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Abstract
Objective: Diabetes mellitus (DM) has been known to compromise tuberculosis
(TB) treatment outcomes. Association data are limited for early hyperglycaemia detec-
tion and TB treatment outcomes. Thus, we assessed treatment outcomes including time
to sputum conversion and death in TB participants with or without hyperglycaemia.
Methods: A prospective cohort study recruited TB participants receiving anti-TB
treatment at health facilities in Tanzania between October 2019 and September 2020.
Hyperglycaemia was defined as having pre-existing DM or pre-treatment random
blood glucose of ≥7.8 mmol/L, in combination categorised as impaired glucose regula-
tion (IGR). Those with IGR were further screened for hyperglycaemia severity using
glycated haemoglobin. In case of unknown status, participants were tested for HIV.
Time to death was determined at 6 months of TB treatment.
Results: Of 1344 participants, 187 (13.9%) had IGR, of whom 44 (23.5%) were HIV
co-infected. Overall treatment success was 1206 (89.7%), and was similar among partici-
pants with or without IGR (p > 0.05). Time to death for participants with and without
IGR was 18 versus 28 days (p = 0.870), respectively. Age ≥ 40 years (p = 0.038), bacte-
riological positive (p = 0.039), HIV (p = 0.009), or recurrent TB (p = 0.017) predicted
death or treatment success during TB treatment in adjusted multivariable models.
Conclusion: IGR did not influence clinical outcomes in TB patients with or without
IGR in a programme of early IGR diagnosis and integration TB, HIV and DM care.
Early detection and co-management of multi-morbidities among people diagnosed with
TB may reduce likelihood of poor treatment outcomes in a programmatic setting.

K E YWORD S
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INTRODUCTION

In tuberculosis (TB) and human immunodeficiency virus
(HIV) endemic settings, the emergence of chronic diseases,
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such as diabetes mellitus (DM) due to lifestyle modifications
and improved life expectancy pose additional risks for unfa-
vourable treatment outcomes [1]. Individuals with dual TB and
DM often experience poor treatment outcomes, including
delays in sputum smear and culture conversion, prolonged
treatment duration, increased risk of relapse, recurrence,
acquired drug-resistance TB and increased risk of death com-
pared to individuals with TB only [2, 3]. Tanzania is one of the
high TB/HIV burden countries. It is estimated that of all TB
cases notified in the country by 2018, 24% were TB/HIV co-
infected [4]. Efforts for integration of TB and HIVmanagement
at multiple health care levels are currently in place.

In the Tanzanian setting, like many TB endemic areas,
clinical outcomes may be influenced by both health system
and biological factors. DM itself may also dysregulate the
immune system [5], resulting in higher bacterial burden of
Mycobacterium tuberculosis and more extensive lung disease
at presentation [1]. Furthermore, TB itself may worsen con-
trol of hyperglycaemia leading to uncontrolled DM [6].
However, from a health systems perspective, un-integrated
TB and DM care may also lead to delayed presentations and
later interventions for both diseases [7].

Recognising the similar challenges of dual TB and DM dis-
ease akin to lessons learned with HIV services integration, The
International Union Against Tuberculosis and Lung Disease
and WHO outlined the historic Bali Initiative on dual TB and
DM management that was subsequently endorsed by WHO in
2011 [8]. The initiative promotes collaborative services for TB
and DM, yet the majority of dually burdened settings have not
been able to implement these to-date [9, 10]. In response to this
implementation gap, we designed a model called Adaptive Dis-
ease control Expert Programme in Tanzania (ADEPT) for sup-
porting integration of communicable and non-communicable
diseases using TB and DM as a case study [11]. Implementation
of the ADEPT model included training of health care providers
on bidirectional screening of TB and DM, appropriate clinical
management including for those with HIV co-infection and
application of glycated haemoglobin (HbA1c) for guiding selec-
tion of hypoglycaemic agents in routine settings [11].

In this context, detection of impaired glucose regulation
(IGR) may be from either manifest DM disease or infection-
induced hyperglycaemia, and it is unclear whether IGR detection
at TB diagnosis further risk-stratifies an individual for worsened
TB treatment outcomes, particularly in the context of co-
prevalent HIV co-infection, and within a redesigned health sys-
tem that prioritises integration of TB and DM services [12].
Hence, in the current report, we aimed to determine the associa-
tion of early IGR detection and TB treatment outcomes includ-
ing time to death and/or time to smear conversion during the
6-month TB treatment interval in those with or without IGR.

METHODS

Study settings

The study was conducted in health facilities in three regions
in Tanzania: Dar es Salaam, Iringa and Kilimanjaro.

Dar es Salaam is the major contributor to national TB inci-
dence, with 18% of new TB patients diagnosed annually [4].
Iringa Region in southern-central Tanzania has the second
highest TB incidence due to a high HIV/AIDS prevalence
[13]. Kilimanjaro region in northern Tanzania has a high
prevalence of DM in the general population of 21.7% [14],
and the proportion of TB among people living with HIV in
that region is nearly double that of the Tanzanian general
population [15].

Study design and population

A prospective cohort design including participants with active
TB was conducted in health facilities in the three regions to
determine the influence of IGR in TB treatment outcomes.
Participants with TB were defined based on the National
Tuberculosis and Leprosy Programme guideline of Tanzania
(NTLP) [16]. In each region, individuals with all types of TB,
diagnosed between October 2019 and September 2020, were
included in the study. The 32 health facilities, i.e. regional
referral hospitals (n = 3), district hospitals (n = 7), and
health centres (n = 22), offering diagnosis and treatment of
TB, with or without DM services, were included in this study.
The study was granted ethical approval by the Kilimanjaro
Christian Medical University College Research Ethics and
Review Committee (Ref No. 2482), and the National Health
Research Ethics Review Committee at National Institute for
Medical Research in Tanzania (NIMR/HQ/R.8a/Vol.
IX/2988). Further permission to conduct this study was
approved by the relevant local authorities in Dar es Salaam,
Iringa and Kilimanjaro regions.

Stratification of study participants
and treatment of TB

All registered TB participants with either pulmonary or
extra-pulmonary TB based on a positive microscopy and /or
positive GeneXpert PCR without resistance mutations,
referred to as bacteriological positive below, were asked if
they had been diagnosed with DM. Participants with TB
and known DM had their medical charts reviewed to con-
firm the diagnosis and determine if the patients were already
on prescribed anti-DM medications. All other TB partici-
pants were screened for DM using clinical symptoms of
polyphagia, polydipsia and polyuria [17], and random blood
glucose (RBG) test, using point-of-care glucometer machine
(GlucoPlus™ Inc; 2323 Halpern, Ville St-Laurent, Canada).
Blood glucose levels were classified as normal <7.8 mmol/L,
pre-DM ≥7.8–11.0 mmol/L and DM ≥11.1 mmol/L accord-
ing to the International Diabetes Federation guidelines [18].
TB participants with known pre-existing DM or those that
had glucose levels ≥7.8 mmol/L, were categorised as having
IGR for the purposes of survival analysis. Participants with
IGR were assessed for hyperglycaemia severity level using a
point-of-care HbA1c test (HemoCue HbA1c 501 system-
HemoCue AB;SE-262 23, Ängelholm, Sweden). Participants
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with HbA1c ≥53 mmol/mol were considered as having
poorly controlled hyperglycaemia, while HbA1c <53 mmol/
mol were considered as having optimally controlled hyper-
glycaemia [19]. HIV-related information was collected from
participants’ charts, and screened for in those with unknown
HIV status as per the national guideline [20].

For the purpose of determining differences in treatment
outcomes including the time to mortality at 6-months of TB
treatment, participants were stratified into two-subgroups
including TB participants with or without IGR. All TB par-
ticipants (previously or newly diagnosed TB) with or with-
out IGR received TB treatment at the TB clinic according to
the NTLP and WHO guidelines for managing susceptible
TB [21]. TB treatment followed a standard of 2 months with
Isoniazid, Rifampicin, Ethambutol, and Pyrazinamide in the
intensive phase, followed by only Rifampicin and Isoniazid
for 4 months in the continuation phase (total 6-months).
TB participants with IGR and/or HIV received care as per
Tanzania standard guidelines for collaborative care and con-
trol of TB/HIV and/or DM, which were integrated at the TB
clinic [22]. Participants were evaluated by using self-
reporting and pills refill techniques [23] for monitoring
expected treatment adherence (“expected” adherence to
anti-TB was defined by participants who took ≥95% of the
prescribed anti-TB drugs,) [24], and sputum smear conver-
sion and/or sputum culture for all TB patients (newly and
previously treated TB) was evaluated at 2 and 5–6 months
of TB treatment. If sputum smears remained positive at
2 months of treatment, an Xpert MTB/RIF test was per-
formed to rule out DR-TB. Treatment failure was defined as
a microbiologically positive test at 5–6 months, or lack of
treatment completion. Treatment success was defined as
treatment completion without known smear conversion to
negative at 5–6 months, and treatment cure as treatment
success plus smear conversion to negative at 5–6 months.
Death comprised all-cause mortality during TB treatment
[25]. Time to death was defined as time to death of TB
patients for any reason before starting TB treatment or
during the course of TB treatment, while time to treatment
success was defined as the time that TB patients were cured
(i.e TB patients became negative smear microscopy at the
end of treatment and at-least one previous follow-up test) or
completed treatment with resolution of TB symptoms [26].

Statistical analysis

Descriptive statistics for continuous variables such as age
and weight of participants were presented as means
(SD) and compared across participants with normal glucose
tolerance or IGR using the Independent t-test. Accordingly,
categorical variables such as proportions of participants with
treatment success or of participants who died were com-
pared using Chi-square or Fisher’s exact tests. Univariate
linear model was used to calculate odds ratio (OR) to
estimate the effect of each TB with or without IGR sub-
groups on the treatment adherence and monitoring smear

conversion at 2 and 5 months of TB treatment. A binary
logistic regression model was used to calculate OR for mor-
tality and treatment success at 6 months of TB treatment. A
multivariate logistic regression analysis was performed to
calculate the OR for mortality and treatment success and
was adjusted for age, sex, HIV status, bacteriological status,
site of TB, IGR and type of health facility. A 95% confidence
interval of the OR was included. The median time to mortal-
ity at 6-month of TB treatment among TB participants with
and those without IGR was estimated using Kaplan–Meier
test. All analyses were performed using IBM SPSS version
24 (IBM SPSS, Armonk, NY, USA). P < 0.05 was considered
statistically significant.

RESULTS

Baseline characteristics of the study participants

We recruited 1344 participants of whom 744 (55.4%) were from
Dar es Salaam, 330 (24.6%) from Iringa and 270 (20.1%) from
Kilimanjaro. Of 1344 participants recruited 187 (13.9%) had
IGR (newly diagnosed and previously diagnosed IGR). Of
187 participants with IGR, 82 participants had pre-DM and
105 had DM (Figure 1). Overall, 870 (64.7%) were men, and
mean age was 41 (�17) years. The majority (1302, 96.9%) of
participants had no previous history of TB, while 685 (51.0%)
were bacteriologically positive at baseline, and 335 (24.9%)
were living with HIV, of which 308 (91.9%) were on antiret-
roviral therapy. Compared to TB participants without IGR,
those within IGR were slightly older (48.0 � 16.0 years,
vs. 40.0 � 17.0 years, p < 0.001), and had significantly higher
body weight (58.0� 15.0 kg, vs. 51.0� 13.0 kg, p < 0.001). Fur-
thermore, a higher proportion of TB participants with IGR were
attended at hospitals (District or Regional referral hospitals)
than in health centres (59.9% vs. 40.1%, p= 0.520), (Table 1).

Enrolled TB patients
n=1344

Normoglycaemia

 n=1157 
Pre-DM 

n=82

DM  
 n=105 

TB only 
n= 1157  

TB/IGR  
n= 187 

F I G UR E 1 Flow chart showing participants with tuberculosis
(TB) stratified into TB subgroups as participants with TB, TB/HIV, and
TB/IGM with or without HIV. *IGR is a combination of pre-DM and
DM. DM, diabetes mellitus; IGR, impaired glucose regulation; TB,
tuberculosis
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Treatment outcomes among study participants
with or without IGR

Of the 1344 participants enrolled at baseline, 1251 (93.1%)
completed the study. Of those, 1211 (96.8%) were recorded
as expected adhering to >/=95% of medication dose, while
the remaining 40 had other forms of adherence. IGR did not
appear to significantly affect adherence patterns. Smear con-
version was available in 629 (91.8%) and 597 (87.2%) TB
participants, at the second and fifth months of treatment
respectively, while 28 (4.5%) and 8 (1.3%) respectively were
tested smear positive. However, the OR of being smear posi-
tive at second and fifth months of treatment among TB with
or without IGR was 1.36 (95% CI 0.61–2.93, p = 0.438) and
0.68 ( 0.10–2.99, p = 0.644) respectively. Overall, treatment
success was found in 1206 (89.7%) participants, including

treatment success of 89.8% in participants without IGR and
treatment success of 89.3% in those with IGR. Also here, OR
in TB treatment outcomes did not differ in terms of treat-
ment success, lost to follow-up, failures, transferred out or
death (p > 0.05), presented in (Table 2). Among those that
died, the median time to death was 18 days in TB partici-
pants with IGR and 28 days in those with TB without IGR
(p = 0.870) (Figure 2).

Risk factors associated with death or treatment
success among TB participants during 6 months
of TB treatment

In the multivariate regression model, death was more likely
to occur in TB participants who were ≥ 40 years (OR 1.85,
1.04–3.32, p = 0.038), baseline bacteriologically positive
(OR 2.15, 95% CI 1.04–4.43, p = 0.039), HIV positive
(OR 2.13, 95% CI 1.21–3.76, p = 0.009), and those who were
treated at either district or region referral hospitals vs. those
treated at health centres (OR 2.03, 95% CI 1.04–3.95,
p = 0.032) (Table 3). Recurrent TB was the only

T A B L E 1 Baseline clinical-demographic characteristics of study
participants (pulmonary or extra-pulmonary TB) stratified by TB with or
without IGR (N = 1344)

Characteristics

Total
N = 1344
(%)

TB without
IGR,
N = 1157 (%)

TB with
IGR
N = 187 (%) p value

Sex 0.748

Male 870 (64.7) 747 (64.6) 123 (65.8)

Female 474 (35.3) 410 (35.4) 64 (34.2)

Age (years)a 41 (�17) 40 (�17) 48 (�16) <0.001

Weight (Kg)a 52 (�13) 51 (�13) 58 (�15) <0.001

TB history 0.892

New TB 1303 (96.9) 1122 (97.0) 181 (96.8)

Recurrent TB 41 (3.1) 35 (3.0) 6 (3.2)

Baseline
bacteriological
results

0.460

Positiveb 685 (51.0) 585 (50.6) 100 (53.5)

Negative 659 (49.0) 572 (49.4) 87 (46.5)

Location of TB 0.128

PTB 1011 (75.2) 862 (74.5) 149 (79.7)

EPTB 333 (24.8) 295 (25.5) 38 (20.3)

HIV status 0.634

Positive 335 (24.9) 291 (25.2) 44 (23.5)

Negative 1009 (75.1) 866 (74.8) 143 (76.5)

On ARTs 0.388

Yes 308 (91.9) 269 (92.4) 39 (88.6)

No 27 (8.1) 22 (7.6) 5 (11.4)

Health facility
type

0.520

Hospital 776 (57.7) 664 (57.4) 112 (59.9)

Health centre 568 (42.3) 493 (42.6) 75 (40.1)

Abbreviations: ART, antiretroviral therapy; DM, diabetes mellitus; EPTB, extra-
pulmonary tuberculosis; HIV, human immunodeficiency virus; IGR, impaired glucose
regulation; Kg, kilogram; NA, not applicable; PTB, pulmonary tuberculosis; SD,
standard deviation; TB, tuberculosis.
aMean (SD) was used.
bPatient diagnosed by Xpert MTB/RIF and/or sputum smear tests.

TAB L E 2 Univariate generalised linear model for assessing treatment
monitoring including adherence and sputum smear status at second and
fifth months of TB with or without IGR during tuberculosis treatment

Outcome variables TB groups OR (95% CI) p value

Treatment monitoring

Expected adherence status

Without IGR Reference

With IGR 1.28 (0.66–2.64) 0.481

Sputum smear conversion

At month 2 (n = 629)

Without IGR Reference

With IGR 1.36 (0.61–2.93) 0.438

At month 5 (n = 597)

Without IGR Reference

With IGR 0.68 (0.10–2.99) 0.644

Other treatment outcomes

Treatment success Without IGR Reference

With IGR 0.35 (0.62–1.31) 0.481

LTF Without IGR Reference

With IGR 1.35 (0.28–2.13) 0.623

Failures Without IGR Reference

With IGR 1.48 (0.21–3.06) 0.715

Transferred out Without IGR Reference

With IGR 1.31 (0.63–2.73) 0.470

Died Without IGR Reference

With IGR 1.49 (0.86–2.77) 0.495

Note: Expected adherence status: Participants who took ≥95% of the prescribed
anti-TB.
Abbreviations: CI, confidence interval; IGR, impaired glucose regulation; LTF, lost to
follow-up; OR, odds ratio; TB, tuberculosis.
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independent risk factor predicting less treatment success
during the 6 months of TB treatment (OR 0.42, 95% CI
0.18–0.88, p = 0.017) (Table 4).

DISCUSSION

In this study we assessed the association of early IGR detec-
tion and the clinical outcomes including treatment

monitoring, sputum smear conversion, and time to death
among TB participants with or without IGR in three regions
in Tanzania as part of an integrated TB, HIV and DM ser-
vices model. Our major findings were that within this model
IGR did not predict an adverse treatment outcome including
overall treatment success, mortality, and microbiological
clearance, even in time-to-event analyses. Expectedly, we
found that people with IGR and TB were older and had a
higher BMI than those without IGR, and that older age,
HIV, higher bacterial burden at presentation, and prior his-
tory of TB predicted either mortality or lack of treatment
success in adjusted multivariable models. Our findings sug-
gest that integrated care may reduce the likelihood of poor
TB treatment outcomes among those with IGR found in
other observational studies.

0.00

.00 28.00 56.00

Follow up time in days

84.00 112.00 140.00 168.00

0.25

0.50

0.75

p= 0.870

TB category

TB without IGR

TB with IGR

1.00

P
ro

b
a
b
ili

ty
 o

f 
m

o
rt

a
lit

y

F I G U R E 2 Kaplan–Meier curve showing patient’s time to mortality at 6 month of TB treatment among TB patients with or without IGR. The blue line
represents participants without IGR, and the green line represents participants with IGR

T A B L E 3 Predictors of mortality during the 6-months of tuberculosis
treatment

Variables
Unadjusted OR
(95% CI) p value

Adjusted* OR
(95% CI) p value

Male 1.03 (0.69–1.82) 0.909 1.33(0.74–2.40) 0.343

≥40 2.18 (1.24–3.84) 0.007 1.85 (1.04–3.32) 0.038

Recurrent TB 1.21 (0.28–5.14) 0.797 1.53 (0.34–6.78) 0.578

Bacteriological
positive TB

2.88(1.58–5.28) 0.001 2.15 (1.04–4.43) 0.039

EPTB 2.46 (1.42–4.25) 0.001 1.25 (0.63–2.47) 0.519

With IGR 1.11 (0.49–2. 50) 0.795 1.05 (0.39–2.77) 0.122

DM prior to TB
diagnosis

1.45 (0.35–6.09) 0.609 1.85 (0.34–10.02) 0.478

HIV positive 2.25 (1.29–3.90) 0.004 2.13 (1.21–3.76) 0.009

Started ART 0.92 (0.20–4.13) 0.908

Attended at
hospital

2.44 (1.29–4.59) 0.006 2.03 (1.04–3.95) 0.032

Abbreviations: *, adjusted for sex; age; HIV status bacteriological status; site of TB;
glycaemic status and type of health facility. Logistic regression analyze models were
used; ART, antiretroviral therapy; CI, confidence interval; DM, diabetes mellitus; HIV,
human immunodeficiency virus; IGR, impaired glucose regulation; OR, odds ratio;
TB, tuberculosis.

TAB L E 4 Factors associated with treatment success

Variables
Unadjusted OR
(95% CI) p value

Adjusted* OR
(95% CI) p value

Male 1.03 (0.69–1.82) 0.909 0. 85 (0.57–1.25) 0.405

≥40 0.28 (0.55–1.11) 0.161 0.78 (0.54–1.12) 0.189

Recurrent TB 0.39 (0.18–0.84) 0.016 0. 42 (0.18–0.88) 0.017

Bacteriological
positive TB

1.04 (0.73–1.46) 0.810 0.99 (0.64–1.55) 0.989

EPTB 0.93 (0.62–1.38) 0. 707 0.93 (0.56–1.57) 0.794

TB/IGR 0.95 (0.57–1. 57) 0.836 1.01 (0.61–1.69) 0.966

HIV Positive 0.93 (0.62–1. 39) 0.739 0.91 (0.60–1. 37) 0.649

Abbreviations: *, adjusted for sex; age; HIV status bacteriological status; site of TB;
glycaemic status and type of health facility. Logistic regression analyze models were
used; ART, antiretroviral therapy; CI, confidence interval; DM, diabetes mellitus; HIV,
human immunodeficiency virus; IGR, impaired glucose regulation; OR, odds ratio;
TB, tuberculosis.
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Integrated care services may reduce the likelihood of
unfavourable treatment outcomes TB with comorbidity
compared to those with TB alone especially in TB endemic
settings. We found that IGR in our study did not influence
TB treatment outcomes such as microbiological clearance,
treatment success, and mortality, which contradicts several
studies that reported DM as an important predictor of unfa-
vourable TB treatment outcomes [24, 27–30]. Our findings
also are in conflict with those of a case control study con-
ducted in Dar es Salaam, Tanzania [31]. Favourable treat-
ment outcomes during TB treatment are not likely due to
early IGR detection only but also due to standardised
approaches for managing IGR by taking into consideration
associated comorbidities such as HIV. The differences
between our report and the rest may be explained by the
initiative approached by this study through the ADEPT pro-
gramme model [32]. The model had an additional mentor-
ship package to the frontline healthcare providers for early
bidirectional screening and co-management of TB and IGR
including other associated comorbidities. Furthermore, the
programme supplied the implementation health facilities
with materials such glucometers with gluco-strips, instruc-
tion/algorithms and teaching materials to facilitate the pro-
cess, and clinical audit was introduced as a mechanism to
guide modifications and improvement of the clinical stan-
dards for management of multi-morbidities. Meanwhile, a
novel technology HbA1c test was applied to detect uncon-
trolled DM severity for early intervention. Previous reports
have suggested that uncontrolled IGR is the main predictor
of unfavourable TB treatment outcomes. It is important to
note that TB and IGR interact; detection of IGR may be
from either manifest DM disease or infection-induced
hyperglycaemia, and it is unclear whether IGR detection at
TB diagnosis further risk-stratifies an individual for wors-
ened TB treatment outcomes, particularly in the context of
co-prevalent HIV co-infection. But IGR is also an early
warning sign for TB treatment failure and subsequently a
risk factor for acquired drug resistant, relapse, reinfection,
and death in an individuals with concurrent TB and
IGR [33].

Our study noted a non-significant trend of earlier death
among TB participants with and those without IGR (18 vs.
28 days respectively). However, our findings should be inter-
preted with caution because there were only seven deaths in
total in the TB/IGR group. Nevertheless, our findings are in
line with other studies, which reported that TB patients with
IGR die earlier during TB treatment than those with only
TB [24, 27, 29]. This may be partially explained by
the delays in detecting hyperglycaemia for early inter-
vention to individuals on TB treatment. Previous reports
have suggested that drug–drug interaction, suboptimal drug
concentrations in individuals with dual TB/DM epidemic,
DM-related complications such as cardiovascular diseases,
acute renal injuries, and adrenal insufficiency [34], as
attributable risk factors for early deaths in individuals with
TB/IGR, some of which can occur after the TB treatment
interval which our study was not designed to measure.

We observed that HIV over IGR significantly associated
with unfavourable clinical outcomes including death during
the six-months TB treatment suggesting that HIV disease
remains the most important predictor of mortality during
the 6 months on TB treatment [24]. Our findings are com-
parable with another study, which reported a high-mortality
rate in patients with TB/HIV co-infection than in TB/DM
[35]. However, our findings are inconsistent with another
study, which reported higher-than-expected mortality in
individuals with TB/DM compared to TB/HIV co-infected
[36]. The observed differences in our study and other
reports may be explained by the baseline protocol estab-
lished by ADEPT programme for the frontline health care
providers for early IGR detection and intervention during
TB treatment [11]. Furthermore, it may be because our
study was conducted in a setting with high TB and HIV
co-infection burden, or perhaps because HIV patients are at
higher risk of advanced immunosuppression [37] leading
into atypical TB presentation with TB related sepsis state
[38], low-microbacterial colony counts as a result of delay in
diagnosis and treatment initiation in a co-infected patients
[39]. But unfavourable treatment outcomes in TB/HIV
co-infected over IGR patients may be partially attributed
by coexisting of other opportunistic infections including
bloodstream pathogens in addition to the detection of TB
[40, 41]. Other evidence has shown that early ART initiation
associated with favourable clinical outcomes than those not
previously on ART or ART was started later [42].

We found that recurrent TB was the independent risk
factor for treatment success compared to patients with
newly diagnosed TB. This finding is consistent with another
study, which has found a 3-times higher unsuccessful treat-
ment outcomes in recurrent TB patients than in their coun-
terparts [43]. Other evidence has highlighted that recurrent
TB is more common in TB patients with concurrent DM,
HIV co-infection, and those with a form of drug resistance
[44], which can explain the observed association of recurrent
TB and treatment success.

Among the strengths of the study is the implementation
within programmatic clinical settings across multiple health
facilities in Tanzania. Furthermore, this is one of few studies
conducted in Tanzania studying the influence of early detec-
tion of IGR for determining clinical outcomes in a large and
diverse TB population, which may enhance the generaliz-
ability of the findings. Given the implementation of our
study in the routine clinical setting, we acknowledge several
limitations. Mortality observed during the 6-months of TB
treatment may be confounded by other important variables
including acute renal injuries, adrenal insuffiencies or other
cardiovascular diseases that may not be directly a conse-
quence of TB disease, and these deaths were not further
interrogated by chart review at the time of death, limited
autopsy or otherwise [45, 46]. Furthermore, the assessed
IGR was based at the time of TB diagnosis and thus did not
differentiate transient TB disease-induced hyperglycaemia
that may resolve with TB treatment alone, and which may
have less impact on TB treatment outcomes [47].
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CONCLUSION

In conclusion, our study did not find a difference in treat-
ment outcomes among TB patients with and without IGR
within a programme of early IGR detection and integration
TB, HIV and DM care. However, death during treatment
was more likely in TB patients with high-bacteriological load
and those with TB/HIV co-infection, while treatment suc-
cess was less likely in patients with recurrent TB. Early
detection and co-management of multi-morbidities includ-
ing IGR and HIV among people with TB may improve
outcomes in programmatic settings in Tanzania.
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