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Abstract

Background

Tuberculosis (TB) remains a public health problem in Mexico while the incidence of diabe-
tes mellitus type 2 (DM) has increased rapidly in recent years.

Objective
To describe the trends of incidence rates of pulmonary TB associated with DM and not as-

sociated with DM and to compare the results of treatment outcomes in patients with and
without DM.

Materials and Methods

We analysed the National Tuberculosis Registry from 2000 to 2012 including patients with
pulmonary TB among individuals older than 20 years of age. The association between DM
and treatment failure was analysed using logistic regression, accounting for clustering due
to regional distribution.

Results

In Mexico from 2000 to 2012, the incidence rates of pulmonary TB associated to DM in-
creased by 82.64%, (p <0.001) in contrast to rates of pulmonary TB rate without DM, which
decreased by 26.77%, (p <0.001). Patients with a prior diagnosis of DM had a greater
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likelihood of failing treatment (adjusted odds ratio, 1.34 (1.11-1.61) p <0.002) compared
with patients who did not have DM. There was statistical evidence of interaction between
DM and sex. The odds of treatment failure were increased in both sexes.

Conclusion

Our data suggest that the growing DM epidemic has an impact on the rates of pulmonary
TB. In addition, patients who suffer from both diseases have a greater probability of treat-
ment failure.

Introduction

Tuberculosis (TB) remains one of the main causes of morbidity and mortality in low- and me-
dium-income countries, where the number of individuals with diabetes mellitus (DM) is rapid-
ly increasing [1, 2]. For 2012, TB incidence rate in Mexico was of 23 per 100,000 inhabitants
indicating that the disease continues to represent a public health problem; while DM preva-
lence of 9.17% among individuals older than 20 years of age ranks sixth among adults world-
wide [1-3]. The convergence of both diseases in Mexico has led the International Diabetes
Federation (IDF) to conclude that more than 10% of TB patients can be attributed to DM [4].

Many studies have explored the relationship between DM and TB, including a recent sys-
tematic review demonstrating that the risk of TB among people with DM triples that of people
without DM [5]. Moreover, the available evidence indicates that DM comorbidity worsens the
clinical outcomes of TB patients [6, 7].

Given the magnitude and clinical consequences of the association between DM and TB in
Mexico, the objective of this study was to analyse incidence trends of TB and DM comorbidity
and treatment outcomes according to DM during the period 2000 to 2012.

Methodology

In Mexico, all TB patients are mandatorily reported according to official guidelines and regis-
tered in the National Tuberculosis Registry in Mexico [8]. Surveillance of TB was regulated by
Mexican official norm and guidelines that were not modified during the study period. [8, 9]
We analysed data from this registry including pulmonary TB patients aged 20 years or older
who had been diagnosed during the years 2000 to 2012.

According to the official norms, TB patients were verified by acid fast bacilli (AFB) sputum
smear, mycobacterial culture or histopathology [10]. Patients were treated under DOTS (di-
rectly observed treatment, short-course) strategy using the WHO (World Health Organization)
standard regimen in which therapy was initiated with 4 drugs (2HRZE/4HR) for newly diag-
nosed patients and 5 drugs (2HRZES/1HRZE/5HRE) for previously treated patients all given
under direct observation of treatment at the clinics. Patients harbouring isolates resistant to
both isoniazid and rifampin were treated with a second-line standardised regime of at least 4
drugs that were highly likely to remain effective for 18-24 months after culture conversion
[10].

Based on official guidelines, physicians diagnosed DM based on plasma glucose levels
>120 mg/dl in fasting samples or >200 mg/dl in a 2 hour oral glucose tolerance test [11]. As
defined in the Definitions section, for this study we used information on previous DM diagno-
sis self-referred by the patient. Patients with DM were treated according to official guidelines
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[11]. Briefly, treatment was based on early treatment goals, non-pharmacologic and pharmaco-
logic treatment, patient education, self-monitoring and prevention of complications. Primary
care physicians were encouraged to early use of combination therapy and timely addition of in-
sulin in patients who did not achieve adequate glucose control. Limited resources of primary
care centers many times limited the use HbAlc determination and therefore frequently treat-
ment was based on venous and capillary glycemia. Primary care physicians also promoted ade-
quate diet, weight control, physical activity, and community and family support.

Mycobacteriology

Sputum samples were processed for acid fast bacilli smears and M. tuberculosis culture and
drug susceptibility tests according to standardised procedures in the state laboratories [12].
The Institute of Diagnosis and Epidemiological Reference performed quality control analyses
for all participating laboratories.

Definitions

Following official surveillance guidelines [9], upon diagnosis of a TB case, health personnel
mandatorily completed a case report form that standardized investigation of DM. The patient
was considered to have DM if he/she self-referred to have been previously diagnosed by a phy-
sician. This question was asked using a standardized form in all the country throughout the
study period. This definition may underestimate patients who are unaware of their diagnosis;
however, it is used for epidemiological purposes by the Mexican health surveys and for surveil-
lance purposes in other countries [13, 14].

The results of anti-tuberculosis treatment were defined according to official guidelines [10].
Briefly, failure was defined when AFB microscopies or cultures were positive at five months or
later during treatment. Cure was defined when treatment was completed with the disappear-
ance of signs and symptoms with two or more acid-fast bacilli smears or cultures with negative
results at the end of therapy. Treatment completion was defined when a patient completed his/
her treatment regimen with disappearance of signs and symptoms and smear or culture were
not performed. Death was defined when a patient died of any cause during therapy. Treatment
success was defined by the sum of patients who were cured and those who had completed treat-
ment as defined above. Mexican guidelines have defined default when a patient interrupts
treatment for 30 days or more rather than 60 days defined by WHO in order to be able to time-
ly prevent that patients drop out from treatment.

We considered three regions, Mexico City and central Mexico, northern Mexico, and
southern Mexico, according to regionalisation used in the National Survey of Health and Nu-
trition 2012 [15]. This regionalisation has been used by previous epidemiological studies to
compare different areas in the country and is based on common geographic and socioeco-
nomic characteristics: (Northern region: Baja California, Baja California Sur, Coahuila, Chi-
huahua, Durango, Nuevo Ledn, Sonora, and Tamaulipas; Central Region: Aguascalientes,
Colima, Guanajuato, Jalisco, México, Michoacdn, Morelos, Nayarit, Querétaro, San Luis Po-
tosi, Zacatecas, and Mexico City; and Southern Region: Campeche, Chiapas, Guerrero, Hidal-
go, Oaxaca, Puebla, Quintana Roo, Tabasco, Tlaxcala, Veracruz, and Yucatan [16]. We
combined information of Mexico City and Central Region given the geographical proximity
and similar characteristics.

Following official guidelines for pulmonary TB among individuals 20 years or older, culture
and antimicrobial susceptibility tests (AST) were performed only on patients who were sus-
pected of harbouring drug resistant strains (subsequent treatments, persistence of acid fast
bacilli (AFB) in sputum smear after fourth month of treatment, household contacts of drug
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resistant cases) [10, 17]. Isolates were tested for resistance to streptomycin, isoniazid, rifampi-
cin and ethambutol. Antimicrobial susceptibility was determined according to three categories:
1) pansusceptible, if the isolate was susceptible to all drugs, 2) resistant, if it was resistant to at
least one drug, excluding combined resistance to isoniazid and rifampin, and 3) multidrug re-
sistant (MDR), if the isolate was resistant to isoniazid plus rifampin.

Statistical analysis

Incidence rates were calculated using data from the TB registry as the numerator and census
data developed by the National Institute of Geography and Informatics as denominator[18].
An annual population estimate was extrapolated for non-census years assuming a steady annu-
al growth rate. We calculated percent change and performed the y2 test for trends to detect sig-
nificant annual trends overall and according to age group among patients with DM, without
DM and overall.

Sociodemographic and clinical characteristics of patients with and without information on pre-
vious DM diagnosis were compared using Pearson's Chi or Kruskal-Wallis tests as appropriate.

Characteristics of patients according to diagnosis of DM, MDR TB and treatment failure
were compared. Associations between sociodemographic and clinical characteristics with DM
were tested by bivariate and multivariate logistic regression. Associations between DM and
MDR TB and treatment failure were investigated by bivariate and multivariate logistic regres-
sion. All multivariate analyses accounted for clustering due to regional distribution. We tested
for interaction between DM and sex. To assess whether sex modified the association of DM
with the odds of MDR TB or treatment failure, we stratified by sex. Variables with p < 0.20 in
the bivariate analysis and biological plausibility were included in multivariate models. We esti-
mated the odds ratios (OR) and 95 per cent confidence intervals (CI), and identified the covari-
ates that were independently associated with each outcome.

Given that only 1.26% (2,286/181,378) patients had AST results, we compared sociodemo-
graphic and clinical characteristics of patients with and without AST. The association between
treatment failure and prior DM diagnosis was modelled using multivariate unconditional logis-
tic regression as described above among patients with AST results.

All analyses were performed using the STATA 13.0 statistical software package (StataCorp
LP, College Station, TX, USA).

Ethical approval

Since this study was based on the retrospective analysis of the National Tuberculosis Registry,
the “Comisién de Etica” of the Instituto Nacional de Salud Publica (approval number 422) ap-
proved the study and exempted the requirement of participants” consent. Patient records/in-
formation was anonymized and de-identified prior to analysis.

Results

During the study period, 191,923 patients were registered. Of these, information on previous
DM diagnosis was available on 181,384 (94.51%). Comparison of patients with and without in-
formation of previous DM diagnosis is shown in S1 Table.

Of the 181,384 pulmonary TB patients, we excluded six individuals who did not have infor-
mation on age. Of the 181,378 individuals who represented the study population, 19.29%
(34,988) had been previously diagnosed with DM by a physician. During the study period, pul-
monary TB with DM incidence rates increased by 82.64% (p trend <0.001) while rates of pul-
monary TB without DM decreased by 26.77% (p trend<0.001) (Fig 1 and S2 Table).
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Fig 1. Trends of pulmonary TB rates and number of cases according to age groups and prior
diagnosis of DM, Mexico 2000-2012. Number of pulmonary TB patients (bar) and incidence rates of
pulmonary TB (line). Panel A: Pulmonary TB patients with a previous diagnosis of DM. Panel B: Pulmonary
TB patients without a previous diagnosis of DM. Panel C: Total pulmonary TB patients with and without a
previous diagnosis of DM. * p trend <0.001. TB; Tuberculosis; DM, Diabetes mellitus.

doi:10.1371/journal.pone.0129312.g001

Analysis of pulmonary TB associated with DM by age groups revealed incidence rates in-
creased from 2000 to 2012 for all age groups (ptrend <0.001), (S2 Table). The highest rates
were observed for the 60 and more and 40 to 59 year old groups. Incidence rates of pulmonary
TB not associated with DM for all age groups decreased during the study period (ptrend
<0.001). Highest rates occurred among the 60 and more year old individuals.

By bivariate analyses patients with TB and DM were more likely to be women, older, resi-
dents of Mexico City and Central region, have no access to social security, have been treated
for a previous TB episode, have been diagnosed by AFB sputum smear, and harbour MDR
strains. The proportion of patients who failed treatment was greater among patients with DM,
but they experienced fewer deaths or treatment default (Table 1). Characteristics associated to
DM by crude and adjusted analyses are shown in S3 Table. The adjusted models confirmed
that age, sex, malnutrition, treatment for a previous TB episode (in patients without AST re-
sults) and drug resistance (patients with AST results) were all independently associated to DM.

We were interested in determining if DM was an independent risk factor for MDR TB. Char-
acteristics of patients who harbor MDR strains compared to those of the rest of patients with an-
timicrobial susceptibility results and crude and adjusted analyses for variables associated to
MDR TB are shown in S4 Table and S5 Table. When we examined modification of the associa-
tion between DM and MDR by sex, we found statistically significant evidence of interaction
(p =0.027). We therefore performed a stratified analysis by sex. Among men, we found a signifi-
cant association between DM and MDR (adjusted OR (aOR) 1.44 (1.17 to 1.76) but this associa-
tion was not found among women (Table 2). These models were adjusted for sex (except in
stratified by sex analysis), age, treatment for a previous TB episode, and malnutrition.

We analysed the association between DM and treatment failure. Characteristics of patients
who failed treatment as compared to those of patients who were cured or completed treatment
and crude and adjusted analyses for variables associated to treatment failure are shown in S6
Table and S7 Table. When we examined modification of the association between DM and treat-
ment failure by sex, we found statistically significant evidence of interaction (p = 0.009). We
therefore performed a stratified analysis by sex. In both women and men we found significant
association aOR 1.62 (95% CI 1.31 to 2.01, p< 0.001) and aOR 1.21 (95% CI 1.01 to 1.44,

p =0.038), respectively. These models were adjusted for sex (except in stratified by sex analy-
sis), age, treatment for a previous TB episode, year of diagnosis, and malnutrition, accounting
for clustering due to regional distribution (Table 3).

AST were performed in 1.26% (2,286/181,378) of patients” isolates. These patients were
more likely to be men, younger, with residence in the Northern region, to have access to social
security; to have been previously diagnosed with DM or malnutrition, and to have been treated
for a previous TB episode (S8 Table).

When we investigated the association between previous diagnoses of DM and treatment
failure in the subgroup of patients who had information on AST, we did not find association
between a previous diagnosis of DM and treatment failure. In this model, the highest risk of
failure occurred among patients harbouring isoniazid and rifampin resistant isolates (OR
40.53,95% CI 23.74 to 69.18, p< 0.001) compared with patients with pansusceptible isolates;
the analyses were adjusted for previous diagnosis of DM, sex, age, previous TB treatment and
malnutrition (Table 4).
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Table 1. Characteristics of pulmonary TB patients according to DM diagnosis, Mexico 2000-2012.

Characteristic

Female

Age (years) [median (IQR)]
Region

Mexico City and Central region
Northern region

Southern region

Lack of access to social security
Malnutrition

Cirrhosis

Treatment for a previous TB episode
Method for TB diagnosis
Culture

Sputum smear microscopy
Chest X rays

Histopathology

Other

Antimicrobial susceptibility
Pansusceptible

Resistant

MDR

Treatment outcome

Cure and treatment completion
Failure

Default

Death during treatment

TB, Tuberculosis; DM, Diabetes mellitus; OR, Odds Ratio; Cl, Confidence Interval; IQR, Interquartile range; MDR, multidrug resistance.

* Chi-square test.
** Mann—-Whitney Test.
1 Binomial test.

doi:10.1371/journal.pone.0129312.t001

Total

n=181,378
Number/Total (%)
66,189/181,377 (36.49)
46 (32-60)

45,963/181,371 (25.34)
62,756/181,371 (34.60)
72,652/181,371 (40.06)
51,646 /181,138 (28.51)
18,484/ 181,378 (10.19)
351/181,378 (0.19)
16,413 /178,780 (9.18)

1,935/181,092 (1.07)
153,050/181,092 (84.52)
17,820 /181,092 (9.84)
1,054 /181,092 (0.58)
7,233/181,092 (3.99)

1,101/2,286 (48.16)
1793/2,286 (8.44)
992/2,286 (43.39)

117,751/143,782 (81.90)
2,405/143,782 (1.67)
11,188/143,782 (7.78)
12,438/143,782 (8.65)

Pulmonary TB with DM
n = 34,988 (19.29%)
Number/Total (%)
15,036/34,988 (42.97)
52 (44-61)

9,214/34,987 (26.34)
11,645/34,987 (33.38)
14,128/34,987 (40.38)
13,303/34,957 (38.06)
638/34,988 (1.82)

49/ 34,988 (0.14)
3,338/34,413 (9.70)

373/34,966 (1.07)
30,962/34,966 (88.55)
2,365 /34,966 (6.76)
155/34,966 (0.44)
1,111/34,966 (3.18)

243/672 (36.16)
67/672 (9.97)
362/672 (53.87)

25,623/29,534 (86.76)
621/29,534 (2.10)
1,317/29,534 (4.46)
1,973 /29,534 (6.68)

Pulmonary TB without DM

n = 146,390 (80.370%)
Number/Total (%)
51,153/146,389 (34.94)
43 (30-59)

36,749 / 146,384 (25.34)
51,111/ 146,384 (34.60)
58,524/ 146,384 (39.98)
38,343/146,181 (26.23)
17,846/146,390 (12.19)
302/146,390 (0.21)
13,075 /144,368 (9.06)

1,562/146,126 (1.07)
122,088/146,126 (83.55)
15,455/146,126 (10.58)
899/146,126 (0.62)
6,122/146,126 (4.19)

858/1,614 (53.16)
126/1,614 (7.81)
630/1,614 (39.03)

84,302/114,248 (80.54)
1,666/114,248 (1.59)
9,043/114,248 (8.64)
10,465/114,248 (9.16)

Table 2. Adjusted odds ratio (OR)* and 95% Confidence Intervals (Cl) for MDR TB, Mexico 2000-2012.

Independent variable No. of patients Adjusted OR for MDR TB (95% CI)

All patients
DM 1,874 1.28 (1.14 to 1.44)
Women
DM 553 1.06 (0.83 to 1.38)
Men
DM 1,321 1.44 (1.17 to 1.76)

p-value*

<0.001
<0.001**

<0.001t
<0.001t
0.1691
<0.001
<0.001
0.011
<0.001

0.9721
<0.001t
<0.001t
<0.001t
<0.001t

<0.001t

0.090t
<0.001t
<0.0011
<0.0011

<0.0011
<0.0011

p-value

<0.001

0.604

0.001

*Logistic regression analysis accounting for clustering due to regional distribution. All models were adjusted for sex (except in stratified by sex analysis),

age, treatment for a previous TB episode, and malnutrition.

doi:10.1371/journal.pone.0129312.1002
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Table 3. Adjusted odds ratio (OR)* and 95% Confidence Intervals (Cl) for treatment failure, Mexico 2000-2012.

Independent variable No. of patients Adjusted OR for treatment failure (95%Cl) p-value
All patients
DM 118,701 1.34 (1.11 to 1.61) 0.002
Women
DM 45,754 1.62 (1.31 to 2.01) <0.001
Men
DM 72,947 1.21 (1.01 to 1.44) 0.038

DM, Diabetes mellitus; TB, Tuberculosis; OR, Odds Ratio; Cl, Confidence Interval.
* Logistic regression analysis accounting for clustering due to regional distribution. All models were adjusted for sex (except in stratified by sex analysis),
age, treatment for a previous TB episode, year of diagnosis, and malnutrition.

doi:10.1371/journal.pone.0129312.t003

Discussion

Analysis of pulmonary TB incidence rates in Mexico over the twelve years of our study revealed
that while rates of TB without DM decreased, rates of TB and DM increased considerably. Re-
sults also suggest that TB pulmonary patients with a prior DM diagnosis were more likely to
suffer treatment failure.

In Mexico, national health surveys have demonstrated that the prevalence of individuals
with a prior diagnosis of DM has increased in recent years from 5.8% in 2000 to 7.3% in 2006
and to 9.17% in 2012 [3, 19]. In 2012, there were 6.4 million individuals with a diagnosis of
DM, and this number could be even larger after taking into account the individuals who were
unaware of their condition [3]. Given the emergence of DM and the endemicity of TB, we were
interested in determining if the increasing rates of DM had impacted on TB rates. According to
our data, the annual number of TB patients associated with DM increased by 134.20% (1,573
in 2000 to 3,684 in 2012), and the annual incidence rate increased by 82.64% (2.82 per 100,000
in 2000 to 5.16 per 100,000 in 2012), which represented 34,928 individuals over the study peri-
od. This information supports our prior findings in the southeast of Mexico, where we docu-
mented that 25% of pulmonary TB patients could be attributed to DM [20]. The frequency of

Table 4. Association of treatment failure with DM and other patient characteristics among patients
with pulmonary TB among the subgroup of patients with antimicrobial susceptibility results, by multi-
variate analyses* Mexico 2000-2012.

Variable Adjusted OR (95% Cl) p-value
n=1,427

DM 1.10 (0.72 to 1.66) 0.663

Female 0.72 (0.48 to 1.07) 0.105

Age (years) 0.99 (0.98 to 1.00) 0.140

Treatment for a previous TB episode 1.33 (0.92 to 1.92) 0.123

Malnutrition 3.22 (1.86 to 5.57) <0.001

Antimicrobial susceptibility tests

Pansusceptible 1.00

Resistant 2.92 (1.23 t0 6.95) 0.015

MDR 40.53 (23.74 to 69.18) <0.001

DM, Diabetes mellitus; TB, Tuberculosis; MDR, multidrug resistant; OR, Odds Ratio; Cl, Confidence
Interval.
* Logistic regression analysis accounting for clustering due to regional distribution.

doi:10.1371/journal.pone.0129312.t004
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DM among pulmonary TB patients observed in this study was high (19.29% %) and similar to
what has been reported among Mexican Americans [21], and in other regions [22, 23]. The im-
pact of DM on TB rates has been described in several studies. A systematic review revealed that
the risk of TB among patients with DM triples that observed among patients who do not suffer
from DM [5]. Using models that evaluated the interaction between different biological, envi-
ronmental, and nutrition determinants, Dye and collaborators calculated that in India, the
growing prevalence of DM (3.0% to 3.7%) increased the annual number of TB patients in indi-
viduals with DM by 46% between 1998 and 2008 and, increased the annual incidence rate by
24% [24]. Another study in India reported that a considerable proportion of new TB patients
were attributed to DM (14.8% of pulmonary TB and 20.2% of sputum-positive TB, i.e., the
transmissible form)[25]. The importance of TB incidence and its comorbidity with DM is
highlighted by its association with 9.2% of the causes of death due to TB in the United States
from 1990 to 2006. A total of 29.6% of the TB mortality due to DM occurred among Hispanic
individuals [26].

The increase of pulmonary TB associated with DM rates occurred despite the successful im-
plementation of the DOTs in Mexico [measured through case detection (75% in 2012)], a high
proportion of treatment success (87% in 2012), and the near completion of the goals proposed
by the WHO [1]. The explanation for this increase is complex and indicates that the control
strategies implemented have not been totally efficacious because of the interaction of this dis-
ease with biological, environmental, and social determinants [24, 27]. Given the growing preva-
lence of DM in Mexico, it is likely that this chronic disease contributes to an increase in TB
rates by increasing the host's susceptibility[28]. In addition, according to National Health Sur-
vey data from 2012, more than half of the individuals with DM (56.94%) came from low socio-
economic levels, and 16% did not have health insurance [3]. These data suggest that
individuals who have DM and who live in poverty are exposed to previously known risks for
TB, including a higher probability of being in contact with individuals who have active TB, a
higher probability of living and/or working in overcrowded or ill ventilated conditions, a higher
probability of food insecurity, less knowledge or empowerment regarding the need to adopt
healthy habits (tobacco and alcohol use, diet), and limited access to good-quality health care
services [29].

The increase of TB associated with DM rates occurred for all age groups during the study
period. It is noticeable that TB associated with DM rates increased even among individuals
younger than 40 years of age. This trend among younger individuals agrees with the increasing
prevalence of DM among individuals 40 years old and younger (1.8% in 1993 to 5.8% in 2006)
that has been observed in the National Health Surveys [19].

Although the physiopathology of TB susceptibility in patients with DM remains to be clari-
fied, changes in the immune system have been described, including alterations in the comple-
ment pathway in patients with DM[30], increases in type 1 innate cytokines[31, 32], a
reduction in the activation of alveolar macrophages [33], and increased IL-10 producing ability
[34, 35]. Other authors have reported a reduction in Th1 cytokines[36]. Based on murine ex-
periments, it has been suggested that TB susceptibility in DM can cause a delay in the initiation
and expression of adaptive immunity [37]. In a recent review, the authors suggested that the in-
teraction between the host and M. tuberculosis can be explained by the weakening of innate im-
munity followed by a hyper-reactive cell response [28].

Our data indicate that a prior diagnosis of DM is associated with treatment failure, which
coincides with prior studies that have described negative outcomes among patients with TB
and DM [6, 7]. The reason for this poor prognosis may be explained by abnormalities among
patients with DM that affect immune response, including hyperglycaemia, microangiopathy,
and alterations in renal function [28, 38, 39]. Furthermore, patients with DM have lower
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plasma concentrations of isoniazid and rifampin compared with patients without DM [40].
When we examined modification of the association between DM and treatment failure by sex,
we found statistically significant evidence of interaction. When we stratified by sex, results
showed increased adjusted odds for failure for both men and women. Sex and the other vari-
ables (age, previous treatment and malnutrition) that were included in our multivariate models
have previously been associated with treatment failure [41-43].

Our finding that DM patients were more likely to harbour MDR strains supports previous
findings, including a study conducted among Mexican residents of the border with the United
States [44, 45]. Official Mexican guidelines recommend AST only on patients suspected to har-
bour drug resistant isolates. Selection for AST may have introduced a bias towards patients
with different distribution of risk factors for treatment failure when compared with all pulmo-
nary patients included in the Registry. We did not document association between previous di-
agnoses of DM and treatment failure among the subgroup of patients with AST, most probably
because these patients differed in important variables including age, DM, and treatment for a
previous TB episode from patients without AST as shown in S8 Table. This hypothesis is sup-
ported by a previous finding of our group where we conducted AST in all the study population
and found that DM, previous treatment and MDR were independently associated to treatment
failure [7].

Study strengths

The study strengths include the following: 1) a population-based design that extended over a
decade; 2) large study population; 3) among most patients (85.65%), diagnosis of TB was con-
firmed through sputum AFB smear or culture, and 4) the association between DM and treat-
ment failure was adjusted for relevant variables.

Study limitations

The limitations of this study are inherent to its design based on the National Tuberculosis Reg-
istry. We may have underestimated the real frequency of DM as the prevalence of DM was
based on self-reporting of diagnosis by a physician. This method has been found to be adequate
for epidemiological studies, although it underestimates the real frequency of DM by approxi-
mately 20% [14]. We did not have information on variables that would have been important to
adjust for with regard to the association between DM and treatment outcome (e.g., blood glu-
cose and glycosylated haemoglobin levels, time since DM diagnosis and medication). The
study also does not reflect the long-term evolution of DM control as we did not measure meta-
bolic control or complications. Finally, because information on antimicrobial susceptibility was
available for only 1.23% of patients, we used information on prior treatment as a surrogate for
AST in multivariable models.

Conclusions

Our data indicate that the growing DM epidemic has impacted the frequency of pulmonary TB
rates in Mexico. In addition, our data suggest that patients who suffer from both conditions ex-
hibit a higher likelihood of therapeutic failure. These data indicate that DM prevention and
control strategies should be integrated into TB control programs, and vice-versa, and their ef-
fectiveness should be carefully evaluated. The association between these diseases brings the risk
of global dissemination and could have serious implications on the United Nations Millennium
Goals compliance [25].

PLOS ONE | DOI:10.1371/journal.pone.0129312 June 15,2015 10/14



@’PLOS ‘ ONE

Trends of Pulmonary TB and DM in Mexico

Supporting Information

S1 Table. Characteristics of pulmonary TB patients according to availability of information
on prior diagnosis of DM, Mexico 2000-2012.
(DOCX)

$2 Table. Trends of pulmonary TB incidence rate according to prior diagnosis of DM and
age group, Mexico 2000-2012.
(DOCX)

$3 Table. Characteristics associated to DM by crude and adjusted analyses, Mexico 2000-
2012.
(DOCX)

$4 Table. Characteristics of pulmonary TB patients according to MDR TB, Mexico 2000-
2012.
(DOCX)

S5 Table. Characteristics associated to MDR TB by crude and adjusted analyses, Mexico
2000-2012.
(DOCX)

S6 Table. Characteristics of pulmonary TB patients according to treatment failure, Mexico
2000-2012.
(DOCX)

S7 Table. Characteristics associated to treatment failure by crude and adjusted analyses,
Mexico 2000-2012.
(DOCX)

S8 Table. Characteristics of pulmonary TB patients according to availability of antimicro-
bial susceptibility tests, Mexico 2000-2012.
(DOCX)

Author Contributions

Conceived and designed the experiments: GDS LGG MCJ JFGR HLG APDL JSO. Analyzed the
data: GDS LGG PCH LFR EFG AH VMOB RMC NMR RBS. Contributed reagents/materials/
analysis tools: EFG AH JAS MDLMO ME]JC. Wrote the paper: GDS LGG MCJ PCH LFR
VMOB RMC NM RBS. Revision of the article for important intellectual content: EFG AH JAS
MDLMO JEGR HLG APDL JSO MEJC. Reviewed and approved the final manuscript: GDS
LGG MCJ PCH LFR EFG AH VMOB RMC JAS MDLMO NMR RBS JEGR HLG APDL JSO
ME]JC.

References

1. World Health Organization. Global tuberculosis control: WHO Report 2013. Available: http://apps.who.
int/iris/bitstream/10665/91355/1/9789241564656_eng.pdf. Accessed 2013 Dec.

2. International Diabetes Federation. IDF Diabetes Atlas. Sixth edition, 2013. Available: http:/www.idf.
org/diabetesatlas. Accessed 2014 Jul.

3. Hernandez-Avila M, Gutiérrez J. Diabetes mellitus in Mexico. Status of the epidemic [Diabetes mellitus
en México. El estado de la Epidemia]. Salud Publica Mex. 2013; 55(Suppl 2):S129-S36. PMID:
24626688

4. International Diabetes Federation. IDF Diabetes Atlas. Fifth edition, 2011. Available: http://www.idf.org/
diabetesatlas. Accessed 2012 Jul.

PLOS ONE | DOI:10.1371/journal.pone.0129312 June 15,2015 11/14


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0129312.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0129312.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0129312.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0129312.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0129312.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0129312.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0129312.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0129312.s008
http://apps.who.int/iris/bitstream/10665/91355/1/9789241564656_eng.pdf
http://apps.who.int/iris/bitstream/10665/91355/1/9789241564656_eng.pdf
http://www.idf.org/diabetesatlas
http://www.idf.org/diabetesatlas
http://www.ncbi.nlm.nih.gov/pubmed/24626688
http://www.idf.org/diabetesatlas
http://www.idf.org/diabetesatlas

@’PLOS ‘ ONE

Trends of Pulmonary TB and DM in Mexico

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21,

22.

23.

24.

Jeon CY, Murray MB. Diabetes mellitus increases the risk of active tuberculosis: a systematic review of
13 observational studies. PLoS Medicine. 2008; 5(7):e152. Epub 2008/07/18. doi: 10.1371/journal.
pmed.0050152 PMID: 18630984; PubMed Central PMCID: PMC2459204.

Baker MA, Harries AD, Jeon CY, Hart JE, Kapur A, Lonnroth K, et al. The impact of diabetes on tuber-
culosis treatment outcomes: a systematic review. BMC Medicine. 2011; 9:81. Epub 2011/07/05. doi:
10.1186/1741-7015-9-81 PMID: 21722362; PubMed Central PMCID: PMC3155828.

Jimenez-Corona ME, Cruz-Hervert LP, Garcia-Garcia L, Ferreyra-Reyes L, Delgado-Sanchez G, Bo-
badilla-Del-Valle M, et al. Association of diabetes and tuberculosis: impact on treatment and post-treat-
ment outcomes. Thorax. 2013; 68(3):214—20. Epub 2012/12/20. doi: 10.1136/thoraxjnl-2012-201756
PMID: 23250998; PubMed Central PMCID: PMC3585483.

Secretaria de Salud. Norma Oficial Mexicana NOM-017-SSA2-1994, Para la vigilancia epidemioldgica.
Diario Oficial de la Federacién, Mexico, 1994.

Ferreira-Guerrero E, Velazquez-Monroy O. Manual del sistema de vigilancia epidemioldgica de tuber-
culosis. 2nd ed. Mexico City: Secretaria de Salud; 1994.

Secretaria de Salud. Modificacién a la Norma Oficial Mexicana. NOM-006-SSA2-1993. Para la preven-
cién y control de la tuberculosis en la atencién primaria a la salud. Diario Oficial de la Federacién, 2000.

Secretaria de Salud. Norma Oficial Mexicana NOM-015-SSA2-1994, Para la prevencion, tratamiento y
control de la diabetes. Diario Oficial de la Federacion, 2000.

Pfyffer G, Palicova F. Mycobacterium: General Characteristics, Laboratory Detection, and Staining Pro-
cedures. In: Versalovic J, Carrol K, Funke G, Jorgensen J, Landry M, Warnok D, editors. Manual of
Clinical Microbiology. 10th ed. Washington D.C.: ASM Press; 2011. p. 472-502.

Instituto Nacional de Salud Publica. Encuesta Nacional de Salud 2000. Vivienda, poblacién y utiliza-
cién de servicios de salud. Available: www.insp.mx/ensa/ensa_tomo1.pdf. Accessed 2015 Apr.

Centers for Disease Control and Prevention. Self-reported prevalence of diabetes among Hispanics—
United States, 1994—1997. MMWR Morbidity and Mortality Weekly Report. 1999; 48(1):8—-12. Epub
1999/02/05. PMID: 9933122.

Gutiérrez J, Rivera-Dommarco J, Shamah-Levy T, Villalpando-Hernandez S, Franco A, Cuevas-Nasu
L, et al. Encuesta Nacional de Salud y Nutricion 2012. Resultados Nacionales. Cuernavaca, México:
Instituto Nacional de Salud Publica (MX), 2012.

Barquera S, Tovar-Guzman V, Campos-Nonato |, Gonzalez-Villalpando C, Rivera-Dommarco J. Geog-
raphy of diabetes mellitus mortality in Mexico: an epidemiologic transition analysis. Archives of Medical
Research. 2003; 34(5):407—14. Epub 2003/11/07. doi: 10.1016/S0188-4409(03)00075-4 PMID:
14602508.

Secretaria de Salud. Modificacién a la Norma Oficial Mexicana. NOM-006-SSA2-1993. Para la preven-
cién y control de la tuberculosis en la atencién primaria a la salud. Diario Oficial de la Federacion, 2005.

Instituto Nacional de Estadistica y Geografia. Censos y conteos de poblacién y vivienda. Available:
http://www.inegi.org.mx/est/contenidos/Proyectos/ccpv/. Accessed2013 Mar.

Villalpando S, Shamah-Levy T, Rojas R, Aguilar-Salinas CA. Trends for type 2 diabetes and other car-
diovascular risk factors in Mexico from 1993-2006. Salud Publica Mex. 2010; 52 Suppl 1:S72-9.
PMID: 20585732.

Ponce-De-Leon A, Garcia-Garcia Md Mde L, Garcia-Sancho MC, Gomez-Perez FJ, Valdespino-
Gomez JL, Olaiz-Fernandez G, et al. Tuberculosis and diabetes in southern Mexico. Diabetes Care.
2004; 27(7):1584-90. PMID: 15220232.

Restrepo BI, Fisher-Hoch SP, Crespo JG, Whitney E, Perez A, Smith B, et al. Type 2 diabetes and tu-
berculosis in a dynamic bi-national border population. Epidemiology and Infection. 2007; 135(3):483—
91. Epub 2006/07/26. doi: 10.1017/S0950268806006935 PMID: 16863600; PubMed Central PMCID:
PMC2870584.

Alisjahbana B, van Crevel R, Sahiratmadja E, den Heijer M, Maya A, Istriana E, et al. Diabetes mellitus
is strongly associated with tuberculosis in Indonesia. The International Journal of Tuberculosis and
Lung Disease: the official journal of the International Union against Tuberculosis and Lung Disease.
2006; 10(6):696—700. Epub 2006/06/17. PMID: 16776459.

Singla R, Khan N, Al-Sharif N, Ai-Sayegh MO, Shaikh MA, Osman MM. Influence of diabetes on mani-
festations and treatment outcome of pulmonary TB patients. The International Journal of Tuberculosis
and Lung Disease: the official journal of the International Union against Tuberculosis and Lung Dis-
ease. 2006; 10(1):74-9. Epub 2006/02/10. PMID: 16466041.

Dye C, Bourdin Trunz B, Lonnroth K, Roglic G, Williams BG. Nutrition, diabetes and tuberculosis in the
epidemiological transition. PloS One. 2011; 6(6):e21161. doi: 10.1371/journal.pone.0021161 PMID:
21712992; PubMed Central PMCID: PMC3119681.

PLOS ONE | DOI:10.1371/journal.pone.0129312 June 15,2015 12/14


http://dx.doi.org/10.1371/journal.pmed.0050152
http://dx.doi.org/10.1371/journal.pmed.0050152
http://www.ncbi.nlm.nih.gov/pubmed/18630984
http://dx.doi.org/10.1186/1741-7015-9-81
http://www.ncbi.nlm.nih.gov/pubmed/21722362
http://dx.doi.org/10.1136/thoraxjnl-2012-201756
http://www.ncbi.nlm.nih.gov/pubmed/23250998
http://www.insp.mx/ensa/ensa_tomo1.pdf
http://www.ncbi.nlm.nih.gov/pubmed/9933122
http://dx.doi.org/10.1016/S0188-4409(03)00075-4
http://www.ncbi.nlm.nih.gov/pubmed/14602508
http://www.inegi.org.mx/est/contenidos/Proyectos/ccpv/
http://www.ncbi.nlm.nih.gov/pubmed/20585732
http://www.ncbi.nlm.nih.gov/pubmed/15220232
http://dx.doi.org/10.1017/S0950268806006935
http://www.ncbi.nlm.nih.gov/pubmed/16863600
http://www.ncbi.nlm.nih.gov/pubmed/16776459
http://www.ncbi.nlm.nih.gov/pubmed/16466041
http://dx.doi.org/10.1371/journal.pone.0021161
http://www.ncbi.nlm.nih.gov/pubmed/21712992

@’PLOS ‘ ONE

Trends of Pulmonary TB and DM in Mexico

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Stevenson CR, Forouhi NG, Roglic G, Williams BG, Lauer JA, Dye C, et al. Diabetes and tuberculosis:
the impact of the diabetes epidemic on tuberculosis incidence. BMC Public Health. 2007; 7:234. Epub
2007/09/08. doi: 10.1186/1471-2458-7-234 PMID: 17822539; PubMed Central PMCID: PMC2001194.

Jung RS, Bennion JR, Sorvillo F, Bellomy A. Trends in tuberculosis mortality in the United States,
1990-2006: a population-based case-control study. Public Health Reports. 2010; 125(3):389-97. Epub
2010/05/04. PMID: 20433033; PubMed Central PMCID: PMC2848263.

Murray M, Oxlade O, Lin HH. Modeling social, environmental and biological determinants of tuberculo-
sis. The International Journal of Tuberculosis and Lung Disease: the official journal of the International
Union against Tuberculosis and Lung Disease. 2011; 15 Suppl 2:564—70. doi: 10.5588/ijtld.10.0535
PMID: 21740661.

Restrepo Bl, Schlesinger LS. Host-pathogen interactions in tuberculosis patients with type 2 diabetes
mellitus. Tuberculosis. 2013; 93 Suppl:S10—4. doi: 10.1016/S1472-9792(13)70004-0 PMID: 24388642.

Lonnroth K, Jaramillo E, Williams BG, Dye C, Raviglione M. Drivers of tuberculosis epidemics: the role
of risk factors and social determinants. Social Science & Medicine. 2009; 68(12):2240-6. doi: 10.1016/
j.socscimed.2009.03.041 PMID: 19394122.

Gomez DI, Twahirwa M, Schlesinger LS, Restrepo Bl. Reduced Mycobacterium tuberculosis associa-
tion with monocytes from diabetes patients that have poor glucose control. Tuberculosis. 2013; 93
(2):192—7. doi: 10.1016/j.tube.2012.10.003 PMID: 23131496; PubMed Central PMCID: PMC3580120.

Restrepo BI, Fisher-Hoch SP, Pino PA, Salinas A, Rahbar MH, Mora F, et al. Tuberculosis in poorly
controlled type 2 diabetes: altered cytokine expression in peripheral white blood cells. Clinical Infec-
tious Diseases: an official publication of the Infectious Diseases Society of America. 2008; 47(5):634—
41. doi: 10.1086/590565 PMID: 18652554; PubMed Central PMCID: PMC2900313.

Gonzalez Y, Herrera MT, Soldevila G, Garcia-Garcia L, Fabian G, Perez-Armendariz EM, et al. High
glucose concentrations induce TNF-alpha production through the down-regulation of CD33 in primary
human monocytes. BMC Immunology. 2012; 13:19. doi: 10.1186/1471-2172-13-19 PMID: 22500980;
PubMed Central PMCID: PMC3353220.

Wang CH, Yu CT, Lin HC, Liu CY, Kuo HP. Hypodense alveolar macrophages in patients with diabetes
mellitus and active pulmonary tuberculosis. Tuber Lung Dis. 1999; 79(4):235—-42. PMID: 10692992.

Al-Attiyah RJ, Mustafa AS. Mycobacterial antigen-induced T helper type 1 (Th1) and Th2 reactivity of
peripheral blood mononuclear cells from diabetic and non-diabetic tuberculosis patients and Mycobac-
terium bovis bacilli Calmette-Guerin (BCG)-vaccinated healthy subjects. Clinical and Experimental Im-
munology. 2009; 158(1):64—73. Epub 2009/09/10. doi: 10.1111/}.1365-2249.2009.04000.x PMID:
19737232; PubMed Central PMCID: PMC2759060.

Kumar NP, Sridhar R, Banurekha VV, Jawahar MS, Nutman TB, Babu S. Expansion of pathogen-spe-
cific T-helper 1 and T-helper 17 cells in pulmonary tuberculosis with coincident type 2 diabetes mellitus.
The Journal of Infectious Diseases. 2013; 208(5):739-48. Epub 2013/05/30. doi: 10.1093/infdis/jit241
PMID: 23715661; PubMed Central PMCID: PMC3733509.

Tsukaguchi K, Okamura H, Matsuzawa K, Tamura M, Miyazaki R, Tamaki S, et al. [Longitudinal as-
sessment of IFN-gamma production in patients with pulmonary tuberculosis complicated with diabetes
mellitus]. Kekkaku: [Tuberculosis]. 2002; 77(5):409-13. PMID: 12073618.

Vallerskog T, Martens GW, Kornfeld H. Diabetic mice display a delayed adaptive immune response to
Mycobacterium tuberculosis. Journal of Immunology. 2010; 184(11):6275-82. doi: 10.4049/jimmunol.
1000304 PMID: 20421645; PubMed Central PMCID: PMC2874741.

Stevenson CR, Critchley JA, Forouhi NG, Roglic G, Williams BG, Dye C, et al. Diabetes and the risk of
tuberculosis: a neglected threat to public health? Chronic lliness. 2007; 3(3):228—45. doi: 10.1177/
1742395307081502 PMID: 18083679.

Dolhofer R, Siess EA, Wieland OH. Nonenzymatic glycation of immunoglobulins leads to an impairment
of immunoreactivity. Biological Chemistry Hoppe-Seyler. 1985; 366(4):361-6. PMID: 4026990.

Babalik A, Ulus IH, Bakirci N, Kuyucu T, Arpag H, Dagyildizi L, et al. Plasma concentrations of isoniazid
and rifampin are decreased in adult pulmonary tuberculosis patients with diabetes mellitus. Antimicrobi-
al Agents and Chemotherapy. 2013; 57(11):5740-2. doi: 10.1128/AAC.01345-13 PMID: 23979746;
PubMed Central PMCID: PMC3811326.

Hicks R, Padayatchi N, Shah N, Wolf A, Werner L, Sunkari V, et al. Malnutrition associated with unfa-
vorable outcome and death among South African MDR-TB and HIV co-infected children. The Interna-
tional Journal of Tuberculosis and Lung Disease. 2014; 18(9):1074-83. doi: 10.5588/ijtld.14.0231
PMID: 25189555

Garcia-Garcia ML, Ponce de Leon A, Jimenez-Corona ME, Jimenez-Corona A, Palacios-Martinez M,
Balandrano-Campos S, et al. Clinical consequences and transmissibility of drug-resistant tuberculosis
in southern Mexico. Arch Intern Med. 2000; 160(5):630—6. PMID: 10724048.

PLOS ONE | DOI:10.1371/journal.pone.0129312 June 15,2015 13/14


http://dx.doi.org/10.1186/1471-2458-7-234
http://www.ncbi.nlm.nih.gov/pubmed/17822539
http://www.ncbi.nlm.nih.gov/pubmed/20433033
http://dx.doi.org/10.5588/ijtld.10.0535
http://www.ncbi.nlm.nih.gov/pubmed/21740661
http://dx.doi.org/10.1016/S1472-9792(13)70004-0
http://www.ncbi.nlm.nih.gov/pubmed/24388642
http://dx.doi.org/10.1016/j.socscimed.2009.03.041
http://dx.doi.org/10.1016/j.socscimed.2009.03.041
http://www.ncbi.nlm.nih.gov/pubmed/19394122
http://dx.doi.org/10.1016/j.tube.2012.10.003
http://www.ncbi.nlm.nih.gov/pubmed/23131496
http://dx.doi.org/10.1086/590565
http://www.ncbi.nlm.nih.gov/pubmed/18652554
http://dx.doi.org/10.1186/1471-2172-13-19
http://www.ncbi.nlm.nih.gov/pubmed/22500980
http://www.ncbi.nlm.nih.gov/pubmed/10692992
http://dx.doi.org/10.1111/j.1365-2249.2009.04000.x
http://www.ncbi.nlm.nih.gov/pubmed/19737232
http://dx.doi.org/10.1093/infdis/jit241
http://www.ncbi.nlm.nih.gov/pubmed/23715661
http://www.ncbi.nlm.nih.gov/pubmed/12073618
http://dx.doi.org/10.4049/jimmunol.1000304
http://dx.doi.org/10.4049/jimmunol.1000304
http://www.ncbi.nlm.nih.gov/pubmed/20421645
http://dx.doi.org/10.1177/1742395307081502
http://dx.doi.org/10.1177/1742395307081502
http://www.ncbi.nlm.nih.gov/pubmed/18083679
http://www.ncbi.nlm.nih.gov/pubmed/4026990
http://dx.doi.org/10.1128/AAC.01345-13
http://www.ncbi.nlm.nih.gov/pubmed/23979746
http://dx.doi.org/10.5588/ijtld.14.0231
http://www.ncbi.nlm.nih.gov/pubmed/25189555
http://www.ncbi.nlm.nih.gov/pubmed/10724048

el e
@ ) PLOS ‘ ONE Trends of Pulmonary TB and DM in Mexico

43. Jimenez-Corona ME, Garcia-Garcia L, DeRiemer K, Ferreyra-Reyes L, Bobadilla-del-Valle M, Cano-
Arellano B, et al. Gender differentials of pulmonary tuberculosis transmission and reactivation in an en-
demic area. Thorax. 2006; 61(4):348-53. PMID: 16449260.

44. Bashar M, Alcabes P, Rom WN, Condos R. Increased incidence of multidrug-resistant tuberculosis in
diabetic patients on the Bellevue Chest Service, 1987 to 1997. Chest. 2001; 120(5):1514-9. Epub
2001/11/20. PMID: 11713128.

45. Fisher-Hoch SP, Whitney E, McCormick JB, Crespo G, Smith B, Rahbar MH, et al. Type 2 diabetes and
multidrug-resistant tuberculosis. Scandinavian Journal of Infectious Diseases. 2008; 40(11-12):888—
93. Epub 2008/08/30. doi: 10.1080/00365540802342372 PMID: 18728934; PubMed Central PMCID:
PMC2887603.

PLOS ONE | DOI:10.1371/journal.pone.0129312 June 15,2015 14/14


http://www.ncbi.nlm.nih.gov/pubmed/16449260
http://www.ncbi.nlm.nih.gov/pubmed/11713128
http://dx.doi.org/10.1080/00365540802342372
http://www.ncbi.nlm.nih.gov/pubmed/18728934

