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Background. Diabetes mellitus (DM) is known to be associated with active tuberculosis (TB). Zambia is a low-income sub-
Saharan African country with a high TB burden and increasing numbers of newly diagnosed DM patients. Materials and
Methods. .is was an observational study conducted at the University Teaching Hospital in Lusaka, Zambia, fromOctober 2014
to February 2016. Adult patients with active TB were screened for DM. Results. A total of 127 individuals were enrolled in the
study. Six patients (5%) were found to have diabetes. Of these, three had a prior diagnosis of diabetes and were on medication
while three were newly diagnosed. Low education level was significantly associated with DM (p � 0.001; 95% CI 0.001–0.148).
Conclusion. .e prevalence of DM among individuals with smear positive TB in our study population was similar to that of the
general population in Zambia.

1. Introduction

One-third of the world is infected with tuberculosis (TB),
with a large part of the TB burden falling on sub-Saharan
Africa [1]. After initial infection with TB, the disease
progresses to a dormant state, and only 10% of patients later
develop active TB [2]. Progression to active disease is dependent
on several factors, including the host immune response. Im-
munodeficiency states such as human immunodeficiency
virus (HIV) infection, chronic disease, malnutrition, use of
immunosuppressive medication, and diabetes mellitus
(DM) are associated with higher rates of developing active
TB disease [3].

DM is characterized by chronic hyperglycemia with
contributions of absolute or relative insulin deficiency and
increased insulin resistance in individually varying degrees.

Individuals with overt symptoms are easily diagnosed with
DM. On the other hand, it can be a challenge to make
a diagnosis in an asymptomatic individual, especially in
resource-constrained settings. .e prevalence of DM is on
the rise in low- and middle-income countries. .e number
of adults with DM in sub-Saharan Africa is predicted to rise
from 14.7 million in 2011 to 28.0 million in 2030 [4].

Systematic reviews suggest that individuals with DM are
around three times more likely to develop TB than the
general population [5]. In addition, individuals with TB and
DM have been seen to have a higher risk of TB relapse and
a higher risk of death compared to individuals with TB alone
[6]. Most of these studies have been conducted in non-
African countries. It is therefore important for more of such
studies to be conducted in Africa so as to determine the need
for screening DM in TB patients and vice versa.
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In Zambia, the ongoing epidemic of HIV combined with
a predicted growing burden of DM may present a unique
clinical and public health challenge. A study at the Uni-
versity Teaching Hospital (UTH) in Lusaka found sputum-
producing DM patients to have sixfold increased odds of
having culture-positive TB compared to patients without
DM [7]. A population-based prevalence study carried out in
Lusaka urban district found a combined prevalence of
impaired glucose tolerance and diabetes of 4.0% [8], while
another population-based survey [9] found a diabetes prev-
alence of 3.5% in adults from communities in several Zam-
bian provinces. In the latter study, there was a hyperglycemia
prevalence (random blood sugar (RBS) ≥11.1mmol/L) of 1.5%
[10]. .e hyperglycemia was significantly associated with
TB. Nevertheless, the population attributable fraction of TB
to hyperglycemia was low at 0.99% (95% confidence in-
terval 0.12–1.85%) [10].

Globally, there is growing concern over the dual epi-
demic of TB and DM [11, 12]. .e World Health Organi-
zation and the International Union Against Tuberculosis
and Lung Disease currently recommend screening all newly
diagnosed TB patients for DM and to consider screening for
TB in all patients with DM [13]. However, there is no na-
tionwide screening policy in place in Zambia. To date, the
association between DM and TB has not been studied ex-
tensively in Zambia. .e aim of this study was to determine
the prevalence of DM in TB patients at a tertiary referral
hospital in Lusaka and hence determine whether the WHO
screening policy is necessary for our hospital setting in
Zambia.

2. Materials and Methods

.is is an observational cross-sectional study. Participants
were recruited consecutively from the outpatient chest
clinic and the inpatient medical wards at the University
Teaching Hospital (UTH) in Lusaka, Zambia. UTH is the
national referral hospital for Zambia. However, it also has
first-line outpatient and inpatient functions for patients in
Lusaka. .e study included all adult patients with a new
diagnosis of smear positive pulmonary TB. Recruitment
was based on routine sputum-smear results taken and
processed in UTH. Only patients who had not yet started
TB treatment or had been receiving TB treatment for less
than seven days were included. Patients with extrap-
ulmonary TB were excluded due to the lack of confirmatory
diagnostic tests for extrapulmonary TB: in our setting, the
vast majority of patients with extrapulmonary TB are given
the diagnosis based on clinical and/or radiological evidence
as it is not always possible to obtain and process deep tissue
samples.

2.1. Study Procedures. All the participants were treated with
the standard TB treatment regimen, in accordance with the
Zambian National Treatment Guidelines for Tuberculosis
[14]. At the time of the study, the recommended TB treatment
regimen included pyrazinamide, ethambutol, isoniazid,
and rifampicin. Streptomycin was added for re-treatment

regimens. All regimens are given as a fixed dose combi-
nation, with dosage based on weight bands.

Fasting blood sugar (FBS) was checked in all the patients
using a point of care glucometer. Participants who were
known to have diabetes or with an FBS of more than or equal
to 7mmol/L were considered to have diabetes.

At recruitment, participant data were collected during
a participant interview by one of the study investigators
using a previously piloted questionnaire. .e data in-
cluded age, gender, weight and height, socioeconomic
status, HIV status, and other possible immunodeficient
states like malignancies or immunosuppressive drugs
(such as steroids).

Data collected from participants were entered directly
onto a preprogrammed Personal Digital Assistant (PDA) at
the time of data collection and were then downloaded into
a secure database specifically designed for the study and with
appropriate privacy safeguards. Body mass index (BMI) was
calculated from height and weight data.

2.2. Data Analysis. .e collected data were analyzed using
Stata, Version 12. Descriptive statistics were used to analyze
the baseline characteristics, univariate logistic regression to
assess crude associations by determining crude odds ratios,
and multivariate logistic regression to assess adjusted as-
sociations by determining adjusted odds ratios. Variables
that were found to have good evidence of association with
diabetes mellitus on univariate analysis were included in the
final multivariate model.

2.3. Ethics. .e study followed all procedures in accordance
with the Declaration of Helsinki (2013 version). Formal
written informed consent was required of every participant.
Each participant received an information sheet detailing the
aims and methods of the study prior to being asked for
consent. Strict confidentiality was maintained throughout
the study. Ethical approval was secured prior to study
commencement from ERES Converge Institutional Review
Board.

3. Results

One hundred thirty-one participants were screened. One
participant was excluded as a sputum smear result was not
available, and three participants were excluded because they
were not in a fasted state for the FBS measurement. One
hundred twenty-seven participants were finally enrolled into
the study. Figure 1 illustrates the recruitment and enroll-
ment process. One hundred six participants were recruited
from the outpatient chest clinic, and the remainder from
inpatient wards.

Of the 127 participants, six (4.7%) were considered to
have diabetes, defined as per the study protocol. Of these,
three were previously known to have diabetes and were on
treatment while the other three were newly diagnosed. Table 1
summarizes the baseline demographic and clinical char-
acteristics. No significant differences in age were observed
between the two groups. .e mean age for the participants
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with DM was 33 years versus 37 years for the participants
without DM. However, among the participants with DM,
there were none over 50 years of age, while among the
participants without diabetes, 17 (14.1%) were between 51
and 85 years. All participants with DM knew their HIV
status while almost half of the nondiabetics (42.2%) did not
know or were unwilling to disclose their HIV status. .e
gaps in the table are mainly due to a lack of study power to
do the analyses due to a low prevalence of diabetes.

.e median FBS for the participants without DM was
5.2 (IQR 5.9–4.6) versus 8.1 (IQR 7.0–10.8) for participants
with DM. All measured FBS values were less than 10mmol/L
except for one individual who had an FBS of 19.5mmol/L.
.ere were more females than males with DM in our study.
Education was strongly associated with DM both on uni-
variate and multivariate analyses; individuals with no formal
education were more likely to have DM than individuals
with any level of education. All diabetics in our study had
either a normal or low BMI.

4. Discussion

In this study conducted at a tertiary referral hospital in
Lusaka, Zambia, only 4.7% of individuals with TB were
found to have DM. Half of these (2.3% of total) were newly
diagnosed with DM through participation in this study. .is
is considerably lower than the reported prevalence of DM in
similar cohorts of TB patients in sub-Saharan Africa [15–18].
.e prevalence of DM in our cohort is similar to the esti-
mated overall prevalence of DM in Lusaka [9]. .is suggests
that DM is not a driver of the TB epidemic in Zambia. A
previous study at the same hospital showed that TB was
highly prevalent in patients diagnosed with DM [7]. .is
implies that case finding of DM in TB patients might not be
useful in this resource-constrained setting, whereas case
finding of TB in DM patients may be more useful.

Individuals without any formal education had a statis-
tically significant increased likelihood of having DM than
those with a history of formal education. As education level
is usually associated with low incomes in a country like
Zambia, this finding is in line with other studies that have

observed that low education is associated with a higher
prevalence of DM [19]. However, the numbers of our study
participants were too low to conclude.

.ere is a very strong association between obesity and
the risk for development of type 2 diabetes [20]. 11 (9.8%) of
our study participants were either overweight or obese.
However, none of these were found to be diabetic, and all
diabetics were either of normal weight or underweight..is
may be explained by the weight loss attributed to chronic
infections such as HIV and TB. Furthermore, it is not
known whether our newly diagnosed DM study partici-
pants merely had transient hyperglycemia or whether it was
type 1 and not type 2 diabetes, all the known diabetics were
well controlled on oral hypoglycemics except for one in-
dividual. A lack of study power makes interpretation of
associations very difficult. Isoniazid and rifampicin were
ruled out as possible causes of hyperglycemia because our
study participants were newly diagnosed TB patients that
were not on any TB treatment or were on TB drugs for less
than 7 days.

As expected, we had more males enrolled in the study
than females, as TB is more common among males [3]. .is
study had more females than males in the DM group. .e
few other prior studies that have been conducted in Africa
have not shown any gender bias in DM prevalence [21].

.e results of our study must be interpreted with caution
due to the lack of study power resulting from the low
prevalence of diabetes that we found among our partici-
pants. Although the prevalence of diabetes found in our
study participants, who all had TB, was similar to the re-
ported prevalence found in other studies conducted in
Lusaka and Zambia, it is worth noting that most of our
participants were in the age range of 18 to 35 years, while, in
general, diabetes tends to affect people who are older.
Considering the young age of diabetics in our study, it may
have been useful to measure the serum anti-GAD antibodies
and/or c-peptide to rule out type 1 diabetes. However, this
was not possible in our study due to the lack of reagents to do
those tests in our hospital laboratory.

.e HIV status was unknown for a significant pro-
portion of study participants. However, more than half of
the participants had a known status, and of these, more than
half were HIV negative. .is is consistent with the fact that
HIV-negative individuals are more likely to have a positive
smear for TB than their HIV-positive counterparts [22, 23].
However, HIV infection is known to increase the risk of
reactivation of latent TB [24]. Only one of the DM par-
ticipants was HIV positive.

Further research is needed to characterize the pattern of
disease in TB-DM comorbid individuals in Zambia and the
rest of Africa. Given the clear association between DM and
TB elsewhere in the world, as Africa develops, deliberate
efforts should be made by the Ministries of Health and other
stakeholders to facilitate active surveillance of non-
communicable diseases like DM among individuals who
present with communicable diseases like TB and vice versa
as overlap of these could increase in the future. .us,
through such implementations, a database can be created
which can be used as a basis for further research.

131 screened

4 excluded did not
meet study criteria

6 DM121 NON-DM

127 enrolled

Figure 1: Recruitment and enrollment process.
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5. Conclusion

Overall, the prevalence of DM among individuals with
smear-positive TB was similar to that of the general
population in Zambia. .is study did not provide evidence
to support the introduction of diabetes screening for all TB
patients in our setting, and so rather, screening should
continue to be done on a case-by-case basis. However,
given the clear association seen between DM and TB
elsewhere in the world and as the incidence of DM is
expected to keep rising in low- and middle-income coun-
tries, there will still be need to duplicate similar studies in the
future.
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