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Dear Editor,

Globally, epidemics of diabetes mellitus (DM) and tuberculosis (TB) are increasingly
linked.12 Diabetes is associated with TB infection and with a two-to-four-fold increase

in the risk of active disease;3 active TB may also increase the risk of diabetes.# In sub-
Saharan Africa, where the prevalence of diabetes in the general population is lower than

in other regions,® the prevalence of diabetes among patients with TB has been estimated at
9%.% However, many studies that contributed to that estimate, including one in Uganda,’
evaluated only hospitalized TB patients and may not be representative of the region’s

TB epidemic as a whole. There are few data from sub-Saharan African settings on the
prevalence of DM among non-hospitalized TB patients or people with TB who have not yet
sought treatment. Therefore, the extent to which diabetes detection or management should
be integrated with TB care in this region remains unclear.

We used a TB case-finding study as an opportunity to estimate the prevalence of diabetes
among people with and without TB in a community of Kampala, Uganda. We recruited adult
(>15 years) TB cases and TB-negative controls from health facilities and the community.
The health facility component recruited patients who were diagnosed with TB by any
method at four local facilities (“health-facility cases”) and a representative sample of
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individuals with negative TB evaluations in the same facilities (“health-facility controls”,
two per case) from May 2018 to April 2020. The community-based component, from
February 2019 to December 2019, involved sputum Xpert MTB/RIF Ultra testing for all
consenting adult residents of the study community. Individuals diagnosed with TB through
active case finding were enrolled as “community cases”, and a sample of Xpert-negative
individuals matched by zone of residence were enrolled as “community controls” (one for
each case of either type enrolled during this period).

Hemoglobin Alc (HbAlc) testing was conducted for cases and controls enrolled from

May 2018-February 2019, July-December 2019, and January-April 2020. Testing was
performed with a Eurolyzer Cube (Diagnostica GmbH, Salzburg Austria) on 2ml venous
blood samples. Participants provided informed consent for all procedures, and the Makerere
University College of Health Sciences Institutional Review Board approved the study.

We estimated the prevalence of diabetes (HbAlc =48 mmol/mol [>6.5%]), and prediabetes
(HbA1c 42-47 mmol/mol [6.0-6.4%]). We compared diabetes prevalence and demographic
characteristics between cases and controls and by enrollment method (health facility vs.
community).. We also calculated the population attributable fraction (PAF) of tuberculosis
attributable to DM, using the prevalence of diabetes among all controls to estimate
population diabetes prevalence and the odds ratio among all cases versus all controls to
estimate relative risk.® All analyses were conducted using STATA version 16.

Of 711 participants eligible for HbAlc testing, 491 (69%) were tested; reasons for not
testing include refusal (n=6), materials/device not available (n=139), and other/unknown
(n=75).. Overall, 238 (48%) participants were male, and the median age was 30 (IQR
24-40). HIV prevalence was 30% (n=148). Fourteen individuals (2.9%) had an HbA1c result
consistent with diabetes (median 58 mmol/mol, IQR 52-85 mmol/mol). Of these, 5 (36%)
had a previous diabetes diagnosis, as did one participant with a normal HbAlc.

The prevalence of diabetes was higher among individuals age =45 years (10.3%, 95%ClI
4.8-18.7%) compared to younger individuals (1.2%, 0.4-2.9%), with similar prevalence
among older TB cases (12.1%, 3.4-28.2%) and older TB-negative individuals (9.3%,
3.1-20.3%). Among those with height and weight measured (n=453), the prevalence of
diabetes was 6.4% (95%CI 1.5-23.4%) among those categorized as obese, 5.4% (95%ClI
2.0-13.7%) among the overweight, 2.8% (95%CI 1.3-5.8%) among those of normal weight,
and 4.0% (95%CI 1.5-10.4%) among the underweight.

The prevalence of diabetes was similar in health facility cases (3.8%, 95% CI 1.2-8.6%)
and controls (3.4%, 95%CI 1.4-6.8%) (Table 1). In the community, very little diabetes was
found, with no diabetes among community cases (95% CI for prevalence 0-0.8%) and 2
cases among community controls (2.1%, 95%CI 0.26-7.4%). The estimated odds ratio for
the association of diabetes and TB case status was 0.9 (95%CI 0.30-2.7), yielding a PAF
estimate with an upper bound of the 95% confidence interval of 2.9%.

The prevalence of diabetes in our study population overall (2.9%) and our community
control population in particular (2%) was similar to the prevalence of diabetes reported for
the general population in Uganda (1.4%).10 The prevalence of diabetes in our health facility
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cases (3.8%) is also consistent with a larger study of TB patients in an outpatient setting

in Kampala which found a 2.3% prevalence of diabetes.1! Notably, studies of hospitalized
patients from Uganda’ and elsewhere in sub-Saharan Africal? have reported a much higher
prevalence of diabetes — but these estimates may not reflect the burden of diabetes in the
underlying community. While our estimate of overall diabetes prevalence is consistent with
other studies in Uganda, our results may not reflect the contribution of diabetes to TB

in Uganda as a whole, due to the young age distribution in the study population and the
younger average age of individuals with prevalent compared to notified TB. Furthermore,
although the number of community cases who underwent Alc testing was small, we

found no diabetes in this group, suggesting that diabetes is not a driver of subclinical or
undiagnosed TB in this study.

Although our estimate of the association between TB and diabetes has an upper bound (odds
ratio 2.7) that would be consistent with estimates from other settings,! our findings suggest
that diabetes is a weaker risk factor for TB in our study population. This discrepancy may

be due to a lower prevalence of factors that predispose to diabetes, such as obesity and
advanced age, and a higher prevalence of certain TB risk factors such as HIV infection and
undernutrition, in African settings than in many other areas of the world.13 A limitation of
our study is the small number of participants with diabetes in this population. However, the
2.9% upper bound on the estimated population attributable fraction suggests that DM plays a
small role, if any, in sustaining the TB epidemic in this setting.

In conclusion, the prevalence of diabetes among people tested for TB in urban Uganda was
low and not associated with TB status among either patients presenting at health facilities or
participants in community-based TB screening. As a result, no more than 3% of TB cases

at the population level were attributable to diabetes in this setting. While diabetes screening,
treatment and TB prevention are important for the small fraction of the population (and
larger fraction of older individuals) who have diabetes, diabetes management and prevention
are unlikely to have large effects on population-level TB incidence in settings such as
Kampala.

Acknowledgements

We thank the STOMP-TB field team for their efforts in case finding and data collection. We also thank the

staff and patients at Kisugu Health Center, Alive Medical Services, International Hospital Kampala, and Meeting
Point Clinic for their participation, as well as the community members in our study area for their participation
and support. This work was supported by the National Institutes of Health [RO1HL138728 to D.W.D. and
KO08AI1127908 to E.A.K.] and the Fogarty-Fulbright Fellowship in Public Health [FICD43TW010540 to K.O.R.].

REFERENCES

1. Al-Rifai RH, Pearson F, Critchley JA & Abu-Raddad LJ Association between diabetes mellitus
and active tuberculosis: A systematic review and meta-analysis. PloS One 12, e0187967 (2017).
[PubMed: 29161276]

2. Goldhaber-Fiebert JD, Jeon CY, Cohen T & Murray MB Diabetes mellitus and tuberculosis in
countries with high tuberculosis burdens: individual risks and social determinants. Int. J. Epidemiol.
40, 417-428 (2011). [PubMed: 21252210]

3. Jeon CY & Murray MB Diabetes mellitus increases the risk of active tuberculosis: a systematic
review of 13 observational studies. PLoS Med. 5, €152 (2008). [PubMed: 18630984]

Int J Tuberc Lung Dis. Author manuscript; available in PMC 2021 October 04.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Erisa et al.

Page 4

4. Yorke Eet al. The Bidirectional Relationship between Tuberculosis and Diabetes. Tuberc. Res. Treat.

2017, 1702578 (2017). [PubMed: 29270319]

5. World Health Organization NCD Management-Screening, Diagnosis and Treatment Team. Global

Report on Diabetes. https://www.who.int/publications/i/item/9789241565257 (2016).

6. Alebel Aet al. Prevalence of diabetes mellitus among tuberculosis patients in Sub-Saharan Africa:

a systematic review and meta-analysis of observational studies. BMC Infect. Dis. 19, 254 (2019).
[PubMed: 30866836]

7. Kibirige D, Ssekitoleko R, Mutebi E & Worodria W Overt diabetes mellitus among newly diagnosed

Ugandan tuberculosis patients: a cross sectional study. BMC Infect. Dis. 13, 122 (2013). [PubMed:
23497232]

8. Body mass index - BMI. https://www.euro.who.int/en/health-topics/disease-prevention/nutrition/a-

healthy-lifestyle/body-mass-index-bmi.

9. Greenland S & Drescher K Maximum likelihood estimation of the attributable fraction from logistic

models. Biometrics 49, 865-872 (1993). [PubMed: 8241375]

10. Bahendeka Set al. Prevalence and correlates of diabetes mellitus in Uganda: a population-based

national survey. Trop. Med. Int. Health TM 1H21, 405-416 (2016). [PubMed: 26729021]

11. Nsonga Jet al. Screening tuberculosis patients for diabetes mellitus in a routine program setting in

Kampala, Uganda: a cross-sectional study. F1000Research8, 872 (2019). [PubMed: 31681473]

12. Faurholt-Jepsen Det al. Diabetes is a risk factor for pulmonary tuberculosis: a case-control study

from Mwanza, Tanzania. PloS One6, €24215 (2011). [PubMed: 21912626]

13. 2018 Global Nutrition Report. https://globalnutritionreport.org/reports/global-nutrition-

report-2018/ (2018).

Int J Tuberc Lung Dis. Author manuscript; available in PMC 2021 October 04.


https://www.who.int/publications/i/item/9789241565257
https://www.euro.who.int/en/health-topics/disease-prevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi
https://www.euro.who.int/en/health-topics/disease-prevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi
https://globalnutritionreport.org/reports/global-nutrition-report-2018/
https://globalnutritionreport.org/reports/global-nutrition-report-2018/

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Erisa et al.

Table 1:

Page 5

Characteristics of people with TB (cases) and TB-negative controls identified from health facilities and the
community in an urban setting in Kampala, Uganda.

Characteristics Health Facility Health Facility Community Cases Community Controls
cases (n=132) controls (n=209) (n=55) (n=95)
Sex
Female 51 (39%) 123 (59%) 21 (38%) 58 (61%)
Male 81 (61%) 86 (41%) 34 (62%) 39 (39%)
Median Agein years (IQR) 32 (26-41) 33 (24-43) 28 (24-35) 27 (21-35)
HIV
Positive 60 (46%) 73 (35%) 7 (13%) 8 (8%)
Negative 72 (55%) 136 (65%) 48 (87%) 87 (92%)
Self-reported asthma or COPD 1 (1%) 2 (1%) 0 (0%) 2 (2%)
Self-reported hypertension 1 (1%) 9 (4%) 1(2%) 2 (2%)
Self-reported smoking (current or 43 (33%) 41 (20%) 11 (20%) 8 (8%)
history of at least 100 cigarettes or
equivalent)
Median HbA1c (IQR), mmol/mol 29 (24-36) 30 (24-36) 27 (23-36) 29 (24-36)
Diabetes prevalence
Diabetes 5 (3.8%) 7 (2.4%) 0 2 (2.1%)
Prediabetes 8 (6.1%) 5 (2.4%) 2 (3.6%) 6 (6.3%)
WHO BMI classification
Underweight 56 (43%) 24 (12%) 12 (23%) 7 (12%)
Normal weight 63 (48%) 119 (57%) 34 (65%) 33 (54%)
Overweight 10 (8%) 45 (22%) 5 (10%) 14 (23%)
Obese 2 (2%) 21 (10%) 1 (2%) 7 (12%)
Missing 1 (0.8%) 0 (0%) 3 (5.5%) 34 (36%)
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