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Abstract

Background: A single 2-year National Health and Nutrition Examination Survey (NHANES)
cycle is designed to provide accurate and stable estimates of conditions with prevalence of

at least 10%. Recent NHANES-based estimates of a tuberculin skin test =10 mm in the
noninstitutionalized U.S. civilian population are at most 6.3%.

Methods: NHANES included a tuberculin skin test in 1971-1972, 1999-2000, and 2011-2012.
We examined the robustness of NHANES-based estimates of the U.S. population prevalence of a
skin test 210 mm with a bias analysis that considered the influence of non-U.S. birth distributions
and within-household skin test results, reclassified borderline-positive results, and adjusted for
tuberculin skin test item nonresponse.

Results: The weighted non-U.S. birth distribution among NHANES participants was similar to
that in the overall U.S. population; further adjustment was unnecessary. We found no evidence of
bias due to sampling multiple participants per household. Prevalence estimates changed 0.3% with
reclassification of borderline-positive tuberculin skin test results and 0.2%-0.3% with adjustment
for item nonresponse.

Conclusions: For estimating the national prevalence of a tuberculin skin test =10 mm during
these three survey cycles, a conventional NHANES analysis using the standard participant weights
and masked design parameters that are provided in the public-use datasets appears robust.
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Introduction

Although it is fundamentally a general health and nutrition survey, the National Health

and Nutrition Examination Survey (NHANES) can add infectious disease components,
such as tuberculosis (TB), to a 2-year survey cycle. A tuberculin skin test was part of

the 1971-1972, 1999-2000, and 2011-2012 NHANES cycles, 1> leading to estimates that
between 3.1% and 6.3% of the noninstitutionalized U.S. civilian population were latently
infected with Mycobacterium tuberculosis in 1999-2000 and 2011-2012.2-5 Detecting and
treating infection in high-risk populations is an increasingly important strategy to achieve
the Institutes of Medicine’s call to eliminate TB from the United States.® Because there

is no ongoing population-based surveillance for latent TB infection, NHANES provides
the only nationwide prevalence estimates to monitor progress toward elimination. The

U.S. Preventive Services Task Force, the Centers for Disease Control and Prevention,

the American Thoracic Society, and the Infectious Diseases Society of America all cite
NHANES data in their latent TB infection guidelines.”-8 However, a single 2-year NHANES
cycle is designed to provide accurate and stable estimates of conditions with 210%
prevalence.%10

NHANES participants are selected at established rates to ensure target sample sizes for
analytic subdomains based on sex, age, and race/ethnicity. To enable more precise estimates
within subpopulations, NHANES 1999-2000 oversampled persons of Mexican heritage
(i.e., “Mexican-Americans”),%11 when approximately half the Mexican-Americans in the
United States were non-U.S.-born.12-14 |n NHANES 2011-2012, the broader “Hispanic”
category was used, when approximately 60% were non-U.S-born.1®> NHANES 2011-2012
also oversampled persons of Asian heritage (i.e., “Asians”),16-19 when approximately two-
thirds of Asians in the United States were non-U.S.-born.1> A person from an oversampled
subpopulation typically represents fewer people in the overall population (i.e., has a lower
sample weight). The sample weights provided in the NHANES public-use datasets account
for the participant’s sex, age, and race/ethnicity, but do not account for birth outside the
United States, which is an established risk factor for TB infection.2-11.16-19

Starting in 1999, NHANES aimed to maximize the number of sampled participants per
household. A conventional NHANES analysis accounts for correlations of health outcomes
within primary sampling units (i.e., typically single counties), but does not account for
correlations within later sampling stages, such as households.17-19 Because most NHANES
analyses are thought to be done within subdomains, within-household clustering at the
subdomain level is considered generally small.11:16 However, this might not be the case

for an infectious disease like TB, where same-household NHANES participants might have
correlated tuberculin skin test results.

A third analytic challenge for the 2011-2012 cycle is the digit preference for tuberculin skin
test results to be recorded as borderline-positive 8 or 9 mm readings, suggesting some degree
of systematic under-measurement. Digit preference for positive 10 mm measurements is
more typical.2~4.20.21
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A fourth analytic challenge is item nonresponse. Across all three NHANES cycles,
tuberculin skin test results were not recorded for approximately one in five examined
participants within the age groups eligible for the test. Some previous analysts have
addressed this challenge by excluding participants without tuberculin skin test results and
then creating higher weights for participants with results.3-> That reweighting approach
assumes that tuberculin skin test results are missing at random. To be missing at random,
item nonresponse must not have been influenced by what the (unobserved) tuberculin skin
test results would have been, conditional on measured covariates.22-26

Given these four plausible sources of bias, we sought to evaluate the extent to which
NHANES-based estimates for the national prevalence of a positive tuberculin skin test—>
might change with an analysis that considers the influence of non-U.S. birth distributions
and within-household test results, reclassifies borderline-positive test results, and adjusts for
tuberculin skin test item nonresponse.

METHODS

Data sources and target populations

Each 2-year NHANES cycle is designed to be nationally representative of the
noninstitutionalized U.S. civilian population. Most of the data used for this analysis

are publicly available at https://www.cdc.gov/nchs/nhanes/. Examination dates and design
parameters beyond the primary sampling unit (e.g., household) are restricted variables that
are not released publicly. However, the National Center for Health Statistics, subject to
proposal approval, can allow a researcher to access restricted variables through the Research
Data Center (https://www.cdc.gov/rdc/).

NHANES examinations included a tuberculin skin test component in 1971-1972, 1999-
2000, and 2011-2012, and an interferon-gamma release assay blood test for TB infection

in 2011-2012. The age groups eligible for tests of TB infection changed in each cycle:
participants aged 25-74 in 1971-1972, when NHANES represented 103 million adults, aged
>1 year in 1999-2000 to represent 268 million, and aged =6 years in 2011-2012 to represent
282 miIIion.1‘5’11v16‘19'27

Outcome of interest and frequency of item nonresponse

We defined our outcome of interest as a tuberculin skin test measurement in the public-use
NHANES dataset of =10 mm.1-57.20.27 Typerculin skin test results were missing for 397
(21%) of the 1,891 age-eligible examined participants in 1971-1972, for 1,466 (16%) of the
8,832 in 1999-2000, and for 1,693 (22%) of the 7,821 in 2011-2012.

Statistical approach

NHANES public-use datasets include masked design variables and participant weights to
account for the complex, multistage, probability sampling design when generating national
estimates.917-19.27.28 \We ysed the PROC DESCRIPT procedure in SAS-callable SUDAAN
(Research Triangle Institute, Research Triangle Park, NC) to estimate the population
prevalence of a tuberculin skin test =10 mm. By default, SUDAAN uses Taylor linearization
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methods to estimate standard errors.2%-31 We specified a with-replacement design and

used SUDAAN’s SUBPOPX option to subset to age-eligible participants with non-missing
tuberculin skin test results.29-31 First, we conducted a conventional NHANES analysis using
only variables in the public-use datasets — that is, with the standard 2-year examination
weights and the masked major stratum and primary sampling units as the only levels of
nesting.%17-19.27.28 Then within the Research Data Center, we replicated the conventional
analysis after replacing the public-use masked variables with the unmasked (true) major
stratum and primary sampling unit variables. Next we sequentially added Census tract, block
group, block, and household. Doing so allowed us to examine the effect of multilevel
clustering on the estimated population prevalence of a tuberculin skin test =10 mm.

Because we specified more than two levels of nesting, we used SUDAAN’s /PSULEV =

and /MISSUNIT options,30:31

Non-U.S. birth distributions

We used the March 2000 Current Population Survey and March 2010 American Community
Survey to compare the weighted U.S.- vs. non-U.S. birth distributions of Hispanic and Asian
participants to their corresponding relative proportions in the general U.S. population.12-15
If they differed, our plan was to create an additional post-stratification adjustment to the
2-year examination weights.

Households with multiple participants

We also examined the influence of the preferential selection of households that had multiple
eligible participants. Household types were partitioned into those with only U.S.-born, with
only non-U.S.-born, or with both U.S.-born and non-U.S.-born participants aged =6 years
with tuberculin skin test results. We determined within-household concurrence of skin test
results and whether results differed between persons from households with =2 examined
participants and persons who were their household’s only examined participant.

Record-level reclassification of borderline-positive tuberculin skin test results

We reclassified 40 NHANES 2011-2012 participants with positive interferon-gamma
release assay blood test results and 8 mm or 9 mm tuberculin skin test results as having
positive tuberculin skin tests. This record-level reclassification remained in place for all
subsequent analyses.

Tuberculin skin test item nonresponse

We observed that 124 (31%) of the 397 missing tuberculin skin test results during 1971-
1972 occurred among participants examined during the final 2-3 days that NHANES
examinations were scheduled in that county. Their skin test results presumably were not
recorded because of logistical difficulties in scheduling the test reading after the examination
center in that county had closed. However, our analysis within the Research Data Center
demonstrated that being scheduled for a later examination date did not influence the
likelihood of having a recorded tuberculin skin test result in 1999-2000 or 2011-2012.
Excluding that possibility allowed us to focus on other potential predictors of tuberculin skin
test item nonresponse.
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Among the NHANES participants with tuberculin skin test item nonresponse in 1999-2000
and 2011-2012, we used responses to the question, “Have you ever had a severe reaction

to a TB skin test?” (TBQO70), which was asked just before the tuberculin skin test was
administered during the examination, to discriminate between the small number who did

not have the test placed due to an affirmative response, the moderate number who had the
test placed but did not return for it to be measured, and the large number of examined
participants with tuberculin skin test item nonresponse who did not receive the test (Table 1).

Previous NHANES analyses had noted that tuberculin skin test item nonresponse was
more common among younger participants and among non-U.S.—born persons.3# To

better understand the associations of age, race/ethnicity, and U.S. vs. non-U.S. birth with
tuberculin skin test results, we divided participants into four age-based groupings, then into
the three major race/ethnicity categories used in NHANES 1999-2000 and the four used in
NHANES 2011-2012, and then by U.S. vs. non-U.S. birth, yielding a total of 24 distinct
participant profiles in 1999-2000 (Table 2) and 32 in 2011-2012 (Table 3).

Our analysis of the subset of participants with complete results had shown that a personal
TB history was associated with a positive tuberculin skin test and positive interferon-gamma
release assay blood test during the NHANES examination (eTable 1). Therefore, to address
tuberculin skin test item nonresponse within each participant profile, we invoked a missing-
at-random assumption that was conditional on the participant’s self-reported TB history (i.e.,
whether or not the participant reported a previous positive test or previous treatment for
either active or latent TB). We created 30 replicates of each NHANES dataset, replacing
missing tuberculin skin test results with an imputed positive or negative result based on a
Bernoulli trial, where the individual participant’s probability of a positive tuberculin skin
test was the weighted proportion of a positive skin test among persons who were in the
same participant profile and had self-reported a similar TB history. We used SUDAAN’s
MI_FILES statement so that the estimated variance would incorporate the additional
uncertainty added by the imputations.24-26.29-33

RESULTS

Both the conventional analysis using the masked variables from the NHANES 1999-2000
and 2011-2012 public-use datasets and the unmasked analysis with their true counterparts in
the Research Data Center yielded the same estimated population prevalence of a tuberculin
skin test result =10 mm. Incorporation of additional sample design parameters (i.e., Census
tract, Census block group, Census block, and household) improved precision but did not
change point estimates (eTable 2).

A weighted 46% of Mexican-American participants in NHANES 1999-2000 were non-U.S.-
born. A weighted 53% of Hispanic and 74% of Asian participants in NHANES 2011-2012
were non-U.S.-born. These proportions were similar to that seen in the U.S. population

at large.12-15 Therefore, no further adjustments were made to the examination weights
provided in the public-use datasets.
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Similar proportions of NHANES 1999-2000 and 2011-2012 participants shared a
household with other examined participants (eFigure). Within-household concordance of
tuberculin skin test results was =94% in households with only U.S.-born participants and
>65% in households with any non-U.S.-born participants. The weighted prevalence of a
positive skin test between households represented by a single or by multiple participants
did not differ, except for higher prevalence among U.S.-born participants who lived

in households with non-U.S.-born participants. In these shared households, a weighted
7.8% (95% confidence interval = 4.9%-12.2%) of U.S.-born persons in 1999-2000 and
6.0% (95% confidence interval = 3.6%-9.8%) in 2011-2012 had positive tuberculin skin
test results (eTable 3). However, because these persons with positive results represented
approximately 1 million (<1%) of the total U.S.-born population in each NHANES cycle,
their influence on national prevalence estimates was negligible.

The 40 reclassified borderline-positive tuberculin skin test results in 2011-2012 occurred
within 16 of the 32 participant profiles (Table 3). The pooled effect of these record-level
reclassifications on the estimate of the overall noninstitutionalized U.S. civilian population
being tuberculin skin test-positive was a modest 0.3% change from the conventional
NHANES analysis estimate of 4.3% (95% confidence interval = 3.0%-5.9%) to 4.6% (95%
confidence interval = 3.3%-6.3%) (Figure).

We observed differences between NHANES participants with complete tuberculin skin test
results and those with skin test item nonresponse. A self-reported previous positive test

for TB infection or previous treatment for either active or latent TB was associated with
tuberculin skin test item nonresponse (1971-1972 not shown, 1999-2000 and 2011-2012
shown in Table 1). Among persons with complete results, this history was associated with
a positive test for Mycobacterium tuberculosis infection (eTable 1). Persons aged =60 years
were oversampled in NHANES 1999-2000 and had some of the most complete tuberculin
skin test results in that cycle. Mexican-Americans were also oversampled and had a level
of participation in the TB component of the examination like that of non-Hispanic persons
(Table 1). In contrast, Asians, who were oversampled in NHANES 2011-2012, had some
of the lowest participation in the TB component of the examination (Table 1), with missing
tuberculin skin test results most pronounced among Asians aged =60 years (Table 3).

Table 2 and Table 3 show how weighted prevalence estimates would change if missing
tuberculin skin test results were replaced under the missing-at-random assumption (i.e.,
where the individual participant’s probability of a positive skin test was the weighted
proportion of a positive skin test among persons in the same profile who had self-reported
a similar TB history). Within most participant profiles, the estimated population prevalence
of a positive tuberculin skin test increased slightly. However, the new prevalence estimates
were only markedly different among black non-Hispanic non-U.S.-born participants aged
40-59 years, and there were relatively few of them, so these estimates were unstable.

The pooled effects of all these adjustments are shown as the final set of estimates for 1999—
2000 and 2011-2012 in the Figure. With these imputations for the missing tuberculin skin
test results, the estimated point prevalence of a positive test in the population decreased by
0.2% for 1999-2000 and increased by 0.3% for 2011-2012. However, the 95% confidence
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intervals (i.e., 3.3%-5.2% and 3.6%—6.6%, respectively) remained similar to estimates
without any adjustment for tuberculin skin test item nonresponse. Confidence intervals also
overlapped across both cycles.

DISCUSSION

We evaluated whether past NHANES-based estimates for the national prevalence of a
positive tuberculin skin test might change with an analysis that considered four plausible
sources of bias. Conditional on our having accurately identified and adequately addressed
the four most likely sources of uncertainty, this bias analysis reinforces our confidence in the
validity of estimates based on a conventional analysis of the public-use NHANES datasets
for 1971-1972, 1999-2000, and 2011-2012.1-5.9.10.33,34 The estimated U.S. population
prevalence of a positive tuberculin skin test was robust to a variety of different bias
adjustments. Consistent with the intent when masked design parameters are created for

the public-use datasets, none of the restricted variables that we accessed within the Research
Data Center proved to have any substantial influence on results.®-17-19 Incorporation of
additional NHANES design parameters beyond the primary sampling unit simply improved
precision, which is consistent with the NHANES design (i.e., based on sampling from strata
that are “homogeneous within” and “heterogeneous between”).29. P- 32

Despite lower participation in the tuberculin skin test component of the medical examination
by Asian adults in NHANES 2011-2012 (Table 1), their skin test results remained similar
after our missing-at-random adjustment based on self-reported TB history (Table 3).
Although the estimated population prevalence of a positive tuberculin skin test increased
across most age groups and most race/ethnic subdomain groupings following adjustment for
tuberculin skin test item nonresponse, the pooled effect on overall population prevalence
estimates was negligible (Figure).

We could not examine all potential sources of systematic error with respect to TB in
NHANES. A limitation of this analysis, for example, is that we do not know whether
questions were systematically asked differently between the two most recent cycles, despite
the use of nearly identical TB protocols. One finding that remains inexplicable is the
different responses to the TBQO70 question, “Have you ever had a severe reaction to a
tuberculosis skin test?” When asked of 7,613 respondents during the NHANES 1999-2000
examinations, just prior to the tuberculin skin test placement, the recorded response was
always “no.” When in 2011-2012 the same question was asked of 6,437 respondents, 87
participants said “yes,” even though only 45 of those 87 had reported a previous positive
tuberculin skin test during the NHANES interview some days beforehand (Table 1).

Following precedent, we defined our outcome of interest as a tuberculin skin test
measurement in the public-use NHANES dataset of >10 mm.1~57:8 As a proxy measure
for latent TB infection, Comstock called this cutoff, put forward by the American Thoracic
Society in 1971, an “arbitrary definition [that] has worked surprisingly well for most of
us.”20. P- 467 The tuberculin skin test is 1912 technology known to produce false-negative
results with incorrect administration, immunosuppression, or timing (i.e., very early or
very late in the course of infection), and false-positive results with bacille Calmette-Guérin
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vaccination.”-29:35 With no gold standard for diagnosing latent TB infection, measuring

the concordance of tuberculin skin test results with exposure risk, active TB disease
incidence, and, more recently, interferon-gamma release assay blood test results has

been the only way to assess their validity.3538 We used IGRA results to inform our
reclassification of borderline-positive tuberculin skin test results in the 2011-2012 dataset.
Ideally, misclassification and other sources of potential error such as digit preference would
be prevented in the study design, rather than addressed in the analysis phase.2533 The
tuberculin skin test reader, for example, could use calipers that demarcate the skin test
induration but do not reveal the measurement (i.e., blind the reader to the measurement in
mm units) until after the caliper jaws have been locked.20

Epidemiologists often work with data collected by other entities that did not have their
specific research topic in mind. Although none of the additional variables that we considered
proved to be influential on NHANES-based prevalence estimates for TB infection,

some aspects of our approach might have relevance for other health conditions. Any
researcher working with publicly available survey data should carefully read all provided
documentation,?-11.16-19.28.29 not only to understand how participants were recruited and
data were collected but also to consider, for example, whether a survey that often selects
multiple persons from the same household might skew results for the health condition of
interest. NHANES is primarily a general health and nutrition survey, and each individual
participant represents thousands of other persons. A single 2-year cycle is designed to
estimate conditions with >10% prevalence with a relative standard error of <30%.9:10
Nevertheless, Curtin et al. have pointed out that NHANES collects so many detailed
measures that a “rare event” is not uncommon.19 Having TB components implemented for
>4 consecutive years in future NHANES cycles would help achieve more stable prevalence
estimates,910.17.18

Threatening to thwart the national goal to eliminate TB,® the estimated U.S. population
prevalence of a positive tuberculin skin test remained essentially the same between 1999—
2000 and 2011-2012 (Figure). Given concomitant U.S. population growth, stable prevalence
means that a growing number of persons residing in the United States are infected with
Mycobacterium tuberculosis. Being able to accurately measure the prevalence of latent TB
infection is arguably more important now than ever.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Estimated U.S. Population Prevalence of TST 210 mm (Percent)
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2011-2012 (ages =6 years)

6.1 5.9

44 143 } 43

3.1 3.0

Pooled 95% Confidence Intervals and Point Estimates for Prevalence of Tuberculin Skin
Test (TST) =210 mm in Overall U.S. Noninstitutionalized, Civilian Population — Previous
and These Analyses of National Health and Nutrition Examination Survey (NHANES),
1971-1972, 1999-2000, and 2011-2012
Abbreviations; NHANES, National Health and Nutrition Examination Survey; TB,
tuberculosis; TST, tuberculin skin test; MAR, missing at random.
3 The Khan et al.2 and Bennett et al.3 1999—2000 estimates were for participants aged =1

year.

b The Engel et al.1 1971—1972 “tuberculin positive” estimates for participants aged 25-74
years apparently included examinees not given a TST because they reported a “history of a
positive reaction, tuberculosis, or isoniazid prophylaxis.”
¢ Bennett et al.3 addressed missing TST results in 1971-1972 and 1999-2000 by excluding
participants without TST results and then creating higher weights for participants with
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results by multiplying the NHANES-provided 2-year examination weight by the inverse

of the probability of having a result. In 1971-1972; this inverse probability reweighting
approach was based on the 73% of examined participants aged 25-34 and 80% of those
aged 35-74 with TST results. In 1999-2000, it was 75% of U.S.-born and 66% of the
non-U.S.—born examined participants aged 1-14 years, and 88% of the U.S.-born and 83%
of the non-U.S.—born aged =15 years.

d These 1971—1972, 19992000, and 20112012 “conventional analysis” estimates are
based entirely on NHANES data publicly available at https://www.cdc.gov/nchs/nhanes/,
including the masked major strata and primary sampling units, and no changes to the
standard NHANES-provided 2-year examination weights. Instead of addressing TST item
nonresponse with a reweighting approach, this analysis used SUDAAN’s SUBPOPX option
within PROC DESCRIPT to subset to age-eligible participants with complete TST results.
For the SAS-callable SUDAAN code used, see eAppendix.

€ This 1971-1972 “conventional + household” estimate was possible using the masked
household ID that is available in the public-use NHANES dataset for 1971-1972. In addition
to nesting participants by masked major strata and primary sampling unit, household was
added as a third level of nesting to account for the possibility of within-household clustering
of TST results. However, in 1971-1972, only 49 (3%) of 1,842 households with TST
results had >1 participant with TST results, in contrast to over half of participants in the
later cycles. The 1999-2000 and 2011-2012 “unmasked parameters + household” estimates
required access to restricted variables not in the public-use datasets. These replicated the
conventional analysis but used the unmasked major strata and primary sampling units while
also accounting for the possibility of within-household clustering of TST results. For more
detailed results of what happened when the other restricted variables of Census tract, block
group, and block were added, as well as the results stratified between participants who
shared households and participants who were the only household representative, see eTable
3.

f The Miramontes et al.# estimates for 19992000 used the same Bennett et al.3 inverse
probability reweighting approach for missing TST results, except that Miramontes et al.
subsetted the 1999-2000 participants to those aged =6 years (i.e., excluding those aged 1-5
years), to enable better comparison to 2011-2012, when only participants aged =6 years
were offered a TST. For 2011-2012, Miramontes et al. increased the NHANES-provided
2-year examination weights based on the 73% of the U.S.-born and 69% of the non-U.S.—
born aged 6-14 years, and 83% of the U.S.-born and 74% of the non-U.S.—born aged

>15 years, with TST results. The Miramontes et al. estimates also employed smoothing
techniques to address the digit preferences for 10 mm measurements in 1999-2000 and 8
and 9 mm measurements in 2011-2012.

9 Mancuso et al. 2011-20125 report that the standard NHANES-provided 2-year
examination “weights were further adjusted for nonparticipation in TB testing so that it
would represent the applicable study population” but do not provide further detail.

M These 1999-2000 and 20112012 “conventional + TST MAR adjustment” analyses
employed the conventional analysis of masked public-use NHANES datasets with further
adjustment for TST item nonresponse (i.e., summarizing the overall population effect of
the stratified results presented in Table 2). The missing TST result was replaced with 30
imputed positive or negative TST results based on a Bernoulli trial, where the individual
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participant’s probability of a positive TST was the weighted proportion of a positive TST
among persons in the same participant profile who had self-reported a similar TB history.
Additionally for 2011-2012, the “+ reclassifications” analysis addressed the digit preference
for 8 and 9 mm rather than 10 mm TST measurements in that cycle. Any participant whose
interferon-gamma release assay blood test result was positive and whose TST result in the
public-use NHANES dataset was 8 mm or 9 mm was reclassified as having a positive TST.
For the SAS and SAS-callable SUDAAN code used, see the eAppendix.

Epidemiology. Author manuscript; available in PMC 2022 August 06.



Page 14

Haddad et al.

LT w2 z1 11 TG ¥El 018 02L ze e oeT ol g€8  YET'T
g7 oz g 9sT  evl 518 8L 9v 001 LeT L6l 118 €LT
L'z €S 80 91 SOT e 66, 19G'T e 62T b gv8  009'T
9z 29 L0 91 SST viE €18  096'T T €€ LT 08 768 9967
g g e @ v08 bl 7 9T 82 ze8 061
q q q oL zE q vez  oT 9.9 €
q VT o €8T IS 769  €0¢ q IR A 62, ST
67 LET T1 6. 69T 908 98, 8pLE 5z ovl LT 908 g'€8 726t
62 802 50 ve 8T 8821 68, 02l 9z 212 £eT 880 T¥8  868'
%MoY  ON %MoY  ON %MoY  ON %MoY  ON %MoY  ON %MoY  ON %MoY  ON
(8z1'9 =W) (98¢'L =u)
(zzz (L8 =), uonoesy (v8e'T ez (612'T
=) papi102ay 1nsay 319AaS 1584 01 aNQ =U/) UMOUMUN uoseay =) PapI0day 1NSaY = {/) UMOUMNUM UOSeay
ON Ing paoe|d 151 Da%ed 151 ON g paoe|d 151 ON ON Ing paoeld 1SL g paoe|d 151 ON
- s)nsay - s)nsay
(€69°T =) esuodsaiuoN wayl 151 LS. a101dwo (9vp'1 =v) ssuodsaiuoN Wi 1S1 151 aeidwon

ZT0Z-TT0T ‘siesA 92 peby siuedionied paulwex3 7z8‘L

0002-666T ‘JeaA TZ paby siuedionied paulwex3 ZEg's

uioq
—'S’N-Uou d1uedsiH

ulog-'s'n oluedsiH

ulog-'s'n
oluedsiH-uou xoe|g

uiog-'sn
o1uedsiH-uou aNymM

aoe[dypiig/Anatuyie
/adel paylodal-4|as

a1

3AI108 UIIM pjoyasnoy
Ul sem Ing g1 aAnoe
1o 1S anmsod Jayle
10 Aio3siy Jeuosiad oN

9.1 aAnoe Jo
Ai01s1y paniodal-jjes

1S.1 ennisod
snoinaid palioday

1S1
snoinaid Aue pauiodey

aseasip
9AI119® 10 UonJBjuI g1
pasoubelp Ajsnoinaid
15966ns 01 Al0isIy ON

suonsand

M3IAIRIU] SINVHN
0] asuodsay JayI0
pue A1oisiH (91)
sisojnaJagn pauoday
-418S s.juedionied

Author Manuscript

2T02-TT0Z PUe 000Z—666T — SUONSANO MaIAIB)U| 0} Bsuodsey Ad
‘uonreutwex3 (SINVHN) AsAINS uolfeuIleX UOIILIINN PUB YI[eaH [BUoeN 8yl 4o Jusuodwo) (1S1) 1sal UIMS ulnosagnL ut uoiedioiued paybramun

‘T31avl

Author Manuscript

Author Manuscript

Author Manuscript

Epidemiology. Author manuscript; available in PMC 2022 August 06.



Page 15

Haddad et al.

"sIaquunu |jews o3 anp passaiddns S1UsIL0D (30 BWIOS

q

‘Alanirewiiye 11 Buiamsue se papiodas sem juedionued

ou Inq ‘padejd sem | S 8y a1oaq 1snf padse sem uonsenb awes syl ‘0002—666T Ul “LSL 8y Buliajjo 01 UONEIIPUIRIILOD B SeM ‘UoIjeulLEXs [edlpaw SINWHN 8y Buunp psoejd sem 1S 8yl a1048q isn(
padise sem yotym ‘(02009L) ..¢1S3) UIS g1 © 0} U0NIBal 8/3/35 © pey 1aAs NOA aAeH,, ‘UoNsanb sy} 03 asuodsal SAITRWLILIE Ue ‘ISASMOH UOIRUILEXS STNYHN 8u J0 Lied se | S e palago Buiag 1oy eLisio
UOISN|IX3 10U 2JaM MAIAIBIUT STNWHN 8y} Bulinp suonsanb paiejas-g L ays 40 Aue 01 sasuodsal sAWIIE ‘ZT0Z-TT0Z PUB 000Z—666T Usamiag abueyd 1ou pIp yoiym ‘|oaolold Asnins sy} o} mc_c_oou,qm

1S3} UIYS UIIN2Jagn} ‘1S ‘sIsojnalagni ‘g1 ‘AoAIng uolreuIwex3 UonLINN pue YieaH [euolieN ‘SINVHN :SUOIBIASIGOY

q q 20c 99 8'SL
q q vor 18 118
€c 0¢ T 8T 9T VT €'6L
0z 8T €T 1T 06T ¢€T L'T8
6'C G¢ 6T LT G€T 81T L'T8
6C LC 8T LT 8vT  LET 708
06 8v q 96T  6VT 9'8L
§G €€ q GGT €6 L'8L
9T 0T q 6'GT 00T 7’28
¥z 0€ q 8'8C 99¢ 6'89
2T02-TTOZ Ul sieak 92 pabe syuedioned Ajuo 0] paiayo 1S1
2T02-TT0Z Ul Steak 92 pabe syuedionued Ajuo 0} pasayo 1S1
q q 69 06 189
q q T8T b vLL
Ty 0¢ €e 144 8ve 18T 629
e 11 q L'8C 6 ¥'.9

Author Manuscript

Author Manuscript

Lve

(004
889
8TL

S1L
evL

0S5

(247

615

9/8

8¢¢

881

961

1144

97

ST

1T

0¢

€T
€T

1€

¥S

[44

LT

ST

€6

90T

L'TT

77T

L'TT

44"

01T

'8

L'TT

081

L'8¢

0€

95

68

19

¥8
¥6

88

€6

[44%

161

16¢

T'06
€'/8
9'G8
€18
§'98
798
T's8
198
8'v8
7’08

8'69

06¢

6SY
6¥9
08y

[44Y]
799

6.9
856
G20'T
€58
L0L

000Z-666T Ul Jeak TZ pabe sjuedionted Ajuo 01 palayo 1S1

SANVHN 0002-666T Bulinp A106a1e3 © 10U 938 URISY

SANVHN 0002-666T Bulinp A106a1ed © 10U 938 URISY

q

¥'0¢

991

Author Manuscript

18

114

8'8L

018

€1e

00¢

sleak 082

sieak 6,-0/
sieak 69—09
sieak 650G

sieak 60
sieak 6E—0E

sieak 62-02
sieak 6T-9T
sIeak GT—2T

sIeak TT-9

sIeak G-T
Jeak 1>
dno.b aby

uloq
—'g'N-uou JBYI0

uiog-'s'N 1BYI0

uioq
—'§"'N-UoU UBISY

uI0g-'S’N UBISY

Author Manuscript

available in PMC 2022 August 06.

3

Epidemiology. Author manuscript



Page 16

Haddad et al.

ulog-'s'n-uou ¥ ulog-'s'n v..

ulog-"s'n-uou 60¢ ulog-'s'n S6T

ulog-'s'n-uou ¢ ulog-'s'n L5¢

siuedionued oN paybiamun

v sIA 092 cmmmw syuedionued JaYio/aHyM

sIA 092 cmmmw sjuedionJed uedLIBWY-UBDIXAIN

s1A 09< pabe sjuedionued ajuedsiH-uou 1oelg

13 13
: uaolad ansod pajsnl]
767 61 612 61 » 80€ 91T o} 1S1 8Anisod paisnipy
) usdsad annisod paysnipeu
ez 971 042 0z p 82 10T p bl 1S1 aAnisod pejsnipeun
nsaJ 1M JU2J3,
678 006 8.8 €98 0€L 0's8 oM LS Ly d
. . . . . . 1y61am juedionted abelany
00069 000'06 000'0T 000'TT 000°€C 00092 q
ulog-"s'n-uou 607 ulog-'s'n 9¢s ulog-'s'n-uou T1e ulog-'s'n ovt ulog-'s'n-uou 6% ulog-'s'n Lee swedioied oN paybremun
sIA 6G—01 pabe v siuedionued Jaylo/elypM  SIA 6G—0p pabe v siuedionJed ueOLIBWY/-UBDIX3IN SIA 660 pabe swedioned SiuedsIH-UOU Yoelg
: uadlad annsod pajsnl]
961 €0 911 vy 2 L87 g o 1S1 aAmisod pasnipy
: uaalad annisod paisnipeu
L'61 €0 WA 'y p 681 T8 14 ! 151 3As0d pasipeun
nsal 1M U329,
7718 1768 7'v8 €98 706 798 oM LSL B3 d
, , , \ , \ 1yB1am juedionted abesany
00069 000°¢€8 000'9T 000'8T 000°ce 000's€ q
ulog-'s'n-uou 917 ulog-'s'n v.29 ulog-'s'n-uou /¢ ulog-'s'n 1917 ulog-'s'n-uou gy wog-'s'N 292 siuedionued oN paiybramun
sIA 6e-02 ummcw siuedioiged Jaylo/euyM  SIA 6E-02 ummcw siuedioied uedLIBWY-UBDIX3IA SIK 680z pabe siuedioned SiuedsIH-UoU Yoelg
: f
9 20 &TT ) pSTT 90 5 Jueasad 151 anmsod paisnipy
: uaolad anisod paisnipeu
€9 40} 8Tl 97 pST 90 14 ! LS SARISO paIshipEUn
nsal 1M U823,
0'8. 8'6. 198 (4] 506 T'S8 oM 1S1 M3 d
. . . . , \ b61am Juedionied abeleny
000°L€ 0007y 000°¢ 000t 000'8 000'6 q
ulog-'s'n-uou 96 ulog-'s'n 698 ulog-'s'n-uou gog ui0g-'s'N ¢L0'T ulog-'s'n-uou o uog-'s'N v€6 siuedioned oN payybramun

sIA 6T—9 pabe v sjuedionued Jaylo/8HYM

SIA 6T-9 ummmm siuedionued uedLIBWY/-URDIXIIN

sIA 6T—9 pabe syuedionued o1uedsiH-uou xoelg

Author Manuscript

asuodsaluoN way| 1S Joy siusunsnipy Buipnjoul ‘synsay (1S1) 1s81 UIMS ulnalagny paiybiapn
Buimoys ‘sisAfeuy 0002—666T (SINVHN) AAINS uoljeuwex3 UOKLINN pue YedH [eUOIEN SIU} 10} pajeald sa|ij0id Juedidnied payiies inoj-Ajusml

‘¢31avl

Author Manuscript

Author Manuscript

Author Manuscript

Epidemiology. Author manuscript; available in PMC 2022 August 06.



Page 17

Haddad et al.

"g.l 1Ud¥e| JO BAIIOR J3YMIa 10 Juawieal) snoinaid Aue Jo 1S aAisod snoinald e se pauigap sem A10lsiy g1 Jeuossad paliodal-4|as A10isiy g1 Jejiwis e pauodal-4|as pey oym ajiyoid juedionted
awes ay) u1 suoslad Buowe | S| aamsod e Jo uonodoud payybiam ayy sem | S1 aanisod e Jo Aljigqeqoad s,juedionted [enpiaipul ayy ‘quawisnipe wopuel-je-Buissiw ay} 104 "uondwinsse wopuel-ye-buissiw
ay pue A101s1y g1 papodal-§|as uo paseq asuodsaiuou way 1S 10} Juswnsnipe Jaye ‘1S ansod e pey oym synsal 1S a191dwiod yim siuedionied SJNWHN paulwexs Jo Juadiad umEm_m\Sm

"asuodsaluou wall 1S Joy wuswisnlpe Aue Inoyim ‘1 S1 aAisod e pey oym synsal 1S a19dwod yim siuedionsed SINYHN pauIlexs Jo jusosad UmEm_o>>.c

's1aseep asn-o1jgnd SINWVHN ay1 ul papiao.d sybram ajdwes uoireuiwexa 1eak-z ayl Buisn ‘synsal 1S a19]dwod yum ajisoid wedionued reyy ui siuedionied SINVHN paulliexs Jo jusdiad umEm_w\Su

‘1yBram a)dwes J1aMmo| e 0} WEeaJISUMOP 3INGLIIUOI PINOM ya1ym ‘abieis Burjdwes SINWHN 1413 8yl Bulinp uoios)ss Jo

Aupgeqgoud Jaybiy e Buiaey sanunod pajeindod Ajasuap ui apisal 03 Ajay1] alow aq ‘ajdwexa Jo} ‘pnod suosiad uiog-'S N-uou Ing ‘adejdyuiig Aq paouanjyul Aj30alip Jou alam sanljigeqold uondsles SINVHN
'3]ge1 S1Y Jo} spuesnoy} ayl 01 papunod ‘(uedionued yeyy Aq pauasaidal 000Z—666T Ul SUBIIAID 'S N pazijeuonniisuiuou Auew moy *a'1) uedionted Jad Jybiam ajduwies uoneuiwexs Jesk-g mmm\_ms,qQ
‘uorrejndodgns siyy ui syuedionted 000Z2—666T SINWVHN 40 Jaquinu Jjews ay} 03 Buimo as1oaidwi ase suosiad dluedsiH-uou ae|q

UI0Q-"S"N-UOU IO} S8YeWIISd 89Ud[BABId "PapJ0dal Jou Sem ade|dywiig asoym sieak 92 pabe syuedionied paulwexs 9 apnjaxe sajiold Juedionied 000z—-666T 8y} ‘uonippe uj -(ulog-"S'N-uou TOE pue ulog-'s'N
18z ‘a'1) abeiLiay uedIxal 40 Jou suosiad o1uedsiH papnjoul 0002-666T Ul A106a1ed uosiad Jayio/anym ay ) “siybram ajdwes abesane Jamo| aney suoneindodgns pajduriesiano {0002—666T SINVHN Ul
pajdwiesiano Ajarelagijap aiam (, SUedLIBWY/-UBDIX3IA,, “"a'1) 8fkelay UedIXa\ JO J0 02IX3|Al Ul UI0g Jaya suosiad pue suosiad AjJap|a ‘suorrejndodgns uiyym sarewnss adusjesid as1oaid alow a|qeus oL,

1S3} UIYS UIINaJagny ‘1S ‘sIsojnalagni ‘gl ‘ASAINg uoneuIWEXT UONLINN PUB Y3[eaH [euoieN ‘SINVHN :SUOHEIASIqYY

' f
STI ot 122 6T 2 08¢ 01 B juaosad 1S anmisod paisnipy
: uaosad annisod paisnipeu
60T Ve 6'TC €EeT 2 vse 997 P ! 1SL et paisnipeun
nsal IS UERIE)
8'9. 506 798 T/8 0¢L 698 a2 i 151 (i d
. . . . . , bB1am Juedionied sbeleny
000 v€ 000 ¢y 000¢€ 000¢€ 000TT 000¢T q

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

available in PMC 2022 August 06.

3

Epidemiology. Author manuscript



Page 18

ulog-"s'n-uou g ulog-'s'n 865

ulog-'s'n-uou yS¢ - wog-'s'n ST

ulog-'s'n-uou 89¢  WI0g-'s’N €8

ulog-'s'n-uou 89 ulog-'s'n oey

siuedionued oN paybiamun

1A 65—0v pabe suedioned Jay1o/sHUM

sIA 6G—0v pabe v sjuedioned ueisy

sIA 6G—0 pabe sjuedioned oluedsiH

sIk
65—0v pabe syuedionted oluedsiH-uou yoe|g

y udoJad

p 63 60 08z Lt 7ot TS £82 TE 151 anmsod paisnipy

B AJissejoal

a|qeaijdde jou a|qealjdde Jou '8¢ a|geolyddejou 9T a|geaiddeou  z'vz 0e uaym juadiad an1ISod

juaasad

8y P
¢ 80 €9z 8'€ g6t 8y X4 8¢ 1s1 anmsod pajsnipeun
nsa 909

6'€9 18 6'69 552 Te8 v'v8 129 828 o NS LS AN

. . . . . , , . Biam juedioned sbesany
00029 00089 0001 00091 000 0% 000G 000°¢e 0002 q

ulog-'s'n-uou g9 wog-'s'n 129 ulog-"'S'N-UoU TEZ ¢ Wog-'S'N¢8  Wog-'S'N-Uou g Ulog-'S'N GGT  UI0Q-"S'N-uou 8 uiog-'s'n L6€ sjuedioned oN paybramun

sIk
sIk 6e-0z pabe 1 suedioned ueisy 60z pabe suedionied osiuedsiH-uou xoe|g

sIA 6g—0z pabe syuedionted Jay1o/aMYM sIA 6e—0z pabe syuedionted oiuedsiH

Jud24ad

9 0’6y d
12 00 L'TT 7'l 'L 90 2 T 1S1 anmsod pajsnlpy
B AJissejoal
a|qeorjdde jou a|qeaijdde Jou a|qeaijdde jou ajgeondde jou  ajqearjdde Jou 90 a|qealjdde jou a|qealjdde Jou Uaym uadiad aARISOd
jusdsad

o TLY P
e 00 STT 7'l 'L S0 2 1 1S1 anysod passnipeun

nsal 1M JUB2.13,
6'9L €TL L¢L €79 S'6L 1718 687 T6L 2 " 151t d
. » . . . . . . B1em juedioned abelany
000 ¥v 000 81 0006 0006 0006T 000LT 000¢CT 000¢CT q

ulog-'s'n-uou 1¢ uiog-'s'n €89 ulog-"s'n-uou g6 ulog-"S'N ¢T¢  ulog-'S'N-uou 96T  Ul0g-'S'N §6S  WI0Qg-"'S'N-uou 9¢ wog-'s'n 912 siuedionued oN paiybramun

Epidemiology. Author manuscript; available in PMC 2022 August 06.

sIK
sik61-9 Uommw suedioned ueisy 6T—9 pabe syuedionted oluedsiH-uou 1oe|g

sIA 6T—9 pabe suedionied Jaylo/eym sIA 6T—9 pabe syuedionted oruedsiH

Haddad et al.

asuodsaiuoN
wal] 1S 40} sjuswnsnlpy pue s1nsay 1S aAIISOd-auljJapiog JO UOIRIILISSeIIaY JO S19ay3 Buipnjou) ‘synsay (1S1) 181 UIS uljnaiagnyl pawybiapn
Buimoys ‘sisAfeuy 2102-T70Z (SINVHN) AsAINS uoieUIWEXT UORLINN U YI[eaH [eUOHEN SIY} J0j pajeal) s3|1jold Juedidiued payiens om-Auny L

‘€31avl

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 19

Haddad et al.

"sasA[eue Juanbasqns |[e 104 99e|d Ul PauUTeWas UOIRIIISSe|Ia [9A3]-PJ023l SIY L *AI01SIY g1 paliodal-§|as JO 1uaWa|e awos pey osfe siuedioned paiyisse|oal Oy asay) 40 613 "1S1 aamsod e Buiaey
SB PaIJISSe|08) SeM WL 6 JO W § Sem 13serep SINWHN asn-o1jgnd ay Ul 3Insal 1S.1 asoym pue aaisod sem 1nsal YH 9| asoym juedioiied Auy “uoirealyisselosiw [enuslod siy) Ssaippe 0} S)Nnsal 1s8) poojq
(wyOI) Aesse ases|al ewiweB-UoIaLIaIUL Pasn i ;, sBuIpRa) W 6 Pue g 3AINISOd-auIIaPIOY Se PapI0dal Bulaq sjuawaINsesW 1S 1o} aoualajaid UBIP & Ag paxew sem oA SANVHN 210Z-TT02 UL

“asuodsaiuou wall 1S 104 Juawisnipe Jo uonealyIsse|dal Aue Inoyum ‘1S aAnisod e pey oym synsal 1S a19jdwod yum sjuedidnted SINWVHN paulwexs Jo Jusdlad qum_m\Sn

'sjaserep asn-o1jgnd SINWHN ayp ul papiaoid syybiam ajdwres uoieulwexa Jseak-g ayy Buisn ‘synsas 1S a191dwod yim ajiyo.d juedionied reys ul sjuedidnted SINWVHN paulwexa Jo Juadiad umEm_m>>u

‘JyBiam ajdwes JoMo| e 0} WeaJISuUMOp 3INGHIU0I PINom yd1ym ‘abers Buljdwes STNWHN 111 8yl Burinp uopnas|ss Jo

Aipgegoud Jaybiy e Buiaey sanunod pajeindod Ajasuap ul apisal 01 Ajayi] alow aq ‘ajdwexa o} ‘pInod suosiad u10g-'S'N-uou Ing ‘adejdyliiq Ag paousnjyul Aj30alip Jou alem sanijigeqold uondses SINVHN
'3]q/e1 S1Y) 104 Spuesnoyl ay} 01 papunod ‘(auedionued 1eyy Aq pajuasaldal ZTOZ—TTOZ Ul SUBIIAID 'S'N pazifeuonniisuiuou Auew moy “a°1) Juedionued Jad ybiam ajdwes uoljeurwexs Jeal-g ome><Q
‘suoie|ndodagns asayy

u1 suedionued Z10z2-TT0Z SINWVHN 40 siaquunu [Jews ay 0} Buimo asioaidwi aue sabe |[e Jo suosiad Jayo/alym ulog—'s'n-uou pue ‘0p< pabe suosiad UeISy ulog-'S'N ‘6T—9 pabe suosiad sjuedsiH-uou
39.|q UI0g-'S'N-UOU 10} S31eWIIS 30USJRARId "PapJodal Jou sem adejdynig asoym sieak 92 pabe siuedionted dluedsiH paulwexa G apnjoxa sa|ioad Juedioiied z10z-TT0Z 8y} ‘uonippe uj ‘siybram ajdwes
abeiane Jamo| aney suolre|ndodgns pajdwesiano ‘Z10z-T1T0Z SINVHN Ul pajduwesiano Ajarelaqijap aiem abellay uelsy Jo suosiad ‘suoneindodgns uiylim serewnss asuafenald asioaid alow ajgeus o L,

"}$8) UI{S UIjn2Jagn] ‘1S ‘s1sojnaJagn) ‘gl ‘AsAINg uoneulwex3 UONLINN pue yiesH [euoneN ‘SINVHN :SuoneinsIqqy

juaosad

Tel 00 4
e a Tog 13 6'0¢ 8¢t £'Ge 9'¢T 1S1 anmsod paisnlpy
B AJissejoal
a|qeaijdde jou €T 00 a|geaiyddejou  T0E 12T (X% 0€T uaym uadiad an1ISod
udoJad

6T 00 s
e [ 09¢ 13 6'SC 0TT 8'6¢ Tt 1S1 anmisod paisnipeun

nsal 1M U329,
L'LL ze8 T719 SCL 008 0'8L §29 508 oM 1SL My d
. . . . . . . . 1y61am juedionted abelany
000°LE 000'v9 000°€T 000'¥T 000'¥T 000'ST 000°'0T 000'TT q
ulog-'s'n-uou /g ulog-'s'n 0L ulog-'s'N-uou €§T  Wog-'S'N 6T ulog-'s'n-uou 9g¢  wog-'s'N S8 ulog-'s'n-uou G ulog-'s'n L1y siuedionued oN pajyBramun
sIA

sIA 092 pabe v syuedioned ueisy

sIA 092 pabe syuedionted Jaylo/eNYM sIA 092 pabe syuedionted oluedsiH 09< pabe sjuedionued oluedsiH-uou 3oe|g

uadJad

€T 00 s
e L0 8'L€ 4 5'8C 9¢ T°0€ Tl 151 anwsod pajsnipy
o AJisse[oal
a]qedijdde jou 90 ¥'lE a|gealyddejou '8z a|geaiddeou  g'Gz 69 uaym uadiad an1ISod
Jud24ad

0eT 00 p
e 90 Tve e L'se 9t 8'ee L9 1S anmsod paysnipeun

nsal 1M U823,
0718 €8 €19 9'8. 0€8 0¢6 L'TL 908 oM LS Ly d
. . . . . , . . b61am Juedionied abeleny
00009 00096 000'9T 000'8T 000°0€ 000°GE 000°6T 00012 q

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

available in PMC 2022 August 06.

3

Epidemiology. Author manuscript



Page 20

Haddad et al.

‘g 1uaYe| J0 BAIIOE I3YMIS 10§ Juswileal) snoiaaid Aue 1o ‘1s8) poojq

Aesse aseajal ewweh-uolapiaiul 10 | S1 aAlIsod snoinaid e se paulyap sem Alolsiy g1 [euostad paliodal-}1as A1olsiy g Jejiwis e payodal-j|as pey oym ajiyoad juedionied swies ayy ul suosiad Buowre 1S
anisod e jo uonuodoid paybram ayy sem S| aanisod e jo Aljigeqold s,juedionied fenpialpul syl ‘quswisnipe wopuel-Je-Buissiw ay) 104 "uondwnsse wopuel-re-Buissiw ayy pue Aloisiy g1 panodal-j|as
UO paseq asuodsaiuou wall 1S 104 Juswisnlpe pue uoiealissejdal 1St aAIsod-auljiapioq Jaye ‘1S1 aAnIsod e pey oym synsal 1S a1e)dwod yum siuedionied SINWVHN paulwexs Jo jusdiad umEm_mzv

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Epidemiology. Author manuscript; available in PMC 2022 August 06.



	Abstract
	Introduction
	METHODS
	Data sources and target populations
	Outcome of interest and frequency of item nonresponse
	Statistical approach
	Non-U.S. birth distributions
	Households with multiple participants
	Record-level reclassification of borderline-positive tuberculin skin test results
	Tuberculin skin test item nonresponse

	RESULTS
	DISCUSSION
	References
	FIGURE.
	TABLE 1.
	TABLE 2.
	TABLE 3.

