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DISCLAIMER |

This document has been reviewed in accordance with U.S. Environmental Protection
Agency policy and approved for publication. Mention of trade names or commercial products

does not constitute endorsement or recommendation for use.
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ABSTRACT |

This Handbook provides descriptive background ir‘:lformation and general guidance on
how to access and use data from the National Health and Nutrition Examination Surveys
(NHANES). This is an enormous human database that can be used to develo? information
suitable for use in risk assessments, and to support 'regulatnfbry and policy needs of EPA. For
more than 30 years, EPA has been one of many collabofat:'ing agencies that help plan and support
funding of data collection through NHANES. Because only a limited number of Agency
managers and staff are aware of the content and availability of this rich database, this Handbook
was developed to familiarize staffs with NHANES and fosi;ter' increased use of the data to support
EPA needs. Despite the limitations and complex design of this survey, it is clear that NHANES
is a unique, rich database that offers a tremendous amounij: of human health, nutrition, and
exposure information, and will continue to do so into the_}flatu:e. It is hoped that by informing
staff about NHANES, this Handbook will encourage effmé“t‘s to “mine” the data to suppdrt
Agency needs across the program offices. Itis also hoped that innovative approaches (e.g., using
geographic information systems; linking NHANES to available databases such as the National
Death Index), will be developed to analyze the data in ne\fiv ways that produce information that is
useful to the mission of the Agency. Now that the Nation;al Center for Health Statistics (NCHS) |
has established their Research Data Center, it should be ppssible to conduct studies that were »
impossible in the past because of lack of access to sehsiti‘ye data. Finally, more thought should
be given to designing and conducting studies that make use of subjects’ biological samples
(blood, urine, saliva) stored by NCHS. These samples ofjfer a rare opportunity to stidy potential
biomarkers of exposure and/or effects on a national sample of the U.S. population and link the
data to health; nutrition, exposure and socioeconomic dat}a collected in the baseline surveys. = -

! - Cfew [
Preferred citation: j ' ‘
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Washington, DC: EPA/600/R-02/044. Available from: National Technical Information Service,
Springfield, VA; PB2003-104276, and <http://www.epa.gov/ncea>.
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ACRONYMS AND ABBREVIATIONS

BP- Blood pressure
Cd - Cadmium [

CDC- Centers for Disease Control and Prevention |

CNS- Central nervous system |

CO - Carbon Monoxide. One of the six air pollutants the EPA regulates under NAAQS
DEHLS - Division of Environmental Health Laboratory Sc1ences

DHHS - Department of Health and Human Services
EKG - Electrocardiogram

EPA - Environmental Protection Agency

FEV1 - Forced Expiratory ‘Volume in the first second
FVC - Forced Vital Capacity -

GIS - Geographical Information Systems

Hg - Mercury

HHANES - Hispanic Health and Nutrition Examination Sirvey

IRB - Institutional Review Board at NCHS | ! ‘ .
MEC - Mobile Examination Center I | 1E
NAAQS- National Ambient Air Quality Standard pollutants which include ozone, sulfur e
dioxide, nitrogen oxide, particulate matter, lead and carbom monoxide.

NCEA - National Center for Environmental Assessment. This is an EPA office.

NCEH - National Center for Environmental Health. This is a CDC lab.

NCHS - National Center for Health Statistics. This is a C]DC office.

NDI - National Death Index :

NH2MS- National Health and Nutrition Examination Survey—II Mortality Study

NHANES - National Health and Nutrition Examination Survey ‘

NHDS - National Hospital Discharge Survey

NHEFS - NHANES Epidemiological Followup Study

NHES - National Health and Examination Survey

NHIS - National Health Interview Survey

NIOSH - National Institute of Occupational Safety and Health

NOx - Nitrogen oxides. ‘

NSFG - National Survey of Family Growth ‘

NTIS - National Technical Information Service %

03 - Ozone. One of the six air pollutants the EPA regulates under the NAAQQ'

OGGT - Oral Glucose Tolerance Test

ORD - Office of Research and Development. This is an EPA office.

Pb - Lead. One of the six air pollutants the EPA regulates under the NAAQS

PbB - Blood lead

PM10 - PM10 is defined as particulate matter (PM) with a ‘mass median aerodynarmc dlameter
less than 10 micrometers (um). One of the six air pollutan ts the EPA regulates under the
NAAQS.

PSU - Primary Sampling Unit, usually a county
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ACRONYMS AND ABBREVIATIONS (cOntinuéd)

QA/QC ‘Quality Assurance/Quality Control

RDC- Research Data Center.. This is a facility in NCHS.

SEQN - Sample Sequence Number. This is the unique identification number given to each
NHANES subject. ‘

SES - Socioeconomic status

SOx - Sulfur oxides '

SP - Sample Person in NHANES

USDA - U.S. Department of Agriculture

VOCs - Volatile organic compounds







1.0 PURPOSE OF THIS HANDBOOK

The U.S. Environmental Protection Agency’s (EPA’s) National Center for Environmental
Assessment (NCEA), in the Office of Research and Development (ORD) has developed this
Handbook to provide descriptive background information and general guidance on how to access
and use data from the National Health and Nutrition Examination Surveys (NHANES). This is
an enormous human database that can be used to develop information suitable for use in risk
assessments, and to support regulatory and policy needs of EPA. For more than 30 years, EPA
has been one of many collaborating agencies that help plan and support funding of data
collection through NHANES. Because only a limited number of Agency managers and staff are
aware of the content and availability of this rich database, NCEA developed this Handbook to
familiarize staffs with NHANES and foster increased use of the data to support EPA needs. This
Handbook will be disseminated throughout the Agency via the EPA intranet.

This Handbook is not be a treatise on how to conduct an epidemiology study using
NHANES data. Itis assumed that the audience is composed of epidemiologists, statisticians and
analysts familiar with appropriate research methods and how to interpret the findings, but
unfamiliar with the purpose, content, limitations and potential usefulness of NHANES for
supporting Agency risk assessment, policy and regulatory needs. This Handbook will also be
useful to EPA managers to provide them with an overview of the survey. This Handbook
provides the following: purpose of the Handbook and the EPA NHANES Users Group (Sections
1.0 and 2.0); summary of the history and content of NHANES (Sections 3.0 and 4.0; Appendices
II through VII); overview of how the surveys are conducted and how to obtain the data (Sections
3.0, 4.0 and 5.0); types of analyses that can be conducted with NHANES data and can support
EPA risk assessment, policy and regulatory needs (Section 6.0; Appendices VIII and IX); -
availability and potential use of stored NHANES biological samples to support EPA needs’
(Section 7.0); discussion of the major limitations to use of NHANES data (i.e., can not perform -
local studies; issues of confidentiality) and some precautions on use and mterpretatlon of study
results (Section 8.0); discussion of issues with analysis of NHANES data, such as the need for
weighting, and compensating for nonresponse bias (Section 9.0):

From this Handbook, the reader should gain a basic understanding of what data are
available through NHANES; how to obtain the data; if the data are potentially suitable for
supporting the needs of his/her office; key limitations of the data; and what types of analyses are
possible. As indicated in Sections 3 and 6, and Appendices VIII and IX, NHANES data can be
used to support a variety of environmental applications, such as: 1) evaluation of health effects
associated with exposure to certain pollutants; 2) estimation of the levels of certain pollutants
(e.g., lead, mercury, pesticides) in the general population based on chemical biomarkers in blood
and/or urine; 3) establishment of population reference standards for various physiological
parameters (e.g., height and weight, lung function) and; 4) examination of how personal risk
factors (e.g., smoking, poor nutrition, obesity, poverty) interact with chemical exposures to affect
health. Based on the information provided in the summaries of EPA studiesthat have used
NHANES data (Appendix IX), the reader can also contact EPA scientists involved with specific




studies to gain more insight inito issues surrounding use of these data.

2.0. EPA NHANES USERS GROUP

EPA has an NHANES Users Group for anyone in the Agency who is interested in using
the survey data. The Group has monthly conference calls where ideas are shared; members help
each other with analytical problems; and everyone is kept apprized of issues and data collection
activities of the on-going survey, NHANES99+. If you are interested in being included on the e-
mail list and joining the Group, please contact Susan Perlin at perlin.susan@epa.gov.

3.0 OVERVIEW AND BACKGROUND OF NHANES

The National Center for Health Statistics (N CHS), which is part of the Centers for
Disease Control and Prevention (CDC), has been collectmg data on the health and nutrition
status of the U.S. population for many decades. In 1956 the National Health Survey Act was
passed, authorizing establishment of a continuous survey 10 provide current statistical data on the
amount, distribution, and effects of iliness and disability in the Umted States. Under this Act,
data are to be obtained from at least three sources: personcll interviews; chmcal tests,

measurements, and physical exammatlons and from medlcal care facilities. Smce paséage Qf the

Act, NCHS has conducted seven major surveys, resulting i m extensive, pubhcly available
databases containing varying amounts of information on health effects, nutrition, and
environmental exposures from representative samples of the U.S.  population.
<http://www.cdc.gov/nchs/about/major/nhanes/history. htm>

The National Health Examination Survey (NHES) ‘was the first survey resulting from the
Act. Within the first decade, three NHES surveys, each thh approximately 7,500 subjects, were
conducted: : t

NHES I: (1960-62). Focused on selected chronic dlseases of adults 18 to 79 years old.
NHES I: (1963-65). Focused on growth and development of children 6 to11 years old.
NHES III: (1966-70). Focused on growth and deve‘lopment of children 12 to17 years old.

In the 19703, with the discovery of the link between nutnt[on and certain d1seases the NHES
was expanded to include collection of nutritional mformanon and the name of the survey was
changed to the National Health and Nutrition Examination Survey (NHANES) to reflect this
expansion. The EPA is one of many federal agencies that collaborates with NCHS to support
NHANES. Other collaborating agencies include: Centers' for Disease Control and Prevention,
Food and Drug Administration, National Institutes of Health National Institutes of Mental
Health, National Institute for Environmental Health Sc1ences Health Resources and Services
Administration, Agency for Toxic Substances and D1seas<' Registry, National Inst1tute of
Occupational Safety and Health, and the Social Secunty Admuustratlon




In addition to the NHES and NHANES, NCHS also collects human data through a variety
of other surveys, including the National Health Interview Survey (NHIS), the Survey of Family
Growth (NSFG), National Hospital Discharge Survey, and the National Death Index (NDI). This:
Handbook pertains only to the NHANES surveys. For additional information on the history of
NHANES, see <http://www.cdc.gov/nchs/about/major/nhanes/history.htm >. For more
information on other surveys conducted by NCHS, see <http /lwww.cdc.gov/nchs>.

Five major goals of NHANES are to provide the following:
1) national population reference distributions of selected health parameters (i.e., height,
weight, cholesterol levels); ~
~ 2) national prevalence data on diseases, functtlonal 1mpa1rment and risk factors (i.e., heart
disease, respiratory diseases, smoking, exposure to environmental pollutants);
' 3) information on secular changes in selected diseases and risk factors;
4) information to help understand disease etiology; and
5) information for investigating the natural history of selected diseases.

The last two goals of understanding disease etiology and the natural history of selected diseases
are to be met through planned follow-up surveys of cohorts of 1mt1a1 respondents from each of
the surveys (See Sectlon 3.1) (NCHS, 1992b).

Since 1971 there have be?n four discrete NHANES (see Table 1). The latest survey,
NHANES99+, went into the field in March 1999 and differs from the previous surveys in that it
will collect annual data continuously into the future. Since NHANES will be in the field
continuously, there is also a new naming convention to indicate the specific year of the survey
(NHANES-99, NHANES-00, NHANES-01, etc.) When referring to the current NHANES in
general, without reference to a specific year, it is called NHANES99+.

NHANES uses a complex, stratified, multistage, probability cluster design to select a
representative sample of the noninstitutionalized, civilian U.S. population. A four-stage sample
design is used, as follows: 1) Primary Sampling Units (PSUs) comprising mostly counties; 2)
area segments within PSUs, 3) households within area segments, and 4) persons within
households. It is beyond the scope of this Handbook to provide a detailed discussion of this

- complicated survey design. See Appendix I for information on the sample design of NHANES-
III, which is similar to the design for all the NHANES. The reader also is referred to the
following references for more complete discussions of the NHANES sample design: for
NHANES-I, see NCHS (1973, 1977, 1978); for NHANES-II, see NCHS (1981); for HHANES
see NCHS (1985) and for NHANES-III see NCHS (1994b, 1996¢).

As noted in Table 1, each NHANES oversamples certain population subgroups.
Oversampling is conducted for people in specific age/race/ethnicity/socioeconomic subgroups to
help ensure there will be sufficient numbers of subjects to support valid analyses. The following

excerpt from (NCHS, 1996c) helps. to explain why there is a need to oversample certain
. subgroups:
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“Qlder persons, children, Mexican-Americans, and black persons were oversampled in
NHANES-III to insure a prespecified minimum sample size for each analytrc domain so

that estimates of the health and nutrition status of persons in each domarn could be made
with acceptable precision. The oversampling in NHANES-III was part ofa pattern
established in the sample design. The population was decomposed into 52 subdomains: 7
age groups by sex for black and Mexican-American persons and 12 age groups by sex for
white persons and other racial groups combined. [ er defining these age-sex-
race/ethnicity subdomains, variable sampling rates were derived to ensure the
achievement of sample sizes sufficient to permit analyses of the data for each

subdomam

NHANES isa valuable resource because it can support examination of public health
issues that can best be addressed through physical examinations and laboratory tests. Each
NHANES has a consistent core set of tests (e.g., height, weight, blood cholesterol) and questions
(e.g., annual family income, race/ethnicity of subject) that’ are designed to assess the overall
health and nutritional status of the subject and evaluate certam variables (e.g., socioeconomic
status, SES) known to affect health and nutrition. Over the years, these core components have
increased in number. During the planning phase of each NHANES the - collaborating agencies ,
submit research proposals to NCHS requesting specific tests and/or questions to be administered
to the subjects in addition to the core components. For example in NHANES-III, EPA and the |
National Institute of Occupational Safety and Health (NIOSH) requested and had approval for -
lung function tests (e.g., spirometry) of subjects 8 years and older. Unlike the core components,
agency-specific components will be retained in the survey, only as long as there is mutual
agreement between NCHS and the requesting funding agency to do so, and funding is available.
Guidelines for preparing a proposal for submission to NCHS can be found on the following web
site: <http://www.cdc.gov/nchs/data/prop02GL.pdf>. The se guldehnes were for proposals for
the NHANES to be conducted in 2002, but are appropnate for future years of the survey

All NHANES are cross-sectional surveys that use a complex multlstage stratlﬁed design
with cluster sampling to obtain a probability sample of people that is representatwe of the U.S.
noninstitutionalized population. Although each NHANES provides a wealth of information on
the prevalence of health conditions and risk factors, the cross-sectlonal nature of the original
survey limits its usefulness for studying the effects of chmcal environmental, and behavioral
variables on the development of specific health condltlon<' Data from follow-up surveys of
original subjects are limited, but available, and can.be used for examining health outcomes,
primarily mortality (see Section 3.1). In addition, NHAN ES99+ data can be linked to Medlcare
and National Death Index records to permit long1tud1na1/]:ustor1ca1 studres of dlsease
<http://www.cdc.gov/nchs/ about/ma_] or/nhanes/current. htm>

All NHANES are conducted in a similar manner. ?Subjects called sample persons or SPs,
are interviewed at home and this usually includes questions about the subject’s personal health
hlstory, the family (i.e., income, ethnic heritage); and hou sehold characteristics (i.e., number of
rooms in home, age of home) Subjects later goto a Mob11e Examination Center (MEC) where




standardized physmal examinations are conducted by a doctor; blood is obtained by venipuncture
- of subjects ages 1 year and older and urine specimens are collected for individuals ages 6 years
and older; and more questionnaires, including detailed questions about food preparation and
consumption, are administered.- There are now three MECs, each consisting of four large
construction trailers, that travel around the country during the entire survey. At any point in time,
only two MECs are set up and operating, while the third is either in transit or being set up. There
are two teams of examiners respon51ble for staffing the MECs that are in operation in the field.
Because of weather issues, the survey is generally conducted in northern areas during the summer
and southern areas during the winter.

Each MEC is staffed with technicians, a doctor and a dentist and each i is outfitted with
computers, standardized laboratory facilities, examination rooms, and all the necessary
equipment to conduct the various physiological tests. The clinical exams include evaluation of
numerous analytes in the blood and urine, a medical examination by a doctor (including
questions about past and current diseases and conditions), and other specialized tests (i.e.,
spirometry, computerized neurobehavioral testing). A limited number of tests are conducted on
blood and urine samples at the MEC. Primarily blood and urine samples are processed at the
MEC and then sent to specified labs for most of the analyses. The MECs stop at predetermined
locations called “stands™(see Table 1). Each MEC stays at a particular stand for about 4-6 weeks
during which time roughly 300- 600 subjects are evaluated. For more detailed information about
the MEC and to take a virtual tour of the facility, go to the NCHS website at '
<http://www.cdc.gov/nchs/about/major/nhanes/mectour. htm#background>. Examples of the
types of data collected in NHANES are as follows:

® demographics (e.g., age, sex, race/ethnicity, education, SES);
® housing and family characteristics (e.g., type/condition of house, number of occupants);_
® risk factors (e.g., diet, physical activity, occupation, smoking habits);
. ® diseases of the subJect and relatives (e.g., cardlovascular respiratory, cancer, diabetes,
kidney);
® reproductive history (e.g., number of chlldlen/pregnancles age at onset of menses and
menopause);
® detailed medical and dental examination; v '
. ® physiological tests (e.g., electrocardiogram (EKG), vision, hearmg, neurobehaworal)
® anthropometric measurements (e.g., height, weight, girth, skin fold);
® clinical chemistries (assays of blood and urine, e.g., counts of various blood cell
components, cholesterol level, levels of different vitamins in the blood, tests for kidney &
liver function), see Appendices IV and VI for summaries of clinical chemistries for
NHANES-IIT and NHANES99+, respectively. Also see Appendix V, for a comparison of
- clinical chemistries across NHANES-I, -II, -IIT and Hlspamc HANES;
® environmental biochemistries (assays of blood and urine, e.g., blood lead levels, -
pesticides in urine, volatile organic compounds in blood, mefcury in hair and blood.) Not
all NHANES tested for the same chemicals, and the number of chemicals increased
significantly in NHANES99+), see Appendix VII for comparison of environmental data




|
|
|
A
|
|
}

collected across all NHANES

- ®detailed nutrition questions (e.g., consumption oi ‘specific foods and dietary
supplements, water intake, frequency of consummgr specific foods), see Appendlx IV for
summary of d1etary/nutr1t10nal evaluations from N[—IANES-III

| 3.1. Followup Studxes for the Baselme NHANES ‘

NCHS has planned to conduct epidemiological fol]low—up studies (NHEFS) for each of
the NHANES, but budget and staff limitations have severe‘ly curtailed these efforts. To date,
NHEFS have only been conducted for NHANES-I (see Table 2). NHANES are cross-sectional
studies that collect data on each subject at only one point in time. The obJectlve of these
followup studies is to obtain longitudinal data on all sub]ects that will support investigation of
relationships among variables (e.g., demographic, clinical, nutritional, behavioral, and exposure)
assessed in the original baseline NHANES and subsequent morbidity and mortality. For
example, the data could be used to examine the association between certain risk factors (e.g.,
smoking, blood pressure, cholesterol, weight) and subsequent morb1d1ty/morta11ty or to study the
natural history of certain chronic diseases and functional impairment (e.g., why SPs with
radiological evidence of osteoarthritis do, or do not, go on\ to develop functional impairment).
Detailed information on the design, content, and opera’uom of the NHEFS and access to the
public use data files and documentation can be found on the following NCHS website:
<http://www.cdc.gov/nchs/about/major/nhefs/nhefs.htm>.

In addition to the NHEFS, NCHS is also conducting the NHANES-II Mortality Study
(NH2MS). This is a prospective cohort study designed to passively follow a subset of subjects
from NHANES-II in order to investigate the association between factors measured at baseline
and overall mortality from specific causes. The NH2MS linortahty data can be linked with the
baseline NHANES-II data to examine the relationship between any of the basehne variables (e.g.,
smoking, weight, blood lead, pesticides) and specific causes of death (NCHS, 19992). The
NH2MS cohort contains adults who were 30-75 years of age at the time of their NHANES-II
examination (N=9,252). During the baseline NHANES-I] some partmpants were interviewed
but not examined; however, only those examined at baseline were followed for mortahty status.
During this first Phase of the study, mortality status was a'scertamed for years 1976-92. The
NH2MS cohort members were traced by searching natlonal databases containing mortality and
cause-of-death information. The length of followup penod ranges from 12 to 16 years.
Approximately 23 percent (n=2,145) of the NHZMS cohort were found to be deceased asof :
December 31, 1992. !

' i

The design of NH2MS differs substant1ally from that of the NHEFS, since the latter was
an active followup study with participants being recontact ed and medlcal records and death
certificates being obtained. In contrast, the NH2MS is entlrely passive, with partlclpants not
being recontacted and not all death certificates being obtalned Mortality status in NH2MS was
ascertained solely by computerized matching to national databases and evaluation of the resulting
matches. Matching to the National Death Index (NDI) and other national databases will continue
on a periodic basis, with resulting data being released to the public. One unportant 11m1tat10n of
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the NH2MS design is that subjects not found to be deceased are assumed alive for a.naly’uc
purposes, and this could cause a misclassification of vital status.

. Detailed information on the design, content, and operation of the 1992 NH2MS is in the
Vital and Health Statistics Series 1, Number 38 "Plan and Operation of the NHANES II
_ Mortality Study 1992"(NCHS, 1999a). This document, plus the public use data file and
documentation can be found at the NCHS website: <http: /Fwrww.cde.gov/nchs/products/catalogs
/subj ect/nh2ms.htm>.

3.2. How NHANES have been used to Improve Public Health . v

‘NHANES have provided much valuable data that have been used over the years to
improve public health. Some examples noted on the NCHS website
<http://www.cdc.gov/nchs/about/major/nhanes/DataAccomp.htm> are as follows: a)
development of growth charts that are used nationally and internationally by physicians as
standards for assessing the growth of their young patients; b) assessment by the U.S. Department
of Agriculture (U SDA) of the vitamin and mineral intake of the population and use of this
information to improve our diets. Earlier NHANES showed that low iron levels were a serious
problem for many people, including women of childbearing age, preschool children, and the
elderly. As aresult, the government took steps to fortify grain and cereal with iron to correct this
deficiency; ¢) NHANES showed the need for folate to eliminate another dietary deficiency and
prevent birth defects; d) For years, NHANES has tracked the levels of cholesterol in adults. This
information has helped to establish the link between high cholesterol levels and the risk of heart
disease and to alert patients and doctors to the issue. When NHANES started testing, one-third
of adults had high cholesterol, but today fewer than 1 in 5 adults do. Changes in diet and
lifestyle all built on information from the pational survey have sharply reduced the risk of dying
from a heart attack; ¢) NHANES-II (1976-80) gave the first clear-cut evidence of the high levels
of blood lead (PbB) in the U.S. population, particularly in children. This evidence led congress,
the EPA, and other agencies to phase out the use of lead (Pb) as an additive in gasoline and the
resulting reduction in PbB levels has been remarkable. These data were also used to support
federal policies to eliminate Pb from solder in food and soft drink cans. Monitoring of PbB
levels in NHANES-III and NHANES99+ show a continued decrease in the body burdens of this
toxicant. Pb exposure remains a problem for certain groups, éspecially poor, inner city children
living in old houses with lead paint. NHANES99+ continues to monitor for PbB and this
information helps public health agencies pinpoint where Pb remains a problem; f) NHANES data
continue to indicate that undiagnosed diabetes is a significant problem in the U.S.. The data have
been used by federal and private agencies to increase public awareness, especially among
minorities, of this problem; and g) NHANES has produced information on the prevalence of
overweight and obesity that have led to the proliferation of programs emphasizing diet and
exercise and stimulated needed research. New measures of physical fitness used in
NHANES99+ will further our understanding of its role in health and enhance the analysis of
. relationships among exercise, obesity and disease. For more information on how NHANES has
been, and will be used to improve public health, see the above-noted website. Also, see Section




6.2 of this Handbook for more information on how NHAMES has been used to support risk |
assessment, policy needs and regulatory decisions at EPA.

4.0. DETAILED INFORMATION ON NHANES C(DNTENT

NHANES is the largest survey for gatherlng data c»n the health and nutn‘uonal status of
the U.S. population. Itis designed to facilitate and encoux‘age subject part1c1pat10n by prov1d1ng
transportation to and from the MEC and compensating subJ ects for thelr time and effort. Each
participant also receives a report of their medical and dent‘al findings. In addition, NCHS goes to
great lengths to study the reasons why potential subjects do, or do not, participate in the survey.
The information obtained is used to devise tactics for i mcreasmg response rates (e.g., inereased
local media coverage; increased targeting of specific race/ ethmc1ty groups w1th appropnately
tailored publicity). These efforts have paid off, as mdlcate'd by the steadily increasing response
rates with each successive survey. Thus, the overall response rates (mcludlng interview and
MEC examination) have increased as follows: NHANES- [I (73.1%), HHANES (73. 3%),
NHANES-III (76.6%) and NHANES99+ (78%) (Source: NHANES Consortlum meetmg, 2002).

As noted in Section 3. 0, all data are gathered throu gh personal mterv1ews phys1ca1
examinations, and diagnostic and biochemical testing of a, statlstlcally representatlve sample of
the U.S. population. Also as noted in Section 3.0, there is|a core set of components that is
administered in each of the NHANES and there are agencv—spemﬁc components that are retained
as long as there is mutual interest between NCHS and the requestmg agency to do so, and
funding is available. Over the years, the number of tests and questions administered to subjects
has greatly increased. Of the completed surveys (NHANES-], -I1, -III and HHANES), NHANES-
III is the most recent and collected the largest amount of data Although the field work for
NHANES-99 and -01 has been finished, analysis of blood and urine samples has not been
completed for many analytes, and data have not been released to the public (see Section 4.0 and
Table 3 for data release schedule for NHANES-99 - 08). For these reasons, this Handbook
presents detailed examples of the survey content from NHANES-III and then presents summnry

information comparing specific components across the svaeys By becommg familiar with the

details of NHANES-III, the reader will have a sound understandlng of the basic characteristics of

all the NHANES. ;

Appendix I prov1des an overview of the health StcltuS assessment component of
NHANES-III by describing the public health objectives and data collected to support the
following: 1) evaluation of the health of specific population subgroups, such as children and
adolescents, the elderly, women and minorities; 2) assessrnent of environmental and occupational
health and exposures; 3) evaluation of specific diseases (€.g., cardiovascular, respiratory,
diabetes); and 4) examination of specific risk factors (e.g.| smoking, alcohol and tobacco use).
More information on the design and data collection of NH[ANES-III and public use data files can
be found on the NCHS website: <http://www.cdc. gov/nchs/about/maJ or/nhanes/datalink. htm>.
This website also contains links to comparable information for all the surveys. Just click on the
name of the specific survey for access to manuals, documentation books and data files.




. Appendix IIT provides an overview of the nutritional status assessment component of
NHANES-III by describing the data collected to support the following: 1) evaluation of alcohol
intake; 2) assessment of hunger; 3) examination of vitamin and mineral status.through
biochemical testing of blood and urine; 4) evaluation of infant and child nutrition; 5) evaluation
of growth, overweight and obesity; and 6) examination of relationships between diet and health.
Appendix III also summarizes the methods employed for obtaining the nutritional data,
including questions about food frequency and.the 24-hour dietary recall; measures of
anthropometry; and laboratory determinations. More information on the design and data
collection of the nutritional component of NHANES-III and public use data files can be found at
<http://www.cdc.gov/nchs/about/major/nhanes/datalink.htm>. As noted above, this website
contains links to comparable information for all the surveys.

Appendix IV summarizes the tests and questions administered in NHANES-III. This
Appendix includes a description, by age of subject, of the following: 1) questionnaire topics; 2)
physical examination components; 3) analytes tested in blood and urine; 4) special studies,
including a list of volatile organic compounds (VOCs) tested in the blood of a random sample of
adults; and 5) dietary and nutrition intake information.

Given the complexity of the NHANES, it is difficult to summarize information about the

. entire content of individual surveys in order to compare components across all surveys.
Appendix V compares the clinical chemistries in blood and urine for NHANES-I, -II, -III and

~ HHANES. Appendix VI compares only the components of the current survey for the years 1999-
2002, as follows: Table 1 compares the analyses in blood, urine and hair, by yedr and subject age
Table 2 compares questionnaire content by year and subject age; Table 3 compares examination
components by year and subject age.

As indicated in Sections 3.0 and 4.0, each NHANES has collected a certain amount of
environmental and risk factor data that have potential interest to EPA. With each successive
survey, collection of these types of data has increased markedly. Appendix VII presents a
comparison of environmentally relevant data collected across all the NHANES, by age of -
subjects. This includes questions asked about potential exposures (e.g., smoking history, use of
pesticides in garden and home) and identification of specific biomarkers in blood, urine, hair and
environmental media. With increasing concerns about environmental exposures and the possible
- link between exposures and health effects and/or decrements in physiological functioning, there
is increasing interest in collecting needed exposure data through NHANES. Now, and into the
future, NHANES99+ will be collecting a tremendous amount of environmental biomarker data
that have potential interest to EPA. Because of the expense of the various tests and the finite
amount of bodily fluids that can be obtained from each subject, it is not possible to conduct all
analyses on every subject, so only subsamples may be tested. For all chemicals, the size of
subsamples is noted , such as “1/3 sample”, which means that 1/3 of the age-eligible subjects
were tested. Analysis of many of the analytes listed in Appendix VII for NHANES99+ will
continue through at least 2002. Check the NCHS website <http://www.cdc.gov/nchs
/nhanes.htm> for updates on specific chemicals to be evaluated in the future years.
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Data from NHANES99+ have not yet been released to the pubhc or collaboratlng
agencies, and none are expected for release until later in 2'002 However, NCHS and CDC have
conducted some preliminary analyses on the limited data, prlmanly from NHANES-99. Reports
summarizing these limited analyses can be found on the followmg NCHS website:
<http://www.cdc.gov/nchs/about/major/nhanes/findings. h~tm> Currently, the listed reports
include: Blood and Hair Mercury Levels in Young Chzldre'n and Women of Childbearing Age--
U.S. 1999; Blood Lead Levels in Young Children— Unzted States and Selected States—1996-1999;
Folate Status in Women of Childbearing Age-- United States 1999; Prevalence of Overweight
Among Children and Adolescents— United States, 1999; and Prevalence of Overweight and
Obesity Among Adults— United States, 1999. This webs1te' also contains the National Report on
Human Exposure to Environmental Chemicals, a new CcDC publication started in March,
2001and described as prov1dmg an ongoing assessment of the U.S. population’s exposure to -
environmental chemicals using biomonitoring. This Report uses NHANES99 + blood and urine !
biomonitoring data to provide statistical summaries of levels of envn'onmental chemicals in the ‘
people. Depending on the amount of raw data, these summaries may, or may not, be categorized
by age, race, SES, or other characteristics of the populauon CDC plans to release this Report
every year based on new NHANES data. For some EPA ofﬁces these stat1st1cal summanes may
be sufficient to support regulatory and/or policy needs.

50 HOW TO OBTAIN NHANES DATA AND ISSUES WITH FILE S’][‘RUCTURE
AND CONTENT } o ‘} L i
NCHS Works with the collaborating agencies to QA/ QC the field data and then generates -
files for all the clinical, laboratory and questionnaire data for each subject. NCHS generates
various weighting factors and other documentation needed to analyze the data and develops data
sets that are periodically released to the collaborating agenc1es and then to the public. NCHS
does not release any confidential subject information that ‘could be used to identify the subject or
his/her residential location. All of the publicly available data from all the NHANES including
the NHEFS and the 1992 HANES-II Mortality Study, can now be obtained either over the
Internet, through the NCHS Research Data Center (See Sec’uon 5.2) or ordered from the National
Technical Information Service (NTIS). The NCHS WebS] te <http://www.cdc.gov/nchs/about
/major/nhanes/datalink.htm> provides links for obtalnmg »the data and documentation on-line and
instructions for ordering materials from NTIS. Just click on the name of the specific survey for
access to manuals, documentation books and data files.

- NICHS also provides survey-specific reports, manuals and other documentatlon that are
needed to understand the survey design, methodological i 1ssues components of the survey and
how the different components were conducted. These documents are available for all the o
NHANES through <http://www.cdc. gov/nchs/about/ma_] c'r/nhanes/datalmk htm>, or from NTIS L
and include the following: ’ ‘ b

1) Plan and Operation Books contain a detailed overview of the spec1ﬁc survey and

provide descriptive information on specific components of the health status and
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nutritional assessments; sample design and analysis gmdelmes data collection
procedures; a copy of the interview forms; and a hst of exam components.

;
2) Documentation Books are providéd with the data files. They contam a list of the
exam/interview components that are in each data file; guidance on how to use the data
files; information on how to create datasets from the data files; data preparation and

. processing procedures; descriptions of the variable names used and positional location of

each variable in the data files; and raw counts of subjects for each survey question, lab
component and test.

3) Interviewer Procedure Manuals were déveloped for training the interviewers and are
important references for NHANES as they detail the correct procedures, policies, and
standards for interacting with the subjects while conducting the interviews.

4) Exam Manuals detail the correct procedures and equipment used for administering
each physiological test and the questlonnalres

Now that NHANES is an annual survey that will be'in the field contmuously, NCHS has
had to deal with many new issues regarding frequency of data release. For example, since only
5,000 subjects are examined éach year, there are questions about the number of subjects needed
to calculate statistically meamngful estimates from the data. With this small number of annual
subjects, there are also issues about protection of subject confidentiality. At the 2002
Consortium meeting of the federal agencies supporting NHANES, NCHS announced new plans
for scheduling not only raw data releases, but survey planning activities and report releases (see
Table 3). From now on, all these activities will be conducted on a 2-year cycle (1999-2000,
2001-2002, 2003-2004, etc.). “Micro-data”, identified as all the raw sociodemographic, exam,
and questionnaire data, will not be released for single years of the survey because of concerns

. about protecting subject confidentiality. “Tabular Reports” will be prepared by NCHS and/or
CDC to summarize findings on a limited number of variables judged to be of significant public’
health importance. These Tabular Reports, unlike the raw data, will be based one year’s worth of
data and will be released annually. NCHS will now solicit proposals for new survey
components, and pilot test certain proposed components, on this 2-year cycle. Many data

- elements (e.g., residential location, data collected on a small subset of subjects) will never be
made available to the public in order to protect subject confidentiality. These data are often very
valuable and critical to support studies of public, and/or environmental health importance, and
studies that can support EPA regulatory, policy and/or research needs. As indicated in Table 3,
NCHS is scheduled to make these data available only through their Research Data Center (RDC).

-See Section 5.2 of this Handbook for details on the RDC and how to access the data.

5.1. Issues with Data File Structure and Content

Each NHANES provides an incredibly rich source of human data for research and
analysis. However, the data set is large, complex arid requires that the user be familiar with data
file manipulation and analysis. Thorough review of the extensive documentation provided by
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NCHS for the individual datasets should resolve most questlons All data users need to review
these reference materials and reports before analyzing any \NHANES data. Ifyou still have
questions after careful review of the documentation, try contacting the NCHS Data
Dissemination Branch at (301)458-4636. |

i o

The following examples demonstrate the complex1ty of the data file structure and content

and illustrate some of the many issues that need to be considered when designing a study using
data from any NHANES:

®Data from each NHANES are divided into separcite files. Depending on the analysis to
be performed, one or more of these files will need o be merged in order to obtain all the
needed data on each subject. Users need to be famﬂlar with the content of each file. For
example, the NHANES-III survey design and demographlc variables are in the Household
Adult Data File (subjects 18+ years old), Househo]d Youth Data File (subjects up to 17
years old), Laboratory Data File (all ages), and Exammatlon Data File (all ages). All of
the NHANES-III public use data files are linked through the common survey participant
identification number (sample sequence number or SEQN). Merging information from
multiple NHANES-III data files using the SEQN vanable ensures that the appropriate
information for each subject is linked correctly. In preparing a data set for analysis, other
data files should be merged with the Adult Household Data File and/or the Youth
Household Data File to obtain many important analytlc variables.

\
® NHANES pubhc use data files do not have the same number of records on each file.
For example, in NHANES-III the Adult and Youth Household Questionnaire Files
contain more records than the Examination Data Flle because not everyone who was
interviewed went on to complete the examination. ; The Laboratory Data File contains
data only for persons aged one year and older. The Individual Foods Data File based on
the dietary recall, the Prescription Medication Data File, and the Vitamin and Minerals
Data File, all have multiple records for each person rather than the one record per subject
contained in the other data files. - :

® With each data file, NCHS includes separate tex‘t files with SAS program code using
standard variable names and labels. ThlS SAS program code can be used to create SAS
data sets from the data file.

® During the course of each NHANES, NCHS mc»dlﬁes items in the quest10nna1res
laboratory, and/or examination components. Asa result, data may not be available for -
certain variables for all years of any one survey. In addition, variables may differ by the
phase of the survey because some changes were maplemented between phases. For
example, NHANES-III was conducted in two phases from 1988-1991 and 1991-1994.
Because of the changing research needs of the sponsormg agencies, NCHS dropped a
limited number of questions and examination components after the first phase, and :
replaced these with new questions and tests in the \second phase This process of survey - o
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modification will become more noti¢eable with NHANES99+, since the survey is now in
the field continuously, and proposals for new components will be on a two year cycle (see
Table 3). In general, if new components are added, then old component(s) need to be
deleted so the burden to subjects is not significantly increased. Furthermore, NCHS is
currently trying to determine how many years specific components should be retained in
order to obtain a statistically meaningful sample size. Because of these modifications,
users need to read the Notes sections of the file documentation carefully, as they provide
information about survey changes.

® NCHS verifies extremely high and low test values whenever possible, and performs
numerous consistency checks on the data. Nonetheless, users need to examine the range
.and frequency of values before analyzing data. '

® Confidential and administrative data are not available or released to the public. (See
Section 5.2 on how these data may be accessed through the NCHS Data Research
Center). ' Additionally, some variables have been recoded to protect the confidentiality of
the survey participants. For example, in NHANES-III all age-related variables were
recoded to 90+ years for persons who were 90 years of age or older.

See the following website fof more information on guidelines for NHANES data users based on
NHANES-III: <ftp:/ftp.cdc.gov/pub/Health_Statistics/NCHS/Datasets/NHANES/NHANESIII
/11A/readme.txt>. ‘ :

5.2. NCHS Research Data Center (RDC)

As already noted, there is no public release of any confidential data on NHANES
subjects; however, NCHS collects and maintains these data (such as residential address).
Without access to certain types of confidential information, it would be impossible to conduct
some types of studies that would be very useful to EPA. For example, if one just uses the
publicly available data, analyses are generally limited to a national or regional scale, or to
comparisons made for urban vs rural areas. It should be noted that while the design and release
of NHANES data limit analyses to these large geographic scales, in many cases this is sufficient
and appropriate for EPA needs. A case in point was EPA’s use of NHANES-II data to develop
the distribution of blood lead (PbB) levels.in children for the whole country in support of
regulations to reduce Pb in gasoline (U.S.DHH, 1988; U.S. EPA, 1986). ‘

NCHS recently established a Research Data Center (RDC) at its headquarters in
Hyattsville, Maryland. More detailed information about the RDC, its rules for prospective users,
and how to access it can be found at <http://www.cdc.gov/nchs/r&d/rdc.htm>. Briefly, the RDC
was created to meet the continuing demand for analyses to be conducted on smaller geographical
scales (e.g., by state, county and below county) that require restricted data from NHANES.
Designed for the researcher outside of NCHS, the RDC allows access to data that would not be
permissible to analyze because of confidentiality/disclosure rules and regulations. These
sensitive data can not be publicly released, but potentially can be accessed through the RDC, for
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statistical studies. In addition, the potential exists for linking NHANES data to environmental
data, as noted above, but also to other human databases, such as the Census data and the National
Death Index. By working through the RDC, it will be poss1b1e to link NHANES data to a variety
of other data bases in order to expand the usefulness of NHANES and conduct studies not
possible if just based on NHANES data alone. Data sets for lmkmg can be user-generated (e.g.,
exposure data generated from environmental monitors), or pubhcly available (e.g., Census data).
Only the RDC staff can link the data sets. Files-and informauon used to link any data sets are L
destroyed after the merged file is created and are not be made available to the user. |

I . . .
The RDC has instituted restricted conditions to pretect sensitive data but allow analyses
at a level not possible with public use data. These conditions are identified on the Webs1te
<http://www.cdc.gov/nchs/r&d/rdc.hitm> and summanzed as follows:

1) Prospective researchers must submit a research proposal to the RDC for review and
“approval. Approval will be based on the availability of RDC staff and resources;
consistency of the proposal with the mission of NCHS; general scientific soundness of
the proposal; and the feasibility of the project. It is ‘cxpected that the user will develop the
research proposal with the RDC staff to minimize fhe time required. ‘
2) Researchers will sign confidentiality agreementh., but strict confidentiality protocols
require that researchers with approved projects must complete their Work using the RDC
facilities. RDC facilities can be accessed on-site 01 remotely.

3) Researchers can supply their own data to be mer ged by RDC staff Wlth NCHS data
sets. Merged files will be only available to the originating researcher unless written
permission is given to allow access to others.

. l

The RDC can be accessed on-site, in Hyattsville, MD or remotely Another ana1y31s
option for researchers with large, complex analytic proj ects may be to subcontract with the RDC
to have its staff run the necessary programs, etc. for the res .earch project. Each mode of access
has associated costs, procedures, rules and limitations. Other details of the RDC operation are
discussed on the website <http://www.cdc. gov/nchs/r&d/rdc htm> as follows:

For on-site users: ’

® RDC staff will construct necessary data files, mcludmg those linking NHANES data

with user data.

® PC SAS, SUDAAN, STATA, FORTRAN and HLM are available. Other statlstlcal

packages are available with sufficient lead time for/RDC staff.

® Output is subject to disclosure review by the RDC staff. Disclosure review guidelines

are published in the NCHS Staff Manual on Confidentiality.

® Analyses (paper output) can be taken off site contmgent on passing dlsclosure review

by RDC staff.

® The RDC is only open during normal working hours and requ1res RDC staff oversight.
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For remote access users:

® RDC staff will construct necessary data ﬁl'.,s mcludmg those lmkmg NHANES data

with user data.

® Researchers can submit analytical computer programs via e-mail. Output is returned
by e-mail to users’ registered address.

® Only SAS programs can be run. Certain SAS procedures and ﬁmcuons are not

allowed, including: PROC TABULATE, PROC IML, LIST and PRINT (¢.g., no listing of

individual cases), R_, FIRST., LAST., (e.g., no selection of individual cases). No cell

with fewer than five observatlons can be included; and if found, other cells will also be

suppressed.

® The SAS job log will be scanned for condmons that result in case listings.

' Speclfic costs: ~
® To work on site costs a researcher $1,000 per week.
® To remotely access any one data set costs $500 per month.
® File construction and setup by RDC staff for either remote access or on-31te use costs
$500 per day of effort.

. 6.0. TYPES OF ANALYSES THAT CAN BE CONDUCTED WITH NHANES DATA

NHANES can be a valuable resource for EPA to use in support of research, risk
assessment, policy decisions and regulations. This rich human database has several features that
make it attractive for EPA use, including: 1) potential to be linked with other databases,
including census, exposure and miortality data; 2) can be used to identify emerging health and
exposure issues; 3) can be used to examine associations between possible risk factors and -
adverse health effects or other conditions; 4) can be used to help evaluate the effectiveness of
existing environmental regulations and the need for additional/new regulations; 5) can be used to
investigate issues based on race/ethnicity and SES (e.g., environmental equity issues) and
geographic location; and 6) potential for limited longitudinal studies as more follow-up data are

* collected (see Sectlon 3.1).

Different methods can be used examine the NHANES data, including the following:

1) Development of population distributions of specific variables (e.g., height, weight,
PbB, blood or urine levels of environmental chemicals). These distributions can be -
developed for the U.S. population as a whole, or for specific subgroups based on a variety
of characteristics such as age, race/ethnicity, SES, gender, etc. It should also be possible
to develop distributions for different parts.of the country, but this may need to be
accomplished through the Research Data Center (see Section 5.2). '

2) Estimation of the prevalence of selected diseases or chronic conditions (e.g.,
respiratory, cardiovascular, neurobehavioral). Prevalences can be calculated for the U.S.
population as a whole, or for various subgroups. Subgroups can be defined by
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demographic characteristics, or with assistance ﬁ'ofm the RDC using characteristics of
their residential neighborhoods (see Section 5. 2)

3) Use of inferential studies to examines poss1ble clSSOClatIOI’lS between various risk
factors and particular diseases or conditions. For e*xample based on NHANES-III data,
one can assess potential risk factors (e.g., active and passive smoking, allergies to
cats/dogs, use of gas stove) for asthma in children, and assess the value of these risk
factors as predictors for asthma. ‘

Because of the design of NHANES there are llnutatlons on how estlmates can be
expressed. For example, analyses can be developed based on:

1) National estlmates (e.g., distribution of PbB levels for all children 1-5 years of age).

2) Estimates by broad geographic regions (NE, NW SE, etc. ) (e.g., d:lstnbutlon of PbB |
levels for all children 1-5 years of age and living i 111 the south).

3) Estimates by degree of urbanization (e.g., distril bution of PbB levels for children 1- 5
years of age living in metropohtan areas vs rural areas)

4) Estimates by other major population subgroups such as race/ethnicity, i income, sex, or
age (e.g., distribution of PbB levels in black chlldrien ages 1-5 years compared to
Hispanic children of the same age). ! L
With the advent of geographic information systems (GIS), it is now possible to
geographically locate point and area sources of pollution; map plumes of pollutants in the air,
groundwater and soil; and model and map other env1ronmenta1 exposures. It should also be
possible to link NHANES data, through appropriate geographical identifiers, with mapped
environmental data in order to evaluate possible relationships between variables in the human
data and exposures from the environmental data. For example, NCEA is collaborating with
NCHS to conduct a study of risk factors for respiratory effects in children by linking EPA air
monitoring data with NHANES-III children’s respiratory ¢ data. The addresses of the children
have been geocoded to the Census block group level by NCHS and the momtormg data for
ozone and PM10 have been interpolated to the block group level by NCEA. NCHS links both
sets of data by the common field of census block group and then retains the linked data set to
protect subject conﬁdentlahty "The linked data are used to evaluate relationships between
exposure to these air pollutants and respiratory effects, m(,ludmg decrements in lung function
(See APPENDIX IX, project summary entitled “Est1mat10n of Risk Factors for Resplratory .
Effects in Children: Use of NHANES-III Respiratory Headth and EPA Air Monitoring Data. Part
IV). The block group identification of the NHANES-III s.ubj ects is confidential and not released
to the public, but is part of the data set. Any pubhcatlons resultmg from this study will not
disclose the locations of the NHANES children. Moreover itis unportant to note that glven the
design of NHANES-III (and all NHANES), the results of thls study can only be expressed as
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whether or not ozone and/or PM10 have an effect on the respiratory health of children. The
design of NHANES will not support an analysis of whethér children in specific parts (i.e., cities,
counties, states) of the country have poorer lung function because they live in an area Wlth “high”
air pollution levels. The design of NHANES will support an analysis to determine if, in general,
higher levels of air pollution are associated with poorer respiratory health in children. Provided
that sub_]ect confidentiality is maintained and the type of analysis is consistent with the design of -
NHANES, the possibility exists for conducting similar types of studies by linking NHANES data
to other environmental databases. See Section 8.0 for more precautions on appropriate use of
NHANES data. Now that the NCHS RDC (See Section 5.2) has been established, it should be
possible, with the appropriate data, to conduct these types of studies.

6.1. Studies using NHANES Data that have Environmental Relevance

Many papers have been published using NHANES data and these cover a wide variety of
topics, many of which are of potential interest to EPA. NCHS maintains an annotated
bibliography of the studies they are aware of; however, this list is not exhaustive. Annual
updates to this bibliography and copies of NCHS/CDC publications cited in the bibliography
may be obtained from the Data Dissemination Branch, NCHS, 6525 Belcrest Road, Hyattsville,
Maryland 20782. A selective bibliography from 1997 -1999 can be found on the following
NCHS website: <http: //WWW cde. gov/nchs/about/ma]or/nhanes/97 99jan00.pdf>.

Based on the b1bl1ography from the NCHS website, plus another selective b1b110graphy
NCHS prepared for 1980-1996 but that is not on their website, we have assembled a list of
references (See APPENDIX VIII) that have potential environmental relevance. Note that
Appendix VIII contains a mix of annotated references, which were taken from the NCHS 1997-
1999 bibliography and references without annotation, which were taken from the NCHS 1980-
1996 bibliography. This compilation of references also provides a good overview of the broad
range of studies that can be conducted with NHANES data.

6.2. Use of NHANES Data at EPA
Over the years, EPA has successfully used NHANES data in research and to support
policy and regulatory decisions. Some of these activities included:

1) Evaluation of the relauonshlp between Pb adverse health effects (e.g., cognitive
function, hypertension) and levels of Pb in the environment, particularly as a result of Pb
in gasoline. NHANES-II data were used to support EPA regulations to remove Pb from
gasoline. NHANES data also demonstrated decreases in PbB that paralleled decreases in
Pb in gasoline. EPA monitors Pb exposures by evaluating NHANES-III and
NHANES99+ PbB data and uses these data to support continuing policy decisions.
(U.S.DHHS, 1988; U.S.EPA, 1986). Also see Appendix IX.

2) Evaluation of respiratory functlon and pers1stent respiratory symptom data from
NHANES-I and -II. EPA used these data to support regulatory decisions for the Natlonal
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Ambient-Air Quality Standards (NAAQS) pollutants which mclude ozone, sulfur oxides,

nitrogen oxides, particulate matter, lead and carbon monoxide.
l

3) Evaluation of NHANES99+ data on mercury (I—[g) levels in blood and hair of ch1ld1en
and women of child-bearing age. These data are used by several EPA ofﬁces to
determine exposure levels to methyl-mercury in these two susceptible subpopulations and
to support policy decisions on Hg exposures. EPA, will continue to use these data to
support policy and regulatory decisions, as the levels for subjects tested in 2000 and
beyond are made publicly available (See Appendm 1X).

4) Use of HHANES urine and serum pesticide data to develop distributions of the
prevalence of pesticide exposures in Hispanic subpopulauons " These distributions were
used as reference standards for assessing pesticide exposures in chrldren and adults in
studies of populations living along the U.S.- Mexico border.

5) Use of urine and serum pesticide data in combination with food consumption data to
-support development of pesticide tolerance levels ih food.

6) Evaluation of pulmonary function for different populatmn subgroups based on age,
sex, and race. EPA used these data to develop pred1ct1ve models for several spirometric
endpoints (e.g., FEV,, FVC) for children, teens, and young adults. The models allow for
investigation of how pulmonary function differs by race and sex and how these
differences interact with growth and development patterns

7) Examination of the relationship between blood pressure and the level of cadmium (Cd)
in urine, which is an indicator of the body burden of Cd. Work has also included
examining the correlation between Cd in urine and| beta2-m10roglobulm (mdlcator of Cd-
induced renal damage) and using the information as benchmarks for measuring the effects
of environmental Cd exposure. | :

|
i

8) Use of surplus blood sera from NHANES-III subJ ects to determine if poorer drinking
water quality correlated with higher prevalence of «mt1b0d1es to Crypz‘osporzdzum (see
Appendix IX). [ |

Several EPA program offices currently use NHANES data in ep1dermology studles and/or
to support policy and regulatory work. APPENDIX IX pr<=sents summaries of twenty two EPA
efforts we were aware of that use NHANES data. Again, note the broad diversity of issues being
addressed and different methods being applied to the data.
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70 USE OF NHANES STORED BIOLOGICAL SPECIMENS

7.1. Serum Specimens:

Blood collected from NHANES-III subjects was separated into its components and sent to
the CDC laboratory or to one of the eight contract laboratories for testing (see Appendices IV and
VII). Because of the possibility of out-of-range results that need to be repeated, more specimen
volume was sent to the labs than was usually needed for the scheduled biochemical tests. Since
most subjects do not have out-of-range results, the labs now have a large numbers of surplus
serum specimens. All specimens have been stored at -70.degrees and have been through at least
two freeze-thaw cycles. Stored sera from NHANES-III are available for research projects that
require a nationally representative sample of the population. Research proposals are accepted
and reviewed throughout the year by the NHANES-III Stored Sera Technical Review Panel,
which attempts to review the proposals within 30 days of receipt. See the NCHS website
<http://www.cdc. gov/nchs/about/ma_]or/nhanes/serumla htm> for more details on the proposal
solicitation process; review process; proposal selec‘no»n criteria; and guidelines for proposal
preparatlon

Note that EPA has successfully used NHANES-III serum samples to conduct a study of
the relationship between serum antibody response to Cryptosporidium and the primary source
~ and treatment of drinking water. See Appendix IX, study entitled “Analysis of Serological
Responses to Cryptosporidium Antigen Among NHANES-III Part101pants” for a summary of this
work. .

In NHANES99+, samples of blood, urine, and saliva (if applicable) for subjects 7 years
and older who give their written consent are being stored for future health studies
<http://www.cdc. gov/nchs/about/ma]or/nhanes/OOﬁ:.tstu pdf>.

7.2. DNA Samples:

For NHANES-III subjects 12 years of age and older, lymphocytes (white cells) were
isolated from blood samples and stored frozen in liquid nitrogen or as cell cultures immortalized
with Epstein-Barr virus. The cells have been stored and maintained at the Division of
Environmental Health Laboratory Sciences (DEHLS) at the National Center for Environmental
Health (NCEH), CDC. Cell cultures are available primarily from Phase 2 of the survey, which
was conducted 1991-1994. Though an extensive consent form was signed by participants in the
survey, specific mention of genetic testing was not included. Collection and storage of this
biological material was based on the promise offered by significant advances in the rapidly
evolving field of molecular biology that were occurring durmg the NHANES-III planning phase.
Technical advances now make it possible to use these spec:mens for genetic analysis. NCHS
and NCEH are making anonymized DNA from these specimens available to the research
community for such analyses, but no cell lines will be made available.

Given the scientific nnportance of this resource, NCHS developed a plan for making
DNA samples available to the research commumty for anonymlzed testing. This plan was
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approved by the NHANES Institutional Review Board (IRB) September 16, 1996. For more
details and guidelines concerning development, submission, review and acceptance of proposals
for studies using stored DNA samples, see the following NCHS web site: - o
<http://www.cdc.gov/nchs/about/major/nhanes/dnaﬁﬂgmj!.htm>. This website now indicates
that since the Fall of 2001, NCHS is in the process of reevaluating their protocol for soliciting
and approving proposals for studies using the stored DNA. specimens. The website further
indicates that their ultimate goal is to allow reasonable access to the samples for important
scientific studies while assuring participant confidentiality and compliance with appropriate
ethical standards. For these reasons, NCHS has discontinued further review of applications
while they revise their protocol. If the revised protocol is approved by the NHANES IRB, they
will place an announcement on the above-noted web site, ‘and presumably start accepting
proposals again. ' -

In NHANES99+, DNA samples (from blood or seﬁi\-fa)lfrom subjects élges 20 and over
who give their written consent are being stored for future genetic testing ’
<http://www.cdc.gov/nchs/about/major/nhanes/00futstu. pdf>.

$0. LIMITATIONS AND PRECAUTIONS ON USE OF NHANES DATA |

The analysis of NHANES data is not a straightforward task. “The analyst must consider
many issues to develop an appropriate and efficient strategy for conducting the analysis. Such
considerations should include ...the sample design, weights, or underlying assumptions in the
analytic procedures to be applied...” (NCHS, 1982). L o
Before starting any analysis using NHANES data, researchers need to be aware of several key
1ssues: ‘ ’ - : :

A) Goals of NHANES vs goals of studies analyzing NHANES data— a geographical
perspective. .
Although there are many important issues to be considered when designing a study using
NHANES data, one of the most critical deals with, the incorporation of geographical
information and the appropriateness of using mms data to examine health effects
and risk factors on a small scale. Remember that the goal of NHANES is to provide
information on the health and nutritional status of{the U.S. population. The complex
design of NHANES has been developed to suppoai:p that goal. Because thisisa unique
survey that provides such a wealth of data on such a large number of people, it is easy to
overlook this goal and try to conduct analyses that are of interest to EPA but may be
inappropriate given the design of NHANES. A prime example of this potential pitfall is
based on the fact that NHANES is conducted in qpmerous locations (e.g., stands), with
several hundred people examined at each location (See Section 3.0 and Table 1). NCHS
also publicly identifies the county of residence, provided the population is greater than
500,000. Because of this geographical distributicn of subjects, you may be tempted to
identify stands that are located “near” hazardous waste sites or specific industrial point
sources of pollution that are of interest to EPA and then conduct an analysis to see if there
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is a correlation between adverse health effects and living “near” a particular pollution
- source. NHANES was not designed to support this type of study, because the people
examined at a particular stand are not necessarily representative of the population in that
immediate area. Although we now have techniques (e.g., GIS) that allow for creative
ways to incorporate geographic detail into analyses of NHANES data, these approaches
‘may not always be valid, given the design and underlying purpose of this survey. With
GIS it is now possible to access many environmentally-relevant databases (e.g., locations
of point and area sources of pollution) or generate your own (e.g., model air
concentrations of chemicals released from a specific industry or industries) and then link
these to the NHANES data in order to explore hypotheses about risk factors for adverse
health effects at specific locations. While many such interesting analyses are possible, are
they always appropriate? Remember, NHANES is-designed to support estimates of
effects, etc. based on: a) a national level; b) a broad regional level (e.g., NE, NW, SE); ¢)
by degree of urbanization (e.g., metropolitan areas vs rural settings); d) by population
" subgroup (e.g., race/ethnicity, income, sex, age). NHANES is not designed to provide
valid parameter estimates based on survey participants living in specific locations such as
local towns, counties or states. NHANES was not designed to support studies of the
health status of individuals in a specific location. Thus, when developing a study that
~uses NHANES data, you need to ensure that the design of your study is consistent with
the goals and design of NHANES and makes approprlate use of the data (NCHS, 1982;
and the following website:
<http://www.cdc.gov/nceh/dls/report/totalreport/datasources.htm>.

B) Complex sample design of NHANES.

' NHANES uses a complex, stratified, multistage, probability cluster design to select a
representative sample of the noninstitutionalized, civilian U.S. population. Because of
this complicated design, one can not use traditional statistical methods to analyze the
data

C) Need for weighting. ' '
Because the NHANES sample design is complex, sample weights must be used to
account for stratification, clustering, and the unequal probability of subject selection into
. the survey. Each NHANES oversamples certain populatioh subgroups (see Section 3.0
"and Tablel), and this must be taken into account through appropriate weighting. Sample
weights are also used to adjust for possible bias resulting from subject nonresponse.
Weighting is used to bring the sample data up to the dimensions of the target population
totals and to reduce variances in estimations. The issue of using weights is critical to the
correct analysis of NHANES data. NCHS calculates the necessary weights for different
components of the survey and provides these with the public use datasets, along with
explanations of how the weights were derived and when to use them. It is the
responsibility of the user to select the appropriate weights and apply them correctly.
There is also an issues of whether or not to use certain weights, depending on the type of
analysis being conducted. Inappropriate use of weights may result in a flawed analysis
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and questionable study results. See Section 9.1 for more information about weighting.

D) Limitations associated with small sample size.
As noted elsewhere (see issue E, “Variable content ‘within surveys”, of Section 8.0 and "
Appendices VI and VII) some variables are measm ed only in subsamples of the survey
and/or for a limited time. Moreover, because each NHANES is conducted over multiple
years, it may be enticing to try to examine time trends by making and compating annual
estimates within a particular survey. Any of these cond1t1ons may result in havmg a small
sample size for one or more variables and this comphcates analys1s of the data and
interpretation of the results. This problem of smal] 'sample size is illustrated by the
CIDC’s analysis of the first year of the NHANES9C'+ biomonitoring data for their
National Report on Human Exposure o Envzronm«vntal Chemicals (see Section 4.0 and
the following website: <http://www.cdc. gov/nceh/(ils/report/totalreport
/datasources.htm™>). This Report indicates: }

“Although the current NHANES is conduc1 ed using annual samples that are
nationally representative, the sample size m any one year is relatively small,
resulting in large variability for estimates, espec1a11y those for detalled
demographic groups or other detailed analy ses. The NHANES is designed to
increase preclslon by combining data across calendar years. Because of the small
sample size in 1999, a number of survey part1c1pants have large sample weights,
and the potential exists that these sample Welghts may strongly influence
estimates. This is particularly important for chemical results that were only -
measured in subsamples.”

“Another analytic limitation of the NHANLS sample is that it is selected from a
relatively small number of sampling units (PSUs) or counties; the 1999 sample
was planned for only 12 PSUs. With a small number of PSUs, variance estimates
that account for the complex design will be relatively unstable, a factor Whlch -
introduces a hlgher level of uncertainty in the annual estimates.”

“Although the annual NHANES is nauona] ly representative, it is not possible to
produce environmental exposure estimates by geographic region. Because the
number of geographic sites sampled each year is small and because envuonmental
exposure measures may vary geographically, 1 national estimates of these
exposures, particularly those based on 1 yea;r of data, may be hlghly vanable

“These limitations related to measuring enwronmental expo