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Abstract
Background: Both diabetes mellitus (DM) and tuberculosis (TB) are among the leading causes of
morbidity and mortality in Eritrea. TB-DM comorbidity is known to complicate TB care, control and
prevention. However, systematically studied epidemiological data on TB-DM comorbidity and its
associated risk factors is lacking in this country.

Objective: This study aimed to assess the prevalence of DM and its associated factors among TB
patients in Maekel region, Eritrea.

Methods: Analytical cross-sectional study was conducted in eleven TB diagnostic and treatment sites.
Pretested data extraction tool was used to collect data from medical records. Prevalence data was
analysed using frequencies, proportions and median. To determine DM risk factors, univariable and
multivariable logistic regression analysis was done with 95%CI and p value < 0.05 considered signi�cant.
 

Results: Out of total eligible (1,134) TB cases, DM prevalence was 9.88%. Age and BMI were identi�ed as
independent risk factors for DM among TB patients. Higher odds of DM was found among TB patients
aged 45-54 (aOR: 4.85[1.39-16.94], p= 0.013) and those ≥ 55 (aOR: 6.99[2.12-23.04], p= 0.001). TB cases
with normal BMI were two times more likely to have DM (aOR: 2.00[1.23-3.26], p= 0.005) compared to
those underweight.

Conclusion: The prevalence of DM among TB cases observed in this study is high, a clarion call to scale
up current efforts to integrate TB-DM services within routine care. Furthermore, age and BMI were
identi�ed as independent risk factors for DM in TB cases, pointing to the need to pay attention to age and
BMI status when managing this co-morbidity

Key words: TB-DM prevalence, transient hyperglycaemia, fasting blood glucose, pre-diabetes, Eritrea. 

Background
Tuberculosis (TB) is still a cause of public fear and stigma in many parts of the world accounting for
millions of morbidity and mortality �gures each year.1 The burden of this global epidemic is borne not by
the developed countries where this disease is regarded as a disease of the past, but by low and middle-
income countries where ending TB is a distant reality.1-5 One of the key challenges in ending TB is the
changing epidemiological and demographic transition with ageing populations, increasing burden of non-
communicable diseases, exacerbating often overlooked comorbidities.5, 6

A preventable but incurable public health concern is the rise is Diabetes Mellitus (DM), with a global
estimated 425 million cases in 2017, predicted to increase to 629 million by 2045[3]. As a known risk
factor, DM triples the risk of developing tuberculosis. 3, 5-8 Consequently, 15% of the global TB cases are
attributed to DM. 9, 10 In a recent systematic review on type 2 DM and TB co-prevalence in low and
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middle-income countries, the DM prevalence among TB patients ranged from 1.8% to 45%, while TB
prevalence among people with DM ranged from 0.1% to 6.0% 11, underscoring the need for more focused
attention to TB-DM bidirectional screening programs in such settings. Nowadays, more TB patients are
living with diabetes than concomitant HIV infection in the world. 8 This increasing prevalence in TB-
diabetes comorbidity offsets the expected gains of the intensi�ed TB control efforts and presents a threat
to the decades of progress made against TB. 12 Therefore, the development of systematic approach to
manage non-communicable diseases mainly diabetes mellitus in low-income countries is essential and
timely. 13

People with DM have a two to three-fold risk of developing TB compared to those without DM. TB
patients with DM have more severe clinical presentation and their treatment outcomes frequently worse
than patients without DM, with higher risk of treatment failure and relapse. Additionally, DM may
accelerate the emergence of drug-resistant TB among those receiving TB treatment. 3 Conversely, TB may
increase existing insulin resistance, trigger the onset of diabetes in predisposed individuals and worsen
glycaemic control in diabetic cases. Moreover, the effectiveness of TB and diabetes medications may be
decreased due to drug-drug interactions, contributing to TB treatment failure and uncontrolled
glycaemia.3 Thus, this double burden leads to substantial strain on individuals, families, society, and
health systems. 12

In Eritrea, the prevalence of DM in the general population is 3.8%. 14 Moreover, the Health Management
Information System report (HMIS) shows that DM was the leading cause of morbidity in Maekel region
and ranked among the top �ve diseases in terms of mortality and morbidity at a national level in the year
2019. 15 TB prevalence is as high as 123 per 100 000 population. 16 In response to this dual epidemic, the
country has adopted the World Health Organization (WHO) and International Union against TB and Lung
Diseases (IULTD) collaborative frame-work for the care and control of TB and DM. 9 One of the main
components of this frame work is bi-directional screening of TB and diabetes among patients. However,
its implementation has not been as desired across the different regions of the country. There is dearth of
literature in our setting on the burden of TB-DM comorbidity and associated risk factors. Therefore, this
study was conducted to assess the prevalence of DM among TB patients and its associated factors in
Maekel region, to better inform more targeted interventions. 

Methods
Study design

This study used analytical cross-sectional study design. 

Study setting 

This study was conducted in Maekel, one of the six regions in Eritrea. It is densely populated, and
contains the state capital Asmara. The region was the �rst to carry out DM screening among TB patients
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and has relatively better quality of routine TB and DM data. The study subjects were all TB patients who
were diagnosed with TB from 1st January 2016 – 31st December 2019 in all TB diagnostic and treatment
sites of Maekel region (11 Health facilities in total). These health facilities included three community
hospitals and eight health centres, most situated in Asmara. TB diagnosis was made based on the
standard diagnostic procedures as de�ned in the National TB Control Program and WHO Guidelines.
Thus, TB patients diagnosed, both bacteriologically con�rmed (by smear microscopy and Xpert MTB/RIF)
and clinically diagnosed (abnormalities by X-ray, extra-pulmonary cases without laboratory con�rmation
and physicians’ decision) were included in this study. 17 

As part of the integrate TB-DM services, TB patient are routinely screened for DM by collecting blood for
fasting blood glucose test (overnight fasting) at the TB clinic. Those with fasting blood glucose level ≥
126mg/dl are referred to DM clinic for con�rmation of DM diagnosis, follow-ups and appropriate
management. On the other hand, DM patients are offered TB screening on every visits by the physician or
clinician in the DM clinic. Consequently, presumptive TB are examined by the initial TB diagnostics (Acid
Fast Bacilli Microscopy (AFB) and Xpert MTB/RIF concurrently including others as appropriate). Those
who were found to have TB are linked to the TB services and treated according to the standard TB
management. At the same time, all TB presumptive are offered HIV testing and counselling services at
the TB clinic. 

Study population 

 All TB cases who were diagnosed and registered in the national tuberculosis treatment register during the
period of 1st January 2016 – 31st December 2019 were included in the study. However, paediatric TB
cases (<15 years old) and those with unknown or undocumented diabetic status were excluded from the
�nal analysis. 

A total of 1,349 TB patients were diagnosed and treated for TB from 1st January 2016 to 31st December
2019 in all the TB diagnostic and treatment sites in Maekel region. Of these, TB cases who met the
inclusion criteria were included in the study. Thus, the �nal sample size of the study was 1,134 after
excluding 215 TB patients with unknown or undocumented status of diabetes mellitus and paediatric TB
patients.  

Variables, instruments and data collection

In this study, DM was the outcome variable and the socio-demographic and clinical variables were the
risk factors for DM among TB patients. A pre-tested structured data abstraction tool was used to collect
the following clinical and socio demographic variables from registers (TB treatment register, TB
laboratory register, TB treatment card,) and surveillance reports (quarterly TB patients’ nutritional
assessment and diabetes report, and quarterly TB noti�cation and outcome report): age, sex, residence,
height (in meter), weight (in kilogram), type of TB patient, TB site, TB treatment group, body mass
index, fasting blood sugar(FBS) test results, HIV status, ART and CPT, and sputum smear results. 
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BMI results were classi�ed as underweight (< 18.5), normal weight (18.5 -24.9), overweight (25-29.9) and
obese (>30). 18 The DM screening result which was collected from the TB patients’ medical record (TB
treatment card and quarterly TB patients’ nutritional assessment and diabetes report) was classi�ed
using the WHO diagnostic criteria for DM. Hence, fasting blood glucose level ≥ 126mg/dl was considered
as DM and fasting blood glucose levels of 110-125 mg/dl as pre-diabetes. 19 

Data analysis

Anonymised data were entered and analysed using IBM SPSS Statistics for Windows, version 23 (IBM
Corp., Armonk, N.Y., USA). A logic check was used to identify errors made during data
 entry, and appropriate corrections made. Categorical data were analysed using frequencies and
proportions, and Chi-square test used to assess for any association of DM with socio demographic and
clinical characteristics. To determine the strength of association, both univariable and multivariable
logistic regression analysis was performed, with signi�cance level set at 5%. 

Results
 Between 2016 and 2019, there were 1,349 registered TB patients at the study sites. A total 204 (15.12%)
had no documented blood glucose test results and an additional 11 were children <15
 years and thus excluded in the �nal analysis. A total 1,134 were eligible for the study and included in the
�nal analysis (Figure 1). 

Demographic pro�le of study participants 

Among the study participants, 608 (53.6%) were males. The median age was 43 years (interquartile range
30-60), with a third (342) aged ≥55 years. Close to two thirds (597) had BMI <18.5 and 140 (12.4%) were
HIV positive. The majority (72.5%) resided in urban areas. Almost all (93.2%) were new TB patients and
751 (66.3%) were diagnosed with pulmonary TB (Table 1).

Prevalence of DM among TB cases

The prevalence of DM among TB patients was 112/1,134 (9.9%). Among those with both
 TB and DM, 61 (54.5%) were known DM and the rest diagnosed during routine DM screening. In addition,
118(10.4%) 282(24.9%) TB cases were found to be in the pre-diabetes stage (Figure 1). 

DM prevalence was higher among males, 70 (11.5%) compared to females, 42 (8.0%) and increased with
age from 2% in the 15-24 age group to 17.3% among those ≥55 years. Prevalence also increased with
BMI, from 5.9% among those underweight to 25% among those obese. There was no difference in point
prevalence by place of residence, type of TB or HIV status (Table 2).  

Factors associated with DM among TB cases
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The factors associated with being DM are summarized in table 3. Compared to the
 younger 15-24 age group, being older, 45-54 and ≥55 was associated with 4.9 and 7-fold odds (aOR:
4.9[1.4-16.9], p= 0.013)  and (aOR: 7.0[2.1-23.0], p= 0.001)of being DM respectively. Compared to those
underweight, having a normal BMI was associated with 2-fold odds (aOR: 2.00[1.23-3.26], p= 0.005) of
being DM. 

Discussion
In the absence of systematically studied information on TB-DM comorbidity in our setting, we conducted
a study with the aim of assessing the magnitude of diabetes mellitus and its associated risk factors in
TB patients. This study has provided valuable information on the burden and related risk factor of DM in
TB patients, which emphasizes a need for the implementation of age and BMI focused intervention. 

The prevalence of DM among TB cases in the current study was 9.9% which is more than two folds
higher than the occurrence of DM in the general population of Eritrea. 14 This is consistent to �ndings
from Tanzania (9.7%) and pooled DM prevalence of Sub-Sahara Africa (9%) 20,21 but lower than the
pooled global DM prevalence (15.3%) in patients with active tuberculosis. 22 Contradicting results of
lower 23-26 and higher DM prevalence among TB cases were also reported in different countries. 27-29 The
difference in TB-DM comorbidity in these studies could be due to the inherent difference in socio-
economic and demographic characteristics of the studied population and the existing burden of both
diseases in their respective countries. Likewise, variation in diagnostic methods for DM among the
different studies could have affected the reported prevalence.  

 In this study, 51(45.55%) of the TB-DM cases were not aware of their DM condition before TB diagnosis.
This is much higher than earlier  �nding from Ethiopia (6.4 %) but lower than the reports from Tanzania
(60%) and Kenya (69.5%). 30, 20, 31 Despite the fact that our study did not provide data on the types of DM
among TB cases, most DM patients in Eritrea are suffering from type 2 DM. 32 Due to its gradual
development, most patient with Type 2 DM experience minimal symptoms. 33 This could in turn
contribute to delayed healthcare seeking among patients, making Type 2 DM often undiagnosed in TB
cases. 34, 35 This routine DM screening in TB patients aided to �nd DM cases, who may have otherwise
been missed or presented later with complicated DM. 

The impaired fasting blood glucose (pre-diabetes) identi�ed in one-tenth of the TB cases supports
previous study which found comparable 36 result but opposes studies which reported lower 37,38 and
higher rates elsewhere. 30, 31, 39-41 Studies indicate that temporary hyperglycaemia in TB cases could
occur as a result of a stress reaction to TB infection and hyperglycaemic effect of some anti-TB drugs. 35,

42, 43 Furthermore, impaired glucose tolerance or new DM could result from TB pancreatitis and TB-related
endocrine hypo function. 35 But this hyperglycaemic condition could partly or completely returned to a
normal glucose level after TB treatment completion. 42, 35, 43 Hence, the DM and pre-diabetes prevalence
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in this study could have been overestimated as the new DM and pre-diabetes cases were not screened for
DM after TB treatment completion. 

 In this study, age and BMI were independently associated with DM among TB cases. TB cases aged 45-
54 and ≥ 55 were 5 and 7 times more likely to have DM respectively in comparison to younger TB cases.
This �nding is consistent to previous studies which noted higher odds of DM in older TB patients. 39, 20, 25

On the other hand, a study conducted in Ethiopia found that not only old but young TB patients aged 26-
40 had higher probabilities of being diabetic. 30 Nearly three fourth of the TB-DM cases in the current
study were ≥45 years old but this age group account for only 46% of the study population. This can be
explained by the fact that Type 2 DM mostly affects older adults and also increasing age is risk factor for
both TB and DM. 30 in addition, a decline in immune function as a result of ageing 44-46 could have
increased their vulnerability to develop both diseases. 

 TB patients with normal weight were two times more likely to have DM as compared to underweight TB
cases. This is equivalent to prior �ndings which stated normal weight TB patients had higher odds of DM
than underweight TB cases. 29, 40 In contrast, increased odds of DM among severe underweight male TB
cases 47, non-signi�cant BMI difference 48, 31 and signi�cant higher BMI 49, 50 were also documented.
Even though the number of overweight and obese TB cases in this study was almost negligible, which
partly could have been affected by the possible weight loss related to TB induced hyperglycaemia, it is
important to note that excessive weight gain is recognized as a predisposing factor to diabetes and it is
an independent risk factor for TB. 3, 49 It is also suggested that some people with normal body
composition may have been disposed to  diabetes either through unfortunate metabolic programming
from a history of malnutrition which is common in Sub-Sahara Africa 51 or from being hereditarily
susceptible to DM at lower BMI. 47 

Conclusions
This study showed a signi�cant prevalence of DM in TB cases in Maekel region of Eritrea. Almost half of
the DM cases were identi�ed by the routine DM screening in TB patients. This indicates a need for the
provision of integrated service, a key and timely intervention for tackling this dual burden. Age and BMI
were determinants of DM in TB patients. Full-scale implementation of the already initiated DM screening
in TB cases should therefore be strengthened with due focus on age and BMI status and more sensitive
testing methods should be used in all health facilities. 

Limitations of the study

 Due to the nature of the study, data was collected retrospectively from existing TB registers and medical
records. Thus, some information may be missing. The use of FBG for the diagnosis of DM which is less
accurate than HbA1C could have overestimated the prevalence of DM in this study. This study �nding is
only generalizable to Maekel region and as children were not included it cannot be interpolated to such
population. 
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AFB, Acid fast bacilli; aOR, adjusted odds ratio; BMI, body mass index; CI, con�dence interval; cOR, crude
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system; IDF, international diabetes federation; IUATLD, international union against TB and lung disease;
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tuberculosis; WHO, world health organization.
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Tables
Table 1. Socio demographic and clinical characteristics of TB patients enrolled in the study in
Maekel region, 2016-2019
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TB patients(n=1134)
Variable Frequency  Percentage (%)
Sex 
Male  608 53.6%
Female  526 46.4%
Age range
15-24 150 13.2%
25-34 234 20.6%
35-44 225 19.8%
45-54 183 16.1%
≥ 55 342 30.2%
Residence 
Urban  822 72.5%
Rural  312 27.5%
Body Mass Index(BMI) (n=999)
 Underweight( <18.5) 597 59.8%
Normal(18.5-24.9) 347 34.7%
Overweight(25-29.9) 51 5.1%
Obese (≥ 30) 4 0.4%
Type of TB patient (n=1133)
New  1056 93.2%
Previously treated 77 6.8%
TB sites (n=1133)
Pulmonary TB 751 66.3%
Extra-pulmonary TB 382 33.7%
TB treatment category(n=1133)
Category-I 1056 93.2%
Category-II 77 6.8%
HIV test result(n=1132)
Negative  992 87.6%
Positive  140 12.4%

 
 

Table 2. Comparison among TB-DM and TB without DM cases in Maekel region, 2016-2019
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                                                 TB patients(n=1134)  
p-value(χ2 test)
 Variable  Diabetic(n=112) Non-diabetic (n=1022)

Sex 
Male  70(11.5%) 538(88.5%) 0.047
Female  42(8.0%) 484(92.0%)
Age range
15- 24 3(2.0%) 147(98.0%) < 0.001

 25-34 8(3.4%) 226(96.6%)
35-44 19(8.4%) 206(91.6%)
45-54 23(12.6%) 160(87.4%)
≥ 55 59(17.3%) 283(82.8%)
Body Mass Index(BMI) (n=999)
 Underweight( <18.5)  35(5.9%) 562(94.1%) 0.005
Normal(18.5-24.9) 40(11.5%) 307(83.5%)
Overweight(25-29.9) 7(13.7%) 44(86.3%)
Obese (≥ 30) 1(25.0%) 3(75.0%)
Residence 
Urban  84(10.2%) 738(89.8%) 0.530
Rural  28(9.0%) 284(91.0%)

Type of TB patient (n=1133)
New  103(9.8%) 953(90.3%) 0.583
Previously treated 9(11.7%) 68(88.3%)
TB sites (n=1133)
Pulmonary TB 83(11.1%) 668(88.9%) 0.065
Extra-pulmonary TB 29(7.6%) 353(92.4%)
TB treatment category (n=1133)
Category-I 103(9.8%) 953(90.2%) 0.583

 Category-II 9(11.7%) 68(88.3%)
HIV test result(n=1132)
Negative  101(10.2%) 891(89.8%) 0.389
Positive  11(7.9%) 129(92.1%)

 
 

Table 3. Univariable and multivariable logistic regression of risk factors for DM among TB
cases in Maekel region, 2016-2019



Page 15/15

 
 
Variable

TB patients(n=1134)  
DM(n=112) Non-DM(n=1022) cOR[95%CI] aOR[95%CI]

Sex 
Male  70(11.5%) 538(88.5%) 1.50[1.00-2.24]*  1.27[0.79-2.04]
Female  42(8.0%) 484(92.0%) 1 1
Age range
15-24 3(2.0%) 147(98.0%) 1 1
25-34 8(3.4%) 226(96.6%) 1.74[0.45 -6.64] 1.19[0.29-4.87]
35-44 19(8.4%) 206(91.6%) 4.52[1.31-15.55]*  2.66[0.73-9.68]
45-54 23(12.6%) 160(87.4%) 7.04[2.07-23.95]**  4.85[1.39-16.94]* 
≥ 55 59(17.3%) 283(82.8%) 10.22[3.15-33.15]*** 6.99[2.12-23.04]** 
Body Mass Index(BMI) 
<18.5  35(5.9%) 562(94.1%) 1 1
18.5-24.9 40(11.5%) 307(83.5%) 2.09[1.30-3.36]**  2.00[1.23-3.26]** 
25-29.9 7(13.7%) 44(86.3%) 2.56[1.07-6.08]*  2.13[0.88-5.17]
≥ 30 1(25.0%) 3(75.0%) 5.35[0.54-52.79] 7.62[0.69-84.01]
HIV test result 
Negative  101(10.2%) 891(89.8%) 1.33[0.69-2.54]  
Positive  11(7.9%) 129(92.1%) 1  
N.B. P<0.05(*), P<0.01(**), P<0.001(***)
cOR= crude odds ratio; aOR= adjusted odds ratio; CI= confidence interval; BMI= body mass
index.


