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SUMMARY
SETTING: Pune, India.

OBJECTIVES: To estimate the prevalence and risk factors of pre-diabetes mellitus (DM) and
DM, and its associations with the clinical presentation of tuberculosis (TB).

DESIGN: Screening for DM was conducted among adults (age = 18 years) with confirmed TB
between December 2013 and January 2017. We used multinomial regression to evaluate the risk
factors for pre-DM (glycated hemoglobin [HbA1c] = 5.7-6.5% or fasting glucose 100-125 mg/dl)
and DM (HbAlc = 6.5% or fasting glucose = 126 mg/dl or random blood glucose > 200 mg/dl or
self-reported DM history/treatment) and the association of dysglycemia with the severity of TB
disease.

RESULTS: Among 1793 participants screened, 890 (50%) had microbiologically confirmed TB.
Of these, 33% had pre-DM and 18% had DM; 41% were newly diagnosed. The median HbAlc
level among newly diagnosed DM was 7.0% vs. 10.3% among known DM (P < 0.001). DM
(adjusted OR [aOR] 4.94, 95%CI 2.33-10.48) and each per cent increase in HbAlc (aOR 1.42,
95%CI 1.01-2.01) was associated with >1+smear grade or <9 days to TB detection.
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CONCLUSION: Over half of newly diagnosed TB patients had DM or pre-DM. DM and
increasing dysglycemia was associated with higher bacterial burden at TB diagnosis, potentially
indicating a higher risk of TB transmission to close contacts.

RESUME

Pune, Inde.

Estimer la prévalence et les facteurs de risque de pré-diabete (DM) et de DM, et son association
avec la présentation clinique de la tuberculose (TB)

Une recherche de DM a été réalisée parmi des adultes (= 18 ans) atteints de TB confirmée entre
décembre 2013 et janvier 2017. Nous avons utilisé une régression multinomiale pour évaluer les
facteurs de risque de pré-DM (HbAlc = 5,7 et jusqu’a 6,5% ou glycémie a jeun de 100-125
mg/dl) et DM (HbAlc = 6,5% ou glycémie a jeun = 126 mg/dl ou glycémie a toute heure > 200
mg/dl ou antécédents de DM/de traitement déclaré par les patients) et association de dysglycémie
avec la gravité de la TB maladie.

Sur 1793 participants dépistés, 890 (50%) avaient une TB confirmée par microbiologie. Parmi eux,
33% avaient un pré-DM et 18%, un DM ; 41% ont été des diagnostics nouveaux. L’HbA1c
médiane parmi les nouveaux cas de DM a été de 7,0% contre 10,3% parmi les DM connus (P <
0,001). Le DM (OR ajusté [ORa] 4,94 ; 1C95% 2,33-10,48) et chaque augmentation de
pourcentage de 1’HbAlc (ORa 1,42 ; 1C95% 1,01-2,01) ont été associés avec une augmentation
de >1+ du grade du frottis ou moins de 9 jours jusqu’a la détection de la TB.

Plus de la moitié des nouveaux patients TB diagnostiqués avaient un DM ou un pré-DM. Le DM
et une dysglycémie croissante ont été; associés avec une charge bactérienne plus élevée lors du
diagnostic de TB, indiquant un risque potentiel plus élevé de transmission de la TB a des contacts
proches.

RESUMEN

La ciudad de Pune, en la India.

Calcular la prevalencia de pre-diabetes (DM) y DM y su asociacién con el cuadro clinico inicial de
la tuberculosis (TB).

Se llevo a cabo una detection sisteméatica de la DM en los adultos (a partir de los 18 afios)
condiagnoistico confirmado de TB, de diciembre del 2013 a enero del 2017. Mediante un modelo
de regresion polindmica se evaluaron los factores de riesgo de padecer pre-DM (HbALc de 5,7%
hasta 6,5% o glucemia en ayunas de 100 a 125 mg/dl) y DM (HbAlc =6,5%, glucemia en ayunas
=126 mg/dl, una glucemia aleatoria > 200 mg/dl o un antecedente autorreferido de diagnaistico o
tratamiento de la DM) y la asociacion de la disglucemia con la gravedad de la enfermedad
tuberculosa.

De los 1793 participantes examinados, 890 presentaron TB con confirmacion microbiolégica
(50%). De estos casos, el 33% tenia pre-DM y el 18% DM; en el 41% de los casos se tratd de un
diagndstico nuevo. La mediana de la HbAlc en los casos recién diagnosticados fue 7,0% contra
10,3% en los pacientes con diagndstico conocido (P < 0,001). Se asociaron con una gradation de la
baciloscopia superior a 1+0 con <9 dias hasta la detectién de la TB, la DM (OR ajustado [aOR]
4,94; 1C95% 2,33-10,48) y cada unidad de aumento de la HbAlc (aOR 1,42; 1C95% 1,01-2,01).
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Mas de la mitad de los pacientes con diagnostico reciente de TB presenté DM o pre-DM. La DM y
un aumento de la disglucemia se asociaron con una mayor carga bacilar en el momento del
diagnostico de TB, lo cual puede indicar un mayor riesgo de transmision de la enfermedad a los
contactos cercanos.

Keywords

TB; pre-diabetes mellitus; diabetes mellitus; risk factors; clinical presentation; India

THE INTERSECTION OF TUBERCULOSIS (TB) and diabetes mellitus (DM) has recently
received global attention. DM increases the risk of TB by nearly three-fold, and persons with
both TB and DM may have worse TB treatment outcomes.1=> Globally, TB continues to be
the leading cause of morbidity and mortality from any single infectious pathogen, with
approximately 10.4 million incident cases and 1.8 million deaths in 2015.1 With diets rich in
fat and refined carbohydrates, combined with decreasing daily physical activity, the burden
of DM is reaching epidemic proportions, even in resource-limited settings.6,” The TB
epidemic in India is the largest in the world, with over 2.8 million cases occurring in
2015.1 8 India also has a staggering 69 million adults living with DM, the largest burden in
the world.” The convergence of these two enormous epidemics in India thus has major
implications for global TB control.

Recent estimates suggest that DM may account for approximately 15% of all pulmonary TB
(PTB) cases in high TB and DM burden countries.® Data from India indicate a wide range of
DM prevalence (6.5-33%) among TB cases; all of these estimates are much higher than for
the general population.®-14 More recently, a report from South India showed that over 75%
of TB cases had dysglycemia, with 54% meeting the criteria for DM.1® As the diet and
genetics of the people and the epidemiology of dysglycemia are likely to vary in different
parts of India, region-specific data are needed, particularly for Western India, where data are
limited.

Previous research has shown that TB in people with DM may have a different clinical
presentation than in those without DM.16 These differences include increased symptoms of
TB, increased involvement of the lungs, and higher bacterial burdens. However, these
findings have been inconsistently reported.16:17 We hypothesize that the clinical presentation
of TB among people with DM will be more severe than in TB patients without DM.
Furthermore, we hypothesize that glycemic status may alter the clinical severity of TB at
disease presentation.

An understanding of the prevalence, risk factors and clinical presentation of TB according to
pre-DM and DM status may be particularly informative for the early recognition of
individuals at an increased risk for adverse TB treatment outcomes. Within a cohort study
investigating the impact of DM on TB treatment outcomes, we present the prevalence and
risk factors and the clinical presentation of TB patients with and without pre-DM and DM.
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Study design and study sites

Between 23 December 2013 and 4 January 2017, eligible individuals with suspected TB at
the Revised National TB Control Programme (RNTCP) centers in Pune and Pimpri-
Chinchwad Municipal Corporations (PCMCs) of Maharashtra, India, were approached by
the study counsellors. They were referred to the clinical research site of Byramjee-
Jeejeebhoy Medical College-Sassoon General Hospital (BJMC-SGH) in Pune. BJIMC-SGH
is a large, public-sector, tertiary-care teaching institution that serves approximately 7 million
population in the surrounding urban, semi-urban and rural low-income populations. A
second site, Dr D Y Patil Medical College, Pune, a private affiliated medical college with a
large hospital catering to low- and lower-middle-income populations, initiated the study in
July 2016, and obtained referrals from RNTCP centers in the PCMC region.

The Institutional Review Board of Johns Hopkins School of Medicine, Balitimore, MD,
USA, and the ethics committees at BJMC-SGH and Dr D Y Patil Medical College, Pune,
approved the project.

Study procedures

The eligibility criterion was adults aged =18 years with suspicion of PTB. Those with a
previous history of TB, current anti-tuberculosis treatment for at least 7 days and those
diagnosed with rifampin-resistant TB were excluded.

Consenting participants were administered a questionnaire to collect information on
demographics and medical history, including TB history and TB risk factors. All enrolled
participants underwent anthropometric assessments and clinical evaluations. Chest
radiography was performed on patients confirmed to have TB.

Laboratory investigations comprised a baseline fasting or random blood glucose test (Cobas
c111; Roche Diagnostics, Rotkreuz, Switzerland), glycated hemoglobin (HbALc) test
(BioRad Laboratories, Hercules, CA, USA) and sputum evaluations. Spontaneously
expectorated sputum was collected on two occasions—on the spot and early morning. All
sputum specimens collected underwent direct smear for acid-fast bacilli (AFB) staining,
Xpert® MTB/RIF (Cepheid, Sunnyvale, CA, USA) assays and culture (in Mycobacterial
Growth Indicator Tube [MGIT] liquid culture and Lowenstein Jensen media).
Mycobacterium tuberculosis growth on liquid culture was confirmed using p-nitrobenzoic
acid, and cultures with confirmed growth of M. tuberculosis were subjected to phenotypic
drug susceptibility testing.

Study definitions

Suspected TB was defined according to RNTCP criteria and included a cough for at least 2
weeks and any other symptoms suggestive of TB, such as fever, night sweats, loss of weight
or loss of appetite. Confirmed TB was defined as positive AFB smear, Xpert results or M.
tuberculosis complex in sputum culture. DM was defined as having either HbAlc =6.5%,
fasting blood glucose (FBG) level of =126 mg/dl, random blood sugar > 200 mg/dl or DM
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diagnosis by self-reporting, or currently taking DM medication. Pre-DM was defined as
HbA1c of >5.7% and <6.5% or FBG of >110 and <126 mg/dl. Body mass index (in kg/m?2)
was calculated using World Health Organization definitions for underweight (<18 kg/m?),
normal (18-24.9 kg/m2), or overweight (>25 kg/m?).

Assessments of TB severity

Clinical presentation of TB among patients with pre-DM, DM and no DM was assessed
using clinical, radiographic and laboratory findings collected at baseline. Using a published
clinical scorel” that gives one point to each major TB-related symptom—cough, fever,
weight loss, night sweats, anorexia, hemoptysis and malaise—TB disease was classified as
severe (=4) and non-severe TB (=<3). Radiologic findings of cavitary lung lesions and/or the
involvement of = 1 lung lobe, and microbiologic findings of >1+sputum AFB and/or shorter
time to TB detection (TTD) in culture, were classified as severe TB disease. Shorter TTD by
culture was defined as less than the median number of days by MGIT culture.

Statistical analysis

RESULTS

DM prevalence and binomial exact 95% confidence intervals (Cls) were calculated as the
number of DM cases divided by the total number of microbiologically confirmed TB cases.
Baseline categorical and continuous variables for sociodemographic, clinical characteristics
and clinical presentation among confirmed PTB cases by DM were summarized using
proportions and median values with interquartile range (IQR), respectively, and compared
using either Fisher’s exact test or Wilcoxon rank-sum test; < 0.05 was deemed statistically
significant. Univariable and multivariable multinomial logistic regression was performed to
assess the factors associated with pre-DM and DM among cases with confirmed TB in
comparison with those without DM. All variables that had A< 0.1 in the univariable analysis
and known risk factors for DM were used in the multivariable analysis to estimate adjusted
odds ratios (aORs). In addition, univariable and multivariable logistic regressions were
performed to determine the association of pre-DM and DM with TB disease severity. Data
were analyzed using Stata v13.1 (StataCorp, College Station, TX, USA).

Prevalence of and factors associated with pre-diabetes mellitus and diabetes mellitus
among pulmonary tuberculosis cases

Of 3953 eligible participants approached by the study team, 1793 (45%) consented to
participate; 1442 (80%) underwent investigations for both TB and DM (Figure). Of these,
890 (62%) patients were diagnosed with microbiologically confirmed TB (Figure). The
median age was 32 years (IQR 22-44); 589 (66%) were males (Table 1). The prevalence of
pre-DM and DM was respectively 33% (95%CI 30-36) and 18% (95%CI 16-21). Of the
162 with DM, 96 (59%) were known to have DM and 66 (41%) were newly diagnosed.
Prevalence of DM among TB patients aged <25 years was 2% (95%CI 0-8) compared with
respectively 12% (95%CI 6-17) and 45% (95%CI 38-51) among TB patients aged 25-40
years and those aged >40 years. Overall, 42 (6%) TB patients had human immunodeficiency
virus (HIV) infection, and 6 (6%) TB patients with DM had HIV. The median level of
HbAlc for pre-DM was 6.0% (IQR 5.9-6.1) and for DM it was 9.1% (IQR 6.911.6¢). The
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median level of HbAlc among cases with newly diagnosed DM was 7.0% (IQR 6.6-10.2)
compared with 10.3% (IQR 8.6-12.1) among patients with known DM (P < 0.001).

In multivariate analyses, older age (aOR 1.97, 95%CI 1.17-3.30) and being overweight
(aOR 4.49, 95%CI 1.36-14.83) were associated with pre-DM (Table 2). Furthermore, males
(aOR 1.81, 95%CI 1.01-3.24) were more likely to be diagnosed with DM. Compared with
TB patients aged <25 years, patients aged 25-40 years (aOR 10.05, 95%Cl 2.99-33.77) and
those aged >40 years (aOR 56.43, 95%CI 16.57-192.1) were more likely to have DM at TB
diagnosis and being underweight was protective against DM (aOR 0.27, 95%CI 0.16-0.46).

Tuberculosis symptoms, radiologic features and microbiologic findings

The median duration of TB-related symptoms was 45 days for all patients (Table 3). Overall,
712 (84%) TB patients reported =4 symptoms; of these, 280 (39%) had pre-DM and 140
(20%) had DM. In multivariable analysis, patients with DM were more than four-fold as
likely to have =4 symptoms (aOR 4.24, 95%CI 1.24-14.43) than those without DM (Table
4). Patients with pre-DM were nearly twice as likely to have =4 symptoms (aOR 1.72,
95%CI 0.85-3.49); however, this association did not reach statistical significance.

On radiography, patients with pre-DM and DM had similar presentations according to pre-
DM and DM status (P = 0.08) (Table 3). Cavitary TB disease, the involvement of more than
one lung lobe, or miliary infiltrates suggestive of extensive lung in-volvement was seen in
374 (42%) TB patients; 134 (36%) had pre-DM and 79 (21%) had DM. In multivariable
analysis, patients with DM and those with pre-DM were more likely to have extensive lung
involvement, although neither association reached statistical significance (Table 4).

The median TTD was 8 days (IQR 6-11). Higher smear grade > 1+ or TTD < 9 days—
suggestive of higher bacterial burden—was seen among 712 (84%) TB patients, 238 (84%)
patients with pre-DM and 140 (93%) DM patients. In multivariate analysis, patients with
DM had a nearly five-fold higher risk for higher smear grade and shorter TTD (aOR 4.94,
95%CI 2.33-10.48) (Table 4).

Among those with DM, with each unit increase in the HbAlc, the odds of having =4
symptoms (aOR 1.15, 95%CI 0.73-1.81) was higher; however, this did not meet statistical
significance. No association was seen with lung involvement and a unit increase in HbAlc
level (aOR 1.04, 95%CI 0.77-1.41). Importantly, each unit increase in HbAlc level had 42%
higher odds of higher smear grade and shorter TTD (aOR 1.42, 95%CI 1.01-2.01).

DISCUSSION

We found that over half of the newly diagnosed PTB patients in our study cohort had DM or
pre-DM. It is not surprising to note that males and older TB patients had a higher risk for
DM, whereas being underweight was protective against DM and pre-DM. These findings
corroborated previously reported predictors of dysglycemia among patients with TB in
India.12 We observed that the median HbA1c level of TB patients among newly diagnosed
DM was considerably lower than that among known DM patients, and closer to the standard
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pre-DM glycemic range. Finally, TB patients with DM, specifically those with high HbAlc
levels, had higher bacterial burdens at presentation.

The DM prevalence of 18% among TB cases in our study is representative of the study area.
9-15 gpecifically, the estimated prevalence of DM in the general population of Maharashtra
state would be 6% based on our study results, assuming three-fold higher DM prevalence
among TB cases,* which is similar to reports for western India.18 Furthermore, the higher
prevalence of DM reported by Kornfeld et al. (54%) is likely due to the higher median age
(>45 years) of TB patients in their South Indian population.1> We also observed a 44% DM
prevalence among TB patients aged >40 years.

It should be noted that lower HbA1c levels were observed among those newly diagnosed
with DM compared with those with known DM.12:15 The median HbA1c level for newly
diagnosed DM was marginally higher than the HbA1c-defined pre-DM range. While this
finding has been observed in previous studies, the precise mechanism for this is unclear.
While transient stress or inflammation-induced hyperglycemia is common in sepsis and
chronic infections including TB,1%-21 whether TB disease uncovers subclinical DM among
those with epigenetic predisposition to DM has yet to be explored. Furthermore, whether
new DM is transient with a similar pathophysiology to that of gestational DM (a transient
DM that affects women with a genetic predisposition to DM)?2 should also be considered
and explored further in longitudinal studies.

Consistent with our study findings, previous research has shown that the number of
symptoms may be higher among TB patients with DM.16:17.23 Fyrthermore, we found that
patients with DM had over four-fold higher odds of higher mycobacterial burden, as
demonstrated by higher smear grade and shorter TTD by culture. Moreover, each per cent
increase in HbAlc level among those with DM was associated with higher mycobacterial
burden, suggesting that uncontrolled glycemia could lead to severe TB disease at baseline,
which has potential implications for managing DM in high TB burden countries. Our results
also suggest that the risk of TB transmission to close contacts may be higher from TB
patients with DM; however, this needs to be explored in community settings. Individuals
with TB and DM have altered inflammation, T-helper type-1 immune responses, as well as
defective neutrophil and macrophage function.24 In addition, TB-infected alveolar
macrophages among DM patients may alter host cell recognition and delay innate immune
responses.2>~27 Whether these immune changes result in more severe TB disease among
DM patients should be explored further.

Our study was conducted primarily at one state-run, public-sector facility and a second
privately run facility in the last 6 months of the study. Selection bias may have occurred as
we had to obtain participant consent for both TB and DM screening. However, the
populations that were screened for DM in confirmed TB cases were from the national
program, and were representative of India’s population. As our study was cross-sectional,
we could not assess the temporality of the association between HbAlc level and disease
severity. Despite these limitations, our results are generalizable to other TB populations in
India, particularly those with a similar age range.11.13.14
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The slower-than-expected decline in global TB incidence despite massive global TB control
efforts could, in part, be attributed to the huge, unfolding epidemic of DM in resource-
limited settings with high TB burdens.”28 With the DM burden set to exceed 500 million
people by 2030, and with India being the global frontrunner of this burden,’ a better
understanding of TB and DM interactions is critical to inform optimal TB control efforts.
Bidirectional screening for TB and DM has been recommended, but with very high TB and
DM burdens, the resources required to screen all TB patients for DM and vice versa may
limit the feasibility of these strategies.2%,30 Our study adds to the growing body of literature
supporting the view that screening for DM among TB cases can be tailored to specific
regions and to specific subgroups within a target population. Furthermore, our results
indicate that patients with DM may present with more severe TB disease. Future studies
should investigate whether HbAlc levels among newly diagnosed DM patients revert to a
normoglycemic range following successful anti-tuberculosis treatment and assess the role of
host-directed therapies with metformin/statins and/or aggressive glycemic control in TB
patients with DM to reduce disease severity and improve outcomes.
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Eligible patients with
suspected TB
(n =3953)
I

Consented to study
(n=1793)

Page 11

Not tested for TB (n = 232)

Tested for TB and DM

Not tested for DM (n = 119)

1442 (92%)
Microbiologically unconfirmed Microbiologically confirmed
suspected TB TB
552 (38%) 890 (62%)
¥ ¥ v ¥ v v
No DM Pre-DM DM No DM Pre-DM I DM
366 (66%) 143 (26%) 43 (8%) 432 (49%) 296 (35%) 162 (18%)

Known DM New DM ‘ Known DM ‘ New DM
17 (40%) 26 (60%) 96 (59%) 66 (41%)

Figure.

Flowchart of study enrollments and prevalence of pre-DM and DM among patients with
suspected and confirmed TB in Pune, India. TB = tuberculosis; DM = diabetes mellitus.
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Table 2

Multinomial logistic regression analysis for risk factors for pre-DM and DM among confirmed TB patients,
Pune, India

Confirmed TB (n = 890)

Univariableanalysis Multivariableanalysis

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Characteristics

OR (95%Cl)

aOR (95%Cl)”

Sex
Pre-DM
Male 1.50 (1.10-2.06) 1.44 (0.97-2.13)
Female 1 1
DM
Male 2.26 (1.49-3.41) 1.81 (1.01-3.24)
Female 1 1
Age group, years
Pre-DM
<25 1 1
25-40 1.20 (0.86-1.69) 1.17 (0.78-1.75)
>40 2.31 (1.53-3.48) 1.97 (1.17-3.30)
DM
<25 1 1
25-40 7.70 (2.97-19.95) 10.05 (2.99-33.77)
>40 64.8 (25.34-165.7) 56.43 (16.57-192.1)
Location
Pre-DM
Urban 1 —
Rural 1.34 (0.77-2.32)
DM
Urban 1 —
Rural 1.42 (0.74-2.72)

Smoking tobacco products

Pre-DM

Non-smokers

Smokers

DM

Non-smokers

1
1.29 (0.89-1.87)

1

Smokers 0.94 (0.58-1.52)
Alcohol
Pre-DM
No 1 —
Yes 0.93 (0.67-1.28)
DM
No 1 —
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Characteristics

Confirmed TB (n = 890)

Univariable analysis

OR (95%Cl)

Multivariable analysis

aOR (95%Cl)”

Yes

cace '

Pre-DM
CAGE <2
CAGE =2

DM
CAGE <2
CAGE =2

Religion

Pre-DM
Non-Hindu
Hindu

DM
Non-Hindu
Hindu

Anemiaf
Pre-DM
No
Yes

DM
No
Yes

HIV status

Pre-DM
Negative
Positive

DM
Negative
Positive

Body mass index§

Pre-DM
Normal

Underweight

Overweight/obese

DM
Normal

Underweight

Overweight/obese

0.83 (0.55-1.24)

1
1.06 (0.61-1.83)

1
0.86 (0.43-1.7)

1
0.67 (0.47-0.94)

1
0.69 (0.45-1.04)

1
0.98 (0.65-1.49)

1
0.48 (0.26-0.90)

1
1.32 (0.67- 2.61)

1
0.79 (0.31- 2.05)

1
1.02 (0.72-1.46)
7.06 (2.29-21.79)

1
0.24 (0.16-0.36)
461 (1.47-14.41)

1
0.64 (0.42-0.97)

1
0.71 (0.40-1.28)

1
1.31 (0.80-2.16)

1
0.92 (0.41-2.07)

1
1.02 (0.66-1.56)
4.49 (1.36-14.83)

1
0.27 (0.16-0.46)
1.98 (0.55-7.12)

*
Adjusted for covariates with £< 0.1 in univariate analysis and covariates known to be associated with a risk of DM.
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7‘CAGE score determines high alcohol dependence.
’fDefined as hemoglobin < 8 g/dl.

§Underweight: <18.5 kg/mz; normal: 18.5-24.9 kg/m2; overweight: >25 kg/mz.

TB = tuberculosis; DM = diabetes mellitus; OR = odds ratio; Cl = confidence interval; aOR = adjusted OR; CAGE = 1) Have you ever felt you
needed to cut down on your drinking? 2) Have people annoyed you by criticizing your drinking? 3) Have you ever felt guilty about drinking? 4)
Have you ever felt you needed a drink first thing in the morning (eye-opener) to steady your nerves or to get rid of a hangover? HIV = human
immunodeficiency virus.
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