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intROductiOn

Tuberculosis (TB) is a communicable disease caused by 
any of  the several species of  Mycobacterium referred to as 
tubercle bacillus. Nigeria has a high TB burden and ranks 
10th among the 22 high‑burden TB countries in the world.[1] 
Diabetes mellitus (DM) is a chronic metabolic disease that 
is assuming epidemic proportions and the global increase is 

poised to occur more in developing countries like Nigeria. 
There is increasing robust data being churned out on the 
occurrence of  DM in persons with TB. It is interesting to 
note that a lot of  these reports are from Asian countries,[2,3] 
where the documented prevalence of  TB and DM is high.

TB may be a potential risk factor for the development of  
DM and a high prevalence of  DM has been documented 
in patients with TB.[4‑6] DM on the contrary is a 
well‑documented risk factor for the development of  TB. 
DM was shown in a report on weighted major risk factors 
for TB from 22 high burden countries to carry a relative risk 
of  3.1[7] for the development of  TB. Globally, the diabetes 
pandemic is driven by an increase in the adult population, 
increased longevity, and changes in behavior associated 
with rapidly increasing urbanization and development. 
An overlooked understudied potential risk factor for the 
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A B S T R A C T

Background: Tuberculosis (TB) and diabetes mellitus (DM) are two diseases that are individually relatively common and of immense 
public health significance globally. There is a growing awareness on a global scale on the possible relationship between TB and DM. 
Nigeria is a country with a high burden of TB and an increasing incidence of DM. We set out to determine the frequency of occurrence of 
undiagnosed DM in TB patients. Materials and Methods: This was an observational study that was carried out in TB patients recruited 
from 56 DOT centers in Lagos, Nigeria. The main objective of the study was to determine the disease burden of DM in patients with 
TB by comparing the frequency of occurrence of DM in TB to the occurrence of DM in people without TB. Screening was carried out 
by staff-nurses and community health workers-of these DOT facilities who all had capacity building on the detection of DM at the start 
of the project. Results: Of 4000 TB patients, a total of 480 (12.3%) had DM. Of the pool of DM patients, newly diagnosed cases of 
DM were 310 (8%) in number and previously known persons with DM were 170 (4.3%). The newly diagnosed cases of DM made up 
64% of the cases of DM. In the study population without TB, a total of 112 (5.6%) had DM. The number of newly diagnosed cases of 
DM were 40 in number and these made up 2% of this study group. The number of persons who were already known to have DM was 
72 and these made up 3.6% of the study population. New cases of DM made up 44% of the total number of cases of DM detected in 
persons without TB. Conclusion: The detection rates of DM in patients with TB are higher than in persons without TB. Given the fact 
that DM may negatively impact TB treatment, we suggest that routine screening be carried out for TB in persons with DM.
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development of  DM is TB and in a bid to create global 
awareness and sensitization of  the possible occurrence of  
this deadly duo, the World Diabetes Foundation (WDF) is 
sponsoring research on these diseases. Detection of  DM in 
TB in Nigeria is a WDF sponsored project carried out in 
Lagos state and one of  the key objectives is the empowering 
of  healthcare personnel who treat people with TB and 
also to build capacity in this regard toward the detection 
of  DM in TB patients.

The occurrence of  both DM and TB may impact adversely 
on each other with resultant poor glycaemic control of  DM 
and poor response to anti‑TB treatment. Some reports 
on DM in TB[8] note that persons with DM and TB tend 
to have more symptoms than TB patients without DM. 
Some data[9,10] also indicate that patients with DM who 
have TB present a higher bacillary load in sputum and may 
have higher rates of  multidrug resistant, which is often 
associated with treatment failure.

In their preliminary report on the detection of  DM in 
TB from Nigeria, Olayinka et al.,[11] in their study of  
350 patients with TB discovered that the prevalence of  DM 
was 5.7% and half  of  these were newly detected,

The main objective of  the study was to document the 
disease burden of  DM in patients with TB by determining 
the frequency of  occurrence of  DM in TB. We also aimed 
to compare the occurrence of  DM in patients with TB to 
that of  people without TB in a bid to determine if  persons 
with TB tended to have a higher DM burden compared 
with persons without TB.

MateRiaLs and MethOds

Study setting and population
This was an observational cross‑sectional study carried out 
on Lagos state which is located in the South western region 
of  Nigeria and has a population of  20 million people. The 
total number of  healthcare facilities that offer TB care is 
206 in number and is spread within primary, secondary, 
tertiary, and private healthcare facilities. The private health 
facilities are five in number, tertiary facilities are two, 
secondary healthcare facilities 42, and the others are 
located within 157 primary healthcare facilities. Nigeria 
is ranked 4th among the 22 worst affected countries in 
the world and the 1st in Africa. In Nigeria, Lagos state 
carries 8.4% of  Nigeria’s TB burden and consistently 
has been responsible for about 11% of  the cases of  TB 
registered in Nigeria. The state program is implementing 
the internationally recommended strategy for TB control 
called the new Stop TB Strategy and this program has 
been in place since 2003.

Protocol for screening for DM in persons with TB
All healthcare facilities rendering TB care included in this 
report were provided with glucometers and test strips. The 
staff  of  these centers had earlier been pooled together in 
groups and had didactic lectures and practical sessions on 
the detection/screening for DM. This was done to ensure 
continuity in the screening exercise even after the lifetime 
of  the research work. Attending staff  (usually nurses 
and community healthcare officers) were instructed to 
perform DM screening for patients known to have TB or 
those with newly diagnosed TB. All positive results were 
vetted by medical doctors. The diagnosis of  pulmonary 
TB (PTB) was made when of  any two of  the following were 
present‑positive sputum smear by microscopic examination 
of  Ziehl‑Neelsen stained sputum slides for acid‑fast bacilli, 
chest radiographs with suggestive features of  TB and 
clinical symptoms and signs of  TB.[12] DM screening was 
done using capillary blood samples with glucose meters 
that read plasma equivalents of  glucose. Prescreening, TB 
patients were asked if  they had previously been diagnosed 
with DM. For those with no known history of  DM, 
screening was carried out in the morning, in a fasted state. 
All suspicious/abnormal glucose results were repeated 
on another date still in a fasted state to confirm the 
diagnosis of  DM. Measurement of  fasting plasma glucose 
concentration was performed in participants using capillary 
blood with glucose meters that provide plasma equivalent 
readings. (The Finetest Auto-coding™, Infopia Co., Ltd. 
Korea). The diagnosis of  DM was made based on the 1999 
World Health Organization (WHO) guidelines (fasting 
plasma glucose levels ≥126 mg/dL or 7.1 mmol/L are in 
the diagnostic range for DM).

The inclusion criteria were age ≥12 years diagnosed and 
on treatment for TB. Exclusion criteria included pregnancy 
women, TB treatment naive patients, and those who did 
not give consent.

Hypertension is defined by the Joint National Committee on 
Prevention, Detection, Evaluation, and Treatment of  High 
Blood Pressure as a blood pressure of  ≥140/90 mm Hg.[13]

Data on histories of  TB, family history of  DM, and other 
information pertaining to their TB status was captured via 
interviewer‑administered questionnaires. Anthropometric 
indices which included body mass indices and waist 
circumference measurements were documented.

Protocol for screening DM in persons without TB
Persons without past/present histories of  management of  
TB were recruited for screening for DM during DM camps. 
These camps were held in designated public facilities in 
the Lagos metropolis. Persons who did not have histories 
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of  present or past treatment of  TB were included in the 
study population.

Capillary samples were used and fasting and random 
glucose levels were determined as deemed applicable. 
The number of  persons who were previously known to 
have DM was noted. Those with no known diagnosis of  
DM underwent a random blood glucose test or fasting 
plasma glucose test based on a capillary blood sample 
with a glucometer. The diagnosis of  DM was made using 
the WHO criteria, (Fasting blood glucose (FBG) > 7.1 
mmol/L or ≥126 mg/dL and casual plasma glucose 
levels (>11.1 mmol/L or ≥200 mg/dL) indicating DM.[14]

Statistical analyses were carried using SPSS package 
version 17. The proportions of  persons with TB who 
had DM and proportions of  persons without DM were 
determined. Clinical parameters were compared within 
the TB study group between TB patients with DM and 
TB patients without DM. Test statistics used included 
Student’s t‑test and Chi‑square. A P ≤ 0.05 was statistically 
significant.

Ethical approval for this study was obtained from the Lagos 
State Ministry of  Health and parental/guardian consent for 
study participants aged less than 16 years of  age.

ResuLts

Of  the 4000 TB patients (median age 33 years), 2383 (60%) 
were males and for the 1,687 persons without TB 
1000 (median age 34 years) 1000 (59%) were males.

The mean age of  persons without TB was higher than that 
of  persons with TB, but there was no statistically significant 
difference noted (36.2 ± 13.1 vs. 35.6 ± 13.2, P = 0.2).

Diabetes in TB patients
In the TB patients, a total of  480 (12%) had DM. Of  the 
cases of  DM, newly diagnosed cases of  DM were 310 (8%) 
in number and previously known persons with DM were 
170 (4.3%). The newly diagnosed cases of  DM made up 
64% of  the cases of  DM.

Diabetes in persons without TB
This group was made up of  1000 males and 687 females. 
Their ages ranged from 12 to 85 years. The mean 
waist circumference was 71.2 (25.2) cm and ranged 
from 22 to 89 cm.

A total of  94 persons making up of  5.6% did not have any 
form of  literacy. A small number of  persons without TB 
48 (2.9%) were known to have a history of  hypertension.

The proportion of  persons in group who had DM was 
5.6%. The number of  newly diagnosed cases of  DM was 
40 in number and made up 2% of  this group of  people. 
The number of  persons who were already known to have 
DM was 72 and this made up 3.6% of  the study population. 
New cases of  DM made up 44% of  the total number of  
cases of  DM detected in persons without TB.

Clinical features of persons with TB and DM
We compared clinical parameters between persons who 
had DM and TB and persons with TB but no DM. Mean 
age and anthropometric indices were higher in the group 
with DM. These and other results are shown in Table 1.

discussiOn

Current research focus is, however, on the occurrence of  
DM in TB.

Our results show that newly diagnosed cases of  DM were 
detected in 8% of  persons with TB and this accounted for 
two‑thirds of  the cases of  DM in this group of  patients. 
In the study group without TB which was age‑matched 
for the group with TB, the proportion of  persons with 
newly diagnosed DM was significantly lower. Our results 
are pointers to the potential increased risk of  occurrence 
of  DM in persons with TB.

The possible mechanisms that have been postulated for 
the diabetogenic effects of  TB and also as DM being a 
putative risk factor for the development of  TB include the 
following DM is associated with reduced cellular immunitya 
reduced T‑helper1 (Th1) cytokine response level, tumor 
necrosis factor alpha production, and interleukin (IL)-1 
beta and IL-6 production is seen among people with 
concomitant diabetes and TB as compared with nondiabetic 
individuals.[15‑17] The decrease in Tlymphocyte number and 
function is primarily responsible for the susceptibility 
of  diabetics to TB. On the contrary, TB patients may 

Table 1: Comparison of the clinical characteristics of 
with and without diabetes mellitus
Variable Non‑DM (3519) DM (481) P
Age (years) 34.9 (12.8) 40.9 (13.7) 0.0002
BMI (kg/m2) 21.7 (4.6) 22.4 (4.9) 0.08
WC (cm) 73.2 (9.5) 75.4 (11.3) 0.0001
FH of DM 194 (5.5%) 126 (26.3%) 0.0001
Elevated BP 19 (2.7%) 42 (8.7%) 0.03
FBG (mg%) 94.2 (15) 167.2 (92.4) 0.0001
Recurrent TB 57 (1.9%) 7 (1.5%) 0.8
Sputum +ve TB 2534 (83%) 378 (79%) 0.019

BMI: Body mass index, BP: Blood pressure, DM: Diabetes mellitus, FH: Family 
history, FBG: Fasting plasma glucose, SD: Standard deviation, TB: Tuberculosis, 
+ve: Positive, WC: Waist circumference. The work was carried out in 56 Directly 
Observed therapy centers in Lagos State, Nigeria
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be predisposed to developing DM possibly as a result 
of  decreased hepatic gluconeogenesis, increased hepatic 
glycogenolysis, and the hyperglycaemic effects of  the 
anti‑TB drug, isoniazid.

Our documented prevalence rate of  8% of  newly 
diagnosed DM in TB is comparable to that of  an Indian 
Report‑6.5%[18] but was higher than that of  a report from 
China‑2.9%[19] Data from Tanzanian[20] indicate a high 
prevalence rate‑16.5% of  the occurrence of  DM in TB. 
One factor which may be responsible for this scenario may 
be the screening technique employed‑the standard 75 g 2 h 
oral glucose tolerance test. It is known that fasting plasma 
glucose will fail to diagnose 30% of  previously undiagnosed 
DM and the Oral glucose tolerance test (OGTT) has a 
higher specificity and sensitivity in diagnosing DM.

In our report, smear positive TB was noted in comparable 
proportions between persons with TB and DM and those 
with TB and no DM.

Of  concern is the appropriate timing for screening of  
DM in TB patients. This is because TB may induce 
infection‑related temporary hyperglycaemia which may 
resolve at the end of  TB treatment. We screened patients 
who were already on treatment for TB and did not have a 
particular time for testing the patients.

Although evaluation for risk factors for DM was not an 
objective of  this report; we, however, compared clinical 
parameters within the TB cohort. Our results indicated 
that older age, family history of  DM, higher mean 
anthropometric indices, and higher proportions of  persons 
with hypertension were characteristic features of  the group 
of  TB patients that had DM. These clinical parameters are 
the usual risk factors for persons with type 2 DM.

DM and TB may present with similar symptoms which 
include lethargy, fatigue, and weight loss. Patients with 
TB who are thought to be poorly responsive to anti‑TB 
medications may actually have DM as a comorbidity 
contributing to the aforestated scenario. Some of  the staff  
of  these centers attested to the fact that some people who 
were being treated for TB recurrence actually had DM 
which was hitherto undiagnosed.

The strength of  this report is that the screening for DM 
at the TB centers was carried out by the staff  (nurses and 
community health workers) of  the DOT centers. The DOT 
centers in Lagos are usually manned by the aforestated 
cadre of  staff  under the supervision of  few medical 
doctors. The successful capacity building for DM detection 
engendered by this project will hopefully promote synergy 

in TB and DM detection in our practice. There has been 
some research on bidirectional screening on DM/TB and 
the yield when screening for TB in DM as compared with 
when screening for DM in TB is small. Screening for DM 
is cheap, easy to carry out, and healthcare personnel with 
basic health education can be empowered to facilitate the 
detection of  DM.

cOncLusiOn

We have shown that the burden of  DM in TB patients is 
high and that it is feasible to carry out screening for DM 
as a routine test for persons with TB.

LiMitatiOns

One of  the limitations of  this report is that other than 
waist circumference dimensions, we did not measure 
anthropometric indices and did not have robust clinical 
data of  the group of  persons without TB.
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