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Abstract

treatment efforts.

Background: Diabetes increases the risk of tuberculosis. We sought to identify populations of persons with
diabetes in California at further increased risk for tuberculosis to target tuberculosis infection screening and

Methods: We performed a retrospective population-based analysis of adult (aged 218 years) tuberculosis cases
reported in California during 2010-2012. Tuberculosis cases with and without diabetes were grouped into regions
of birth and stratified by age category. Population estimates were calculated using 2011-2012 California Health
Interview Survey data. We calculated tuberculosis disease rate and relative risk of tuberculosis among persons with
diabetes stratified by birth location and age group; and the number needed to screen and, if positive, treat for
tuberculosis infection to prevent one case of active tuberculosis over 5 years (NNS).

Results: During 2010-2012, among 6,050 adults with active tuberculosis in California, 82% were foreign-born and
24% had diabetes. The overall relative risk for tuberculosis among persons with diabetes was 3.5 (95% confidence
interval, 3.3-3.7) with a rate of 21 per 100,000 persons with diabetes. The rate among foreign-born persons with
diabetes (141.5/100,000) was almost 12 times greater than among nonforeign-born persons with diabetes
(12.0/100,000). The NNS was 7,930 among all adults, 2,740 among adults with diabetes, 1,526 among all
foreign-born adults, and 596 among foreign-born adults with diabetes.

Conclusions: In California, foreign-born persons with diabetes had significantly elevated rates of active tuberculosis.

Focusing tuberculosis infection screening and treatment efforts on foreign-born persons with diabetes may be a
feasible and efficient way to make progress toward tuberculosis elimination in California.

Background

Tuberculosis (TB) remains a significant public health
threat in the United States and California with more
than 2,000 reported cases in California annually. Apply-
ing national estimates of the prevalence of TB infection
to the California population, approximately 2.5 million
Californians are infected with Mycobacterium tuberculosis
and thus are at risk for progression to active disease in the
future [1,2]. Annual diabetes prevalence in California has
risen from 4.7% of the population in 1994 to almost 9% in
2010 [3]. Because diabetes has been shown to triple a
person’s risk of active TB disease and may confer poorer
TB treatment outcomes, the global convergence of the TB
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and diabetes epidemics has the potential to create signifi-
cant challenges for TB control [4-15]. California may be
particularly subject to these changing trends in diabetes
and TB epidemiology in part because it is a frequent des-
tination for immigrants to the United States from regions
of the world with high TB incidence. In 2012, the propor-
tion of the general California population that was born
outside the United States was more than twice the na-
tional average [16]. Despite declines, the 2012 TB case rate
in California remained more than 1.5 times higher than
the national average of 3.2 cases per 100,000 [17,18]. TB
cases that are the result of reactivation of latent TB infec-
tion (LTBI) (much of which was acquired abroad) make
up approximately 75—-80% of TB cases in the United States
[19,20]. These cases are likely to be preventable by screen-
ing for and treating LTBI, but the combination of a
difficult-to-complete regimen and imperfect tests for LTBI
has limited the feasibility of finding and treating more
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than a small fraction of persons with LTBI [21]. However,
mathematical modeling indicates that increased screening
and treatment for LTBI would have the largest impact on
lowering case rates in the United States [22]. In order to
make progress on reducing TB, more efficient ways to
identify and treat patients at risk for progression to active
TB are needed. An important TB control strategy might
be to prevent TB cases among persons with higher risk,
such as those with diabetes. However, because TB rates
vary substantially among subpopulations in California, pre-
vention efforts among all persons with diabetes is not likely
to be feasible or cost effective.

We aimed to identify subpopulations in California where
the convergence of TB and diabetes warrants increased
screening and treatment.

Methods

To investigate the risk of TB among persons with
diabetes, we conducted a retrospective population-based
study of adult (aged >18 years) noninstitutionalized TB
cases reported to the California Department of Public
Health (CDPH) TB Registry during the three year period
2010-2012. Since 2010, the California TB Registry has
included information on diabetes mellitus history — either
type I or type I, but not borderline, pre-diabetes, or gesta-
tional diabetes. This information is gathered by local TB
control programs from medical records or a health care
provider. Self-report of diabetes is not considered an
acceptable source of diabetes status [23]. We also queried
the TB Registry for patient age, gender, country of birth
and primary reason for the medical evaluation leading to
TB diagnosis. Persons diagnosed in a long term care facil-
ity or a correctional facility were excluded from analysis.
The reason for evaluation was one of the following: TB
symptoms, abnormal chest radiograph consistent with TB,
contact investigation, targeted testing, occupational health
care worker screening, other employment or administra-
tive screening, immigration medical exam, or incidental
laboratory result [23]. Race/ethnicity was reported by local
TB control programs based on patient self-report accord-
ing to United States government standards [24].

Because race/ethnicity correlates closely with location
of birth and examining only race/ethnicity could mask im-
portant differences among persons of the same race/ethnicity
born in different locations, we chose to analyze data ac-
cording to location of birth, rather than race/ethnicity.

Using data on country of birth, we grouped TB cases
with and without diabetes into the following seven loca-
tions of birth: United States and Canada, Latin America
(including Mexico), Southeast Asia/Pacific Islands (SEA/
PI; e.g., Philippines, Vietnam), East Asia (e.g., China, Korea),
Europe, South Asia (e.g., India), and Africa/Middle East.
Persons born outside of the United States or Canada were
considered foreign-born.
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There is no statewide diabetes surveillance registry in
California. The population with diabetes was estimated
using data from the 2011-2012 California Health Interview
Survey (CHIS) using the variable “ever diagnosed with dia-
betes [25]”. CHIS is a biannual population-based telephone
survey (reaching both landline and cellular phones), whose
sample is representative of California’s noninstitutional-
ized population living in households. Diabetes estimates
were for adults aged >18 years, and included all forms of
diabetes except gestational diabetes, pre-diabetes and bor-
derline diabetes. The demographic characteristics from
CHIS included in our analysis were age group and loca-
tion of birth.

Because individual level data on age and location of
birth for persons without TB were not available, we were
unable to perform a multivariable analysis. Instead, we
took a stratified analysis approach to control for these
variables simultaneously. We stratified data by age group
(18—44, 45-64, 65—74 and 75 years and over). For each
age group/location of birth combination, we calculated
the average annual TB incidence (TB rate, expressed as
cases per 100,000 population) for the population without
diabetes and for the population with diabetes, and the
relative risk of TB among persons with diabetes com-
pared with those without diabetes using TB registry data
for the numerator and CHIS data for the denominator.
Ninety-five percent confidence intervals (95% CI) were
calculated using STATA 11.0 (StataCorp, College Station,
Texas). We considered P values <0.05 as significant using
2-sided testing. We applied the y* test for comparisons be-
tween the group of TB cases with diabetes and the group
of TB cases without diabetes.

The number of persons needed to screen and, if posi-
tive, treat for TB infection to prevent one case of active
TB (NNS) over a five year period was calculated as being
equal to the inverse of the absolute risk reduction among
those screened compared with those not screened [26]. NNS
was calculated using TreeAge Pro 2013 (Williamstown, MA)
with inputs drawn from published literature [1,2,27-29]
and from the estimated relative risk of TB conferred by
diabetes calculated in the current analysis. Parameters
included in the NNS calculation included prevalence of
LTBI, risk of progression to active TB over five years, LTBI
screening test sensitivity, efficacy of LTBI treatment, and
proportion of persons with LTBI who start and complete
treatment (see Additional file 1: Table S1 for inputs and
Figure S1 for decision tree). Sensitivity analyses were per-
formed across a range of estimates for prevalence of LTBI
and rate of progression to active TB over five years.

California state law requires TB cases to be reported to
local public health departments and to CDPH (California
Code of Regulations Title 17 §2500, §2502, and §2505).
This analysis was conducted using case report data and is
part of CDPH’s mandate to routinely collect and analyze
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surveillance data for public health purposes. Therefore,
consent was not obtained and this analysis did not require
human subjects review, according to CDPH policy.

Additional aggregate supporting data is available from
the authors upon request.

Results

During 2011-2012 there were an estimated 27,797,000
noninstitutionalized adults aged >18 years in California,
of whom approximately 2,322,000 (8.4%) had diabetes.
During 2010-2012, 1,463 (24%) of the 6,050 active TB
cases in this population had diabetes. Among both TB
cases and the general adult population in California,
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persons with diabetes were more likely to be male, older
than 44 years, and foreign-born (Table 1).

The overall TB rate among persons with diabetes in
California was 21 cases per 100,000 yielding a relative risk
of 3.5 (95% CI, 3.3-3.7; Table 2). The rate was higher
among persons with diabetes compared with persons
without diabetes across all strata of age and location of
birth. Foreign birth and diabetes had a multiplicative effect
on TB rate with diabetic foreign-born persons having an
overall TB rate of 142/100,000, almost 12 times greater
than among United States or Canadian-born persons with
diabetes (12/100,000). This relationship held after stratify-
ing by age with rates of TB 22—40 times higher among

Table 1 Demographic characteristics of adult populations with TB and diabetes — California 2010-2012

Characteristic CA adult population CA adult population TB cases with TB cases without

with diabetes® without diabetes® diabetes® diabetes®
n (%) n (%) n (%) n (%)

All 2,322,000 (100) 25,475,000 (100) 1,463 (100) 4,587 (100)
Gender®

Male 1,174,000 (50.6) 12,368,000 (48.6) 939 (64.2) 2,592 (56.5)
Age group®

18-44 349,000 (15.0) 13,715,000 (53.8) 200 (13.7) 2,061 (44.9)

45-64 1,129,000 (48.6) 8,200,000 (32.2) 693 (47.4) 1414 (30.8)

65-74 498,000 (214) 1,910,000 (7.5) 275 (18.8) 509 (11.1)

275 346,000 (14.9) 1,649,000 6.5) 295 (20.2) 603 (13.1)
Race and/or ethnicity®

White, Non-Hispanic/Latino 866,000 (37.3) 11,228,000 (44.1) 67 (4.6) 423 (9.2

Hispanic/Latino 945,000 (40.7) 8,571,000 (33.6) 573 (39.2) 1,526 (33.3)

Asian/Pacific Islander 283,000 (12.2) 3,672,000 (14.4) 774 (52.9) 2318 (50.5)

Black, Non-Hispanic/Latino 178,000 (7.7) 1,388,000 (5.4) 46 (3.1) 311 6.8)

American Indian 17,000 (0.7) 105,000 (0.4) 3 (0.2) 9 0.2)

Other 33,000 (1.4) 511,000 (2.0 — — — —
Location of Birth®

United States or Canada 1,405,000 (60.6) 17,127,000 (67.5) 168 (115 844 (184)

Latin America® 615,000 (26.5) 4,738,000 (18.7) 492 (33.7) 1,246 (27.2)

Southeast Asia/Pacific Islands® 131,000 (5.7) 1,073,000 4.2) 593 (40.6) 1,423 (31.1)

East Asia’ 86,000 (3.7) 1,045,000 4.1) 114 (7.8) 517 (11.3)

Europe? 36,000 (1.6) 666,000 (2.6) 14 (1.0 70 (1.5)

South Asia" 24,000 (1.0) 387,000 (1.5) 55 (3.8) 302 (6.6)

Africa/Middle East' 21,000 (0.9) 343,000 (1.4) 24 (1.6) 174 (3.8)

#Source: California Health Interview Survey, 2011-2012.

PSource: California TB case registry, 2010-2012. Excludes patients who were institutionalized (i.e., incarcerated, resident of a long-term care facility) at the time of
TB diagnosis.

“Chi- square p-value comparing the “TB cases with diabetes” group to “TB cases without diabetes” <.001.

9Mexico, Central America, South America and the Caribbean.

*Philippines, Vietnam, Cambodia, Laos, Myanmar, Indonesia, Pacific Islands, Thailand, Malaysia, Australia, Singapore.
fChina, Korea, Taiwan, Hong Kong, Japan, Mongolia.

9Including Russia, Armenia, Azerbaijan, Turkey.

PIndia, Pakistan, Nepal, Bangladesh, Bhutan, Sri Lanka.

'All African countries, and Iran, Afghanistan, Iraq, Lebanon, Saudi Arabia, Syria, Yemen, Jordan.

Region of origin numbers may not sum to population totals because of limitation of the available CHIS data.
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Table 2 Average annual rate and relative risk of tuberculosis by diabetes status, stratified by age group and location

of birth—California, 2010-2012

Location of birth Age group TB case rate per 100,000 TB case rate per 100,000 Relative risk (95%
adults with diabetes adults without diabetes confidence interval)
All All 210 6.0 35(33-37)
United States or Canada 18-44 8.2 1.5 55 (4.1-7.5)
45-64 4.0 1.7 4(1.8-3.1)
65-74 1.8 1.6 2 (0.7-2.0)
75+ 34 2.7 3(08-1.9)
Foreign-born 18-44 33.0 119 8 (24-3.3)
45-64 419 134 1(28-3.5)
65-74 452 329 14 (1.2-1.6)
75+ 110.5 516 1(1.8-2.5)
Latin America 18-44 230 74 1 (2.5-3.9)
45-64 24.1 7.5 2 (27-3.8)
65-74 254 243 0 (0.8-1.4)
75+ 684 346 0 (1.5-2.6)
Southeast Asia/Pacific Islands 18-44 117.0 34.1 4 (2.6-4.6)
45-64 144.7 429 4(29-39)
65-74 134.6 68.0 0 (1.6-2.5)
75+ 239.1 1305 8(14-23)
East Asia 18-44 18.9 11.0 7 (0.6-4.6)
45-64 34.8 12.1 9 (20-4.1)
65-74 24.7 304 8 (0.5-1.4)
75+ 106.1 63.5 7 (1.2-23)
South Asia 18-44 488 24.5 0 (0.9-4.5)
45-64 50.7 15.2 3 (20-55)
65-74 87.4 90.6 0 (04-2.2)
75+ 582.0 5537 1(06-19)
Africa/Middle East 18-44 2395 15.0 16.0 (7.0-36.5)
45-64 17.7 12.3 4(0.7-3.1)
65-74 37.2 334 1(04-34)
75+ 109.8 725 1.5 (06-3.7)
Europe 18-44 14.1 26 5(1.3-23.1)
45-64 18.3 32 8 (2.3-144)
65-74 12.0 5.0 4(08-7.7)
75+ 6.9 6.8 0 (0.2-4.4)

Italicized numbers contain estimates based on a numerator of <20 and may be unstable.

foreign-born persons with diabetes than persons born in
the United States or Canada without diabetes. Among per-
sons with diabetes, the highest reliable TB rates occurred
among persons born in Southeast Asia and the Pacific
Islands (SEA/PI) with age-specific TB rates of 117-239/
100,000. Persons with diabetes born in Latin America also
had elevated TB rates with a range of 23-68/100,000. Per-
sons born in the United States or Canada had lower rates
of TB among both (range: 1.8—8.2) persons with and with-
out diabetes (range: 1.5-2.7).

Despite large differences in TB rates by location of birth,
the relative risk of TB conferred by diabetes was relatively
consistent across locations of birth but with higher relative
risks observed among the two youngest age categories:
range of 2.4-5.5 compared with 1.2-2.1 among the oldest
two age categories.

The number of persons needed to be screened and
treated for TB infection to prevent one case of active TB
varied by population (Table 3). In the overall California
population of adults, 7,930 persons would need to be
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screened and treated. Among all persons with diabetes,
the number drops to 2,740 with further decreases to
1,526 among foreign-born persons, and to 596 among
foreign-born persons with diabetes. Among subgroups
of persons with diabetes by region of birth, NNS was
lowest among persons born in regions of Asia and in
Latin America.

The primary reason TB patients presented for TB evalu-
ation varied by diabetes status. Among patients with TB
and diabetes, 70.6% were evaluated because of symptoms
consistent with TB compared with 64.6% of cases without
diabetes (p <0.001). When persons evaluated for TB be-
cause of an abnormal chest radiograph (done for reasons
other than suspicion for TB) and incidental laboratory re-
sult are considered, a total of 95.8% of TB cases with dia-
betes compared with 91.0% of cases without diabetes were
detected outside of a program designed to identify TB
disease or infection (p <0.001). In contrast, there was no
difference in the proportion of cases identified in targeted
testing programs by diabetes status, though these numbers
were small (0.8% vs. 0.9%, p = 0.74).

Discussion

In this population-based study of the risk of TB among
persons with diabetes in California during 2010-2012, we
found that both the increased TB rate and the TB risk
among persons with diabetes varied by birth location and
age. Foreign-born persons with diabetes had elevated rates
of TB compared to both foreign-born persons without
diabetes and persons with diabetes born in the United
States or Canada. Foreign birth and diabetes had a multi-
plicative effect on TB case rate. Similar to other studies,
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we also found that diabetes was common among persons
with TB and that diabetes increases the risk of TB disease
3.5 times compared to those without diabetes [4-15]. Per-
sons with diabetes who were born in SEA/PI had particu-
larly high rates of TB. Our NNS analysis showed that
fewer foreign-born persons with diabetes would need to be
screened and treated to prevent one case of active TB than
other populations, suggesting that this group may be an
appropriate population on which to focus TB screening ef-
forts. Furthermore, we found that a high proportion of TB
patients including those with diabetes came to be diag-
nosed with TB only after seeking medical attention for
TB-related symptoms, or after having unexpected labora-
tory or radiographic findings. Few TB cases among per-
sons with diabetes were identified by targeted screening
programs for persons with increased risk for TB, suggest-
ing that persons with diabetes are not currently being
effectively screened for TB infection. These findings could
form the basis for focusing increased efforts on screening
for and treating TB infection among foreign-born patients
with diabetes, particularly those born in Southeast Asia or
the Pacific Islands.

Our analysis shows that the number of persons needed
to be screened and, if positive, treated to prevent one case
of TB over a five year period is smallest among foreign-
born persons with diabetes. In this group, the NNS is
within range of other routinely practiced screening activ-
ities to prevent death such as blood pressure monitoring,
hemoccult testing, mammograms, and others [26,30,31].
Implementing screening and treatment among foreign-
born persons with diabetes might be a way to increase the
efficiency of screening and treatment programs. Because

Table 3 Estimates of the number needed to screen and treat (NNS) for TB infection to prevent one case of active TB in
the subsequent 5 years among groups by demographic and diabetes status in California

Target population of TB screening and treatment NNS TB Infection prevalence® Rate of progression to active TB®
base case High Low High Low
All adults 7,930 6,667 10,000 3,846 14,286
All foreign-born adults 1,526 1,136 2,128 763 2,941
All adults with diabetes 2,740 2,222 3,448 1,370 5,556
U.S--born adults with diabetes 9,551 7,143 12,500 4,762 20,000
Foreign-born adults with diabetes 596 442 826 298 1,163
Foreign-born adults with diabetes by location of birth
Latin America 741 526 877 370 1,493
Southeast Asia/Pacific Islands 296 206 361 148 585
East Asia 372 260 452 186 730
South Asia 335 234 408 168 662
Europe 2,221 1,493 3,448 1,111 4,545
Africa/Middle East 384 270 562 192 769

®High and low indicate the range of NNS using a range of TB infection prevalence and Rate of progression to active disease. See Additional file 1: Table S1 for

inputs and ranges used.
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many patients with diabetes are seen by healthcare pro-
viders regularly, working with programs and clinics that
provide care to these patients may be feasible but may re-
quire development of additional protocols and procedures.
Additionally, implementation of the 12 once-weekly doses
of isoniazid and rifapentine regimen for TB infection,
[32,33] may provide new opportunities for treatment in
this group.

A 2011 study that modeled the cost effectiveness of
screening for TB infection among various at-risk popula-
tions in the United States found that screening solely
based on diabetes status was not considered cost effective.
However, foreign-born persons aged 25-44 years living
in the United States for greater than 5 years independent
of diabetes status was one of the most cost-effective
groups to screen [28]. Therefore, focusing on patients with
diabetes who are foreign-born may further increase cost-
effectiveness of TB screening.

Other significant findings from our analysis include
the observation that the increased risk of TB conferred
by diabetes varied by age group and that in general the
lowest increase in risk was found in the oldest age group.
Conversely, persons aged 18—44 years in many birth re-
gions had some of the highest relative risks for TB among
persons with diabetes. This phenomenon has been ob-
served in a similar analysis of TB and diabetes risk in
Mexico [34]. A possible explanation for this phenomenon
is that the age-related increased risk of TB among older
persons without diabetes is greater than among persons
with diabetes. Despite the increased relative risk among
younger persons with diabetes, the oldest persons with
diabetes had higher rates of TB than the youngest, and so
older patients with diabetes should be included in TB
screening efforts.

The only previous study to assess TB-diabetes comor-
bidity in California was published in 1997 and analyzed
discharge data from civilian hospitals in 1991 [5]. Since
then, California demographics and TB case reporting have
changed significantly enabling more accurate TB risk ana-
lysis using statewide surveillance data. In a more recent
nationwide Australian cohort study from 2012, researchers
examined the risk of TB disease by diabetes status and
found significantly elevated risk even after adjusting for
incidence of TB in a person’s birth country (adjusted
RR =1.48). The difference in magnitude between that
study and our study may be related to higher prevalence
of diabetes in key populations as well as possibly differ-
ences in health system structure and prevention to ad-
equately address diabetes in the community [35].

The particularly high rate of TB among persons with
diabetes born in SEA/PI was striking. The majority of
cases in California in the SEA/PI-born subgroup were born
in the Philippines (1106/2065; 54%), where the estimated
TB incidence is high compared to other countries in the
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region (270 cases per 100,000) [36]. Additionally, the preva-
lence of type 2 diabetes among Filipino immigrants to
the United States is high, despite the absence of high
rates of obesity [37-40]. As high body mass index has been
shown to be protective in many studies against some com-
municable diseases including TB [41] we may be ob-
serving higher relative risks of TB among Filipino-born
persons with diabetes because the protective effect of high
body mass index observed among persons with diabetes
born in other regions is less apparent in the Filipino-born
population.

There are several potential limitations to this study.
The data in this study are cross-sectional and thus can-
not assess temporal order concerning the onset of dia-
betes or TB disease. However, studies that have had the
capacity to assess the relative timing of TB and diabetes
diagnoses have also identified increased risk of TB
among patients with diabetes, and a meta-analysis found
that these studies reported higher relative risks than
studies that were not able to establish the order of diag-
nosis [12,13]. We did not have individual-level data for
persons who did not have TB and thus could not con-
struct a multivariable model to generate an adjusted
relative risk for TB among persons with diabetes. Never-
theless, rates among subgroups are more useful for fo-
cusing screening programs and so the stratified analysis
presented should be helpful to clinicians and policy-
makers. Diabetes status among those without TB is self-
reported and may be dependent on one’s ability to access
healthcare to receive a diabetes diagnosis. This may have
caused us to overestimate the rate of TB among persons
with diabetes, particularly among immigrant communi-
ties with potentially less access to care. A recent study of
diabetes prevalence among Kaiser Permanente Northern
California patients found an overall diabetes prevalence
(8.9%) similar to that observed in our study and elevated
diabetes rates among racial/ethnic subgroups [40]. These
findings among persons with access to care may support
our estimates, though that study did not assess prevalence
by place of birth. Our calculation of NNS is limited by
lack of specific information regarding variations in TB in-
fection prevalence and rate of progression among the sub-
groups in our analysis. This necessitated using published
estimates from national studies and applying estimates of
TB infection prevalence and rate of progression for racial/
ethnic groups to groups by region of birth (e.g., estimates
for foreign-born Asian persons were applied to persons
born in SEA/PI, East Asia, and South Asia). This likely
masked some of the differences observed in the TB rate
between subgroups in our analysis. Last, we did not have
data on other factors that could affect the TB-diabetes re-
lationship such as body mass index, duration, severity, or
treatment of diabetes, so we were not able to calculate TB
rates or relative risks for TB by these factors.
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Conclusion

Our analysis identifies the significant contribution that
diabetes is likely playing in fueling current and future
TB cases in California. However, because the TB rate is
concentrated among foreign-born persons with diabetes,
our results point to an opportunity to focus TB preven-
tion resources where they might have the most impact.
Implementing these results may require changes in TB
infection screening guidelines and performance mea-
sures at both the state and national level and among
both the TB and diabetes communities. In particular,
clear recommendations to screen and treat foreign-born
persons with diabetes for TB infection are needed.

Additional file

Additional file 1: Table S1. Parameters and inputs of the effectiveness
(number needed to screen and, if positive, treat for TB infection) analysis.
Figure S1. TB screening decision tree used to calculate number needed
to screen and, if positive, treat for TB infection.

Abbreviations

CDPH: California Department of Public Health; CHIS: California Health
Interview Survey; NNS: Number Needed to Screen; RR: Relative Risk;
TB: Tuberculosis.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

SED performed the data analysis and drafted the manuscript; PO supervised
and performed the data analysis and reviewed the manuscript; PB conceived
the analysis, wrote significant sections of the manuscript, and reviewed the
final manuscript. SED and PO had full access to all the data in the study and
take responsibility for the integrity and of the data and the accuracy of the
data analysis. This analysis was presented in part at the 2012 American
Thoracic Society Conference, San Francisco. All authors read and approved
the final manuscript.

Acknowledgments

Melissa Ehman, MPH and Janice Westenhouse, MPH provided consultation
on the analysis. Amit Chitnis, MD, MPH and Jennifer Flood, MD, MPH
provided input on interpretation of data and review of the manuscript.

Author details

Tuberculosis Control Branch, Division of Communicable Disease Control,
Center for Infectious Diseases, California Department of Public Health, 850
Marina Bay Pkwy, Bldg P/2, Richmond, CA 94804, USA. “Division of Infectious
Diseases and Vaccinology, School of Public Health, University of California,
Berkeley, USA.

Received: 26 September 2014 Accepted: 2 March 2015
Published online: 18 March 2015

References

1. Bennett DE, Courval JM, Onorato |, Agerton T, Gibson JD, Lambert L, et al.
Prevalence of tuberculosis infection in the United States population: the
national health and nutrition examination survey, 1999-2000. Am J Respir
Crit Care Med. 2008;177:348-55.

2. Shea KM, Kammerer JS, Winston CA, Navin TR, Horsburgh Jr CR. Estimated
rate of reactivation of latent tuberculosis infection in the United States,
overall and by population subgroup. Am J Epidemiol. 2014;179:216-25.

3. Centers for Disease Control and Prevention. CDC Report 2011. National
diabetes fact sheet. Atlanta, GA: Centers for Disease Control and Prevention.
[http://www.cdc.gov/diabetes/pubs/pdf/ndfs_2011.pdf]

20.

21.

22.

23.

24,

25.

26.

27.

Page 7 of 8

Leung CC, Lam TH, Chan WM, Yew WW, Ho KS, Leung GM, et al. Diabetic
control and risk of tuberculosis: a cohort study. Am J Epidemiol.
2008;167:1486-94.

Pablos-Mendez A, Blustein J, Knirsch CA. The role of diabetes mellitus in the
higher prevalence of tuberculosis among Hispanics. Am J Public Health.
1997,87:574-9.

Restrepo BI, Camerlin AJ, Rahbar MH, Wang W, Restrepo MA, Zarate |, et al.
Cross-sectional assessment reveals high diabetes prevalence among
newly-diagnosed tuberculosis cases. Bull World Health Organ.
2011;89:352-9.

Dyck RF, Klomp H, Marciniuk DD, Tan L, Stang MR, Ward HA, et al. The
relationship between diabetes and tuberculosis in Saskatchewan: comparison
of registered Indians and other Saskatchewan people. Can J Public Health.
2007;98:55-9.

World Health Organization. WHO Report 2011. Collaborative framework
for care and control of tuberculosis and diabetes. Geneva: World
Health Organization. [http://whglibdoc.who.int/publications/2011/
9789241502252_eng.pdf]. Access Date: 1-5-2012.

Dooley KE, Chaisson RE. Tuberculosis and diabetes mellitus: convergence of
two epidemics. Lancet Infect Dis. 2009;9:737-46.

Alisjahbana B, Sahiratmadja E, Nelwan EJ, Purwa AM, Ahmad Y, Ottenhoff TH,
et al. The effect of type 2 diabetes mellitus on the presentation and treatment
response of pulmonary tuberculosis. Clin Infect Dis. 2007;45:428-35.

Nijland HM, Ruslami R, Stalenhoef JE, Nelwan EJ, Alisjahbana B, Nelwan RH,
et al. Exposure to rifampicin is strongly reduced in patients with
tuberculosis and type 2 diabetes. Clin Infect Dis. 2006;43:848-54.

Baker MA, Lin HH, Chang HY, Murray MB. The risk of tuberculosis disease
among persons with diabetes mellitus: a prospective cohort study. Clin
Infect Dis. 2012,54:818-25.

Jeon CY, Murray MB. Diabetes mellitus increases the risk of active
tuberculosis: a systematic review of 13 observational studies. PLoS Med.
2008;5:e152.

Baker MA, Harries AD, Jeon CY, Hart JE, Kapur A, Lonnroth K, et al. The
impact of diabetes on tuberculosis treatment outcomes: a systematic
review. BMC Med. 2011;9:81.

Corris V, Unwin N, Critchley J. Quantifying the association between
tuberculosis and diabetes in the US: a case-control analysis. Chronic llin.
2012;8:121-34.

US Census Bureau. American Community Survey 2010. [http:/factfinder2.
census.gov/faces/nav/jsf/pages/indexxhtml]. Access Date: 2-1-2012.
Tuberculosis Control Branch. Report on tuberculosis in California, 2012.
Richmond, CA: California Department of Public Health; 2013.

Centers for Disease Control and Prevention. Trends in tuberculosis-United
States, 2012. MMWR Morb Mortal WKly Rep. 2013;62:201-5.

Moonan PK, Ghosh S, Oeltmann JE, Kammerer JS, Cowan LS, Navin TR.
Using genotyping and geospatial scanning to estimate recent
mycobacterium tuberculosis transmission, United States. Emerg Infect Dis.
2012,18:458-65.

Ricks PM, Cain KP, Oeltmann JE, Kammerer JS, Moonan PK. Estimating the
burden of tuberculosis among foreign-born persons acquired prior to entering
the U.S, 2005-2009. PLoS One. 2011;6:¢27405.

Sterling TR, Bethel J, Goldberg S, Weinfurter P, Yun L, Horsburgh CR. The
scope and impact of treatment of latent tuberculosis infection in the United
States and Canada. Am J Respir Crit Care Med. 2006;173:927-31.

Hill AN, Becerra J, Castro KG. Modelling tuberculosis trends in the USA.
Epidemiol Infect. 2012;140:1862-72.

Centers for Disease Control and Prevention. Report of verified case of
tuberculosis (RVCT) instruction manual. Atlanta, GA: Centers for Disease
Control and Prevention. 2009. [www.cdc.gov/th/programs/rvct/
InstructionManual.pdf]

Office of Management and Budget. Revisions to the standards for the
classification of federal data on race and ethnicity. 10-30-1997. Washington,
DC: Executive Office of the President. [www.whitehouse.gov/omb/
fedreg_1997standards/]

California Health Interview Survey. CHIS 2011-2012 Adult Public Use File
[computer file]. Los Angeles, CA: UCLA Center for Health Policy Research,
July 2013.

Rembold CM. Number needed to screen: development of a statistic for
disease screening. BMJ. 1998;317:307-12.

Rose DN. Benefits of screening for latent mycobacterium tuberculosis
infection. Arch Intern Med. 2000;160:1513-21.


http://www.biomedcentral.com/content/supplementary/s12889-015-1600-1-s1.docx
http://www.cdc.gov/diabetes/pubs/pdf/ndfs_2011.pdf
http://whqlibdoc.who.int/publications/2011/9789241502252_eng.pdf
http://whqlibdoc.who.int/publications/2011/9789241502252_eng.pdf
http://factfinder2.census.gov/faces/nav/jsf/pages/index.xhtml
http://factfinder2.census.gov/faces/nav/jsf/pages/index.xhtml
http://www.cdc.gov/tb/programs/rvct/InstructionManual.pdf
http://www.cdc.gov/tb/programs/rvct/InstructionManual.pdf
http://www.whitehouse.gov/omb/fedreg_1997standards/
http://www.whitehouse.gov/omb/fedreg_1997standards/

Demlow et al. BMC Public Health (2015) 15:263

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41,

Linas BP, Wong AY, Freedberg KA, Horsburgh Jr CR. Priorities for screening
and treatment of latent tuberculosis infection in the United States. Am J
Respir Crit Care Med. 2011;184:590-601.

Walsh MC, Camerlin AJ, Miles R, Pino P, Martinez P, Mora-Guzman F, et al.
The sensitivity of interferon-gamma release assays is not compromised in
tuberculosis patients with diabetes. Int J Tuberc Lung Dis. 2011;15:179—iii.
Gotzsche PC, Jorgensen KJ. Screening for breast cancer with
mammography. Cochrane Database Syst Rev. 2013;6, CD001877.

llic B, Neuberger MM, Djulbegovic M, Dahm P. Screening for prostate
cancer. Cochrane Database Syst Rev. 2013;1, CD004720.

Centers for Disease Control and Prevention. Recommendations for use of
an isoniazid-rifapentine regimen with direct observation to treat latent
Mycobacterium tuberculosis infection. MMWR Morb Mortal WKly Rep.
2011;60:1650-3.

Sterling TR, Villarino ME, Borisov AS, Shang N, Gordin F, Bliven-Sizemore E,
et al. Three months of rifapentine and isoniazid for latent tuberculosis infection.
N Engl J Med. 2011;365:2155-66.

Ponce-De-Leon A, Garcia-Garcia Md ML, Garcia-Sancho MC, Gomez-Perez FJ,
Valdespino-Gomez JL, Olaiz-Fernandez G, et al. Tuberculosis and diabetes in
southern Mexico. Diabetes Care. 2004;27:1584-90.

Dobler CC, Flack JR, Marks GB. Risk of tuberculosis among people with
diabetes mellitus: an Australian nationwide cohort study. BMJ Open.
2012,2:¢000666.

World Health Organization. Tuberculosis country profiles. Geneva: World
Health Organization; 2013. [http//www.who.int/tb/country/data/profiles/en/
index-html]. Access date: 1-11-2013.

Narayan KM, Aviles-Santa L, Oza-Frank R, Pandey M, Curb JD, McNeely M,

et al. Report of a National heart, lung, and blood Institute workshop:
heterogeneity in cardiometabolic risk in Asian Americans in the U.S.
opportunities for research. J Am Coll Cardiol. 2010;55:966-73.

Araneta MR, Barrett-Connor E. Ethnic differences in visceral adipose tissue
and type 2 diabetes: Filipino, African-American, and white women. Obes
Res. 2005;13:1458-65.

Araneta MR, Wingard DL, Barrett-Connor E. Type 2 diabetes and metabolic
syndrome in Filipina-American women: a high-risk nonobese population.
Diabetes Care. 2002,25:494-9.

Karter AJ, Schillinger D, Adams AS, Moffet HH, Liu J, Adler NE, et al. Elevated
rates of diabetes in Pacific Islanders and Asian subgroups: the diabetes
study of Northern California (DISTANCE). Diabetes Care. 2013;36:574-9.
Lonnroth K, Williams BG, Cegielski P, Dye C. A consistent log-linear relationship
between tuberculosis incidence and body mass index. Int J Epidemiol.
2010;39:149-55.

Page 8 of 8

~
Submit your next manuscript to BioMed Central
and take full advantage of:
¢ Convenient online submission
¢ Thorough peer review
* No space constraints or color figure charges
¢ Immediate publication on acceptance
¢ Inclusion in PubMed, CAS, Scopus and Google Scholar
* Research which is freely available for redistribution
Submit your manuscript at ( -
www.biomedcentral.com/submit BiolVed Central
J



http://www.who.int/tb/country/data/profiles/en/index.html
http://www.who.int/tb/country/data/profiles/en/index.html

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Results
	Discussion
	Conclusion
	Additional file
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgments
	Author details
	References

