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Abstract 

Background The END TB 2035 goal has a long way to go in low-income and low/middle-income countries (LICs and 
LMICs) from the perspective of a non-communicable disease (NCD) control interaction with tuberculosis (TB). The 
World Health Organization has identified diabetes as a determinant for, and an important yet neglected risk factor 
for tuberculosis. National guidelines have dictated testing time points, but these tend to be at an isolated time point 
rather than over a period of time. This article aims to give perspective on the syndemic interaction of tuberculosis and 
dysglycaemia and how the gaps in addressing the two may hamper progress towards END TB 2035.

Main text Glycated haemoglobin (HbA1C) has a strong predictive association with the progression to subsequent 
diabetes. Therefore, screening using this measure could be a good way to screen at TB initiation therapy, in lieu of 
using the random blood sugar or fasting plasma glucose only. HbA1C has an observed gradient with mortality risk 
making it an informative predictor of outcomes. Determining the progression of dysglycaemia from diagnosis to end 
of treatment and shortly after may offer information on the best time point to screen and follow-up. Despite TB and 
Human Immunodeficiency Virus (HIV) disease care being free, hidden costs remain. These costs are additive if there is 
accompanying dysglycaemia. Regardless of receiving TB treatment, it is estimated that almost half of persons affected 
by pulmonary TB develop post-TB lung disease (PTLD) as an outcome and the contribution of dysglycaemia is not 
well described.

Conclusions Establishing costs of treating TB with diabetes/prediabetes alone and in the additional context of HIV 
co-infection will inform policy makers on what it takes, financially, to treat these patients and subsidize dysglycaemia 
care. In Kenya, cardiovascular disease is only rivalled by infectious disease as a cause of mortality, and diabetes is a 
well-described risk factor for cardiac disease. In poor countries, communicable diseases are responsible for majority of 
the mortality burden, but societal shifts and rural–urban migration may have contributed to the observed increase of 
NCDs.
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Background
The End TB Strategy set an ambitious goal of a 90% 
reduction in the number of persons affected by TB and 
95% reduction in the number of deaths due to TB by 
2035. As this milestone draws near, these TB targets are 
unlikely to be met. Major reductions in TB morbidity and 
mortality can only be achieved if TB diagnosis, treatment 
and prevention services are provided within the context 
of progress towards universal health coverage (UHC), 
and if there is multisectoral action and accountability to 
address the broader determinants that influence the TB 
epidemic and their socio-economic impact (WHO 2020).
This statement means that without multi-stakeholder 
cooperation to address non-communicable diseases 
among the determinants affecting TB, this milestone 
may be out of reach. One such determinant is diabetes. 
The WHO has established diabetes as an important and 
neglected risk factor for TB (WHO 2020).

Ischaemic heart disease (IHD), stroke, TB and diabetes 
mellitus are among the top 10 in the list of disability life-
adjusted years (DALYs) according to the estimates from 
2019 (The Global Health Observatory 2021). Given the 
disability and mortality burden associated with tubercu-
losis and diabetes, it may be time to begin zooming in a 
closer lens on more effective strategies to manage these 
two epidemics. Based on the 2021 epidemiological report 
by the Kenya National TB Program (NTP), the treatment 
success across the age groups of TB patients declines 
from 34–44  years to the 65+ years of age. It could be 
hypothesized that given the risk of diabetes increases 
from age 35, there could be a possibility that the deaths 

in this age group are related to having dysglycaemia as 
a comorbidity. The oldest (65+ years) proportional wise 
comparison with other age groups, have a high propor-
tion of deaths (see Fig. 1) (Program-NTLLD-P NTLaLD 
2021). There is need to address TB in a holistic fashion 
incorporating screening for non-communicable disease 
in the elderly who often times, have other comorbidi-
ties like diabetes and hypertension which increase the 
risk of dying during TB treatment (Program-NTLLD-P 
NTLaLD 2021).

Individuals living with diabetes mellitus (DM) have 
three times the risk of developing TB and there are now 
more individuals with TB-DM comorbidities than those 
with TB-HIV co-infection (Jeon and Murray 2008; Ron-
acher et al. 2015).The effects of DM on TB have been well 
described including atypical presentation both clinically 

Key points 

• The END TB 2035 goal has a long way to go in LICs and LMICs from a non-communicable disease (NCD) con-
trol perspective.

• The WHO has established diabetes as an important and neglected risk factor for TB.
• Poverty is a barrier to healthcare.
• Globally, in 2019, almost half of all people with TB and their households faced catastrophic costs (defined as 

total costs equivalent to > 20% of annual household income) and rising up to 80% for those households with a 
member having drug-resistant TB.

• Though TB and HIV healthcare is ‘free’, hidden costs remain which have far-reaching socio-economic effects on 
households.

• Even with curative treatment, nearly half of persons affected by pulmonary TB develop post-TB lung disease 
(PTLD) as an outcome and the contribution of dysglycaemia is not well described.

• While the relationship between diabetes and TB is well described, the work on the dysglycaemia spectrum in 
between is not as well described.

• Funding for TB research has fallen below less than half of target despite most low to low/middle income (LMCs 
and LMICs) being heavily reliant on international donor funding.

Keywords Tuberculosis, Dysglycaemia, Diabetes, Prediabetes, HIV, END TB 2035, NCDs

Fig. 1 Treatment outcome by age groups for TB patients notified in 
2019 in Kenya (Program-NTLLD-P NTLaLD 2021)
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and on chest radiograph (CXR) and higher likelihood 
of poor treatment outcomes like relapse, treatment fail-
ure and even death (Dooley and Chaisson 2009). Much 
less is known about the impact of non-DM dysglycaemia 
(such as prediabetes and transient hyperglycaemia) on TB 
risk (Liu et  al. 2021). Other dysglycaemia subtypes have 
been described in patients with active TB and have a TB 
risk profile similar to diabetes, but may not be recognized 
in the clinic setting due to the way DM screening is per-
formed (Liu et al. 2021; Alkabab et al. 2021). It is clear that 
more robust interventions, than merely describing diabe-
tes in relation to TB and TB/HIV co-infection, are needed.

This topic is important because TB, prior to the 
COVID-19 pandemic, was the leading cause of death 
from a single infectious agent (MacNeil et  al. 2020). Its 
interaction with diabetes is clearly described in terms 
of poor outcomes. More recent work has described 
non-DM entities (erratic glycaemic instability, transient 
hyperglycaemia) that are in the spectrum of dysglycae-
mia. They make up a component that is not yet fully 
diabetes but have similar risk profiles as frank diabetes 
itself. This means that lack of careful surveillance of the 
entire spectrum of dysglycaemia in relation to TB may 
compromise our efforts to curb the disease by 2035 as 
envisioned. Further to this, despite curative treatment, a 
chronic disease of the lungs, post-tuberculosis lung dis-
ease (PTLD) occurs in nearly half of persons treated for 
TB and the contribution of dysglycaemia to this phenom-
enon is not well described.

The time is nigh to write about this topic because 
there are currently more people living with TB and dia-
betes than there are living with TB and HIV, a more his-
torically traditional risk factor which has received much 
attention. The END TB 2035 goal will require more than 
just diagnosis and treating TB, and more than giving TB 
preventive therapy (TPT). It needs more focus on multi-
sectorial approaches that involve stakeholders from 
the non-communicable disease (NCD) sector as well as 
financial partners to reduce both the reciprocal effect of 
NCDs, more specifically dysglycaemia, and the socio-
economic hardship occasioned by the catastrophic costs 
of TB on households.

Furthermore, from a viewpoint of TB control, con-
tacts of persons with pulmonary TB and dysglycaemia 
(whether diabetes or prediabetes) have been found to be 
at increased risk of being QuantiFERON (QFT)-positive 
at baseline or at month six of treatment (Arriaga et  al. 
2021). Heightening of surveillance on this category of 
close contacts could improve gains towards control of 
TB, ultimately taking us closer to the END TB 2035 goal. 
However, how would we focus on such contacts if we do 
not aggressively tackle the issue of screening and follow-
up of TB patients for dysglycaemia.

This scientific article will focus on the neglected risk 
factor and the spectrum of dysglycaemia, in terms of 
global, regional and local disease burden, the body of 
work that has been done so far in this area of work with a 
global snapshot and an emphasis on Kenya and Africa in 
terms of the reciprocal relationship of TB and, the socio-
economic burden of the trio of TB,TB/HIV co-infection 
and dysglycaemia, the funding situation in the LICs and 
LMICs and the ultimate progress on the END TB 2035 
goal as well as thoughts on how we should change strat-
egy if we have any hope of achieving this goal.

Main text
Interplay of TB and diabetes: Global snapshot 
with emphasis on Africa and Kenya
Baker and his group in their systematic review of the 
impact of DM on anti-tuberculosis treatment outcomes 
found an increased risk of mortality of at least 89% during 
anti-tuberculosis treatment and a 3.9 times increased risk 
for TB relapse after successful completion of treatment 
(Baker et  al. 2011). Bi-directional screening of TB and 
DM yields high TB prevalence among patients with DM, 
ranging from 1.7% to 36% which increased with rising TB 
prevalence in the population. The converse action; that is, 
the screening of patients with TB for DM has similarly 
yields a high DM prevalence, ranging between 1.9 and 
35% (Jeon et al. 2010). Despite guidance from the World 
Health Organization (WHO), most facilities in sub-Saha-
ran Africa are still not screening TB patients for DM, due 
to cost, perceived complexities and lack of a treatment 
infrastructure for those who screen positive (Adepoyibi 
et  al. 2013; Harries et  al. 2015; World Health O et  al. 
2011). Transient hyperglycaemia caused by TB disease 
or medication, and similarities in symptom presenta-
tion, such as weight loss, further complicate the process 
(Owiti et  al. 2017). A very compelling body of work in 
terms of a pragmatic approach to this syndemic touches 
on the urgent need for clinical management strategies 
and more research evidence on the choice and dose of 
different anti-diabetes medication and effective medical 
therapies to reduce cardiovascular risks (statins, anti-
hypertensives and aspirin) for primary care health work-
ers. They further highlight that significant investment 
in health system strengthening and integration may be 
needed to prevent these at risk patients being lost to care 
at the end of TB treatment (Crevel and Critchley 2021). 
Most of the work done in TB and PWDM in Africa has 
revolved around prevalence with a predominantly cross-
sectional study design. In Kenya, one study was done in a 
rural setting and another in an urban setting in relation 
to dysglycaemia and TB. The study in the rural setting 
found that there was 5% prevalence of DM and 37.5% of 
prediabetes, duration of follow-up was up to 4  months 
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with a median of 8 weeks. Associations found that there 
was increased odds of DM with advancing age > 40 years 
and a family history of DM (Owiti et al. 2017). The urban 
setting study was done in Nairobi in two hospitals and 
found a 25.8% and 10.5% rate of impaired fasting glycae-
mia and diabetes, respectively. This study did not find an 
association between HIV and dysglycaemia (Amayo and 
Mutai 2018). Contrastingly, a recent hospital based study 
in Ethiopia found that HIV co-infection and family his-
tory of DM were independent risk factors for DM in TB 
patients (Tulu et  al. 2021). More research is needed in 
Africa-based populations to determine the influence of 
HIV on dysglycaemia in the background of TB infection.

In Tanzania, Mabula et  al. who conducted their work 
in Moshi, Kilimanjaro, confirmed the work of the group 
in Kenya that found odds of DM in TB increase with a 
family history of the same and advancing age > 40 years. 
This study did not evaluate for prediabetes but found that 
there was 9.2% rate of DM (Mabula et al. 2021).

In Mali, a study found that the rate of impaired fast-
ing glycaemia was 8.5% and DM was 5.5% (Diarra et al. 
2019).

Socio‑economic burden of the TB and dysglycaemia
Poverty is a barrier to healthcare, and conversely, poor 
health can lead to loss of wages and result in a nega-
tive feedback loop called the health-poverty trap (Dhul-
lar 2018; Bank 2014). Efficient allocation of resources is 
key in managing the dual disease entity of dysglycaemia 
and TB. To the best of our knowledge, there is no body 
of work that has jointly quantified the cost of care for the 
two disease entities in Kenya. Separately, TB cost survey 
in Kenya estimated the costs from a patient perspective 
and found the cumulative costs of drug-sensitive TB 
and drug-resistant TB to be USD 261 versus USD 1452, 
respectively (Kirubi et al. 2021).

The WHO has designed a STEPwise Approach to NCD 
Risk Factor Surveillance abbreviated as STEPS. The non-
communicable disease (NCD) STEP-survey done in 
Kenya in 2015 estimated the incidence of DM to be 2.4% 
and on the other hand 3.1% of Kenya’s population having 
impaired fasting glycaemia (Wamai et al. 2018).

The magnitude of DM and prediabetes in the TB popu-
lation in Kenya is, however, higher than the national aver-
age given the association between the two disease entities 
(Owiti et al. 2017; Amayo and Mutai 2018).

Though the TB care is free in Kenya, the costs dur-
ing treatment impose a significant financial burden on 
patients and their households (Kirubi et al. 2021).

Kairu et al. also did work from the health system per-
spective and found that the average cost for passive 
case-finding (PCF) for TB is US$38 and US$60, using 
the bottom up (BU) and top-down (TD) economic 

approaches, respectively. Using both approaches, they 
also generated the average cost of a first-line treatment—
6-month (FLT) course. They factored in both diagnos-
tics and follow-up and costed it at US$135 and US$160, 
respectively. In the case of drug-resistant TB (DR-TB), 
treatment was approximately KES 323,000 (US$3,230.28) 
and KES 392,652 (US$3,926.52) for the 9-month short 
regimen (Kairu et al. 2021).

On the other hand, the patient-based costs (for dia-
betes only) have also been estimated. The mean annual 
direct patient cost was KES 53,907 or US$ 528.5 (Oyando 
et  al. 2020). This amount did not factor in the indirect 
costs, meaning the actual total cost is higher. Overall, the 
high incidence of catastrophic costs (63.1%) was found to 
be higher in the DM patients who presented with hyper-
tension as a comorbidity which increased even further to 
75.4% when transport costs were added (Oyando et  al. 
2020).

Funding situation of LICs and LMICs
Globally, funding for treatment, prevention and diagnosis 
of TB has not reached target but healthcare expenditure 
for TB rose by 2020. The unprecedented COVID-19 pan-
demic did not help matters that final monies allocated 
were lower due to reallocation of funding for the COVID-
19 response. In terms of research and development 
(R&D), funding for TB research has fallen below less than 
half of target with only USD 906million allocated to TB 
research by 2020 in lieu of the projected USD 2 billion. 
With the exception of the BRICS country block, i.e. Bra-
zil, Russian Federation, India, China and South Africa), 
most low to low/middle income (LMCs and LMICs) are 
still heavily reliant on international donor funding (Mac-
Neil et  al. 2020). Kenya being an LMIC is this category 
(World Bank GDP 2022). Vision 2030 aims to transform 
Kenya into a ‘newly industrializing, middle-income coun-
try providing high quality of life to all its citizens by 2030’. 
Given this ambitious idea, we need to efficiently tackle 
resource allocation and consider strategies to reduce 
financial burden, provide social protection and enhance 
testing for and treatment for the dysglycaemia spectrum.

Ultimate progress on END TB 2035
Substantial gaps remain from a research and policy per-
spective that need to be addressed if we are to achieve 
the END TB 2035 goal. The authors of the Global TB 
reports in the past 3  years themselves write that the 
strategy and goals attached to it are ambitious. Cata-
strophic costs as at 2020 still affect almost half of the 
population afflicted by TB while the goal was to be at 
zero (MacNeil et  al. 2020). Closer to home in Kenya, 
based on the TB patient-costs survey, TB-related pay-
ments led to an increase in the proportion of patients 



Page 5 of 6Kerama et al. Bulletin of the National Research Centre           (2023) 47:53  

living below the poverty line from 13.9% to 31.1%. This 
brings us back to the negative feedback loop of the pov-
erty-health care trap. To expound more on this socio-
economic hardship, 62.5% lost jobs due to TB and some 
coping mechanisms included sale of assets, clearing 
savings and taking credit (). These costs do not include 
the costs of any associated dysglycaemia which costs 
a pretty penny to treat. With social protection, can 
these figures be reduced? Nutrition is one of the five 
important determinants of TB according to the Global 
TB Report of 2020, and body mass index (BMI) is an 
important aspect of this and a strong correlate of dia-
betes in TB (Alkabab et  al. 2021; MacNeil et  al. 2020; 
Owiti et  al. 2017; Wachinou et  al. 2021). Given that 
only 39% of the TB case notifications recorded in 2021 
within Kenya had a normal BMI, we need to urgently 
address screening for dysglycaemia alongside markers 
that are easy to measure and record like BMI (Program-
NTLLD-P NTLaLD 2021). Effective TB vaccines are an 
urgent need and several candidates are in the pipeline 
(MacNeil et al. 2020), a promising one being the M72 /
ASO1e which provided 3 year- protection against pro-
gression to PTB for at least 3  years (Tait et  al. 2019; 
Meeren et al. 2018).

’Authors’ critical views’/recommendations
As a country, we can consider going upstream to dig root 
cause by investing in dysglycaemia testing in lieu of wait-
ing downstream for the trickle-down effect of the undiag-
nosed and unmanaged dysglycaemia.

Mapping of the dysglycaemia belt in Kenya may be a 
critical activity to be undertaken in our country to ensure 
targeted resource allocation in the counties.

Increase funding allocated for both TB and dysglycae-
mia in the counties.

Strengthening capacity of research centres, primary 
care hospitals included, should also be a priority in terms 
of training of health care workers in research, equip-
ping with basic machines for testing for blood sugar and 
monitoring. Implementing targeted screening strategies 
for PWDM since there is a one-and-a-half-fold increase 
in risk of acquiring latent tuberculosis infection (LTBI) in 
this population.

Social protection to limit or prevent the catastrophic 
costs associated with both TB, TB/HIV co-infection 
coupled with additional cost of catering to dysglycaemia 
should be a consideration. The national payor should 
consider subsidizing the additional costs of dysglycae-
mia care like oral and injectable glucose lowering agents. 
Improving access to insulin and insulin syringes as well as 
access to testing at non-tertiary facilities in a consistent 
fashion.

Strengthening patient advocacy organizations which 
do pooling of resources to purchase insulin syringes in a 
cooperative society model can subsidize care for patients.

Nutritional counselling for TB patients with dysglycae-
mia should also have more emphasis and not be reserved 
for those with malnutrition only.

Practical, abbreviated cardiometabolic disease guide-
lines that can be understood by primary care health 
workers in TB and HIV care facilities are needed to help 
with choice of medication if a patient presents with TB, 
TB/HIV co-infection and dysglycaemia.

Conclusions
Multisectoral collaboration is key to achieving END TB 
2035; the Kenya Diabetes Study Group (KDSG), Kenya 
Association of Physicians (KAP), the Non-Communica-
ble Disease Alliance of Kenya (NCDAK) and the National 
TB Leprosy and Lung Treatment Program (NTLLDP) 
as well as the National Hospital Insurance Fund (NHIF) 
need to forge stronger alliances to tackle the issue of 
bi-directional testing, research and subsidized care for 
TB and the dysglycaemia syndemic. Given the high TB 
and HIV co-infection rate in Kenya, more home-grown 
research to establish the effect of HIV on this syndemic is 
needed since current literature is inconclusive.

Abbreviations
BRICS  Brazil, Russian Federation, India, China, and South Africa
BMI  Body mass index
BU  Bottom-up costing approach
COVID-19  Coronavirus Disease- 2019
CVA  Cerebrovascular Accident
CXR  Chest Radiograph
DALYs  Disability Adjusted Life Years
DM  Diabetes Mellitus
DR-TB  Drug-resistant tuberculosis
FLT  First-line treatment
FPG  Fasting plasma glucose
HbA1C  Glycated haemoglobin
IHD  Ischaemic heart disease
KAP  Kenya Association of Physicians
KDSG  Kenya Diabetes Study Group
LICs  Low-income countries
LMICs  Low/middle-income Countries
NTLLDP  National Tuberculosis Leprosy and Lung Treatment Program
NTP  National Tuberculosis Program
NCD  Non-communicable diseases
NCDAK  Non-Communicable Disease Alliance of Kenya
PCF  Passive case finding
PTLD  Post-tuberculosis lung disease
RBS  Random blood sugar
STEPS  STEPwise Approach to NCD Risk Factor Surveillance
TD  Top- down costing approach
T1D  Type 1 Diabetes
T2D  Type 2 Diabetes
UHC  Universal health coverage
WHO  World Health Organization

Acknowledgements
Not applicable.



Page 6 of 6Kerama et al. Bulletin of the National Research Centre           (2023) 47:53 

Author contributions
The first draft of the manuscript was written by CK and all other co-authors 
(DH, JO and OA). DH, JO and OA commented on previous versions of the 
manuscript. All authors read and approved the final manuscript.

Funding
No funding was received to assist with the preparation of this manuscript.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors have no competing financial or non-financial interests to declare 
that are relevant to the content of this article.

Author details
1 Centre for Respiratory Diseases Research, Kenya Medical Research Institute 
(CRDR-KEMRI), Past Government Chemist, Opposite Diabetes Clinic, Nairobi, 
Kenya. 2 Division of Medical Microbiology and Immunology, Kenya AIDS Vac-
cine Initiative-Institute for Clinical Research (KAVI-ICR), Nairobi, Kenya. 3 Division 
of Pulmonary and Critical Care and Sleep Medicine, University of Washington, 
Seattle, WA, USA. 4 School of Medicine, Faculty of Health Sciences, University 
of Nairobi, Nairobi, Kenya. 

Received: 13 March 2023   Accepted: 9 April 2023

References
Adepoyibi T, Weigl B, Greb H, Neogi T, McGuire H (2013) New screening tech-

nologies for type 2 diabetes mellitus appropriate for use in tuberculosis 
patients. Public Health Action 3(Suppl 1):S10–S17

Alkabab YMA, Biswas S, Ahmed S, Paul K, Nagajyothi J, Banu S et al (2021) 
Differentiating transient from persistent diabetic range hyperglycemia in 
a cohort of people completing tuberculosis treatment in Dhaka, Bangla-
desh. PLoS ONE 16(11):e0260389

Amayo A, Mutai W (2018) Prevalence of diabetes mellitus and associated 
factors in patients with tuberculosis at Kenyatta National Hospital and 
Mbagathi Level 5 Hospital, Nairobi

Arriaga MB, Rocha MS, Nogueira B, Nascimento V, Araújo-Pereira M, Souza AB 
et al (2021) The effect of diabetes and prediabetes on mycobacterium 
tuberculosis transmission to close contacts. J Infect Dis 224:2064–2072

Baker MA, Harries AD, Jeon CY, Hart JE, Kapur A, Lönnroth K et al (2011) The 
impact of diabetes on tuberculosis treatment outcomes: a systematic 
review. BMC Med 9(1):81

Bank W. Poverty and Health Washington D.C. (2014) [28th February 2022]. 
https:// www. world bank. org/ en/ topic/ health/ brief/ pover ty- healt h#: ~: 
text= Ill% 20hea lth% 2C% 20in% 20turn% 2C% 20is,any% 20inf ormal% 20pay 
ments% 20to% 20pro viders.

Dhullar D (2018) CD. Health, Income, & Poverty: Where We Are & What Could 
Help Health Affairs Health Policy Brief [Internet]. https:// doi. org/ 10. 1377/ 
hpb20 180817. 901935/.

Diarra B, Tolofoudie M, Sarro YS, Togo ACG, Bane S, Nientao I et al (2019) Dia-
betes Mellitus among new tuberculosis patients in Bamako, Mali. J Clin 
Tuberc Other Mycobact Dis 17:100128

Dooley KE, Chaisson RE (2009) Tuberculosis and diabetes mellitus: conver-
gence of two epidemics. Lancet Infect Dis 9(12):737–746

Harries AD, Kumar AM, Satyanarayana S, Lin Y, Zachariah R, Lönnroth K et al 
(2015) Diabetes mellitus and tuberculosis: programmatic management 
issues. Int J Tuberc Lung Dis 19(8):879–886

Jeon CY, Murray MB (2008) Diabetes mellitus increases the risk of active 
tuberculosis: a systematic review of 13 observational studies. PLoS Med 
5(7):e152

Jeon CY, Harries AD, Baker MA, Hart JE, Kapur A, Lönnroth K et al (2010) Bi-
directional screening for tuberculosis and diabetes: a systematic review. 
Trop Med Int Health TM & IH 15(11):1300–1314

Kairu A, Orangi S, Oyando R, Kabia E, Nguhiu P, Ong Ang OJ et al (2021) Cost 
of TB services in healthcare facilities in Kenya (No 3). Int J Tuberc Lung Dis 
25(12):1028–1034

Kirubi B, Ong’ang’o J, Nguhiu P, Lönnroth K, Rono A, Sidney-Annerstedt K 
(2021) Determinants of household catastrophic costs for drug sensitive 
tuberculosis patients in Kenya. Infect Dis Poverty 10(1):95

Liu Q, You N, Pan H, Shen Y, Lu P, Wang J et al (2021) Glycemic trajectories 
and treatment outcomes of patients with newly diagnosed tubercu-
losis: a prospective study in Eastern China. Am J Respir Crit Care Med 
204(3):347–356

Mabula PL, Kazinyingia KI, Chavala EC, Mosha V, Msuya SE, Leyaro BJ (2021) 
Prevalence and risk factors for diabetes mellitus among tuberculosis 
patients in Moshi Municipal Council, Kilimanjaro Tanzania. East Afr Health 
Res J 5(1):69–74

MacNeil A, Glaziou P, Sismanidis C, Date A, Maloney S, Floyd K (2020) Global 
epidemiology of tuberculosis and progress toward meeting global tar-
gets—worldwide, 2018. MMWR Morb Mortal Wkly Rep 69(11):281–285

Ministry of Health -Kenya; Division of National Tuberculosis LaLD (2018) The 
First Kenya Tuberculosis Patient Cost Survey. Nairobi, Kenya

Owiti P, Keter A, Harries AD, Pastakia S, Wambugu C, Kirui N et al (2017) Dia-
betes and pre-diabetes in tuberculosis patients in western Kenya using 
point-of-care glycated haemoglobin. Public Health Action 7(2):147–154

Oyando R, Njoroge M, Nguhiu P, Sigilai A, Kirui F, Mbui J et al (2020) Patient 
costs of diabetes mellitus care in public health care facilities in Kenya. Int 
J Health Plan Manag 35(1):290–308

Program-NTLLD-P NTLaLD. Kenya TB Epidemiological Review Report. 
Nairobi2021.

Ronacher KJS, van Crevel R, Dockrell HM, Walzl G, Ottenhoff TH (2015) 
Acquired immunodeficiencies and tuberculosis: Focus on HIV/AIDS and 
diabetes mellitus. Immunol Rev 264(1):121–137

Tait DR, Hatherill M, Van Der Meeren O, Ginsberg AM, Van Brakel E, Salaun 
B et al (2019) Final analysis of a trial of M72/AS01E vaccine to prevent 
tuberculosis. N Engl J Med 381(25):2429–2439

The Global Health Observatory; WHO Global Health Estimates [Internet]. 
2018–2019 [cited 12 May 2021]. https:// www. who. int/ data/ gho/ data/ 
themes/ morta lity- and- global- health- estim ates.

Tulu B, Amsalu E, Zenebe Y, Abebe M, Fetene Y, Agegn M et al (2021) Diabetes 
mellitus and HIV infection among active tuberculosis patients in 
Northwest Ethiopia: health facility-based cross-sectional study. Trop Med 
Health 49(1):68

van Crevel R, Critchley JA (2021) The interaction of diabetes and tuberculosis: 
translating research to policy and practice. Trop Med Infect Dis 6(1):8

Van Der Meeren O, Hatherill M, Nduba V, Wilkinson RJ, Muyoyeta M, Van Brakel 
E et al (2018) Phase 2b controlled trial of M72/AS01E vaccine to prevent 
tuberculosis. N Engl J Med 379(17):1621–1634

Wachinou AP, Ade S, Ndour Mbaye M, Bah B, Baldé N, Gninkoun J et al (2021) 
Tuberculosis prevalence and associated factors among persons with 
diabetes mellitus after intensified case finding in three West African 
countries. Multidiscip Respir Med 16(1):783

Wamai RG, Kengne AP, Levitt N (2018) Non-communicable diseases surveil-
lance: overview of magnitude and determinants in Kenya from STEPwise 
approach survey of 2015. BMC Public Health 18(3):1224

WHO. Global Tuberculosis Report 2020. Geneva.
World Bank GDP listing and country categorization by income [Internet]. 2022 

[cited 25FEB2022]. https:// data. world bank. org/ count ry/ XO.
World Health O, International Union against T, Lung D (2011) Collaborative 

framework for care and control of tuberculosis and diabetes. World 
Health Organization, Geneva

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://www.worldbank.org/en/topic/health/brief/poverty-health#:~:text=Ill%20health%2C%20in%20turn%2C%20is,any%20informal%20payments%20to%20providers
https://www.worldbank.org/en/topic/health/brief/poverty-health#:~:text=Ill%20health%2C%20in%20turn%2C%20is,any%20informal%20payments%20to%20providers
https://www.worldbank.org/en/topic/health/brief/poverty-health#:~:text=Ill%20health%2C%20in%20turn%2C%20is,any%20informal%20payments%20to%20providers
https://doi.org/10.1377/hpb20180817.901935
https://doi.org/10.1377/hpb20180817.901935
https://www.who.int/data/gho/data/themes/mortality-and-global-health-estimates
https://www.who.int/data/gho/data/themes/mortality-and-global-health-estimates
https://data.worldbank.org/country/XO

	Rethinking the syndemic of tuberculosis and dysglycaemia: a Kenyan perspective on dysglycaemia as a neglected risk factor for tuberculosis
	Abstract 
	Background 
	Main text 
	Conclusions 

	Key points 
	Background
	Main text
	Interplay of TB and diabetes: Global snapshot with emphasis on Africa and Kenya
	Socio-economic burden of the TB and dysglycaemia
	Funding situation of LICs and LMICs
	Ultimate progress on END TB 2035
	’Authors’ critical views’recommendations

	Conclusions
	Acknowledgements
	References


