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Abstract

Background: Emerging patterns in epidemiological transitions have led to increased risk for Non-Communicable
Diseases and infectious conditions globally. Diabetes mellitus (DM) in a population is one such risk factor that could
lead to the development of Tuberculosis (TB) due to weakened immune functions in affected persons, with
implications for mortality. If not diagnosed early, DM also leads to poor treatment outcomes in TB.

Objective: To assess the prevalence of DM and impaired glucose tolerance (pre-diabetes) among newly diagnosed
tuberculosis cases in [jebu-Ode Local Government Area of Ogun State, Nigeria.

Methods: This cross-sectional study was conducted among 100 newly diagnosed Pulmonary TB patients in ljebu-Ode
LGA. The patients were selected from four health facilities and were screened for elevated Fasting Blood Glucose
levels using a laboratory spectrophotometer (glucose oxidase method).

Results: The mean age of the 100 study participants was 33 years (+ 9.82), with ages within 19 -62 years. Eleven
(11.0%) had elevated blood glucose levels suggestive of DM, while 20 (20.0%) had impaired fasting blood glucose
levels. Among these 31 patients, 18 (58.0%) were males while 13 (42.0%) were females. The modal ages were within
20-39 years.

Conclusion: Screening for DM by healthcare providers should be routinely conducted before commencing TB
patients on treatment. This will aid early detection, improve treatment outcomes of TB and prevent mortality among
patients with these co-morbidities.

Keywords: Diabetes mellitus, Directly-Observed Therapy Short Course (DOTS), Screening, Tuberculosis.
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Introduction

The world now has a huge burden of both
infectious and Non-Communicable Diseases
(NCDs), with varying distributions due to many
factors, including levels of socioeconomic
development of countries and notable
demographic and epidemiological transitions. [l
The frequency of these disease groups existing
as co-morbidities, especially those with the
potential to depress immune functions and lead
to death, such as with Diabetes mellitus (DM)
and TB, is a growing cause for concern. [?I

DM is a chronic NCD, characterized by
hyperglycaemia which results from defects in
insulin secretion, insulin action or both. Insulin,
as a hormone, regulates blood glucose levels,
but this function is impaired in DM leading to
elevated blood glucose levels. This blood
glucose derangement causes serious damage to
many organ systems in the body, especially the
nerves and blood vessels.

There are two major subtypes of this disease
namely; Type 1 Insulin-Dependent Diabetes
Mellitus (IDDM) and Non-Insulin Dependent
Diabetes Mellitus (NIDDM). The latter is more
common globally. The symptoms in both types
include excessive urination in large quantities
(polyuria), thirst and excessive water intake
(polydipsia), frequent hunger, weight loss,
visual changes, and fatigue. Pre-diabetes, on the
other hand, is an intermediate condition in the
transition between normality and DM and this
includes impaired fasting blood glucose or
impaired glucose tolerance which comprises
elevated blood glucose levels, though not high
enough to be classified as DM. The patients with
such levels of elevated blood glucose in pre-
diabetes are still at risk of progression to DM.

Currently, 387 million adults aged 20-79 years of
the world’s 7 billion population have DM, Bl and

it is predicted that the global DM prevalence
will increase by 50% by the year 2030. [ Also,
over 80% of diabetes deaths occur in low- and
middle-income countries (LMICs). In Africa, the
World Health Organisation (WHO) estimated
that the prevalence rates for the disease have
increased more in the LMICs than in high-
income countries. 1 The WHO Fact Sheets for
the year 2014 showed an estimated 25 million
people in sub-Saharan Africa (SSA) lived with
DM, an increase from the 4 million people in
1980; this has also been projected to increase up
to 41.5 million by the year 2035.

The prevalence of DM in SSA countries is
estimated to be about 1% in rural regions, while
it varies (5-7%) for urban settings. [l Generally,
accurate country data in SSA, including Nigeria,
are lacking, and this results in the use of rough
estimates because of a lack of Diabetes Registries
and poor data collection on the continent. This is
corroborated by conflicting reports and statistics
on Nigeria; according to the International
Diabetes Federation (IDF), the prevalence of DM
is about 2% (IDF Diabetes Atlas 2017). [ This
may be viewed from a perspective that even
though these statistics were quoted, yet it is
significant when one considers Nigeria's
continuously growing large population and that
about 4 million people are noted to have had
DM especially when compared with other
countries with lesser population estimates. This
is further supported by facts that Nigeria had
the highest proportion of people with DM in
Africa in the year 2013. Bl There are also
suggestions that a large number of cases and
children are unaccounted for. [8°1 This may
further account for a range of prevalence rates
for DM in the literature in Nigeria's general
population estimated at 8-10%. [l A systematic
review was done in Nigeria and it also showed a
prevalence of less than 10% for the year 2013. [11]
In the same vein, the prevalence of impaired
glucose tolerance in Nigeria is also estimated at
8.9%. ")
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In all forms of DM, cell-mediated immunity is
depressed due to the hyperglycaemic state. [2]
This could serve as a background for the
development of Tuberculosis (TB), which is also
a chronic disease and remains a major cause of
mortality and morbidity in developing
countries. For instance, people with DM have
been found to have a three-fold increase in the
risk of developing active TB due to impaired
immunity. (1314 While DM and TB may exist as
co-morbidities, according to some studies, TB
could be involved as a risk factor for the onset of
DM. 0[5 18] The prevalence of DM among TB
patients is often noted to be higher when
compared to the general population, with a
prevalence that could range from between 1.9%
to 45%, [16.171 depending on regions, and with a
global median prevalence of 16%.018]
Furthermore, in terms of infectious disease
control efforts, TB often worsens glycaemic
control in concurrent cases of DM, with worse
tuberculosis treatment outcomes, a higher rate
of relapse following tuberculosis treatment, and
a higher risk of death than patients with
tuberculosis alone. 1]

Given these facts, and the presence of global

transitions  involving  Non-Communicable
Diseases and infectious diseases, such as the
relationship between TB and DM, now being
postulated as global co-epidemics; more
evidence is required to wunderstand the
relationship and burden of these diseases in
different geographical settings. The primary
objective of this study was the determination of
the prevalence of DM and impaired fasting
glucose tolerance states among patients with
established TB, and to highlight the significance
of DM screening among TB patients on Direct
Observed  Therapy  Short-course  (DOTS)
treatment in a semi-urban centre in ljebu-Ode

Local Government Area (LGA).

Methods

Study area

This study was carried out at Ijebu-Ode in
Ogun-State, South-west Nigeria, on the Lagos-
Sagamu-Benin highway. The city is located 110
km by road, north-east of Lagos within 100 km
of the Atlantic ocean in the eastern part of Ogun
State with a warm tropical climate. There are ten
school health services, one general hospital and
about nine health posts/centres located within
the LGA. There were four DOTS facilities in the
town. Cases seen at the health centres are Drug
Sensitive TB cases. The population of the town is
157,161 [20] and the residents are mainly people
of ljebu descent; most of whom are traders with
some engaging in farming.

Study Population

Patients diagnosed with Pulmonary
Tuberculosis and managed on Directly-
Observed Therapy Short Course (DOTS) at
selected primary health care facilities in Ijebu-
Ode LGA, constituted the study population.
Only those who were resident within Jjebu-Ode

LGA were eligible for participation in the study.

Study design

A cross-sectional descriptive study was carried
out among patients diagnosed with pulmonary
TB in ljebu-Ode LGA, Ogun State, between
January and June 2008, at health centres which
offered DOTS services

Sampling technique

The total sample of all patients presenting at the
facilities offering DOTS services was used. There
were only four health facilities that offer DOTS
services out of the nine health centres in the
local government. Consecutive recruitment of
clients was carried out at each facility within the
period of the study. A sample size of 100
persons was earlier calculated using a
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prevalence of 5% and this target was achieved
during the four months of data collection. [

Study Instruments

A semi-structured, interviewer-administered
questionnaire was used for data collection. The
questionnaire was made up of four sections
covering  respondents’  socio-demographic
characteristics, family and social history,
duration of symptoms, presenting complaints,
past medical history including a history of DM.
The questionnaire was pretested in a health
facility at Ikenne LGA.

Spectrophotometers were used for the
measurement of fasting blood glucose among
the participants.

Definition of terms

Diabetes mellitus was defined as Fasting Blood
Glucose value above 7mmol/1 (126mg/ dl) while
Impaired Fasting Glucose (IFG) was fasting
blood glucose greater than 6.0 mmol/l
(108mg/ dl) but below 7mmol/1 (126mg/dl). [21]
The tuberculosis cases had been previously
diagnosed using sputum microscopy and/ or
Chest radiography (based on the request of the
referring physician) before glucose testing. [

Data collection methods

Fasting Blood Glucose test was repeated on two
different occasions for each patient, and
overnight fasting was required for all
participants, before testing for blood sugar
according to international standards. [21 The
blood samples obtained from each subject were
processed in the laboratory of the State Hospital,
ljebu-Ode.

The plasma glucose levels were assayed in the
Chemical Pathology Laboratory using the
GLUC-PAP Randox reagent kit manufactured
by Randox Laboratory Ltd, United Kingdom.
This kit uses the glucose oxidase method. (221 The
manufacturer’'s manual of methodology was
strictly followed. Quality control was ensured

by using the Randox Multi-sera level 2 and 3
controls for each run.

Ethical Approval

Ethical permission for the study was obtained
from the OOUTH-Health and Research Ethics
Committee and the Doctors in Charge of the
health facilities where the study was done.
Written informed consent was also obtained
from all participants before study enrolment.[!

Data analysis

Data were analysed using the statistical software
(Statistical Package for Social Sciences version
15).  Descriptive statistics such as mean,
standard deviations, frequencies, and
percentages were generated accordingly and
presented using tables. Chi-Square test was used
to show associations among categorical
variables as appropriate. The level of statistical

significance was set at 5%. [

Results

A total of 100 subjects were recruited into this
study. They were all out-patients attending
Primary Health Centres that offered DOTS
services. These patients were also classified as
Drug-Sensitive TB cases. Out of these 100
subjects previously screened for tuberculosis
using sputum analysis for Acid Fast Bacilli
(AFB) and as obtained from the case notes,
91.0% was sputum smear-positive for AFB while
9.0% was sputum smear-negative for AFB. It
was noted from the medical records that those
that were sputum smear-negative for AFB had
Chest X-ray which radiological features of TB.

Table I shows the socio-demographic
characteristics of the subjects with a mean age of
33.419.82 years and the age groups with the
highest frequency included 20-29 years and 30-
39 years groups. There were more male
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respondents (61.0 %) than females (39.0%). The
majority of the study subjects had some form of

education as only 2 (2.0%) did not have formal
education.

Table I: Socio-demographic characteristics of the subjects

Parameters Frequency Percentage
Age (years) <19 3 3.0
20-29 35 35.0
30-39 36 36.0
40-49 18 18.0
50-59 5 5.0
>60 3 3.0
Sex Male 61 61.0
Female 39 39.0
Education None 2 2.0
Primary 34 34.0
Secondary 48 48.0
Tertiary 16 16.0
Marital status  Single 36 36.0
Married 63 63.0
Divorced 1 1.0
Socioeconomic Professional 16 16.0
status
Skilled 44 44.0
Unskilled 25 25.0
Unemployed 15 15.0
Religion Christianity 54 54.0
Islam 45 45.0
Traditional 1 1.0

Table II shows the age distribution of
normoglycaemic TB cases in a total of 69
subjects. The age group 20-29 years had the
highest frequency of patients with normal blood
glucose levels but these findings were not
statistically significant.

Table III shows the age distribution of TB
patients with DM. There were 11 patients
diagnosed by physicians and already
commenced on oral hypoglycaemic agents.
Therefore, the prevalence of DM among TB
patients was 11.0%. The age group with the

highest proportions in this class of patients was

30-39 years, but this was not statistically
significant.

Table IV shows the group of 20 TB patients with
Impaired Fasting Glucose Tolerance (IFG) and
the age and sex distribution for this category of
patients. As such the prevalence of IFG among
the TB patients in this study was 20%. Lastly,
among these individuals with IFG, there were
more males than females, and the age group 20-
29 years was seen to have a larger number of
patients with IFG values without statistically
significant difference.

Table V shows that 69 TB cases (69.0%) had
normoglycaemia (42 males and 27 males) while
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11 TB cases (11.0%) had DM (6 males and 5
females). In addition, 20 TB cases (20.0%) had

Table II: Age and sex distribution of tuberculosis cases with normal blood sugar levels (n=69)

Age Sex
(years)
Male Female

<19 2 1
20-29 11 15
30-39 9 16
40-49 3 7
50-59 1 1
>60 1 2
Total 27 42

Table III: Age and sex distribution of TB cases with DM

Age Sex
(years)

20-29 1
30-39 2
40-49 1
50-59 1
Total 5

Table IV: Age and sex distribution of TB cases with IFG

Age Sex
(years)
Male

20-29 2
30-39 3
40-49 1
50-59 1
Total 7

Table V: Glycaemic status according to sex among all TB cases

Glycaemic status

Normoglycaemia
DM

IFG

Total
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Female

(U SO

6

Total

IFG (13 males and 7 females).

Frequency

Total Frequency Percentage

N O N

2
11

3
26
25
10

2

3
69

Percentage

43
37.7
36.2
14.5

3.0

43

100.0
Chi-square (X?) = 3.96; df = 5; p = 0.5546

18.2
454
18.2
18.2
100.0

Chi-square (X?) =2.93; df = 3; p = 0.402

Female

6
2
3
2
13

Total

Frequency

>~ U1 o

g
20

Chi-square (X?) = 1.90; df = 3; p = 0.592

Male
27

5

7

39

Sex
Female
42
6
13
61

Percentage

40.0
25.0
20.0
15.0
100.0

Total Frequency Percentage

151



Diabetes mellitus in Tuberculosis

Discussion

The rising global trend of co-morbidities
ascribed to epidemiologic transitions has led to
further discussions and the need for research on
screening for both NCDs and infectious
diseases. This applies to diseases such as TB and
DM. Patients with chronic communicable
diseases such as TB are likely to develop co-
morbidity with non-communicable diseases
generally. 2 This is also evident from the
findings in the present study of DM and TB co-
morbidities among the patients who present at
DOTS Centres at Ijebu-Ode, Nigeria. Therefore,
an overlap of both infectious and non-
communicable diseases, especially among
immune-compromised persons, is
emphasized.[]

The prevalence of DM among TB patients in this
study was 11.0%. Though this prevalence rate is
higher than figures in some previous studies
which quoted a range of 4.1% to 10%, 18241 it is,
however, in keeping with new findings which
reported Nigeria having the highest prevalence
of 15% among sub-Saharan African countries. [?]

The prevalence of DM-TB co-morbidity in the
present study is also similar to reports in some
studies in other settings, such as a retrospective,
cross-sectional, descriptive study involving
patients diagnosed with pulmonary TB in the
State of Florida, USA, from years 2009 to 2014.
The prevalence of DM was 12% and this is
consistent with the current findings in Ijebu-
Ode, Nigeria. 1 A prevalence rate of 12% for
DM was also reported among patients with
TBin Lagos, 1 13.9% in India, 2| while in
contrast, a study in Dhaka reported a prevalence
rate of 37%. Interestingly, patients with DM had
a higher proportion of Multi-Drug Resistant
Tuberculosis (MDR TB) cases. [>’]

Concerning age distribution, the mean age of the
subjects in this study was 33.4 + 9.82 years with
two modal age groups of 30-39 years and 20-29
years. The latter age group also constituted the
bulk of the subjects classified as DM cases and
IFG cases respectively. There were more males
in both groups compared to females.

Research has also shown that the global
prevalence of DM had risen in the last decades
partly due to demographic and lifestyle
changes. 13 This is now consistently observed
across Africa nations and other countries with
emerging economies. This global burden and
projections also apply to the pre-diabetic state,
with the prevalence of IFG also varying across
regions. In the present study, the prevalence of
IFG was 20.0%. In other studies, the prevalence
of IFG was reported to be 8.9% in India 8] while
another study in Ethiopia reported 29.6%. Bl
Also, much fewer studies have been done to
assess both DM and IFG among TB patients; an
example was a Chinese study where the
prevalence of IFG was 10%, 132l and a study in
Abuja, Nigeria which reported the prevalence of
IFG as 7.8%. [33]

Overall, the findings in the present study agreed
with other research findings which underscored
the significance of screening for DM and glucose
intolerance among populations. The lack of
uniform testing algorithms in both primary care
and tertiary health facilities is also a cause for
concern. The outcome of fewer cases of DM and
IFG being reported due to limited active
screening, which is also inconsistent among
health providers. Screening for DM should be a
routine investigation before commencing
treatment on TB patients. The creation of
awareness of potential TB infection among
patients with DM should be advocated among
healthcare providers. This is to ensure early
detection and management of the disease along
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with tuberculosis treatment. This would, in turn,
improve the treatment outcomes of TB and
prevent mortality among patients with these co-
morbidities. [

Lastly, further cohort studies are suggested to
screen for those co-morbidities using evolving
technological tools, to assess the long term
effects of these conditions and also appreciate
the role of lifestyle modification given
epidemiologic transitions. [’

Conclusion

The prevalence of DM and IFG among TB
patients was high in this study, although, it still
relatively aligned with the findings in some
other studies conducted elsewhere. This is
important when viewed against the backdrop of
evolving demographics and epidemiologic
transitions on a global scale. Therefore,
screening for DM should be a routine
investigation before commencing treatment on
TB patients just as awareness of potential
tuberculous infection among patients with DM
should be advocated among healthcare
providers, to ensure early detection and
management of the disease along with
tuberculosis treatment. It is also recommended
that the modal age groups identified in this
study, which are the 20-29 year and 30-39 year
groups, should be targets for more screening to
readily identify TB patients with deranged
glucose metabolism. [J

Finally, more studies on TB and DM co-
existence on the African continent are required
to contribute more knowledge to literature and
help us understand other risk factors and
outcomes of these diseases as compared to other
countries. These would provide evidence of
research interventions for policymaking to aid
the management and improvement of treatment
outcomes.
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