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Sample Design: Third
National Health and Nutrition
Examination Survey

by Trena M. Ezzati, James T. Massey, Office of Research and
Methodology, National Center for Health Statistics; Joseph
Waksberg, Adam Chu, Westat, Inc.; and Kurt R. Maurer,
Division of Health Examination Statistics, National Center for

Haalth Qiatictine
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The National Center for Health Statistics (INCIHS) conducts

geveral laroe-ceale national health surveys, The Natinnal Health
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and Nutrition Examination Survey (NHANES), designed to
assess the heatth and nutritional status of the noninstitutionalized
population of the United States, consists of adult, youth, and
family questionnaires followed by standardized physical ex-
aminations in specially equipped mobile examination centers
{MEC's). The Third National Health and Nutrition Examination
Survey (NHANES III) is the seventh in a series of surveys using
health examinaticn procedures that have been conducted since
1960 by NCHS. The targetpopulations the sample designs, and

tha Anta nnllantinm nen ean Fose o smaas Thanlil s oo

i€ Gala COLeECHon J.uu(‘.cddl es tor the pxcv' 10US a1 SXamiia-
tion surveys—NHANES I, NHANES 11, and a special survey
of the Hispanic population (Hispanic HANES)—have been
described in previous reports (1-8).

The target population of NHANES III is the civilian
noninstitutionalized population 2 months of age and older. The
survey is being conducted from 1988 through 1994 and includes
a sample of approximately 40,000 persons. The household
interview includes demographic, socioeconomic, dietary, and
health history questions; the examination component consists
of examinations by a physician, a dentist, and heaith techni-
cians. In addition, a home examination consisting of an abbre-
viated set of physical measurements is offered to persons who
are unable or unwilling to travel to the MEC for a complete
examination (9). The interviews and examinations are per-
formed by permanent staff employed by Westat, Inc., the data
collection contractor for NHANES Il

As in previous NHANES, this survey has the following

major poals:

To produce national population health parameters;
To estimate the national prevalence of selected diseases

and disease risk factors;
* To investigate secular trends in selected diseases and risk

factors;

To contribute to the understanding of disease etiology; and

Tn invactioata tha natural hictnry nf calartad dicancac
10 IMvesiigae iné naural nistory o1 SCieCied ¢iscases.

A list of the major target conditions of NHANES I1T is
shown in table I and the examination components of the survey
are shown in tables II and III.

Previous NHANES have included only persons aged 6

months through 74 years. Because a growing proportion of the

.s. -nnrm]ahnn congists of older Americans who experience

pulation consists of older Americans who experience
greater morbidity and disability, NCHS imposed no upper age
limit for the NHANES TII. Also, because of the need for better
information on the growth and development of young children,
infants 25 months old are included in the NHANES III for the
first time. Older persons and children are oversampled so that
estimates of their health status can be made with acceptable
precision,

Although not excluded from the target sample, small num-
bers of black and Mexican-American persons were included in
previous NHANES, Therefore, reliable estimates of their health
and nutritional status could not be produced for subgroups of
these domains, thai is, by age, sex, or other important demo-
graphic or socioeconomic breakdowns. To resolve this prob-
lem, NHANES III was designed to include a large sample of
both the black and the Mexican-American populations so that
reliable estimates of health and nutritional characteristics can
be produced for these two largest minority groups of the U.S.
population.

This report describes the broad design requirements for
NHANES 111, the research underiaken io develop the sample
design specifications, the major research, the estimation proce-
dures, and the methods used for estimating sampling errors.
Documentation of the survey content, procedures, and methods
to assess nonsampling exrors are reported in another publication
(9). Much of this report is based on survey requirement docu-
ments and the final sample design report prepared by Westat,

Inc., as part of an NHANES III methods research contract (10).



Design specifications

A desirable first step in designing a survey is to define the
analytical objectives. As in the previous NHANES, a primary
purpose of NHANES Il is to produice a broad range of descrip-
tive health and nutrition statistics for sex, race, ethnic, and age
subdomains of the population. These data can then be used to
measure and monitor the health and mtritional statns of the
noninstisutionalized population. Because NHANES III was
designed to produce cross-sectional data and because respon-
dents wili be followed over time for future interviews and/or
examinations, a set of cross-sectional and longitudinal objec-

tives was developed. These objectives are:

* To produce estimates of means and proportions with a

reasonable level of precision for a broad range of health and
nuiritional variables by sex, race, ethnic, and age sub-
groups of the civilian noninstitutionalized U_S. population;

* Todetermine differences between subgroup estimates with
specified type I and type II errors;

* To monitor secular trends in health and nutritional status
for buugﬁ‘)iip‘s of interest; and

* To investigate the etiology and natural history of selected
diseases through followup of a cohort of initial respondents.

Domain and precision specifications

A primary interest of NHANES 11T is to estimate with

acceptable precision the health and nutritional status of sub-
groups of the population. The subdomains for which separate
alalyses are expected to be carried out in NHANES III are
»shown in table A. The set of subdomains consists of sex-age
groups for the largest race-ethnic subgroups in the U.S. popu-
lation. The analytical domains in table A consist of the agc
groups shown separately for males and females. Thercfore, 52
subdomains—twice the number of age groups are shown.

The sample for NHANES HI was designed with specified

- precision for each of the major subdomaing in table A, The goal

isto have approximately equal precision for each of the analytl—
cal domains. The minimum precision requirements are:

e g, S | Uy [PRR

s ﬁ prevalence STHHSI].C OI lU peicent b[l()lll(l Ild\’ﬂ artve
standard error (RSE) less than 30 percent; and

* Differences of at least 10 percent in health or nutrition
statistics between any two subdomains should be detected

with a type I error of no more than 0.05 and a type II error
of no more than 0.10.

Table A. Analytical subdomains classified by race-ethnicity and age:
Third National Health and Nufrition Examination Survey, 1988-94

Black White and all other Mexican-American'

2-36 months 2-11 months 2-35 months
12-35 months

3-5 years 3-5 years 3-5 years

6-11 years 6-11 ypars 8-11 years

12-19 years 12-18 years 12—19 years

20-39 years 20-29 years 20-39 years
30-39 years

40-59 years 40-49 years 40-59 years
50-59 years

60 years and over 6065 years 60 yoars and over
70-79 years
80 years and over

"Mexican-Americans can be any race.

NOTE: The analytical domains are for males and females separataly.

To meet the predesignated precision requirements, the
sample size for each of the defined subdomains for all groups
was determined to be 560 or greater. For the subdomains with
considerable oversampling in Mexican-American density strata,
the minimum of 560 was increased to compensate for the design
effect introduced by the variability in sampling rates among
density strata. In addition, the total examined sample size for
both black and Mexican-American persons is required to be
9,000, with 12,000 for white and all other persons (table B). The
examined sample sizes were inflated by about one-third to
account for expected nonresponse to the examination portion of
the Survey to deiermine the total Saﬁ‘lpm sizes for the Survey.
The total sample sizes by race and ethnicity are also shown in
table B.

Sunerimnosed on the minimum cell size of 560 was the
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requirement that the total examined number of infants and
young children (separately for males and females) in the 3 age
groups—under 1 year, 1-2 years, and 3-5 years—needed to be
at least 1,000 to provide adequate sample sizes for updating the
growth charts for NHANES III.

Takla B, Eumaciad tnial and axamined noreon eamnlo slzes hif rara.
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ethnicity: Third National Health and Nutrition Examlnalion Survey,
1988-84

Race-ethnicity Total Examined persons
L= = U 40,000 30,000 .
£
Black .coovriiimmiiiiiain 12,000 9,000
Whiteand allother ............ 16,000 12,000
Mexican-American! ......... .. 12,000 9,000

Mexican-Americans can be any race.



Operational requirements

NHANES ic nnimme hecanee the exyamination comnaonsnt of
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the survey involves a number of logistical and cost concerns
that also have to be considered in the design of the survey.
Therefore, the following operational requirements were im-
posed upon the design of the survey:

®  The number of sample persons selected at each stand
(survey location) should be between 300 and 600, with an
average of approximately 450, yielding an expected 340
examined persons. Research has shown this number to be
the approximate optimum number to give as many primary
sampling units (PSU’s) as possible, while keeping the
sample size in each area large enough to justify the costs
associated with moving and setting up the mobile examina-
tion centers (MEC’s);

¢ The minimum time to complete field work at any stand is

4 weeks; and

The data coliection period shouid be 6 years. However,

because it is not desirable to wait the full 6 years to have

updated data since the last national survey (NHANES II,
1976-80), the first-3-year period (phase 1) should contain

a natinnal nrahahilitfy camnla af tha alinihla nasnlatian an
a iidenal PIUvauliily saiipal Ul uiv Cagiul pupuaiivii 5o

that some estimates of health and nutrition can be produced
when the first 3 years of data collection are completed. (The
subdomain estimates produced from phase 1 will not be as
detailed as those for the full 6-year survey because the
analytical data requirements apply only to the full 6-year
data collection period.)

In addition to these operational requirements, another fac-
tor considered in the final design was how o select as large an
average number of sample persons per household as possible,
thereby maximizing the response rates and reducing screening
costs. This was also an important design consideration because
previous experience with both NHANES and Hispanic HANES
indicated that response rates increase when a large sample of
persons are selected within households. One of the factors
thought to be responsible for the increased response rates in
multiple-sample person households is that each person is given
a remuneration for his or her time and participation.



Methods research

In planning for NHANES II, new design features for the
survey and a broad reexamination of the basic methodology for

sampling and respondent contact were evaluated. First, the use
of NHANES T ac a haceline far a Inno.term Innaoitmdinal emdvu

of NHANES IT1 as a baseline for a long-term longitudinal study
of adalts and children as well as a cross-sectional study created
a broad range of analytical possibilities for NHANES and also
created several design and cost issues. Second, because previ-
ous NHANES focused on statistics forthe total U.S. population,
relatively small numbers of black and Mexican-American per-
sons were included. Therefore, estimates of their health and
nutritional status for separate age-sex subdomains were often
inadequate due to their unreliability.

NCHS recognized the need for information on subgroups

of the population when the special Hispanic HANES was

conducted in 1982—84 (8). Including adequate numbers of black
and Mexican-American persons in NHANES HI serves to
update the Hispanic HANES and enhances comparison of the
health of minorities with that of white and all other persons, thus
allowing the investigation of factors related to differential
health status. Therefore, the primary focus of the sample design
research was on the development of efficient procedures to
oversample selected subgroups of the U.S. population so that
reliable health and nutritional statistics are available.
Toevaivate these design issues, an 18-month methodologi-
cal confract was awarded io Westat, Inc., in May 1986. The
development of an efficient sample design for NHANES ITI was

one of the major tasks carried out as part of this contract. A more

detailed discussion of the other methodological issues exam-
ined as part of this research contract is described in another
renort {11).

The original design specifications required separate esti-
mates for black, Mexican-American, and Puerto Rican popula-
tions in addition to white and all other populations. However,
research indicated that it would be costly to locate a probability
sample of the Puerto Rican population of sufficient size to
provide useful data. Because of cost constraints and the limit on

tha nnimhear af narcnne that ranld ha avaminad in the A_vaar Fime
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period, separate estimates for Puerto Rican persons were not
included in the final design specifications. Puerto Rican per-
sons, if selected for the sample, are included in the “white and
all other” estimation cell.

Similarly, the cost and feasibility implications of produc-
ing separate estimates for the increasing mumbers of Asian-
Americans in the United States were also evaluated as part of
the design research. As in the case of Puerto Ricans, the cost
appeared tobe very high and oversampling of Asian-Americans
was not considered in the final design.

4

The three major options (including combinations of them)
evaluated as part of the design research were:

¢ An independently selected sample of the civilian
noninstitutionalized population;

* A sample of interviewed and examined persons from prior
NHANES and a supplementary sample of the current
civilian noninstitutionalized population; and

¢ A sample of either persons or addresses selected for the
National Health Interview Survey (NHIS), another major

survey ~randnectad hy tha NOHQ annnlamantsd hy an inda_
SUIvey CONGUCICA OY «iC NSy, SUPpPiCInehea oy an inud

pendent sample of the current civilian noninstitutionalized
population.

As described earlier, the sample design was required to
produce statistically reliable estimates of means and propor-
tions for a broad range of health and nutritional variables by age,

coav racra and athnicifty Th arcnmnlich thic ahiacfiva o niimhar
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of related issues were addressed. The following key issties were
examined:

*  The subdomains that would need to be oversampled o meet
the precision requirements and a determination of the
extent of oversampling required;

»
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The data collection costs associated with

design options;

* The treatment of prior nonrespondents and persons who
died or moved if a linked NHANES or NHIS design were
employed;

* The approximately optimum design of a supplementary
sample, if such a sample were needed;

¢ The major features of an independent sample design

mcludmg
the number of PSU’s to be selected;

—  the approximate optimum segment size for the
sample; and

— the within-PSU selection procedures that would
efficiently produce the desired sample sizes.

Aol
Caull

réa

The major conclusions drawn from the research formed the
basis of the final NHANES TIII sample design. They are:

1. The NHANES or NHIS samples for prior years are not
efficient methods of establishing the sample for NHANES
1. Anindependent single sampling frame, consisting of an
area sample, should be used. Area samples should be used
both in the selection of PSU’s and of households. An area
sample supplement to the National Health Interview Sur-

rwr e oy

vey (NHIS) would be necessary because a single year of



NHIS is not large enough to provide the needed sample for
most of the subdomains, especially if conly part of the
sample located in about 89 stands is used. (Only about 89
stands can be included in NHANES III if the total target
sample size is about 40,000 persons and if average sample
size per PSU is to be 450 persons.) Similarly, an area
supplement would be needed if an earlier NHANES was
used as the sampling frame because of the inadequate
sample size of black and Mexican-American persons and
some of the age-sex subdomains for the “white and all
other” category. Therefore, the cost and complexity of
working with multiple frames appeared to negate the value
of the alternative frames.

. The Mexican-American sample should be viewed as a
supplementary sample in the moderate to high dense Mexi-
can areas, superimposed on a basic self-weighting sample
that is large enough to satisfy the sample size requirements
for all the black and white and other sex-age subdomains.
. The supplementary sample should use geographical strati-
fication with strata defined on the basis of the proportion of
Mexican-American persons in the block group-enumera-
tion districts in the 1980 census. Optimum allocation of the
supplementary sample to the geographic strata should be
used, taking costs and variances into account.

. To establish the sampling and subsampling rates, sex-age-
race-ethnicity subdomains that need approximately the
same number of screened households to obtain the target
sample should be grouped with a single sampling rate used
for all subdomains within a group. This will significantly
reduce the number of separate sampling rates that have to
be applied.

. The optimum allocation sampling rates for the various
Mexican-American strata should be set to provide the
number of households to be screened as required for the
rarest sex-age subdomain for Mexican-Americans. The
subsamples of the screened households needed for the less
rare subdomains are to be obtained by progressively cutting
back the rates in the most dense strata to equal the rate in the
nextremaining stratum. This will minimize the variationin
weights for each subdomain, within the limits of what can
be done without increasing the level of screening.

. The procedure for subsampling persons and households
from the screening sample should be carried out by subdi-
viding the screening sample into random, although un-
equal, subsets. In one random group, all persons in the
screening sample are designated as sample persons. The
sampling rate reflected by this random group is the rate
applicable to the largest subdomain in each race/ethnicity
group. In a second random group, all persons except those

10.

in the largest subdomain are designated as sample persons.
In the third random group, all except the two most common
subdomains are designated, and so forth. The number of
random subsets and their sizes-are calculated to ensure
getting the desired sample size. This procedure maximizes
the average number of sample persons per household while
adhering to the sampling rates required for each subdomain.

. The measures of size used in the selectien of both PSU’s

and segments will be ZPﬂ. M r,, where P is the proportion

of the population of PSU j (or segment j), in the ith

subdomain, M is the total population of PSU j (or segment
J) andr,is the sampling rate in subdomain . The summation
isoverthe subdomains. For measures of size, the subdomains
will be collapsed to the three race-ethnic groups. The
reason for this is that the race-ethnicity composition of an
area is fairly stable over time but the age-sex distributions
can vary greatly, particularly because of the aging of the
population since the most recent decennial census.

. A two-PSU-per-stratum sample design should be used for

noncertainty PSU’s in NHANES II1. The two PSU’s should
be selected with probabilities proportional to size (PPS)
and without replacement. The measures of size should be
the ones described above. After the selection of the
noncertainty PSU’s, one PSU should be assigned téthe first
3-year period (phase 1) and the other one to the second 3-
year period (phase 2).

. No special action will be taken to supplement the sample of

low-Income persons since oversampling poverty areas on
the basis of geography is not very efficient and any other
method is expensive. However, it is likely that even with-
outoversampling for persons below the poverty level, there
will be enough black and Mexican- American persons and
total persons in the sample below the poverty level to
permit a reasonable amount of analysis for collapsed sex-
age subdomains.

The sample design should be reviewed at the end of the first
year of field operations, and periodically thereafter, to
ascertain whether modifications are necessary. It is par-
ticularly important that this be done in 1991, when the 1990
census data become available.

In addition to these major design decisions, the research

also provided much of the data needed for the detailed specifi-
cation of the sample design, for example, stratification vari-
ables for the selection of PSU’s, the optimum segment size, the
method of calculating measures of size for both PSU’s and
segments, the sampling rates to be used in the various density
strata, and the level of screening required.



Sample design

Summary

The general structure of the NHANES Il sample design is
the same as that of the previous National Health and Nutrtion
Examination Surveys (4—7). Each of these surveys used a
stratified multistage probability design, A summary of the
major design parameters for the two previous NHANES and the
special Hispanic HANES, as well as NHANES II1, is given in
table C. The NHANES ITI sample has been designed to be self-
weighting within a PSU for subdomains and almost self-weight-
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total population).

The NHANES III sample represents the total civilian
noninstitutionalized population 2 months of age or older in the
50 States of the United States. The first stage of the design
consists of selecting a sample of 81 primary sampling units
(PSU’s), which are mostly individual counties. In some cases,
adjacent counties were combined to keep PSU’s above a mini-
mum size. The PSU’s were siratified and selected with prob-
ability proportional to size (PPS). Thirteen large counties (siratz)
were chosen with certainty (probability of one). For logistical
and operational reasons, these 13 certainty PSU’s were divided

into 21 stands (survey locations). After the 13 certainty strata
were designated, the remaining PSU’s were grouped into 34
strata, and two noncertainty PSU’s were selected per stratum.
The selection was done with PPS and without replacement.
Each noncertainty PSU is also referred to as a “stand.” The
NHANES Il can thus be considered as consisting of 81 PSU’s
or 89 stands.

The 89 stands in the sample were randomly subdivided into
two sets, one consisting of 44 stands and the other consisting of
43 stands. One set of stands was allocated to the first 3-year

............ A 1088 01% and tha nthar cat allnoatad o thoe
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second 3-year period (1991-94). Therefore, unbiased estimates
(from the point of view of sample selection) of health and
nutritional characteristics can be independently produced for
both phase 1 and phase 2.

For most of the sample, the second stage of the design
consisis of area segments comprised of city or suburban blocks,
combinations of blocks, or other area segments in places where
block statistics were notproduced in the 1980 census. Inthe first
phase of NHANES 111, the area segments are used only for a
sample of persons who lived in housing units built before 1980,
Forunits built in 1980 and later, the second stage consists of sets

Table C. Health and Nuirition Examination Surveys by selected sample design parameters

Parameter NHANES | NHANES I Hispanic HANES NHANES lif
Age of civilian
noninstitutionalized
target population ............ 1-74 years 6 months—74 years 6 months—74 years 2 months and over
Geographicalareas . ... ...... United States (excluding United States (including Southwest for United States (including
Alaska and Hawani) Alaska and Hawaii) Mexican-Americans; Alaska and Hawaii}
NY, NJ, CT for
Puerto Ricans; Dade
County, FL for Cubans
Average number of
sample persons
perhousehald .. ... .. ...... 1 1 2-3 2-3
Number of survey locations .... 100 64 17 in Southwest; 89
9inNY, NJ, CT;
4 in Dade County
Domains for oversampling .. ... Low income; Low income; Dade County: persons ages Chitdren 2 rmonths—
children ages 1--5 years; children ages 6 months—b years; 6 months—19 years and 5 years; persons 60
women ages 2044 years; persons ages 60-74 years 45-74 years; years and over;
persons ages 65 years and over Southwest and NY, NJ, Mexican-American
and CT: persons ages and black persons
6 months—19 years
and 45-74 years
Samplesize ................ 32,000 28,000 16,000 40,000 (expected)
Examined sample size ........ 24,000 20,000 12,000 30,000 (expected)
Yearscovared .............. 1871-74 1976-80 1982-84 1988-94

NOTE: NHANES is the Nattonal Health and Nuirition Examination Survay.



of addresses selected from building permits issued in 1980 or
later. These are referied to as new construction segments. In the
second phase, 1990 census data and maps are being used to
define the area segments. Because the second phase follows
within a few years of the 1990 census, new consiruction will not
account for asignificant part of the sample and the entire sample
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The third stage of sample selection consists of households
and certain types of proup quarters, such as dormitories. All
households and eligible group quarters in the sample segments
are listed and a subsample is designated for screening 1o identify
potential sample persons. The subsampling rates enable pro-
duction of a national, approximately equal, probability sample
of households in most of the United States, with higher rates for
the geographic strata with high Mexican-American concentra-
tions. Within each geographic siratum, there is an approximate
equal probability sample of households across all 89 stands.
The screening rate in each stratum is designed to produce the
desired number of sample persons for the rarest age-sex domain
in the race-ethnic group defining the geographic stratum.

Persons within the : sample of households OI group quarters
are the fourth stage of sample selection. All eligible members
within a household are listed, and a subsample of individuals is
selected based on sex, age, and race-ethnicity. The definitions
of the sex, age, race-ethnic classes, subsampling rates, and
designation of potential sample persons within screened house-

1 H PN e, P,
holds are developed to provide approximately self-weighting

samples for each subdomain within geographic strata and
simultaneously 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 umntil
data collection is completed, estimates have been made. A
summary of the expected sample sizes at each stage of the
design is shown in the following table:

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

Stratification and selection of PSU’s

The sampling frame for NHANES III was composed of all
of the counties, parishes, and independent cities in the United
States (including Alaska and Hawaii), ail of which are referred
to as “counties™ for convenience. From these counties, primary
sampling units (PSU”s) were formed. Most PSU’s consist of
single counties although a few were made up of small groups of
contiguous counties, The PSU’s for NHANES 111 are defined as
individual counties. This definition reduces the amount of
travel necessary to visit the mobile examination,center (MEC)
for the examination component of the survey and achieves as
high a response rate as possible. Combinations of counties were
used only where counties were so small, in terms of population,
that their probabilities of selection would have been lower than

what is required for some of the domains. If selected for the
sample, they would introduce considerable variability in the
sampling weights. Consequently, these small counties were
combined with one or more adjacent counties to form more
efficient sampling units. For the same reason, the independent
cities in Virginia were combined with one or more nearby
courties to define the PSU s for sampling. Of the approximaiely
3,100 counties and county equivalents in the United States,
2,812 PSU’s (most of which consisted of individual counties)
were defined for NHANES 1II, After stratification, the sample
of PSU’s was selected from the 2,812 PSU’s.

The sampling frame, measures of size, and stratification
variables used 1980 census data. The frame of PSU’s was
constructed by merging information from two data sources. The
first of these was the Bureau of the Census STF-1C file, which
contained information for each county or county-equivalent.
The information used for the PSU sampling was: (a) region; (b)
metropolitan status; (c) 1980 population; and (d) 1980 popula-
tion for Mexican-American and black persons. The second
source was the Bureau of the Census file “Population Estimates
by County with Components of Change, 1981-1985.” Data
from the latter source were used to update the 1980 population
figures in the STF-1C file as discussed in the next section on
calculation of PSU measures of size. This information was
useful for stratification of PSU’s and for determining the
probabilities of selecting the sample of PSU"s.

Calculation of measures of size

Mauliistage area samples selected with probability propor-
tional to size (PPS) generally use a single variable as the
measure of size, for example, total population or total housing
units. This was the practice followed in NHANES I and II.
However, when subdomains are to be sampled at different rates,
but a self-weighting sample is desired for each subdomain, such
measures of size can result in highly variable workloads. This
applies to the sample selection at both the PSU and the segment
level.

For exampie, assume that there are L subdomains that are
to be sampled at rates 7, r,, . . ., r,. In the jth PSU, let the
proporticns of the population in the various subdomains be
denoted by P PjL’ where PJ + P +...+P L= 1 for each
j.Ifthe measures of size ofthe PSU wcreN i whereNhis the total
population of the PSU, then the populations in the subdomains
in the jth PSU are P, N, ... P,, N,, respectively.

With these measures, the probability of selection of a
PSU will be kN,. For self-weighting samples, the within-
PSU rates for su‘odomam i need to be proportional o r kN 2
Thus, the number of sample persons in the ith subdomain is
(P,NXr [kN,)=rpP, [k.The total sample size in the PSU will
be as follows:

2r P, Ik

The total sample size in a PSU will thus depend on P, the
percentage distribution of the subdomains within the PSU.
Unless the P, is approximately the same in all PSU’s, the
workloads will vary. In the case of the particular subdomains
established for NHANES III, the distributions by sex and age
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will probably not create any problems. Age and sex distribu-
tions are reasonably consistent in large areas such as counties.
However, race and ethnicity vary considerably. The percent-
age, for example, of Mexican-Americans and black persons will
range from close to zero in some counties to almost 100 percent
in others.

For logistical and operational reasons, workloads per
noncertainty PSU must be kept within a fairly narrow range.
Using total population or houscholds to establish the PSU
probabilities of selection would create large differences be-
tween the desired uniform workloads and the actual sample
sizes. Subsampling or sample supplements in each PSU would
be required to bring the sample size in each PSU in conformance
with the desired numbers. This would add substantially to the
variances. Furthermore, it would introduce uncertainty into the
total sample sizes by subdomain.

Using the quantity

M,=XP,Nyr

l

as the sampling measure of size for PSU h avoids these com-
plications. Under PPS sampling, the probability of sclecting
a PSU is then kXP, N,r. Within a PSU, the sample size in
the ith subdomain will be (P, N,r, (kP 5 V7). The
total sample size in the PSU over all subdomains is then
(XP,,N,r W(KZP, N, r )= 1/k and is thus independent of both
the N, and the P,

The formula for the PSU measures of size given above was
somewhat oversimplified. For example, the NHANES III de-
sign included provisions for stratifying areas by concentration
of Mexican-Americans, and sampling households within strata
atvarying rates depending on therace-ethnic distribution within

the stratum. Consequently, the sampling rates will actually

depend on the density stratum, as well as on the sex-age and
race-ethnicity subdomains. Specifically, in terms of the differ-
ent subdomains and niinority strata, the measure of size as-
signed to PSU 7 was:

M, = Z;Zr.‘uNmu

where h = PSU

i = Mexican-American density stratum (as de-
fined in the next section)

k = race-ethnicity subdomain
! = sex-age subdomain
N, = estimated 1990 U.S. population in the (£,Dth
subdomain in density stratum { in PSU A
ry, = U.S.sampling rate in density stratum / for the

{k,D)th tace-ethnicity-sex-age subdomain.

The exact values of the ¥, were notknown at the time the
PSU’s were selected. Hence the required population counts
were estimated from 1980 population figures and adjusted by
the most recent Bureau of the Census projections of the county’s
population. Thus, for NHANES IIi, the measure of size as-
signed to PSU & was:

M ZZZ rkf hrkl

C
< ZZC hik Zr W al

where €', = 1980 population for PSU A

C’, = 1980 population count for race-ethnicity
subdomain in PSU A

C, = mostrecent (1985) population count for PSU
h
C’. = 1980 population count for race-ethnicity

subdomain k in minority stratum / in PSU /

C , = projected 1990 total U.S. population count
for race-ethnicity-sex-age subdomain {£,1)

C , = projected 1990 total population count for
race-ethnicity subdomain £.

A further simplification was necessary because the values of
C’,x Were not available. Assuming that the distribution of a
mmontv among geographical strata is identical among PSU’s,
then C*, = C’ P, where P is the U.S. proportion in the ith
stratum for the kth race-ethnicity subdomain. Hence, the meas-

ure of size for PSU h was calculated as follows:

h ZCH: k

where

The derivation of the T used to commute the measures of size
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is described in the section on selection of segments.

Minimum measures of size

The selection probability of a PSU determined the maxi-
mum rate at which persons residing in that particular PSU could
be selected for NHANES I11. If the measure of size of a PSU was
too small, the required sampling rates for some subdomains
could not be achieved. Consequently, special weighting proce-
dures would be required for these PSU’s, and the resulting
variability in weights would increase sampling errors.

Toensure that all required sampling rates conld be achieved,
the measure of size M, of a PSU had to satisfy the following
inequality:

M z=Mr,/[2

where A denotes the PSU, i denotes the Mexican-American
density siraturn, k£ denotes race-ethnicity, / denotes the sex-age
subdomain, M is the measure of size of the stratum in which the
PSU is located, and r, is the sampling rate for the (kth
subdomain in density stratum /. The factor of 2 in the right-hand
side of the above inequality reflects the fact that two PSU’s were
selected per stratum. Counties for which M < Mr Tur [2 were
combined with a neighboring county to form PSU’s satisfying
the minimum size requirement,



The procedures used to construct the frame required estab-
lishing the set of PSU’s prior to stratification, thus the value
of M was not known at the time decisions on combining
PSU’s were made. Therefore some approximations were nec-
essary. Also, the values of r,, depend on the density strata,
and many PSU’s do not have high-density strata. For these
PSU’s, it was unnecessary to have criteria that guarded against
situations that will not occur. The data files used to select the
PSU’s did not provide direct information on whether all den-
sity strata occurred in a county., or whether some strata
were not present and thus could be ignored in the inequality
above.

Because the strata sizes were to be made as close o equal
as possible, a good approximation to M was obtained by
assuming they were equal. Let m_represent the number of
certainty stands in the certainty PSU’s. The number of non-
certainty PSU’s is then 89 - m, . (Note: m, is the number of stands
{survey locations), in the certainty PSU’s, not the number of
PSU’s. Some certainty PSU’s contain multiple stands.)

If M is the total measure of size of the noncertainty PSU’s,

the value of M used to check the PSU measures of size was:

The maximum values of r,, (screening sampling rate) for
the six density sirata (defined by proportion of Mexican-Ameri-
can population) are referred to as F!, and are shown in table D.
The highest value is 6/930, for stratum 6 (the highest density
Mexican-American stratum). The next highest value is 5/930
for stratum 5, and so forth.

The goal was to avoid combining counties unnecessarily,
Increasing the geographic area of a PSU was likely to make 2
high participation rate more difficult to achieve due to the
distance to the mobile examination center (MEC). The ap-
proach taken was to keep individual counties as PSU’s when
they would not require weighting, or, at most, oniy a smali
amount. However, combinations were made when the alterna-
tive was to impose large weights. The procedure avoided-using
the high rates required by the minority density strata for the
minimum measures unless there was a reasonable chance that
the density strata would actually occur.

The value of 7, that was used for the minimum measure of
a county depended on the proportion of the Mexican-American

Table D. Screening sampling rates and number of screened households,
by density stratum: Third Mational Health and Nutrition Examination
Survey, 1988-94

Nurnber of screened households

Screening sampling including  Excluding

Densily stratum rate {f) resarva reserve
Total ............. 158,927 105,850
T ot 1/230 82,770 55,180
2 i iiieeiiianes 1.8/930 11,569 7,713
- 3/930 22,319 14,880
L S 4/930 14,558 9,705
- A 5/930 14,287 9,524
B it 6/930 13,424 8,945

population in the county. The value used for a county is shown
in the following table:

Percent of Mexican-American

persons in county Value of 1,
Lessthan1. . . ...... 1/930
=29 ... .. L. . 2.5/930
< 5/930

As a result of these rules, the minimum was smaller than it
should be for a few counties, Ucmu these rules, about 300

counties were found to have measures of size that were too
small and thus were combined with neighboring counties. The
effect on the sample was minimal.

Selection of certainty PSU’s

After assigning measures of size toeach PSU, the 13 largest
counties (in terms of the measure of size) were included in the
sample with certainty, that is, they were designated as self-
representing. The cutoff used to identify the certainty PSU’s
represented approximately three-eighths of the average stratum
size for the noncertainty PSU’s. (Since two PSU’s were selected
from each noncertainty stratum, a PSU can be considered as
representing half a stratum. A certainty PSU should thus be
close to half a stratum size or larger. The three-eighths is
equivalent to three-fourths of half a stratum.)

For operational purposes, the largest certainty PSU’s were
subdivided so that each part would have approximately the
same workioad (450 sample persons) as in the noncertainty
PSU’s. The 13 certainty PSU’s were thus converted to 21

stands. Most of the certainty PSU’s consisted of single stands,
as was the case for noncertainty PSU’s. The additional eight
stands came from three large PSU’s, .

The 13 certainty counties selected for NHANES III are
shown in table 1, along with the number of stands (survey
locations) designated for the county and the measures of size
(expected sample size). Most of the certainty counties are in
California or Texas, reflecting the substantial oversampling of
Mexican-Americans.

Stratification and selection of noncertainty PSU's

Because there were 13 certainty PSU’s designated, an
additional 68 noncertainty PSU’s were necessary to produce an
81-PSU sample. As indicated earlier, a two-PSU-per-stratum
sample design was planned. This implied the creation of 34
strata. After selecting the certainty PSU’s, the remaining
noncertainty PSU’s were stratified by region, within region by
metropolitan status [Standard Metropolitan Statistical Area
(SMSA) vs. (non-SMSA)], within metropolitan status by race-
ethnicity and finally by income. Within these groups of PSU’s,

a total of 34 detailed strata of annmmmarp]v eanal aoorecate
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size were created. The definitions of the 34 noncertainty strata
are shown in table 2. Also listed in this table are the sample PSU’s
selected from each stratum,

To facilitate variance estimation, the noncertainty PSU’s
were selected by using the Durbin procedure (12) and involved
the following steps:

(1) Initially, one PSU was sampled from each stratum follow-
ing the usual PPS procedures. These PSU’s were excluded



from the master file (frame) of the PSU’s before selecting
the second round of PSU’s. The PSU’s selected in the first
round are denoted by the subscript in the notation below.

(2) Next, within a particular stratum, Durbin probabilities P, ,
were computed for each PSU in the frame (other than those
previously selected) as .

P,.=p[(1-2p,)" + (1-2pj.)"]
where

p, = probability of selecting the ith PSU in the

bi.l.dl-l-l.lll \l-f-j]

p = corresponding probability of the jth previ-
ously-selected PSU

For those PSU’s that were selected in the first round, P o
was set equal to 0.

(3) The resiricted frame of PSU’s was then sorted by stratum
and one PSU was selected with probability proportionate
P,

The two PSU’s sampled in each stratum are identified in
table 2. The total of 81 sample PSU’s for NHANES 11l is shown
in the map included with this report.

Allocation of PSU’s to time periods

To permit separate analyses for the two 3-year periods
(1988-91 and 1991-94), as well as for the entire 6-year survey
period, the sample of PSU’s was randomly allocated to the two
3-yearperiods shown in tables 1 and 2. The allocation to the two
periods was made in a way that retained as much of the original
stratification as possibie. Because two noncertainty PSU’s were
selected per stratum, one of the PSU’s was randomly assigned
to the first time period {phase 1), and the other was assigned to
the second period (phase 2). In making the assignments to
periods for the certainty PSU’s, the PSU’s were sequenced in a
way that brought similar PSU’s together (that is, by region,
race-ethnicity-income class, using ascending-descending se-
quences), and then the PSU’s were alternately assigned to the
two time periods. In the three multiple-stand PSU’s, half the
st nds in cach PSU were assigned to each phase; when there was
an odd number of stands, one of the phases was chosen at
random to have an additional stand.

Selection of segments

The second stage of the design involved stratification
within each of the 81 sample PSU’s and selecting a sample of
segments (clusters of housing units). The within-PSU sampling
procedures were designed to achieve the target number of
sample persons by age-sex-race-ethnicity. The sample sizes
shown in table 3 are the desired numbers of examined persons.
A much larger sample has to be identified and contacted
because some sample persons refuse the examination portion of
the survey. Table 4 shows the expected number of sample
persons to be identified to produce the examined sample sizes
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in table 3. Table 4 was prepared by inflating the sample sizes in
table 3 by the reciprocals of the expected response rates.
Individual race-ethnicity, sex, and age response rates were
used. The Mexican-American response rates were based on the
Hispanic HANES experience. The other subdomains used
NHANES I response rates.

Two sampling frames were used to select the sample of
housing units within each of the sample PSU's. For phase one
of the survey, the larger area segment frame is based on the 1980
census of the papulation and is only fora sample of persons who
lived in housing units built before 1980. For units built in 1980
and later, the second stage consists of sets of addresses selected

from building permits issued in 1980 or later. These are referred

to as new construction segments. For phase two of the survey,
only 1990 census information is being used. Since phase two
will be carried out in late 1991 through 1994, the 1990 census
data will be current during the entire interview peried, and anew
construction frame is not necessary.

___________

Stratification within PSU’s

The sample size for rare subdomains can be increased
by differential sampling within PSU’s. In NHANES III, to
reduce the high cost of screening necessary to locate the desired
Mexican-Americans for the sample, area segments consist-
ing of census block groups (BG’s) and enumeration dist-
ricts (ED’s) will be stratified by the percent of the nnnnlatmn

that is Mex1can—Amer1can, w;th a hlgher rate of se]ectlon used
in strata containing 3 percent or greater Mexican-American
population. Households will also be sampled at variable rates
depending on the concentration of Mexican-Americans within
the stratum.

Essentially, the procedurc will involve a basic sample and

a bUpPlCmC]l[dl bdﬂlplﬂ as follows:

() The basic sample will be a national self-weighting sample
that is large enough to provide a self-weighting sample for
all sex-age subdomains of both black and white and all
other persons (that is, non-black and non-Mexican-Ameri-
can persons), and for a few sex-age subdomains for Mexi-

can-American nersons
Can-Amencan persens.

(b} The supplementation necessary for the increased sample in
most sex-age groups for Mexican-Americans will be re-
stricted to those BG-ED’s with high Mexican-American
populations.

(¢) The supplementation will infroduce variations in sampling
rates that increase design effects. There will be an increase
in the numberof sample Mexican-Americans for those sex-
age cells that were at the 560 level in the original plan to
keep the precision at the specified level. This fncrease will

Amemameamntad Cmmlice n condieatime Tm pnmamla glon fo ¢
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Mexican-American estimation cells that exceed the 560
level. Therefore, the total sample size will remain at the
level specified.

(d) The amount of supplementation in the high-density strata
will be large enough to supply the number of sample
persons needed for the rarest cell, Mexican-American
males 60 years of age and over. Other sex-age domains will
be subsampled to minimize the variability in sampling



rates, This will be done by reducing the sampling rates in
the highest density minority stratum until it is the same as
the rate in the next highest stratum. For subdomains requir-
ing further reduction, the rates in the two highest strata will
be reduced, and so on.

A detailed discussion of the analysis leading to the ap-
proach summarized in items (a)—(d) above is described in
another report (11). The principal findings of that analysis are
summarized below,

Amount of screening without stratification

Without differential sampling, the screening costs for the
NHANES HI would be extremely high. Table 5 shows the
screening levels that would be necessary to locate the required
numbers of examined sample persons if there were no stratifi-
cation of BG-ED’s. For example, to obtain the desired number
of female Mexican-American infants 2—11 months old, slightly
aver 172,000 households would need to be screened under a
self-weighting design. For female black infants 2—-11 months
screening level is about 67,500. Further

r\I'rl tha correennndin . U UL LICT,

old, the corresponding screening level
research showed that at the level of 67,500 households, the
screening sample would be large enough to provide the desired
sample sizes for all age-sex classifications for both black and
white and other persons.

Optimizing sample size among strata

In table 6 there are projections of the 1990 distribution of
Mexican- American persons according to the degree of concen-
tration in BG-ED's, adjusted to reflect ihe changes in the
distribution expected to occur in the 1980-90 decade. These
distributions were derived from tabulations of the 1980 Bureau
of the Census Master Area Reference File (MARF). The MARF
tape does not identify Mexican-American persons separately
from other Hispanic persons. Hence, the Hispanic distribution
in the United States excluding New York, New Jersey, Con-
necticut, and Florida was used to approximate the Mexican-
American distribution. The Hispanic community in the four
excluded States is predominantly Puerto Rican and Cuban. The

data were used only to develop the general sample design

strategy. The detailed 1989 Burean of the Census STF-1 tapes

were used for sample selection; they contained separate counts
of Mexican-American persons, as well as other Hispanic sub-
groups.

The data in table 6 indicate that most Mexican-American
persons live in areas with a high concentration of Mexican-
Americans. For example, almost 50 percent of all Mexican-
Americans live in areas (BG-ED’s) that are more than 25
percent Mexican-American. The fact that Mexican-Americans

tend to be concentrated in certain areas indicates that it is
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,,,,,,, to achieve worthwhile reductions in screening
oversamphng the more highly concentrated areas. The optl—
mum allecation of the sample among the geographical strata
shown in table 6 will be restricted to the high-density Mexican-
American BG-ED’s, with the sample in the less dense strata
restricted to the part of the basic 67,500 self-weighting sample
located in the less dense strata. To facilitate the allocation
process, two subsets of strata will be defined. Subset “a” will

consist of the least concentrated areas (strata 1 and 2), and
subset “b” will consist of the more highly concentrated areas
(strata 3—10).

The following terms are defined:

n, = expected number of sample persons for a
given sex-age-race group in subset a from the
basic (67,500) screening sample

n, = corresponding number to be selected
from subset b to meet specified precision
requirements.

For a particular age-sex-race group, the precision require-
meint was expresseu in terms of the variance of an estimated
proportion, p". In the subsequent analysis, V is the desired
variance of an estimated proportion based on a self-weighting
sample of size n, where # is the desired number of sample
persons necessary to meet the sample size targets. These sample
sizes are shown in table 7 for two selected subgroups. The
subgroups given in this table represent two of the rarest groups.
They were selected to give an indication of the amount of
supplementation necessary with stratification. In the analysis
leading up to the optimum allocation, a number of different
subgroups were considered in the analysis. However, the deri-
vations of the final sampling rates were based on the optimum
allocation for elderly Mexican-American males. The sample
sizes include the inflation factors necessary to compensate for
NONIESPOnse.

The value of r_for a particular subgroup is determined from
the 67,500-household screening sample. In table 7 the n, is
shown in the column headed “Expected number of sample
persons in low density strata from basic sample. The value of ,
can then be determined as follows. First, however, it should be

o mdim ol dle i wle o an s

noted that the plt:ubluu rl:qulft:mt:n[ on p is:

o p’) = Wio¥(p') + Wiec™(p,)=V

where W_ = proportion of the population of interest in
subset a
W = nronortion of the nomulation of interect in
W, proportion of the population of interest in
subset b
p°, = estimated proportion in subset a
p’, = estimated proportion in subset b

The required values of V for a 10-percent item are shown in
the next-to-last column of table 7. (A 10-percent item was used
in variance calculations. However, the optimum allocation
holds for all estimated proportions provided that the proportion
does not vary widely from stratum to stratum.) It should be
noted that 6%(p” ) is fixed because it is determined by the number
of cases supplied by the basic screening sample. Thus, the
overall precision requirement can be expressed as a require-
ment on the variance of p’,, that is,

V-Wio'(p') _

W
b

o p') =
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Using these values of VI {shown in the last column of table 7),
it follows that to minimize the cost in subset b, the optimum
allocation of the sample to stratum 4 (in subset b) is given by the
usnal formula (13).

WIISJII-\IT
n=n —— ——
"t Xws e,
j

where WJ is the proportion of the group of interest in stratum j
(in subset b}, CJ is the corresponding relative unit cost, .S'j is the
standard deviation of the item being estimated (assuned to be
the same in all strata), and #, is the total sample to be aliocated
to subset b. To meet the specified precision requirement, 7, was

computed from the folowing formula:

(XW.S NCHEW SC)
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In table 8 there is a summarization of the n, for two selected
subdomains, and the corresponding expected reduction in s¢reen-
ing levels with geographical stratification.

The analysis discussed above was carried through using a
number of different assumptions concerning the overall level of
screening. The actual within-stratim sampling rates used in
NHANES IIT have been derived under the assumption that the
screening will be at a sufficiently high level to produce the
required numbers of Mexican-American males aged 80 years or
more, the group requiring the most screening.

Stratification of segments

Area segments consist of city or suburban blocks (as
defined in the most recent census), combinations of two or more
blocks, or other area segments in places where block statistics
were not produced in the 1980 census. (In PSU’s with examina-
tions scheduled for 1991 or later, 1990 census data are being used.)
In areas where block statistics were available, segments are
single blocks when the measure of size (MOS) of the blocks
exceeds acertain minimum. Blocks that are below the minimum
2re combined with other blocks that are in close geographical
pioximity. The combinations are carried out as a computer
operation. Within each PSU, the blocks reported on the 1980
census STF-1B file in each minority and density stratum are
sorted by tract, block group (BG), and block number. Blocks
with MOS below the minimum are combined with succeeding
blocks until the desired MOS is achieved. The combinations are
kept to the same BG. When the combinations approach the end
of a BG without reaching the minimum, earlier blocks within
the same BG are added. Consequently, the combinations consist
of blocks in close geographical proximity, and in most cases,
they are adjacent blocks. As a result of the method of combina-
tion, some large blocks that could have been segments by
themselves are combined with small blocks.

In the nonblocked part of the United States (mostly rural
areas), 1980 census enumeration districts (ED’s) generally
comprise the segments. They are always the first stage of
selection, with small ED’s combined in the same way as small
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blocks. Where ED’s are unusually large and it appears that they
create unreasonable workloads for the person performing the
listing operation, they are “chunked.” In a few cases the chunking
can be done as an office operation, from information available
on maps. More often, however, a field visit is necessary to
subdivide the ED into a number of smaller geographical areas,
One such area is selected at random. This random selection is
taken into account in recording the probability of selection of
the segment. Maps of all segments are prepared and they define
the areas that are subsequently listed.

The new construction sample utilizes a three-stage sample
design: (1) PSU’s; (2) clusters of building permits issued during
one or several adjoining months by a building permit office; (3)
and housing urits within the clusters. The sampling rates at the
various stages are arranged to provide a self-weighting sample
of new construction. All new construction is classified into the
nondensity siratum and uses the sampling raies for that stratum.
The measures of size are based on the assumption that all
residents are in the “white and all other” category and that the
housing units are occupied by average-size households.

The source of the data used to establish measures of size for
the building permit offices and, within each office, the measures
for each month or year starting with 1989 is the Bureau of the
Census C-40 reports, “Construction Reports—Housing Autho-
rized by Building Permits and Public Contracts.” The selection
of offices and time periods is performed as an office operation
by Westat, Inc. A segment is defined as all residential permits
issued per month in a building permit office reporting monthly
to the Bureau of the Census or in a year for annual reporters.
Where the monthly or annual permits are below a predesignated
minimum, consecutive time periods are combined. Within each
PSU, the places are listed in sequence, and within place there is
alisting of the total segments for each month or year (a segment
is based on the number of housing units authorized). With a
random start, a systematic sample of segments is selected.

To sample specific housing units and obtain the addresses
of ihe selecied uniis, field visiis o the sample building permii
offices are necessary, Interviewers visit the offices, list all of the
permiis for the months specified, subsampie permits to obtain
the equivalent of a single measure following instructions pro-
vided, and obtain the addresses of the sample units. When the
sample units are located in large apartment houses, the entire
building is subsequently listed and subsampled. The same
procedures for listing and subsampling are used for the building
permit sample and the area sample.

The procedures for selecting the sepment sample involve
both explicit and implicit modes of stratification. The PSU and
the minoerity-density geographical strata comprise explicit strati-
fication. The six density strata within the PSU’s are shown in
table D.

To keep combined blocks within a single BG, the stratifi-
cation is done on the basis of the characteristics of the BG or ED
in which the segments are located rather than on the specific
block or blocks in a segment. This stratification is only applied
to area segments. The new construction segments are included
in stratum 1, the nondensity stratumn. Within the geographical
strata, there is implicit stratification created by sorting the area
segments by tract number, BG or ED number within tract, and



segment number within BG or ED, and selecting a systematic
sample with PPS. The new construction segments are sorted by
month and year the permits were issued. The sort order gener-
ally introduces a partial effect of stratifying by socio-economic
level.

eaments s
eaments

To describe the procedure for creating measures of size for
segments, the following notation is used:
The subscripts for the indexes are:

h = PSU

{ = Mexican-American density stratum
J = segment

k = race-cthpicity subdomains

! = sex-age subdomains

= esiimated population in the segment

N,, = total population in k, /th subdomain in PSU
across all segments
N ,, = totalin U.S. population in k, /th subdomain
., = sample sizein segment
T = "Ny

= U.S. sampling rate in stratum i for k, /th race-
ethnicity, sex-age subdomain

M, = measure of size of Ath PSU
M,, = measure of size of £, ;, jth segment
M = total measure of stratum in which PSU is
located

The measure of size of a segment is calculated in the same
way as for PSU’s. Research on intraclass correlations and unit
costs indicated that an average of 14 examined sample persons
per segment is reasonably close to an optimum for most statis-
tics in NHANES. Also, as noted earlier, operational require-
ments make it necessary to have a fairly constant number of
examined sample persons per stand, about 340 in most cases.
This implies having about 24 segments per stand, There were 24
segments selected in each noncertainty PSU. The number in
certainty stands varied a little from this number depending on
the measure of size of the stand. M, , 18 denoted as the measure
of size of a segment where

M, = ZrmN Rkt
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tum (f) within noncertainty PSU (A) is therefore (24) M, /M
The sampling rates within a segment are

rM/ASM,,

The sample size in the segment is then

M
48M 2 :k[ hukl M/48

As M/2is approximately 340, the average segment sample
size is 14. Defining the measures of size as indicated above
produces an approximately constant number of sample persons
per segment. A similar strategy was followed in the certainty
PSU’s, designed to produce about the same sample size per
segment and the same ultimate probability in each subdomain
as in the noncertainty PSU’s.

As indicated at the beginning of this section on measure of
size of segments, NV, i 18 defined as the number of persons in 2
segment in each race-ethnicity-sex-age subdomain, and N
the total number in the subdomain in the PSU. The current
population of the PSU or segment is not known in such detail;
the sample selection therefore uses 1980 data, except for the
census updates of the total county population. The Bureau of
Census’s estimate of the current population of a county is
denoted by C, and the 1980 count by C”,. (The 1985 census
updates were used for the values of C,.) Similarly, the current
U.S. population in a subdomain is denoted by C p and the 1980
count by C* , . The race-ethnicity totals are C and ¢ - The
estimates of the current population of a PSU by race-ethmc1ty
are estimated by:

N, c

hk=Cr &Lk

For purposes of sample selection, it is assumed that the age-
sex distribution within a race-ethnicity group in a segment
conforms to the current U.S. distribution rather than resembling
the 1980 distribution in the segment. Consequently,

ki Ch r

N = HMZh
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The following simplifications can be made in the compu-
tations of the measures of size.

M, = ?‘_‘,r N
= gfh ;C’M A,
where A, = !Z,rm %"—

!

The values of A, used in calculating the measures of size
are shown in table 9. The measures of size also used the
sampling rates r,, which differ in the various high-density
Mexican-American areas (table 10).



Departures from self-weighting sample

. The development above makes a number of assumptions in
_ demonstrating that the measures of size will provide a self-
weighting sample with equal size samples in all PSU’s and
segments. The assumptions, of course, do not apply exactly.
Deviations from exact sample sizes in segments are permitted
to retain the self-weighting features of the sample, except for a
few unusual outliers. The number of sample persons per PSU,
however, is fixed in advance and can not be changed. To retain
the preassigned workload, some variation among PSU’s in
sampling rates was necessary, primarily caused by the follow-
ing factors:

*  There is an assumption of equal size strata, equal to M*/66,
where M* is the total measure of size for all PSU’s in the
United States. In practice there is some variability in
stratum sizes. For a self-weighting sample, the variable
stratum sizes should be reflected in variable sample sizes
per PSU, and thus, per segment

) e o 1-1 1 £
For equality in workloads, it is necessary for the current

proportion of the population in each race-ethnic group in a
PSU and in a segment to be the same as in 1980.

® The proportion of each race-ethnic group living in high-
density Mexican-American areas is estimated by using
1980 data with some atirition based on earlier experience.

® The measures of size treat the age-sex distribution for a
race-cthnic group as being identical in all segments and
PSU’s.

*  Assumptions are made about the nonresponse and cover-
age rate for each subdomain, and it is assumed these rates
apply in ail PSU’s. These assumptions may not hold ex-
actly.

Number of segments and probability of selection

The discussion above indicates that there are 24 segments
in most stands, and that the within segment rates provide a
uniform sampling rate across all PSU’s if the sizes of the strata
used in the PSU selection are equal. Although the strata sizes
can not be made equal, the range is fairly low. The sample
selection is based on 24 segmenis per siand. Because the
nieasures of size of the certainty stands were notequal to halfthe
n¢ ncertainty strata, all of them did not have 24 segments. The
sample for the two phases consists of 2,138 segments in all 89
stands in the sample.

The actual probability of selection of a segment depends on
the measure of size of the segment, the measure of the PSU, and
the total measure of the stratum from which the PSU is selected.
The following terms apply in determining the probability of
selection:

= measure of size of a segment in the hth
PSU in stratum a

ahij

e ~ a1 T™OTT .Y P T
P, = measure of ihe PSU ihat was uscd in sample
selection
P = stratum size

The probability of selection of the PSU was 2P_ /P . The
probability of a segment within the PSU is;
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The overall probability of sclection of a segment is:

48 (o y L
P
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It can be noted that P, is approximately equal to

Z,M

ahiy

The segment measures of size implicitly include provision
for the required oversampling in minority density strata. For
example, if the sampling rates in one density stratum are twice
those in another, then the measures are twice as large.

Minimum measure of size of segments

One of the goals of the sample design is to create equal
probabilities of selection for each domain, within each density
stratum, within a PSU, To create equal probabilities, the within-

segment sampling rate for a domain in noncertainty PSU's
chnnld he-
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In certainty areas it is:
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To avoid creating special weights, the within-segment sam-
pling raies need to be <1 for all values of 7, The most restrictive
constraint is for domains with the highest value of 7 in the
density strata. These maximum sampling rates are indicated by
# as shown in table D. The values of r, for all values of /, k, 1
are shown in table 10. These values of r , were used when
NHANES III began. Periodic reviews of the sample yield will
be made during the survey. If the reviews indicate that some
subdomains may deviate from the desired sample sizes, adjust-
ments in sampling rates will be made, A summary report of the
rates used in each stand will be made when NHANES III is
completed.

In noncertainty areas, the within-segment sampling re-
quires that
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Mam} 2 ' 48

In certainty areas, the requirement is

Muin‘ 2 )" d
u 24

In some of the certainty counties, the 24 in the denominator
is replaced by the number of segments designated for the PSU,
in most cases 48 for two-stand counties and 72 for three-stand
counties.

Controlling sample size per PSU

To implement the sample segment selection, the minimum
measure is made 50 percent greater to permit a reserve 50-
percent sample to be selected. The procedure for controlling the
sample sizes in the PSU’s and calculating the weighting factors
is described below.
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The sample size in each PSU that will result from a self-
weighting sample in each domain within each density stratum
is derived. This number is based on several assumptions that are
expecied to hold orly approximately. However, once calcula-
tions are prepared of the sample sizes, they are treated as quotas
and the number of sample persons in each PSU must adhere to
the quota. The caicuiation of the sample size goals within a PSU
is described below.

The probability of selecting a noncertainty PSU is 20, M,
where M, is the measure of size of the Ath PSU in stratum a. For
any domam—densnty stratum, a constant sampling rate in the
United States is desired. This rate is denoted by r, Within the
sample PSU, the sampling rate is 2r,, M /M . Thetotalnumber
of sample persons in a PSU is

2r N M [2M

1Yy

where N, is the total population in the PSU in class i, &, /. On
the assumption that the population distribution will be approxi-
mately the same as in 1980, M, = ¥r N, and the sample size
will be M_/2. In certainty PSU’s, the sample size is approxi-
mately equal to Xr, N, e = M, The quotas (goals) assigned to
the PSU’s are thus proportionate to the measures of size of the
strata from which the PSU is selected. If M is the total measure

of size of all PSU’s in the United States, the quotas for the PSU’s

are calculated as shown below. (The total quota shown in the

formula below, 40,561, is taken from table 4.)

For noncertainty PSU’s, the quota is

For certainty PSU’s, the quota is

M, (40,561)
7, ,

The stratification established for the PSU selection keeps
the values of Ma within fairly narrow bounds. Thus, in
noncertainty PSU’s the quotas do not vary substantially from
the average of 456, which is 40,561 divided by the 89 total
stands in the sample. There will be greater variation among the
certainty PSU’s.

As there is a constant number of segments per PSU (24) in
noncertainty areas, ‘the variation in quotas per PSU is also
reflected in segment sample sizes. In addition, since 1980 the
changes of the population distribution among segments is likely
to be greater than among PSUs. Thus, more variation can be
expected in the average segment size than in PSU’s, but even
this should be within a moderate range.

The approximate equality that exists in sample sizes per
PSU and segment does not occur in the screening sample.
Considerable variation can be expected. The amount of screen-
ing per segment varies considerably among the density strata.
About half of the screening will be in the minority density strata;
therefore, the amount of screening in a PSU is partially based on

A t fent.
what part of the population lives in high-density strata.

The number of sample persons in a generated PSU depends
upon several factors that include the race-ethnicity breakdown
in the PSU, the age distributions, and the proportion of Mexi-
can-American persons living in the various density strata. A set
of assumptions is made about these factors to permit the
sampling operations to proceed. However, there is no way of
knowing in advance whether the assigned quota for a particular
PSU is lower or higher than what would arise from self-
weighting samples within the various domains and density
strata. Consequently, it is necessary to have a sample selection
procedure that can produce samples cither somewhat larger or
smaller than those arising from the application of the self-
weighting sampling rates.

Initially a screening sample that uses sampling rates 50
percent larger than those for self-weighting samples is desig-
nated in each PSU. This screening sample in each PSU is then
divided into a group of subsamples, referred to as “stop-rule”
groups. Each subsample is a systematic subsample of the
screeners, with the screeners sequenced prior to subsampling in
the following order: density stratum, segment number, and
household number. Each subsample thus cuts across all seg-
ments and density strata. The stop-rule groups and the percent
of households in each subsample are shown in table E.

The 50-percent subsample is released first to the interview-
ers. When the initial assignment is about 75 percent complete,
the resulting yield is analyzed and used to project estimates of
the totai number of sampie persons expected from the initial
assignment. Based on these estimates, additional subsamples

Table E. Percent of Mexican-Americans in segment by density
stratum number: Third National Health and Nutrition Examination Survey,
1988-84

Percent of Mexican-

Densily stratum number Amaericans in segment
T o i e e o e e Nondensity, less than 3
2 i i it e e 349
A 599
Gt i s e e e e 10-19.9
B el Ll el e 2049.9
B o e e e 50 or'more
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are released. As additional households are screened, the deci-
sion on the number of subsamples required is reevaluated to
ascertain if more households will be necessary to achieve the
target number of sample persons. If so, additional subsamples
are released. The reevaluation is done continuously.

A count is kept of the number and size of subsamples used.
This will provide the information necessary to calculate the
PSU sample weights that will reflect the deviations in sample
sizes from self-weighting samples used within the PSU’s.

Selection of households :-ind persons

The third siage of sampie selection consisis of househoids
and certain types of group quarters. All households in the
sample segments are listed, and a subsample of households and
group quarters is designated for screening to identify potential
sample persons for interviews and examinations. The
subsampling rates are designed to produce a national, approxi-
mately equal, probability sample of households in most of the
United States, and higher rates for the geographical strata with
high minority concentrations. Within each geographical stra-
tum, there is an approximately equal probability sample of
households across all 81 PSU’s.

A constant sampling rate for the screened households s
desired within each density stratum (subject to the stop-rule

- modification). The screening sample in each density stratum
must equal the highest rate among all subdomains for the
screening sample to yield the desired number of sample persons
in all subdomains. These screening rates denoted by r, are
shown in table D,

Applying these sampling rates to the expected number of
occupied housing units in the various density strata provides an
estimate of the number of househoids to be screened. They are
shown in the last column of table D.

For domains with the maximum sampling rates in a density
stratum, subsampling is not required. For other domains, how-
ever, subsampling reduces the screening sample to the rates
shown in table 10. The subsampling rates are the ratios of the
sampling rates for a domain divided by r These are shown in
table 11.

W thin-segment sampling rates

To achieve equal probability of selection within a density
stratum, the subsampling rate within a segment must be

S /prob

huld l“

where S, | is the selection probability for the &, /th subdomain
in the jth segment in the ith density stratum in the Ath PSU and
r,,is the overall probability of selection, as reported in table 10.
Prob, is the probability of selection of the jth segment. As stated

earlier, the probability of a segment in a noncertainty PSU is

Prob, =48 Mo Fa
Juy Z
M P

ali) a
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where P, is the measure of the PSU and P is the measure of the
stratum from which the PSU was selected. In certainty PSU’s,
the probability was

Mhu
24

Parameters used in computing measures of size

One of the goals in computing measures of size is to create
approximately equal workloads among PSU’s and segments.
Except for differences arising from variation in the size of the
strata used for PSU selection, which were fairly small, equality
is achieved by the following measures of size:

For PSU’s

M, = 2PN,
where M, is the measure of the th PSU; P, is the proportion of
the populaﬂon in the PSU that is in the ith combination of
subdomains and density strata; and r, is the sampling rate for
that subdomain-density stratum.
For segments

M m= %"".u N, ki

As noted earlier, the values of P, N,. and N, , must be
approximated and use the following formulas‘

o ZC’IUAA
and
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where A, = ;Z” " Cn
4
and
C
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with
C, = current population of PSU 4
C’, = 1980 population of PSU A
C’, = 1980 PSU population in kth race-ethmicity
subdomain
r,, = sampling rate in the ith density stratum for &,
Ith subdomain
£, = U.S. proportion in the ith density stratum for

the kth race-ethnicity subdomain
C ,, = projected 1990 U.S. population in the %, ih
subdomain



C, = projected 1990 U.S. population in the kth
race-ethnicity subdomain.

These approximations are used because it is likely that
race-ethnicity composition in 1980 is an accurate projection of
the 1990 data, but the 1980 age-sex breakdowns may be poor
projections of the 1990 data. The assumption that the national
age-sex breakdowns within arace-ethnicity group apply to each
PSU and segment seems more reasonable than that the 1980
age-sex distributions are retained in 1990.

The values of the parameters used to calculate A  and A, are
shown in tables 9 and 12, respectively.

Selection of sampie persons

After the sample of screened households are identified, a
sample of persons to be interviewed and examined from indi-
vidual households is selected. All eligible members (persons 2
months of age and older) within a household are listed and a
subsample of indi¥iduals is selected based on sex, age, and race-
ethnicity, Sample persons are selected at rates established to
ensure that the target sample sizes by subdomain will be
achieved. This means that young persons, elderly persons,
black persons, and Mexican-Americans are oversampled. The
sample is also selected to maximize the average number of
sample persons per household because it appeared to increase
the overall participation rate in previous surveys.

The 52 analytical subdomains were collapsed into 16
groups with acommon sampling rate used for each group. Table
10shows the samplingrates used for the 16 groups of subdomains
in the six density strata. These sampling rates are designed to
provide a 50-percent reserve sample, as well as a provision for
the expected nonresponse in each subdomain.

Sampling rates were calculated for the subdomain in each
race-ethnicity group that requires the highest sampling rate to
achieve the desired sample size. The calculation is based on the
optimum allocation method described in the “Selection of
segments” section. These subdomains are in the collapsed
classes assigned to the lowest domain numbers for each race-
ethnicity group. (The collapsed classes were numbered in
descending order of sampling rates, and thus the one with the
highest sampling rate appears first in table 10.) These maximum
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a sample of households to be screened is selected at the highest
one of these rates that appeared for that density stratum. All
screened persons in the subdomain used for optimum allocation
are retained in the sample. The screened persons in other
subdomains are subsampled to bring the samples down to the
desired levels. The subsampling rates were designed to mini-
mize the variability in sampling rates among sirata, but still
achieve the desired sample sizes, and thus the required preci-
sion. This was accomplished by progressively reducing the
sampling rates in the highest density domains to equal the ones
inthe lower density domains to the extent this could be done and
the desired sample sizes still be attained.
There was considerable c:nhﬁamn]mu needed to reduce

the screened sample of 106,000 households {which con-
tain about 285,000 persons) to about 41,000 sample persons. If

independent random or systematic selections bhad been
made for the subdomains, in most cases only one person in a
household would have been selected and the average sample
size per household would have been quite low, not muach above
one.

Experience with recent NHANES and Hispanic HANES
indicates that response rates improve when larger sample sizes
within households are used. Therefore, a method of subsampling
was developed to increase the average sample size per house-
hold. The sampling procedure, described later in this report,
appears to maximize the namber of sample persons per house-
hold. (Conversely, it minimizes the number of houscholds

gnni'm'mno samnle ‘nﬁrcn'nq_\
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Assuming that a screening sample has been designated and
persons are to be subsampled, the persons are classified into L
subdomains with subsampling rates 7, . . . r,. The subdomains
are ordered by subsampling rate so that 7, <r . The screening
is the minimum amount necessary to achieve the sample size for
the rarest subdomain so that r, = 1.

Dividing the screened households into L unequal size
random subsets, the sizes of the subsets are proportionate to: r
ry=t¥y=Fp. Ty ~T,... T, -1, . The sum of these proportlons
is 7, = 1, so all screened honseholds are assigned to one of the
sets.

The subsampling is then carried out as follows:
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La) 1[1 Ui Iﬁ'ﬁl IdHUUTIl. SUDSCL \r UI d.ll. -bLIﬁCHCU uuuaeumua }
all persons in a household are designated as sample per-
sons.

(b) In the second set {corresponding to r, - r,), all persons in a
houschold are sample persons except those in subdomain 1.

{c) Inthe third set, all persons are sample persons except those
in subdomains 1 and 2.

(d) The procedure is continued in this way to subdomain L,
which excludes all persons other than those in the Lth
subdomain.

This procedure produces the correct subsampling rates for
all subdomains. Furthermore, it maximizes the number of
sample persons per selected household.

In the field, the sampling procedure is implemented in the
following way. At the time of the sample selection for screen-
ing, a computer-generated message is attached to the screening

rraotrarinia L T hald Thi 1 5 Ty
questionnaire 101 €aChO NOUSCNoLd. 1 1is MEessage gives msuwruc-

tions to the interviewer regarding the persons who are to
become sample persons (for example, if there are Mexican-
Anmericans in the household, include all Mexican-Americans in
the household; if there are black persons present, include all
children under 6 years of age and males ages 60 years or over).
After all persons in the household are listed on the screener and
the age, sex, race, and ethnicity (Mexican-American) status are
determined, the interviewer consults the sampling label to
determine which person(s), if any, are to receive the extended
household adult or youth medical history interview and the
physical examination in the mobile examination center. The
interviewers do not have to carry out any subsampling opera-
tion; they are instructed only on the persons to include.
Because the sampling messages are prepared in advance of
the screening, they are based on the expected distribution of the
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screened population by sex, age, race, or ethricity, rather than
the distribution actually achieved. Thus, there may be small
deviations in the sample from the desired number in each
subdomain. Such deviations are inevitable when subsampling
rates mustbe established before the screening is completed. The
proportion of the screened households assigned to each sam-
pling message is shown in table 13.

As part of the implementation of the subsampling, all
screened households are putinto random groups, the proportion
in each group corresponds to those shown in table 13. A separate
randomization is necessary in each density stratum.

Instead of unrestricted randomization, a pseudorandom
procedure was used that guarantees that all households within
each sequence of 1,000 consecutive households are assigned
different random numbers. (The random number assigned de-
termines the sampling message tobe received.) Furthermore, each
sequence of numbers in a segment is assigned random numbers
that are fairly evenly spaced in the interval from 000 to 999.

‘Within each PSU, the list of households to be screened is
sorted. The first sorting is the three combinations of the stop-

Table F. Percent and cumulative percent of households in
stop-rute subsamples: Third National Health and Nutritfon Examination
Survey, 1988-94

Subsample Percent Cumulative percent
A e 50 850
= 10 60
6 8 68
G 8 78
= 5 81
5 86
G ittt 3 89
Hoee e 3 92
| ettt 2 94
8 2 96
Ko et e 2 98
1 99
e it aaaa s 1 100
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rule groups shown in table F. They consist of subsample A (50
percent), subsamples B-D (26 percent), and subsamples E-Z
(24 percent) of the full sample. Within each group there are
further sorts by density stratum, segment number within stra-
tum, and household number within segment. To start, a random
number from 000 to 999 is assigned to the first household. A
separate random number is used in each PSU. The number 311
isthenused as a skip interval and is added successively, starting
with the random numbers. The cumulative total, modulo 1,000,
provides the random number that determines the sampling
message.

Farther subsampling is done to ensure the random selection
of a sufficient number of sample persons with morning and
afternoon-evening blood draws in the mobile examination
center. A 50-percent subsample of persons is designated to have
blood drawn in the morning (that is, morning examination
appointments). This group is referred to as the “standard”
sample. The remaining 50 percent, referred to as the “modified”
sample, is given afternoon or evening appointments. The selec-
tion of the 50-percent samples is also dome by households,
rather than by individual sample persons because previous
NHANES and Hispanic HANES showed that response rafes are
improved when sample persons in a household are given ap-
pointments at the same time.

The random numbers gencrated for each household are
used to designate the 50-percent sample. Odd numbers corre-
spond to the standard sample and even numbers correspond to
the modified group. Information on whether the households are
in the standard or modified samples is included in the sampling
message.

There are also 50-percent subsamples of persons for two
specific tests—allergy and central nervous system (CNS) test-
ing. However, these are selected at the mobile examination
center using systematic sampling.




Estimation procedures

Weighting the sampble da

The goal of NHANES III is to produce data on the health
and nutritional status of the civilian noninstitutionalized popu-
lation aged 2 months and older residing in the United States.
Due to the stratified multistage design of NHANES II1, standard
statistical methods for analyzing the data collected are inappro-
priate. An approach to analyzing data from large complex
surveys such as NHANES has been published (14).

If each individual in the NHANES IlI sample had the same
probability of selecticn, then all sample persons could be
considered to represent the same number of people in the
population. In that case the data could be analyzed without
regard to sample weights. However, the complex design of
NHANES Iil includes different probabilities of selection for
various subgroups of the population. As a result, the responses
of surveyed sample persons (referred to as sample elementary
units) must be inflated or weighted in order to produce national
estimates. Weights are needed to estimate population means,

medians, and other descriptive statistics. Consequently, a weight -

is assigned to each unit in the sample that then permits estima-
tion of population totals. An estimator X, for any given popula-
tion total X can be expressed as a weighted sum over all sample
elementary units, defined as:

X =2 x(@W ) )
where it represents a sample elementary unit, x(«) is the health
or nutrition characteristic or response of interest for unit «, and
W, (u) is the final weight for sample unit x. The estimation
method described in this section applies to statistics derived
from the NHANES III examinations. Similar methods can be
used to define sample weights for estimates based solely on the
NHANES III household interview data.

The purpose of weighting the sample data is to permit
analysts to produce estimates of statistics that would have been
obtained if the entire sampling frame had been surveyed.
Sarhpling weights are used to ensure that estimation procedures
are consistent with the sample design. Weighting the sample
data accomplishes the following objectives:

1. To estimate population values from the sample data;

2, To adjust for differential probabilities of selection among
various subgroups (race, ethnicity, sex, and age subdomains)
and persons living in different density strata);

3. To reduce biases arising because nonrespondents may be
different from respondents;

4. To compensate, to the extent possible, for inadequacies in
the sampling frame resulting from, for example, omissions
of some housing units in the listing of the arca segments or
omissions of persons with no fixed addresses (noncoverage);
and

5. Toreduce sampling variances by using auxiliary informa-
tion, that i1s known with a high degree of accuracy, in the
estimation procedure.

National inflation weights

NHANES III uses a multistage sample design involving
clustering, stratification, and varying probabilities of selection
to provide an economical design with satisfactory precision for
specified subdomains of interest. Because of the complex
sample design, complex estimation techniques are alsorequired
to produce relatively unbiased estimates of population values
from the survey data. The NHANES III estimator takes into
account the selection procedures of the complex survey design
to define and develop the final sample weight W, for each
sample elementary unit. The final weight is the product of the
following three component weights:

1. Inverse of the probabilities of selection;
2. Nonresponse adjustment;
3. Ratio adjustment (poststratification).

The first component weight (w,) reflects the unequal prob-
abilities of selection. For a multi-stage sample, the overall
probability that a person is selected into the sample is the
product of the conditional probabilities of selection at each
stage of selection. The ultimate probability of selecting a
sample person in NHANES III depends on the following three
factors: (1) the person’s age, sex, race, and ethnicity; (2) the
density stratum (based on the percent Mexican-American popu-
lation in the stratum); and (3} the PSU. The reciprocal or inverse
of the product of these three factors, defined as w, is the first
component weight of W, in equation (1). The probabilities that
reflect the effect of the age-sex-race and/or ethnicity domains
and density stratum are shown in table 10, which shows the
numerators of the probabilities of selection. The denominator is
930 for each domain and density stratum. The third factor in the
first component weight is the PSU which also affects the
probability of selection because the “stop-rule” procedure,
described in the section, “Controlling sample size per PSU,”
determines what part of the self-weighting sample is used. This
part can vary from PSU to PSU. The PSU probability is the total
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percentage of the full sample in the set of stop-rule subsamples
used in the PSU.

The overall probability of selection for each person is the
product of the appropriate rate in table 10 and the PSU rate. The
first component weight(w ) is the reciprocal of this probability.
There are two special cases that should be noted in the calcula-
tionof w, for NHANES I11. First, there are examinations that are
only carried out for half of the sample—morning (standard} or
modified (afternoon-evening) blood draws, allergy tests, and

rantral narunne cuctarm tocte The nrnhahilifing af thooa itame
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are half the overall probabilities described above. Secondly,
since NHANES I1l is actnally two national samples, the first44
stands or survey locations (phase 1) comprise a national sample
and the second 45 stands (phase 2) also comprise a national
sample; thus, for analyses of only phase 1 or phase 2 data, the
probabilities are further multiplied by a factor of one-half.

In an ideal hypothetical sampling situation having nc
nonsampling error components—for example, no frame prob-
lems, nonresponse, or interviewer effects—the first component
weight will provide an unbiased estimator for the population
total X, that is, equation 1, with w, substituted for Wf yields the
estimator:

% =Zxayw,@) @)

Such an estimator is referred to as a Horvitz-Thompson estimator.

However, sample surveys rarely get all selected persons to
participate; that is, unit nonresponse occurs. Historically, in
NHANES, approximately 25 percent of the sample people
refuse to participate in the examination portion of the survey.
This examination nonresponse could bias the Horvitz-Thomp-
son estimator of equation (2). An analysis of nonresponse bias
in the NHANES II has been described (15). A weighting
adjustment for nonresponse is believed to reduce potential bias
for most items measured in NHANES. The first component
weight, w,, is therefore adjusted to compensaie for differential
nonresponse rates by grouping respondents and nonrespondents
into homogeneous groups. These groups are generally referred
to as weighting classes. In NHANES, these weighting classes
are typically formed on the basis of selected age groups, sex,
race-ethnicity, income, SMSA residence, and geographic re-
gion. The examination nonresponse adjustment weight, re-
ferred to as w,, is a ratio calculated as follows:

n (g}
Wy,

W, = 3)

where W is the first component weight for the ith sample
person, n(g) is the total sample size in the gth nonresponse
weighting class cell, and n (g) is the number of examined
persons in the gth cell. The summation is carried out separately
for each weighting class cell.

A second type of nonresponse that occurs in sample sur-
veys is item nonresponse. liem nonresponse occurs when a
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sampled unit provides usable information for some items but
not for others. Item nonresponse in NHANES III occurs when
sample persons refuse or cannot respond to certain question-
naire items or do not participate in certain examination compo-
nents. Examination item nonresponse can also be the result of
insufficient time to complete the entire 4-hour examination,
One method of accounting for item nonresponse is to impute for
the missing data. A commonly used imputation procedure of
adjusting data sets for missing values is the “hot-deck”™ method
1A

LEV.

The final component weight (w,) is called poststratifica-
tion which is done to align the estimated population counts (for
the 52 age-sex-race-ethnic analytical subdomains) from the
sample to the total population or census count at the midpoint
of the data collection period. The population figures used as
controls in the poststratification for the entire NHANES IHI will
be 1991 estimates; for phase 1, 990 estimates will be used; and
for phase 2, 1993 estimates will be used. The poststratification
component weight is calculated as follows:

Nl
W= 4)
n
k
wou
Lad¥¥ | F¥y,
=l

where N, is the census estimate of the civilian, noninstitutional
population in domain &, and the summation in the denominator
is over all sample persons in domain k.

The final examination weight (w f) for each sample person
(i) is the product of the above three component weights:

Wy =W, W, W, (5
The adjusted weights will be smoothed even further to ensure
that there are no extremely small or large sampling weights,

Foreach sample person, a final examination weight reflect-
ing the unequal probabhilities of selection, du_]ﬁsifr‘leﬁis for
nonresponse, and poststratification will be included in the
public-use data tapes. Similarly, an interview weight and any
special subsample weights will also be included in the data
tapes. Most of the commonly used computer software packages
have an option for incorporating sample weights in cross-
tabulations and statistical analyses.

Variance estimation

The NHANES III is based on a complex sample design.
The assumption of simple random sampling for estimating
variances is not appropriate because it would result in estimates

n’F variancee for mocet iteme that are Inwer than thonce aptialle
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present. Design effects are often used to gauge the effects of the
various sampling techniques, such as clustering and stratifica-
tion, and they provide an indication of the success of the
complex sample in controlling the variances of the estimates
compared with simple random samples. A design effect is
defined as the ratio of the actual variance of an estimate from a
complex sample to the expected variance of the same estimate,
if the sample were drawn from a simple random sample. When
the design effect is close to 1.0, the complex sample design is



determined to have little effect on the variances. Analysts could
consider assuming simple random sampling for data analysis.
The use of average design effects is discussed in the last section
on variances for subdomains.

Because of adjustments for nonresponse and post-
stratification in NHANES IIl, precise formulas for com-
puting sampling variances from the complex survey are not
available. However, there are several methods that can provide
good approximations for the sampling variance. For a variance
approximation to be satisfactory, the variance estimates must
reflect all the major features of the sample design used in
the survey, including the weighting of the sample. data. The
three methods generally used for variance estimation with
complex samples are Taylor-linearization, balanced repeated
replication (BRR), and jackknife (17,18). Generally, the differ-
ent approximations give similar estimates for samp]ing vari-
ances. No approximation method is substantiaily betier, in
all circumstances, than any other method. Software available
for linearization methods may notprovide for poststratification.
This can lead to serious overstatements of the variances
for some statistics. In addition, linearization methods often
do not take into account the variance effects of nonresponse
adjustments because of the difficulty in expressing the
adjustment methods in algebraic form. BRR and jackknife
can handle postsiratification and nonresponse adjustments
more easily, although complete reweighting must be done
for replicates.

For NHANES 1III, two PSU’s were selected from each
noncertainty stratum, making it possible to compute virtually
unbiased estimates of variances. NHANES 111 analytical data
tapes will include variance strata and replicate weights that
can be used for either BRR or linear approximation, thereby
allowing users choices in variance estimation procedures. Com-
puter software packages that compute appropriate standard
errors of estimates from surveys with a complex sample
design are available. Previously, NCHS used the NCHS

nto e Tlon
BRR program (19) o calculate variances for daia collected

in NHANES. Recently, analysts of NHANES data have also
used two SAS procedures, SESUDAAN and SURREGR (20,21),
which depend on a Taylor-series approximation. Other soft-
ware packages available include SUPER CARP (22), a pro-
gram developed at Towa State University that depends on
a Taylor-series approximation; Wesvar (23), which was devel-
oped by Westat, Inc., that can be used for BRR or jackknife;
and OSIRIS, developed by the University of Michigan (24),

which contains procedures for either linearization, BRR, or
Jackknife.

A new software package, “Software for SUrvey DAta
ANalysis” (SUDAAN), has been developed by the Research
Triangle Institute in cooperation with NCHS and other agencies
of the Public Health Service (25). SUDAAN uses the first-order
Taylor series approximation to determine estimates of standard
errors for means and proportions (and differences in means
and proportions) with appropriate comections for complex

MNna nde
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that thlS program has over other linearization software pack-
ages is that it allows analysts to incorporate the actual
complex sample design of the survey in the calculation
of standard errors, for example, the joint probabilities of selec-
tion for each pair of PSU’s and whether the sample was selec-
ted with or without replacement. In addition, the software is
available for personal computers as well as for mainframe
computers.

Variance estimates for each phase

In the allocation of noncertainty PSU’s to the two phases of
NHANESIII, one PSU in each stratum (selected atrandom) was
assigned to phase 1 and the other one to phase 2. Thus, the
sample design for each phase was a one-PSU-per-stratum
selection. There is no completely unbiased method of estimat-
ing variances for such a design. A common approximation is to
pair strata that are similar and to compute variances as if the two
selected strata from each pair had been selected from a single
stratum, withreplacement. These pairings will also be indicated

on the data tapes.

Variances for subdomains

For some subdomain analyses in NHANES 1, estimates
may be based on small sample sizes or come from a small
number of PSU’s. The variance estimates for these statistics are
likely to be unstable, that is, the estimates of variances may
themselves be subject to high variability. In this situation, the
approach often used is to compute an average design effect to
correct estimates of variances based on the assumption of
simple random sampling. This was the recommended prace-
dure for analysis of data collected in Hispanic HANES, which
was a survey of three special Hisparic subgroups in selecied
areas of the United States (26, 27). This strategy may also be
advisable for some subdomain estimates in NHANES IIT.
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Table 1. Number of stands (survey locations) and PSU measures of size by certainty counties: Third National Health and Nutrition Examination Survey,
19688-84

Number of stands (survey locations) PSU' {and
stratum) moeastire

Certainty counties Both phases Phase 1 Phase 2 of slze?
= | 0 21 10 11 14,452
Maricopa, AZ (Phoenix) .....c.cooininiiiiie i reeeerrrce s 1 1 - 638
Lo ANGEIES, CA L .err e e e e et a s 8 3 ‘3 4,546
[0 = T Lo T O e 1 1 - 726
SanDiego, CA .. vt e tececeeacemeaanan 1 - 1 781
SamMa Clara, CA .. .. i i i it e iiaitataitaaanaraans 1 - 1 540
GOook, IL (ChICAQO) « e sseeveeevmerenesnnemrrcaaaccrmansesrensnnnsnnns 3 1 2 1,851
Wayne, MEQDEtrom) -« .ottt 1 1 - 707
Kings, NY (BrooKIyn) . .....cciieeimiiiiiiiiieacaieasnenercaroncrcnnnren 1 - 1 673
Philadeiphia, PA ... .o i i ti e it 1 1 - s2d
Bexar, TX(San Antonio} . ... ... it 1 1 - 976
Dallas, TX .. vveiiiiiiie i iiiaranadanasansanesns e e 1 - 1 650
o o I N 1 - 1 596
Harris, T (HOUSION) ... ittt i e arcaanearnnn 2 1 1,244

Pnmary sampling unit.
2Expectad sample size in PSU

24



Information on this page has been removed due to confidentiality requirements



Information on this page has been removed due to confidentiality requirements



Table 3. Number of examined persans, by race-ethnicity, sex, and age: Third National Health and Nutrition Examination Survey, 1986-94

Number of examed persons

White Mexican-
Sex and age Total Black and all other American’
Both sexes ......... f e e e, 30,094 8,971 12,123 9,000
Male
I T T Y 14,919 4,335 6,050 4,534
P I 11713 1,000 [170] 660 {70 ]
12-835months .. .ot i e iierieeiee be aneaiaaaas 1,278 394 480 394
3-byears ....ooiiiiiienien e tcreieenas 1,610 560 480 560
6-11years .......... e aerr e mee e arnaasearaean eaneans 1,610 560 490 560
B bz e S 1,610 560 490 560
bt - T O 1,580 rs117 490 [ 579 7
BO-BOYBAS oottt et e e e e 1,529 L 460 490 Lsyo d
L e T R 1,193 350 490 353
bt - 920 210 490 220
BO-6OYEAIS ..oviiiiiiiins & ae teriieeriaaeeee e eeeaeieaas . 1,137 300 490 347
0 BT - S B27 [186 ] 490 [ 151 ]
B0yearsandover .........iiiiiiiiiiit beiiieaan.. i 625 74 490 81
Female
A Bg8S . ittt it e i eaeee e e e 15,175 4,636 8,073 4,456
211 months ........ et et eeit eireeiedeeaes eeiaas 095 141 683 171
12-36months .....ooen i e 1,278 [ 395 480 393
e - T O . 1,610 560 490 560
611years .....ooiith ciiiiieiiinen. . s e e e e 1,610 560 490 560
12-19YBAIS L. iiei i e e e et . 1,610 560 480 560
oL T | . 1,628 [599 490 [ 539
B0-BT Y AN ottt it i i iaee e haeenasiaaa e e 1,614 504 490 530
QOB YBAIS ..ttt it Lt er e a et e eeran . 1,246 07 490 - ag0
BO-BOYBAMS ...ttt it it e te eeeiae e e eaeeas 994 L 271 .l 490 L 233
B0 B0 YOaIS . . .ttt it ie i iiere e eerieaaees e 1,082 are 490 313
70-79years ..........c.0viinn e reeeeeieearenenaaas . B45 [139 ] 490 166
B0yearsandover ..........ccoeiinen... e 663 92 490 B1

NQTE: Consolidated age classes for analyses are indicated by |: ] Sample sizes assume 560 examined persons per consalidated class, and 1,000 examined persons in the 211 months age

class. For white and all other persans, the minmum sample size 1s 490 in order to satisfy the total sample size requirement

Maxican-Americans can be any race.
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Table 4. Number of sample persons, by race-ethnicity, sex, and age: Third Nationat Health and Nutrition Examination Survey, 1988-94

Number of sample persons
White Mexican-
Sex and age Total Black and all other Amoricant
20 == - 40,561 11,882 16,781 11,898
Male .
Allages .......... et v et e e rm v e e vy . 20,041 5612 8,236 6,193
b= BT 1,231 r 168 'I 835 r 1?8 'I
1ZI0MONMNS .. .. i s i it ettt rccrramcsrascmrremermerarenenmneny 1,899 e 443 A VG b 400 -8
B 3= 1,900 651 588 651
E11Years ....c.uecncenennanns temeseataeenenermanaeneaarraras 1,925 667 583 675
2 Y 1,991 875 598 718
bod0 e T T 2,149 [ 623 662 864
by BT 2,183 657 671 865
A0 4O YBAIS .. oetrieiienncn et e e ate e e e 1,861 [ 603 731 [527
D50 YaAMS ..ottt it raaa ettt 1,389 309 731 349
BOBDYBEIS .« .o eenieaereereerret et et anaaar e, ' 1,707 [4357] 721 [s517]
FO-TOYEAIS . oviierrrmrerarssnssnrererssnssresnersnnessesrnrannns 1,245 251 _I 754 L240
BOyears and OVEE .. ..o ii ittt a e e im e a e ans 951 100 754 o7
Female
AllBES . .iieiiieiiineaaranarnccanasncntaacsaanenaracsaonneans 20,520 6,270 8,545 5,705
2= I mMOMNS ...ttt i i ieiiireieacecentearrs i raaea 1,243 [ 191 843 209
12-85MOMAS ... ittt it iiitratesecrveiractticta s 1,551 459 613 479
b T8-S 1,955 667 605 683
Lt T L 1,932 683 598 651
B 2 =T G 2,012 683 620 709
D YOANS + it einneeernneerenaraneran e et e e e e 2,127 799 645 683
BO-BFYCaIS «vuverncatamranacenr aar e e e, 2177 B36 671 670
A0 YOS .. e 1,757 591 ] 710 [ 456
e T T 1,495 411 742 342
LT T 1,703 465 778 460
£ a1+ T 1,430 [326 ] 860 [244 ]
BOYEAIS AN OVAT . .ccuinenennnnanouascassvasaoacoossaceasonsnannans 1,138 159 860 119

NOTE: Consolidated age classes for analyses are indicated by E 1. Sample sizes assume 5§60 examined persons per consolidated class, and 1,000 examined persons i the 2-11 months age

class For white and all other persons, the mmimum sample size is 430 in order to satisfy the total sample size requirement.

Mexican-Americans can be any race.
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Table 5. Number of households to be screened without stratification to meet minimum sample size requirement per consolidated class after allowance for

nonresponse, by race-ethnicity, sex, and age: Third Nalional Health and Nutrition Examination Survey, 1988-94

Number of households
Whita Mexican-
Sex and age Black and afl other American'
Male
2-1Imonths ... .o o e ol e e e e e [ 67,500 63,536 [150,212
12-35mMOnths ..ot i e s e e e 63,881 18,800 146,834
BB YBAIS vttt it i e e e e e e e 63,648 12,563 144,710
L I T 35,652 6,400 86,145
P20 YBANS .o iiitiiiviner o terares veaee meeaeaeeaaaiaeeas 32,821 5,320 79,402
20-29 years ..... e e Che e e N . [ 27,706 4,208 [ 79,258
30-39Years ......cieeiieniee e . 32,456 3,830 79,258
et T .o I 43,441 5 5,398 r 762587
BO-BIYBENS . ovvvuvivnrnns aaviantsastasa sensenareransernrsren . 37,075 7,888 L 84,280
L1 S = - 60,532 8,463 194,468
FO—FIYBATS oo viiiiiennrsnins sann e ssrssnnmers = sec on cevenn [56,257 ] 14,488 [194,695 ]
B0years and over ....... ... . .. . aeeeeeeen el me oaa o e 56,763 39,839 194,118
Female
= I 1T 1T . [ 67,500 67,500 [172,366
12-35months ...ttt it iie e e eeiaa e e e 67,941 20,251 167,881
R (== 11~ P e iereeneee. 66,686 13,362 165,851
[ R .. . 37,240 6,882 80,497
= = = e . 33,726 5,788 84,764
PDPOYEAMNS . .cuirrannanre 4 seamerieeninc et o eeaes . [ 30,292 4,119 [ 67,219
L) I - T 31,999 3,798 67,219
AOADYBRIS +ousrevnioarnnarasntanisrassessneosannss C e e [ 33,909 5,032 [ 67,219
50-59 years ...... e ie e r e it . 34,423 7,502 78,092
60-GOymars ..... it eaaeasies e eaeae s h e anaaasaaas 43,800 ‘l 7,799 I"145,862
= - ... r45,288 11,285 145,585
BO YEAS AN OVET + v \vvvescsas e en ereeeeneneeaanneernnneann oe anns L 45,202 1 22,728 L 143,899 1

NOTE: Consolidated age classes for analysis are indicated by [ ] .

'Maxican-Americans can be any race

Tahle 6. Projections of the 1990 U.S. Mexican-American population by stratum number, according lo the percent in block group or enumeration district,

numbet in thousands, and percent distribution: Third National Health and Nutrition Examination Survey, 1988-84

Percent of Mexican-Americans Mexican-American Percent distribution
Stratum number in BG/AED ! stratum population in thousands of Mexican-Americans
Total ,oouvvivininnnnnn.. R e eeraeariaesesaresieensenanan 11,603 100
L less than 1 580 [
2 iiiirieinaens et e e caecaeaeae e aeta saaaraaaraeaaanerea 1-29 1,044 9
< 349 696 6
L e eene e e esaaseree e 5-74 696 6
2 7599 696 5]
B ittt icniiacceaiaearae e memer e 10-14.9 928 8
T ittt Fe s iiamatesaaataestacaias tasss masaasas 15199 696 2}
2 20-249 696 6
5..... [P R e e e e ae e eaee e e e . 25-485 1,857 i6
¢ T . 50+ 3,714 32

'BG/ED is block group or enumeration district.

SOURCE: Tabulation of 1980 Master Area Reference File The counts of Mexican-Amencans are derwved from the Hispanic counts for the entire United States excluding New York, New Jersey,

Connecticut, and Florida.
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Table 7. Number of sample persons for self-weighting sample, level of screening, proportion of subgroup in low-density stratum, expected sample sizes,
desired variances, and required variances in high-density stratum, by selected subdomains: Third National Health and Nutrition Examination Survey, 1988-94

»
Number of Expected number of !
sample persons sample persons in
that meet Scraening Proportion iow-density strafa Reguired
precision iargat necessary of subgroup from basic sample? Desired variance of
with seff- o meet popuiation in fow- (adjusted for variance estimate in high-
Subdamain waighting sample precision target density strata ' nonresponse) of estimate density strata *
Mexican-American males,
ages BOyearsandover ............ 97 194,000 0.14 4 0.00093 0,00067
Mexican-American males,
ages 2~i1months ................ 198 150,000 0.14 11 0.00045 0.00039

1 Low-densiy and high-densily strata are referred to as subset "a” and *b,” respectively, in the section of tha taxt “Optimuzing sample s$ize among strata.” For this lable, low densily for Mexican-
American has baen defined as strata 1 and 2 in table 8, and high density is comprised of sirata 3-10.
2 Basic sample is assumed fa be based on a screening sample of 67,504 haussholds.

Table 8. Sample sizes and screening levels for self-weighting and stratified samples, by selected subdomains; Third National Health and Nutrition
Examination Survay, 1988-94

Level of Screening (Self-weighting sampic) Level of Screening (Stratifiad sampla with optimum aliocation)
Number of Number of
identified sample identified sample
persons o meet persons e meet
precision larget precision target
(adusted for Basic (adfusted for Basie
Subdormain nonresponse) - Total sample'  Supplement nonrasponse) Total sample' Supploment
Mexican-American males
agesBOyearsand over ............. 14 184,000 67,500 126,500 141 106,000 67,500 38,500
Mexican-American males
ages2-1imonths ........... e 228 150,000 67,500 82,500 228 82,000 67,500 14,500

! Basic sample is assumed to be based on a screening sample of 67,500 households.

Table 9. Values of A, ! used in calculating measures of size, by race-ethnicity and density stratum: Third National Health and Nutrition Examination Survay,

5 that | Bl =¥ ahd J
19688-94
Densily stratum (=1) White and alf other (k=1) Black (k~2) Maxican-American 2 (=3}
i i e reiire et eacratenaeaaaaaaaan 0119 0.583 0.844
2 e i et e e reeicerre e, 0119 0.583 1177
- 0.119 0.583 1418
U 0.119 0.583 1.502
D e e e et rara e e 0.119 0.583 1.539
B o i b aeiee e aeaean 0.119 0.583 1576
[

NOTE: A, = Do, —X

w g

*Numbers are the numerators of A; denominators are 830. See section of text enttled “Measure of size of segments” for & description of how A is used in the calculatian of the segment measurs of
size.
Mexican-Americans can be any race.
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Table 10. Sampling rates and expected sample sizes by Mexican-American density stratum, race-ethnicity, and sex-age domains: Third National Health and Nutrition Examination Survey, 1988-94

7990
population
Mexican-American densfly siralum (percent Mexican-American in stratum) NHANES Sample Expected
Proportion eslimate size with total
Race-ethnicity and domain 1{=3) 2(3-4) 3(5-9) 4(10-19) 5(20—49) 6 (50 or mora} of total (thousands) reserve sample size
White and all other

Tolal ........coiioal... . - - 1.000 196,183 25,202 16,781

1...... v eeaearanaaa 1.000 1.000 1.000 1.000 1.000 1.000 0.012 2,417 2,531 1,678

B e iiiiierireeeaaaa, 0.590 0.580 0.580 0.590 0.5%0 0.580 0.009 1,783 1,120 754

I 0.300 0.200 0.300 0.300 0.300 0.300 0.049 9,408 3,101 2,01

L 0.190 0.180 0.180 0.190 0.190 0.190 0.106 20,829 4,248 2,817

..., e 0.114 0.114 0.114 0.114 0.114 0.114 0.182 35,480 4,377 2972

< 0.086 0.086 0.086 0.086 0.086 0.086 0.322 63,517 5,842 3,840

T e it 0.059 0.059 0.059 0.059 0.059 0.059 0.320 62,749 3,983 2,649

Black

Total ..... P - 0.999 28,180 17,672 11,882

- e 1.000 1.000 1.000 1.000 1.000 1.000 0075 2,118 2,273 1,515

- e 0.900 .900 0.900 0.900 0.900 0.200 a.102 2,881 2,781 1,880

10 . 0.670 0.670 0.670 0.670 0.670 0.670 0.071 2,008 1442 950

L 0.5650 0.550 0.550 0.550 0.550 0.550 0.198 5,584 3,300 2,262

12 0.470 0.470 0.47¢ 0.470 0.470 0.470 0.553 15,689 7878 5278

Mexican-American?

Total oo, ., 1.000 11,653 17,691 11,898

18 1.000 1.800 3.000 4.000 5.000 6.000 0.037 430 1,942 888

14 e 1.000 1.800 3.000 3.700 3.700 3.700 0.066 il 2,584 1,91

15..... beseraceransaanen 1.000 1.800 2.800 2,800 2.400 2.800 0.118 1375 3,679 2,130

16 . i e 0.800 1.000 1.000 1.000 1.000 1.000 0.779 9,077 9,487 7,509
Proportion of Mexican-

Americans in stratum . ..... 0.140 0 D60 0.120 0.140 0.220 0.320 236,016 60,565 40,561

3.

NOTE: The numbers shown ara the numerators of the sampling rates; the dencminators are 930, wiich aflows far the §0-percent reserve. These ara the rates used when NHANES Il staned. Review of the sample yield carried out periodically indicated that the
sample sizes in some subdomains would probably deviate from the desired numbers  Changas were then made in the sampling rales A summary of the rates used in each survey sita will ba made when NHANES Il 1s completed.

Domain definltions:

115 male or female under 1 year.

2 is male BO years and over.

315 male or femals 1-3 years, female B0 years and cver.
415 male or female 3-5 years, 70-79 years

515 male or female 5069 years

6 18 male or farnale 6-19 years, 4049 years.

7 is male or female 20-39 ypars.

8 13 male under 1 year, female undar 6 yoars.

9 s male 1-5, 60 years and over.

10 is female 6D years and over ~
11 is male or female 6--11 years, male 40-59 years.
1215 male 12-38 years, fomale 12-59 years.

13 is rale 60 yaars and over.

14 is female under 6 yaars

15 1s male under 6 years, fernale 60 yaars and over.
1615 male or female 6-59 years

2Mexican-Amaricans can be any race -~
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Table 11. Domain subsampling rates within screened sample, by Mexican-American density stratum, race-ethnicity, and sex-age domains: Third National Health and Nutrition Examination Survey, 1988-94

Mexican-American densily stratum (parcant Mexican-American in stratum)

e
Racs-ethnicily and domain' 1 (not dense) (<38) 2 (34.9) 3(59.9) 4{10-18.9) 5 (20-49.9) & (50 or more)
White and afl other
1 ... e 1.000 0.560 0.330 0.250 0.200 0170
2 e ettt et 0.590 0.330 0,200 0,150 0.120 0.100
- rereaann s 0.300 0.170 0,100 0.080 0.080 0.050
L 0.190 0.110 0.060 0.050 0.040 0.030
- 2, vekrenannay 0.114 0.063 0.038 0.029 0.023 0.019
6 ....... et taer e 0.086 0.048 0.029 0.022 0.017 0.014
A eseransra e, 0.058 0.033 0.020 0.015 0.012 0.010
Biack
- beasacannas 1.000 0.560 0.330 0.250 0.200 0.170
< Chr et eraeanaten 0.900 0.500 0,300 0.230 0.180 0.150
L reagesseannan 0.670 0.370 0.220 0.170 0.130 0.110
L 0.550 0.310 0.180 0.140 0110 0.000
- eetaaaans ‘e 0.470 0.260 0.160 0.120 0.080 0.080
Mexican-Amarican®

A 1.000 1.000 1,000 1.000 1.000 1.000
14 ......... ilesatsaaen At 1.000 1.000 1.000 0.930 0.740 0.620
16 i i ittt e 1.000 1.000 0.930 0.700 0.560 0.470
L 0.800 0.560 0,330 0.250 0.200 0.170
Maximum rate

rolative to straturm 1 ..... hetreeans venae 1,000 1.800 3.000 4,000 5,000 6.000

Domain definitions:

1 1s male or female under 1 year,

21s male B0 years and ovar,

315 male or female 1-3 years, famala 80 years and over.
4 s male or female 3-5 years, 7079 yaars.

515 male or female 50-69 years.

6is male ot female 619 years, 40-42 years.

715 mala or fomale 20-89 years,

B1s mala under 1 year, female under 6 years,

9is male 1-5, 60 years and aver.

10 Js female 60 yaars and over.

1115 male or female 6-11 years, male 40-59 years,
1215 male 12-39 years, female 12-59 years.

13 s male 60 yeoars and over.

14 15 famale under 6 years,

15 Is male under 6 yaars, fernale 60 years and over,
16 is male or femals 6-59 years.

*Mexican-Americans can be any race.



Table 12. Velues of parameters Ug&d 16 éstithale A, fof pinigry samplirig uhit niédsure of siig, by ratg-ethAieHy dBfMdin: Third Naticrial Health and Nulrition

Examination Survey, 1988-94

. Mexican-Afherican N Sp Cu
© € 4iC density stratuni (1) P, wu © X
White and all other 5
T et teeieeneeataacnaerranaaaaaaaa e ettt aataae . 0.012
2 0.009 . -
2 2 CewaewarrraEsae s aae e et a s D.04g
L 0.106 -
L e ieerieaaae i aiaaas - 0.182 ) -
- 0.322 . -
T ovsieninn S e e e i aaa e e et et 0.320 -
Black
- 2 ﬁ.ﬁ?f'e - -
1 0.102 .
Lo 0.071 -
L e ma e a e e 0.198 -
L 0.553 . .-
Mexican-American’
L 0.037 1 0.140 0.118
AL B f ettt ea e eaeiaaa s s 0.068 2 0.060 G.071
< 0.118 3 0:120 0170
16 viviinriiinniains e brerer e r e e e a s 0.276 4 D.140 0.210
O 0.340 5 0.220 0.338
- e 0.163 6 0.320 0.504
White and all ather: A, = 0.118/930 i
Black: A, = 0.583/930
Mexlcan-Amerlcan: A, = 1.412/930
[+
ol
Where A, = Z,Fu:'ﬂd z .

‘Mexican-Americans can be any race.

NOTE: Maxican-Americahs ara listed as having six age-sex domains although other tables show only four domains. At the ime the PSU's were selected it was expected thal six domains would be

used, and the parameters for the PSU selections were selecled on that basis. The number of domains were collapsed to four prior to selection of households and persons.



@ Table 13. Proportion of households with each sampling message label describing which household member to include in the sample, by density stratum and race-ethnicity domains: Third Natlonal Health and

Nutrition Examination Survey, 1986-94

Mexlcan-Amarican densily stratum (percent Mexican-American in stratum)

Race-ethniclty and domain’ 1 (not dense) («3) 2(3-4.9) 3(5-9.9) 4 (16~18.9) 5 (20~43.9) € (50 or mors) Curnulative domain definiticn
White and all other

Total +uuuuss Piaes Ve eraa s 1.000 1,000 1.000 1,000 1.000 1.000

L E SN Cererirae s 0.058 0.033 0.020 0.015 0.012 0.010 All

T 0.027 0.015 0.009 0.007 0.005 0.004 Male or fsmale under 20, 40 ysars and over

- 0.028 0.0186 0,008 0,007 0.006 0.005 Male or female under 6, 50 years and ovar

T4 it rncenarinorsrianreras 0.07¢ 0.043 0.025 0.018 0.015 0.013 Male or famale under 6, 70 years and over

-3 ..... feereneen hevreeraaee 0.110 0.081 0.037 0,027 0.022 0.018 Male or female under 4, 80 years and over

-2, Chwaes Cerrarras s 0,200 0.181 0,097 0.073 0.058 0.048 Male or female under 2, male 80 years and
over

| I P T 0410 0,228 0,136 0.102 0.082 0.069 Male or female under 2 years

Nong ...... bevenias Prreerenes - 0.444 0.667 0.751 0.800 0,833 No sample persoris

Black

Total ...... e e 1.000 1.000 1.000 1,000 1,000 1.000

B-12 oyt 0470 0,261 0,157 0,118 0.094 0.078 All

L Cetrrranenes 0.080 0.045 0.027 0.020 0.018 0.014 Male or female under 12 years, male 40 yoars
and avear, female 60 years and over

F-10 iy ney 0.120 0.066 0.040 0,030 0.024 0.020 Male or female under € years, male or female
60 years and over

2 0.230 0.128 0.077 0,058 0,048 0.038 Male or famale under 6 years, male 60 years and

. over
- N 0,100 0,058 0.033 0,025 0.020 0.017 Male under 1 year, female under & years
None ..... e Cerrrdereraan - 0.444 0.667 0.750 0,800 0.833 No sample psrsons
Mexican-Americant

Total «ivvciiiiaiiiiriiiiiinaisa 1.000 1,000 1,000 1,000 1.000 1.000

13-18 it i 0.800 0.556 0,333 0.250 0.200 0.167 All

13-15 .....0. Citrearaeseraarees 0.200 0.444 0.600 0.450 0.360 0300 Male or female under &, male 60 years and
over

13-14 L iiiren e Verercraaaans - - 0.067 0.225 0.180 0.150 Female under 5 years, male 60 years and over

1< Z O - - - 0.075 0.260 0.383 Male 60 years and over

NOME ¢4 viarncnenronrerenssanyas - - - - - -

Mexican-Amancans can be any race.



Appendix

Tablel. Target diseases and conditions: Third National Health and

Nutrition Examination Survey, 1988-94 National Health and Nutrition Examination Survey, 196894

Table Il. Home examination components for selected age groups: Third

2-11 months 20 years and over
Allergy
Arthrilis Recumbent length Height
Cancer ) Weight Weight
Cardiovascular cflsease . Mid-arm circumference Mid-arm crcumference
Chronic obstructiva pulmonary disease Triceps skinfold Tnceps skinfold
g:ar:a! health Head circumferance
abetes Food frequency {proxy)
Gallbladder disease Caognitive functon’
Hearing Physical function’
Infectious diseases Venipuncture
Kidney disease Interview questions
Mental health Spirometry
Ostepporosis
180 years and over. .
NOTE: Home examifiations are not ofiered to sampie persons i—15 vears.

Table ll. Examination components as conducted in the moblle examination center for each age group: Third National Health and Nutrition Examination

Survey, 1888-94

2 morniths—5 years 619 years 20-39 years 40-59 years 60-74 years 75 years and over
Physlcian exam Physician exam Physician exam Physician exam Physicfan exam Physician exam
Venipuncture' Venipuncture Venipuncture Venipuncture Vemipuncture Venipuncture
Glucose tolerance fest Giucaose tolerance test
Urine specimen Urine specimen Urine specimen Urine specimen Unne specimen
Body measurements Body measurements Body measurements Bady measurerments Body measurements Body measurements
24-hour dietaty recall 24-hour dietary recall 24-hour dietary recall 24-hour dietary recall 24-hour distary recall 24-hour diefary recall
Foed frequency?®
.- Eye fundus photograph Eye fundus photograph Eye fundus photograph
. ECG ECG ECG
- Bioelectrical impedance? Bioelectrical impedance Bioelectrical impedance Bioelectrical impedance  Bioelectrical impedance
. Spirometry* Sprrometry Spirametry Spirometry Spirometry
Dental exam* Dental exam Dental exam Dental exam Dental exam Dental exam
Bone density Bone density Bone density Bone density
.- Hand-knee x ray Hand-knee x ray
Gallbladder ultrasound Gallbladder ultrasound Gallbladder ultrasound
Allergy Allergy® Allergy®
- Audiometry and tympanometry
Physical function Physical function
Proxy intarview Interview Interview Interview Interview Interview
Central nervous Gentral nervous
system test® system test® ..
Cogritive tests

11 year or more.
£12-16 years.
34218 yaars.
4g-19 years.

SProcedure is for half-sample only.

616 years.
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