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A B S T R A C T   

Background: Tuberculosis (TB) and diabetes mellitus (DM) have negative synergistic impact on each other. Global 
guidelines recommend collaborative efforts to address this synergy, but implementation has been slow. Part of 
the reason is lack of adequate evidence on the operational feasibility of existing tools and mechanisms of 
collaboration. The objective of this study was to assess the yield of DM screening among TB patients using risk 
scoring tools combined with blood tests as a feasible strategy for early detection to improve TB/DM treatment 
outcomes. 
Methods: Between September 2020 and December 2021, we conducted a cross-sectional study among patients 
receiving TB treatment in public health facilities in Addis Ababa, Ethiopia. Trained health workers collected data 
on symptoms and risk scoring checklists before testing for random and fasting blood glucose levels. We used 
logistic regression analyses techniques to determine factors associated with increased DM detection. A receiver- 
operating characteristic curve was constructed to determine the performance of the risk scoring checklist. 
Results: Of 2381 TB patients screened, 197 (8.3%) had DM of which 48.7% were newly diagnosed. Having a 
family history of DM predicted DM with Odds Ratio (OR) of 5.36 (95% Confidence Interval, [3.67, 7.83]) fol-
lowed by age ≥ 45 years (OR = 4.64, [3.18, 6.76]). Having one or more “symptoms” of DM was a significant 
predictor (OR 2.88, 95% CI, 2.06–4.01). Combining risk scores with symptoms predicted DM diagnosis with 
sensitivity of 94.7%, but specificity was low at 29.4%. In patients with known treatment outcome status, death 
rate was high. 
Conclusions: Almost a half of TB patients with DM did not know their status. A simple tool that combined risk 
factors with symptoms accurately predicted a subsequent diagnosis of DM. Such tools can help avoid high rates of 
death among TB patients suffering from DM through early detection.   

1. Introduction 

People living with diabetes mellitus (DM) are at increased risk to 
become infected with Mycobacterium tuberculosis (TB), progressing from 
latent tuberculosis infection to active TB disease, and suffering adverse 
TB treatment outcomes [1,2] According to the 2021 report of the In-
ternational Diabetes Federation (IDF), the global prevalence of diabetes 
among adults aged 20–79 was estimated to be 10.5% (537 million 
people) [3]. In the African region, about 1 in 22 adults (24 million) were 

estimated to be living with diabetes, 54% of these undiagnosed, and 
nearly half a million died in 2021 [3]. About 13.7% of patients with 
active TB are estimated to have DM [4]. 

Studies indicate that patients with TB/DM comorbidities have a two- 
fold higher risk of death during TB treatment and a higher risk of TB 
relapse after treatment mainly because either the diseases are detected 
late or there is poor glycemic control [5]. Earlier detection and treat-
ment of DM has a beneficial effect in reducing the risk of complications 
to the individual patient, and to reduce the burden of disease on the 
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health system [6]. Strategies for earlier detection often included rec-
ommendations to use risk scoring checklists followed by blood test, but 
such approaches were not evaluated in TB patients [7]. 

Ethiopia, with a population of 115 million is the second most 
populous country in Africa and is a high TB burden country with an 
estimated TB incidence of 132 per 100,000 population and mortality 
rate in drug-susceptible TB (DS-TB) patients of 19.2 per 100,000 pop-
ulation [8]. It is also estimated that there are over 2 million adults with 
undiagnosed diabetes in Ethiopia. But even when diagnosed and treated, 
a significant proportion of patients do not achieve optimal glycemic 
control. A study documented the prevalence of diabetes (8.3%) among 
Ethiopian TB patients to be twice higher than the diabetes prevalence 
(3.9%) reported in the general population at the time of the study [9]. 
Another locally published study indicated that 5.8% of DM patients were 
reported to have active TB [10]. 

The high proportion of people with DM and TB remaining undiag-
nosed in Ethiopia or being diagnosed at a late stage is mainly because of 
the lack of early detection of the diseases which leads to more severe 
disease presentations, higher mortality, and higher cost of treatment. If 
DM is diagnosed early in TB patients and optimal glycemic control is 
maintained during TB treatment, the treatment outcomes can be 
improved [11]. However, data on the rate of undiagnosed DM, treat-
ment outcome and DM screening using risk scoring among TB patients is 
limited in Ethiopia. 

The objective of this study was to assess the yield of DM screening 
among TB patients using risk scoring tools combined with blood tests as 

a feasible strategy for earlier detection to improve TB/DM treatment 
outcomes. We also assessed TB treatment outcomes among TB/DM co- 
morbid patients for whom outcome data was available. 

2. Methods 

2.1. Design and participants 

This cross-sectional study was conducted in Addis Ababa, Ethiopia 
between September 2020 and December 2021. First, we conducted a 
baseline assessment to understand the availability of DM screening 
services in the public health facilities in Addis Ababa. Then we trained 
the health care workers, supplied glucometers and test strips, and con-
ducted routine screening for DM amongst TB patients in public health 
facilities. All consenting adult patients with confirmed TB diagnosis 
were included irrespective of their phase of TB treatment. We asked each 
patient about current diagnosis of DM, risk factors for DM, and any 
symptom suggestive of DM or its complications. We used finger-prick 
blood tests to confirm DM diagnosis. A Random Blood Sugar (RBS) of 
≥ 200 gm/dl or Fasting Blood Sugar (FBS) of ≥ 126 gm/dl on two 
separate occasions or previous diagnosis as confirmed by medical re-
cords, was considered confirmatory of DM diagnosis [12]. 

3. Data collection 

We recorded risk factors for and symptoms of DM in a standardized 

Fig. 1. Diabetes risk scoring checklist.  
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questionnaire before performing the blood tests. The risk factors 
included family history of DM, age, waist circumference, smoking his-
tory, and alcohol use. The scores for each risk factor ranged from 0 to 3. 
The values for each of the risk factors are shown in Fig. 1.. We also 
administered a checklist of nine symptoms known to be associated with 
acute or chronic complications of DM. These included three “poly 
symptoms” (excessive urination, thirst, and hunger), unexplained 
weight loss, blurred vision, fatigue, tingling/numbness in the limbs, 
frequent infection, and delayed wound healing. The symptoms had an 
equal weight of zero for no symptom and 1 otherwise. 

3.1. Data analysis 

We used Statistical Package for Social Sciences (SPSS) version 25 for 
data entry and analysis [13]. We used descriptive analyses techniques to 
describe the baseline characteristics and TB/DM co-morbidity rates. We 
then computed median values for the cumulative risk scoring values to 
categorize the participants into “high risk” or “low risk” groups. We also 
categorized the participants as “symptomatic” or “asymptomatic” 
depending on the presence or absence of any one or more of the nine 
symptoms described above. We used binary logistic regression (LR) 
analyses with adjusted Odds Ratio (aOR) and 95% Confidence Interval 
(95%CI) to identify predictors of DM. In addition to the symptom and 
risk score categories, we included variables with a P-value of < 0.25 in a 
univariate analysis into the multivariate LR model. 

For patients with known treatment outcomes, we calculated unfav-
ourable treatment outcomes. Since treatment outcome was not known 
for all patients with diabetes co-morbidity, we performed sensitivity 
analysis using various scenarios. 

We then tested the accuracy of the risk factors and symptoms against 
blood test results or known DM as reference standards. The results are 
presented as receiver operating characteristic curves (ROC) with areas 
under the curve (AUC). 

4. Ethical considerations 

The Ethics review committee of Addis Ababa City Council Health 
Bureau reviewed and approved the study protocol. Study participants 
provided informed verbal consent before being enrolled in the study. 
Patient data was handled confidentially, and anonymized data base was 
used for analysis. Patients who were diagnosed with diabetes received 
appropriate care according to the standard of care. 

5. Results 

5.1. Baseline characteristics 

We screened 2,381 TB patients, their median age was 51 years and 
52.6% were male. Of these, 2.7% had drug resistant (DR-TB). The HIV 
co-infection rate was 15%. Table 1 summarizes the baseline character-
istics of the study participants. 

5.2. Diabetes risk factors and “symptoms” 

Assessment of presence of risk factors showed 22.2% had current or 
past history of tobacco smoking; 21.2% were aged 45 years and above; 
and family history of DM was reported in 8.4%. Table 2 summarizes the 
frequency of reported risk factors. The median cumulative risk score was 
2 (interquartile range [IQR] = 0–3). 

Fatigue was the most frequently reported symptom at 27.3% fol-
lowed by unexplained weight loss in 21.9%. Blurred vision was the third 
most commonly reported problem at 6.9%. Also, “poly symptoms” were 
reported by a significant minority of cases with excessive urination, 
thirst and hanger reported by 4%, 5.3% and 6.2% respectively. Neuro-
logic complications such as numbness or tingling sensations were re-
ported by 4.4% of the participants. History of frequent infections and 

delayed wound healing were the least frequently reported symptoms, 
2.2% and 1.4% respectively. Overall, thirty-eight per cent of the par-
ticipants reported current history of at least one symptom suggestive of 
possible diabetes mellitus or its complications. 

5.3. Diabetes detection rate and associated factors 

We detected 197 (8.3%) DM patients, of which 99 (50.3%) were 
diabetic patients under care and 98 (48.7%) were newly diagnosed. 

Several factors were associated with higher diabetes co-morbidity 
rates as shown in Table 3. After adjusting for other potential risk fac-
tors, having a family history of diabetes was the strongest predictor of 
DM with Odds Ratio (OR) of 5.36 (95% Confidence Interval, [3.67, 
7.83]) followed by age ≥ 45 years. Although men had higher rates of TB- 
DM co-infection than women (9.2% versus 7.5%), the difference was not 

Table 1 
Baseline characteristics of the respondents (n = 2,379).  

Characteristic  Value 

Age (in years) Median, IQR 31 (24,42) 
Sex (n, %) Male 1247 

(52.6)  
Female 1125 

(47.4)  
Missing 7 (0.3) 

Type of TB (n, %) Extrapulmonary TB 908 (38.2)  
Bacteriologically confirmed 
pulmonary TB 

868 (36.5)  

Clinically diagnosed pulmonary TB 528 (22.2)  
Drug resistant TB 64 (2.7)  
Missing 11 (0.5) 

HIV co-infected (n, %) Yes 357 (15)  
No 2005 

(84.3)  
Unknown 11 (0.5)  
Missing 6 (0.3) 

Body weight (in Kg) Median, IQR 51 (45, 59) 
Type of Health facility (n, 

%) 
Hospital 427 (17.9)  

Health center 1952 
(82.1)  

Table 2 
Frequency of risk factors for diabetes mellitus (n = 2,379).  

Risk factor Number (%)  

Family history of DM no 2175 
(91.4)  

yes 199 (8.4)  
missing 5 (0.2) 

Age of patient <35 yr 1402 
(58.9)  

age 35–44 yr 464(19.5)  
greater or equal to 45 504(21.2)  
missing 9 (0.4) 

Waist circumference in centimeter (men/ 
women) 

<84/77 1728 
(72.6)  

85 to 89.9 / 77 to 83.9 532 (22.4)  
greater or equal to 90 / 
84 

111 (4.7)  

missing 8 (0.3) 
Smoking history never 1852 

(77.8)  
ex-smoker 432 (18.2)  
current smoker 94 (4)  
missing 1 (0) 

History of alcohol use   
(glasses per day) never or < 1 2095 

(88.1)  
1 to 5 234 (9.8)  
>=5 45 (1.9)  
Missing 5 (0.2)  
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statistically significant (P > 0.1). Having one or more “symptoms” of 
diabetes was a significant predictor of DM diagnosis (OR 2.88, 95% CI, 
2.06–4.01). 

5.4. Risk scoring and symptom prediction models 

A risk factor score > 2 predicted DM diagnosis with moderate ac-
curacy (AUC = 0.68, 95% CI = 0.6,0.73), and with 73% sensitivity and 
63.1% specificity. When combined with symptom score, sensitivity 
increased to 94.7%, and the AUC was 0.71, but specificity dropped to 
29.4%. Symptom alone had lower accuracy (Fig. 2). 

5.5. TB treatment outcome and cause of death 

Treatment outcome data was available for 110 TB/DM co-infected 
patients. Of these, 11 (10%) died and one patient (0.1%) moved to 
MDR TB care. When this computation is limited to those with known 
outcome (n = 57), the death rate increases to 19.2%. Table 4 shows 

treatment outcome with sensitivity analysis on death under three 
scenarios. 

6. Discussion 

The observed detection rate of DM among patients with active TB 
was nearly twice the estimated rate in the general population. 
Combining socio-demographic and clinical risk factors with diabetes 
symptoms predicted DM diagnosis with a relatively high degree of ac-
curacy. To our knowledge, ours is the first study to demonstrate 
improved accuracy of combining risk scoring with symptoms to predict 
DM in patients with active TB. Unfavorable treatment outcomes, 
particularly death, were high in TB/DM patients. 

The findings clearly highlight the importance of routine screening to 
identify TB/DM co-morbid patients who are at high risk of unfavorable 
treatment outcomes. Despite many years of advocacy and availability of 
global guidelines [14] none of the TB clinics visited were doing routine 
screening for DM, requiring deliberate actions to initiate the practice. 
However, the clinicians in the TB clinics promptly learned how to do DM 
screening once training, tools and test kits were made available. 
Ensuring continuity of this practice will depend on the longer-term 
availability of resources including adequate funding and technical 
expertise. 

As confirmed by the study results, undiagnosed DM was high among 
patients with active TB. In Nigeria, for example, 64% of DM patients in 
those with TB were newly diagnosed compared with 44% newly diag-
nosed DM in the non-TB population [15]. In a recent systematic review, 
the pooled prevalence of undiagnosed DM was 4.54% in the general 
population in Africa [16]. DM diagnosis can easily be missed due to the 
overlap in symptoms between TB and DM. Fatigue, for example, is a 
common symptom of both TB and DM which can be overlooked during 
clinical workup of patients for TB [17]. Raising the awareness of both 
patients and providers on the importance of these symptoms should be 
considered as part of the strategy to improve the management of TB/DM 
co-morbidities. 

Combining symptoms with risk factors can serve as a useful tool to 
guide the early detection of undiagnosed DM. The use of risk scoring 
systems to predict undiagnosed DM has been studied in non-TB patient 
populations in the US, Europe, and Asian countries [18–21]. However, 
these tools were used for predicting DM in the general population and 
were not specific for TB patients. Also, the parameters used as predictors 
varied from study to study. In the Finnish diabetes risk scoring system, 
for example, investigators used additional parameters such as body mass 
index, use of antihypertensive drugs, physical activity, daily consump-
tion of fruits, and history of high blood glucose in their prediction 
model. Their goal was to predict a 10-year probability of developing DM 

Table 3 
Predictors of DM according to logistic regression analyses.  

Variable Unadjusted OR 
(95%) 

Adjusted OR (95% 
CI) 

Sex (Female vs Male) 1.26 (0.9, 1.69) 1.23 (0.88, 1.72) 
Family History of Diabetes (Yes vs No) 7.3 (5.1, 10.3) 5.36 (3.67, 7.83) 
Waist circumference   
<84/77 (Ref) 1  
85–89.9/77–83.9 1.6 (1.2, 2.3) 1.23 (0.85, 1.76) 
≥90/84 2.7 (1.6, 4.6) 1.81 (0.99, 3.31)  

Smoking   
Never (Ref) 1  
Ex-smoker 0.99 (0.67, 1.45) 1.17 (0.55, 2.51) 
Current smoker 1.63 (0.87, 3.06) 0.91 (0.4, 2.06)  

Alcohol drinking   
Never or < 1 drink per day (Ref) 1  
1–4.9 drinks per day 1.39 (0.89, 2.18) – 
≥5 drinks per day 2.12 (0.93, 4.83) – 
Age  

(in years)   
<35 (Ref) 1  
35–44 2.6 (1.7, 3.97) 2.36 (1.53, 3.65) 
≥45 6.19 (4.34, 8.81) 4.64 (3.18, 6.76)  

Risk factors combined (≤2 versus > 2) 4.87 (3.5, 6.8) Not included 
Any one or more diabetes “symptoms” 

(Yes vs No) 
3.5 (2.59, 4.80) 2.88 (2.06, 4.01)  

Fig. 2. Receiver Operating Characteristic Curve showing the accuracy of 
different predictor models. 

Table 4 
TB treatment outcome among TB/DM patients.  

Outcome (n ¼ 110) Number (%) 

Under follow up 53 (48) 
Cured 24 (22) 
Completed 21 (19) 
Died 11 (10) 
Moved to MDR TB 1 (0.1)   

Death rates under three scenarios  
None of the “Under follow up” patients die 11/110 (10%) 
19.2% of “Under follow up” patients die (10 more patients die) 21/110 (19.2%) 
Half of “Under follow up” patients die 16/110 (14.5%)  

Possible cause of death (n ¼ 11)   
Not documented 6 (54)  

Uncontrolled diabetes 2 (18)  
COVID-19 1 (9)  
Renal failure 1 (9)  
HIV 1 (9)  
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rather than presence of current TB. To our knowledge, the only African 
study provided some hint about the potential utility of a risk scoring 
system was the one done by one of us (DJ) [22]. Our study provides 
further details and more specific accuracy data using larger sample size. 
We also demonstrated that combining risk scores with symptoms pre-
dicted DM with higher degree of overall accuracy, although specificity 
was minimal. With further validation and refining, the combined tool 
can be used to prioritize patients for confirmatory diagnostic tests in 
settings where routine screening of every patient is not feasible. The tool 
can also be developed into a self-screening tool with digital options. 

The high rate of death among TB/DM co-morbid patients was not 
unexpected but a worrying finding. A review of 44 years’ worth of 
studies showed DM and other co-morbidities as important risk factors 
for death among TB patients which our result concurs with [23]. Given 
Ethiopia’s high treatment success rate of 96% in DS-TB patients, the 10% 
mortality rate in our study clearly shows the disproportionately high 
rate of death in this subgroup of patients. Using three different scenarios 
for the remaining half of patients whose treatment outcome was not 
known, we estimated that the death rate can be as high as 19.2%. This 
highlights the need for further disaggregation of data when TB treatment 
outcomes are reported. Such analyses can lead to targeted actions such 
as mortality audits and other quality improvement strategies. 

The synergy between the Corona Virus Disease 2019 (COVID-19) and 
DM is an important factor worth mentioning here. The existing evidence 
clearly suggests that patients with DM and other chronic medical con-
ditions are at increased risk of severe COVID-19 and subsequent death 
[24]. In our study, at least one of the 11 confirmed deaths was due to 
COVID-19. Since under-reporting of deaths is a common problem in 
COVID-19, as is with all disease reporting, [24,25] the possibility of the 
additional six patients with undocumented cause of death being due to 
COVID-19 cannot be ruled out. Although the COVID-19 triggered dis-
ruptions in health services were believed to be the main underlying 
causes for the increase in TB associated deaths in high TB burden 
countries, [8] it is possible that direct impact of COVID-19 is the main 
cause of death for patients with co-morbidities. This needs further 
investigation using larger sample size. 

The study has important limitations. Because of lack of laboratory 
capacity, we were not able to determine the glycemic control level of the 
patients using the latest methods such as HbA1C. We also did not include 
history of hypertension in our risk scoring checklist which could have 
enhanced the capacity of our model. Treatment outcome data were not 
available for all patients which precluded us from making a more 
thorough analysis of treatment outcomes and their predictors. 

In conclusion, the rate of diabetes co-morbidity was more than 
double the prevalence estimate in the general population of Ethiopia. 
Almost a half of this was due to undiagnosed DM, further justifying the 
need for routine screening for DM in TB patients. Combining risk factors 
with symptoms accurately predicted a subsequent diagnosis of DM in 
adult TB patients deemed to be at “high risk” of developing DM. Every 
patient with TB should be screened for DM by combining risk scores with 
symptom checklists. The high rate of death in patients with known 
outcome status is a finding that requires further actions to improve the 
quality of care for TB/DM co-morbid patients. 

We also suggest further studies on this topic. The impact of routine 
screening on treatment outcomes of both diseases should be further 
evaluated. The utility of the risk scoring system should be further vali-
dated in other settings. Assessing the feasibility of developing and using 
the risk scoring system as a digital self-screening tool is another area for 
further work. 
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