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Objectives. To assess changes in US tuberculosis (TB) incidence rates by age, period,

and cohort effects, stratified according to race/ethnicity and nativity.

Methods. We used US National Tuberculosis Surveillance System data for 1996 to

2016 to estimate trends through age-period-cohort models.

Results. Controlling for cohort and period effects indicated that the highest rates of

TB incidence occurred among those 0 to 5 and 20 to 30 years of age. The incidence

decreased by age for successive birth cohorts. There were greater estimated annual

percentage decreases among US-born individuals (–7.3%; 95% confidence interval [CI]

= –7.5, –7.1) than among non–US-born individuals (–4.3%; 95% CI = –4.5, –4.1). US-born

individuals older than 25 years exhibited the largest decreases, a pattern that was not

reflected among non–US-born adults. In the case of race/ethnicity, the greatest de-

creases by nativity were among US-born Blacks (–9.3%; 95% CI = –9.6, –9.1) and non–

US-born Hispanics (–5.7%; 95% CI = –6.0, –5.5).

Conclusions. TB has been decreasing among all ages, races and ethnicities, and con-

secutive cohorts, although these decreases are less pronounced among non–US-born

individuals. (Am J Public Health. 2018;108:S315–S320. doi:10.2105/AJPH.2018.304687)

Overall US tuberculosis (TB) incidence
rates have decreased since the mid-20th

century, from an estimated 52.6 cases per
100 000 individuals in 1952 to 2.9 cases per
100 000 in 2016.1 However, between 2013
and 2015 the annual decrease in incidence
slowed, resulting in overall national incidence
rates remaining at approximately 3.0 cases
per 100 000 annually for the entire period.1

According to modeling studies, TB trends are
explained in part by changes in age-specific
TB rates over time.2,3 The influence of events
experienced within birth cohorts indepen-
dent of age-specific trends, however, is not
well understood.

Estimating the independent effects of age
at diagnosis, period (year of diagnosis), and
birth cohort (year of birth) on changes in TB
incidence within US groups over time can
clarify the relative effects of aging, influential
exposures shared by each birth cohort, and
influential exposures experienced by all birth
cohorts during a particular period on TB

incidence over time. We analyzed trends in
TB incidence in the United States during
1996 to 2016 by age, birth cohort, and period,
stratified according to race/ethnicity and
nativity.

METHODS
Our primary data source was the National

Tuberculosis Surveillance System (NTSS),
which is maintained by the Centers for
Disease Control and Prevention.1 We

identified all individuals with TB verified
between January 1, 1996, and December 31,
2016, within the 50 US states and the District
of Columbia.

In the NTSS, US-born individuals are
identified as those who were eligible for US
citizenship at birth, regardless of the geo-
graphic location where they were born. The
surveillance system also includes demographic
(e.g., age and self-reported race/ethnicity),
clinical, and laboratory data for each patient.

Estimated Tuberculosis Incidence
To compute incidence rates, we obtained

population estimates from the Integrated
Public Use Microdata Series of the Cur-
rent Population Survey,4 a cross-sectional
monthly US household survey conducted by
the US Census Bureau and the Bureau of
Labor Statistics. Using theUSCensus Bureau’s
2010 standard population,5 we age standard-
ized TB incidence rates according to calendar
period to control for residual confounding
by single years of age within the broad 10-year
age groups used to calculate age-specific rates.
We used SAS version 9.4 (SAS Institute Inc.,
Cary, NC) to conduct weighted analyses.

Case Characteristics and Other
Regression Covariates

We stratified incident TB cases by
nativity (US-born or non–US-born) and by
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race/ethnicity (Hispanic, non-Hispanic White
or Black, or Asian/Pacific Islander). Asians/
Pacific Islanders were classified as 1 group be-
cause, until 2003, the NTSS categorized these
individuals as a single racial group.1 Because
of limited numbers of cases, individuals who
reported their race as Native American
(accounting for less than 2% of TB cases in
the United States), who reported more than 1
non-Hispanic race, or who reported unknown
race/ethnicity were excluded from the race/
ethnicity analysis but were included
in non–race/ethnicity-stratified analyses.
Patients older than 74 years were excluded
from analysis to ensure consistency of the
3-year or 5-year age groups in all compara-
tive analyses involving age groups.

To calculate age-specific TB incidence by
birth cohort, we classified patients into 11
cohorts by decade of birth (i.e., 1920: 1922–
1929; 1930: 1930–1939; and so forth until
2010: 2010–2016) on the basis of available
data by age. We estimated age-adjusted TB
incidence according to 7 calendar periods of
3 years each (1996–1998, 1999–2001, 2002–
2004, 2005–2007, 2008–2010, 2011–2013,
and 2014–2016), 6 age groups (0–4, 5–14,
15–24, 25–44, 45–64, and 65–74 years),
nativity (US-born or non–US-born), and
race/ethnicity.

Age-Period-Cohort Modeling
We used the age-period-cohort analysis

tool6 to fit log-linear models of expected TB
incidence rates adjusted to estimate indepen-
dent additive effects (if any) of age, period, and
cohort. Because of the collinearity of the 3 time
scales (cohort = period – age), the tool devel-
opers partitioned the log-linear additive effects
of age, period, and cohort into linear and
nonlinear components (age-cohort and age-
period) expressed in equations not shownhere.6

Briefly, the models calculate trends in TB
incidence rates for a specific age group by
creating a regression line that best fits the rates
within a specific group. We estimated
cross-sectional age-specific rates for the ref-
erence period (2005–2007) and adjusted
those rates for cohort deviations from the
linear trend for each birth cohort from1922 to
1924 through 2014 to 2016. We estimated
age-specific rates for the reference birth co-
hort (1966–1969) and then adjusted each
curve for nonlinear departures from the

linear period trends to obtain longitudinal
age-specific TB incidence curves for each of
the other cohorts during the period consid-
ered (1996–2016). We computed 95% con-
fidence intervals (CIs) for each TB incidence
rate point estimate. We fit a separate age-
period-cohort model for each race/ethnicity
and nativity category.

Estimated Change in Tuberculosis
Incidence

Although the estimated annual percentage
change (EAPC) in TB incidence can be
computed from the observed annual
age-standardized rates, the EAPC can be
computed from the fitted rates of the age-
period-cohort models with substantially
greater precision (narrower 95% CIs).6 We
used the regression coefficients (slopes) from
the fitted models to calculate the estimated
annual percentage change in TB incidence.6

RESULTS
During 1996 to 2016, a total of 288 253

verified TB cases were reported to the NTSS.
Of these cases, 33 471 (11.6%) were excluded
from our analysis because the patients in
question were not 0 to 74 years of age and
598 (0.2%) were excluded because the data
did not contain nativity information. Of the
remaining 254 184 cases, 249 337 (98.1%)
occurred among individuals in one of the
race/ethnicity categories assessed (White,
Black, Asian/Pacific Islander, Hispanic).

Cohort Effects
For all age groups and all birth cohorts,

TB incidence rates were consistently higher
among non–US-born individuals than among
those born in the United States (Figure 1).
Each successive birth cohort had a lower
age-specific rate than the rates for all previous
cohorts, indicative of strong birth-cohort
effects. TB rates decreased as a birth cohort
aged with the exception of higher incidence
rates among adolescents and young adults.

Cross-sectional and longitudinal age-
specific TB rates diverged, indicating a strong
cohort effect for TB cases reported in the
United States (Figure 2). Cross-sectional age
rateswere higher than estimates of longitudinal
age-specific rates after approximately the ageof

35 years. Longitudinal, or life-course,
rates were highest among children (0–5
years of age) and young adults (20–30
years of age).

Age Effects
During 1996 to 2016, the EAPC in the

overall US TB incidence rate decreased on
average by 5.0% per year (95% CI= –5.1,
–4.8%; Figure 3). Age-specific EAPCs
revealed a larger decrease among individuals
older than approximately 45 years, with the
highest TB incidence decrease, 6.2% per year
(95% CI= –6.7, –5.6%), among those 72 to
74 years of age.

Dichotomizing by nativity (Figure 3)
revealed that the decrease in EAPCs for all age
groups combined was larger among US-born
(7.3% per year; 95% CI= –7.5, –7.1%)
than non–US-born (4.3% per year; 95%
CI= –4.5, –4.1%) individuals, primarily be-
cause of higher age-specific decreases among
US-born individuals older than 25 years (the
largest average decrease, 9.9% per year [95%
CI= –10.3, –9.6], was among those 39–41
years of age). The largest decreases among
non–US-born individuals occurred among
children younger than 12 years, with the
highest age-specific decrease among children
0 to 2 years of age (6.2% per year; 95% CI=
–7.9, –4.4). Older non–US-born adults did
not exhibit the samepatterns of decreases inTB
incidence as did those observed among
US-born adults.

Age- and nativity-specific patterns of de-
creases were further reflected when the data
were stratified by race/ethnicity, except among
Asians/Pacific Islanders. Larger decreases oc-
curred among US-born Whites, Blacks, and
Hispanics than among members of the corre-
sponding non–US-born racial/ethnic groups
at or after approximately the age of 30 years
(Figure 4). In the case of White and Hispanic
individuals, EAPCpatternswere similar among
US-born and non–US-born individuals
younger than approximately 30 years. EAPCs
for Blacks diverged by nativity at a younger age,
withUS-born individuals experiencing a larger
decrease than did non–US-born individuals
from adolescence onward.

Asians/Pacific Islanders experienced sim-
ilar patterns of decreases with the exception of
smaller decreases among US-born individuals
in their 20s and non–US-born individuals in
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their late 50s and early 60s. Among US-born
individuals younger than approximately 50
years, Asians/Pacific Islanders exhibited
a significantly lower decrease in incidence
rates than did members of other racial/ethnic
groups. Blacks experienced the highest de-
creases among those younger than approxi-
mately 50 years. Among non–US-born
individuals, EAPC curves stratified by race/
ethnicity were similar in patterns and rates
of decrease, with Asians/Pacific Islanders
experiencing the smallest decreases among
children and among adults younger than
approximately 24 years.

In terms of overall EAPCs by race/eth-
nicity and nativity, incidence rates decreased
themost amongUS-bornBlacks (–9.3%; 95%
CI= –9.6, –9.1), followed byWhites (–7.6%;
95% CI= –7.9, –7.3), Hispanics (–7.4%; 95%

CI= –7.8, –7.1), and Asians/Pacific Islanders
(–3.2%; 95%CI=–4.1, –2.3). Race/ethnicity-
specific EAPCs decreased slightly less among
non–US-born individuals. Largest to smallest
decreases by race/ethnicity were as follows:
Hispanics, –5.7% (95% CI=–6.0, –5.5);
Whites, –5.3% (95% CI=–5.8, –4.8); Blacks,
–4.4% (95% CI= –4.8, –4.0); and Asians/
Pacific Islanders, –4.1% (95% CI= –4.4, –3.8).

Period Effects
Age-standardized TB rates have been de-

creasing temporally amongUS-born andnon–
US-born individuals and among the majority
of age and racial/ethnic groups (Figure A,
available as a supplement to the online version
of this article at http://www.ajph.org). Ex-
ceptions to this finding include fluctuations in

rates among non–US-born Blacks 0 to 4 and
15 to 24 years old from 1996 to 2006 and
among US-born Asians/Pacific Islanders aged
24 years or younger from 1996 to 2016.

Rate patterns were similar among US-
born racial/ethnic group members with
the exception of Asians/Pacific Islanders aged
24 years or younger. Before 2002, rates
among Asians/Pacific Islanders aged 24 years
or younger were lower than rates among
Blacks and Hispanics; however, these rates
increased (relative to those among all US-
born racial/ethnic group members) from
2008 to 2016. A transition occurred in TB
rates by age between non–US-born Blacks
and Asians/Pacific Islanders aged 45 years or
older from 1996 to 2016 (Figure A and Figure
B, available as supplements to the online
version of this article at http://www.ajph.org).
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FIGURE 1—Age-Specific Incidence of Tuberculosis (TB), by Birth Cohort, AmongUS-Born andNon–US-Born Individuals: United States, 1996–2016
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Among individuals younger than 45 years,
rates were higher among non–US-born
Blacks than among members of other racial/
ethnic groups from1996 to2016.Amongnon–
US-born individuals aged 45 years or older for
all years measured, rates were highest among
Asians/Pacific Islanders, followed by Blacks.

DISCUSSION
TB incidence rates in the United States

during 1996 to 2016 decreased among

members of all racial/ethnic groups regardless
of nativity, with independent age, period, and
cohort effects. Our results demonstrate a de-
crease in age-specific TB incidence for every
birth period cohort, a finding consistent with
those of previous studies of the US population
showing consecutive birth cohort decreases in
TB mortality7 or latent TB infection.8 Lower
TB rates for successive birth cohorts might
represent success in the early diagnosis and
complete and effective treatment of TB in
the United States, which in turn might lead
to reduced transmission.9 Each successive

birth cohort is, therefore, exposed to a lesser
risk for new infection.

Similarly, in our study TB incidence rates,
age standardized and modeled, had a bimodal
distribution with peaks in rates among young
children (0–5 years of age) and younger adults
(20–30 years of age). These results are com-
parable to those of a previous TB age-period-
cohort analysis among patients in Hong Kong
that demonstrated a similar bimodal pattern.10

The findings are in contrast with published
cross-sectional data regardingUSTB incidence
rates by age,1 which frequently indicate that
the highest rates are among older adults; how-
ever, these findings do not account for the de-
creasing rates of TB in each successive cohort.

TB incidence, regardless of age, was higher
among non–US-born individuals throughout
the study period, which is consistent with
previously published data.1 Relative to
US-born individuals, non–US-born in-
dividuals exhibited a slower decrease in
age-specific case rates, particularly among
those older than approximately 30 years.
When further stratifying by race/ethnicity, we
found that the overall EAPC decreases were
the smallest amongminority groups, regardless
of nativity, with the exception of US-born
Blacks and non–US-born Hispanics.

Among US-born individuals, the largest
decreases were among Blacks. Hispanics
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0
2
4
6
8

10
12
14
16
18

2 5 8 11 14 17 20 23 26 29 32 35 38 41 44 47 50 53 56 59 62 65 68 71 74

Ra
te

 p
er

 1
00

 0
00

 P
er

so
n-

Ye
ar

s

Age (Years)

Longitudinal age

Cross-sectional age

Note. The 95% confidence intervals are indicated by the upper and lower bars around the rate lines.

FIGURE 2—Cross-Sectional and Longitudinal Age-Specific Tuberculosis Incidence Rates:
United States, 1996–2016

AJPH OPEN-THEMED RESEARCH

S318 Research Peer Reviewed Iqbal et al. AJPH Supplement 4, 2018, Vol 108, No. S4



exhibited the largest decreases among
non–US-born individuals. Interestingly,
age-specific EAPCs by nativity decreased
similarly after adolescence regardless of race/
ethnicity, except for US-born Asians/Pacific
Islanders. This indicates that, among adults,
changes in age-specific rates might not be
influenced by race/ethnicity. Higher rates
and smaller decreases in EAPCs among
US-born Asians/Pacific Islanders might re-
flect small numbers of US-born Asians among
individuals with newly diagnosed TB (e.g.,
146 cases among Asians/Pacific Islanders in
2016) and continued high rates of TB among
United States residents from US-affiliated
Pacific islands.11

Finally, previous findings regarding race/
ethnicity-specific TB incidence rates indicate

that non–US-born Asians have the highest
rate of TB incidence among non–US-born
individuals.1 By contrast, our study de-
termined that, when stratified according to
nativity and age group, incidence rates are
highest among non–US-born Asians/Pacific
Islanders only in the 45- to 74-year age group.
Among those younger than 45 years, rates
are highest among non–US-born Blacks.

Strengths and Limitations
One of the main strengths of our study is

the use of a robust data set that incorporates
all reported TB case reports within the
United States and includes data on age, race/
ethnicity, and nativity. Furthermore, we used
age-period-cohort modeling to estimate

temporal percentage changes by nativity and
race/ethnicity and to adjust incidence data
for model effects. Our findings highlight
disparities in rates of TB decrease between
US- and non–US-born individuals and by
race/ethnicity.

One limitation of this analysis is that we
were unable to follow a single entire birth
cohort because the data set contained only
21 years of TB incidence data, based on the
availability of population denominators strat-
ified by nativity. Also, we were unable to
follow individuals’ entire life courses or to
assess time since TB infection in relation to TB
incidence.Moreover, although describing age,
period, and cohort effects on decreasing TB
incidence trends, our study does not explain
the slowing of decreases during 2013 to 2015.
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FIGURE 4—Estimated Annual Percentage Changes in Tuberculosis (TB) Incidence Rates, by Race/Ethnicity and Age, Among (a) US-Born and
(b) Non–US-Born Individuals: United States, 1996–2016
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Additional analyses to explain causal mecha-
nisms for trends are needed.

In the case of US-born individuals, we did
not consider parents’ place of birth or travel to
TB-endemic areas; therefore, we cannot as-
certain whether US-born children and ado-
lescents with non–US-born parents might
be at higher risk for TB because of travel or
family history. Also, for individuals born
outside the United States, the period of im-
migration and immigration patterns may have
differed by race/ethnicity as well as birth
cohort. In addition, from 2007 to 2013,
the introduction of culture-based overseas
screening for refugees and immigrants in-
creased the number of TB cases detected
prior to individuals’ arrival in the United
States.12

Conclusions
We have shown that TB trends in the

United States differ by nativity and race/
ethnicity and according to age, period, and
birth cohort. Although there have been de-
creases in TB rates, these decreases have been
smaller among non–US-born individuals
than US-born individuals in the case of all
racial/ethnic groups as well as among those
aged 30 years or older. Furthermore, the
recent stabilization of rates among non–
US-born individuals ensures that TB will
remain a health concern for the United
States.1 Maintaining effective TB control
programs alongside screening and treatment
of people at risk for TB or latent TB infection,
particularly among those not born in the
United States, is essential for reducing TB
incidence.13
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