior to
examination. If possible, the interviewer recorded brand and
dosage directly from the supplement or prescription-
medication container label and asked about the frequency of
usage.

Anthropometry
A core set of body measures has been included in all past

NHANES; however, the necessity of certain measures and the

availability of new equipment warranted the discontinuation of
some measures and the addition of others. The current set of
measures was selected from a public health perspective.
Because of heightened awareness and the emergence of evi-
dence of associations between fat distribution and health
outcomes, the number of circumference measurements was
expanded. Additionally, to be on the cutting edge of new
technology amenable to the survey environment, bioelectrical
impedance analysis (BIA) was included for those age groups
for which stable prediction equations were expected to become
available from empirical research (127).

The selection of both procedures and equipment was
influenced by constraints inherent to the unique setting of this
survey and by the need to ensure reasonable comparability
with the past while collecting data to meet current needs. In
order to include an optimal number of measures in a limited
time frame, a considerable amount of planning and experimen-
tation was devoted to modifying and refining applications of
the equipment, the procedures, and the facility, including the
automated data recording system. The final array of body
measures was distilled to several sets that are variably admin-
istered, dependent upon the age of the sample persons. These
measures are shown in appendix IV and may be categorized as
weight, height, length, circumference, breadth, skinfold, and
bioelectrical impedance.

As with all other components of this survey, the primary
objective was to maximize validity and reliability. Because
one major end product of the anthropometric component is to
produce reference values, accuracy was emphasized through
standardized training and a multifaceted quality control sys-
tem. Related to this, reproducibility is also a paramount
concern, not only within and between individual data collec-
tors and trainers for NHANES III, but also to facilitate
comparisons between the NHANES III and other surveys and
studies. Specific consideration was given to selecting methods
that incorporated, to the extent possible, objective procedures.
For example, bony landmarks were selected to identify ana-
tomical sites for placement of the instruments and proper
positioning of the sample persons; marks were made on the
measurement sites to locate midpoints and anchor the measur-
ing devices; and where feasible, measures were taken directly
on the skin. In general, the guidelines of the Anthropometric
Standardization Reference Manual (128) were followed,
although modifications were made for selected procedures.
Documentation of complete details of the NHANES III anthro-
pometric procedures will be disseminated in a separate
publication.

Laboratory determinations

When selecting nutritional biochemistry and hematologi-
cal indicators to include in NHANES III, first priority was
given to scientific merit. An NCHS survey planning group was
charged with developing a list of blood determinations for
NHANES III, including priorities by age group. The planning
group used recommendations from an ad hoc panel convened
by the Life Sciences Research Office, Federation of American
Societies for Experimental Biology, at the request of the FDA
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(100), as well as other important sources, such as the first
report of the Joint Nutrition Monitoring Evaluation Committee
(129) andThe Surgeon General’s Report on Nutrition and
Health (15). Individual agencies and institutes within the NIH
also developed specific proposals for biochemical and hema-
tological measures to be included in NHANES III. For example,
the National Heart, Lung, and Blood Institute developed and
funded the lipid analysis for NHANES III (see the part
‘‘Health status assessment’’). The scientific merit of each
measure was evaluated in the context of the goals of the
survey, i.e., which NHANES III health conditions and exami-
nation measures were available for linkage with the laboratory
data.

If deemed to have sufficient scientific merit, the next
criterion considered was feasibility of measuring the indicator
in a national survey. This included whether the state-of-the-art
analytic methodology currently accepted by the scientific
community was practical for a large field survey lasting 6
years. Specimen size requirements and staff and monetary
costs also had a bearing on feasibility (130). Laboratory
protocols and analytical methods for several nutritional deter-
minations were developed at the National Center for Environ-
mental Health (CDC). A list of the nutritional biochemistry
and hematological variables assayed in NHANES III is shown
by age in appendix table IV. In previous NHANES, blood was
collected from children by fingerstick. However, because of
problems in performing a fingerstick without creating contami-
nation or causing hemodilution by ‘‘milking,’’ it was decided
to collect blood from children aged 1 year and over in
NHANES III by venipuncture only (130,131). Because a
lesser amount of blood can be collected from children than
from adults, it was not possible to assay the full battery of
nutritional biochemistries in children. For young children,
only the most critical nutritional biochemistries were assayed
(appendix table IV).

One new indicator, red cell distribution width, was added
because it may become abnormal earlier in the development of
iron deficiency than other blood cell count indicators, such as
hemoglobin or mean cell volume, but after the fall of iron

stores (132). Many iron-status indicators are affected by
inflammation as well as by iron deficiency (72). The ability to
assess iron status in NHANES III has been enhanced by the
addition of a biochemical measure of inflammation, C-reactive
protein. The C-reactive protein measure, which will also be
useful in the arthritis component, will aid determination of the
prevalence of true iron deficiency without confounding by
inflammatory conditions. This will be particularly useful when
assessing iron status of older persons, in whom the prevalence
of abnormal iron status indicators as a result of inflammation
is high (133).

Serum and red blood cell folate were assessed on all
examined persons 4 years of age and over. For Phase 2 of the
survey (1991–94), assessment of homocysteine, methylma-
lonic acid, and vitamin B12 were added to provide population
reference data on vitamin B12 status. This information will be
critical to assessing the population’s folate status and folate-
vitamin B12 relationships.

NHANES III provides the most comprehensive assess-
ment of fat-soluble vitamin status available from an NHANES.
In addition to vitamins A and E, which have been measured in
at least one previous NHANES, vitamin D, retinyl esters
(which may increase in vitamin A toxicity), and a profile of
five different carotenoids are being assessed.

Clinical assessments related to nutrition
Unlike previous NHANES, the physician’s examination

component of NHANES III did not screen for overt clinical
signs of nutritional deficiencies such as keratomalacia, pella-
grous dermatitis, or follicular hyperkeratosis, which are uncom-
mon in the United States. Instead, a number of nutrition-
related health conditions were assessed in NHANES III (see
the section ‘‘Health status assessment’’), including cardiovas-
cular disease and related risk factors, diabetes, osteoporosis,
dental conditions, and gallbladder disease. Dietary and nutrition-
related interview information (appendix table X) supplement
the physical examination findings and allow for further study
of the interrelationships between nutrition and health in the
population and subgroups at increased risk.
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Sample design and
analysis guidelines

Sample design

The general structure of the NHANES III sample design
is the same as that of the previous NHANES. Each of these
surveys used a stratified multistage probability design. The
major design parameters of the two previous NHANES and
the special Hispanic HANES, as well as NHANES III, have
been previously summarized (17). The NHANES III sample
was designed to be self-weighting within a primary sampling
unit (PSU) for subdomains and fairly close to self-weighting
nationally for each of these subdomain groups (but not for the
total population).

The NHANES III sample represents the total civilian
noninstitutionalized population, 2 months of age or over, in
the 50 States of the United States. The first stage of the design
consisted of selecting a sample of 81 PSU’s, which, in the first
stage, are mostly individual counties. In a few cases, adjacent
counties were combined to keep PSU’s above a minimum
size. The PSU’s were stratified and selected with probability
proportional to size (PPS). Thirteen large counties (strata)
were chosen with certainty (probability of one). For opera-
tional reasons, these 13 certainty PSU’s were divided into 21
survey locations. After the 13 certainty strata were designated,
the remaining PSU’s in the United States were grouped into
34 strata, and 2 PSU’s were selected per stratum (68 survey
locations). The selection was done with PPS and without
replacement. The NHANES III sample therefore consists of 81
PSU’s or 89 locations.

The 89 stands were randomly divided into 2 sets, 1
consisting of 44 sites and the other 45 sites. One set of PSU’s
was allocated to the first 3-year survey period (1988–91) and
the other set to the second 3-year period (1991–94). Therefore,
unbiased estimates (from the point of view of sample selec-
tion) of health and nutrition characteristics can be indepen-
dently produced for both Phase 1 and Phase 2 as well as for
both phases combined.

For most of the sample, the second stage of the design
consisted of area segments composed of city or suburban
blocks, combinations of blocks, or other area segments in
places where block statistics were not produced in the 1980
census. In the first phase of NHANES III, the area segments
were used only for a sample of persons who lived in housing
units built before 1980. For units built in 1980 and later, the
second stage consisted of sets of addresses selected from
building permits issued in 1980 or later. These are referred to
as ‘‘new construction segments.’’ In the second phase, 1990

census data and maps were used to define the area segments.
Because the second phase followed within a few years of the
1990 census, new construction did not account for a signifi-
cant part of the sample and the entire sample came from the
area segments.

The third stage of sample selection consisted of house-
holds and certain types of group quarters, such as dormitories.
All households and eligible group quarters in the sample
segments were listed, and a subsample was designated for
screening in order to identify potential sample persons. The
subsampling rates enabled production of a national, approxi-
mately equal, probability sample of households in most of the
United States, with higher rates for the geographic strata with
high Mexican-American populations. Within each geographic
stratum, there is an approximate equal-probability sample of
households across all 89 stands. The screening rate in each
stratum was designed to produce the desired number of sample
persons for the rarest age-sex domain in the race and ethnic
group defining the geographic stratum.

Persons within the sample of households or group quar-
ters were the fourth stage of sample selection. All eligible
members within a household were listed, and a subsample of
individuals was selected based on sex, age, and race or
ethnicity. The definitions of the sex, age, race or ethnic classes,
subsampling rates, and designation of potential sample per-
sons within screened households were developed to provide
approximately self-weighting samples for each subdomain
within geographic strata and at the same time to maximize the
average number of sample persons per sample household.
Experience in previous NHANES indicated that this increased
the overall participation rate.

Although the exact sample sizes will not be known until
data collection has been completed, estimates have been made.
A summary of the expected sample sizes at each stage of the
design is as follows:

Number of PSU’s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81
Number of stands (survey locations) . . . . . . . . . . . . . . . . . . . . . . . . 89
Number of segments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2,138
Number of households to be screened . . . . . . . . . . . . . . . . . . . . 106,000
Number of households with sample persons . . . . . . . . . . . . . . . . . 20,000
Number of sample persons . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40,600
Number of interviewed sample persons . . . . . . . . . . . . . . . . . . . . 35,000
Number of examined sample persons . . . . . . . . . . . . . . . . . . . . . 30,100

Amore detailed description of the sample design for NHANES
III, including a description of the research that resulted in the
final design, has been previously published (17).
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Analysis guidelines

Because of the complex survey design used in NHANES
III, traditional methods of statistical analysis based on the
assumption of a simple random sample are not applicable.
Detailed descriptions of this issue and possible analytic meth-
ods for analyzing NHANES data have been described previ-
ously (7,79,134,135). These previously recommended guidelines
are revised on a periodic basis as new statistical procedures
and analytic computer software are developed. However, there
are some important analysis considerations that have not
changed over time.

First, there are the two aspects of the NHANES design
that must be taken into account in data analysis. One is the
sample weights and the other is the complex survey design.
Sample weights are needed to estimate means, medians, and
other descriptive statistics. They must be used to produce
correct population estimates because each sample person does
not have an equal probability of selection. The sample weights
incorporate these differential probabilities of selection and
include adjustments for noncoverage and nonresponse. With
the large oversampling of young children, older persons, black
persons, and Mexican-Americans in NHANES III, it is essen-
tial that the sample weights be used in all analyses. Otherwise,
misinterpretation of results is highly likely.

The second aspect of the design that must be taken into
account in data analysis is the strata and PSU’s from the sample
design used to estimate variances and test for statistical signifi-
cance. In general, sampling variances will be underestimated if
calculated without incorporating the complex sample design.

The effect of the complex sample design on variance
estimates is referred to as the design effect, which is the ratio
of the variance of a statistic from a complex sample to the
variance of the same statistic from a simple random sample of

the same size (3). A design effect of one indicates the equality
of the simple random sample variance and the complex sample
variance.

Design effects in NHANES have traditionally been higher
than one, and the magnitude of the design effects have been
variable. In NHANES I and NHANES II, the average design
effect was calculated to be about 1.5. Preliminary analyses
from NHANES III indicate that the average design effect
might be lower (approximately 1.2 or 1.3).

Although preliminary analyses may be performed on
unweighted data with standard statistical packages that assume
simple random sampling, final analyses should be done on
weighted data using special computer programs that use an
appropriate method for estimating variances from a complex
sample (e.g., SUDAAN (136) or PCCARP (137)). The calcu-
lation and use of ‘‘average’’ design effects (when unstable
variances occur) along with the sample weights have been
suggested as an alternative NHANES analytic approach (135).

Recently, NCHS staff have participated in an effort to
establish guidelines for variance estimation and statistical
reporting standards. In addition to delineating some of the
previously mentioned issues, the staff produced a nomogram
of recommended sample sizes for analyses of complex survey
data (table 1). For means of fairly symmetric populations
and proportions based on commonly occurring events (where
0.25 <p < 0.75), a good rule of thumb is that the sample size
should be no smaller than some broadly calculated ‘‘average
design effect’’ times 30. The first column of the table repre-
sents a simple random sample design and the other columns
reflect the increased sample size requirements for a more
complex survey design. Thus, the minimum sample size for a
normal approximation increases for more rare events as well
as for survey designs that result in increased average design
effects. Other criteria and approaches for estimating minimum

Table 1. Recommended sample sizes for a complex survey design, by design effect and specified proportion

Proportion

Design effect

1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.5 3.0 3.5

0.99 . . . . . . . . . . . . . . . . . . . . 800 880 960 1,040 1,120 1,200 1,280 1,360 1,440 1,520 1,600 2,000 2,400 2,800
0.95 . . . . . . . . . . . . . . . . . . . . 160 176 192 208 224 240 256 272 288 304 320 400 480 560
0.90 . . . . . . . . . . . . . . . . . . . . 80 88 96 104 112 120 128 136 144 152 160 200 240 280
0.85 . . . . . . . . . . . . . . . . . . . . 53 59 64 69 75 80 85 91 96 101 107 133 160 187
0.80 . . . . . . . . . . . . . . . . . . . . 40 44 48 52 56 60 64 68 72 76 80 100 120 140
0.75 . . . . . . . . . . . . . . . . . . . . 32 35 38 42 45 48 51 54 58 61 64 80 96 112
0.56–0.74 . . . . . . . . . . . . . . . . . 30 33 36 39 42 45 48 51 54 57 60 75 90 105
0.55 . . . . . . . . . . . . . . . . . . . . 30 33 36 39 42 45 48 51 54 57 60 75 90 105
0.50 . . . . . . . . . . . . . . . . . . . . 30 33 36 39 42 45 48 51 54 57 60 75 90 105
0.45 . . . . . . . . . . . . . . . . . . . . 30 33 36 39 42 45 48 51 54 57 60 75 90 105
0.26–0.44 . . . . . . . . . . . . . . . . . 30 33 36 39 42 45 48 51 54 57 60 75 90 105
0.25 . . . . . . . . . . . . . . . . . . . . 32 35 38 42 45 48 51 54 58 61 64 80 96 112
0.20 . . . . . . . . . . . . . . . . . . . . 40 44 48 52 56 60 64 68 72 76 80 100 120 140
0.15 . . . . . . . . . . . . . . . . . . . . 53 59 64 69 75 80 85 91 96 101 107 133 160 187
0.10 . . . . . . . . . . . . . . . . . . . . 80 88 96 104 112 120 128 136 144 152 160 200 240 280
0.05 . . . . . . . . . . . . . . . . . . . . 160 176 192 208 224 240 256 272 288 304 320 400 480 560
0.01 . . . . . . . . . . . . . . . . . . . . 800 880 960 1,040 1,120 1,200 1,280 1,360 1,440 1,520 1,600 2,000 2,400 2,800

NOTE: Minimum sample size requirements are adjusted for the relative inefficiency in the sample design by a factor equal to the design effect where design effect = complex sample
variance/simple random sample variance

For midrange proportions (0.25 <p <0.75), the simple random sample (SRS) minimum sample size is 30.

For extreme proportions ( p ≤0.25 or p≥0.75), the SRS sample size (n) satisfies the following rule: n( p) ≥8 and n(1–p) ≥8.
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sample sizes exist; however, this is the approach currently
proposed for NHANES III analyses.

These guidelines reflect a design-based approach to esti-
mation and analysis. In some instances, a model-based approach
may be used. The use of an ‘‘average design effect’’ to
estimate the complex sample variances is one such instance.
The use of model-based approaches is most appropriate when
maximizing use of all available data is preferable (138,139).

It is important to remember that guidelines are just that,
and they are not absolutes. They represent strategies that yield

the most sound statistical conclusions. Violating the guidelines
introduces a greater degree of uncertainty about the soundness
of the analytic conclusions but does not necessarily mean that
a particular analysis is invalid. Consideration of the survey
design, survey nonresponse, data collection and processing
procedures, potential measurement errors, and the subject
matter being studied are all equally important and should be
evaluated to judge the merit of each analysis and interpretation
of data from any survey, including NHANES III.
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Data collection and
reports of findings

This section describes the operation of NHANES III,
particularly the many different logistical activities that had to
come together smoothly for the survey to achieve high response
rates and data of high and uniform quality. It is important to
maintain consistently high quality throughout a long, complex
effort involving many interviewers and examiners gathering
data in many places under varying conditions. Because
NHANES III provided a standard environment and operation
that traveled from one survey location to the next, it was
possible to collect data under identical conditions whether in
Anchorage, Alaska, or in Brownsville, Texas.

Listed below are some operational ‘‘firsts’’ that distin-
guished NHANES III from earlier NHANES in both scope
and complexity.

+ This survey was the longest ever fielded, covering a period
of 6 years

+ The survey was also the longest in terms of individual
respondent burden for both the household interview and
examination

+ The age range was expanded to include the youngest and
oldest people ever covered

+ Each of the mobile examination centers (MEC’s) con-
sisted of four trailers instead of three

+ Oversampling of black persons, Mexican-Americans, the very
young, and the very old dictated that many households be
screened to sample adequate numbers from these groups

+ Interviewers took blood pressure measurements in the
households of sample persons

+ Staff used computer-assisted personal interviewing (CAPI)
procedures for the household interview and the home
examination starting in fall 1992

+ Trained examiners did a subset of examination components in
the home on very young, very old, or handicapped persons
who were unable or unwilling to come to the MEC

+ All data collection procedures in the MEC were automated
+ A contractor conducted all data collection activities
+ The design included specifications to accommodate future

followup surveys
+ A formal emphasis on replicate examinations led to a

much larger pool of complete replicate examination data
than in any previous NHANES

NCHS contracted with Westat, Inc., a survey research
firm, to carry out data collection for NHANES III. For the
survey, Westat employed a full-time field staff of 27 household
interviewers, 32 examination staff, and 15 administrative staff

who traveled 11 months of each year collecting data. Many of
these staff, especially the interviewers and examiners, spoke
both English and Spanish. Other activities carried out by
Westat included translation of the survey instruments into
Spanish, selecting the sample, creating instruction manuals,
training staff, and conducting, under NCHS guidance, four
pretests of the survey.

Staff carried out the first pretest of interviewing proce-
dures in Spanish and English in Los Angeles, California, from
October 3 through November 14, 1987. The pretest involved
about 300 interviews with sample persons and tested question-
naire translations and listing, sampling, and household inter-
viewing procedures.

The first examination pretest, held in Rockville, Mary-
land, from August 10 through December 11, 1987, involved
about 600 volunteers from Federal agencies. Certain interview-
ing procedures were tested as well as all examination proce-
dures including questionnaires.

The second examination pretest was held in Tampa,
Florida, from January 4 through March 16, 1988. This pretest
involved a probability sample of about 475 persons and tested
questionnaire translations and all sampling, listing, interview-
ing, examination, automation, and quality control procedures.
Experience with examinations of the elderly both in the
examination center and the home was also a major concern in
this pretest.

After several months of evaluating the results of these
three pretests, condensing the examination by dropping some
components and shortening others, and changing procedures,
staff held the ‘‘dress rehearsal’’ in College Park, Maryland,
from October 5 through November 25, 1988. The dress
rehearsal, which involved about 650 sample persons, was
meant only to refine all sampling, listing, interviewing, and
examination procedures before the survey started. No changes
of substance were made.

NHANES III itself was conducted from October 18, 1988,
through October 15, 1994, in two phases, each of which
comprised a national probability sample. The first phase was
conducted from October 18, 1988, through October 24, 1991,
at 44 locations. The second phase was conducted from Sep-
tember 20, 1991, through October 15, 1994, at 45 sites.

Schedule and logistics

The first task undertaken after the selection of the primary
sampling units (PSU’s) was to develop a schedule to conduct
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the survey in each of the 89 locations. Several factors entered
into the determination of the sequence of sites within each
phase. These included geography, seasonal weather patterns,
expected number of sample persons in the PSU’s, expected
number of households to be screened in each PSU, racial and
ethnic profile of the PSU’s, and relative distance between
consecutive locations.

Because the MEC’s are prone to physical breakdowns
brought on by cold weather, and sample persons are less likely
to participate in extreme winter conditions, the first consider-
ation in scheduling was to avoid the North in winter. Although
such a policy may have introduced seasonal variation in some
of the data, the NHANES focus on chronic conditions tends to
lessen the potential for bias. As it was also important to
achieve economy of operation, sequencing survey locations
according to their geographical proximity to each other was
desirable. Carrying this goal to its most economical conclusion
would have required going to all places located in one section
of the country before moving on to the next. Because such a
configuration would have introduced a time bias that could
confound an attempt to analyze trends over time, compromises
were necessary. One such compromise was to spread the
operation over the survey years so that about one-sixth of each
of the black, Mexican-American, and other populations would
be sampled in each year. Then for each year, the most
economical sequence of survey locations was chosen within
the geographic and seasonal constraints. Thus, the conflicting
goals of economy of operation and reduction of scheduling
bias could both be satisfactorily met. As a result, NHANES III
circled the United States each year for 6 years.

The optimal number of sample persons that can be
interviewed and examined at any location for any of the
Health and Nutrition Examination Surveys (HANES) ranges
between 300 and 600. On one hand, for an examination
schedule of less than about 3 weeks (the number of weeks
normally allowed for 300 persons) it is not cost-effective to set
up the MEC with its sewer, water, and electrical connections.
On the other hand, 600 persons is the upper limit to allow for
the selection of as many PSU’s as possible. Therefore,
NHANES III survey designers established a target number of
sample persons that stayed within that range and averaged
around 450 per site. This consistency in size made it easier to
piece together a schedule that not only satisfied the restrictions
mentioned earlier but the following requirements as well.

The schedule at each survey site contained an initial
period of about 3–4 weeks of household interviewing before
examinations began. During this time some 15 interviewers
did most of the screening, household interviewing, and mak-
ing of examination appointments. Then an examination team
arrived to prepare the MEC and carry out examinations during
a 4–7-week period. See figure 1 for a portion of a representa-
tive schedule.

The movement of staff between survey locations followed
one of three patterns depending on the type of staff—
household interviewer, examiner, or field office. Most house-
hold interviewers traveled to every site to do the bulk of
screening and interviewing before examinations started. Then
at the beginning of examinations, they went on to the next

place to do screening and interviewing. Each of the two teams
of examination staff traveled to every second location to stay
for the examination period. Each of the three field office teams
traveled to every third location where they stayed from before
the beginning of household interviewing through the end of
examinations, a period of 8–11 weeks. A few household
interviewers who specialized in convincing reluctant sample
persons to participate in the examination phase of the survey,
rather than in the initial screening and household interviewing,
were more apt to follow different patterns. However, by and
large, the model described represents staff movement through-
out NHANES III.

Advance arrangements and public affairs

Carrying out NHANES III in each community involved a
sequence of activities that covered a span of about 7 months
(figure 2). Early activities focused on notification of local
officials, selection and preparation of field office and MEC
sites, and solicitation of support from the media and other
local contacts. Then, as field office and interviewing staff
arrived on site, the emphasis shifted to household interviewing
of sample persons and making appointments for them to have
the physical examination. Finally, after the examination staff
arrived, examinations took place in the MEC’s.

About 4 months before household interviewing started in
a county, NCHS staff sent an introductory letter and an
NHANES III Fact Sheet to each of a number of local officials,
including the local health director and nutritionist; mayor or
county executive; Chamber of Commerce president; police
chief; sheriff; school superintendent; coordinator on aging; and
heads of the medical, dental, and osteopathic societies.

Later, the NCHS and Westat advance team met with the
local health director and key staff to explain the survey and
ask their help in finding a site for the MEC. As in all HANES,
the most desirable site was central, near major highways,
level, and easily and cheaply accessible to sources of water,
electricity, and sewage disposal. It also had to be in a
neighborhood to which any person in the county would feel
comfortable going. Good examples are parking lots of large
hotel chains, hospital parking lots, and county fairgrounds.

At the initial meeting with the health department, the
advance team learned of other key local officials to be
informed. They discovered public information officers who
could help promote the survey locally. They also asked for
sources of medical care who would accept referrals when
NHANES physicians or laboratories found conditions requir-
ing treatment for sample persons who had no usual source of
medical care.

When all advance arrangements were complete, NCHS
staff sent each local official a followup letter giving the
addresses and phone numbers of the field office and MEC.

NCHS personnel purposely maintained a direct role in the
areas of advance arrangements and public affairs. As represen-
tatives of a Federal agency, NCHS staff could establish a
rapport with local government officials that might not have
been achieved as easily by a private contractor alone. There-
fore the advance-arrangements team was comprised of both

24



Figure 1. Example of a portion of a representative survey schedule used in the National Health and Nutrition Examination Survey:
1988–94

Trailer teardown
Trailer departure

12/12 (Sat) 1/9 (Sat)
12/12 (Sat) 1/16 (Sat)

Break 12/19–1/4
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Westat and NCHS staff who together started early preparations
in each county. Once the initial rapport was secure, Westat
personnel continued the process.

NCHS workers produced several outreach materials for
use in different ways to appeal to various audiences. The
four-page NHANES III Fact Sheet explained the survey in
detail to local officials, the media, and other inquiring profes-
sionals. One-page flyers emphasized the special benefits of the
survey for older people. The Secretary of Health and Human
Services recorded a short promotional videotape for television
public service announcements. A longer videotape with foot-
age from the examination was produced and made available
for field staff to offer the local television stations. Special
endorsement letters from the American Association of Retired
Persons, the National Institute on Aging, the Social Security
Administration, and the National Association of Area Agen-
cies on Aging were available to promote the survey when
appropriate. A distinctive flash card booklet helped the inter-
viewers explain to sample persons how they were selected for
NHANES III.

The most important of the outreach materials, the
NHANES III Sample Person Brochure, was an eight-page
two-color booklet with pictures that described the examination
experience for the sample person. Written in simple language,
in either English or Spanish, it used a question-and-answer
format designed to make sure sample persons were fully
informed of the benefits and risks of the examination before
they consented to participate. The last page of the booklet was
the actual consent form to be signed by the sample person or
parent.

Another aspect of outreach was publicity—how to get it
and how not to get too much of it. Before household inter-
viewing commenced, NCHS staff sent a locally tailored press
release to each newspaper, television station, and radio station
in the community. Their hope was to get at least one
NHANES III article published in a local newspaper just
before household interviewers began knocking on doors. NCHS
staff also sent special press releases to newspapers serving the
senior citizen, Hispanic, and African-American populations

where such papers existed. When the approach was successful,
the interviewers, carrying the article, a local affirmation of
NHANES III, were better able to confirm the legitimacy of the
survey to respondents.

At the start of the examination period, after household
interviewing had been going on for about 3 weeks, the staff
held a ‘‘dry run’’ examination session at which they conducted
examinations on volunteers from the local community. Although
the main reason was to make certain all examination equip-
ment was running properly, it was also a chance to invite local
officials and the media to an open house. Often the television
stations shot examination footage (using volunteers so as not
to violate the confidentiality guaranteed to sample persons)
that appeared on the evening news programs. This television
exposure, which often included all or part of the NCHS-
produced videotape, gave an extra boost to the never-ending
efforts to encourage participation among those selected for the
survey.

Occasionally, when several operations were running simul-
taneously in neighboring communities, such as in the Los
Angeles area, NCHS staff arranged press conferences. How-
ever, a more productive, and thus more commonly used,
mechanism was an informative talk given by the Westat field
manager at a local service club or senior citizen center.

Staffing and training

Westat advertised nationally to recruit field office, inter-
viewing, and examination staff who were not only qualified in
their specialties but came from a variety of geographic, racial,
and ethnic backgrounds. For many positions it was imperative
that staff speak both English and Spanish.

Although the interviewing staff were not required to have
academic credentials, most were experienced interviewers
who represented a cross-section of society; many were of
Hispanic origin. Similarly, although the requirements for the
field office administrative staff did not include academic
credentials, many of these staff had previous field experience,
even previous HANES experience.

NOTE: MEC is mobile examination center.

Figure 2. Sequence of activities at each survey location of the National Health and Nutrition Examination Survey: 1988−94
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Each of the two examination staffs was a group of 16 who
worked and traveled together as a team. They included a
physician, dentist, ultrasonographer, two dietary interviewers,
four x-ray technicians, a phlebotomist, three medical technolo-
gists, a health interviewer, a home examiner (who was a
medical technologist by training), and a coordinator. Many
staff, especially the dietary interviewers, health interviewer,
and coordinator, were fluent in both Spanish and English. Two
locally hired staff supplemented them at each place.

Examining physicians were required to have either an
M.D. or D.O. degree, be licensed, and be board certified or
board eligible in family, internal, or preventive medicine.
Dentists were required to have a D.D.S. degree and be
licensed. Ultrasonographers carried Registered Diagnostic Medi-
cal Sonography credentials. Health technicians were certified
by the American Registry of Radiologic Technologists. Dietary
interviewers had a bachelor’s degree in home economics or a
related subject and at least 10 credit hours in foods and
nutrition. Medical technologists had experience separating
white cells from blood samples.

All staff went through month-long introductory programs
that oriented them to NHANES III in general and trained them
to do their jobs in particular. Conducted by Westat staff, these
training programs relied on NCHS subject matter experts as
well as outside consultants to bring the new employees to
satisfactory skill levels before they went into the field to
collect data. Yearly, throughout the survey, Westat and NCHS
staff conducted formal retraining programs to make sure these
skill levels were maintained.

Household interviewing and examination
appointments

About 10 days before interviewing began in a county, the
NCHS Director sent to each sample household in the 23–26
sampled neighborhoods a large-print letter saying that an
interviewer would soon be visiting. The dwelling units selected
to be screened were a probability sample of those identified by
staff called ‘‘listers’’ who previously had walked throughout
the sampled neighborhoods looking for all dwelling units.

At the beginning of the interviewing period, the field
manager distributed segment (neighborhood) assignments to
about 15 interviewers. They visited each household to admin-
ister a screening questionnaire that identified the household
members, their ages and birth dates, and their racial and ethnic
identities. Then according to the sampling instructions based
on age, sex, and racial and ethnic identity contained on the
screener, the interviewer selected sample persons from the
household members.

Because of the effort to oversample the very young, the
very old, black persons, and Mexican-Americans, interviewers
had to screen many households. Although only about one
household in five contained sample persons, in households
with sample persons, an average of just over two people were
chosen. Therefore, much of the early interviewing focused on
screening. Nevertheless, the competing interest of filling the
examination schedule early made it crucial at first not only to

screen households but also to complete interviews and make
appointments for selected sample persons to have the health
examination.

Because many Mexican-Americans preferred to have the
household interview in Spanish, all survey data collection
instruments were available in Spanish as well as English. As
mentioned earlier, many interviewers were fluent in both
languages. When it was necessary to conduct an interview in a
language other than English or Spanish, a translator was
engaged to assist the interviewer in administering the
questionnaires.

At the beginning of each interview with a sample person
over 16 years of age, the interviewer asked the respondent to
refrain from smoking or drinking coffee or alcohol during the
interview. The reason for this request was to prepare for the
blood pressure measurements to be taken later. Then the
interviewer administered, depending on the sample person’s
age, either the Household Adult Questionnaire (for persons
aged 17 years and over) or the Household Youth Questionnaire
(for persons 2 months–16 years of age). See appendix III for
the content of these questionnaires and appendix table I for a
list of interview topics by questionnaire. At the end of the
adult interview, the interviewer, following a rigorous proce-
dure, took three sets of systolic and diastolic blood pressure
measurements and recorded the average of the last two. Then
the interviewer gave the respondent a report that included the
measurements; an assessment of whether they were normal,
borderline high, or high; and recommendations for followup
by a health care provider.

The final questionnaire was the Family Questionnaire
(appendix III), which the interviewer administered to a respon-
sible adult household member. The purpose was to find out
about educational levels, ethnicity, occupational information,
health insurance coverage, family income, and characteristics
of the house itself.

Before asking sample persons to make an appointment for
the health examination (which could last as long as 31⁄2 hours),
interviewers explained its various components. Participants
also learned that they would receive free transportation to the
MEC and a cash payment. The basic payment was $30 for the
examination. However, there was the possibility of receiving
an additional $20 under conditions relating to the time of the
appointment and fasting status, conditions that are explained
later in this section. Another incentive for sample persons to
participate was that they would receive the findings from the
examination.

After the sample person had read the Sample Person
Brochure and signed the consent form, the interviewer called
the field office to make the appointment, finding the earliest
examination slot available, subject to a few constraints, on a
day and time acceptable to the sample person. Then the
interviewer gave the sample person an appointment slip
showing the date and time of the scheduled examination
appointment and explained the exact fasting instructions. The
interviewer indicated that a taxi would take the person to the
examination center at the appointed time and would return the
examinee home. However, persons who preferred to drive
would be paid for their mileage. The interviewer also told the
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sample person that a reminder notice would arrive in the mail
a few days before the scheduled examination. A day before the
appointment, a field office staff member telephoned the sample
person with a reminder of the appointment, the fasting instruc-
tions, and the taxi pickup arrangements if applicable.

The main limitation on scheduling a person for the
examination, one considered so important that people were
remunerated for following it, was related to the need to obtain
blood specimens under controlled fasting conditions. In past
HANES in which there was a glucose tolerance test (GTT),
interviewers asked the people chosen for it to fast overnight
and appear for a morning examination. Many people, how-
ever, were unwilling or unable to schedule a morning appoint-
ment. To avert a similar occurrence in NHANES III, NCHS
staff tried something new. Households were divided randomly
into two groups, ‘‘morning’’ and ‘‘other.’’Anyone over the age
of 20 in the morning group fasted overnight and had a
morning examination. The others over the age of 20 years
fasted 6 hours and had either an afternoon or an evening
examination. Whether or not the sample person was given the
GTT (only those between 40 and 74 years of age were eligible

for this test), this arrangement enabled NCHS staff to analyze
better the results of blood tests normally given under strict
overnight fast conditions. For example, it allowed analysis of
diurnal variations in the levels of laboratory test values such as
lipids. What made the system work was that a $20 bonus was
paid to sample persons who participated during the designated
examination session.

Another example of a scheduling constraint was the limit
on the number of persons over the age of 60 who could
participate during a given examination session. The examina-
tion could be very long and arduous for older persons;
therefore, there would not have been time for all of them to
complete the examination if too many older persons had been
scheduled during the same session.

More than 73 percent of sample persons made an appoint-
ment, appeared at the MEC as scheduled, and completed the
examination at that time. These people required no further
followup visits. The rest, people who either broke their
appointments or refused to make any at all, required additional
persuasion efforts from the interviewers. Household interview-
ers were very diligent about recontacting these people and
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succeeded in convincing many of them eventually to partici-
pate in the examination. These interviewers used a variety of
techniques beyond the offer of remuneration, free transporta-
tion, and the results of the examination. Techniques included
appealing to the sample person’s sense of responsibility and
community spirit. Eventually, about 14 percent of these people
agreed to take part and contributed to raising the examination
rate by 4 percentage points to more than 77 percent.

Examination center and equipment

As in previous surveys, NHANES III examinations were
carried out in specially designed and equipped MEC’s that
were moved from one location to the next according to the
survey schedule. Each of the three identical examination
centers consisted of four trailers, approximately 48 feet long
by 8 feet wide, with about 1,570 square feet of space. To form
an examination center, the four trailers were parked on level
hard ground, side by side, and connected with enclosed
telescoping passageways. With four trailers instead of three,
an NHANES III MEC was more than one-third larger than in
previous NHANES. Through size alone, this permitted a far
more extensive and complex examination than before. Other
new features of the NHANES III examination center, added
because of the emphasis on examining older people, were a
wheelchair lift and a lavatory designed to accommodate
handicapped people.

Shown in figure 3 is a diagram of the floor plan of each
MEC. The shaded areas between the trailers represent the
passageways, and those at one end of each trailer depict air
conditioning units. The minicomputer serving the automation
network was in the body measurement room that was adjacent
to the staff room, which contained a network printer, copier,
refrigerator, and range.

For any NHANES, the instruments used to collect exami-
nation data were chosen because they met certain criteria for
acceptability. The preference was to use equipment normally
used in a clinical or research setting if it could operate reliably
in the survey setting with minimal alteration. The statistical
data produced by the instrument had to be acceptable to the
scientific community. The instruments had to be rugged enough
to stand up to the rigors of constant travel. Ease of calibration
and maintenance was also important, and the staff had to be
able to use the equipment accurately and reliably. Lastly, the
equipment had to fit into the small space available. Appendix I
lists the equipment used during NHANES III.

The acceptability of the equipment was a factor in
deciding which components could be done in the NHANES
setting. For example, the bone density component would
not have been in NHANES III had it not been for the
timely availability of a bone densitometer that used x rays
to produce an image of the hip in about 15 minutes. A bone
densitometer considered early in the planning required
about 30 minutes, an unaffordable luxury of time when
planners were trying to fit a myriad of possible components
into a 4-hour examination session.

Before examinations began at any location, the MEC
manager directed the parking and alignment of the trailers, the

leveling of the individual trailers, the connection of the
passageways, and the electrical, water, and sewer attachments.
Because there were three MEC’s and two examination teams,
a set of trailers could always be moved from one survey
location to another, parked, set up, and ready for examinations
by the time an examination team arrived.

The MEC’s were moved in synchrony with the three field
office teams and served to transport each field office automa-
tion system from one place to another. Many other office and
medical supplies also traveled with them. A running inventory
of all office and medical supplies was kept with each exami-
nation center so that when supplies became low, the staff at the
central warehouse could send out replenishments, usually after
the trailers arrived at a survey location but before examina-
tions began.

Several days before examinations began, the NCHS bio-
medical engineer arrived on site to inspect all the computer
and medical equipment to make sure it was working satisfac-
torily. During this period the engineer arranged for company
service representatives to do preventive maintenance work on
the machines. On setup day the examination staff unpacked
the rest of the instruments and supplies and put the machines
through their paces while the engineer was still on site in case
malfunctioning equipment needed to be repaired. The engineer
usually stayed through the ‘‘dry run’’ examination session, at
which staff tested the equipment using local luminaries and
other volunteers to act as examinees. The engineer also stayed
for at least a day of real examinations to be absolutely sure
everything was functioning normally.

A typical schedule for the first half of the examination
period embraced two 4-hour sessions a day, 5 days a week,
Tuesdays through Saturdays. Wednesdays, Fridays, and Satur-
days had morning and afternoon sessions; Tuesdays and
Thursdays had morning and evening sessions. The target
number of examinees scheduled for each session was 10.
About halfway through the examining period the schedule
shifted to a Thursday-through-Monday work week. Morning
and afternoon sessions were on Fridays, Saturdays, and Sun-
days; morning and evening sessions were on Thursdays and
Mondays. One reason for this intricate schedule was to
provide the flexibility to accommodate all sample persons
whenever they might be available. Another reason was to
gather 24-hour dietary recall information for every day of the
week, not just weekdays.

Examination center methods

Four types of data collection methods were employed in
the MEC. Appendix table II shows the examination compo-
nents and the age groups covered by each, as well as the topics
covered by the supplemental questionnaires administered in
the examination center. Appendixes III and IV give the
specific content of the forms and questionnaires used. Other
sections discuss the rationale and purposes of the components.

One method of data collection was the direct physical
examination by a professional expert examiner, as in the
physician’s and dental examinations. Although the content of
these examinations was quantified to the fullest extent pos-
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sible, there still remained in each one aspects requiring the
professional judgment of the expert examiner. Because these
professionals were clinically educated to use their independent
judgment, it was necessary that they be trained to conform
exactly to the very different demands of a standardized survey
examination procedure.

The tests and measurements done by the health techni-
cians and ultrasonographers represented a second method.
These measurements were quantifiable and objective, and the
procedures for them could be clearly defined, leaving little
room for judgment on the part of the examiner. Audiometry,
tympanometry, fundus photography, radiography, electrocar-
diography (ECG), gallbladder ultrasonography, bone densito-
metry, body measurements, allergy testing, physical performance
testing, and spirometry fall into this category of examination.
Many of these examinations yielded products that required
later expert review to quantify the findings contained therein.

The third method of data gathering in the MEC was
interviewing, used to collect nutrition-related information,
data on sensitive subjects such as tobacco use among young-
sters, sexual experience, and depression; and tests of cognitive
ability and learning achievement. For example, in a dietary
interview room, with the help of food models to prompt
respondents to identify portion sizes of foods consumed,
dietary interviewers obtained and entered into the automated
system 24-hour recall and food frequency information. A
health interviewer in a private setting administered the WISC-R
and WRAT-R to young respondents and the MEC Adult
Questionnaire, MEC Youth Questionnaire, or MEC Proxy
Questionnaire as appropriate for the examinee’s age.

A fourth data collection method, specimen collection, was
used by the phlebotomist who drew blood on examinees 1
year of age and over. Urine specimens were collected, too,
from those 6 years of age and over. In the laboratory, medical
technologists divided blood and urine specimens for analysis.
Blood samples were tested for certain hematological assess-
ments, then the remainder of the blood and urine specimens
were processed and divided into many prelabeled vials. The
vials were stored under appropriate cold (4–8oC) or frozen
(≤20oC) conditions in preparation for shipment to various
analytical laboratories where numerous other tests were per-
formed later. In appendix tables III–V the analytes measured
in NHANES III, the assay methods used, and the laboratories
where the assays were performed are listed.

Examination experience

When a sample person appeared at the appointed time at
the examination center, the coordinator greeted the person in
the reception area. The examinee first changed into the foam
slippers and paper shirt and pants provided for all examinees.
The coordinator then assigned the person to an examiner
according to a flow system designed to make the best use of
the 4-hour examination session. After each examination com-
ponent or set of components, the examinee returned to the
coordinator for assignment to another examiner. This contin-
ued until all components were complete.

The purposes of the flow system were to keep to a
minimum the time examinees were in the examination center
and to use examination staff efficiently. Because the examina-
tion components varied in length and because examinees did
not receive the same components, the flow system had to be
flexible. Therefore the first rule was to serve the examinee
who had been waiting the longest. The second rule was to use
priorities to determine which examiner served the examinee if
more than one examiner was available. Sometimes the influ-
ence of one component upon another determined which one
the examinee received first.

Before starting an individual examination component, the
examiner asked the examinee a few questions to see if there
was any reason why it would not be safe for the person to have
that examination. The questions were different for each com-
ponent. Safety exclusions are discussed further later.

Upon completion of an examination component, the exam-
iner entered a completion code into the computer and also
recorded the fact of completion on a paper control record. The
examinee carried the control record along from one compo-
nent to the next through the whole examination. After com-
pleting all examination components, the examinee changed
back into street clothes and returned to the reception area. At
the end of the examination session, the coordinator thanked
and remunerated the examinee according to the established
procedure.

Home examination

A goal in NHANES III was to examine the highest
possible number of sample persons in the MEC. However,
some frail older people and others who were bed-bound or in
wheelchairs could not participate in the usual way. Because
NHANES III had no upper age limit, many more individuals
than in previous surveys fell into this group. Therefore, the
home examination was designed to gather certain physical and
physiological information on sample persons in their own
houses through a subset of components normally done in the
MEC. These are listed in appendix table II.

Sample persons 60 years of age and over whom interview-
ers found to be bed-bound or in wheelchairs were immediate
candidates for the home examination. The household inter-
viewer did not try to schedule such an individual for the MEC
but instead arranged for a home examination to be done by a
medical technologist. For other sample persons, interviewers
did not suggest the possibility of a home examination until a
decision was made that further efforts to persuade the person
to come to the MEC would be futile.

A field office staff member made the appointment for the
home examination. Sample persons who were at least 20 years
of age were asked to fast exactly as if they had been going to
the MEC. Although the appointment was at the sample
person’s convenience, preferred appointment times were dur-
ing periods when the examination center was open and its lab
available for blood processing. After the examination, which
lasted 30–60 minutes, the home examiner gave the sample
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person a cash payment of $15. Then the examiner returned to
the examination center to process the blood specimens. (Urine
specimens were not collected.)

Data processing

During each examination component, examiners recorded
all data directly into an automated data collection system that
ended the need for most paper forms. Except for a few
components (bone density, dietary, dental, spirometry, and
neurological) that used independent automated systems, the
system was integrated. However, administrative functions for
all components were part of the central automated system. The
need for hard-copy records did not vanish completely, though;
technicians still took x rays; they took photographs of the
fundus of the eye and of height measurements; they generated
tympanogram, electrocardiogram, and spirometry tracings;
and they made videotapes of the gallbladder ultrasound
examination.

All data gathered about a sample person carried a unique
identifying number. However, there were two exceptions that
applied to the HIV seroprevalence test and the urine drug tests
done for persons 18 years of age and over. Because of the
special sensitivity of the tests, they were conducted as double-
blind studies using randomly numbered specimen vials. There
was no link between the random numbers and the correspond-
ing sample person identification numbers. The only demo-
graphic information about a sample person that accompanied
the vials was sex, age group (20-year group), race and ethnic
group, survey location, and educational level.

At the end of operations at each location, field staff sent
all records to various locations for processing, interpretation,
and/or storage. Computer tapes of CAPI data and field office
administrative records went to the NCHS data processing
center at Research Triangle Park (RTP), North Carolina, for
uploading to the mainframe computer. Tapes of examination
data directly entered into the automation system went to
NCHS headquarters for immediate uploading. Paper question-
naires done before NHANES III started CAPI procedures
went to the RTP facility for keying and processing. X rays,
spirometry and ECG tracings, tympanograms, and height and
weight photographs went to NCHS headquarters. Fundus
photographs, videotapes of the gallbladder ultrasound exami-
nation, and computer tapes of the spirometry and bone density
examinations went to consultants for reading and interpreta-
tion before being returned to NCHS.

Quality control

Two sources of error may enter into survey data collection
activities: sampling error and nonsampling error. The control
of sampling error is discussed in the section ‘‘Sample design
and analysis guidelines.’’ Described in this section is the
control of nonsampling error.

One type of error occurring in perhaps all surveys,
especially those in which participation is voluntary, is that
resulting from nonresponse. Nonresponse bias may occur if
there is a large proportion of nonrespondents whose character-

istics differ from those of respondents for the measurements
being made. The potential nonresponse bias is greater when
response rates are low. Therefore, a major effort was made in
NHANES III, as in all previous NCHS health examination
surveys, to reduce the magnitude of nonresponse.

Two adaptations to earlier NHANES sample designs were
still in effect for NHANES III, primarily to improve response
rates. The number of sample persons selected per family was
larger than in past NHANES (although smaller than in the
Hispanic HANES), and the geographic size of the PSU’s
remained small (as it was in NHANES II and the Hispanic
HANES), so the travel distance between the neighborhoods
and the examination center was as short as possible.

Most efforts at increasing response were directed at
making the examination experience more appealing. Although
some of these methods have been mentioned previously, they
included adapting the schedule of examination sessions to suit
the needs of each particular locality; scheduling examination
appointments at the convenience of the sample persons;
scheduling whole families together for the examination; using
bilingual Hispanic interviewers and examination staff mem-
bers; printing the questionnaires in both Spanish and English;
locating the examination centers in convenient and socially
acceptable places; providing free transportation to and from
the examination center; providing for babysitting; obtaining
permission from the schools for student examinees to miss
classes; sending the examination results to the examinee; and
giving each examined person a cash payment as a token of
appreciation. Also, an extensive followup system was used to
help sway sample persons who refused the examination or
broke their appointments.

Assuring the quality of the household interview data was
a long, thorough process. First, the questionnaires developed
by NCHS staff were translated into Spanish. During the
pretests they were checked in both Spanish and English to see
that they worked in both languages and that the two versions
were equivalent. Precise definitions of questionnaire terms
were written and incorporated into detailed instruction manu-
als. Before the interviewers went into the field, they received
intensive training specific to the survey and its questionnaires.
Later retraining sessions were conducted as necessary. In years
2 and 3 of the second phase of the survey, interviewers used
CAPI procedures with built-in field edits that prevented many
inconsistencies and out-of-range answers from ever being
recorded.

Validation of completed questionnaires with respondents
is a procedure often used in interview surveys to be sure
questionnaires have not been falsified. In NHANES III super-
visors conducted a 10-percent validation of all cases, some by
telephone, others in person. If problems were discovered, the
work was verified or redone to the extent necessary to ensure
the validity of the data.

Field edits were a very important part of quality control.
Throughout the survey an editor went over all questionnaires
completely (whether on paper or in the CAPI system) and
informed the interviewer’s supervisor of any error patterns
found, so interviewers could be corrected. Also, field person-
nel sent each questionnaire with errors to the MEC on the day
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of the sample person’s examination so the correct information
could be retrieved directly from the examinee.

One of the most direct methods of monitoring, used in all
NCHS health examination surveys, was observation of the
interviews by NCHS and contractor staff. In addition, while
these headquarters staff were in the field, they often took time
to edit questionnaires.

Quality control of the health examination had the two
goals of reducing systematic and random measurement error
for each examination component and quantifying what error
remained. Quality control measures that applied to the exami-
nation as a whole were the standard environment provided by
the three identical sets of MEC’s; standard state-of-the-art
equipment and examination procedures; automation of all data
collection procedures in the examination center through a
local area network run by a minicomputer; detailed written
instructions for all procedures; specialized training of examin-
ers before they collected data; periodic retraining of examiners
to reduce the drift in technique inherent in long surveys; formal
transmittal procedures to account for and send data from the field
to the processing centers; documentation of unusual occurrences
that may have affected the data; a thorough check of all medical
and automation instrumentation at each location; and the ‘‘dry
run’’ examination session conducted to be sure all the equipment
and staff were functioning properly.

Other elements of the field quality control program applied
individually to the various components of the examination.
For example, the technicians calibrated the equipment and
instruments used for ultrasonography, bone densitometry,
spirometry, audiometry, tympanometry, radiography, body mea-
surements, and the laboratory procedures. These calibrations
were done at various intervals depending on the instrument.
The biomedical engineer saw that preventive maintenance for
both medical and automation equipment was performed as
scheduled with results recorded in instrument log books. Also,
throughout the survey, the engineer and systems staff were on
call to see that the equipment consistently functioned at the
high performance levels required.

As with the household interview component, observation
of examinations was an important quality control measure.
Various NCHS, Westat, and consultant staff each visited the
field about four times a year to observe the procedures under
their respective domains. During these visits, the examiners
were retrained as appropriate if technique had deteriorated
since the last set of observations. For all these field visits,
written reports documented the quality of the data gathered
and retraining conducted.

Certain examination components, such as ECG, tympa-
nometry, radiography, bone densitometry, spirometry, fundus
photography, and ultrasonography yielded hard documents.
The ECG’s and spirograms were recorded not only on paper
as tracings but also on computer tapes. The films and tracings
produced by these components had to meet a number of
standards of quality to be acceptable. To assess the quality of
the hand and knee x rays, an expert radiologist read a sample
of the films and transmitted those findings to the technicians
so their techniques could be affirmed or corrected as necessary.

As a safeguard against recording error in the measure-
ments of standing and sitting height, there was extra quality
control. The technician took an instant photograph of the
height scale setting for each standing and sitting height
measurement and read the measurement to be recorded from
the photograph, not directly from the scale. This way the effect
of parallax was removed. Then later all the height photographs
were compared with data entered into the computer. When
recording errors were found, the data were corrected.

Another frequently used quality control measure was to
compare patterns of measurements over time and across
examiners and survey locations. If any abnormal variability
appeared, appropriate measures were taken to uncover the
reasons and retrain examiners in the correct measurement
techniques.

Even though many methods were used to keep measure-
ment error to a minimum, some degree of measurement error
may have been left in the data. Therefore, another objective of
the quality control program was to determine the extent of this
error. To do this, the survey collected replicate data, either by
rereading hard documents produced by the procedures, such as
x rays, ECG’s, and photographs of height measurements, or by
repeating procedures exactly as they were done originally.
Most laboratory tests were repeated as a matter of course. But
otherwise, the scope and frequency of collection of replicate
data varied greatly.

During the first few weeks at a survey location, many
examinees over 6 years of age were asked if they were willing
to participate 2–3 weeks later in a second examination in the
MEC or in the home. For operational convenience, these
examinees were volunteers. The possible bias resulting from
the use of a nonstatistical sample was not of prime importance
because the main interest was not the values of the measure-
ments themselves but rather the errors in the measurements.

Generally, 20 volunteers at each survey location were
scheduled for re-examination in the examination center. An
additional 10 people examined first in the MEC volunteered
for a replicate examination in the home. The home examina-
tion replicates made it possible for the tests and measurements
made in the home to be compared with similar ones made in
the MEC. Such components included spirometry, body mea-
surements, and laboratory tests.

Although the full-scale replicate examinations were the
single most ambitious undertaking of replicate data gathering
in NHANES III, other replicate measurements were periodi-
cally performed for the purposes of monitoring and evaluating
inter- and intra-examiner variability. For example, replicate
data were gathered by persons designated as ‘‘standards’’ who
visited the field periodically and replicated such examination
components as the dental examination, blood pressure, and
body measurements. These replicates were used mainly to
monitor the measurement process and retrain examiners if
necessary. Sometimes, instead of replicating a procedure, an
expert reread the hard document produced by the procedure.
This applied to ultrasonography and fundus photography.

A significant amount of instrument quality control took place
in the MEC laboratory. For example, control specimens were
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used to check the Coulter cell counter daily. And to assure
quality in hematology, each technician participated in the CDC
Proficiency Testing Program at least four times a year.

At each ‘‘dry-run’’ examination session, the technicians
split the blood specimens and sent pairs of tubes to the various
laboratories performing NHANES III laboratory analyses. In
addition to these blind-split duplicates, the contract laborato-
ries routinely performed their own replicate and quality con-
trol determinations. Whenever differences larger than
predetermined tolerances occurred, the analyses were repeated.
Generally two types of quality control systems were used by
the chemical laboratories, ‘‘bench’’ quality control pools inserted
by the analyst in each analytical run to monitor the day-to-day
analysis and ‘‘blind’’ quality control samples placed in vials,
labeled, and processed so as to be indistinguishable from
regular NHANES III samples.

Medical safety policy

Ensuring the medical safety of all NHANES III partici-
pants was of paramount importance. From the first contact
with a sample person through the interview and examination
to the last report of medical findings, this policy was sus-
tained. Even from the earliest stages in the planning process,
individual risks were always weighed against the overall
benefits to society at large.

During the household visit, the interviewer, using the
Sample Person Brochure, spelled out clearly the examination
and any minimal risks associated with procedures such as
phlebotomy and x rays. The interviewer made great efforts to
identify diabetic sample persons who were on insulin and
instruct them to not fast before their examinations. Sample
persons manifestly unable to participate at the MEC were
encouraged to have the home examination.

As pointed out earlier, the examination center was designed
to accommodate examinees who were in wheelchairs. And, to
help ensure the safety of all examinees, there was a physician
in the examination center at all times that it was in operation.
Although there were several physicians on call for backup
duty, on the rare occasion when a physician was not available,
the examination center closed.

Because the MEC was not equipped nor staffed for
treatment of medical problems, the examination staff had to be
able to respond quickly to any medical emergency by getting
the affected person to a treatment facility as quickly as
possible. To this end the advance-arrangements team had
ascertained and posted in the examination center the name of
the nearest medical facility that had agreed to handle emergen-
cies. Furthermore, at least once a year the NCHS medical
officer conducted an emergency drill with each examination
team.

Although few people were excluded from a component
for medical reasons, it was important not to risk the health of
examinees, however slight the risk might be. Therefore,
according to the answers given to the safety exclusion ques-
tions asked before each component, an examiner could exclude
someone from that component. For example, recent chest or
abdominal surgery or a recent heart attack excluded an exam-

inee from spirometry. Appendix table VIII lists the safety
exclusions for each component.

Medical referrals and reports of findings

Data from the many medical components that make up
NHANES III provide important information on the health
status of the people of this Nation. However, this health
examination was not intended to serve as a screening instru-
ment or diagnostic measure or to substitute for an examination
performed by a participant’s own health care provider.

Nonetheless, the information from the health examination
was thought to have important implications for the health of
the individual sample person. Therefore, NCHS staff designed
the report-of-findings system to provide examinees with results
from the laboratory tests, physician’s examination, and special
studies such as ECG, gallbladder ultrasonography, and spirom-
etry. Appendix table XI lists the reportable findings from the
examination.

NHANES III is the first HANES to report results directly
to examinees rather than to their health care providers. These
results were reported in one or more of three ways. One was
direct communication from the physician to the examinee in
the MEC. This approach was the only means of reporting
results to the individual face to face. The other ways, employed
after the examinee had left the examination center, used letters
or the telephone as the means of communication.

To expedite the reporting of examination results, espe-
cially those of an urgent nature, NCHS medical officers
classified each reportable medical result into one of three
levels of severity. Level I referred to a major medical finding
that was an emergency requiring immediate medical attention.
Most all Level I referrals occurred while the examinee was
still in the examination center. Examples of such referrals are
heart attack symptoms, dangerously high blood pressure, and
anaphylactic reactions to the allergy skin test. Also included in
this type of referral was suspected child abuse, handled in the
following special way: The informed consent form each parent
or guardian of a minor sample person signed before participa-
tion contained a statement explaining that the examining
physician would report suspected child abuse to the local
authorities.

Occasionally, the NCHS medical staff made a Level I
referral after the examinee had left the examination center. For
instance, if the expert consultant who read the fundus photo-
graphs of the eye saw a condition that was an immediate threat
to the sample person’s vision, the expert telephoned the
medical officer in charge of reporting examination findings
and explained the condition. The medical officer used the most
expedient means to reach the sample person, either telephone
or overnight express mail or both. Sometimes in this situation,
the field staff were still in the community and could help
locate and inform the examinee.

A Level II referral was also a major medical finding, but
not one requiring immediate attention. These findings needed
care within 2–3 weeks. The examining physician could make
Level II referrals from the dental examination, blood pressure
measurements, ECG, or hematology tests directly from the
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examination center. Abnormal findings noted from the physi-
cian’s examination itself could warrant Level II referrals as
well.

However, most of the Level II referrals did not come from
the examination center because the laboratory findings and
special studies that generated them were not available while
the examinee was in the examination center. These findings
came from specimen assays done by outside laboratories and
interpretations of the special studies done by consultants. The
laboratories and consultants reported extremely abnormal clini-
cal findings to NCHS by phone or facsimile as soon as the
tests were run. NCHS medical officers had given the laborato-
ries clear definitions of ‘‘extremely abnormal’’ for the report-
able laboratory findings, both by test and cutoff value. Those
values, as well as the abnormal and medically acceptable
values, are listed in appendix table XII. (In general, ‘‘extremely
abnormal’’ was plus or minus two standard deviations outside
the medically acceptable range for a particular test.) The
expert consultants defined what was ‘‘extremely abnormal’’
for the fundus, bone density, and gallbladder examinations,
and for the x rays.

Finally, Level III referrals were all other findings reported
to the examinee. These included both minor medical findings
already known by the examinee as well as those findings
within the medically acceptable ranges.

NCHS staff developed a rapid reporting system to deliver
Level II (and occasionally Level I) findings quickly and
accurately by certified letter. The letter alerted a sample person
that a finding was very much outside the medically acceptable
range. Each letter identified the test(s), the result(s), and for
the laboratory tests, the extremely abnormal cutoff value(s).
The main message of the letter, stated in very carefully worded
strong language, was the recommendation that the sample
person immediately see a health care provider for proper
evaluation and treatment. The letter explained that the survey

examination was not a substitute for an examination by one’s
own physician. Further, the letter encouraged the sample
person to call the NCHS medical officer on a toll-free number
with any questions about the examination results. Accompany-
ing the certified letter was a list of medical care providers in
the community that would take referrals. This list was espe-
cially useful to a sample person who lacked a health care
provider or who may have had limited resources available for
health care. Appendix II contains examples of the rapid
reports.

The routine report of findings went to all examined
sample persons whether or not any abnormal findings were
present. Although it did not report the results of every test and
examination, it was a complete summary of all those of
clinical interest. This report confirmed any extremely abnor-
mal values reported earlier through the rapid reporting system.
In this case a special message reminded the sample person that
he or she had already received some extremely abnormal
results and should already have taken them to a health care
provider.

Contained in the routine report were height and weight
and, depending on the age of the examinee, blood pressure and
the results from the special studies and laboratory tests.
Appendix II shows an example of the reports of findings. If
the examinee had received an ECG, a copy of the tracing went
with the report. NCHS sent the routine report by regular mail
to the examinee or parent about 12 weeks after examinations
were complete in a community. In addition to the actual
values, this report contained a two-sided cover letter (one side
in English and the other side in Spanish). This cover letter
simply thanked the examinees for participating in the survey
and invited them to call NCHS if they had questions about the
reports. The report packet also contained the medical referral
listing for the specific community and a list of health informa-
tion resources.
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Appendix I
Summary of survey
content and methods

Data collection, coding, and quality control
of 24-hour dietary recalls

The NHANES III Dietary Data Collection (DDC) system,
a microcomputer-based interview system, was used to collect
24-hour dietary recalls (140–142). With support from the
National Institutes of Health (NIH), the University of Minne-
sota’s Nutrition Coordinating Center (NCC) developed a
prototype of the NHANES III DDC system; the prototype
system was then adapted for use in NHANES III with
additional funding from the National Center for Health Statis-
tics (NCHS) and the Food and Drug Administration (FDA).
NCHS specified that the DDC system have the following
features:

+ Capability to conduct open-ended interviews using struc-
tured probes built into the interview system itself to ensure
standardized data collection

+ Capability to collect information on brand name products,
cooking methods, and the use of fat and sodium in food
preparation

+ Ability to identify foods eaten together
+ Capability to record information on the time of day food

was eaten, the name of the meal or snack, and the place
where the food was consumed

+ Capability to record information about foods not found in
the DDC system

+ Capability to edit 24-hour dietary recalls during and after
the interview

+ Automated coding of foods to the U.S. Department of
Agriculture (USDA) survey nutrient data base

NCHS pretested the DDC system during two NHANES III
pilot studies. Information recorded in the 24-hour recalls
included the time consumed, food names, type of meal or
snack, and where the foods were consumed. During each
24-hour recall interview, sample persons quantified foods and
beverages using food-specific units (such as a ‘‘large’’ egg or
‘‘medium-sized’’ apple), abstract food models, special charts
(e.g., shapes), and measurement aids such as rulers and
measuring cups and spoons. Interviewers probed for specific
brand names for commercial products such as margarines,
baked goods, and fast foods in order to provide more detailed
information for food identification purposes.

During the 24-hour dietary recall, information about the
specific types and amounts of alcoholic beverages was col-
lected in a private interview. At the end of the 24-hour recall,

the dietary interviewers probed for a list of foods and bever-
ages, including alcoholic beverages, that are often forgotten.

Prior to each followup telephone interview for the Supple-
mental Nutrition Survey of Older Americans (SNSOA), two
advance letters and a Food Model Booklet were mailed to each
subject to inform them of the study. The food model booklet for
the SNSOA contained life-size, two-dimensional drawings of the
NHANES III food models, measurement aids, and charts used
in the MEC. Research has shown that two-dimensional draw-
ings such as those used in the telephone followup have good
reliability with three-dimensional ones (143).

Interview training and quality control

NCHS and Westat, Inc., wrote the NHANES III Dietary
Interviewer’s Training Manual, which provides detailed instruc-
tions for all aspects of 24-hour recall and food frequency data
collection (149). A section describing telephone interview
procedures for the SNSOA was added to the manual in 1990.
All NHANES dietary interviewers completed a comprehen-
sive training course that emphasized standardized data collec-
tion and proper interviewing technique. An experienced trainer
organized and conducted dietary interviewer training. Dietary
interviewers were required to have college-level training in
foods and nutrition and a majority were bilingual in English
and Spanish.

Dietary interviewer performance was monitored using
several techniques including field monitoring of interviews in
progress and reviews of taped dietary interviews by NCHS
and Westat, Inc. (141,145,146). In addition, dietary interview-
ers performed a 10-percent cross-check of printed 24-hour
recall reports. Interviewer retraining sessions were conducted
periodically throughout the survey; field memorandums and
newsletters were prepared by NCHS and Westat, Inc., to
inform the interviewers of DDC updates and issues concerning
the dietary interview protocol.

Food composition data base

The DDC system’s foods data base was mapped to
USDA’s Survey Nutrient Data Base (SNDB). The DDC data
files collected from respondents contain detailed information
about all foods and beverages consumed and were sent on
computer tapes to NCHS headquarters in Hyattsville, Mary-
land, for review, editing, and processing. Special computer
programs for NCHS to merge the DDC interview files with the
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SNDB containing food codes, gram weights, recipes, and
nutrient values were prepared by the NCC.

At the start of the survey, the DDC system included more
than 8,000 ‘‘base’’ foods and 3,000 brand-name products.
However, the diversity of foods available in the marketplace is
constantly increasing, particularly foods with modified fat,
cholesterol, salt, and fiber content. New foods were routinely
added to the USDA data bases throughout NHANES III and
the DDC system was subsequently updated (141).

Specific descriptions of food are also necessary for trend
analysis. Trend analysis is essential for nutrition monitoring as
well as for long-term studies investigating diet and health
relationships (147). The evaluation of trends in dietary intake
is dependent on food composition data base changes, food
coding decisions made during or between surveys, and the
ability to reanalyze past dietary data, if necessary. The com-
parison of food and nutrient intakes over time is possible with
NHANES III because both the multiversion DDC foods data
base and the Survey Nutrient Data Base are time-specific.

Medical instruments and automation
equipment
Medical instruments in the mobile
examination center

Ultrasound room
Toshiba SSA-90A Ultrasound Scanner (Sonolayer V)
RMI Ultrasound Phantom
Echowarm GW2E Gel Warmer
Panasonic AG-6300MD VHS VCR

Spirometry room
Thommen 2000 Barometer
Ohio Medical 822 or 827 Spirometer modified by
NIOSH

NIOSH-built HF4 Computer

Physician’s examination room
Baumanometer Wall Model Standard Mercury
Sphygmomanometers

Littman Classic Stethoscope with dual head
Baumanometer Calibrated V-Lok Cuffs (thigh, large
arm, adult, child, infant)

Emergency medical kit
Valhalla 1990B Bioimpedance Analyzer
Lifepak 6s 801555-36 Portable ECG
24.9 cubic foot oxygen tank

Laboratory
Coulter S-PLUS JR Blood Analyzer
Coulter DTH2AS Data Terminal
Sorvall GLC-2B DuPont Instruments Centrifuges (two)
Hamilton-Bell V6500 Centrifuge
Damon MB Microhematocrit Centrifuge
F7CSS Nor-Lake freezers (three)
F7CSS Nor-Lake refrigerator
NuAire NU-425-400 Biological Safety Hood

Reception area
TL-15 Burglary Floor Safe
IVAC IVI811A Thermometer

X-ray room
Marquette MAC-12 ECG
Canon CR4–45NM Non-Mydriatic Retinal Camera
Canon (Polaroid) CR4-PC Camera Back
Canon CR4-FN 35mm Camera Back
Picker 755–560-F Radiographic Generator
X-Rite 601 Silver Recovery Unit
X-Rite 334 X-Ray Film Sensitometer
X-Rite 301 X-Ray Film Densitometer
Westinghouse Film Illuminator
Kodak RP X-Omat M6AW Film Processor

Dental examination room
Harvey 5000 Chemiclave
MDT Corporation Rolux light

Bone densitometry room
Hologic QDR-1000 X-Ray Bone Densitometer
Hologic Phantom WHF-1 Phantom
Hologic PRA-1 Pronator Foot Brace

Audiometry room
Grason-Stadler 1716 Audiometer
Telephonics TDH-50P (296D200-2) Earphones
Teledyne TA-7A Tympanometer
Bruel & Kjaer 2235 Sound Level Meter
Bruel & Kjaer 1624 Octave Band Filter
Bruel & Kjaer 4230 Acoustic Calibrator
Bruel & Kjaer 4144 Condenser Microphone
Bruel & Kjaer 4152 Artificial Ear Coupler
Compaq Deskpro 286 2551 computer used for central
nervous system examination

Body measurement room
Holtain T/W Skinfold Caliper (dial caliper)
Bicondylar Vernier Elbow Breadth Caliper
Mediform CLPR65 Sliding Caliper
Lufkin Y606PM Steel Measuring Tape
Ross Insertion Tape
Holtain Height Stadiometer w/Polaroid Camera
Sitting Height Box, 50cm
Holtain Infant Measuring Board
Toledo 2181 Scale w/300 lbs. weight (12@ 25 lbs.)
Toledo 8136 Scale Digital Display Readout
Lock and Key Mechanism (custom made by Alan
Shapiro)

Local area network equipment in the mobile
examination center

DEC IVAX 630 Main Computers (two)
DEC DSRVB Terminal Server (four)
DEC VT220 Terminals (two)
DEC VT320 Terminals (nine)
DEC PC500 VAXmate Computers (three)
DEC 325C Computers (three)
DEC LNO3 Printer
Liebert 3.0 KVA Uninterruptible Power Source
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Medical instruments in the household

Baumanometer Gravity Rx Sphygmomanometer
Baumanometer Calibrated V-Lok Cuff (thigh, large arm,
adult, child, infant)

Littman Classic Stethoscope
NIOSH PJ5 Spirometer with Tamarac Flow Sensor used
with Compaq 286 Laptop Computer

Holtain T/W Skinfold Caliper (dial caliper)

Lufkin Y606PM Steel Measuring Tape
Ross Insertion Tape
Seca 220 Standing Portable Stadiometer
Seca Integra 815 Scale
Baby measuring board (custom made by Irwin Schorr)
Lock and key mechanism (custom made by Alan
Shapiro)

Carpenter’s folding rule
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Summary tables

Table I. Interview topics covered, by type of questionnaire

Household questionnaires

Household screener Family questionnaire
Household adult questionnaire
(ages 17 years and over)

Household youth questionnaire
(ages 2 months−16 years)

Household composition Individual characteristics Blood pressure measurement Birth (2 months – 11 years)
Selection of sample persons Health insurance and income assistance Orientation Infant feeding practices/diet
Ending interview Family background Health services (2 months – 11 years)

Occupation of family head Selected conditions Motor and social development
Housing characteristics Diabetes Health services and functional impairment
Family characteristics High blood pressure/cholesterol Selected conditions

Cardiovascular disease Respiratory and allergy
Muscoloskeletal conditions
(ages 20 years and over)

Vision and hearing

Gallbladder disease
School attendance and language usage

Kidney conditions
Vitamin, mineral, and medicine usage

Respiratory and allergy
Name/Social Security number

Diet and body weight
Dental care and status

Food frequency
Vision and hearing
Dental care and status
Tobacco
Physical functioning
(ages 60 years and over only during
Phase 1)
Vision and hearing
Occupation/language usage
Exercise
Social support/residence
Vitamin, mineral, and medicine usage
Name/Social Security number

Supplemental questionnaires

MEC adult questionnaire
(ages 17 years and over)

MEC youth questionnaire
(ages 8–16 years)

MEC proxy questionnaire
(ages 2 months–11 years)

Home examination questionnaire
(ages 2–11 months and 20 years and over)

Tobacco
Selected conditions
Medicine, vitamin, and mineral
usage
Cognitive function
(ages 60 years and over)
Alcohol/drug use
Reproductive health
Diagnostic interview schedule
(ages 17−39 years)

Activity
Tobacco
Reproductive health
(boys ages 12−16 years and
girls ages 10−16 years)
Selected conditions
Medicine, vitamin, and mineral usage
(ages 12−16 years)
Food frequency (ages 12−16 years)
Alcohol/drug use (ages 12−16 years)
Diagnostic interview schedule
(ages 15−16 years)

Medicine, vitamin, and mineral usage
(ages 1−11 years)
Selected conditions
Infant food frequency (ages 2−11 months)

Infant food frequency (ages 2−11 months)
Cognitive function (ages 60 years and over)
Selected conditions
Medicine, vitamin, and mineral usage
(ages 20 years and over)
Tobacco
Reproductive health
(ages 20 years and over)

NOTE: MEC is mobile examination center.
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Table II. Examination components, by age group

2 months–5 years 6–19 years 20–39 years 40–59 years 60–74 years 75 years and over

Physician’s exam Physician’s exam Physician’s exam Physician’s exam Physician’s exam Physician’s exam
Dental exam1 Dental exam Dental exam Dental exam Dental exam Dental exam
Body measurements2 Body measurements Body measurements2 Body measurements2 Body measurements2 Body measurements2

Venipuncture1 Venipuncture Venipuncture2 Venipuncture2 Venipuncture2 Venipuncture2

Dietary interview Dietary interview Dietary interview Dietary interview Dietary interview Dietary interview
Health interview Health interview Health interview Health interview Health interview Health interview

Urine collection Urine collection Urine collection Urine collection Urine collection
Spirometry3 Spirometry2 Spirometry2 Spirometry2 Spirometry2

Bioelectrical impedance4 Bioelectrical impedance Bioelectrical impedance Bioelectrical impedance Bioelectrical impedance
Allergy test Allergy test5 Allergy test5 . . . . . .
Audiometry . . . . . . . . . . . .
Tympanometry . . . . . . . . . . . .
Cognitive test6 . . . . . . Cognitive test2 Cognitive test2

Bone density exam Bone density exam Bone density exam Bone density exam
Ultrasound exam Ultrasound exam Ultrasound exam . . .
CNS test5 CNS test5 . . . . . .

Fundus photography Fundus photography Fundus photography
Electrocardiography Electrocardiography Electrocardiography

Performance test2 Performance test2

Hand/knee x-rays Hand/knee x-rays

11 year of age and over.
2Also included in the home examination.
38 years of age and over.
412 years of age and over.
5Half-sample only.
66–16 years of age.

NOTE: CNS is central nervous system.
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Table III. Laboratories and diagnostic centers

Component Laboratory or diagnostic center

Lipids Lipoprotein Analytical Laboratory
Johns Hopkins University
Baltimore, MD

Urinary iodine
Follicle-stimulating hormone (FSH),
luteinizing hormone (LH)

University of Massachusetts Medical Center
Worcester, MA

Urine albumin (micro)/creatinine Department of Pediatrics
University of Minnesota
Minneapolis, MN

Glucose
Insulin/C-peptide
Glycated hemoglobin (HbA1c)

Department of Child Health
University of Missouri-Columbia
Columbia, MO

Tetanus antitoxin Department of Microbiology and Immunology
Medical University of South Carolina
Charleston, SC

Thyroid hormones Endocrine Services Laboratory
University of Southern California
Los Angeles, CA

C-reactive protein/Rheumatoid factor Immunology Division
University of Washington
Seattle, WA

Biochemistry profile
Fibrinogen

White Sands Research Center (WSRC)
Alamogordo, NM

Nutrition biochemistries
Urinary phenols

National Center for Environmental Health
Centers for Disease Control and Prevention
Atlanta, GA

White blood cell differential
Human immunodeficiency virus (HIV)–1
Hepatitis A, B, C, delta, E
Toxoplasmosis
Hantavirus

National Center for Infectious Diseases
Centers for Disease Control and Prevention
Atlanta, GA

Hematology (complete blood count) NHANES III Mobile Examination Center

Urine drug test CompuChem Laboratories
Research Triangle Park, NC

Herpes simplex I and II Department of Pediatrics and Infectious Disease
Emory University
Atlanta, GA

Ribonucleic acid (RNA)/deoxyribonucleic
acid (DNA) extraction

Environmental Protection Agency
Research Triangle Park, NC

Rubella
Varicella

California State Department of Health Services
Viral & Rickettsial Disease Laboratory
Berkeley, CA

Candidiasis Maryland Medical Laboratory
Baltimore, MD

Bone density Nuclear Medicine, Diagnostic Radiology
Mayo Clinic
Rochester, MN

Dietary interview Nutrition Coordinating Center
University of Minnesota
Minneapolis, MN

Gallbladder ultrasound
Hand and knee radiography

Department of Radiology
George Washington University Medical Center
Washington, DC

Fundus photography Department of Ophthalmology
University of Wisconsin
Madison, WI

Electrocardiography Division of Cardiology
University of Alberta
Edmonton, Alberta, Canada

Spirometry National Institute for Occupational Safety and Health
Morgantown, WV

Central nervous system test National Institute for Occupational Safety and Health
Cincinnati, OH

NOTE: NHANES is the National Health and Nutrition Examination Survey.
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Table IV. Blood and urine assessments, by age group

Age group

1–3 years 4–5 years 6–11 years 12–19 years 20 years and over

Whole blood

CBC1/RDW CBC1/RDW CBC1/RDW CBC1/RDW CBC1/RDW
Platelets Platelets Platelets Platelets Platelets
3-cell differential 3-cell differential 3-cell differential 3-cell differential 3-cell differential
Differential smear Differential smear Differential smear Differential smear Differential smear
Lead5 Lead5 Lead5 Lead5 Lead5

Protoporphyrin5 Protoporphyrin5 Protoporphyrin5 Protoporphyrin5 Protoporphyrin5

Red blood cell folate Red blood cell folate Red blood cell folate Red blood cell folate
Glycated hemoglobin5 Glycated hemoglobin5 Glycated hemoglobin5 Glycated hemoglobin5

(HbAic) (HbAic) (HbAic) (HbAic)

Serum

Iron5 Iron5 Iron5 Iron5 Iron5

Total iron binding capacity5 Total iron binding
capacity5

Total iron binding
capacity5

Total iron binding capacity5 Total iron binding capacity5

Ferritin5 Ferritin5 Ferritin5 Ferritin5 Ferritin5

Folate5 Folate5 Folate5 Folate5

Apolipoprotein A1, B
4,5 Apolipoprotein A1, B

4,5 Apolipoprotein A1, B
4,5 Apolipoprotein A1, B

4,5

Total cholesterol5 Total cholesterol5 Total cholesterol5 Total cholesterol5

HDL cholesterol5 HDL cholesterol5 HDL cholesterol5 HDL cholesterol5

Triglycerides5 Triglycerides5 Triglycerides5 Triglycerides5

Lp(a)2,5 Lp(a)2,5 Lp(a)2,5 Lp(a)2,5

Cotinine Cotinine Cotinine Cotinine
C-reactive protein5 C-reactive protein5 C-reactive protein5 C-reactive protein5

Rheumatoid factor Rhumatoid factor Rhumatoid factor Rhumatoid factor
Vitamin A (retinol)5 Vitamin A (retinol)5 Vitamin A (retinol)5 Vitamin A (retinol)5

Carotenoids5 Carotenoids5 Carotenoids5 Carotenoids5

Retinyl esters5 Retinyl esters5 Retinyl esters5 Retinyl esters5

Vitamin E5 Vitamin E5 Vitamin E5 Vitamin E5

Vitamin B12
2 Vitamin B12

2 Vitamin B12
2 Vitamin B12

2

Methyl malonic acid2 Methyl malonic acid2 Methyl malonic acid2 Methyl malonic acid2

Homocysteine2 Homocysteine2 Homocysteine2 Homocysteine2

Helicobacter pylori4 Helicobacter pylori4 Helicobacter pylori4

Tetanus Tetanus Tetanus Tetanus
Hantavirus (ages 10+)4 Hantavirus4 Hantavirus4

Vitamin C Vitamin C Vitamin C
Hepatitis A Hepatitis A Hepatitis A
Hepatitis B/delta Hepatitis B/delta Hepatitis B/delta
Hepatitis C Hepatitis C Hepatitis C
Hepatitis E Hepatitis E Hepatitis E
Rubella5 Rubella5 Rubella5

Varicella Varicella Varicella
Diphtheria Diphtheria Diphtheria

Herpes simplex I and II Herpes simplex I and II
HIV 1 (ages 18+)3,5 HIV 13,5

Toxoplasmosis5 Toxoplasmosis5

Vitamin D (25–hydroxyvitamin D3) Vitamin D (25–hydroxyvitamin D3)
Total/ionized calcium Total/ionized calcium
Selenium5 Selenium5

Thyroxine (T4) Thyroxine (T4)
Thyroid-stimulating hormone (TSH) Thyroid-stimulating hormone (TSH)
Antithyroglobulin antibodies Antithyroglobulin antibodies
Antimicrosomal antibodies Antimicrosomal antibodies

FSH/LH (females ages 35–60 years)
Insulin
C-peptide

Biochemistry profile5 Biochemistry profile5

Total carbon dioxide Total carbon dioxide
Blood urea nitrogen Blood urea nitrogen
Total bilirubin Total bilirubin
Alkaline phosphatase Alkaline phosphatase
Total cholesterol Total cholesterol
AST (SGOT) AST (SGOT)
ALT (SGPT) ALT (SGPT)
LDH LDH
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Table IV. Blood and urine assessments, by age group—Con.

Age group

1–3 years 4–5 years 6–11 years 12–19 years 20 years and over

Serum—Con.

GGT GGT
Total protein Total protein
Albumin Albumin
Creatinine Creatinine
Glucose Glucose
Calcium Calcium
Chloride Chloride
Uric acid Uric acid
Phosphorus Phosphorus
Sodium Sodium
Potassium Potassium

Plasma

Glucose (ages 20–39 years,
75 years and over)
OGTT (ages 40–74 years)
Fibrinogen (ages 40 years and
over)5

Urine

Cadmium Cadmium Cadmium
Creatinine Creatinine Creatinine
Albumin (micro) Albumin (micro) Albumin (micro)
Iodine Iodine Iodine

Cocaine2,3 (ages 18 years and over) Cocaine2,3

Opiates2,3 (ages 18 years and over) Opiates2,3

Phencyclidine2,3 (ages 18 years
and over)

Phencyclidine2,3

Amphetamines2,3 (ages 18 years
and over)

Amphetamines2,3

Marijuana2,3 (ages 18 years
and over)

Marijuana2,3

Pregnancy test (females ages
20–59 years)

White cells

Storage/banking5 Storage/banking5

1Includes hematocrit, hemoglobin, red and white cell counts, mean corpuscular volume, mean corposcular hemoglobin, and mean corpuscular hemoglobin concentration.
2Phase 2 only.
3Anonymous.
4Phase 1 only.
5Home examination also.
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Table V. Assay methods and instrumentation for laboratory assessments, by type of analysis

Analysis Assay/Instrumentation

Whole blood assessments
Complete blood count S Plus Jr/Coulter Electronics
Platelets S Plus Jr/Coulter Electronics
3-cell differential S Plus Jr/Coulter Electronics
Red cell distribution width S Plus Jr/Coulter Electronics
Differential smears Manual differential on abnormals and 10% of normals
Protoporphyrin Fluorescence/Extraction
Lead GFAA/Perkin-Elmer Model 5000 and 5100
Red blood cell folate ‘‘Quantaphase Folate’’ RIA Kit/Bio-Rad Laboratories
Glycated hemoglobin (HbA1c) DIAMAT HPLC/Bio-Rad Laboratories

Serum biochemical assessments
Folate ‘‘Quantaphase Folate’’ RIA Kit/Bio-Rad Laboratories
Iron and total iron-binding capacity Alpkem RFA Automated Ferrozine Colorimetric
Ferritin Quantimune Ferritin IRMA Kit/Bio-Rad Laboratories
Vitamin C HPLC/Waters Chromatography
Vitamin D (25-hydroxyvitamin D3) INCSTAR 25–OH-D RIA Kit
Vitamin A/E/carotenoids/retinyl esters HPLC/Waters Chromatography
Vitamin B12

1 125I-folic/57Co-B-12
Methyl malonic acid1 Rasmussen Method
Homocysteine1 HPLC
Selenium GFAA/Perkin-Elmer Model 3030 and 5100
Total cholesterol Hitachi 704 Analyzer/Boehringer-Mannheim Diagnostics
High-density lipoprotein Hitachi 704 Analyzer/Boehringer-Mannheim Diagnostics
Triglycerides Hitachi 704 Analyzer/Boehringer-Mannheim Diagnostics
Apolipoprotein A1 and B2 RID/Strategic Diagnostics Venture, Inc.
Lp(a)1 ELISA/Strategic Diagnostics Venture, Inc.
Total and ionized calcium NOVA 7+7 Electrolyte Analyzer/NOVA Biomedical
Cotinine EIA Screen/STC, Inc., LCMS Confirmation/Perkin-Elmer SCIEX
Hepatitis A RIA & EIA/Abbott Diagnostics
Hepatitis B/delta RIA (B), EIA(Delta)/Abbott Diagnostics
Hepatitis C EIA/Abbott Diagnostics
Hepatitis E ELISA
Tetanus ELISA/Wyeth Laboratories
Diphtheria In vitro neutralization assay
Herpes simplex I and II Immunodot Assay/Emory University
Human immunodeficiency virus 1 HIV type 1 LAV EIA Kit/Genetic Systems, HIV–1 Western Blot

Kit/Cambridge Biotech Corporation
Rubella antibody EIA/Bio-Tek Instruments
Varicella antibody EIA/Bio-Tek Instruments
Toxoplasmosis antibody Toxo-G ELISA/Diagnostics Pasteur
Helicobacter pylori2 ELISA
Hantavirus2 ELISA
C-reactive protein Behring Nephalometric Analyzer/Behring
Rheumatoid factor Behring Nephalometric Latex Fixation Analyzer/Behring
Follicle-stimulating hormone (FSH) Serono FSH MAIAclone Kit/Ciba-Corning Diagnostics, Inc.
Luteinizing hormone (LH) Serono LH MAIAclone Kit/Ciba-Corning Diagnostics, Inc.
Thyroxine (T4) RIA modification of Challand Method (Clin Chim Acta 60:25.1975)
Thyroid-stimulating hormone (TSH) TSH-Third Generation Chemiluminescence Assay Kit/Nichols Institute Diagnostics
Antithyroglobulin antibodies Thyroglobulin Antibody RIA Kit/Kronus
Antimicrosomal antibodies TPO Antibody RIA Kit/Kronus
Insulin Insulin RIA Kit/Pharmacia Diagnostics
C-peptide RIA/Novo BioLabs
Biochemistry profile
Total carbon dioxide Hitachi 737 Analyzer/Boehringer-Mannheim Diagnostics
Blood urea nitrogen Hitachi 737 Analyzer/Boehringer-Mannheim Diagnostics
Total bilirubin Hitachi 737 Analyzer/Boehringer-Mannheim Diagnostics
Alkaline phosphatase Hitachi 737 Analyzer/Boehringer-Mannheim Diagnostics
Total cholesterol Hitachi 737 Analyzer/Boehringer-Mannheim Diagnostics
Aspartate aminotransferase (serum glutamic-oxaloacetic transaminase) Hitachi 737 Analyzer/Boehringer-Mannheim Diagnostics
Alanine aminotransferase (serum glutamate pyruvate transaminase) Hitachi 737 Analyzer/Boehringer-Mannheim Diagnostics
Lactate dehydrogenase Hitachi 737 Analyzer/Boehringer-Mannheim Diagnostics
Total protein Hitachi 737 Analyzer/Boehringer-Mannheim Diagnostics
Albumin Hitachi 737 Analyzer/Boehringer-Mannheim Diagnostics
Creatinine Hitachi 737 Analyzer/Boehringer-Mannheim Diagnostics
Glucose Hitachi 737 Analyzer/Boehringer-Mannheim Diagnostics
Calcium Hitachi 737 Analyzer/Boehringer-Mannheim Diagnostics
Chloride Hitachi 737 Analyzer/Boehringer-Mannheim Diagnostics
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Table V. Assay methods and instrumentation for laboratory assessments, by type of analysis—Con.

Analysis Assay/Instrumentation

Uric acid Hitachi 737 Analyzer/Boehringer-Mannheim Diagnostics
Phosphorus Hitachi 737 Analyzer/Boehringer-Mannheim Diagnostics
Sodium Hitachi 737 Analyzer/Boehringer-Mannheim Diagnostics
Potassium Hitachi 737 Analyzer/Boehringer-Mannheim Diagnostics
Gamma glutamyl transpeptidase Hitachi 737 Analyzer/Boehringer-Mannheim Diagnostics

Plasma assessments
Glucose (oral glucose tolerance test) Hexokinase System/Roche COBAS MIRA Chem System
Fibrinogen Coag-A-Mate XC Plus/Organon-Teknika/General Diagnostics

Urinary assessments
Cadmium GFAA/Perkin-Elmer Model 3030
Creatinine Synchon AS/ASTRA Clinical Analyzer/Beckman Instruments
Albumin (micro) Fluorescent Immunoassay/Bio-Rad Laboratories
Iodine Chloric Acid digestion/Technicon Autoanalyzer
Pregnancy test ICON II hCG Immune Concentration Assay/Hybritech, Inc.
Marijuana Latex Agglutination/Roche Diagnostics, GCMS/Hewlett Packard
Cocaine Latex Agglutination/Roche Diagnostics, GCMS/Hewlett Packard
Phencyclidine Latex Agglutination/Roche Diagnostics, GCMS/Hewlett Packard
Amphetamines Latex Agglutination/Roche Diagnostics, GCMS/Hewlett Packard
Opiates Latex Agglutination/Roche Diagnostics, GCMS/Hewlett Packard

1Phase 2 only.
2Phase 1 only.
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Table VI. Laboratory analyses in comparable surveys, by survey and type of analysis

Analysis

Survey1

I II H III

Whole blood assessments
Sedimentation rate . . . . . . . . . . . . . . . . X
Complete blood count . . . . . . . . . . . . . . X X X X
Platelets . . . . . . . . . . . . . . . . . . . . . . X
3-cell differential . . . . . . . . . . . . . . . . . X
Differential smear . . . . . . . . . . . . . . . . . X X X X
Red-cell distribution width . . . . . . . . . . . . X
Lead . . . . . . . . . . . . . . . . . . . . . . . . . X X X
Protoporphyrin . . . . . . . . . . . . . . . . . . X X X
Red blood cell folate . . . . . . . . . . . . . . . X X X
Glycated hemoglobin (HbA1c) . . . . . . . . . X
Carboxyhemoglobin . . . . . . . . . . . . . . . X X

Serum biochemistry assessments
Folate . . . . . . . . . . . . . . . . . . . . . . . . X X X X
Iron and total iron-binding capacity . . . . . . X X X X
Ferritin . . . . . . . . . . . . . . . . . . . . . . . X X X
Vitamin C . . . . . . . . . . . . . . . . . . . . . . X X
Vitamin D (25-hydroxyvitamin D3) . . . . . . . X
Vitamin E . . . . . . . . . . . . . . . . . . . . . . X X
Zinc and copper . . . . . . . . . . . . . . . . . X
Vitamin A (retinol) . . . . . . . . . . . . . . . . . X 3X X X
Carotenoids . . . . . . . . . . . . . . . . . . . . X
Retinyl esters . . . . . . . . . . . . . . . . . . . X
Vitamin B12 . . . . . . . . . . . . . . . . . . . . X 5X
Methyl malonic acid . . . . . . . . . . . . . . . 5X
Homocysteine . . . . . . . . . . . . . . . . . . . 5X
Selenium . . . . . . . . . . . . . . . . . . . . . . X
Total cholesterol . . . . . . . . . . . . . . . . . X X X X
High-density lipoprotein cholesterol . . . . . . X X X
Triglycerides . . . . . . . . . . . . . . . . . . . . X X X
Apolipoproteins A1 and B . . . . . . . . . . . . 4X
Lp(a) . . . . . . . . . . . . . . . . . . . . . . . . 5X
Total and ionized calcium . . . . . . . . . . . . X
Cotinine . . . . . . . . . . . . . . . . . . . . . . . X
Bile salts . . . . . . . . . . . . . . . . . . . . . . X
Pesticides . . . . . . . . . . . . . . . . . . . . . X X X
Syphilis . . . . . . . . . . . . . . . . . . . . . . . X X X
Hepatitis A, B, and delta . . . . . . . . . . . . X X X
Hepatitis C . . . . . . . . . . . . . . . . . . . . . X X
Hepatitis E . . . . . . . . . . . . . . . . . . . . . X X
Tetanus . . . . . . . . . . . . . . . . . . . . . . . X X X
Diphtheria . . . . . . . . . . . . . . . . . . . . . X X
Polio . . . . . . . . . . . . . . . . . . . . . . . . . X
Herpes simplex I and II . . . . . . . . . . . . . X X
Human immunodeficiency virus I . . . . . . . X
Rubella antibody . . . . . . . . . . . . . . . . . X X
Varicella antibody . . . . . . . . . . . . . . . . . X
Toxoplasmosis antibody . . . . . . . . . . . . . X
Helicobacter pylori . . . . . . . . . . . . . . . . 4X
Hantavirus . . . . . . . . . . . . . . . . . . . . . 4X
C-reactive protein . . . . . . . . . . . . . . . . . X
Rheumatoid factor . . . . . . . . . . . . . . . . X

Analysis

Survey1

I II H III

Follicle-stimulating hormone (FSH)/
Luteinizing hormone (LH) . . . . . . . . . . . . X
Thyroxine (T4) . . . . . . . . . . . . . . . . . . . . X
Thyroid-stimulating hormone (TSH) . . . . . . . X
Antithyroglobulin antibodies . . . . . . . . . . . . X
Antimicrosomal antibodies . . . . . . . . . . . . . X
Insulin . . . . . . . . . . . . . . . . . . . . . . . . . X
C-peptide . . . . . . . . . . . . . . . . . . . . . . . X

Biochemistry profile
Total carbon dioxide . . . . . . . . . . . . . . . X X
Blood urea nitrogen . . . . . . . . . . . . . . . X X X
Total bilirubin . . . . . . . . . . . . . . . . . . . X 2X X X
Alkaline phosphatase . . . . . . . . . . . . . . X 2X X X
Total cholesterol . . . . . . . . . . . . . . . . . X X X
Aspartate aminotransferase (serum
glutamic-oxaloacetic transaminase) . . . . . 2X 2X X X
Alanine aminotransferase (serum
glutamate pyruvate transaminase) . . . . . . X X
Lactate dehydrogenase . . . . . . . . . . . . . X X
Gamma glutamyl transpeptidase . . . . . . . X
Total protein . . . . . . . . . . . . . . . . . . . . X X X
Albumin . . . . . . . . . . . . . . . . . . . . . . . X X X X
Creatinine . . . . . . . . . . . . . . . . . . . . . X X X X
Glucose . . . . . . . . . . . . . . . . . . . . . . . X X
Calcium . . . . . . . . . . . . . . . . . . . . . . . X X X
Chloride . . . . . . . . . . . . . . . . . . . . . . X X
Uric acid . . . . . . . . . . . . . . . . . . . . . . X X X
Phosphorus . . . . . . . . . . . . . . . . . . . . X X X
Sodium . . . . . . . . . . . . . . . . . . . . . . . X X X
Potassium . . . . . . . . . . . . . . . . . . . . . X X X

Plasma assessments
Plasma fibrinogen . . . . . . . . . . . . . . . . X
Glucose (oral glucose tolerance test) . . . . . X X X

Urinary assessments
Urinalysis . . . . . . . . . . . . . . . . . . . . . . X X X
Pesticides . . . . . . . . . . . . . . . . . . . . . X X
Riboflavin . . . . . . . . . . . . . . . . . . . . . X
Thiamine . . . . . . . . . . . . . . . . . . . . . . X
Cadmium . . . . . . . . . . . . . . . . . . . . . . X
Creatinine . . . . . . . . . . . . . . . . . . . . . X X
Albumin (micro) . . . . . . . . . . . . . . . . . . X
Iodine . . . . . . . . . . . . . . . . . . . . . . . . X X
Cocaine . . . . . . . . . . . . . . . . . . . . . . . 5X
Opiates . . . . . . . . . . . . . . . . . . . . . . . 5X
Phencyclidine . . . . . . . . . . . . . . . . . . . 5X
Amphetamines . . . . . . . . . . . . . . . . . . 5X
Marijuana . . . . . . . . . . . . . . . . . . . . . 5X
Sodium . . . . . . . . . . . . . . . . . . . . . . . X
Pregnancy test . . . . . . . . . . . . . . . . . . X X

Excess and reserve vials
Serum . . . . . . . . . . . . . . . . . . . . . . . . X X X X
White blood cells for deoxyribonucleic acid
(DNA) banking . . . . . . . . . . . . . . . . . . X

52

1I is National Health and Examination Survey (NHANES) I. II is NHANES II. H is the Hispanic Health and Nutrition Survey. III is NHANES III.
2Bile salts subset.
3Children only.
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Table VII. Special studies

Volatile organic compounds (VOC’s)1

Benzene 1,1-Dichloroethane Methylene Chloride
Toluene 1,2-Dichloroethane Chloroform
Styrene 1,1,-Dichloroethene Carbon Tetrachloride
Ethylbenzene cis-1,2-Dichloroethene 1,2-Dichloropropane
o-Xylene trans-1,2-Dichloroethene Bromoform
m-Xylene 1,1,1-Trichloroethane Dibromomethane
p-Xylene 1,1,2-Trichloroethane Bromodichloromethane
Chlorobenzene Trichloroethene Dibromochloromethane
1,2-Dichlorobenzene 1,1,2,2-Tetrachloroethane Acetone
1,3-Dichlorobenzene Tetrachloroethene 2-Butanone
1,4-Dichlorobenzene Hexachloroethane

Pesticides or metabolites1

2,4-Dichlorophenol Pentachlorophenol 2-Isopropoxyphenol
2,5-Dichlorophenol 4-Nitrophenol Carbofuranphenol
2,4,5-Trichlorophenol 1-Naphthol 3,5,6-Trichloro-2-pyridinol
2,4,6-Trichlorophenol 2-Naphthol 2,4-Dichlorophenoxyacetic-acid

Osteocalcin and bone alkaline phosphatase2

High-density lipoprotein phospholipid3

Dehydroepiandrosterone4

1This study was conducted by the Division of Environmental Health Laboratory Sciences, National Center for Environmental Health, Centers for Disease Control and Prevention, on volunteers
ages 20–59 years.
2This study was conducted on those with a Vitamin D assay, an acceptable bone density scan, and a serum creatinine level of ≤2.0 mg/dL. Most were examined during a morning session.
3This study was conducted on all persons with coronary heart disease (CHD) and on 600 persons without CHD from 12 age-sex groups.
4This study was conducted on 1,400 persons 20–90 years of age from 14 age-sex groups.

NOTE: Data from these studies are not from probability samples and may not be available for public use.
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Table VIII. Automatic exclusion protocol for physically or cognitively impaired examinees, by type of impairment and examination component

Component Automatic exclusion(s) Cognitively impaired Confined to wheelchair

Physician exam None Attempt Attempt

Bioelectric impedance Pregnancy
Cardiac pacemaker

Attempt Refer to transfer note1

Venipuncture Hemophilia
Cancer chemotherapy in the past 4 weeks

Refer to proxy note2 Attempt

Glucose tolerance test Diabetic taking insulin
Hemophilia
Cancer chemotherapy in the past 4 weeks

Refer to proxy note2 Attempt
Refer to glucose tolerance test note3

Allergy Does not usually have problems breathing in chest or lungs,
now having problems (do not exclude if breathing problem is
due entirely to nasal congestion from a cold)

Refer to proxy note2 Attempt

Usually has problems breathing in chest or lungs that
are now worse

Past severe reaction to allergen skin testing

Severe eczema or infection on both arms

Audiometry Drainage from ear(s), (only test nondraining ear) Refer to proxy note2 Attempt

Tympanometry Either ear has a tube

Drainage from ear(s), (only test nondraining ear)

Refer to proxy note2 Attempt

Spirometry Chest or abdominal surgery in the past 3 weeks Refer to proxy note2 Attempt

Hospitalization for heart problems in the last 6 weeks:
Myocardial infarction or heart attack
Angina or chest pain
Congestive heart failure

Dental Must take penicillin before getting a dental checkup or care

Ever told by a doctor he/she has a heart problem because
of the following:
Congenital heart murmur
Heart valve problem
Congenital heart disease
Bacterial endocarditis

Ever been told by a doctor he/she has:
Rheumatic fever
Hemophilia
Kidney disease requiring renal dialysis

Pacemaker or other artificial material in heart, arteries, or veins

Hip, bone, or other joint replacement

Refer to proxy note2 Attempt
Can be examined in wheelchair

Bone densitometry Female under 60 years of age and results of pregnancy tests
positive or uncertain

Female under 60 years of age and any possibility
that she is pregnant or she does not know if
she is pregnant

Refer to proxy note2 Refer to transfer note1

Fractured or broken both hips

Pins or artificial hip
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Table VIII. Automatic exclusion protocol for physically or cognitively impaired examinees, by type of impairment and examination component—Con.

Component Automatic exclusion(s) Cognitively impaired Confined to wheelchair

Electrocardiogram None Attempt Refer to transfer note1

Joint x ray None Attempt Wrists: can do in wheelchair
Knees: see transfer note1

Ultrasound None Attempt Refer to transfer note1

Body measures None Attempt Attempt
Use sitting protocol for:
Weight
Upper arm length
Arm circumference
Triceps skinfold
Knee height
Head circumference
Wrist and elbow breadths

Central nervous system None Attempt Attempt

Fundus photo None Attempt Attempt
Can do seated if examinee at proper height

Performance test None Attempt Attempt
Refer to performance test note4

24-hour recall and
food frequency

None Attempt; a proxy may be needed Attempt

Urine specimen None Attempt Attempt only if examinee can get
up from wheelchair without assistance

WISC and WRAT None Attempt Attempt

Interview (MEC and exit) None Ask at least memory Attempt

1Transfer note: Administer the test if the examinee can self-transfer to the table or if the sample person can be assisted in transferring by someone who has accompanied the sample person and who usually lifts him/her.
2Proxy note: If the sample person cannot answer the safety questions, then a proxy is needed. If no proxy is available, then the procedure or test cannot be done.
3Glucose tolerance test note: If a sample person feels ill after the first venipuncture, do not automatically exclude from the glucose tolerance test. Allow the sample person to recover, then encourage the ingestion of the Dextol.
4Performance test note: If a wheelchair-bound examinee can get up from the wheelchair without assistance, attempt to do the entire performance test. If a sample person cannot get up from the wheelchair without assistance, then he/she should:
a. Receive the tests of shoulder external rotation, shoulder internal rotation, and lock and key test and
b. Not receive the tests of single chair stand, repeated chair stand, hip flexion and knee flexion, tandem stand, and measured walk.

NOTES: WISC is Wechsler Intelligence Scale for Children, Revised. WRAT is Wide Range Achievement Test, Revised. MEC is mobile examination center.
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Table IX. Administration of dietary intake instruments, by age of sample person, type of respondent, place of interview, and type of
interviewer

Age of sample person
Type of

respondent

24-hour recall Food frequency

Place Interviewer Place Interviewer

2–11 months . . . . . . . . . . . . . . . . . . . . . . . . . . . Proxy MEC Dietary MEC1 Nondietary
1–5 years . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Proxy MEC Dietary – –
6–11 years . . . . . . . . . . . . . . . . . . . . . . . . . . . . Self/proxy MEC Dietary – –
12–16 years . . . . . . . . . . . . . . . . . . . . . . . . . . . Self2 MEC Dietary MEC Dietary
17–49 years . . . . . . . . . . . . . . . . . . . . . . . . . . . Self2 MEC Dietary Home Nondietary
50 years and over . . . . . . . . . . . . . . . . . . . . . . . . Self2 MEC Dietary Home Nondietary
50 years and over3 . . . . . . . . . . . . . . . . . . . . . . . Self2 Home Telephone – –

1Also administered during home examination.
2Proxy used if necessary.
3Supplemental Nutrition Survey of Older Americans.

NOTE: MEC is mobile examination center.

Table X. Nutrition-related interview information collected in interviews, by age of sample person and type of information

Information Age

24-hour dietary recall . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 months and over
Food security1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 months and over
Food program participation1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 months and over
Drinking water source1 and quantity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 months and over
Vitamin and mineral supplement usage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 months and over
Salt use frequency and type . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 months and over
Infant food frequency . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2–11 months
Breakfast practices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 year and over
Dietary changes for health reasons . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 year and over
Infant feeding practices, including breast feeding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 months–5 years
Food frequency . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 years and over
Alcohol use . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 years and over
Antacids use . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 years and over
Lifetime milk frequency . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 years and over
Self- (or proxy-) reported height and weight . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 months and over
Self- (or proxy-) assessed weight status . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 months and over
Birth weight . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 months–11 years
Weight loss practices and reasons . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 year and over
Desired weight . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 years and over
Weight history . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 years and over

1Also collected at the household (family) level.
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Table XI. Reportable findings from the examination, by age group and component or test

Component or test

Age group

2 months–
5 years1

6–19
years

20–39
years

40–59
years

60–74
years

75 years
and over

Blood pressure . . . . . . . . . . . . . . . . . . . . A C (age 5) A C A CD A CD A CD A CD
Physician’s exam . . . . . . . . . . . . . . . . . . A A A A A A
Dentist’s exam . . . . . . . . . . . . . . . . . . . . A A A A A A
Height and weight . . . . . . . . . . . . . . . . . . C C C C C C
Spirometry . . . . . . . . . . . . . . . . . . . . . . . . . C (8 years of age and over) C C C C
Allergy test . . . . . . . . . . . . . . . . . . . . . . . . . C C (1⁄2 sample) C (1⁄2 sample) . . . . . .
Audiometry . . . . . . . . . . . . . . . . . . . . . . . . . C . . . . . . . . . . . .
Bone density exam . . . . . . . . . . . . . . . . . . . . . . . B B B B
Ultrasound exam . . . . . . . . . . . . . . . . . . . . . . . . BC BC BC . . .
Fundus photography . . . . . . . . . . . . . . . . . . . . . . . . . B B B
Electrocardiogram . . . . . . . . . . . . . . . . . . . . . . . . . . . A2, C A2, C A2, C
Hand/knee x rays . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A2, B A2, B
Ferritin . . . . . . . . . . . . . . . . . . . . . . . . . BC BC BC BC BC BC
Serum folate . . . . . . . . . . . . . . . . . . . . . BC (4 years of age and over) BC BC BC BC BC
Red blood cell folate . . . . . . . . . . . . . . . . BC (4 years of age and over) BC BC BC BC BC
Protoporphyrin . . . . . . . . . . . . . . . . . . . . BC BC BC BC BC BC
Vitamin A . . . . . . . . . . . . . . . . . . . . . . . B (4 years of age and over) B B B B B
Lead . . . . . . . . . . . . . . . . . . . . . . . . . . B B B B B B
Hepatitis B . . . . . . . . . . . . . . . . . . . . . . . . . B B B B B
Total cholesterol . . . . . . . . . . . . . . . . . . . BC (4 years of age and over) BC BC BC BC BC
High-density lipoprotein cholesterol . . . . . . . C C C C C C
Triglycerides . . . . . . . . . . . . . . . . . . . . . BC (4 years of age and over) BC BC BC BC BC
Serum thyroxine (T4) . . . . . . . . . . . . . . . . . . . B3, C (12 years of age and over) B3, C B3, C B3, C B3, C
Serum thyroid-stimulating hormone (TSH) . . . . . . . BC (12 years of age and over) BC BC BC BC
Glycated hemoglobin (HbA1c) . . . . . . . . . . . . C (4 years of age and over) C C C C C
Plasma glucose . . . . . . . . . . . . . . . . . . . . . . . . . . BC BC BC BC
Serum glucose . . . . . . . . . . . . . . . . . . . . . . . B (12 years of age and over) . . . . . . . . . . . .
Sodium . . . . . . . . . . . . . . . . . . . . . . . . . . . . BC (12 years of age and over) BC BC BC BC
Potassium . . . . . . . . . . . . . . . . . . . . . . . . . . BC (12 years of age and over) BC BC BC BC
Chloride . . . . . . . . . . . . . . . . . . . . . . . . . . . C C C C C
Bicarbonate . . . . . . . . . . . . . . . . . . . . . . . . . C (12 years of age and over) C C C C
Blood urea nitrogen . . . . . . . . . . . . . . . . . . . . BC (12 years of age and over) BC BC BC BC
Creatinine . . . . . . . . . . . . . . . . . . . . . . . . . . BC (12 years of age and over) BC BC BC BC
Uric acid . . . . . . . . . . . . . . . . . . . . . . . . . . . C (12 years of age and over) C C C C
Calcium . . . . . . . . . . . . . . . . . . . . . . . . . . . BC (12 years of age and over) BC BC BC BC
Phosphorus . . . . . . . . . . . . . . . . . . . . . . . . . C (12 years of age and over) C C C C
Total bilirubin . . . . . . . . . . . . . . . . . . . . . . . . C (12 years of age and over) C C C C
Aspartate aminotransferase
(serum glutamic-oxaloacetic
transaminase) . . . . . . . . . . . . . . . . . . . . . . . BC (12 years of age and over) BC BC BC BC
Alanine aminotransferase
(serum glutamate pyruvate
transaminase) . . . . . . . . . . . . . . . . . . . . . . . BC (12 years of age and over) BC BC BC BC
Lactate dehydrogenase . . . . . . . . . . . . . . . . . . C (12 years of age and over) C C C C
Alkaline phosphatase . . . . . . . . . . . . . . . . . . . C (12 years of age and over) C C C C
Total protein . . . . . . . . . . . . . . . . . . . . . . . . . C (12 years of age and over) C C C C
Albumin . . . . . . . . . . . . . . . . . . . . . . . . . . . C (12 years of age and over) C C C C
Hemoglobin . . . . . . . . . . . . . . . . . . . . . . A2,B4,C A2,B4,C A2,B4,C A2,B4,C A2,B4,C A2,B4,C
Hematocrit . . . . . . . . . . . . . . . . . . . . . . . A2, C A2, C A2, C A2, C A2, C A2, C
Red blood cell count . . . . . . . . . . . . . . . . . A2, C A2, C A2, C A2, C A2, C A2, C
Mean corpuscular volume . . . . . . . . . . . . . . A2, C A2, C A2, C A2, C A2, C A2, C
Mean corpuscular hemoglobin . . . . . . . . . . . A2, C A2, C A2, C A2, C A2, C A2, C
Mean corpuscular hemoglobin concentration . . . A2, C A2, C A2, C A2, C A2, C A2, C
White blood cell count . . . . . . . . . . . . . . . . A2, C A2, C A2, C A2, C A2, C A2, C
Platelets . . . . . . . . . . . . . . . . . . . . . . . . A2 A2 A2 A2 A2 A2

Granulocytes (total) . . . . . . . . . . . . . . . . . . A2, C A2, C A2, C A2, C A2, C A2, C
Lymphocytes (total) . . . . . . . . . . . . . . . . . . A2, C A2, C A2, C A2, C A2, C A2, C
Monocytes (total) . . . . . . . . . . . . . . . . . . . A2, C A2, C A2, C A2, C A2, C A2, C
Granulocytes (3-part differential) . . . . . . . . . . A2, C A2, C A2, C A2, C A2, C A2, C
Lymphocytes (3-part differential) . . . . . . . . . . A2, C A2, C A2, C A2, C A2, C A2, C
Monocytes (3-part differential) . . . . . . . . . . . . A2, C A2, C A2, C A2, C A2, C A2, C

Key: A = reported in mobile examination center. B = rapid report (includes blood tests from home exam). C = routine report (includes blood tests from home exam).
D = reported during household interview. . . . = Not applicable.

1Only results from physician’s exam and height and weight measurements are available to examinees 2–11 months.
2Only reported in mobile examination center if extremely abnormal.
3Only reported in rapid report as reference value for serum TSH.
4Only reported in rapid report as reference value for ferritin, protoporphyrin, and lead.
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Table XII. Laboratory test results reporting criteria

Laboratory test and characteristic
Medically

acceptable values
Early reporting
cutoff values

Other
abnormal values Comments

Ferritin . . . . . . . . . . . . . . . . . . . . . . . . 20–2,000 ng/mL <10 10–19, >2,000
Serum folate . . . . . . . . . . . . . . . . . . . . ≥4.0 ng/mL <3.0 3.0–3.9

Protoporphyrin (in µg/dL red blood cells)
Age
1–2 years . . . . . . . . . . . . . . . . . . . . 0–80 ≥90 81–89
3–4 years . . . . . . . . . . . . . . . . . . . . 0–75 ≥90 76–89
5 years and over . . . . . . . . . . . . . . . . 0–70 ≥90 71–89

Red blood cell folate . . . . . . . . . . . . . . . ≥140 ng/mL red blood cells <100 100–139

Vitamin A (in µg/dL) <10 Report only values
Age <10 µg/dL

1–17 years . . . . . . . . . . . . . . . . . . . . ≥25 <10
18 years and over . . . . . . . . . . . . . . . ≥30

Lead (in µg/dL) Not reported routinely,
Age only rapid report

1–5 years . . . . . . . . . . . . . . . . . . . . 0–9.9 ≥10
6–17 years . . . . . . . . . . . . . . . . . . . . 0–14.9 ≥15
18 years and over . . . . . . . . . . . . . . . 0–14.9 ≥20

Total cholesterol (Hopkins Laboratory) (in mg/dL)
Age
1–19 years <177 >400 177–400
20 years and over . . . . . . . . . . . . . . . <200 >400 200–400

Total cholesterol (WSRC Lab) . . . . . . . . . <200 mg/dL >400 200–400 Omit if Hopkins Laboratory
total cholesterol
is available

HDL cholesterol . . . . . . . . . . . . . . . . . . ≥35 mg/dL <35

Triglycerides (in mg/dL)
Sex and age
Male
1–9 years . . . . . . . . . . . . . . . . . . . . ≤100 >500 101–500
10–14 years . . . . . . . . . . . . . . . . . . . ≤125 >500 126–500
15–19 years . . . . . . . . . . . . . . . . . . . ≤150 >500 151–500
20 years and over . . . . . . . . . . . . . . . ≤250 >500 251–500

Female
1–9 years . . . . . . . . . . . . . . . . . . . . ≤110 >500 111–500
10–14 years . . . . . . . . . . . . . . . . . . . ≤130 >500 131–500
15–19 years . . . . . . . . . . . . . . . . . . . ≤170 >500 171–500
20 years and over . . . . . . . . . . . . . . . ≤250 >500 251–500

Serum thyroxine (T4) . . . . . . . . . . . . . . . 4.5–13.2 µg/dL <4.5, >13.2
Serum thyroid-stimulating hormone (TSH) . . 0.36–6.70 µU/mL <0.10, >15.0 0.10–0.35

6.71–15.00
Glycated hemoglobin (HbA1c) . . . . . . . . . . 0.0–6.1 percent >6.1
Plasma glucose, fasting1 . . . . . . . . . . . . 60.0–139.9 mg/dL ≥140.0 <60.0
Plasma glucose, 2-hour post-dextrose2

Morning session . . . . . . . . . . . . . . . . 60.0–139.9 mg/dL ≥200.0 <60.0, 140.0–199.9
Afternoon or evening sessions . . . . . . . . 60.0–139.9 mg/dL ≥250.0 <60.0, 140.0–249.9

Serum glucose (WSRC Lab)3 . . . . . . . . . . 60.0–139.9 mg/dL ≥140.0 <60.0 Omit if fasting plasma
glucose is available.
WSRC Lab should make
early reports only for
sample persons 12–19
years of age

Sodium . . . . . . . . . . . . . . . . . . . . . . . 138.1–145.6 mmol/L <122.0, >154 122.0–138.0
145.7–154.0

Potassium . . . . . . . . . . . . . . . . . . . . . . 3.57–4.49 mmol/L <2.90, >5.40 2.90–3.56
4.50–5.40

Chloride . . . . . . . . . . . . . . . . . . . . . . . 100.3–110.0 mmol/L <100.3, >110.0
Bicarbonate . . . . . . . . . . . . . . . . . . . . . 21–36 mmol/L <21, >36
Blood urea nitrogen . . . . . . . . . . . . . . . . 0–20 mg/dL >50 21–50
Creatinine . . . . . . . . . . . . . . . . . . . . . . 0.0–1.3 mg/dL >3.0 1.4–3.0
Uric acid . . . . . . . . . . . . . . . . . . . . . . . 0.0–7.5 mg/dL >7.5
Calcium . . . . . . . . . . . . . . . . . . . . . . . 8.7–10.1 mg/dL <7.0, >12.0 7.0–8.6, 10.2–12.0
Phosphorus . . . . . . . . . . . . . . . . . . . . . 2.7–4.6 mg/dL <2.7, >4.6
Total bilirubin . . . . . . . . . . . . . . . . . . . . 0.0–1.1 mg/dL >1.1
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Table XII. Laboratory test results reporting criteria—Con.

Laboratory test and characteristic
Medically

acceptable values
Early reporting
cutoff values

Other
abnormal values Comments

Aspartate aminotransferase (serum
glutamic-oxaloacetic transaminase) . . . . . 0–40 U/L ≥120 41–119
Alanine aminotransferase (serum glutamate
pyruvate transaminase) . . . . . . . . . . . . . 0–43 U/L ≥129 44–128
Lactate dehydrogenase . . . . . . . . . . . . . 0–210 U/L >210

Alkaline phosphatase
Age
12–19 years . . . . . . . . . . . . . . . . . . . 0–521 U/L >521
20 years and over . . . . . . . . . . . . . . . 0–123 U/L >123

Total protein . . . . . . . . . . . . . . . . . . . . 6.6–8.1 g/dL <6.6, >8.1
Albumin . . . . . . . . . . . . . . . . . . . . . . . ≥3.6 g/dL <3.6

Hemoglobin
Sex and age
Male
1–2 years . . . . . . . . . . . . . . . . . . . . 10.3–13.6 g/dL <6.5 6.5–10.2, >13.6
3–4 years . . . . . . . . . . . . . . . . . . . . 10.9–13.5 g/dL <6.5 6.5–10.8, >13.5
5–10 years . . . . . . . . . . . . . . . . . . . . 11.2–14.2 g/dL <6.5 6.5–11.1, >14.2
11–14 years . . . . . . . . . . . . . . . . . . . 12.0–15.2 g/dL <6.5 6.5–11.9, >15.2
15–19 years . . . . . . . . . . . . . . . . . . . 12.9–16.6 g/dL <6.5 6.5–12.8, >16.6
20–64 years . . . . . . . . . . . . . . . . . . . 13.3–16.9 g/dL <6.5 6.5–13.2, >16.9
65 years and over . . . . . . . . . . . . . . . 12.4–16.9 g/dL <6.5 6.5–12.3, >16.9

Female
1–2 years . . . . . . . . . . . . . . . . . . . . 10.5–13.3 g/dL <6.5 6.5–10.4, >13.3
3–4 years . . . . . . . . . . . . . . . . . . . . 10.9–13.8 g/dL <6.5 6.5–10.8, >13.8
5–10 years . . . . . . . . . . . . . . . . . . . . 11.3–14.1 g/dL <6.5 6.5–11.2, >14.1
11–14 years . . . . . . . . . . . . . . . . . . . 11.5–14.6 g/dL <6.5 6.5–11.4, >14.6
15–19 years . . . . . . . . . . . . . . . . . . . 11.3–15.0 g/dL <6.5 6.5–11.2, >15.0
20–64 years . . . . . . . . . . . . . . . . . . . 11.6–15.3 g/dL <6.5 6.5–11.5, >15.3
65 years and over . . . . . . . . . . . . . . . 11.9–15.4 g/dL <6.5 6.5–11.8, >15.4

Hematocrit
Sex and age
Male
1–2 years . . . . . . . . . . . . . . . . . . . . 31.5–40.0 g/dL <31.5, >40.0
3–4 years . . . . . . . . . . . . . . . . . . . . 32.2–39.2 g/dL <32.2, >39.2
5–10 years . . . . . . . . . . . . . . . . . . . . 33.2–41.0 g/dL <33.2, >41.0
11–14 years . . . . . . . . . . . . . . . . . . . 35.2–44.5 g/dL <35.2, >44.5
15–19 years . . . . . . . . . . . . . . . . . . . 38.2–48.0 g/dL <38.2, >48.0
20–64 years . . . . . . . . . . . . . . . . . . . 39.5–49.0 g/dL <39.5, >49.0
65 years and over . . . . . . . . . . . . . . . 37.7–49.1 g/dL <37.1, >49.1

Female
1–2 years . . . . . . . . . . . . . . . . . . . . 31.5–39.0 g/dL <31.5, >39.0
3–4 years . . . . . . . . . . . . . . . . . . . . 32.0–40.0 g/dL <32.0, >40.0
5–10 years . . . . . . . . . . . . . . . . . . . . 33.1–41.0 g/dL <33.1, >41.0
11–14 years . . . . . . . . . . . . . . . . . . . 34.5–42.5 g/dL <34.5, >42.5
15–19 years . . . . . . . . . . . . . . . . . . . 33.7–43.7 g/dL <33.7, >43.7
20–64 years . . . . . . . . . . . . . . . . . . . 35.0–45.0 g/dL <35.0, >45.0
65 years and over . . . . . . . . . . . . . . . 35.5–45.2 g/dL <35.5, >45.2

Red blood cell count (× 1012/L)
Sex and age
Male
1–2 years . . . . . . . . . . . . . . . . . . . . 3.9–5.3 <3.9, >5.3
3–4 years . . . . . . . . . . . . . . . . . . . . 3.9–5.0 <3.9, >5.0
5–10 years . . . . . . . . . . . . . . . . . . . . 4.0–5.1 <4.0, >5.1
11–14 years . . . . . . . . . . . . . . . . . . . 4.2–5.4 <4.2, >5.4
15–19 years . . . . . . . . . . . . . . . . . . . 4.3–5.6 <4.3, >5.6
20–64 years . . . . . . . . . . . . . . . . . . . 4.3–5.6 <4.3, >5.6
65 years and over . . . . . . . . . . . . . . . 4.0–5.6 <4.0, >5.6
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Table XII. Laboratory test results reporting criteria—Con.

Laboratory test and characteristic
Medically

acceptable values
Early reporting
cutoff values

Other
abnormal values Comments

Female
1–2 years . . . . . . . . . . . . . . . . . . . . 3.9–5.1 <3.9, >5.1
3–4 years . . . . . . . . . . . . . . . . . . . . 3.8–5.0 <3.8, >5.0
5–10 years . . . . . . . . . . . . . . . . . . . . 4.0–5.1 <4.0, >5.1
11–14 years . . . . . . . . . . . . . . . . . . . 4.0–5.1 <4.0, >5.1
15–19 years . . . . . . . . . . . . . . . . . . . 3.8–5.0 <3.8, >5.0
20–64 years . . . . . . . . . . . . . . . . . . . 3.8–5.1 <3.8, >5.1
65 years and over . . . . . . . . . . . . . . . 3.9–5.1 <3.9, >5.1

Mean corpuscular volume (fL)
Sex and age
Male
1–2 years . . . . . . . . . . . . . . . . . . . . 66.4–87.7 <66.4, >87.7
3–4 years . . . . . . . . . . . . . . . . . . . . 73.6–88.6 <73.6, >88.6
5–10 years . . . . . . . . . . . . . . . . . . . . 74.8–90.7 <74.8, >90.7
11–14 years . . . . . . . . . . . . . . . . . . . 77.5–91.3 <77.5, >91.3
15–19 years . . . . . . . . . . . . . . . . . . . 79.6–94.7 <79.6, >94.7
20–64 years . . . . . . . . . . . . . . . . . . . 81.6–98.5 <81.6, >98.5
65 years and over . . . . . . . . . . . . . . . 82.0–100.5 <82.0, >100.5

Female
1–2 years . . . . . . . . . . . . . . . . . . . . 69.1–88.2 <69.1, >88.2
3–4 years . . . . . . . . . . . . . . . . . . . . 74.5–89.8 <74.5, >89.8
5–10 years . . . . . . . . . . . . . . . . . . . . 75.7–89.9 <75.7, >89.9
11–14 years . . . . . . . . . . . . . . . . . . . 77.8–94.0 <77.8, >94.0
15–19 years . . . . . . . . . . . . . . . . . . . 80.2–96.5 <80.2, >96.5
20–64 years . . . . . . . . . . . . . . . . . . . 81.2–98.8 <81.2, >98.8
65 years and over . . . . . . . . . . . . . . . 81.2–99.8 <81.2, >99.8

Mean corpuscular hemoglobin (pg)
Sex and age
Male
1–2 years . . . . . . . . . . . . . . . . . . . . 20.9–29.3 <20.9, >29.3
3–4 years . . . . . . . . . . . . . . . . . . . . 24.6–30.4 <24.6, >30.4
5–10 years . . . . . . . . . . . . . . . . . . . . 25.4–31.0 <25.4, >31.0
11–14 years . . . . . . . . . . . . . . . . . . . 26.2–31.2 <26.2, >31.2
15–19 years . . . . . . . . . . . . . . . . . . . 27.2–32.4 <27.2, >32.4
20–64 years . . . . . . . . . . . . . . . . . . . 27.8–33.7 <27.8, >33.7
65 years and over . . . . . . . . . . . . . . . 27.4–34.0 <27.4, >34.0

Female
1–2 years . . . . . . . . . . . . . . . . . . . . 23.2–29.8 <23.2, >29.8
3–4 years . . . . . . . . . . . . . . . . . . . . 25.2–30.4 <25.2, >30.4
5–10 years . . . . . . . . . . . . . . . . . . . . 25.8–30.8 <25.8, >30.8
11–14 years . . . . . . . . . . . . . . . . . . . 26.3–31.8 <26.3, >31.8
15–19 years . . . . . . . . . . . . . . . . . . . 26.8–32.7 <26.8, >32.7
20–64 years . . . . . . . . . . . . . . . . . . . 27.1–33.3 <27.1, >33.3
65 years and over . . . . . . . . . . . . . . . 27.3–33.7 <27.3, >33.7

Mean corpuscular hemoglobin
concentration (percent)
Sex and age
Male
1–2 years . . . . . . . . . . . . . . . . . . . . 31.06–34.55 <31.06, >34.55
3–4 years . . . . . . . . . . . . . . . . . . . . 31.64–34.50 <31.64, >34.50
5–10 years . . . . . . . . . . . . . . . . . . . . 31.55–34.53 <31.55, >34.53
11–14 years . . . . . . . . . . . . . . . . . . . 31.72–34.26 <31.72, >34.26
15–19 years . . . . . . . . . . . . . . . . . . . 31.70–34.50 <31.70, >34.50
20–64 years . . . . . . . . . . . . . . . . . . . 32.00–34.92 <32.00, >34.92
65 years and over . . . . . . . . . . . . . . . 31.83–34.83 <31.83, >34.83

Female
1–2 years . . . . . . . . . . . . . . . . . . . . 31.43–35.07 <31.43, >35.07
3–4 years . . . . . . . . . . . . . . . . . . . . 31.46–34.45 <31.46, >34.45
5–10 years . . . . . . . . . . . . . . . . . . . . 31.61–34.70 <31.61, >34.70
11–14 years . . . . . . . . . . . . . . . . . . . 31.19–34.45 <31.19, >34.45
15–19 years . . . . . . . . . . . . . . . . . . . 31.28–34.42 <31.28, >34.42
20–64 years . . . . . . . . . . . . . . . . . . . 31.40–34.65 <31.40, >34.65
65 years and over . . . . . . . . . . . . . . . 31.55–34.65 <31.55, >34.65
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Table XII. Laboratory test results reporting criteria—Con.

Laboratory test and characteristic
Medically

acceptable values
Early reporting
cutoff values

Other
abnormal values Comments

White blood cell count (× 109/L)
Sex and age
Male
1–2 years . . . . . . . . . . . . . . . . . . . . 5.10–13.80 ≤3.00, ≥16 3.01–5.09, 13.81–15.99
3–4 years . . . . . . . . . . . . . . . . . . . . 4.70–11.80 ≤3.00, ≥16 3.01–4.69, 11.81–15.99
5–10 years . . . . . . . . . . . . . . . . . . . . 4.70–11.30 ≤3.00, ≥16 3.01–4.69, 11.31–15.99
11–14 years . . . . . . . . . . . . . . . . . . . 4.40–10.40 ≤3.00, ≥16 3.01–4.39, 10.41–15.99
15–19 years . . . . . . . . . . . . . . . . . . . 4.50–10.80 ≤3.00, ≥16 3.01–4.49, 10.81–15.99
20–64 years . . . . . . . . . . . . . . . . . . . 4.50–11.20 ≤3.00, ≥16 3.01–4.49, 11.21–15.99
65 years and over . . . . . . . . . . . . . . . 4.40–10.10 ≤3.00, ≥16 3.01–4.39, 10.11–15.99

Female
1–2 years . . . . . . . . . . . . . . . . . . . . 5.40–14.10 ≤3.00, ≥16 3.01–5.39, 14.11–15.99
3–4 years . . . . . . . . . . . . . . . . . . . . 4.90–12.20 ≤3.00, ≥16 3.01–4.89, 12.21–15.99
5–10 years . . . . . . . . . . . . . . . . . . . . 4.60–11.10 ≤3.00, ≥16 3.01–4.59, 11.11–15.99
11–14 years . . . . . . . . . . . . . . . . . . . 4.50–11.00 ≤3.00, ≥16 3.01–4.49, 11.01–15.99
15–19 years . . . . . . . . . . . . . . . . . . . 4.80–11.10 ≤3.00, ≥16 3.01–4.79, 11.11–15.99
20–64 years . . . . . . . . . . . . . . . . . . . 4.30–11.20 ≤3.00, ≥16 3.01–4.29, 11.21–15.99
65 years and over . . . . . . . . . . . . . . . 4.30–10.60 ≤3.00, ≥16 3.01–4.29, 10.61–15.99

Platelets . . . . . . . . . . . . . . . . . . . . . . . 200–400 × 109/L <50, >600 50–199, 401–600 Due to problems with
platelet counts, report
only values <50 or >600

Granulocytes (total number) (× 109/L)
Sex and age
Male
1–2 years . . . . . . . . . . . . . . . . . . . . 1.40–6.55 <1.40, >6.55
3–4 years . . . . . . . . . . . . . . . . . . . . 1.96–6.63 <1.96, >6.63
5–10 years . . . . . . . . . . . . . . . . . . . . 1.55–7.10 <1.55, >7.10
11–14 years . . . . . . . . . . . . . . . . . . . 1.40–6.83 <1.40, >6.83
15–19 years . . . . . . . . . . . . . . . . . . . 1.90–7.56 <1.90, >7.56
20–64 years . . . . . . . . . . . . . . . . . . . 2.20–7.60 <2.20, >7.60
65 years and over . . . . . . . . . . . . . . . 2.34–8.10 <2.34, >8.10

Female
1–2 years . . . . . . . . . . . . . . . . . . . . 1.68–7.20 <1.68, >7.20
3–4 years . . . . . . . . . . . . . . . . . . . . 1.80–6.96 <1.80, >6.96
5–10 years . . . . . . . . . . . . . . . . . . . . 1.88–7.47 <1.88, >7.47
11–14 years . . . . . . . . . . . . . . . . . . . 1.90–7.76 <1.90, >7.76
15–19 years . . . . . . . . . . . . . . . . . . . 2.43–8.04 <2.43, >8.04
20–64 years . . . . . . . . . . . . . . . . . . . 2.08–7.95 <2.08, >7.95
65 years and over . . . . . . . . . . . . . . . 2.30–7.10 <2.30, >7.10

Lymphocytes (total number) (× 109/L)
Sex and age
Male
1–2 years . . . . . . . . . . . . . . . . . . . . 2.46–6.95 <2.46, >6.95
3–4 years . . . . . . . . . . . . . . . . . . . . 1.89–5.13 <1.89, >5.13
5–10 years . . . . . . . . . . . . . . . . . . . . 1.85–4.33 <1.85, >4.33
11–14 years . . . . . . . . . . . . . . . . . . . 1.55–3.70 <1.55, >3.70
15–19 years . . . . . . . . . . . . . . . . . . . 1.30–3.43 <1.30, >3.43
20–64 years . . . . . . . . . . . . . . . . . . . 1.35–3.40 <1.35, >3.40
65 years and over . . . . . . . . . . . . . . . 1.13–3.47 <1.13, >3.47

Female
1–2 years . . . . . . . . . . . . . . . . . . . . 2.33–7.24 <2.33, >7.24
3–4 years . . . . . . . . . . . . . . . . . . . . 1.77–5.18 <1.77, >5.18
5–10 years . . . . . . . . . . . . . . . . . . . . 1.90–4.50 <1.90, >4.50
11–14 years . . . . . . . . . . . . . . . . . . . 1.64–3.71 <1.64, >3.71
15–19 years . . . . . . . . . . . . . . . . . . . 1.50–3.50 <1.50, >3.50
20–64 years . . . . . . . . . . . . . . . . . . . 1.40–3.70 <1.40, >3.70
65 years and over . . . . . . . . . . . . . . . 1.20–3.75 <1.20, >3.75
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Table XII. Laboratory test results reporting criteria—Con.

Laboratory test and characteristic
Medically

acceptable values
Early reporting
cutoff values

Other
abnormal values Comments

Monocytes (total number) (× 109/L)
Sex and age
Male
1–2 years . . . . . . . . . . . . . . . . . . . . 0.25–1.20 <0.25, >1.20
3–4 years . . . . . . . . . . . . . . . . . . . . 0.20–1.20 <0.20, >1.20
5–10 years . . . . . . . . . . . . . . . . . . . . 0.15–0.99 <0.15, >0.99
11–14 years . . . . . . . . . . . . . . . . . . . 0.10–0.88 <0.10, >0.88
15–19 years . . . . . . . . . . . . . . . . . . . 0.15–0.75 <0.15, >0.75
20–64 years . . . . . . . . . . . . . . . . . . . 0.20–0.85 <0.20, >0.85
65 years and over . . . . . . . . . . . . . . . 0.15–0.80 <0.15, >0.80

Female
1–2 years . . . . . . . . . . . . . . . . . . . . 0.20–1.20 <0.20, >1.20
3–4 years . . . . . . . . . . . . . . . . . . . . 0.20–1.04 <0.20, >1.04
5–10 years . . . . . . . . . . . . . . . . . . . . 0.15–1.00 <0.15, >1.00
11–14 years . . . . . . . . . . . . . . . . . . . 0.15–0.70 <0.15, >0.70
15–19 years . . . . . . . . . . . . . . . . . . . 0.15–0.83 <0.15, >0.83
20–64 years . . . . . . . . . . . . . . . . . . . 0.15–0.80 <0.15, >0.80
65 years and over . . . . . . . . . . . . . . . 0.15–0.80 <0.15, >0.80

Granulocytes (3-part differential) . . . . . . . . For ‘‘percent,’’ no range to be used
Lymphocytes (3-part differential) . . . . . . . . For ‘‘percent,’’ no range to be used
Monocytes (3-part differential) . . . . . . . . . For ‘‘percent,’’ no range to be used

1Done for sample persons over 20 years of age.
2Done for sample persons 40–74 years of age.
3Done for sample persons over 12 years of age.
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