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Abstract

Background: There is scarce evidence that tuberculosis (TB) can cause diabetes in those not previously
known to be diabetic. Whilst the World Health Organization (WHO) recommends screening for Diabetes
Mellitus (DM) at the onset of TB treatment, nevertheless, it remains to be elucidated which patients with TB-
associated hyperglycemia are at higher risk for developing DM and stand to benefit from a more regular
follow-up. This review aims to firstly quantify the reduction of newly detected hyperglycemia burden in TB
patients who are on treatment over time; secondly, determine the burden of TB-associated hyperglycemia
after follow-up, and thirdly, synthesize literature on risk factors for unresolved TB-associated hyperglycemia in
previously undiagnosed individuals.

Methods: We searched PUBMED, EMBASE, SCOPUS, and Global Health for articles on TB-associated
hyperglycemia up to September 30th, 2019. Search terms included Tuberculosis and hyperglycemia/DM, and
insulin resistance. We appraised studies, extracted data, and conducted a meta-analysis to assess the change
of the burden of hyperglycemia in prospective studies. The review is registered in the PROSPERO database
(CRD42019118173).

Results: Eleven studies were included in the meta-analysis yielding a total of 677 (27,3%) of patients with
newly detected hyperglycemia at baseline. The mean quality score of eligible studies using the Newcastle-
Ottawa Quality Assessment Scale was 7.1 out of 9 (range 6-9). The pooled unresolved new cases of
hyperglycemia at the end of follow up was 50% (95% CI: 36–64%) and the total pooled burden of hyperglycemia at
3–6 months of follow up was 11% (95% CI: 7–16%), with both estimates displaying a high heterogeneity, which
remained significant after performing a sub-analysis by DM diagnostic method and 3 months of follow up. As only 2
studies explored risk factors for unresolved hyperglycemia, no meta-analysis was performed on risk factors.
(Continued on next page)
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Conclusion: Our meta-analysis showed that although in half of the patients with newly observed
hyperglycemia at baseline, it remained unresolved at a follow-up of 3 to 6 months, the total burden of
hyperglycemia is slightly above 10%, 3 months after initiating TB treatment. Studies are warranted to assess
whether risk factors including HIV positivity, smoking, and extensive pulmonary TB disease put patients at
higher risk for DM.
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Background
Tuberculosis (TB), one of the most devastating com-
municable diseases in humans continues to take its
toll across the globe. According to the World Health
Organization (WHO), in 2018, TB was among the top
10 causes of death worldwide [1]. The WHO also esti-
mated that about one quarter of the global population
has latent TB, i.e. is infected by the TB causative
agent, Mycobacterium tuberculosis, although the life-
time risk for this population to develop active and
infectious TB is 5–15% [1], whilst HIV-infected people
with malnutrition or diabetes, or tobacco users are at
higher risk of developing active TB [1]. Active TB is
generally classified as pulmonary or extra-pulmonary TB,
with the former representing 85% of the total confirmed
cases in 2017 [2]. Seven countries accounted for 64% of
the total burden, with India facing the largest burden,
followed by Indonesia, China, Philippines, Pakistan,
Nigeria and South Africa [3].
First-line anti-TB drugs include, isoniazid, rifampicin,

pyrazinamide, and ethambutol [4]. After 3 months of drug
treatment for pulmonary TB caused by drug susceptible
bacteria, 90–95% of patients will have negative sputum
and show clinical improvement [4]. However, multidrug-
resistant TB (MDR-TB) remains a grave problem. Ac-
cording to the WHO 2018 report, there were 484,000
new cases with resistance to rifampicin – the most
effective first-line drug, of which 78% had MDR-TB [1].
At the same time, diabetes mellitus (DM) is steadily

establishing global dominance as well. The WHO has
reported an increase in the number of adults over 18
years of age with DM type 2 from 108 to 422 million
in a span of 3 decades – (1980 to 2014) (4.7–8.5%
prevalence) [5]. The majority of diabetes cases world-
wide are type 2 DM. Unlike type 1 DM, which results
from absolute insulin deficiency due to beta-cell loss,
in individuals with type 2 DM the pancreas usually
still produces some insulin. Excess body weight, obes-
ity and physical inactivity have conspired to escalate
rates of type 2 diabetes worldwide [6]. With the in-
crease of the human life expectancy, more cases are
likely to be diagnosed. DM carries with it an array of
micro and macro vascular complications, which can

lead to visual impairment, kidney failure, heart at-
tacks, stroke and lower limb amputation [7].
Diabetics are 3 times more likely to succumb to infec-

tious conditions including TB [8], in great part due to
the weakened immune defenses as a result of the diabetes.
Conversely, stress hyperglycemia associated with TB can
ensue from an intricate interplay between disturbed cyto-
kine and hormone production, resulting in excessive
hepatic glucose production and insulin resistance [9], an
interference which can last for 1 month or longer [10].
Due to the burgeoning of DM and TB cases in low- and

middle-income countries, the WHO and the International
Union Against Tuberculosis and Lung Disease (IUATLD)
established a collaborative framework which promotes
bidirectional screening including testing for TB among
people with DM. Although the WHO recommends
screening for DM at the onset of TB treatment, it is un-
known which patients will be at risk for developing DM
and would thus benefit from a more regular follow-up.
Our study aims to systematically review and synthesize

the literature on the epidemiology of TB associated
hyperglycemia with no date limit. Specifically, it aims to
quantify the percentage of unresolved cases of hypergly-
cemia in TB patients receiving treatment over time.
Secondly, it aims to determine the total burden of TB
associated hyperglycemia at 3–6 months of follow-up.
Thirdly, it aims to synthesize the literature on risk
factors for the above progression. We therefore con-
ducted a meta-analysis to quantify and numerically
summarize the findings. Finally, both our narrative
review and meta-analysis allowed us to identify clin-
ical, epidemiological and public health research gaps.
Our protocol has been registered with PROSPERO
(CRD42019118173) https://www.crd.york.ac.uk/PROS
PERO/display_record.php?RecordID=118173 and pub-
lished in BMC Systematic reviews [11].

Methods
Literature search strategy
Our search strategy, selection of publications and the
reporting of results for the review was conducted in
accordance with the PRISMA guidelines [12]. The
field of research terms included the thematic of TB
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and DM and their related field. We searched PUBMED,
EMBASE, SCOPUS, and Global Health without any
language and from 1960 onwards. Reference lists of all
retrieved articles was checked to identify further eligible
publications (Supplemental file: Search strategy).

Eligibility criteria
Only peer reviewed publications were included.
Eligible studies included those reporting on TB-
associated hyperglycemia and following patients pro-
spectively to explore the trajectory of hyperglycemia.
Only prospective studies were eligible if they distin-
guished newly detected cases of hyperglycemia from
known cases of DM at baseline and if follow up
period was more 3 months or longer, case control
studies were included provided it appeared clear
that the exposure preceded the outcome. Case-
series, case studies and cross-sectional studies were
not eligible. For the third objective, we documented
risk factors for unresolved hyperglycemia. Partici-
pants of interest were individuals with newly
observed hyperglycemia following TB diagnosis/TB
treatment registration.
Three co-authors gave independent opinion on

whether or not to include a study; consensus was
sought with all members of the entire research team.
SM and AD resolved the discrepancies on eligible
studies and extracted data through a discussion with
RR and JF. In case of any missing information or
need for clarification, respective study authors were
contacted via email. We conducted this systematic re-
view and meta-analysis based on a pre-defined search
protocol that conformed to the criteria established by
the Meta-Analysis of Observational Studies in Epi-
demiology (MOOSE) group and reported our findings
in accordance with the PRISMA statement [12, 13]
(Supplemental file: PRISMA statement).

Exposure
Pulmonary TB disease defined by a positive chest X-ray
and TB culture in patients of all ages.

Outcome
TB-associated hyperglycemia was defined by presence
of impaired fasting glycemia - IFG (fasting plasma
glucose (FPG) levels ≥100 mg/dl (5.6 mmol/L) or
impaired glucose tolerance - IGT (2-h oral glucose tol-
erance test (OGTT) of ≥140 mg/dl (7.8 mmol/L) [14]
and hemoglobin A1C (HbA1c) ≥ 5.7% [15]. SM and AD
independently reviewed and critically evaluated all
identified studies for inclusion. Prospective studies
with a follow up period of less than 3 months were not
eligible as patients may still have positive sputum
within this timeframe and we wanted to reduce

interference from stress-related hyperglycemia [10]. Unre-
solved hyperglycemia was defined as lingering hypergly-
cemia from 3months onwards. In all eligible studies, the
furthest endpoint was considered.

Data extraction and management
SM and AD recorded the following items: first author,
study period, publication year, country, study design,
study population, total sample size, mean and median
age, method of diagnosis of TB, time of follow-up,
number and percentage of newly detected hypergly-
cemia cases at baseline and at follow-up, glucose im-
pairment status when diagnosed with TB, method used
to ascertain persistent hyperglycemia, risk factors for
persistent hyperglycemia using the reported ratios of
measures of association with 95% confidence intervals
(95% CI). For old irretrievable studies prior to 1980,
medical librarians were consulted to inquire whether
these could be accessed.

Assessment of quality of the studies
SM and AD assessed the quality and risk of bias for
each study included in the qualitative analysis. The
Newcastle-Ottawa Quality Assessment Scale (NOS) was
adapted to the research objectives of this systematic
review for the evaluation of quality. Each study was
assessed for good standards based on selection (max-
imum 4 points), comparability (maximum two points)
and exposure (maximum 3 points). As we were inter-
ested in the follow-up of newly detected hyperglycemia
cases, we allocated a point for a loss to follow up of
10% or lower [16] and no points when it was unclear if
there was loss to follow up or whether it referred to this
group. If the multivariate analysis performed within a
study was not relevant to our research question, a point
was not awarded for the item “study controls for at
least 3 additional risk factors”. At the end, the mean
score was calculated.

Statistical analysis
The primary endpoint was the percentage of unre-
solved burden of TB associated hyperglycemia after
follow-up, which was defined as per the criteria given
above. This was calculated as the hyperglycemic cases
at follow-up divided by the initial number of hyper-
glycemic cases, which was then transformed into a
percentage. The secondary endpoint was the burden
of TB-associated hyperglycemia at follow-up, which
was calculated by dividing the cases of hyperglycemia
3–6 months by the size of study population at base-
line. The cases of loss to follow up were subtracted
from the size of study population at baseline.
We used the Der Simonian and Laird random-

effects model to pool the effect size. The I2 test,
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which quantifies the proportion of total variability in
effect size due to between study variation, was used to
assess heterogeneity. Values of 50–75% represented sub-
stantial heterogeneity and over 75% represent, consider-
able heterogeneity. Potential causes of heterogeneity were
explored by performing sensitivity analyses, excluding
studies with high overall risk of bias. With regards to the
three different diagnostic tests described above and the
different periods of follow up, a sub analysis was per-
formed by diagnostic test and by a follow- up period of 3
months compared to a followed up period of over three to
6 months.
To assess the robustness of pooled reduction of

hyperglycemia, we performed a leave-one-out sensitivity
analysis by iteratively removing one study at a time while
recalculating the percentage. Forest plots were produced
to show the pooled estimates. Analysis was undertaken
using STATA version 16 (Corporation, College Station,

TX, USA). The STATA command Metaprop was used
to calculate the effect size.

Results
Search results
On December 19th, 2019, we retrieved 11,144
studies from PUBMED, EMBASE, SCOPUS, and Glo-
bal Health of which 4588 were duplicates. Forty-two
studies were eligible for full text screening. Finally,
31 studies were excluded after full text screening
due to inability to calculate the proportion of newly
detected cases of hyperglycemia (n = 4), follow up of
less than 3 months of newly detected hyperglycemic
patients (n = 4), retrospective study (n = 2), and no
trajectory described for newly detected patients with
hyperglycemia (n = 15), irretrievable studies before
1990 (n = 6) (Fig. 1: Flow diagram). Finally, 11 stud-
ies were eligible for inclusion.

Fig. 1 Prisma Flow Diagram
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Study and participant characteristics
Study and participant characteristics of the prospective
population-based cohort studies are summarized in
Table 1. Six studies were conducted in Asia [17–22], 4
in sub-Saharan Africa [23–26] and 1 in Middle East
[27] (Table 1). Sample size of newly detected hypergly-
cemic patients ranged from 9 to 296 and the mean age
of study participants ranged from 29.4 to 43 years. In
total, there were 437 HIV-infected patients. In one
study, the patients with newly detected hyperglycemia
were treated if their hyperglycemia persisted after 3
months [21], therefore a follow- up period of 3 months
was used to measure end line hyperglycemia instead of
6 months.
The follow-up ranged from 3 to 6 months. The

mean quality score using the NOS Scale was 7.1
(range 6-9). Two studies had a loss of follow-up
larger than 10% [20, 27] and in one study it was
unclear whether there was any loss to follow-up [19].
(Table 1: Description of the studies included in the
systematic review and meta- analysis) and (Table 2:
Newcastle Ottawa Score Assessment).

Main findings of studies
Eleven studies identified reported on the reduction of
TB-associated hyperglycemia over time and in all of
these studies, it was possible to calculate the burden of
unresolved hyperglycemia.
Among the total study population of 2418 patients,

(27,3) % had newly detected hyperglycemia at baseline.
The pooled percentage of unresolved, newly detected
cases of hyperglycemia at the end of follow up was 50%
(95% CI: 36–64%) displayed a high heterogeneity I2 =
92.3%, p < 0.001 (Fig. 2).
The total pooled proportion of hyperglycemia in

TB patients at 3 months or more was 11% (95% CI:
7–16%) and displayed high heterogeneity, I2 = 93.83%
p < 0.001 (Fig. 3). For both objectives, sub-analyses by
diagnostic test and duration of follow-up did not
reduce heterogeneity, nor were both pooled figures
substantially sensitive to the exclusion of any single
study test (Figs. 4, 5, 6 and 7).
Only 2 studies identified risk factors for TB-

associated hyperglycemia. Yan Lin et al. [18] reported
an association between baseline characteristics such
as HIV-positivity and smoking and unstable blood
glucose levels during anti-TB treatment in a multi-
variate analysis, (aOR: 6.67, 95% CI: 1.24–35.71) and
(aOR: 2.66, 95% CI: 1.37–5.2) respectively.
Using a different endpoint, Kubjane et al. [23] reported

that HIV+ individuals were at higher odds of having
newly diagnosed T2DM at baseline as diagnosed by AIC
(aOR:1.7; 95%CI: 1.0–2.9), although at after 3- month of

follow-up in both HIV-positive and HIV-negative partic-
ipants, this association becomes statistically insignificant
(aOR: 1.3, 95% CI: 0.2–8.1) versus (aOR: 2.4, 95% CI:
0.1–49.1) respectively [25].

Discussion
To our knowledge, this is the first meta-analysis which
both quantifies the burden of unresolved hyperglycemia
in newly detected cases of hyperglycemia in TB
patients over time and determines the total burden of
hyperglycemia at follow- up. Although our meta-
analysis demonstrated that the total burden of TB-
associated hyperglycemia after a follow-up of 3 to 6
months is slightly above 10%, in regard to the total
population who has embarked on TB treatment, hyper-
glycemia remains unresolved after follow-up in half of
the patients with newly observed hyperglycemia at
baseline.
It is noteworthy that our pooled figures be appreciated

in light of the uncertainty of the length of follow-up
required for TB-associated hyperglycemia to resolve by
itself. Another element to consider is that studies did
not estimate the proportion of the individuals presenting
with newly detected hyperglycemia at the time of TB
diagnosis who may have had undiagnosed T2DM or pre-
T2DM prior to their TB diagnosis. However, one eligible
study [20] reported that the 6.8% in the newly diagnosed
T2DM group that did not change much with TB
treatment were very likely patients with longstanding,
undiagnosed T2DM.
A meta-analysis could not be performed for the third

objective, i.e. quantifying risk factors for unresolved
hyperglycemia, as there were only 2 studies identified,
which explored risk factors for persistent hyperglycemia
in newly observed cases. HIV was found to be an inde-
pendent risk factor for unstable FGB [18], and for having
newly detected hyperglycemia at baseline but not at
follow-up [25] however, as HAART has been linked to
hyperglycemia in HIV-infected patients, it is unsure
whether this is due to HAART or TB or anti TB drugs
[25, 28]. It is also noteworthy, that the sample size of
HIV infected patients was low (n = 9). Also, smoking was
found to be an independent risk factor for unstable FGB
[18], which is consistent with findings of a meta-analysis
that active smokers had an increased risk of T2DM com-
pared with nonsmokers, with a pooled RR of 1.38, (95%
CI: 1.28–1.49) [29].
Also, at baseline 2 studies [17, 22] in our review

suggested an association between extensive pulmonary
TB disease/higher smear grade and newly screened
hyperglycemia and two studies suggested a higher me-
dian age of patients with newly screened hyperglycemia
than those with euglycemia [20, 21].
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Fig. 2 % of unresolved hyperglycemia at end of follow-up

Fig. 3 % of TB-associated burden of hyperglycemia at follow up
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As there were few studies identified with a follow-
up period between 3 and 6 months, aligned with TB
management, it remains to be elucidated why there
were no differences in burden between a follow-up of
3 months and three to 6 months. One hypothesis is
that it may be due to a lack of benefits of extending
follow up of new cases of hyperglycemia beyond 3
months or another hypothesis may be that hypergly-
cemia requires a longer follow-up than 6 months to
resolve. Future studies should aim to explore the
optimum time of follow-up for patients with TB and
hyperglycemia.
Our sub-analysis did not reveal any statistically sig-

nificant differences between different periods of fol-
low up and different DM tests, suggesting that
heterogeneity may not have significantly been caused
by these factors. The high heterogeneity may be at-
tributed to the varied prevalence of TB comorbidities,
including smoking, undernutrition, and vitamin D
deficiency which are also associated with diabetes
[30–32], hence may have affected TB severity and re-
sulted in unresolved hyperglycemia. Only 4 studies
described patient demographic, lifestyle, and an-
thropometric details at enrollment by glycemic sta-
tus, including newly detected hyperglycemic patients
[18, 20, 21, 26].

Strengths and limitations
To our knowledge, this is the first systematic review
which attempts to quantify unresolved hyperglycemia in
patients where it is newly detected, through a search of
several databases. A strength of this study is that it in-
cludes studies from different settings and median age,
without any restriction on time period, which in turn en-
abled us to capture a more representative population.
Another strength is that, by including only prospective
studies in the analysis, the temporal criterion of causality
is fulfilled. Furthermore, the mean NOS quality score
assigned was high.
The results should be interpreted in light of a num-

ber of limitations, including the small number of stud-
ies and small sample size of single studies which
results in large confidence intervals, which in turn
precludes us from making appropriate inferences. Al-
though we were interested in the percentage of change
of newly detected hyperglycemia, the strengths and
limitations of the different tests should be taken into
account. Since use of FBG alone to diagnose hypergly-
cemia can underestimate the prevalence of impaired
glucose tolerance by as much as 50% compared with
the gold standard test i.e. the cumbersome but more
accurate oral glucose tolerance test [33], the actual
prevalence of hyperglycemia among TB patients in all

Fig. 4 % of unresolved hyperglycemia by follow-up time
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studies using FBG as diagnostic parameter may have
been underestimated. In addition, since the diagnostic
parameter HbA1C measures the average blood glu-
cose levels over a three-month span, it may not be
able to reflect the glycemic fluctuations during the
follow up period [10], although Kornfeld et al. (2016)
[20] found statistically significant and clinically meaning-
ful changes in HbA1c between baseline and at month 3. It
is noteworthy, that albeit the NOS quality score was high,
as the required follow up for unresolved TB-associated
hyperglycemia remains to be determined, the quality of the
studies may be slightly overestimated. Another limitation
may be the high heterogeneity between studies, which can
be considered as a tradeoff for having a heterogeneous
population. Furthermore, despite our attempts to contact
medical institutions in India, we have not been able to ac-
cess neither the abstracts, nor the full text of 6 studies pub-
lished in Indian journals.

Public health and clinical implications
Our pooled effect size suggests that if T2DM is sus-
pected during the acute phase of TB, this may result
in over-diagnosis and consequently over-treatment
in about 50% of patient, in whom abnormal glucose
tolerance is reversible. However, the non-negligible

proportion of unresolved cases of hyperglycemia at
the end of follow up underscores the necessity to
repeat DM screening later within the course of TB
treatment in those with newly detected TB-
associated hyperglycemia.
There is also some evidence suggesting that patients

with more extensive pulmonary TB disease, may have
increased TB-associated stress, which in light of the
growing number of MDR TB across the world, may have
vast implications.
Our review has enabled us to identify some epidemio-

logical and operational research gaps.

Epidemiological research gaps
Increased risk of T2DM
Studies are needed to assess whether TB patients with
transient hyperglycemia are at increased risk of develop-
ing T2DM later [34], such as women with a history of
Gestational Diabetes (GDM), who have shown to have at
least 7-fold higher risk of T2DM later in life compared
to women without GDM [35]. Moreover, in order to as-
sess the risk of progression from persistent hypergly-
cemia to overt T2DM, there may be a need for studies
with a longer follow-up time than 6months.

Fig. 5 % of unresolved hyperglycemia per DM diagnostic test
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Screening protocol
More research with multiple measurements during the
course of TB treatment and after 6 months is required
to define the optimal timing of monitoring for T2DM.

Impact of HIV
As both HIV infection and antiretroviral drugs have
metabolic effects, more studies should focus on the lon-
gitudinal course of glycemia during tuberculosis treat-
ment in high HIV prevalence settings.

Multi drug resistant TB (MDR-TB)
Our review suggests that increased TB-associated stress
may accentuate hyperglycemia. In light of a growing epi-
demic of MDR-TB, the impact of MDR TB-associated
stress on the resolution of hyperglycemia must also be
investigated.

Mathematical modelling
A data-driven modelling approach may help understand
the impact of the TB on T2DM and determine the
optimal management of the two diseases, given that
management of one disease has an impact on the other.
Furthermore, it might be possible to develop a statistical
model to understand the significant correlation or

association of risk factors (HIV positivity, smoking, and
MDR-TB) with unresolved TB associated hyperglycemia.

Operational research
Another issue in bi-directional screening is the need
for decentralized T2DM programs that would allow
T2DM patients to be tracked post diagnosis [36].
Given the escalating proportions of TB and T2DM
comorbidity in Asian countries and in HIV prevalence
settings, more evidence is urgently needed on how to
implement TB associated hyperglycemia monitoring
within these settings.

Conclusion
Our review suggested that although in more than
half of all patients the newly detected hyperglycemia
when initiating TB treatment is unresolved, the total
burden of patients who exhibited unresolved hyper-
glycemia after a follow-up period of 3 to 6 months is
small. This finding underscores the need to continue
monitoring alongside the TB treatment to early iden-
tify patients who do not compensate their level of
blood glucose in order to avoid long terms
complications.

Fig. 6 % of TB-associated burden of hyperglycemia by follow-up time
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Early identification of individuals at risk for unresolved
hyperglycemia would reduce DM disease complications
and thereby help determine who would benefit from
glucose-lowering interventions. Studies are warranted to
assess whether TB patients with unresolved hypergly-
cemia having certain baseline characteristics such as
HIV positivity, smoking, and MDR-TB require longer
follow up and are at heightened risk of developing
T2DM at a later stage in life.
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