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| NTRODUCTI ON

The National Health and Nutrition Exam nation Survey (NHANES)
is a periodic survey conducted by the National Center for Health
Statistics (NCHS) of the Centers for D sease Control and Prevention
(CDC). NHANES I11 (1988-94) is the seventh in a series of these
surveys based on a conplex nultistage sanple design. It is
designed to provide national estimates of health and nutritional
status of the civilian noninstitutionalized population of the
United States aged 2 nonths and ol der. Details of the survey
design and questionnaires are published in the NHANES Il Plan and
Operation reference manual (NCHS 1994, U. S. DHHS 1996).

This report presents analytic and reporting guidelines that
shoul d be used for nost NHANES I 1| data anal yses and publicati ons.
Section | describes categories and descriptions of key socio-
denogr aphic variables that are consistent with the survey design
and can be used in anal yses of NHANES |1l data. Section Il presents
t he Census popul ation estimates of the U.S. popul ation that should
be used for estimating the nunber of persons in analytic cells.
Section |11 describes an appropriate procedure for age
standardi zation (age-adjustnent) in NHANES Il anal yses. Section |V
presents an overview of the interview and exam nation response
rates, a sunmmary of nonresponse bias analysis, and application of
imputation to adjust for item nonresponse.

Section V discusses nethods to obtain statistics and

associ ated estimates of standard errors fromthe NHANES ||| data.
We suggest using SUDAAN (Shah 1995) for conputing point and
variance estinates fromthe NHANES ||| data. However, one can al so

use ot her published nethods for variance estimation. A summary of
alternative nethods such as the average design effect approach
bal ance repeated replication (BRR) nethods, or jackknife nethods
for variance estimation is included in this section.

Finally, a copy of the docunent "Joint Policy on Variance
Estimation and Statistical Reporting Standards for NHANES |11 and
CSFI'l Reports" is included in Appendix B (LSRO 1995). Thi s
gui del i ne was devel oped by a group of mathenmatical statisticians
fromthe National Center for Health Statistics of the Centers for
D sease Control and Prevention, and the Agricultural Research
Service of the U S. Departnent of Agriculture (ARS, fornerly known
as HNIS or Human Nutrition Information Service). Al t hough the
report is sonmewhat technical, there is a very wuseful table
presenting mninmm sanple size requirenents for reporting of
findings fromthe NHANES I11.



Because of the conplex survey design used in NHANES 111,
traditional nethods of statistical analysis based on the assunption
of a sinmple random sanple are not applicable. Det ai | ed
descriptions of this issue and possible analytic nethods for
anal yzing NHANES data have been described earlier (NCHS 1985
Yetl ey 1987, Landis 1982, Del gado 1990). Thi s docunent sunmmari zes
the nost recent analytic and reporting guidelines that should be

used for nopst NHANES I11 analyses and publications. These
recommendations differ slightly from those used by analysts for
previ ous NHANES surveys. These suggested guidelines provide a

framework to users for producing estimates that conform to the
anal ytic design of the survey.

It is inportant to renmenber that the statistical guidelines in
this docunent are not absol ute. When conducting anal yses, the
anal yst needs to use his/her subject matter know edge (i ncluding
met hodol ogi cal issues), as well as information about the survey
desi gn. The nore one deviates from the original analytic
categories defined in the sanple design, the nore inportant it is
to evaluate the results carefully and to interpret the findings
cautiously.

In the NHANES 111, 89 survey |locations were randomy divided
into 2 sets or phases, the first consisting of 44 and the other, 45
| ocations. One set of primary sanpling units (PSUs) was all ocated
to the first 3-year survey period (1988-91) and the other set to
the second 3-year period (1991-94). Therefore, unbiased national
estimates of health and nutrition characteristics can be
i ndependently produced for each phase as well as for both phases
conbi ned. Conputation of national estimates from both phases

conbined (i.e. total NHANES I11) 1is the preferred option;
i ndi vi dual phase estimates may be highly variable. In addition
i ndi vi dual phase estimates are not statistically independent. It

is also difficult to evaluate whether differences in individua
phase estinmates are real or due to mnethodol ogi cal differences. That
is, differences may be due to changes in sanpling nethods or data
col l ection net hodol ogy over tine. At this tine, there is no valid
statistical test for examning differences between phase 1 and
phase 2.

NHANES 111 is based on a conplex multistage probability sanple
desi gn. Several aspects of the NHANES design nust be taken into
account in data analysis, including the sanpling weights and the
conpl ex survey design. Appropriate sanpling weights are needed to
estimate preval ence, neans, nedians, and other statistics.
Sanpling weights are used to produce correct popul ation estimates
because each sanple person does not have an equal probability of
sel ection. The sanpling weights incorporate the differential



probabilities of selection and include adjustnments for noncoverage
and nonresponse. A detailed discussion of nonresponse adjustnents
and issues related to survey coverage have been published (Ezzati
1993, Ezzati-Rice 1996, Mntaquila 1996). Wth the Ilarge
oversanpling of young children, ol der persons, black persons, and
Mexi can Anericans in NHANES |11, it is essential that the sanpling
wei ghts be used in all analyses. O herwi se, msinterpretation of
results is highly likely. her aspects of the design that nust be
taken into account in data anal yses are the strata and PSU pai ri ngs
fromthe sanpl e design. These pairings should be used to estimte
variances and test for statistical significance. For weighted
anal yses, anal ysts can use speci al conputer software packages that
use an appropriate nmethod for estimating variances for conplex
sanpl es such as SUDAAN ( Shah 1995) and WsVarPC (Wstat 1996).

Al t hough initial exploratory analyses may be perfornmed on
unwei ghted data with standard statistical packages assum ng sinple
random sanpling, final analyses should be done on weighted data
using appropriate sanpling weights. A summary of the weighting
met hodol ogy and the type of sanpling weights developed for the
NHANES |11l is included in a report previously published (Mbhadjer
1996, U.S. DHHS 1996).



SECTI ON |
Key vari abl es for analysis

The categories and descriptions for the follow ng selected
vari abl es are consistent with the survey design and should be used

in analysis, publication, and presentation of the NHANES Il dat a.
Al so, these descriptions are consistent wth the variable
descriptions for the NHANES Ill public release data and the

“Vari abl es and Suggested Reporting Categories” that were used for
reporting findings in the Third Report on Nutrition Mnitoring in
the United States (LSRO 1995). These categories and descriptions
may be collapsed further for selected anal yses, especially when
three or nore variables are used sinultaneously. The col | apsed
categories defined in this section should be strongly considered
for all NHANES 111 anal yses. For exanple, there are not enough
Mexi can- Amrerican males and females ages 80 years and older to
present any findings with confidence. Thus, this age group nust be
coll apsed with the age group 70-79 years, or both sexes conbi ned
for ages 80 and older. The sane collapsing is recommended for non-
Hi spani c bl acks al so. Any exceptions to these guidelines nust be
used very carefully and there should be substantive reasons for
choosing other categories. The followng list includes proposed
| abel s and SAS variable nanes from the NHANES |1l data file
docunent ati on.

Age: HSAGElI and HSAGEU (Age at interview)

Tot al

2-11 nont hs (DO NOT use < 1 year which includes infants under 2
nont hs)

1-2 years

3-5 years

6- 11 years

12-19 years

20- 29 years

30- 39 years

40- 49 years

50-59 years

60- 69 years

70-79 years

80 years and ol der

These age categories are consistent with the NHANES Il survey
design age groups and should be used in npbst anal yses. Al so,
col l apsi ng of ol der age groups for non-Hi spani c bl acks and Mexi can
Anmericans is recommended due to small sanple sizes (e.g. 60+, or
70+ years).



NOTE: For adults, use 20 years and ol der as a summary category and
use age 20-74 years for "trends" anal yses, since previous NHANES
did not include persons greater than 74 years of age. Age groups
20-29, 30-39, 40-49, 50-59 and 60-74 years are suggested for the
“trends” anal yses with previ ous NHANES and HHANES (H spani ¢ HANES) .
When the sanple size is inadequate to show the detail ed age groups
for adults, 20-39, 40-59, and 60+ years are the preferred age
gr oups.

For youths, the age group 12-19 years will be inadequate for sone
anal yses because of the fact that the Household Adult questionnaire
begins at age 17 years and the Househol d Youth questionnaire ends
at age 16 years.

CGender ( SEX) : HSSEX

Bot h sexes (codes 1-2)
Mal e (code 1)
Femal e (code 2)

For anal yses that include only adults, the terns “Men” and “Wnen”
may be used instead of “Males” and “Fenal es”.

Race: DVARACER

Al'l races (or "Total") (codes 1-3)
White (code 1)
Bl ack (code 2)
O her (code 3)

Note: In general, sanple sizes for the "Qther" race category (code
3) and “Mexican Anerican of unknown race” category (code 8) are
i nadequat e for nost anal yses and shoul d not be shown separately.
Thus, the three reporting categories are: Al races, Wite, and
Black. Use of the term "Total" for "All races" is acceptable
although it is preferable to use the latter term

Race-ethnicity: DMARETHN

Al'l race-ethnic groups (or "Total") (codes 1-4)
Non- Hi spani ¢ white (code 1)
Non- Hi spani ¢ bl ack (code 2)
Mexi can Aneri can (code 3)
O her (code 4)



Note: Wen using this variable, code 4 (all other) includes other
Hi spanics, Asians, and Native Anmericans. The sanple size is too
small to be used analytically and the category is too difficult to
| abel . Therefore, this category should be deleted in all tables.
However, the "All race-ethnic groups” or "Total" category shoul d
include all persons included in the NHANES I11.

Educati on: HFA8R

There are two questions related to education in the household
famly questionnaire of the NHANES [I11. The follow ng
categori zation uses the recoded variable that is based on both
questions A7 and A8 (the nunber of years of education attended and
conpleted) fromthe Household Fam |y questionnaire.

0-8 years
9-11 years
12 years

13+ years

|f the sanple sizes in the first two groups are too small, then
they may be col |l apsed into one category 0-11 years (less than high
school ) .

| ncone: HFF18 and HFF19R

It is wunlikely that income can be reported in the detailed
categories that it was collected in the interview (question F19
from the Household Famly questionnaire). The appropriate
categories are:

< $10, 000
$10, 000- 29, 999
$30, 000- 49, 999
$50, 000 and above

There are a significant nunber of persons who have a m ssing val ue
for incone(greater than 10%.

An alternative reporting variable for incone is question F18 from
the Household Fam |y questionnaire. The mssing data for this
gquestion is less than 2% However, with only two categories, it
will not be useful in many anal yses.

< $20, 000
$20, 000 and above



Poverty index (poverty incone ratio, PIR: DWPIR

This is a calculated variable based on famly income and famly
si ze using tables published each year by the Bureau of the Census
in a series “Current Popul ation reports” on poverty in the United
States. This is the best incone variable to use when conparing data
over time because it is "relatively" standardized for inflation and
other factors. However, the nethod of cal cul ati on has been changed
slightly over time. The primary reporting categories are:

0. 000- 0. 999 (Bel ow poverty)
1. 000 and above (At or above poverty)

Again, there are a significant nunber of persons for whom this
vari abl e cannot be cal cul at ed.

For sone specific analyses, use of USDA food assistance program
(Speci al Supplenental Nutrition Program for Wnen, Infants, and
Children (WC), Food Stanp Program School Lunch and Breakfast
Progranms) eligibility cut points of 1.300 or 1.850 is acceptable.
The categories to use in these options are:

0. 000- 1. 300 (Low)
1.301- 3. 500 (M ddl e)
3.501 and above (High)
or

0. 000- 1. 850 (Low)
1.851- 3. 500 (M ddl e)

3.501 and above (High)

Regi on: DVPCREGN (Census regi on)

Nor t heast (code 1)
M dwest (code 2)
Sout h (code 3)
West (code 4)

These four regions are defined by the Census and can be conbi ned
as needed in anal yses. For exanple, sanple size may be too snal
for Mexican Anericans in the Northeast or the M dwest regions
therefore, codes 1 and 2 can be conbined in sone anal yses.



Metropolitan status(MSA): SDPPVSA (1984 definition of NMSA)

MSA
Non- MSA

The term nol ogy, definition, and boundaries of an SMSA (Standard
Metropolitan Statistical Area, Census 1980) or MSA (Metropolitan
Statistical Area, Census 1990), designated by the Ofice of
Managenent and Budget based on netropolitan characteristics of a
| ocation, were changed between the 1980 and 1990 Census’. For
consistency in analyses, we selected the definition of MSA as
defined in 1984. This is a variable from a Census file which
defines the 1984 MSA status for the survey |ocations selected in
the NHANES 111.



SECTI ON ||
Census popul ation estimates

The target (or reference) population for NHANES I11, Iike
previous NHANES, is the civilian noninstitutionalized popul ati on of
the United States. The age group covered by the NHANES Il was 2

nmont hs and ol der which was slightly different from the previous
NHANES surveys. The mdpoints of the phase 1 and phase 2 of NHANES
11 were March, 1990 and March, 1993, respectively. These dates
correspond closely to the date of the 1990 Decennial Census. In
addition, four race-ethnicity categories were used in the NHANES
1l weighting procedures (also recommended for data analysis):
non- H spani ¢ whites, non-H spanic blacks, Mexican Anericans and
ot hers. Because no separate estinmates are available for Mexican
Americans from the 1990 Decennial Census, population control
estimates for the civilian noninstitutionalized population fromthe
Current Popul ation Survey (CPS) of March 1990 (table 2.1) and March
1993 (table 2.2) were used to ratio-adjust (post-stratify) the
final sanpling weights for phase 1 and phase 2 of the NHANES |1 |
respectively. These unpublished CPS estimates are adjusted for
under count of selected mnority subdomains of the U S. popul ati on.
Thus, phase 1 sanpling weights add up to the undercount adjusted
March 1990 CPS totals for the <civilian noninstitutionalized
popul ation of the U S. (247 mllion), and phase 2 sanpling weights
add up to the undercount adjusted March 1993 CPS totals for the
civilian noninstitutionalized population of the U S. (255 mllion).
The corresponding total population for the Census 1990 was 243
mllion.

The m dpoint of the NHANES Il was Cctober, 1991. To account
for the variation in the U S. popul ation over two phases, the final
NHANES 11 sanpling weights in the conbined 6-year sanple were

conputed as one-half of the sanpling weights associated with the
i ndi vi dual phases. The sum of these final sanpling weights (see
table 2.3) was 251 mllion, which was again different fromthe 1990
Decenni al Census popul ati on estimate for t he civilian
noni nstitutionalized population. References and nore detailed
tables with nonthly estinmate of the U S. popul ati on by age, gender
and race-ethnicity including the 1990 Census counts are avail abl e
on the Internet home page http://ww. census. gov under “popul ation
estimates” in the section under the topic “A-Z".

The population estinmates presented in tables 2.1-2.3
(unpubl i shed undercount adjusted CPS estimates of the civilian
noni nstitutionalized population of the US.) are the nost
appropriate totals for the NHANES 111, and should be used for
calculating the nunber of persons with a certain condition or
disease in the U S. The CPS popul ation estimate is what was used
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Table 2.1: WMarch 1990 undercount adjusted CPS totals

Q her” Non- Hi spani ¢ bl ack Mexi can Aneri can
Age(vears) Mal e Fenal e Mal e Fenal e Mal e Fenal e
2-11 nont hs* 1, 287,784 1, 220, 410
1to 2** 2, 980, 860 2,822,836 892, 888 866, 286 530, 908 489, 043
3to5 4,374, 435 4, 140, 866 911, 942 907, 764 524,592 533, 892
6 to 11 8, 629, 062 8, 152, 429 1,737,184 1,706, 130 962, 604 948, 191
12 to 19 11, 042,440 10,581, 409 2,170,730 2,206,642 1,194,780 1,122, 249
20 to 29 15, 688,213 16, 154, 034 2,298,654 2,884,582| 1,813, 637 1, 399, 015
30 to 39 16, 935,511 17, 257, 300 2,249,528 2,727,221} 1,197,281 1,100, 591
40 to 49 13,113,718 13,505,554 1,505,460 1,798, 189 688, 142 664, 344
50 to 59 9, 011, 922 9, 529, 197 934,498 1,196,918 367, 641 397,611
60 to 69 8, 299, 588 9, 707, 882 756,011 1,036,274 247,222 286, 985
70 to 79 5, 051, 094 7,115, 632 408, 199 618, 495 109, 853 136, 976
80 and over 1, 803, 494 3,422, 850 160, 823 301, 362 30,777 38,742
18 and over 74,953,106 81,213,937 9, 289, 883 11, 650, 404| 5, 250, 589 4,897, 286
18 to 39 35,212,726 35, 628, 856 5,203,821 6, 282,854]| 3,514,531 3,082, 745
40 to 59 24,103,817 24,936,741 2,717,786 3, 329, 443| 1,296,774 1,274,973
60 and over 15, 636,563 20, 648, 340 1,368,276 2,038,108 439, 283 539, 568
Al | ages 98,218,122 103,610, 397 14, 025,917 16, 249,863] 7, 667, 437 7,117, 640
Tot al 246.889. 375

8 ot her= persons other than non-Hi spanic black or Mexican Anerican
* These totals represent 5/6 of the total white/other popul ation

estimate for the infants under 1 year

** Totals for mnority children under 3 years represent 17/18 of
the total population estimate for the subgroup

Sour ce: Unpubl i shed undercount adjusted population control
estimates, Current Popul ation Survey, U.S. Bureau of the Census,

U.S. Departnent of Commerce.
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Tabl e 2. 2:

March 1993 undercount adjusted CPS total s

Ct her > Non- Hi spani ¢ Bl ack Mexi can Anmeri can
Age(vears) Mal e Fenmal e Mal e Fenmal e Mal e Fenmal e
2-11 nont hs* 1, 220, 009 1, 195, 902
1to 2** 3, 084, 848 2, 938, 969 987, 818 923, 857 665, 129 597, 756
3to 5 4,524, 065 4,268, 933 959, 781 969, 256 601, 980 592, 474
6 to 11 8, 932, 943 8, 338, 142 1, 803, 866 1,759,779 1,033,780 1,050,243
12 to 19 11, 048,058 10, 564, 791 2,211,922 2,230,171 1,165,540 1,224,296
20 to 29 14, 928,357 15, 138, 441 2, 305, 254 2,841,098 1,842,996 1,519,812
30 to 39 17,657,521 17,937,053 2,403, 677 2,904, 261 1, 355,338 1, 246, 844
40 to 49 14, 498,177 14,877,962 1, 726, 460 2,061, 222 862, 454 794, 680
50 to 59 9, 605,640 10,058,779 991, 326 1, 268, 221 434, 320 480, 294
60 to 69 8, 107, 318 9, 350, 120 754, 936 1, 058, 620 271,513 330,910
70 to 79 5,474,728 7,453, 251 461, 172 661, 716 122, 209 140, 951
80 and over 2,054, 518 3, 844, 970 152, 168 317,772 45,561 67, 707
18 and over 74,953,106 81, 213,937 9, 289, 883 11, 650, 404| 5,250,589 4,897, 286
18 to 39 35,212,726 35, 628, 856 5, 203, 821 6,282,854| 3,514,531 3,082,745
40 to 59 24,103,817 24,936, 741 2,717,786 3,329, 443| 1,296,774 1,274,973
60 and over 15, 636,563 20, 648, 340 1, 368, 276 2,038, 108 439, 283 539, 568
Al | ages 101, 136,181 105,967,312 14, 758, 382 16, 995, 971] 8,400,819 8, 045, 966
Tot al 255, 304, 631

8 ot her= persons other than non-Hi spanic black or Mexican Anerican

* These totals represent 5/6 of the total
estimate for the infants under
mnority children under
popul ation estimate for the subgroup

** Totals for

t he total

Sour ce:
esti mat es,

Unpubl i shed

under count
Current Popul ation Survey, U S

U.S. Departnent of Commerce.

1 year
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adj ust ed

whi t e/ ot her

3 years represent

popul ati on
Bureau of the Census,

popul ati on

17/ 18 of

contr ol



Table 2.3: Population totals from conbi ned 6-year sanple by age, gender, and race-ethnicity,
NHANES |11, 1988-94
Age(years) Non- Hi spanic white Non- Hi spani ¢ bl ack Mexi can Ameri can O her Tot a

Mal e Fenmal e Mal e Fenal e Mal e Fenal e Mal e Fenal e popul ation
2-11ront hs 1,087,948 1,022,490 292, 652 255,744 188,980 150, 760 165,949 185, 667 3,350, 188
1-2 2,586,688 2,568, 738 647,701 639, 327 409, 038 392, 640 446,166 312, 164 8,002, 463
3-5 3,867,692 3,576,723 935, 862 938,510| 563, 286 563, 183 581,558 628,177| 11, 654,990
6-11 7,808,033 7,401,349| 1,770,525 1,732,954 998,192 999, 217 972,969  843,937| 22,527,176
12-19 9,795,497 9,208,607| 2,191,327 2,218,406|1,180,160 1,173,272| 1,249,752 1,364,492 28,381,514
20-29 13, 340, 788 14,032,118 2,194,990 2,776, 2841, 785,795 1,462,678| 1,967,497 1,614,120| 39, 174, 269
30-39 15,492, 738 15,745, 424| 2,433,567 2,902, 296(1, 318,832 1,170,452| 1,803,778 1,851, 752| 42,718,838
40- 49 12,895,086 12,644,242 1,641,005 1,995,794| 795,346 757, 632 910, 861 1, 547,516 33,187, 483
50- 59 8,551, 440 9,112,707 937,867 1,166,482 380,932 410, 833 757,342 681, 281| 21,998, 882
60- 69 7,740,932 8,915,681 773,533 1,015,525| 252,188 326, 141 462,520 613, 319| 20,099, 840
70-79 5,033,323 7,049, 276 435, 122 642,775 116, 067 122, 989 229,588  235,166] 13,864, 305
80+ 1,857,333 3,545,878 138, 000 338, 819 45, 313 52, 006 71,673 88, 032 6, 137, 053
Al | 90,057,499 94 823 234] 14 392 149 16,622 916 8 034, 129 7,581,802 9 619 653 9 965 622 251, 097, 002
Source: The NHANES Il data file, 1988-94
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SECTION 11
Age- adj ust ment and trends anal yses

Age-adjustnent is inportant for trends anal yses across NHANES
surveys, and also for conparisons across race-ethnic subgroups
within NHANES I1l. It was decided that for conparison of data
bet ween NHANES surveys, the 1980 Census popul ati on woul d be used as
the standard population (MMIllen and Senpos, unpubl i shed
menor andum 1985). Since the choice of a standard population is
sonmewhat arbitrary, for consistency, we recommend that the sane
standard popul ation from the 1980 Census should be used for al
NHANES |11 anal yses and al so for trends anal yses.

Fol | ow ng are proportions based on the 1980 Census that shoul d
be used in analyses consisting of age groups 20 years and ol der
(see table A1 for the 1980 age distribution, and table A 2 for
1980 civilian noninstitutionalized popul ation counts by single year
of age in Appendix A ) In SUDAAN (Shah 1995) these proportions are
used with statenents STDVAR and STDWGT, where STDVAR |ists the nane
of the variable with age categories used in standardization and
STDWGT |ists the correspondi ng proportions fromthe 1980 Census.

Age G oup Proportion
20- 29 0. 2650
30- 39 0. 2046
40- 49 0. 1477
50- 59 0.1514
60- 69 0.1225
70-79 0. 0752
80 + 0. 0336

The foll ow ng proportions based on the 1980 Census data are to
be used for trends anal yses (ages 20-74 years only) between NHANES
surveys.

Age G oup Proportion
20- 29 0. 2834
30- 39 0.2188
40- 49 0. 1579
50- 59 0. 1618
60- 74 0.1781

13



It is also inportant to include, when possible, age-specific
estimates along with age-adjusted estinmates in any publication; so
that the user can easily evaluate the possible differences in age-
adjusted rates versus crude rates. If it is not possible to report
both sets of data in a publication, then the choice of crude (or
age-specific) versus age-adjusted data should be nmade based upon
the primary focus of the manuscript.

Furthernore, it is inmportant to renenber that the Mexican-
American popul ation group is nmuch younger than the non-Hi spanic

white and non-Hi spanic black popul ations. If the variable of
interest varies substantially by age within race-ethnic categories,
t he age-standardized estimates wll be nore appropriate for

conparison by race-ethnic categories. However, if nost of the age-
specific estimates are unstable due to small sanple sizes (or have
hi gh coefficients of variation), then the age-standardi zed esti mate
will not be reliable. In general, the above nethods for age-
adj ustment shoul d be used for all NHANES Il1 rel ated anal yses. Al
deviations from these procedures should be docunented in the
publication so that anal yses can be replicated in the future.
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SECTION |V
Nonr esponse bias analysis and inputation

NHANES 111, |ike nost popul ati on-based sanpl e surveys based on
voluntary participation, experiences both unit and item
nonresponse. The unit or total nonresponse generally occurs due to
refusal or non-participation by persons selected in the survey.
| t em nonr esponse occurs due to refusal or unwillingness to respond
to specific questions or itens. In the NHANES |11, denographic,
soci oeconom ¢, and medi cal history information are collected
t hrough household interviews. After the initial househol d
interview, participants are invited to specially equi pped Mbile
Exam nation Centers (MECs) for standardi zed physical exam nations
to collect data on physical neasurenents, physiological tests, and
bi ochem cal neasurenents from bl ood and urine specinens. Details
of the questionnaires and exam nati on conponents are published in
the NHANES 111 Plan and Qperation reference manual (NCHS 1994, U. S
DHHS 1996). Mssing data in NHANES |11 result fromunit nonresponse
to household interviews and physical exam nations, nonresponse to
exam nation conponent, and item nonresponse due to refusal or non-
conpletion of tests/nmeasurenents w thin exam nation conponents.
Data are al so m ssing because participants with preselected health
conditions were excluded for nedical safety from selected
exam nat i ons.

In NHANES 111 (1988-94), unit nonresponse to the household
interview was 14 percent, and an additional 8 percent did not
participate in physical examnations at the MECs. It is comon
survey practice to conpensate for unit nonresponse through
wei ghting class adjustnents. A three-stage nonresponse adj ust nent
was used in NHANES Ill and described in the Wighting and
Esti mati on Met hodol ogy report (U. S. DHHS 1996, Mohadjer 1996). In
addition to unit nonresponse, NHANES |11 al so experienced numnerous
levels of item nonresponse. In the household interviews, item
nonresponse to specific interview questions ranged from 1-5
percent. The conponent |evel nonresponse in the MEC ranged from 1-
16 percent. Additional item nonresponse to various neasurenents
wi thin individual exam nation conponents ranged from 0-8 percent
anong exam ned persons, varying substantially by the age of
exam nee and type of exam nation

The potential for bias increases as the response rate
decreases. To achi eve higher response rates, NHANES IIl enpl oyed
several field procedures including extensive outreach and
publicity, and incentives to sanple persons such as cash,

"certificate of appreciation', and "reports of findings". A
guideline to assess the | evel of nonresponse and eval uate potenti al
bias due to unit and item nonresponse in the NHANES IIl are
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publ i shed el sewhere (Khare 1995, U S. DHHS 1994). The report

“Accounting for itemnonresponse bias in NHANES I11” suggests that
bot h wei ghted and unwei ghted response rates are inportant for data
anal yses. Wei ghted response rates are nore appropriate in

exam ning the potential effect of nonresponse on survey estimates.
Since estimates are based on weighted data, weighted response
rates provide better clues to potential data quality problens. The
magni t ude of the weighted response rates should be consi dered when
drawi ng conclusions from the sanple estimates. In the follow ng
section, we present findings fromthe analysis of unit nonresponse
to househol d i ntervi ew and exam nati ons.

| tem nonresponse is generally handled by single or multiple
inmputation (Kalton 1983, Ezzati-R ce 1994). |Inputation nethods
substitute the mssing itens with one or nore plausible values from
simlar units in the dataset or with predicted val ues obtained from
a nodel, thus making it possible to use analytic nethods for
conplete data. Special attention is given to the inputation
process, inputed values, and margi nal and overall distributions of
the data. If inputations are not done carefully, they can introduce
nmore bias instead of reducing bias. In NHANES I11, single
i nputation was done for a few selected itens by substituting
simlar values fromother sources within the NHANES Il interview
or examnation. Details of the inputation procedure for inputed
variables in the NHANES IlIl are included in the notes section for
the associated variable in the docunentation of the NHANES I1| data
file.

Additionally, for research purposes, a nodel-based multiple
i nputation nmethod was inplenmented in NHANES |1l for selected MEC
measurenents (Schafer 1993, Schafer 1996). This inputed dataset
with me5 inputations will be rel eased separately fromthe conplete
NHANES |11 data and will be available to researchers upon request
for special projects. Inquiries can be addressed to the authors
listed in Schafer (1993).

Response rates

All  persons selected to participate in NHANES 11l were
screened for basic denographic characteristics such as age, gender,
and race-ethnicity prior to selection in the sanple. Thus, the
screening rate for this denographic information was 100 percent
with approximately 7 percent of the information obtained from
nei ghbors. Information fromtwo nei ghbors or "sources" was required
before a screener interview was declared "conplete" in this
situation. Al selected persons who conpl eted presel ected sections
of the household interview questionnaire were defined as
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interviewed and all interviewed persons who conpl eted one or nore
exam nation conponents in the MEC were defined as MEC exam ned.

For the first time in NHANES IIl, frail persons or persons who
were unable to cone to the MEC were of fered an abbrevi ated physi cal
exam nation at their honme. The hone examnation was limted to
infants and ol der persons aged 60 years or above. Interviewed
persons who conpleted at |east one test or examnation at their
home were defined as honme exam ned. The home exam nation i ncl uded
a very small subset of the contents of the MEC exam nation
Therefore, analysts should be extrenely careful in deciding whether
a measurenent or response to a question collected in the MEC and
the home exam nations could or could not be conbined in anal yses.
The notes section of the data file docunentation includes warning
for home exam nation nmeasurenents when they can or can not be

combined with the corresponding MEC mneasurenents. Table 4.1
presents a sunmmary description of the NHANES Il sanpl e.

Table 4.1: Summary of NHANES |1l sanple at each stage of sel ection
Nurmber of individual PSUs 81

Nunmber of self-representative PSUs 13

Nunber of non-self-representative PSUs 68

Nunmber of survey | ocations 89

Nunmber of area segnents 2,114

Nunmber of househol ds screened 93, 653

Nunmber of househol ds with SPs 19, 528

Nunmber of Sanpl e Persons (SPs) 39, 695

Nunmber of interviewed persons 33,994

Nunber of MEC exam ned persons 30, 818

Nunmber of hone exam ned persons 493

I ntervi ew and exam nati on nonresponse

Tables A 3-A. 7 in Appendix A present the unweighted and
wei ghted interview and exam nation response rates by selected
soci o-denogr aphi ¢ characteristics. The weighted response rates
were conputed using the post-stratified basic weights (inverse of
probability of selection). O the 39,695 persons selected and
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screened in NHANES |11, 14 percent did not participate in the
househol d interview portion and an additional 8 percent were not
exam ned at the MECs (see table A .3). This resulted in 82 percent
wei ghted interview response and 73 percent wei ghted MEC exam nati on
response rates. The primary reasons for nonresponse were refusal
or inability to participate. Tables A 4-A 6 show sanpl e sizes, and
wei ghted (using post-stratified basic weights) and unweighted
interview and examnation response rates by selected socio-
denmographic characteristics. As shown in tables A6 and A 7,
characteristics of persons who refused the interview or exam nation
varied substantially by age, gender, race-ethnicity, household
Si ze, geographic region, and survey |location. Table A 7 conpares
the distribution of selected characteristics anbng exam nation
respondents and nonrespondents. A large negative difference in
proportions within a category indicates a potential for bias due to
under-representati on of persons in that category.

| nterview and exam nation response rates decreased as age
i ncreased. Response rates were | owest anong ol der persons aged 60
years or older. To nmaximze participation in the NHANES 111,
mul ti ple persons were selected from a household based on their
denographic characteristics. Interview and exam nation response
rates were positively correlated with the househol d size. Persons
l[iving in Northeast wurban netropolitan cities had a |ower
participation rate than persons living in other |ocations. Non-
Hi spanic white persons had a |lower participation rate than non-
H spani ¢ bl acks or Mexi can Americans. Non-H spani ¢ white wonen aged
80+ years and living alone had the highest nonresponse to the
exam nati on

In addition to 30,818 MEC exam ned persons, 493 (1 percent)
persons (primarily aged 80 years and ol der) were examned in their
honme and had an abbrevi ated physical exam nation (only for the few
conponents that were included in the Hone Exam). Thus, the "MEC
pl us Hone" exam ned persons sanple size increased to 31,311(79
percent) and the overall exam nation response rate increased by 1
percent. Wien hone exam ned persons were included in the exam ned
sanple, the examnation response rate anong ol der persons aged 80
years and above increased by 10 percent.

To reduce potential for bias in estinmates due to differential
nonresponse by these denographic and geographic characteristics,
final interview and exam nation sanpling weights were adjusted for
nonr esponse using the weighting class adjustnent nethod. In the
wei ghting class adjustnent nethod, first, honogeneous cells were
created by using denographic categories defined by age,
race/ethnicity, and household size. Then assuming that
characteristics of respondents and nonrespondents will be simlar
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in those cells, post-stratified basic weights were adjusted for
nonresponse to interview and examnations. At the exam nation
stage, we also adjusted for nonresponse by self reported health
status to reduce potential for bias anong ol der persons who
reported poor/fair health status in the interview Al so, to reduce
bias due to geographic location, sanpling weights were ratio-
adjusted to the population totals reported by the Census by region
and MSA status. Details of the weighting nethodol ogy used in the
NHANES 1l are published in a report (U S. DHHS 1996).

Conmponent and |tem nonresponse

In NHANES |11, nore than 20 different exam nations and tests,
referred to as conponents, were conducted in the MECs. These
conponents were assigned to persons based on their age. The
conmponent nonresponse varied substantially by denographic
characteristics of the participants and the type of conponent. The
primary reasons for non-conpletion of an exam nati on conponent was
refusal or inability to participate. Al so, for nedical safety,
participants with selected health conditions were excluded from
sel ected exam nations (e.g., wonmen with confirned or suspected
pregnancy were excluded from the bone densitonmetry test). The
conponent nonresponse ranged from 1-16 percent anong exam ned
persons and item nonresponse wthin individual conponent ranged
fromO0-8 percent, varying significantly by age.

Table A.8 in Appendix A shows the pattern of nonresponse in
MEC conponents anong exam ned persons. These unwei ghted rates were
conmputed from an unedited admnistrative file and are not the
actual component conpletion rates. Final conponent item nonresponse
rates nust be conputed fromthe data file for the neasurenent of
interest. Table A 8 shows that phlebotony, fundus photography of
the eye, spironetry, and bone densitonetry had the highest non-
conpletion rate. In phlebotony, non-conpletion was highest anong
children under 5 years and anong ol der persons ages 60+ years.
Ref usal by parents to obtain blood fromyoung children and failure
to obtain bl ood speci men from ol der persons were the nain reasons
for the phl ebotony nonresponse. In fundus photography, highest non-
conpletion rate was anong ol der persons because they were unable to
hold their head or eye still, or their eyes did not dilate in the
allotted time for a good gradabl e photograph. For the spironetry
conponent, higher non-conpletion rates occurred because eligible
persons either could not blow harder or did not understand the
instructions to conplete the test. Also, a higher proportion of
persons had inconplete spironetry tests because they could not
satisfy the preselected criteria for a conplete and satisfactory
test based on nunber of reproducible curves. However, a portion of
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these data are usable in anal yses. For bone densitonetry, the non-
conpl etion rate was hi ghest anmong wonen of chil dbeari ng age because
of the nedical safety exclusion. Whnen with confirnmed or suspected
pregnancy were excluded fromthe test.

These analyses show that conponent nonresponse varied
substantially by the denographic characteristics of persons which
suggests a potential for bias in sone estimates. The potential for
bias is greater when the characteristics of participants are
different from those of nonparticipants in a survey. Survey
estimates should be evaluated for potential nonresponse bias and
properly adjusted for nonresponse in order to reduce bias (Ezzati -
Ri ce 1996, Kalton 1986, Row and 1993). Also, if avail able, reasons
for nonresponse should be taken into account and reported when
anal yzing data and interpreting results.
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SECTI ON V
Anal ysis and estimation

Because of the conplex survey design used in NHANES 111,
traditional nethods of statistical analysis based on the assunption

of a sinple random sanple are not applicable. A copy of the
docunent "Joint Policy on Variance Estimation and Statistical
Reporting Standards for NHANES |1l and CSFIl Reports"” is included

in Appendi x B (LSRO 1995). This guideline was devel oped by a group
of mathematical statisticians fromthe National Center for Health
Statistics of the Centers for Di sease Control and Prevention, and
the Agricultural Research Service of the U S. Departnment of
Agriculture (ARS, fornmerly known as HNIS or Human Nutrition
I nformation Service). Although the report is sonewhat technical,
there is a very wuseful table presenting mninum sanple size
requirenments for reporting of findings from the NHANES II1l. A
m ni mum sanpl e size of 30 is recommended for reporting any nean,
proportion, percentile, and variance under the sinple random sanple
assunption. That report also describes how to use the table for
conpl ex sanple surveys wth design effects greater than one
(applicable to all NHANES surveys) or for estimating nmeans and
ot her point estimates from highly skewed distributions. It also
di scusses the special problemof variance estinmation from conpl ex
survey designs (applicable to all NHANES surveys).

If mninumsanple size requirenents are satisfied in analytic
domai ns, a confidence interval can be conputed using a normnal
approxi mation as (p + Z*s), where p is the statistic of interest,
z is the value of the normal deviate with a selected |[|evel of

significance (e.g., Z=1.96 can be wused for the 95 percent
confidence interval), and s is an estinmate of the sanpling error of
p under conplex sanple design. Wen sanple size is small, Z can be

replaced by a value froma t-distribution. For the t-value froma
t-distribution and a selected | evel of significance, n-L degrees of
freedom (where n= total nunber of PSUs with analytic data, and L is
the nunber of strata), can be used in conputing the confidence
interval (see SUDAAN 1995). Findings fromcontinuing research on
issues related to stability of variance estinmates and conputation
of confidence intervals to estimate uncertainty in subdomai ns of
the NHANES |1l are published elsewhere (Eltinge 1995, Eltinge
1996) .

Furthernore, before analyzing the NHANES |11 data, analysts
shoul d conduct sinple exploratory anal yses to evaluate distribution
of the observed data, to identify potential outliers, to assess
effect of unit and item nonresponse, and to determ ne the extent of
m ssing data. We suggest exam nation of outliers for both data
values and sampling weights. Occasionally, extrenely |large
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measur enent val ues ('t hat may be valid values) wth very |arge
sanmpling weights can have significant effects on estimtes and
concl usi ons. As a general practice, such outliers should be
reported and may be excluded from the analyses for wvalid
i nferences. Analysts should use their subject-nmatter know edge to
deci de whether to include or exclude these outliers in analyses.
When evaluating the extent of m ssing data, if a |large proportion
of data is found to be m ssing, analysts should decide if further
adjustnents or inputation are needed to conpensate for m ssing
information (Kalton 1986).

These suggested guidelines provide a franework to users for
produci ng estimates that conform to the analytic design of the
survey. Wien conducting anal yses, the anal yst needs to use his/her
subj ect matter know edge (includi ng net hodol ogi cal issues), as well
as information about the survey design. The nore one deviates from
the original analytic design, of the survey the nore inportant it
is to evaluate the results carefully and to interpret the findings
cautiously.

Agai n, we suggest using sanpling weights in anal yses of the
NHANES I11 data to account for differential probability of
sel ection, nonresponse, and noncoverage. In this section we present
met hods to conpute national statistics and associ ated estimates of
standard errors fromthe NHANES |11 data.

Wei ghting and estimation

The purpose of weighting the sanple data is to permt anal ysts
to produce estimates of statistics that woul d have been obtained if
the entire sanpling frame (the United States) had been surveyed.
Sanpling weights can be considered as neasures of the nunber of
persons the particular sanple observation represents. Wighting
takes into account several features of the survey: the specific
probabilities of selection for the individual domains that were
oversanpl ed, as well as nonresponse and differences between the
sanple and the total U S. population. Di fferences between the
sanpl e and the population nmay arise due to sanpling variability,
differential undercoverage in the survey anong denographi c groups,
and possibly other types of response errors, such as differenti al
response rates or msclassification errors. Sanple weighting in
NHANES |11 was used to acconplish the foll ow ng objectives:

1. To conpensate for differential probabilities of selection
anong subgroups (age-sex-race-ethnicity subdonains;
persons living in different geographic strata sanpled at
different rates);
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2. To reduce biases arising from the fact t hat
nonrespondents may be different from those who
partici pate;

3. To bring sanple data up to the di nensions of the target
popul ation totals;
4. To conpensate, to the extent possible, for inadequacies

in the sanpling frame (resulting fromom ssions of sone
housing units in the listing of area segnents, om ssions
of persons wth no fixed address, etc.); and

5. To reduce variances in the estimtion procedure by using
auxiliary information that is known with a high degree of
accuracy.

In NHANES 111, the sanple weighting was carried out in three
st ages. The first stage involved the conputation of weights to
conpensate for unequal probabilities of selection (Objective 1
above). The second stage adjusted for nonresponse ((Qbjective 2).
The third stage used poststratification of the sanpling weights to
Census Bureau estimates of the U S. population to acconplish the
third, fourth, and fifth objectives sinmultaneously. In NHANES I
several types of sanpling weights(see table 5.1) were conputed for
the interviewed and exam ned sanple and are included in the NHANES
1l data file. A so, sanpling weights were conputed separately for
phase 1 (1988-91), phase 2 (1991-94), and total NHANES Il (1988-
94) to facilitate analysis of itens collected only in phase 1, only
in phase 2, and over 6 years of the survey. Three sets of pseudo
strata and PSU pairings are provided to use with SUDAAN i n vari ance
estimation. Users or analysts should use appropriate sanpling
wei ghts in their anal yses (see table 5.1).

Since NHANES |11l is based on a conplex nultistage sanple
design, appropriate sanpling weights should be used in analyses to
produce national estimates of preval ence and associ ated vari ances
whi |l e accounting for unequal probability of selection of sanple
persons. For exanple, the final interview weight, WPFQX6, should
be used for analysis of the itens or questions fromthe famly or
househol d questionnaires, and the final MEC exam nation weight,
WIPFEX6, should be used for analysis of the questionnaires and
measurenents admnistered in the MEC. Furthernore, for a conbi ned
anal ysis of neasurenents fromthe MEC exam nati ons and associ at ed
medi cal history questions fromthe household interview, the final
MEC exam nati on wei ght, WPFEX6, shoul d be used. W recomrend usi ng
SUDAAN (Shah 1995) to estimate statistics of interest and the
associ ated vari ance. However, one can al so use other published
met hods for variance estimation. Application of SUDAAN and
alternative nethods such as the average design effect approach
bal ance repeated replication (BRR) nethods, or jackknife nethods
for variance estimation are discussed in the follow ng section.
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Tabl e 5. 1:

Appropriate uses of the NHANES |1 |

sanpling wei ghts

Sanpl i ng wei ght

Appl i cation

Fi nal interview
wei ght, WIPFQX6

Fi nal exam (MEC only)
wei ght, WIPFEX6

Fi nal MEC+Honme exam
wei ght, WIPFHX6

Final Allergy weight,
WIPFALGB

Fi nal CNS wei ght,
WI'PFCNS6

Final norning exam
(MEC only) subsanpl e
wei ght, WIPFSD6

Fi nal afternoon/
eveni ng exam ( MEC
only) subsanple
wei ght, WIPFNMD6

Final norning exam
( MEC+Hone) subsanpl e
wei ght, WIPFHSD6

Fi nal afternoon/
eveni ng exam

( MEC+Hone) wei ght,
WI' PFHVD6

Use only in conjunction with the sanple interviewed
at home, and only with itens collected during the
househol d interview.

Use only in conjunction with the MEC exani ned
sanple, and only with interview and exam nation
items collected at the MEC

Use only in conjunction with the MEC+tHone exam ned
sanple, and only with itens collected at both the
MEC and hone.

Use only in conjunction with the Allergy subsanpl e,
and only with itens collected as part of the allergy
conponent of the exam

Use only in conjunction with the CNS subsanple, and
only with itens collected as part of the CNS
conponent of the exam

Use only in conjunction with the MEC exani ned
persons assigned to the norning subsanple, and only
with itens collected in the MEC exam

Use only in conjunction with the MEC exani ned
persons assigned to the afternoon/eveni ng subsanpl e,
and only with itens collected in the MEC exam

Use only in conjunction with the MEC and home

exani ned persons assigned to the norning subsanpl e,
and only with itens collected during the MEC and
home examni nati ons.

Use only in conjunction with the MEC and home

exani ned persons assigned to the afternoon/evening
subsanple, and only with itens collected during the
MEC and hone exami nations.
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Vari ance estimation

Total NHANES II| estimates

Wen data are collected as part of a conplex sanple survey,
care is needed to produce approximtely unbiased and design-
consi stent estimates of variances analytically. In a conplex
sanpl e survey setting, variance estimtes conputed using standard
statistical software packages that assunme sinple random sanpling
are biased. The effect of conplex sanple design on variance
estimates is called the design effect. It is defined as the ratio
of the variance of a statistic from a conplex sanple to the
vari ance of the sane statistic froma sinple random sanple of the
sane size. A design effect of one suggests the equality of the
si npl e random sanpl e vari ance and the conpl ex sanpl e vari ance.

When design effects are unstable within domains of interest
for a variable, the average design effect for the selected
variable is defined as the average of the design effects for that
variable fromthose domains of interest. However, the design effect
of a survey is the average of the average design effects for
several variables selected from the survey. Design effects in
NHANES have traditionally been higher than one, and the nmagnitude
of the design effects has been variable. In NHANES | and NHANES |1,
t he average design effect was about 1.5. Prelimnary anal yses from
NHANES 111 indicated that the average design effect m ght be | ower
(approximately 1.2 or 1.3). However, there are many instances
where the design effect is higher. Design effects in the NHANES |1 |
vary substantially by variable and domain of interest.

Two common approaches are available for estinmation of
vari ances and conputing design effects for conplex survey data:
linearization and replication. W recomrend using SUDAAN ( Shah
1995) for the linearization approach and WsVar PC (Westat 1996) for
the replication approach. |In the linearization approach, nonli near
estimates are approximated by linear ones for the purpose of
variance estimation. The linear approximation is derived by taking
the first order Taylor series approximation for the estimtor.
Standard variance estimation nethods for linear statistics are then
used to estimate the variance of the linearized estimator.

Followng is a sanple programin SAS (1990) using SUDAAN to
estimate the preval ence of a disease (where the outcone variable
MECGSD is coded as 0-1) and the associated standard errors by
denogr aphi ¢ categories with recoded val ues of age, sex, and race-
ethnicity. This program uses the 6-year data and MEC exam nati on
wei ghts WIPFEX6 for conputing the national preval ence estimate. |t
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is required for all analyses using SUDAAN to sort the input data by
strata (e.g., SDPSTRA6) and PSU pairings (e.g., SDPPSU6) prior to
anal ysi s. Al so, all classification variables should be recoded
wi th consecutive nunbers starting fromnunber 1 (SUDAAN may produce
errors if there are mssing category value or category values are
coded as zero) and the outcone variable should be recoded to a
zero-one variable (or as 0/100 for prevalence in percents) to
obtain preval ence as a proportion between 0 and 1. Although PRCC
CROSSTAB can be used for estimating preval ence and standard errors
from categorical data, we wused PROC DESCRIPT for conputing
preval ence in this exanple.

**NOTE: ALWAYS SORT THE | NPUT ANALYTI C FI LE BY SDPSTRA6 ( STRATA) AND
SDPPSU6 BEFORE USI NG SUDAAN FOR ANALYSES. USE DESI GN=V\R AND STRATA AND PSU
VARI ABLES | N THE NEST STATEMENT. ***;
R R I S b b b O S S I S R O I I kR Rk kI kS I R R
LI BNAME MYDAT ' | NPUT. DATA. NH3' DI SP=SHR ; /*INPUT DATA */
PROC SORT DATA= MYDAT. NH3 OUT=FI NAL; BY SDPSTRA6 SDPPSUG;

VWHERE WIPFEX6>0; /*SELECT ONLY EXAM NED PERSONS */ RUN;
*******************************************************;
**x*x SAS PROGRAM TO COMPUTE PREVALENCE OF MECGSD=1/0 ***;
**** IN THE U. S. , DEFF, AND THE ASSCCI ATED STANDARD ERRORS ;

R R R R R I I I R R S R I O R R O O O I R S R I

)
************STAR‘I’ SUDAAN meRE *************************;

EE R R R S R S I R S I R R R I R I R R R S I I
)

PROC DESCRI PT DATA=FI NAL FI LETYPE=SAS DESI G\=V\R MEANS DEFF;
NEST SDPSTRA6 SDPPSU6 / M SSUNI T;

VAEI GHT WIPFEX6 ;

VAR MECGSD ; /* ANALYSI S VARI ABLE */

SUBCROUP HSSEX  AGEA DMPRETHN ; /* CLASSI FI CATI ON VARI ABLES */
LEVELS 2 5 4 ;
TABLES DMPRETHN* HSSEX* AGEA,
/* A TREE-WAY OUTPUT TABLE W TH PREVALENCE*/
/* PRI NTED OUTPUT */
SETENV LI NESI ZE=132 LABW DTH=30 COLW DTH=12;
RTI TLE "TABLE 1. NHANES |11 PREVALENCE ESTI MATES"
" FOR GALLSTONE DI SEASE BY AGE, CGENDER AND RACE-ETHNICI TY" ;
PRI NT
DEFFMEAN=" DESI GN EFFECT"
NSUM=" SAMPLE SI ZE"
MEAN=" PERCENT"
WSUME" POPULATI ON SI ZE"
TOTAL="TOTAL PREVALENCE"
SEMEAN=" STANDARD ERROR'

/ NOHEAD NOTI ME NDI MROWE2
STYLE=NCHS NSUMFMI=F7. 0
WSUMFMI=F10. 0 TOTALFMI=F12. 2

PERCENTFMI=F9. 1 SEPERCENTFMI=F9. 2 ;
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This is only an exanple. It can not be used exactly as
presented here for other analyses. Users should refer to the
SUDAAN User’s manual (Shah 1995) for details and nmake changes to
the programas required for their analyses. The basic structure,
the design option, the nest statenent, the weight statenent, and
style=NCHS in the print statement stay the sane.

I nformation on acquisition of the software package and user’s
manual can be obtained fromthe Research Triangle Institute (RTI)
or fromRTI's Internet hone page (http://www.rti.org/).

Replication nethods provide a general neans for estimating
variances for the types of conplex sanple designs and weighting
procedures usually encountered in practice. The basic idea behind
the replication approach is to select subsanples repeatedly from
the whole sanple, to calculate the statistic of interest for each
of these subsanples, and then to use the variability anong these
subsanpl es or replicate statistics to estimte the variance of the
full -sanple statistics. See Wlter (1985) and the “weighting and
estimation” report (Mhadjer 1996, U. S. DHHS 1996) for further
descriptions of both the replication and |linearization approaches.

There are different ways of creating replicates fromthe full
sanpl e. Jackknife and bal anced repeated replication (BRR) nethods
are two common procedures for the derivation of replicates. The
j ackkni fe procedure retains nost of the sanple in each replicate,
whereas the BRR approach retains about one-half of the sanple in
each replicate. Rao, Wi, and Yue (1992) report on both the
j ackkni fe and BRR procedures for estimating the nedian for cluster
sanpl es. For the conbined 6-year sanple of the NHANES II1,
replicate weights were created using Fay’'s Method, a variant of the
bal anced repeated replication (BRR) nethod. For nore details on
Fay’s Method, refer to Judkins (1990).

Fay’s Method produced replicate weights for NHANES 11l by
mul tiplying the full-sanpling weights by factors of K=0.3 and 1.7.
In studies where quartile estimates and small domain estinmates are
both of interest, Fay's Mthod has sonetines been used as a
conprom se between the jackknife and standard BRR  Judki ns (1990)
denonstrates that for the estimation of quartiles and other
statistics, Fay’s Method with K=0.3 does well in terns of both bias
and stability.

Fifty two replicate weights are provided in the NHANES |11
data file for conbined 6-year interviewed and MEC exam ned sanpl es.
The PC software, WesVarPC, can be used to analyze NHANES I1| data
using the replicate weights. WsVarPC nmay be downl oaded via the
Internet at Westat’s honme page (http://ww. westat.com. Any other
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replication software (such as V-PLX devel oped by Bob Fay) that
accounts for Fay’'s Method in the conputation of variances can al so
be used. For specific instructions on using WsVarPC to create
replicate weights for other subgroups, refer to “A User’s Quide to
WesVar PC’ (Westat 1995). This nmanual may al so be obtained via the
Internet at Westat’s hone page (http://ww. westat.com

Phase specific estimate

Cccasionally, data are available in only one phase of the
survey. This occurs because certain data itens were collected in
one phase of the survey, but not collected in the other phase. In
this case a paired (collapsed) strata estimte of variance nust be
used. This will provide a slight over-estimate of the sanpling
vari ance. For the NHANES IIll survey, paired strata and PSU
pai rings (SDPSTRA1 and SDPPSUl for phase 1; SDPSTRA2 and SDPPSU2
for phase 2) for both phases are available on the NHANES || data
file. The SUDAAN software can use the pairings directly to produce
linearized variance estimates. Al so, WsVarPC can be used to create
sinple replicate weights based on the paired strata and produce BRR
vari ance estimates. Again, no matter what procedure is used for
i ndi vi dual phase variance estimates, there will be problens rel ated
to the stability of the variance estimates. It is suggested that
sone generalized variance function technique, such as relative
vari ance curves or average design effect nodels, be enployed to
snoot h the unstabl e variance estinmates.

Al t hough sanples in phase 1 and phase 2 are not statistically
i ndependent due to sanpling variability, an analyst may want to
conpare an estimte based only on phase 1 data wth the
correspondi ng estimate from phase 2 data. The estimates from phase
1 and phase 2 of NHANES Il could al so be conpared to correspondi ng
estimates from previous NHANES. Each of these applications creates
a nunber of analytic issues. As nentioned earlier, when differences
in findings between phase 1 and phase 2 of NHANES ||| are observed,
t he user nust eval uate whether these differences are real or due to
sanpling variability. This is also true when conparing NHANES I 11
results with previous NHANES. These differences are further
conplicated by the need to be sure that observed differences over
time are not the result of different data collection nethodol ogi es.
Al'l of the above circunstances result in special problens for
variance estimation. Because this is not how the survey was
designed, an additional between-PSU conponent of variation is
artificially introduced and variance estimates from i ndividual
phases wll be a slight overestimate of the true sanpling
vari ances. Furthernore, the degrees of freedomfor estimating the
vari ances in individual phases would be reduced by approxi mately
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one-half. This nmakes the variance estimates |l ess stable (i.e., the
variance of the variance estimates is increased).

Vari ance estimation fromconpl ex sanples such as NHANES II1 is
a conplicated process. Because of the estimation techni ques used,
exact expressions for sanpling errors are often not avail able and
approxi mations nmust be used. Also, estimates of sanpling error are
t hensel ves subject to variability. Thus, analysts and users should
be careful in analyzing data from conplex sanples and draw ng
inferences. It is tenpting to treat survey data as if it were
derived from a sinple random sanple; if this were the case then
standard net hods and software coul d be enpl oyed. However, it nust
be enphasized that standard statistical analyses based on sinple
random sanpling are generally NOT directly applicable to conplex
sanpl es.

If topics or nethods nmentioned in this report are not clear or
probl ems occur with conputation, users should seek the help of
expert survey statisticians who are famliar with these nethods.
The software devel opers for the SUDAAN and WesVar PC can usually be
contacted for further assistance with specific applications.
Agai n, please consider that (1) sanpling weights should be used in
estimation to account for sanpling variability and to adjust for
differential probability of selection of persons in such a conpl ex
sanple, and (2) the survey design structure should be used to
estimate nmeasures of statistical confidence.
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APPENDI X A

Table A . 1: 1980 Census Popul ation by age groups
Age groups U.S. popul ation

Proportion Proportion Tot al

(total) (20+ vears)
Under 1 year 0. 0156 3,533, 692
1 - 2 years 0. 0287 6, 493, 373
3 - 5 years 0. 0419 9, 483, 880
6 - 11 years 0. 0920 20, 834, 439
12 - 19 years 0. 1418 32,113,079
20 - 29 years 0. 1803 0. 2650 40, 839, 623
30 - 39 years 0. 1392 0. 2046 31, 526, 222
40 - 49 years 0. 1005 0. 1477 22,759, 163
50 - 59 years 0. 1030 0. 1514 23, 325, 286
60 - 69 years 0. 0833 0.1225 18, 870, 102
70 - 79 years 0. 0512 0. 0752 11, 591, 846
80 years plus 0. 0228 0. 0336 5, 175, 100
Tot al 226, 545, 805
Source: 1980 civilian noninstitutionalized population of
US., US  Bureau of the Census,
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Tabl e A . 2: 1980 Census popul ation by single year of age

Age Tot al Age Tot al Age Tot a
popul ati on popul ati on popul ati on

Under 1 year 3,533,692] 40 years 2,468, 083] 80 years 723, 049
1 years 3,269, 557 41 years 2,375,849] 81 years 640, 276
2 years 3,223, 816] 42 years 2,325,572] 82 years 566, 548
3 years 3,179, 441) 43 years 2,237,108] 83 years 527,982
4 years 3,141, 748) 44 years 2,262,796] 84 years 477, 178
5 years 3,162, 691] 45 years 2,242,318] 85 years 412, 549
6 years 3,109, 095] 46 years 2,139, 385] 86 years 350, 655
7 years 3,273,052) 47 years 2,222,969] 87 years 306, 906
8 years 3,394, 998] 48 years 2,163,709] 88 years 236, 314
9 years 3,760, 120] 49 years 2,321,374] 89 years 213,778
10 years 3,716, 530] 50 years 2,347,068] 90 years 175, 900
11 years 3,580, 644] 51 years 2,295,077] 91 years 140, 003
12 years 3,518,982 52 years 2,363,152] 92 years 101, 492
13 years 3,643,189 53 years 2,337,138] 93 years 78, 233
14 years 3,782,784 54 years 2,367,597] 94 years 60, 964
15 years 4,059, 898] 55 years 2,390, 440] 95 years 46, 219
16 years 4,180, 875] 56 years 2,329,790] 96 years 32,789
17 years 4,223, 848] 57 years 2,312,737 97 years 23,471
18 years 4,251, 779] 58 years 2,330,373] 98 years 16, 215
19 years 4,451, 724] 59 years 2,251,914] 99 years 12, 385
20 years 4,387,100 60 years 2,160,937 100 years 9, 663
21 years 4,285, 763] 61 years 2,073,764 101 years 5,231
22 years 4,284, 351] 62 years 2,008, 093] 102 years 3, 886
23 years 4,199, 711] 63 years 1,931,425] 103 years 2,800
24 years 4,161, 779] 64 years 1,913,402] 104 years 2,015
25 years 4,116, 218] 65 years 1,904, 641] 105 years 1,573
26 years 3,977,515] 66 years 1, 813,987] 106 years 1, 276
27 years 3,931, 620] 67 years 1,763,637] 107 years 1, 038
28 years 3,708, 968] 68 years 1,678, 740] 108 years 883
29 years 3,786, 598] 69 years 1,621,476 109 years 852
30 years 3,726,525] 70 years 1,516,900 110 years 819
31 years 3,607,610] 71 years 1,439, 723 111 years 623
32 years 3,712,217) 72 years 1,371, 235] 112+ years 1, 535
33 years 3,653,921 73 years 1, 261, 994

34 years 2,860, 647) 74 years 1, 208, 272

35 years 2,902, 331 75 years 1, 111, 480

36 years 2,929, 040] 76 years 1, 028, 927

37 years 2,982,533 77 years 951, 774

38 years 2,598, 636] 78 years 828, 866

39 vears 2. 552 762] 79 vears 872 6751 Total 226. 545. 805

Source: 1980 civilian noninstitutionalized population of the U S.,
U S. Bureau of the Census, U S. Departnent of Conmerce.
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Table A 3: Overall interview and exam nation response rates,
NHANES |11, 1988-94

St at us Sanpl e Percent Wei ght ed

Size Per cent

Tot al 39695 100.0 100.0

Not 1 ntervi ewed 5701 14. 4 18. 2

| nt ervi ewed, not exam ned 2683 6.8 7.5

MEC exam ned 30818 77.6 73.4

Home exam ned 493 1.2 0.8
Source: The NHANES Il data file, 1988-94
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Table A 4: Wighted interview and exam nati on response rates anong nal es

and fermal es by age and race-ethnicity, NHANES |11, 1988-94

0 0
orogr anh ¢ VALE( % FEMALE( %
charact - Sanpl e Househol d MVEC MEC+hone | Sanpl e Househol d MVEC VEC+hone
eristics size | nt ervi ewed Exanmi ned Exami ned |size | nt ervi ewed Exanmi ned  Exani ned
Al l 19166 80 72 73 20529 83 74 75

Non- Hi spanic white

Age group

2-11 nonths 650 95 86 89 626 96 88 90
1-2 470 93 87 87 497 94 85 85
3-5 495 90 84 84 540 91 80 80
6-11 543 87 79 79 521 86 80 80
12-19 453 86 79 79 599 86 76 76
20- 29 575 78 68 68 649 83 76 77
30- 39 658 75 67 67 790 80 74 74
40- 49 610 76 68 68 632 82 74 75
50- 59 640 72 64 65 694 78 68 68
60- 69 749 74 66 67 757 74 62 64
70-79 768 76 63 67 1014 75 59 63
80+ 819 80 56 67 1022 78 48 61
ALL 7430 79 70 71 8341 82 72 73

Non- Hi spani ¢ bl ack

Age group

2-11 nonths 177 95 90 91 163 97 95 95
1-2 408 93 88 88 389 96 91 91
3-5 575 92 88 88 600 93 90 90
6-11 655 92 88 88 606 92 90 90
12-19 656 88 83 83 692 90 85 85
20- 29 617 85 80 80 749 87 83 83
30- 39 670 78 71 71 789 87 82 82
40- 49 509 78 71 71 586 81 76 76
50- 59 305 79 71 72 354 85 78 79
60- 69 420 76 69 70 424 79 69 72
70-79 233 88 76 79 269 79 65 69
80+ 77 91 72 77 138 82 56 66
ALL 5302 85 79 79 5759 87 81 82

Mexi can American

Age group

2-11 nonths 204 95 91 91 183 97 93 94
1-2 463 94 89 89 467 95 91 91
3-5 642 94 88 88 689 94 91 91
6-11 644 90 86 86 657 91 87 87
12-19 655 87 82 82 642 90 85 85
20- 29 855 87 79 79 799 88 84 84
30- 39 633 81 73 73 633 88 83 83
40- 49 506 80 76 76 482 83 78 78
50- 59 250 80 74 74 254 82 76 76
60- 69 443 82 77 78 446 82 76 77
70-79 217 82 68 72 180 78 64 69
80+ 83 82 68 75 83 86 66 74
ALL 5595 86 80 80 5515 89 84 84
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0 0
Derogr aphi ¢ MALE( %9 FEMALE( %9
charact - Sanpl e  Househol d MVEC MEC+honme | Sanpl e Househol d MVEC VEC+hone
eristics si ze | nt ervi ewed Exami ned Exani ned |size | nt ervi ened Exani ned  Exani ned
O her
Age group
2-11 nont hs 98 91 83 83 105 99 96 96
1-2 90 92 87 87 55 95 88 88
3-5 87 94 92 92 92 90 88 88
6-11 89 90 87 87 70 91 88 88
12-19 83 90 84 84 107 90 84 84
20- 29 99 78 71 71 94 88 80 81
30- 39 82 73 67 67 102 79 78 78
40- 49 59 69 69 69 85 79 68 68
50-59 54 93 81 81 69 80 80 80
60- 69 46 83 79 79 61 76 76 76
70-79 28 63 54 59 47 83 72 80
80+ 24 84 65 71 27 77 59 67
ALL 839 82 76 76 914 85 80 80
Source: The NHANES |1l data file, 1988-94



Tabl e A 5: Sanpl e size and unwei ghted interview and MEC exani nati on response rates
by age, gender and race-ethnicity, NHANES II1, 1988-94

Denogr aphi ¢ Tot al I ntervi ewed Exami ned Denogr aphi ¢ Tot al I ntervi ewed Exami ned

Characteristics n n % n % Characteristics n n % n %
Total ** 39695 33994 86 30818 78 Non- Hi spani ¢ bl ack 11061 9627 87 9009 81
Mal es 19166 16295 85 14781 77 Mal es 5302 4574 86 4261 80
2-11 nonths 1129 1067 95 982 87§ 2- 11 nont hs 177 170 96 161 91
1-2 years 1431 1347 94 1273 89f 1-2 years 408 385 94 371 91
3-5 years 1799 1675 93 1579 88] 3-5 years 575 535 93 512 89
6-11 years 1931 1768 92 1665 86 6- 11 years 655 605 92 577 88
12-19 years 1847 1622 88 1510 82Q 12-19 years 656 579 88 542 83
20-29 years 2146 1801 84 1643 77Q 20- 29 years 617 523 85 494 80
30-39 years 2043 1620 79 1468 72] 30- 39 years 670 534 80 492 73
40-49 years 1684 1325 79 1222 73] 40- 49 years 509 404 79 368 72
50-59 years 1249 953 76 852 68] 50-59 years 305 241 79 217 71
60-69 years 1658 1298 78 1166 70f 60- 69 years 420 323 77 292 70
70-79 years 1246 993 80 823 66 70- 79 years 233 205 88 178 76
80+ 1003 826 82 598 60f 80+ 77 70 91 57 74
Fenal es 20529 17699 86 16037 78 Fenal es 5759 5053 88 4748 82
2-11 nonths 1077 1040 97 979 91§ 2- 11 nont hs 163 157 96 154 94
1-2 years 1408 1342 95 1254 89 1-2 years 389 375 96 361 93
3-5 years 1921 1790 93 1681 88 3-5 years 600 565 94 542 90
6-11 years 1854 1699 92 1621 87Q 6-11 years 606 556 92 541 89
12-19 years 2040 1819 89 1701 83 12-19 years 692 629 91 601 87
20-29 years 2291 1982 87 1865 81 20- 29 years 749 648 87 625 83
30-39 years 2314 1974 85 1860 80f 30- 39 years 789 685 87 655 83
40-49 years 1785 1469 82 1360 76 40- 49 years 586 479 82 451 77
50-59 years 1371 1105 81 1001 73] 50-59 years 354 297 84 272 77
60-69 years 1688 1310 78 1143 68] 60- 69 years 424 331 78 291 69
70-79 years 1510 1163 77 928 61 70- 79 years 269 217 81 175 65
80+ 1270 1006 79 644 51 80+ 138 114 83 80 58
Non- Hi spanic white 15771 13085 83 11283 72§ Mexi can Anerican 11110 9751 88 9090 82
Mal es 7430 6122 82 5344 72 Mal es 5595 4868 87 4500 80
2-11 nonths 650 614 94 558 86 2- 11 nont hs 204 193 95 182 89
1-2 years 470 442 94 412 88] 1-2 years 463 437 94 412 89
3-5 years 495 454 92 420 85] 3-5 years 642 601 94 564 88
6-11 years 543 482 89 439 81 6- 11 years 644 598 93 570 89
12-19 years 453 396 87 363 80f 12- 19 years 655 572 87 535 82
20-29 years 575 452 79 397 69f 20- 29 years 855 743 87 677 79
30-39 years 658 501 76 449 68f 30- 39 years 633 522 82 470 74
40-49 years 610 474 78 428 70Q 40- 49 years 506 400 79 379 75
50-59 years 640 472 74 414 65] 50-59 years 250 193 77 179 72
60-69 years 749 572 76 505 67] 60-69 years 443 366 83 335 76
70-79 years 768 596 78 489 64 70- 79 years 217 175 81 142 65
80+ 819 667 81 470 57] 80+ 83 68 82 55 66
Fenal es 8341 6963 83 5939 71 Fenal es 5515 4883 89 4590 83
2-11 nonths 626 603 96 558 89 2- 11 nont hs 183 176 96 167 91
1-2 years 497 471 95 425 86 1-2 years 467 443 95 418 90
3-5 years 540 495 92 439 81 3-5 years 689 647 94 620 90
6-11 years 521 463 89 427 82 6-11 years 657 616 94 591 90
12-19 years 599 519 87 461 774 12-19 years 642 575 90 548 85
20-29 years 649 546 84 500 77Q 20- 29 years 799 703 88 661 83
30-39 years 790 649 82 598 76 30- 39 years 633 558 88 527 83
40-49 years 632 527 83 472 75] 40- 49 years 482 392 81 370 77
50-59 years 694 548 79 480 69] 50-59 years 254 204 80 193 76
60-69 years 757 570 75 480 63 60- 69 years 446 360 81 323 72
70-79 years 1014 769 76 602 594 70- 79 years 180 140 78 119 66
80+ 1022 803 79 497 49) 80+ 83 69 83 53 64

** total includes all race-ethnic categories including “other”

Source: The NHANES |1l data file, 1988-94
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Table A.6: Wighted interview and exam nati on response rates by sel ected

denogr aphi ¢ characteristics, NHANES |11, 1988-94

Denogr aphi c Tot al I ntervi ened Exami ned Denogr aphi c Total Interviewed Exam ned

Characteristics n n % % |Characteristics n n % %

Tot al 39695 33994 82 73
Age G oups(Year) Marital Status *
2-11 nonths 2206 2107 95 89 Married 11943 11407 95 86
1-2 2839 2689 94 87 W d/ Di v/ Sep 4514 4427 98 82
3-5 3720 3465 91 85 Never Married 5598 5385 96 86
6-11 3785 3467 88 82
12-19 3887 3441 87 80 |Educati on*
20- 29 4437 3783 82 75 No School 9011 8957 100 92
30- 39 4357 3594 78 72 H gh School 19509 18930 96 87
40- 49 3469 2794 79 72 Col | ege+ 6045 5818 96 86
50- 59 2620 2058 77 68
60- 69 3346 2608 75 65 |Famly |ncone *!
70-79 2756 2156 76 61 <$10, 000 7172 6839 94 84
80+ 2273 1832 79 52 18874 15872 81 73
$10, 000- 29, 999
Gender 8739 6990 76 69
$30, 000- 49, 999
Mal es 19166 16295 80 72 >=$50, 000 4910 4293 85 76
Femal es 20529 17699 83 74
Poverty | ndex*!

Race\Ethnicity <1 10688 10068 92 86
NH Wi t e 15771 13085 80 71 >=1 29007 23926 80 71
NH- Bl ack 11061 9627 86 80
Mexi can 11110 9751 87 82 |Fanily stayed at sane
Areri can addr ess*

Q her 1753 1531 83 78 <=2 years 12911 12717 98 89
3-5 years 6495 6365 98 89

Househol d Si ze 6+ years 15167 14569 95 84
1-2 11571 9161 77 65
3-4 15421 13270 82 75 JAny | nsurance Coverage?

5-6 8480 7638 85 79 Yes 20871 20282 96 86
>6 4223 3925 91 88 No 2089 1995 94 88

Regi on Any Snokers in househol d?*
Nor t heast 5878 4638 75 65 Yes 12842 12451 96 87
M dwest 7482 6430 83 76 No 21949 21412 97 87
Sout h 16313 14384 85 77
Vst 10022 8542 82 74 |Heal th status*

MBA st at us Egc/ Very/ Good/ Go 28464 27862 96 86

0

MBA 32155 27149 81 72  |Fair/ poor 6276 6128 97 83
Non- VSA 7540 6840 87 81

*Anong intervi ewed persons who conpleted the family questionnaire; mssing data are not shown
I Gbserved or inputed

Source: The NHANES |1l data file, 1988-94
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Table A. 7. Conparison of denographic characteristics of exam ned and not

exam ned persons anong interviewed persons, NHANES |11 ,1988-94

Denogr aphi c Total Exam ned Not Di ffere |Denopgraphic Total Exam ned Not Differ

characteristics exam ned pce** |characteristics exam ned ence**

N N % 05 05 N N %
TOTAL 39695 30818 78 22

Age G oups(Year) Marital Status *

2-11 nonths 2206 1961 6 3 3 Married 11943 10270 54 52 3
1-2 2839 2527 8 4 4 Wd/Div/Sep 4514 3669 19 26 -7
3-5 3720 3260 11 5 6 Never Married 5598 4924 26 21 5
6-11 3785 3286 11 6 5 | Educati on*

12-19 3887 3211 10 8 2 No School 9011 8398 27 16 11
20- 29 4437 3508 11 10 1 H gh School 19509 17034 56 63 -7
30- 39 4357 3328 11 12 -1 Col | ege+ 6045 5225 17 21 -4
40- 49 3469 2582 8 10 -2 |Famly Incone *!

50- 59 2620 1853 6 9 -3 <$10, 000 7172 6233 20 11 9
60- 69 3346 2309 7 12 -5 | $10, 000- 29, 999 18874 14429 47 50 -3
70-79 2756 1751 6 11 -5 | $30,000-49,999 8739 6286 20 28 -8
80+ 2273 1242 4 12 -8 >=$50, 000 4910 3870 13 12 1

Gender Poverty | ndex*!

Mal es 19166 14781 48 49 -1 <1 10688 9480 31 14 17
Femal es 20529 16037 52 51 1 >=1 29007 21338 69 86 -17

Race\Ethnicity Fam |y stayed at sanme address*

NH Wi t e 15771 11283 37 51 -14 <=2 years 12911 11865 39 26 13

NH- Bl ack 11061 9009 29 23 6 3-5 years 6495 5887 19 15 4

Mexi can 11110 9090 29 23 6 6+ years 15301 12957 42 59 -17
Areri can

O her 1753 1436 5 4 1 JAny I nsurance Coverage *

Househol d Si ze Yes 20871 18142 91 93 -2
1-2 11571 7674 25 44 -19 No 2089 1868 9 7 2
3-4 15421 12165 39 37 2 JAny Snokers in household *

5-6 8480 7210 23 14 9 Yes 12842 11498 37 34 3
>6 4223 3769 12 5 7 No 21949 19290 63 66 -3

Regi on 0
Nor t heast 5878 3948 13 22 -9 JHeal th status*

M dwest 7482 5880 19 18 1 ;Exc/ zj/eryGood 28464 25470 83 76 7
Goo

Sout h 16313 13187 43 35 8 Fai r/ poor 6276 5346 17 24 -7

Vst 10022 7803 25 25 0 0

MBA st atus Ur bani zati on
MBA 32155 24464 79 87 -8 0-3, netro 32958 25194 82 87 -5
Non- MSA 7540 6354 21 13 8 4-9,non-netro 6737 5624 18 13 5

*Anong i ntervi ewed persons who conpleted the famly questionnaire; mssing data are not shown

! Qoserved or inputed

** difference= [exami ned(%]- [not exami ned(%]; a |large negative val ue suggests an under-representation
anong exam ned persons in that category.

Source: The NHANES |1l data file, 1988-94
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Table A. 8: MEC conponent conpletion rates® (% anong MEC exam ned
persons by age-group to show pattern of conponent response, NHANES |11
1988- 94

Exami nati on Overal | Conpl etion rate by age-groups (years)
conponent $ 8 conpl etion

rate 2-11 1-5 6-7 8-11 12-16 17-19 20-39 40-59 60-74 75+

nont hs

Al lergy 90 89 91 91 92 91 89
Audi o 94 94 94 94 93
Body Measures 99 100 98 98 99 98 98 99 98 98 97
Bone Density* 92 88 93 92 88
CNS 91 91 91
Dent al 98 97 99 98 97 98 98 97 97 98
Dietary recall 99 99 99 99 99 99 99 99 98 98 97
ECG 95 96 95 91
Fundus Phot o** 95 97 95 90
GB U trasound 98 98 98 97
oGTT* 84 87 84
MEC i nterview 98 99 99 97 98 97 98 97 97 98 97
Per f ormance Test 96 96 95
Phl ebot ony 93 84 89 92 94 94 96 97 98 95
Physi ci an’s exam 95 98 97 95 95 93 96 96 96 95 95
Spi ronetry** 93 96 96 96 95 95 90 83
Urine speci nen 98 94 97 97 98 99 98 97 93
Xray 93 94 90

8 | ncl udes conpl ete and satisfactory, unsatisfactory, and inconplete exam nations
These response rates are conputed anong exanined persons from an unedite d
adm nistrative fil e. The conpletion rates may not be exactly the same as the actua

conponent conpletion rate. Sonmetines a large or small proportion of date was recovered
during the editing process. These rates are just to show pattern of conmponent response

by exam nation age-groups.
* high nmedi cal safety exclusion
** high unsatisfactory exani nations

Source: The NHANES Il admnistrative file, 1988-94
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APPENDI X B
Sept enber 23, 1993

Joint Policy on Variance Estimation and Statistical Reporting
Standards on NHANES 111 and CSFI|I Reports: HN S/ NCHS Anal ytic Worki ng
G oup Reconmendati ons

Below is a sunmmary of the recommendati ons reached by the Methodol ogi cal
Subcomm ttee of the HNI S/NCHS Anal ytic Wrking G oup on the issues of
variance estimation and statistical reporting standards. Specific
recomendations are wunderlined, whereas suggested practices are
italicized. The inplenentation of these recomendati ons and suggesti ons
will vary fromsurvey to survey and, perhaps, fromestimate to estimate.

Nevert hel ess, of fici al agency publications should <contain a
"statistical notes" section describing the variance estinmation and
statistical reporting standards used therein.

The desi gn-based approach to the estimation and anal ysis of survey data
is assunmed here. Unlike nodel -dependent alternatives, the design-based
approach makes few assunptions about the nature of the data being
summari zed and/ or anal yzed. Two aspects of the sanpling design nust be
taken into account when using this approach: the sanple weights and the
conpl ex sanple design (stratified, nulti-stage sanpling). Wights are
used in the this approach when estinmating nean, nedians, and other
descriptive statistics as well as analytical statistics |ike regression

coefficients. Both weights and indicators of stratum and primary
sanpling unit (PSU) nenbership are used when estinmating variances and
testing for statistical significance. In general, using statistica

wei ghts that reflect the probability of selection and propensity of
response for sanpled individuals will affect paraneter estimates, while
incorporating the attributes of the conplex sanple design (i.e.,
clustering and stratification) will affect estimated standard errors and
thereby test statistics and confidence intervals.

The recommendations for presentation of statistical data that foll ow
arise fromthe i ssue of sanpling variability, and reflect the random way
(in the rigorous statistical sense) in which the sanple was sel ect ed.
Al t hough beyond the scope of this report, a consideration of nonsanpling
i ssues such as neasurenent error, nonresponse bias, and other
met hodol ogi cal bi ases are necessary for any thorough interpretation and
eval uation of the validity of survey findings.

Vari ance Estinmation

Average design effect nmethods are often used to stabilize variance
estimtes (see section below on unstable standard errors). Moreover,
these nethods offer a parsinonious way of providing information from
whi ch users can cal cul ate standard errors thenselves. By a "standard
error" we nean the estimated standard devi ation of an estimted nean or
proportion (preval ence). The decision to use average design effect
met hods in an agency publication should be made on a survey by survey
basi s depending on the inherent need for variance stabilization. Such
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a nethod may al so be used when estimating proportions and neans even
when there is no conpelling need to stabilize variance estimates (in
particular, when the nethod allows for the parsinonious display of
i nformation).

No particular average design effect nethod is recommended over any
other. NCHS s approach of averagi ng design effects across age groups
in a particular denographic group for a particular survey item is
r easonabl e.

Statistical Reporting Standards

GENERAL GUIDELINES - An estimate with a very large coefficient of
variation (CV) may be conbined wth other estimates to create an
aggregate with a reasonable small CV (by a "coefficient of variation"
we nean the ratio of the standard error of estimate divided by the
estimate, expressed as a percent). For that reason, no estimte should
be suppressed sinply because it is deened statistically unreliable.
Neverthel ess, the presence of such an estimate in a published table
should be noted. In particular, an estimted nmean or proportion in a
table of an agency publication should be marked wth an asterisk
denoting it as potentially unreliable (in a statistical sense) if either
the sanple size on which it is based is less than a fixed nunber of
individuals or if its CVis greater than sone desi gnated val ue.

ADEQUATE SAMPLE SI ZE FOR NORVAL APPROXI MATI ON - The sanpl e size m ni mum
in the above recommendati on shoul d be determ ned, where practical, to
assure the near normality of the estimte. For neans of fairly
symmetri c popul ati ons and proportions based on commonly occurring events
(where 0.25 < P < 0.75), a good rule of thunb is the sanple size should
be no smaller than a broadly cal cul ated average design effect tines 30;
ot herwi se, the estimate should be marked with an asterisk. By "broadly
cal cul ated average design effect,” we nean the average of estimted
design effects across a broad nunber of cells. The decision on how
broad this collection of cells should be is up to the agency.

A second rule of thunb is needed for asymretric popul ations. Let G
denot e the skewness coefficient for a population (G = m/c® where my is
the population's third nonent around the nean, and o? the second nean
moment) and g be an broadly defined estimate of G For neans of
asymetric popul ations, a good rule of thunb is the sanple size should
exceed 25g2 tinmes a broadly cal cul ated average design effect; otherw se,
the estimate should be nmarked with an asteri sk. Many conti nuous
vari ables, like food intakes, are by their nature very skewed. For
these, the rule of thunb given above nmay be dropped, but it should made
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clear in acconpanying text that sone estinmated neans may not be nornally
distributed (and, as a result, there may not be a nearly 95% probability
that the difference between an estimated nmean and the popul ati on nean
it is estimating is less than 2 tines the standard error of the nean).

THE CCEFFI Cl ENT OF VARI ATION - The designated CV value in the above
recomendati on can be set at the agency's discretion for neans and
proportions based on commonly occurring events One goal here is to
informthe user that nbst estimates in a publication have a CV bel ow
that | evel. CV' s of 25 and 30 percent have commonly been used in HNI' S
and NCHS publications.

UNCOWON OR VERY COVMON EVENTS - It is unlikely that estimted
proportions based on uncommon (P < 0.25) or very common (P > .75) events
will be normally distributed unless the sanple size is very |arge.

Moreover, a CV rule is not very informative for such estinates. A

rule for estimated proportions that are based on unconmon or very conmon
events that is consistent with the literature and the rul es given above
for coomonly occurring events is that n be sufficiently Iarge that the
m ni mum of nP and n(1-P) be greater or equal than 8 tines a broadly
cal cul ated average design effect. Table 1 spells out the required
sanpl e sizes for many proportions given a nunber of different design
effects.

STANDARD ERRORS - A standard error is often used to forma confidence
interval around an estinmated nean or proportion. Consequently, it would
be hel pful to provide information on the reliability of an agency's
standard error estimates. Rather than form ng a solid recomendati on,
the subcommttee offers the foll owi ng suggestion: A directly estinmated
standard error may be marked with an asterisk in a published table if
the sanple size on which it is based has |l ess than 30 individuals or if
the sanpled individual conmes from less than 12 variance strata with
observations in both primary sanpling units. Mreover, the estimate to
which that standard error applies should also be marked with an
asteri sk.

UNSTABLE STANDARD ERRORS - Cenerally, standard error estimates based on
smal | nunbers of paired PSU s (i.e. degrees of freedon) are prone to
instability. The decision as to whether an average design effect nethod
is needed to stabilize standard error estimates should be nade on a
vari able by vari abl e basis. Practical concerns may mtigate against
usi ng an average design effect approach for sone variables - "variance
snoot hing" may have little real effect on the relative size of
confidence intervals when the standard error is small relative to the
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estimated nean or proportion (say, when the CVis less than 5 percent).

ESTI MATI NG THE POPULATION DI STRIBUTION - There are many conti nuous
bi onmedi cal variables for which the popul ation distribution is of
interest to users. The popul ation standard deviation is often used as
a neasure of the dispersion of the observations in a popul ati on when the
distribution is approximately symetric. [Note that an estimted
popul ati on standard deviation, a sanple size, and an average design
effect are sonetines di splayed together in an agency publication. This
allows users to calculate the standard error of the corresponding
estimated nmean by thenselves.] Percentiles are often used to describe
asymmetric distributions |ike those associated with dietary intake.

The suggestion for the presentation of popul ation standard devi ati ons
is the sanme as for standard errors - unless there is a mni num of 30
individuals and at |east 12 variance strata with observations in both
primary sanpling units an estimated popul ati on standard devi ati on shoul d
be marked with an asteri sk.

The suggestions for the presentation of percentiles parallels those for
proportions: Medians and other percentiles in mddle range (i.e., .25
< P < .75) should be marked wth an asteri sk when the sanple size is
less than 30 tines a broadly calcul ated design effect. The quantity
values at a tail percentiles, P, (i.e., P < .25 or P > .75) should be
marked with an asterisk when the mninmumof nP and n(1-P) is |less than
8 tinmes a broadly cal cul ated design effect (see acconmpanyi ng nonogranj.
Unli ke neans, an agency may choose to suppress the publication of
percentile values that are based on small nunbers of observations or
have a high estimted CV

Substantive as well as statistical considerations play a part in the way
in which a population distribution is displayed and interpreted. For
exanpl e, estinmated percentiles for one-day (or many-day) dietary intakes
can be msleading, since it is the distribution of |long-run or usua
dietary intakes that nobst interests users. Thus, the distinction
bet ween |ong-run and one-day (or many-day) distributions of dietary
i ntakes nmust be made clear in the text acconpanying any tabl e displaying
the estimated percentiles of one-day (or many-day) intakes. The sane
distinction should al so be made clear for certain bionedical variables
i ke bl ood pressure and chol esterol |evel.
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Table 1. Recommended sanpl e sizes for anal yses of conpl ex survey data,
by design effect and specified proportion

Desi gn effect

Proportion 1.0 1.1 1.2 1.3 1.4 1.5 1.6
0.99 ... ... 800 880 960 1,040 1,120 1,200 1,280
0.95 ... ... 160 176 192 208 224 240 256
0.90 ....... .. ... ... 80 88 96 104 112 120 128
0.85 .. ... ... 53 59 64 69 75 80 85
0.80 ...... ... .. ... ... 40 44 48 52 56 60 64
0.75 .. ... 32 35 38 42 45 48 51
0.56-0.74 ............. 30 33 36 39 42 45 48
0.55 .. ... ... 30 33 36 39 42 45 48
0.50 ....... .. ... 30 33 36 39 42 45 48
0.45 .. ... ... 30 33 36 39 42 45 48
0.26-0.44 ............. 30 33 36 39 42 45 48
0.25 ... ... 32 35 38 42 45 48 51
0.20 ... ... 40 44 48 52 56 60 64
0.15 .. ... ... . 53 59 64 69 75 80 85
0.10 ....... ... ... ... 80 88 96 104 112 120 128
0.05 ... ... . 160 176 192 208 224 240 256
0.01 .................. 800 880 960 1,040 1,120 1,200 1,280

Desi gn effect

Proportion 1.7 1.8 1.9 2.0 2.5 3.0 3.5
0.99 ... ... .. ... 1,360 1,440 1,520 1,600 2,000 2,400 2,800
0.95 ... ... 272 288 304 320 400 480 560
0.90 ....... ... ... 136 144 152 160 200 240 280
0.85 ... ... .. ... 91 96 101 107 133 160 187
0.80 ................ 68 72 76 80 100 120 140
0.75 .. ... ... ... ... 54 58 61 64 80 96 112
0.56-.74 ............ 51 54 57 60 75 90 105
0.55 ... ... ... 51 54 57 60 75 90 105
0.50 ....... .. ... ... 51 54 57 60 75 90 105
0.45 .. ... .. .. ... ... 51 54 57 60 75 90 105
0.26-.44 ............ 51 54 57 60 75 90 105
0.25 .. ... ... 54 58 61 64 80 96 112
0.20 ....... .. ... ... 68 72 76 80 100 120 140
0.15 ... ... .. ... ... 91 96 101 107 133 160 187
0.10 ................ 136 144 152 160 200 240 280
0.05 ................ 272 288 304 320 400 480 560
0.01 ................ 1,360 1,440 1,520 1,600 2,000 2,400 2,800
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NOTE: M ni num sanpl e size requirenments were adjusted for the relative
inefficiency in the sanple design by a factor equal to the design
effect, where design effect = conplex sanple variance/sinple random
sanpl e vari ance.

For mdrange proportions (p greater than 0.25 and I ess than 0.75), the
sinpl e random sanpl e (SRS) m ni nrum sanple size is 30.

For extrene proportions (p less than or equal to 0.25 or p greater than
or equal to 0.75), the SRS sanple size (n) satisfies the following rule:
n(p) greater than or equal to 8 and n(1-p) greater than or equal to 8.
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