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Setting: The tuberculosis (TB) clinics of five health facili-
ties in western Kenya.

Objective: To assess the prevalence and associated de-
terminants of diabetes mellitus (DM) and pre-diabetes
hyperglycaemia among adult TB patients using point-of-
care DCA Vantage glycated haemoglobin (HbA1c)
devices.

Design: This was a cross-sectional study.

Results: Of 454 patients, 272 (60%) were males, the
median age was 34 years, 175 (39%) were co-infected
with the human immunodeficiency virus (HIV), and the
median duration of anti-tuberculosis treatment was 8
weeks; 180 (40%) patients reported at least one classical
symptom suggestive of DM. The prevalence of DM
(HbATc =6.5%) was 5.1% (95%Cl 3.2-7.5), while that
of pre-diabetes (HbA1c 5.7-6.4%) was 37.5% (95%Cl
33.1-42.2). The number needed to screen (NNS) was
19.6 for DM and 2.7 for pre-diabetes. Combined, 42.6%
(95%Cl 38.0-47.3) of the patients had either pre-diabe-
tes or DM (NNS 2.3). Seven of the 23 patients with DM
knew their prior DM status. Higher rates of DM were as-
sociated with age =40 years and a family history of DM,
but not obesity, type of TB, HIV status or suggestive
symptoms.

Conclusions: High rates of pre-diabetes and DM were
found in adult TB patients. This study supports the need
for routine screening of all patients with TB for DM in
Kenya.

The global burden of diabetes mellitus (DM) is in-
creasing exponentially, with the highest increases
occurring in low- and middle-income countries
(LMICs).12 In 2015, 415 million (8.8%) of the world’s
population had DM, with two thirds of those in the
sub-Saharan Africa region remaining undiagnosed.3
This pandemic resulted in 5 million DM-associated
deaths globally. The global prevalence of DM is ex-
pected to reach 10.4% by 2040. Tuberculosis (TB) re-
mains a major cause of morbidity and mortality
worldwide, with an estimated 10.4 million people de-
veloping the disease and 1.8 million dying from it in
2015.4 Most of the TB burden occurs in the same
LMICs as DM.

DM and TB interact, and in so doing they worsen
the prevalence, presentation, control and treatment
outcomes of both diseases.5>-12 DM increases the risk of
TB disease by at least two to three fold,57 while im-
paired glucose tolerance (IGT) and DM have been
found to be higher among TB patients.’-10 A system-

atic review on bi-directional screening of TB and DM
demonstrated high TB prevalence among patients
with DM, ranging from 1.7% to 36%, which increased
with rising TB prevalence in the population, as did
DM severity.!! Screening patients with TB for DM has
yielded equally high DM prevalence, ranging from
1.9% to 35%.11

Another systematic review of the impact of DM on
anti-tuberculosis treatment outcomes found an in-
creased risk of death of at least 89% during anti-tuber-
culosis treatment and a 3.9 times increased risk for TB
relapse after successful completion of treatment.12
Likewise, TB may lead to transient hyperglycaemia
and, as with other intercurrent infections, contributes
to the suboptimal control of DM in LMICs.813 Some
TB medications, such as isoniazid, may also have a hy-
perglycaemic effect.!4

Coupled with the slower-than-expected decline in
TB rates worldwide and the increase in DM rates, the
convergence of these two epidemics may lead to a re-
surgence of TB disease, particularly in LMICs.6.1215,16
Undiagnosed, inadequately treated and poorly con-
trolled DM appears to be a much greater threat to TB
prevention and control than has been realised
previously.1”

Despite guidance from the World Health Organiza-
tion (WHO),!8 most facilities in sub-Saharan Africa are
still not screening TB patients for DM, partly due to
cost, perceived complexities!®20 and lack of a treat-
ment infrastructure for those who screen positive.
Transient hyperglycaemia caused by TB disease or
medication, and similarities in symptom presentation,
such as weight loss, further complicate the process.
The standard diagnostic methods present their own
challenges. Use of fasting blood glucose (FBG), the
oral glucose tolerance test (OGTT) and random blood
glucose (RBG) either require patients to fast for several
hours before blood testing or have specific time-bound
measurements and/or interpretations affected by tran-
sient hyperglycaemia, necessitating multiple measure-
ments.1%20 Use of glycated haemoglobin (HbA1lc) does
not require the patient to fast, is equally sensitive and,
if offered at point of care (POC), minimises the time to
diagnosis.2122 The devices are more expensive, how-
ever, and readings can be affected by anaemia and dif-
ferent haemoglobin variants.19.21.22

Kenya is heavily burdened by disease, with the
principal challenges coming from communicable dis-
eases such as malaria, human immunodeficiency virus
(HIV) and TB, which accounted for 64% of deaths in
2014.2324 Non-communicable diseases were responsi-
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ble for 27% of all deaths in the same year, of which
DM accounted for at least 1%,24 although this rate is
likely an underestimate due to the many undiagnosed
cases in the country.2s A recent national household
survey found a DM prevalence rate of 1.9% in individ-
uals aged 18-69 years in the country,?¢ while the Inter-
national Diabetes Federation (Brussels, Belgium) esti-
mated the prevalence to be 2.2% for those aged 20-79
years.3

In Kenya, there is a paucity of data on disease fre-
quency and interactions between DM and TB. The aim
of the present study was thus 1) to assess the preva-
lence of DM and pre-diabetes hyperglycaemia using
POC DCA Vantage® HbAlc devices (Siemens Health-
care GmbH, Erlangen, Germany); and 2) to determine
the association between sociodemographic and clini-
cal characteristics and the occurrence of DM and
pre-diabetes among adult patients with TB in selected
high-volume clinics in western Kenya.

METHODS

Study design

This was a cross-sectional study.

Setting

General setting

Kenya is a lower-middle-income country with a popu-
lation of 46 million, of whom 75% reside in rural ar-
eas.?” The gross domestic product stands at USD 60.9
billion and the economy is largely service-based and
agricultural,?” with 46% of the population living in ab-
solute poverty.28 The crude death rate is 8/1000 popu-
lation and national life expectancy is 63 years.232° TB
and HIV are responsible for respectively 6.3% and
29.3% of all deaths.2328 Noncommunicable diseases ac-
count for approximately 50-70% of all hospital admis-
sions.28 Overweight (pre-obese and obese), a signifi-
cant risk factor for DM, is prevalent in 28% of all
persons in Kenya.26

Tuberculosis and diabetes control

Kenya is divided into 47 administrative counties, with
health care largely the responsibility of the devolved
counties. In both public and private facilities, there is
little systematic effort to coordinate the screening and
care of patients with TB and DM. The current study
was carried out in the TB clinics of five major health
facilities in four counties in the western part of Kenya:
Moi Teaching and Referral Hospital and Turbo Health
Centre in Uasin Gishu county; Kitale County Referral
Hospital (CRH) in Trans Nzoia county; Webuye
County Hospital in Bungoma county; and Busia CRH
in Busia county. A total of 284 facilities were offering
TB treatment services in these four counties, and
many fewer were offering DM care services. The five
selected facilities notified 21% of the total 2952 TB
cases in these counties in the first half of 2015. These
facilities also offer DM care, mostly as a result of an
aggressive expansion programme for DM and hyper-
tension with the support of the Academic Model Pro-
viding Access to Healthcare (AMPATH) programme
(Eldoret, Kenya).

DM in TB patients in western Kenya

Diagnosis of DM in these counties is largely based
on RBG and FBG, with HbA1c being used for monitor-
ing glycaemic control. For those not on care for DM,
however, a value of HbAlc of =6.5% is regarded as di-
agnostic for DM, while a value of 5.7-6.4% is diagnos-
tic for pre-diabetes.21.30 HbAlc measurements are per-
formed in laboratories or by the use of POC
instruments. In this study, we used DCA Vantage POC
devices to measure HbAlc levels among TB patients.
DCA Vantage has been certified as a POC HbAlc in-
strument that has good correlation with existing
methods of testing and has been approved for waiver
under the Clinical Laboratory Improvement Amend-
ments criteria.??

Study population, variables and sources

We recruited consenting adults aged =18 years who
were registered for treatment for drug-susceptible TB in
the five health facilities between January and June
2016. Patients were consecutively recruited in each of
the selected facilities until the overall sample size was
attained. Some data were sourced from the facility TB
registers (i.e., age, sex, body mass index [BMI] at regis-
tration, type and category of TB, TB treatment start
date, HIV status), while other data were obtained
through interviewer-administered questionnaires (i.e.,
DM history and symptoms, occupation and education
level). Single blood pressure and HbAlc levels were
measured using a standard automatic blood pressure
machine (Omron Healthcare Inc, Lake Forest, IL, USA)
and the fingerprick test, respectively.

Study procedures, data collection and
management

The research assistant and the officers of the respective
TB clinics were trained in the study procedures, study
ethics and standardised methods of carrying out the
related measurements. Potential subjects identified
from the clinic TB registers were approached for in-
formed consent during the usual TB clinic days. The
data were extracted and recorded in the study case re-
port forms (CRFs) and then double-entered into an
EpiData database v. 3.1 (EpiData Association, Odense,
Denmark); the data entries were compared, and any
inconsistencies in the electronic database were re-
solved by cross-checking with the CRFs.

Analysis and statistics

The data were analysed using Stata v.13 (StataCorp,
College Station, TX, USA). Descriptive statistics, such
as frequencies and the corresponding percentages,
were used to summarise categorical variables, while
medians and the corresponding interquartile ranges
(IQR) were used to summarise continuous variables.
Associations between the outcomes (pre-diabetes and
DM) and the categorical risk factors were assessed us-
ing Pearson’s x2 or Fisher's exact tests and the
Mann-Whitney U test for continuous variables. The
number needed to screen (NNS) was calculated as the
reciprocal of the point prevalence for the given param-
eter. Multivariable logistic regression was used to iden-
tify factors independently associated with the out-
comes. The classical symptoms suggestive of DM, and
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TABLE 1 Characteristics of adult patients with TB assessed for DM
in five health facilities in western Kenya, 2015-2016

Characteristic n (%)
Sex, male 272 (60)
Age, years, median [IQR] 34 [27-42]
18-39 294 (65)
=40 160 (35)
Employment
Formal 48 (12)
Informal 246 (62)
None 106 (26)
Missing data 54
Education level, median [IQR] 12 [8-14]
No formal schooling 3(0.8)
Primary 115 (30)
Secondary 139 (36)
Tertiary 131 (34)
Missing data 66
Income, USD/month, median [IQR] 70 [30-150]
BMI, kg/m2, median [IQR] 19.2[17.2-21.7]
<18.5 (underweight) 190 (43)
18.5-24.9 (normal) 217 (49)
25-29.9 (pre-obese) 31 (7)
=30 (obese) 7(1)
Missing data 9
Type of TB
PTB SM+ 243 (54)
PTB SM- 121 (27)
PTB SND 25 (5)
EPTB 65 (14)
TB category
New 416 (92)
Previously treated 38 (8)
HIV status
HIV-positive 175 (39)
HIV-negative 274 (60)
HIV status unknown 5(1)
TB treatment duration, median [IQR] 8 [2-18]
0-2 weeks 117 (26)
3-8 weeks 117 (26)
2-4 months 89 (20)
>4 months 129 (28)
Blood pressure
Normal 319 (75)
Elevated* 104 (25)
Missing data 31
Family history of DM 51(11)
Classic symptoms of DM
Frequent urination 66 (15)
Excessive thirst 71 (16)
Increased hunger 75(17)
Excessive tiredness 102 (23)
Unintended weight loss 95 (21)
=1 DM symptomf 180 (40)

*Single reading resulting in either systolic blood pressure =140 mm Hg or diastolic
blood pressure =90 mm Hg, or both.

TPresence of =1 classic symptom suggestive of DM.

TB = tuberculosis; DM = diabetes mellitus; IQR = interquartile range; USD = United
States dollars; BMI = body mass index; PTB = pulmonary TB; SM+ = smear-positive;
SM- = smear-negative; SND = smear not done; EPTB = extra-pulmonary TB; HIV =
human immunodeficiency virus.
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all variables at P < 0.2 at the bivariate level were included in the
models. Income was excluded from the multivariable models due
to sparse data. The level of significance was set at P < 0.05.

Ethics

Formal ethics approval for the study was obtained from the Moi
University/Moi Teaching and Referral Hospital Institutional Re-
search Ethics Committee (0001520), Eldoret, Kenya. Signed in-
formed consent was sought from each of the subjects before en-
rolment into the study. Patients newly diagnosed with DM were
referred to their respective DM clinics.

RESULTS

Characteristics of the participants

Of 454 adult TB patients in the study, HbAlc readings could not
be obtained for three despite repeated attempts; two of these,
however, were known DM cases. The characteristics of the patients
are presented in Table 1. There were 272 (60%) males; the median
age was 34 years, 389 (86%) had pulmonary TB, 175 (39%) were
HIV co-infected, the median duration for anti-tuberculosis treat-
ment was 8 weeks and 104 (25%) had elevated blood pressure
(=140/90 mm Hg). At least one of the classic symptoms suggestive
of DM (see Table 1) was reported by 180 (40%) patients.

Prevalence of pre-diabetes and diabetes

The median HbAlc level was 5.5% (Table 2). The prevalence of
DM (HbAlc =6.5%) was 5.1% (95% confidence interval [CI] 3.2-
7.5), while that of pre-diabetes (HbAlc 5.7-6.4%) was 37.5%
(95%CI 33.1-42.2). The NNS of adult TB patients to detect one
case was 19.6 for DM and 2.7 for pre-diabetes. Combined, 42.6%
(95%CI 38.0-47.3) of the patients had either pre-diabetes or DM,
resulting in an NNS of 2.3. Of the 23 patients with DM, seven
(30%) knew their status prior to assessment, of whom five were
already on medication. All the known DM cases had HbAlc
=7.0%.

Factors associated with pre-diabetes and diabetes

Table 3A and B shows the factors associated with DM. Sex, BMI,
type and classification of TB and HIV status were not associated
with DM at both the bivariate and multivariable levels. However,
age =40 years was associated with at least three times the odds of
having DM (adjusted odds ratio [aOR] 3.43, 95%CI 1.32-8.96, P =
0.01). A family history of DM was also associated with 3.53 times
the odds of having DM after adjusting for confounders (95%CI
1.21-10.32, P = 0.02). Those who had been on anti-tuberculosis
treatment for between 3 and 8 weeks appeared to have reduced
odds of DM compared to those on treatment for <2 weeks, al-

TABLE 2 Prevalence of hyperglycaemia among adult patients with
TB in five health facilities in western Kenya, 2015-2016

Characteristic n (%) 95%Cl NNS*
HbA1c,t %, median [IQR] 5.5 [5.3-5.9]
Range (min-max) 2.8-14.0
=6.5 (diabetes) 23(5.1) (3.2-7.5) 19.6
5.7-6.4 (pre-diabetes) 170 (37.5) (33.1-42.2) 2.7
<5.7 (normal) 260 (57.4) (52.7-62.0)

*NNS for elevated HbA1c (pre-diabetes and diabetes) is 2.3.

tUsing point-of-care Siemens DCA Vantage.

TB = tuberculosis; Cl = confidence interval; NNS = number needed to screen; HbA1c
= glycated haemoglobin; IQR = interquartile range; min = minimum; max =
maximum.



Public Health Action

DM in TB patients in western Kenya

TABLE 3A Bivariate comparison of characteristics of TB patients with and without DM in five health facilities in western Kenya, 2015-2016

150

Diabetes
Yes No

Characteristic n (%) n (%) P value*

Sex
Male 15 (5.5) 257 (94.5) 0.6
Female 8 (4.4) 173 (95.6)

Age, years, median [IQR] 41 [30-48] 34 [27-42] 0.03
18-39 9(3.1) 284 (96.9) 0.009
=40 14 (8.8) 146 (91.3)

Employment
Formal 1(2.7) 47 (97.9) 0.2
Informal 17 (6.9) 229 (93.1)

None 3(2.9) 102 (96.2)
Missing data 2 52

Education level, median [IQR] 12 [8-14] 11 [8-14] 0.6
No formal schooling 0 (0) 3 (100) 0.8
Primary 6 (5.3) 108 (94.7)

Secondary 6 (4.3) 133 (95.7)
Tertiary 8 (6.1) 123 (93.9)
Missing data 3 63

Income, USD/month, median [IQR] 135 [65-200] 60 [25-150] 0.07
Missing data 7 159

BMI, kg/m2, median [IQR] 19.1 [16.5-23.1] 19.2 [17.2-21.6] 1.0
<18.5 9 (4.7) 181 (95.3) 0.5
18.5-24.9 11 (5.1) 205 (94.9)

25-29.9 2 (6.4) 29 (93.6)
=30 1(14.3) 6 (85.7)
Missing data - 9

Type of TB
PTB SM+ 12 (4.9) 231 (95.1) 0.4
PTB SM- 4(3.3) 116 (96.7)

PTB SND 1(4) 24 (96)
EPTB 6(9.2) 59 (91)

TB category
New TB 21 (5.1) 395 (94.9) 1.0
Previously treated TB 2(5.4) 35 (94.6)

HIV status
HIV-positive 9(5.2) 165 (94.8) 0.3
HIV-negative 13 (4.7) 261 (95.3)

HIV status unknown 1(20) 4 (80)

TB treatment duration, median [IQR] 3.6 [0.7-14] 7.7 [2-18] 0.4
0-2 weeks 10 (8.6) 107 (91.4) 0.1
3-8 weeks 2(1.7) 115 (98.3)

2-4 months 4 (4.5) 85 (95.5)
>4 months 5(3.9) 123 (96.1)

Blood pressure
Normal 14 (4.4) 304 (95.6) 0.8
Elevatedt 5(4.8) 99 (95.2)

Missing data 4 27

Family history of DM 7(3.7) 44 (86.3) 0.009

Classic symptoms of DM
Frequent urination 7 (10.6) 59 (89.4) 0.03
Excessive thirst 7 (9.9) 64 (90.1) 0.07
Increased hunger 7 (9.3) 68 (90.7) 0.08
Excessive tiredness 8 (7.8) 94 (92.2) 0.2
Unintended weight loss 8 (8.4) 87 (91.6) 0.1

=1 DM symptom# 11 (6.1) 169 (93.9) 0.4

*Test for trend if more than two categories exist. No association upon adjustments for confounders (multivariable modelling).

Single reading resulting in either systolic blood pressure =140 mm Hg or diastolic blood pressure =90 mm Hg, or both.

#Presence of =1 classic symptom suggestive of DM.
TB = tuberculosis; DM = diabetes mellitus; IQR = interquartile range; USD = United States dollars; BMI = body mass index; PTB = pulmonary TB; SM+ = smear-positive; SM-

smear-negative; SND = smear not done; EPTB = extra-pulmonary TB; HIV = human immunodeficiency virus.
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TABLE 3B Multivariable comparison of characteristics of TB patients with and without DM in five health facilities in western Kenya, 2015-

COR (95%Cl)

aORT (95%Cl)

2016
Total Diabetes

Characteristic* N n (%)
Age, years

18-39 293 9(3.1)

=40 years 160 14 (8.8)
TB treatment duration

0-2 weeks 117 10 (8.6)

3-8 weeks 117 2(01.7)

2-4 months 89 4 (4.5)

>4 months 128 5(3.9)
Family history of DM 51 7(13.7)
Classic symptom of DM

Frequent urination 66 7 (10.6)

Excessive thirst 71 7 (9.9)

Increased hunger 75 7 (9.3)

Excessive tiredness 102 8 (7.8)

Unintended weight loss 95 8 (8.4)
=1 DM symptomé$ 180 11 (6.1)

Ref
3.03% (1.27-7.21)¢

Ref

0.19% (0.04-0.89)%
0.50 (0.15-1.67)
0.43 (0.14-1.32)
3.80% (1.47-9.84)*

2.74% (1.08-6.99)¢
2.50 (0.98-6.34)
2.32(0.92-5.88)
1.90 (0.78-4.63)
2.10 (0.86-5.12)
1.42 (0.61-3.29)

Ref
3.43% (1.32-8.96)¢

Ref

0.25 (0.05-1.22)
0.46 (0.12-1.70)
0.49 (0.15-1.56)
3.53(1.21-10.32)

1.70 (0.44-6.45)
1.41 (0.36-5.49)
1.35 (0.36-5.06)
0.91 (0.22-3.72)
1.17 (0.32-4.28)
1.36 (0.55-3.40)

*Income is excluded due to sparse data.

tOnly variables of P < 0.2 at the bivariate level are included in the multivariable models.

# Statistically significant, P < 0.05.

§Presence of =1 classic symptom suggestive of diabetes; its multivariable model excludes the classic symptoms.
TB = tuberculosis; DM = diabetes mellitus; cOR = crude/unadjusted odds ratio; Cl = confidence interval; aOR = adjusted odds ratio; Ref = reference group.

though these effects eroded upon further adjustments for con-
founders. Among the classical symptoms suggestive of DM, only
frequent urination appeared to be associated with DM, the effects
of which eroded upon adjustment.

Duration of anti-tuberculosis treatment was the only variable
associated with elevated HbAlc (=5.7%) (Table 4A and B). Treat-
ment duration >2 weeks was generally associated with =40%
lower odds of elevated HbAlc. The presence of any or =1 of the
classical symptoms suggestive of DM was not associated with ele-
vated HbA1c levels.

DISCUSSION

This is the first study to assess DM and pre-diabetes levels in TB
patients by a POC HbAlc method in a high TB-HIV co-infection
setting. We found that 1/20 adult TB patients had DM, which is
more than double the Kenyan population average of 1.9%.26 Al-
most half of the patients had elevated HbAlc levels (pre-diabetes
or DM), and more than two thirds of those with DM were not
aware of their prior status. Older age (=40 years) and a family his-
tory of DM were associated with at least a three times higher
chance of having DM. There were no independent associations
between DM and duration of anti-tuberculosis treatment, BMI,
type of TB or even the classical symptoms suggestive of DM.

This study had several strengths. Patients were recruited con-
secutively, with high enrolment rates and varying lengths of an-
ti-tuberculosis treatment, thus offering insights into DM rates
across TB treatment. The POC HbA1c instruments used are inter-
nationally certified.22 The data were collected in a standardised
manner and double-entered, and checks for consistency were ap-
plied. The conduct and reporting of the study adhered to the
STrengthening the Reporting of OBservational studies in Epidemi-
ology (STROBE) guidelines.3!

One limitation of the study is that DCA Vantage has not been
specifically validated amongst Kenyans. Due to limited funding,

we did not perform tests for haemoglobin that might have af-
fected the HbAlc readings. We did, however, select DCA Vantage
as our preferred HbAlc test to minimise inaccuracies, as it has
consistently been shown to be one of the most reliable POC
HbAlc tests;22 for example, the DCA Vantage assay is affected
only by the foetal haemoglobin (HbF) variant, and not the other
variants HbC, HbD, HbE and HbS.22

Previous studies in sub-Saharan Africa have found rates of DM
among TB patients varying from 1.9% to 6.7%,%103233 and these
are much higher in the Indian subcontinent.!! Although none of
these African studies used HbAlc, and the timing of screening for
DM post-TB treatment initiation was at times unclear, the rates of
DM were still higher than in the comparison groups or the gen-
eral population, indicating a positive relationship between DM
and TB.

There is thus a need to enhance routine programmatic screen-
ing for DM among TB patients in Kenya, as advised by the WHO.18
Although the technology used in the study may initially be un-
available in many programme settings due to cost (an average of
USD $2100-3600 for the base station and USD $7.5 for one sin-
gle-use test kit),22 other, cheaper certified POC HbAlc alternatives
could be considered. HbAlc has several advantages over OGTT or
FBG: it avoids the problems of day-to-day variability of glucose
values, the need to fast or undergo dietary preparations, while re-
taining diagnostic accuracy and correlations with risk of DM-de-
fining complications.2!.3¢ As HbAlc is less affected by transient hy-
perglycaemia, it also reduces the need for multiple repeat tests.20
In its absence, however, cheaper alternatives could be used. In In-
dia and China, two large operational studies showed that TB pa-
tients could be screened for DM at the time of registration by first
asking about the presence or absence of known DM and, in those
denying any known disease, using RBG measurements to identify
patients at risk, followed by FBG measurements in those needing
further screening.l” Other programmatic management issues, such
as recording and reporting, also need to be implemented.20
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TABLE 4A Bivariate comparison of characteristics of TB patients with and without elevated HbA1c* in five health facilities in western Kenya,

2015-2016

DM in TB patients in western Kenya

Elevated glycated haemoglobin

(HbATc =5.7%)

Yes No

Characteristic n (%) n (%) P valuet

Sex
Male 117 (43) 155 (57) 0.8
Female 76 (42) 105 (58)

Age, years, median [IQR] 35 [28-44] 34 [27-41] 0.2
18-39 119 (41) 174 (59) 0.3
=40 74 (46) 86 (54)

Employment
Formal 15 (31) 33 (69) 0.2
Informal 109 (44) 137 (56)

None 46 (43) 60 (57)
Missing data 23 31

Education level, median [IQR] 12 [8-14] 11 [8-14] 0.9
No formal schooling 3 (100) 0 (0) 0.4
Primary 54 (47) 60 (53)

Secondary 52 (37) 87 (63)
Tertiary 58 (44) 73 (56)
Missing data 26 40

Income, USD/month, median [IQR] 75 [30-150] 60 [30-150] 1.0
Missing data 71 95

BMI, kg/m2, median [IQR] 19.1[17.2-21.7] 19.2[17.2-21.6] 0.8
<18.5 80 (42) 110 (58) 1.0
18.5-24.9 93 (43) 123 (57)

25-29.9 13 (42) 18 (58)
=30 3 (43) 4(57)
Missing data 4 5

Type of TB
PTB SM+ 104 (43) 139 (57) 0.7
PTB SM- 49 (41) 71 (59)

PTB SND 9 (36) 16 (64)
EPTB 31 (48) 34 (52)

TB category
New TB 178 (43) 238 (57) 0.8
Previously treated TB 15 (41) 22 (59)

HIV status
HIV-positive 72 (41) 102 (59) 0.2
HIV-negative 117 (43) 157 (57)

HIV status unknown 4 (80) 1 (20)

TB treatment duration, median [IQR] 4.7 [1.1-17.4] 8.6 [3.3-18.8] 0.005
0-2 weeks 66 (56) 51 (44) <0.001
3-8 weeks 47 (40) 70 (60)

2-4 months 24 (27) 65 (73)
>4 months 54 (42) 74 (58)

Blood pressure
Normal 134 (42) 184 (58) 0.8
Elevated* 45 (43) 59 (57)

Missing data 14 17

Family history of DM 27 (53) 24 (47) 0.1

Classic DM symptoms
Frequent urination 27 (41) 39 (59) 0.8
Excessive thirst 35 (49) 36 (51) 0.2
Increased hunger 29 (39) 46 (61) 0.4
Excessive tiredness 46 (45) 56 (55) 0.6
Unintended weight loss 47 (49) 48 (51) 0.1

=1 DM symptoms$ 75 (42) 105 (58) 0.7

*HbAlc = 5.7%.

fTest for trend if >2 categories exist. No association upon adjustments for confounders (multivariable modelling).

#Single reading resulting in either systolic blood pressure =140 mm Hg or diastolic blood pressure =90 mm Hg, or both.

§Presence of =1 classic symptom suggestive of DM.

TB = tuberculosis; HbA1c B = glycated haemoglobin; IQR = interquartile range; USD = United States dollars; BMI = body mass index; PTB = pulmonary TB; SM+ = smear-posi-
tive; SM— = smear-negative; SND = smear not done; EPTB = extra-pulmonary TB; HIV = human immunodeficiency virus; DM = diabetes mellitus.
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TABLE 4B Multivariable comparison of characteristics of TB patients with and without elevated HbATc* in five health

facilities in western Kenya, 2015-2016

Elevated HbATc

Total (=5.7%)

Characteristic N n (%) cOR (95%Cl) aORf (95%Cl)
Age, years

18-39 years 293 119 (41) Ref Ref

=40 years 160 74 (46) 1.26 (0.85-1.86) 1.01  (0.99-1.03)
TB treatment duration

0-2 weeks 117 66 (56) Ref Ref

3-8 weeks 117 47 (40) 0.52% (0.31-0.88)* 0.57% (0.33-0.97)%

2-4 months 89 24 (27) 0.29f (0.15-0.53)* 0.32% (0.17-0.59)%

>4 months 129 54 (42) 0.56% (0.34-0.94)% 0.61 (0.36-1.03)
Family history of DM 51 27 (53) 1.62 (0.90-2.92) 1.71  (0.93-3.15)
Classic symptoms of DM

Frequent urination 66 27 (41) 0.92 (0.54-1.56) 0.80 (0.41-1.54)

Excessive thirst 71 35 (49) 1.37 (0.82-2.28) 1.46 (0.77-2.79)

Increased hunger 75 29 (39) 0.82 (0.49-1.36) 0.80 (0.43-1.47)

Excessive tiredness 102 46 (45) 1.13 (0.73-1.77) 0.95 (0.53-1.71)

Unintended weight loss 95 47 (49) 1.42 (0.90-2.23) 1.30 (0.72-2.35)
=1 DM symptom$ 180 75 (42) 0.94 (0.64-1.37) 0.92 (0.62-1.36)

*HbAlc = 5.7%.

tOnly variables with P < 0.2 at the bivariate level are included in the multivariable models.

#Statistically significant, P < 0.05.
§Presence of =1 classic symptom suggestive of DM.

TB = tuberculosis; HbA1c = glycated haemoglobin; cOR = crude/unadjusted odds ratio; Cl = confidence interval; aOR = adjusted OR; Ref = reference

group; DM = diabetes mellitus.

Of concern also are the high pre-diabetes rates in this study,
with almost 4/10 adult TB patients affected. Similar findings have
been reported by studies using OGTT, although these high rates
may decline upon repeat measurements.?10 As HbAlc reflects av-
erage plasma glucose over the previous 8-12 weeks,?2! it is the least
affected by transient hyperglycaemia. Such high rates could there-
fore be partly a reflection of high pre-diabetes rates in this popu-
lation. Those with pre-diabetes have an increased risk of type 2
diabetes and its complications,!7.35 and should be considered for
DM prevention interventions.!7.21,3435 TB clinics could act as en-
try points for pre-diabetes and DM care.

Several studies have described increased rates of DM among
older age groups, obese persons, pulmonary TB patients and those
with a family history of DM, but no relationship with HIV status
and sex.3236-39 Our study did not find associations with BMI and
type of TB. Although older age was associated with an increased
chance of DM, the rate in the younger age group was still above
that in the general population. Coupled with the lack of associa-
tion with classical symptoms suggestive of DM, no clinical criteria
(except known DM) should be used for pre-screening such
patients.

In conclusion, this study has demonstrated higher rates of DM
and pre-diabetes hyperglycaemia among adult TB patients in
western Kenya. Higher rates of DM were associated with older age
and a family history of DM. These findings support the need for
routine screening of TB patients for DM in Kenya.
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Contexte : Centres tuberculose (TB) de cing structures de santé dans
I'Ouest du Kenya.

Obijectif : Evaluer la prévalence et les déterminants associés du
diabete (DM) et de I'hyperglycémie pré-diabéte chez des patients
adultes atteints de TB grace aux appareils DCA Vantage de dosage
d’hémoglobine glyquée (HbA1c) utilisés sur place.

Schéma : Une étude transversale.

Résultats : Sur 454 patients, 272 (60%) ont été des hommes, leur
age médian a été de 34 ans et 175 (39%) ont été co-infectés par le
virus de I'immunodéficience humaine (VIH) ; la durée médiane du
traitement de la TB a été de 8 semaines et 180 (40%) patients ont fait
état d’au moins un symptome classique suggérant un DM. La
prévalence du DM (HbATc = 6,5%) a été de 5,1% (1C95% 3,2-7,5)

tandis que celle du pré-diabéete (HbATc 5,7-6,4%) a été de 37,5%
(IC95% 33,1-422). Le nombre de dépistages requis (NNS) a été de
19,6 pour diagnostiquer un DM et de 2,7 pour un pré-diabéte. En
combinant les deux, 42,6% (IC95% 38,0-47,3) des patients avaient
soit un pré-diabete soit un DM (NNS 2,3). Sept des 23 patients
atteints de DM étaient au courant de leur statut. Des taux de DM
plus élevés ont été associés avec un age = 40 ans et des antécédents
de DM dans la famille, mais pas avec I'obésité, le type de TB, le statut
du VIH ou des symptémes suggestifs du VIH.

Conclusions : Des taux élevés de pré-diabéete et de DM ont été
découverts chez des patients TB adultes. Cette étude est en faveur du
dépistage de routine du DM chez tous les patients atteints de TB au
Kenya.

Marco de referencia: Los consultorios de atencién de la tuberculosis
(TB) en cinco establecimientos de salud en el occidente de Kenya.
Obijetivo: Evaluar la prevalencia de diabetes (DM) e hiperglucemia
prediabética y los factores determinantes asociados en los pacientes
adultos con diagnéstico de TB, mediante la utilizacion de dispositivos
de diagnéstico (DCA Vantage) que determinan la glucohemoglobina
(HbA1c) en el lugar de atencién.

Método: Un estudio transversal.

Resultados: De los 454 pacientes, 272 fueron de sexo masculino
(60%), la mediana de la edad fue 34 afos, 175 (39%) sufrian
coinfeccién por el virus de la inmunodeficiencia humana (VIH), la
mediana de la duracion del tratamiento antituberculoso fue 8
semanas y 180 pacientes notificaron por lo menos un sintoma
patognoménico de DM (40%). La prevalencia de DM (HbAlc =

6,5%) fue 5,1% (IC 95% 3,2-7,5) y la prevalencia de pre-diabetes
(HbAlc 5,7-6,4%) fue 37,5% (1C95% 33,1-42,2). El nidmero de
pacientes que es necesario cribar (NNC) para detectar un caso de
DM fue 19,6 y 2,7 para un caso de prediabetes. Combinados, el
42,6% de los pacientes presentaba ya sea prediabetes o DM (NNC
2,3; 1C95% 38,0-47,3). Siete de los 23 pacientes con DM conocian
ya su diagnostico. Las tasas mas altas de DM se asociaron con una
edad de 40 afios o0 mas y el antecedente familiar de DM, pero no con
la obesidad, el tipo de TB, la situacién frente al VIH ni la presencia de
sintomas indicativos.

Conclusién: Se encontraron altas tasas de prediabetes y DM en los
pacientes adultos con diagndstico de TB. El presente estudio respalda
la practica de la deteccién sistematica de la DM en los pacientes con
TB en Kenya.
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