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Summary
Background There are only limited data from resource-limited settings available on the prevalence of non-commu-
nicable diseases and associated risk factors of tuberculosis patients. This study investigated non-communicable dis-
ease co-morbidity in tuberculosis patients from Moyen Ogoou�e Province, Gabon.

Methods All patients aged 18 years or older consulting for tuberculosis (TB) symptoms in Gabon’s Moyen Ogoou�e
province and neighbouring provinces from November 2018 to November 2020 were screened for diabetes mellitus,
hypertension, and risk factors thereof (obesity, dyslipidaemia, smoking and alcohol consumption). Logistic regres-
sion was performed to identify factors associated with TB-diabetes and TB-hypertension co-morbidities.

Findings Of 583 patients included, 227 (39%) were diagnosed with tuberculosis. In tuberculosis-confirmed patients,
the prevalences of hypertension and diabetes were 16¢3% and 12¢8%, respectively. The prevalence of diabetes was
twice as high in tuberculosis patients compared to non-tuberculosis patients. Factors independently associated with
hypertension-tuberculosis co-morbidity were age >55 years (aOR=8¢5, 95% CI 2¢43, 32¢6), age 45−54 years
(aOR=4.9, 95%CI 1.3−19.8), and moderate alcohol consumption (aOR=2¢4; 95% CI 1¢02- 5¢9), respectively. For dia-
betes-tuberculosis co-morbidity, age >55 years was positively (aOR=9¢13; 95% CI 2¢4−39¢15), and moderate alcohol
consumption inversely associated (aOR=0¢26, 95% CI 0¢08- 0¢73). One-hundred-and-four (46%) of the tuberculosis
patients had at least either dyslipidaemia, hypertension, diabetes, or obesity with a majority of newly-diagnosed
hypertension and diabetes.

Interpretation Integration of screening of non-communicable diseases and their risk factors during TB assessment
for early diagnosis, treatment initiation and chronic care management for better health outcomes should be imple-
mented in all tuberculosis healthcare facilities.
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Research in context

Evidence before this study

We searched PubMed and Google Scholar for studies
published prior to November 2018 assessing the inte-
grated care for non-communicable diseases (NCDs),
amongst tuberculosis patients, to identify the burden of
NCDs and tuberculosis co-morbidity in Gabon and Cen-
tral Africa region. Applying the search terms ‘integrated
care’, ‘point-of-care’, ‘tuberculosis’, ‘non-communicable
diseases’, ‘diabetes mellitus’, ‘hypertension’, ‘obesity‘
without language restrictions did not identify studies
integrating point-of-care testing for both blood glucose,
and cholesterol into a facility-based standard of care for
tuberculosis in Gabon.

Added value of this study

The present study indicates high prevalence of hyper-
tension, diabetes and NCD risk factors, and co-morbidity
in adult tuberculosis patients and controls in Moyen
Ogoou�e region, Gabon. Diabetes prevalence was about
twice as high in tuberculosis patients. Overall, almost
half of the tuberculosis patients had at least either dysli-
pidaemia, hypertension, diabetes, or obesity with the
majority of them with newly-diagnosed hypertension
and diabetes. Factors associated with tuberculosis-dia-
betes and tuberculosis-hypertension co-morbidities
were age older than 55 years and alcohol consumption.

Implications of all the available evidence

The high prevalence of hypertension, diabetes co-mor-
bidities and risk factors thereof in tuberculosis patients
indicates a systematic screening for NCDs and NCD risk
factors should be integrated in tuberculosis care. Inte-
grated chronic disease care of tuberculosis patients
would improve early diagnosis, treatment initiation and
management of co-morbidities for better health
outcomes.
Introduction
Low- and middle-income countries (LMICs) are
experiencing an increasing double burden of communi-
cable and non-communicable diseases (NCDs), with
limited capacity of the health system to address non-
communicable diseases in addition to endemic commu-
nicable diseases such as tuberculosis (TB) or human
immunodeficiency virus (HIV).1,2 Current reports show
a growing evidence of links between communicable dis-
eases and NCDs, or risk factors thereof,3,4 such as
tobacco use, physical inactivity, unhealthy diet, the
harmful use of alcohol, and cardio-metabolic risk factors
such as high blood pressure, overweight/obesity, and
dyslipidaemia.5

Models of TB/HIV co-management such as ‘two dis-
eases, one patient’ have improved early TB diagnosis
and treatment amongst people with HIV infection, and
improved clinical outcomes for both diseases.6 This
concept could also be applied to non-communicable co-
morbidities and tuberculosis. Clinicians receiving
patients with suspected TB will need to acknowledge
that they may be dealing with multiple diseases, of
which some might be beyond their own core expertise
area, in a single patient. Integrated screening and man-
agement could improve early diagnosis and health out-
comes for both conditions.7

Some studies have reported NCD screening in tuber-
culosis patients7−9; however, they focused mainly on

diabetes. The burden of other frequently-occurring

NCDs or risk factors in patients with tuberculosis

remains under-investigated. The absence of investiga-

tion of NCD co- and multi-morbidity amongst patients

with TB may impact negatively on the success of TB

control programmes.6,10 Two-way screening and inte-

grated service management can help with TB control

programmes by improving early diagnosis, treatment,

and treatment outcomes. There is inadequate evidence,

so far, on the feasibility and effectiveness of the screen-

ing and integrated management of NCDs in TB-sus-

pected patients in resource-limited settings.
Gabon is a high-burden TB country,11,12 with an esti-

mated incidence of 521 TB cases per 100,000 inhabitants
reported by the World Health Organization (WHO) in
2019.13 Around 31% of deaths in Gabon are caused by
NCDs.14 It is expected that in the coming years, Gabon will
face the challenge of dealing with a continuously high bur-
den of communicable diseases, while also needing to
address the increasing burden of NCDs.15

The primary objective of this study was to determine
the prevalence of NCDs (diabetes mellitus, hyperten-
sion) and risk factors (obesity, dyslipidaemia and smok-
ing) in tuberculosis patients. The secondary objective of
the study was to investigate factors associated with
tuberculosis, TB-diabetes and TB-hypertension co-mor-
bidities, and to assess the feasibility of integrating
screening for non-communicable diseases and their
risk factors into routine tuberculosis care.
www.thelancet.com Vol 45 Month March, 2022
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Methods
The Strengthening Reporting of Observational Studies
in Epidemiology (STROBE) guideline16 was applied to
report this study.
Study design and setting
A cross-sectional study was performed from November
2018 to November 2020 amongst patients consulting
for tuberculosis symptoms. The study was conducted
across Gabon’s Moyen Ogoou�e province and neighbour-
ing provinces. Gabon (population of 2.17 million in
2020) is one of three African countries, together with
South Africa (58.56 million) and Lesotho (2.13 million),
with a tuberculosis incidence of >500/100,000 (578/
100,000).13 The tuberculosis mortality rate is estimated
at 110 per 100,000 population.13 The WHO estimated
that 10% of Gabon’s population is at risk of death due
to NCDs by 2025.14 The Centre de Recherches
M�edicales de Lambar�en�e (CERMEL) tuberculosis labo-
ratory serves the Moyen-Ogoou�e region, with a catch-
ment area of approximately 170.000 inhabitants, and
constitutes the national reference tuberculosis labora-
tory. In addition, patients from different parts of the
country are regularly referred for consultation to CER-
MEL as clinical research centre,17−19 with its TB labora-
tory having evolved into the National DR-TB reference
laboratory, providing support for the diagnosis of tuber-
culosis, patients management, and drafting and imple-
mentation of tuberculosis guidelines.
Data collection and study procedures
All patients consulting for tuberculosis signs and symp-
toms referred to CERMEL’s tuberculosis laboratory
were invited to participate. Patients were from all the
health facilities in Moyen Ogoou�e region and surround-
ings: (1) in- and outpatient departments of the Albert
Schweitzer Hospital (HAS); (2) in- and outpatient
departments of Georges Rawiri Regional Hospital
(CHRGR); (3) the local outpatient HIV clinic (Centre de
Traitement Ambulatoire [CTA]); (4) the local outpatient
TB clinic (Base d'�epid�emiologie [BELE]); 5) CERMEL;
(6) the Centre de Sant�e de Bifoun; (7) Centre de Sant�e
de Ndjol�e; (8) Centre de Sant�e de Fougamou, and
nearby primary healthcare facilities from Ngouni�e,
Nyanga, Estuaire and Ogoou�e-Maritime provinces.
CERMEL thus represents all ports of entry for TB
patients into the local and regional healthcare system.
All adults (≥18 years) with a presumable TB diagnosis
who attended the CERMEL tuberculosis laboratory, or
who were hospitalised in one of the Lambar�en�e Hospi-
tals, were screened. Patients who were unable to provide
informed consent were excluded. Once agreed to partici-
pate, a written consent was obtained from the partici-
pant, and a structured questionnaire addressing
sociodemographic, smoking, alcohol consumption
www.thelancet.com Vol 45 Month March, 2022
behaviours and clinical information was administered
by the study nurses. The physical examination was per-
formed by a research physician. All patients provided
two sputum samples (one at consultation and one early
next morning) as suggested by the national tuberculosis
control programme and reported by Adegbite et al.20 All
patients consulting for tuberculosis signs and symp-
toms were considered as presumptive TB patients.
Patients with positive Mycobacterium tuberculosis smear
microscopy, MTB RIF Xpert, culture or extra-pulmo-
nary TB (EPTB) were considered confirmed TB. A diag-
nosis of extra-pulmonary confirmed TB was based on
positive MTB RIF Xpert/culture, or ultrasound scan-
ning and clinical evidence consistent with active EPTB
in the absence of an alternative diagnosis, and the deci-
sion of the clinician to treat with a full course of TB che-
motherapy.

Fasting capillary blood glucose was determined
using rapid blood glucose (RBG) metre strips (ACON,
San Diego, CA, USA). A twelve-hours overnight fasting
blood sample was collected from all patients before anti-
tuberculosis treatment was initiated, to measure glu-
cose, glycosylated haemoglobin (HbA1c), triglycerides
(TG), high-density lipoprotein cholesterol (HDL�C),
and total cholesterol (TC). Diagnosis of diabetes was
based on previous medical history of diabetes in the
medical file of the patient or on WHO criteria21 for the
classification of glucose tolerance (diabetic: fasting glu-
cose ≥7¢0 mmol/L, the HbA1c level (≥6¢5%), or random
glucose ≥11¢1 mmol/L with clinical symptoms). Partici-
pants without medical history of diabetes but with
abnormal RBG and normal HbA1c were tested a second
time (a week later) assessing plasma glucose to confirm
the diagnosis of diabetes mellitus. Blood pressure was
measured by a nurse after the subject had rested for at
least five minutes, using an automatic digital blood
pressure monitor (Spengler, Aix-en-Provence, France).
For each patient, two readings were recorded (left and
right arm each once).22,23 Arterial hypertension was
defined as diastolic blood pressure ≥90 mm of Hg
and/or a systolic blood pressure ≥ 140 mm Hg, and/
or use of any participant-reported antihypertensive
drug. Participants without medical history of hyper-
tension (HT) with uncontrolled blood pressure or
high blood glycaemia on screening were invited to
come to the clinic two weeks later for confirmation.
If the diagnosis was indeed confirmed, they were
referred for specialist treatment. Dyslipidaemia was
defined by the presence of high total cholesterol (TC
≥240 mg/dL), low-density lipoprotein cholesterol
(LDL-C ≥ 160 mg/dL), high triglyceride (TG
≥150 mg/dL), and low high-density lipoprotein cho-
lesterol (HDL-C < 40 mg/dL).24 The low-LDL-C level
was calculated using the Friedewald formula
(LDL=TC��HDL-1/5(TG)).25 All biochemical assess-
ments were performed using Cobas� (Roche, Switzer
land) clinical chemistry analysers.
3
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Body weight was recorded in kilograms (kg) using an
automated scale (Omron Healthcare, Hoofddorp, Neth-
erlands). Height was measured in centimetres using a
fixed stadiometer (SECA, Hamburg Germany). Waist
circumference was measured in standing position, the
inelastic tape placed around the patient hipbones, keep-
ing the tape snugly around the waist. Body mass index
(BMI) was calculated as weight (kg) divided by height
(m2) according to the WHO international classification
(18¢5 to 24¢9: normal; 25 to 29¢9: overweight; above 30:
obesity).26 Abdominal obesity was categorised as waist
circumference (WC) ≥ 90 cm (men) and ≥80 cm
(women).27 Participant were asked to provide an estima-
tion of the quantity, the type and the rate of alcohol con-
sumption. Harmful alcohol consumption was defined
according to the Alcohol Use Disorders Identification
Test (AUDIT) score.28 The AUDIT is a 10-item screen-
ing tool developed by the World Health Organization to
assess alcohol use, drinking behaviour, and related
problems. The possible answers to each question are
scored 0, 1, 2, 3 or 4. The range of possible scores is 0 to
40, where 0 indicates a teetotaller who has never had a
problem with alcohol. A value of 1 to 7 indicates a low-
risk consumption according to the guidelines of the
World Health Organization. Values of 8 to 15 indicate
moderate alcohol use disorder.28 For the purpose of this
study we considered only participants with an AUDIT
score of 8 and higher as alcohol users. Any past medical
history including asthma was collected from medical
files, or self-reported by the patients.
Sample size
All TB patients consulting in the study site during the
study period were invited to be included in the study.
The minimum sample size were 162 tuberculosis
patients to be included. The sample size was calculated
using Epi StaCalc software,29 based on an expected dia-
betes prevalence of 12%30 in tuberculosis patients, at a
95% confidence level and 5% precision.
Statistical analysis
Statistical analyses were performed using RStudio (R
Foundation for Statistical Computing, Vienna, Austria)
software.31 The numeric variables were described using
the median and the inter-quartile range. The proportion
of diabetes, hypertension, obesity, smoking in tubercu-
losis and non-tuberculosis patients were determined
and compared using the Chi square test. Factors associ-
ated with hypertension-tuberculosis and diabetes-tuber-
culosis were investigated using multivariable logistic
regression. The multivariable logistic regression model
was built by including clinically relevant variables such
as sex, age, education, smoking, dyslipidaemia and alco-
hol, and factors associated with each event (hyperten-
sion and diabetes) in univariable analyses, with
inclusion criteria of p<0¢2 added. Adjusted odds ratios
(aORs) with 95% confidence intervals (CIs) were reported.
Feasibility and effectiveness of the screening approach
were measured using the mean cost (in FCFA, USD) of
the laboratory test for NCDs diagnosis, the availability of
the screening tool for routine care, the number of patients
needed to screen (NNS) to get one additional new DM or
HT case, and the additional yield of new cases. The NNS
was calculated using the Rembold formula.32 Additional
yield of new cases of NCDs was calculated using the for-
mula: (newly diagnosed cases £ 100)/(known cases+
newly diagnosed cases).30
Ethics approval and consent to participate
The study protocol was endorsed by CERMEL’s institu-
tional Scientific Review Board (SRC) and approved by
the CERMEL’s Institutional Ethics Committee (CEI-
018/2018). Written informed consent was obtained
from all participants included. The study was conducted
in line with the Good Clinical Practice principles of the
International Conference on Harmonization and the
Declaration of Helsinki.
Role of the funding source
The supporting funder of the study had no role in study
design, data collection, data analysis, data interpretation, or
writing of the report. The corresponding author, Martin P.
Grobusch accessed the dataset, and the decision to submit
for publication was jointly taken by all authors.
Results

General characteristics
Table 1 summarises the study population characteristics. A
total of 583 patients presumably having TB were included
in the study, of which 322 (55.2%) were male; the median
age was 39 [IQR 29−51] years; and 144 (24¢7%) were HIV-
positive, amongst whom 49 (34%) were taking HIV antire-
troviral combination therapy. A total of 208 (35¢7) were
underweight. The overall prevalences of hypertension and
diabetes were 22¢8(133) and 8¢7 (51), respectively.Thirty
seven (37/51; 73%) of the diabetes patients knew their sta-
tus. Amongst them only 27%(10/37) had normal glucose
levels. A total of 227 (39%) patients were diagnosed with
tuberculosis (Figure 1), of which 8 (3¢5%) had extrapulmo-
nary tuberculosis, and 14 (6¢2%) had multidrug-resistant
tuberculosis.
Prevalence of diabetes, hypertension, and NCD risk
factors in tuberculosis patients
Twenty-nine (17 with history of diabetes treatment, nine
with repeated fasting glucose ≥7¢0 mmol/L, and three
with HbA1c≥6¢5%) TB patients had diabetes; the preva-
lence of diabetes was 12¢8% (29 /227). Hypertension
www.thelancet.com Vol 45 Month March, 2022



Characteristics All No Tuberculosis Tuberculosis
N = 583(%) N = 356 (61%) N = 227 (39%)

Age group

18−34 years 195 (33¢4) 104 (29¢2) 91 (40¢1)
35−44 years 181 (31¢0) 101 (28¢4) 80 (35¢2)
45−54 years 81 (13¢9) 58 (16¢3) 23 (10¢1)
≥ 55 years 126 (21¢6) 93 (26¢1) 33 (14¢5)

Sex

F 261 (44¢8) 157 (44¢1) 104 (45¢8)
M 322 (55¢2) 199 (55¢9) 123 (54¢2)

Area of residence

Rural 166 (28¢5) 93 (26¢1) 73 (32¢2)
Urban 417 (71¢5) 263 (73¢9) 154 (67¢8)

Educational attainment

None 54 (9¢3) 40 (11¢2) 14 (6¢2)
Primary 150 (25¢7) 99 (27¢8) 51 (22¢5)
Secondary 344 (59¢0) 196 (55¢1) 148 (65¢2)
University 35 (6¢00) 21 (5¢9) 14 (6¢2)

Incomes

Monthly fixed 140 (24¢0) 96 (27¢0) 44 (19¢4)
Daily fixed 44 (7¢6) 30 (8¢4) 14 (6¢2)
Occasional 82 (14¢1) 57 (16¢0) 25 (11¢0)
No income 317 (54¢4) 173 (48¢6) 144 (63¢4)
Size of household

Median [IQR] 5 [3−7] 4 [2−7] 5 [3−7]

Table 1: Sociodemographic characteristics of TB and non-TB patients (total=583).
IQR: interquartile range.

Figure 1. Flow of participants through the screening process.
Legend *DM: diabetes mellitus, HT: hypertension, NCDs: Non-communicable diseases. All patients consulting for tuberculosis

signs and symptoms were considered as presumptive TB patients. Those with laboratory-confirmed TB (or clinical/radiological
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Characteristic All No Tuberculosis Tuberculosis
N = 583(%) N = 356 (61%) N = 227 (39%)

HIV infection

Negative 439 (75¢3) 291 (81¢7) 148 (65¢2)
Positive 144 (24¢7) 65 (18¢3) 79 (34¢8)

Medical History of tuberculosis

No 514 (88¢2) 317 (89¢0) 197 (86¢8)
Yes 69 (11¢8) 39 (11¢0) 30 (13¢2)

Diabetes status

No-diabetes 532 (91¢3) 334 (93¢8) 198 (87¢2)
Diabetes 51 (8¢7) 22 (6¢18) 29 (12¢8)

Medical History of diabetes

No 546 (93¢7) 342 (95) 204 (83)

Yes 37 (6¢3) 20 (5) 17 (7)

Hypertension

No 450 (77¢2) 260 (73¢0) 190 (83¢7)
Yes 133 (22¢8) 96 (27¢0) 37 (16¢3)

Medical history of hypertension

No 525 (90) 310 (86¢1) 215(94¢7)
Yes 58 (10) 46 (12¢9) 12 (5¢3)

Smoking

No 365 (62¢6) 219 (61¢5) 146 (64¢4)
Yes currently 41 (7¢0) 25 (7¢0) 16 (7¢0)
Yes, but I quit smoking 177 (30¢4) 112 (31¢5) 65 (28¢6)
Alcohol consumption

No 358 (61¢4) 222 (62¢4) 136 (59¢9)
Yes 225 (38¢6) 134 (37¢6) 91 (40¢1)

Dyslipidaemia

No 496 (85¢1) 307 (86¢2) 189 (83¢3)
Yes 87 (14¢9) 49 (13¢8) 38 (16¢7)

Body Mass Index

Normal BMI 282 (48¢4) 176 (49¢4) 106 (46¢7)
Underweight 208 (35¢7) 105 (29¢5) 103 (45¢4)
Overweight 48 (8¢2) 37 (10¢4) 11 (4¢9)
Obese 45 (7¢7) 38 (10¢7) 7 (3¢1)

Abdominal obesity

No 532 (91¢3) 314 (88¢2) 218 (96¢0)
Yes 51 (8¢8) 42 (11¢8) 9 (4)

Table 2: Clinical characteristics in TB and non-TB patients (total=583).
Body mass index less to 18¢5 underweight,18¢5 to <25, normal; 25¢0 to <30, overweight; ≥30, obesity. Abdominal obesity: waist circumference (WC) ≥ 90 cm

(men) and ≥80 cm (women). Dyslipidaemia: the presence total cholesterol (TC) ≥240 mg/dL, low-density lipoprotein cholesterol (LDL-C) ≥160 mg/dL, triglyc-

eride (TG) levels ≥150 mg/dL, or high-density lipoprotein cholesterol (HDL�C) < 40 mg/dL, Alcohol consumption(moderate alcohol use disorder): audit score

of 8 or more; Arterial hypertension:s diastolic blood pressure ≥90 mm of Hg and/or a systolic blood pressure ≥ 140 mm Hg, and/or use of any participant-

reported antihypertensive drug; Diabetes: medical history of diabetes mellitus or fasting glucose ≥7.0 mmol/L, the HbA1c level (≥6.5%), or random glucose

≥11.1 mmol/L with clinical symptoms.
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prevalence in tuberculosis-confirmed patients was
16¢3% (37/227), the prevalence of dyslipidaemia was
17¢6% (40/227), and the prevalence of obesity
strong evidence (for extra pulmonary TB) were considered as patien
cumference (WC) ≥ 90 cm (men) and ≥80 cm (women). Dyslipidae
cholesterol (LDL-C) ≥160 mg/dL, triglyceride (TG) levels ≥150 mg/d
Arterial hypertension:diastolic blood pressure ≥90 mm of Hg and/o
ticipant-reported antihypertensive drug. Diabetes: medical history o
≥6.5%, or random glucose ≥11.1 mmol/L with clinical symptoms.
(including abdominal obesity or BMI above 30) was
6¢2% (14/227) Table 2. summarises the prevalence of
diabetes, hypertension, obesity, dyslipidaemia in all of
ts with tuberculosis. Obesity: Body mass index ≥30, or waist cir-
mia: total cholesterol (TC) ≥240 mg/dL, low-density lipoprotein
L, or high-density lipoprotein cholesterol (HDL�C) < 40 mg/dL.
r a systolic blood pressure ≥ 140 mm Hg, and/or use of any par-
f diabetes mellitus or fasting glucose ≥7.0 mmol/L, HbA1c level
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participants, in patient with confirmed tuberculosis and
those without tuberculosis.
Prevalence of TB and NCDS risk factors or HIV co-
morbidity (occurrence of one or more medical
conditions)
A total of 46% (104/227) of tuberculosis patients had at
least one co-morbidity or NCD risk factor (including,
hypertension, diabetes, dyslipidaemia, obesity).When
taking into account HIV, this prevalence is 65%(147/
227). The most-common combination of co-morbidity
or NCDs risk factors in TB patients was HIV-hyperten-
sion and HIV-dyslipidaemia (Figure 2).
Factors associated with tuberculosis
Compared to patients 55 years or older, the patients
within the age categories of 18−34 years and 35−45 years
were more likely to present with tuberculosis
Figure 2. Venn-Euler diagram representing the distribution of partic
The numbers inside intersections represent the total and the

morbidities.

www.thelancet.com Vol 45 Month March, 2022
(aOR=2¢02; 95% CI 1¢11−3¢75, and aOR=2¢09; 95% CI
1¢16−3¢83, respectively). Other factors associated with
tuberculosis in multivariable analysis were diabetes
(aOR=4¢24; 95% CI 2¢17−8¢53), HIV infection
(aOR=2¢31; 95% CI 1¢49−3¢58), rural residency
(aOR=1¢54; 95% CI 1¢01−2¢35) and obesity (aOR=0¢28;
95% CI 0.11−0.65), Table 3.
Factor associated with diabetes, and HBP in
tuberculosis patients
Age older than 55 years (aOR=6¢99; 95%CI 2¢10
−25¢44) and moderate alcohol consumption
(aOR=0¢27; 95% CI 0.09−0.75) were independently
associated with diabetes in multivariable analysis
(Table 4). Age older than 55 years (aOR=7¢48; 95% CI
2¢36−25¢80) and 45−54 years (aOR=4¢35; 95% CI 1¢26
−15¢49); a family history of diabetes (aOR=3¢05; 95% CI
1¢08−8¢38), moderate alcohol consumption (aOR=2¢38;
95% CI 1¢01- 5¢7) were positively and being underweight
ipants according to their co-morbidities or NCDs risk factors.
percentages of tuberculosis patient with the respective co-
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Dependant: tuberculosis Univariable or (95%ci, p¢ value) Adjusted or (95%ci, p¢ value)

Age group ≥ 55 years Ref Ref

45−54 years 1¢12 (0¢59−2¢08, p = 0¢73) 1¢15 (0¢57−2¢31, p = 0¢69)
35−44 years 2¢23 (1¢37−3¢69, p = 0¢01) 2¢09 (1¢16−3¢83, p = 0¢02)
18−34 years 2¢47 (1¢53−4¢05, p<0¢001) 2¢02 (1¢11−3¢75, p = 0¢02)

Sex F Ref Ref

M 0¢93 (0¢67−1¢30, p = 0¢68) 1¢06 (0¢70−1¢63, p = 0¢77)
Area of living Urban Ref Ref

Rural 1¢34 (0¢93−1¢93, p = 0¢12) 1¢54 (1¢01−2¢35, p = 0¢04)
Education attainment None Ref Ref

Primary 1¢47 (0¢75−3¢03, p = 0¢28) 1¢05 (0¢48−2¢34, p = 0¢90)
Secondary 2¢16 (1¢16−4¢24, p = 0¢02) 1¢41 (0¢67−3¢06, p = 0¢37)
University 1¢90 (0¢77−4¢78, p = 0¢16) 1¢42 (0¢50−4¢08, p = 0¢51)

Income Monthly fixed income Ref Ref

Daily fixed income 1¢02 (0¢48−2¢08, p = 0¢96) 0¢74 (0¢32−1¢67, p = 0¢48)
Occasional income 0¢96 (0¢53−1¢72, p = 0¢88) 0¢86 (0¢43−1¢68, p = 0¢65)
No income 1¢82 (1¢20−2¢78, p = 0¢01) 1¢57 (0¢97−2¢58, p = 0¢07)

Diabetes Status No Ref Ref

Yes 2¢22 (1¢25−4¢02, p = 0¢01) 4¢24 (2¢17−8¢53, p<0¢001)
Hypertension No Ref Ref

Yes 0¢53 (0¢34−0¢80, p = 0¢01 0¢78 (0¢48−1¢27, p = 0¢32)
Smoking No Ref Ref

Yes currently 0¢96 (0¢49−1¢84, p = 0¢9) 0¢93 (0¢42−2¢01, p = 0¢86)
Yes, but I quit smoking 0¢87 (0¢60−1¢26, p = 0¢46) 0¢79 (0¢50−1¢24, p = 0¢30)

Alcohol consumption No Ref Ref

Yes 1¢11 (0¢79−1¢56, p = 0¢55) 1¢30 (0¢88−1¢94, p = 0¢19)
Body Mass Index Normal Ref Ref

Obese 0¢31 (0¢12−0¢67, p = 0¢01) 0¢28 (0¢11−0¢65, p = 0¢001)
Overweight 0¢49 (0¢23−0¢98, p = 0¢05) 0¢53 (0¢23−1¢12, p = 0¢11)
Underweight 1¢63 (1¢13−2¢35, p = 0¢01) 1¢43 (0¢96−2¢12, p = 0¢08)

Dyslipidaemia No Ref Ref

Yes 1¢28 (0¢81−2¢01, p = 0¢27) 1¢21 (0¢73−1¢99, p = 0¢45)
HIV infection Negative Ref Ref

Positive 2¢39 (1¢63−3¢51, p<0¢001) 2¢31 (1¢49−3¢58, p<0¢001)

Table 3: Univariable and multivariable risks factor associated with tuberculosis.
Ref = Reference parameter; Body mass index less to 18¢5 underweight,18¢5 to <25, normal; 25¢0 to <30, overweight; ≥30, obesity. Dyslipidaemia:the presence

total cholesterol (TC) ≥240 mg/dL, low-density lipoprotein cholesterol (LDL-C) ≥160 mg/dL, triglyceride (TG) levels ≥150 mg/dL, or high-density lipoprotein

cholesterol (HDL�C) < 40 mg/Dl; Alcohol consumption(moderate alcohol use disorder):audit score of 8 or more; Arterial hypertension:diastolic blood pres-

sure ≥90 mm of Hg and/or a systolic blood pressure ≥ 140 mmHg, and/or use of any participant-reported antihypertensive drug; Diabetes: medical history of

diabetes or fasting glucose ≥7.0 mmol/L, the HbA1c level (≥6.5%), or random glucose ≥11.1 mmol/L with clinical symptoms; OR: odds ratio, aOR: adjusted

odds ratio.
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(aOR=0¢39; 95% CI (0¢15−0¢94) inversely associated
with hypertension (Table 5).
Additional yield of diabetes mellitus, HBP and
feasibility of systematic screening of diabetes and
NCDs factors in TB patients
In TB patients, the additional yield of diabetes case
screening was 41% (12/29); the NNS to detect one new
case of diabetes was 13. The additional yield of hyperten-
sion cases on screening was 68% (25/37), and the NNS
to detect one new case of hypertension was 8.

The feasibility of integrating the routine screening of
NCD in TB patients was assessed by using two tools:
The cost of NCDs screening and the point-of care avail-
ability of a screening tool. The average cost for a patient
without medical insurance is 43,750 FCFA (78¢12
USD). Those covered by the medical insurance would
pay 13,675 FCFA (24¢42 USD). A total of 86% (486/
583) of presumptive TB patients had a medical insur-
ance and 83% (189/227) of tuberculosis patients were
insured. Therefore, screening of NCDs will not signifi-
cantly induce additional cost for the patients.
Discussion
We found the prevalence of NCDs; DM and hyperten-
sion amongst TB patients were 13% and 16%,
www.thelancet.com Vol 45 Month March, 2022



Univariable OR(95%CI, P¢ Value) Adjusted OR(95%CI, P¢ Value)

Age group 18−34 years Ref Ref

35−44 years 1¢33 (0¢46−3¢97, p = 0¢59) 1¢39 (0¢43−4¢63, p = 0¢58)
45−54 years 1¢14 (0¢16−5¢15, p = 0¢87) 0¢47 (0¢05−2¢80, p = 0¢44)
≥ 55 years 6¢86 (2¢46−20¢52, p<0¢001) 6¢99 (2¢10−25¢44, p = 0¢002)

Sex F Ref Ref

M 2¢47 (1¢08−6¢18, p = 0¢04) 1¢72 (0¢57−5¢40, p = 0¢34)
Income Monthly fixed income Ref Ref

Daily fixed income 1¢80 (0¢41−7¢07, p = 0¢40) 3¢72 (0¢67−20¢50, p = 0¢12)
Occasional income 0¢86 (0¢21−3¢08, p = 0¢81) 0¢66 (0¢12−3¢20, p = 0¢61)
No income 0¢45 (0¢17−1¢20, p = 0¢09) 0¢54 (0¢18−1¢75, p = 0¢28)

Hypertension No Ref Ref

Yes 1¢78 (0¢66−4¢37, p = 0¢22) 1¢48 (0¢40−4¢96, p = 0¢53)
Smoking No Ref Ref

Yes currently 1¢25 (0¢18−5¢07, p = 0¢78) 1¢06 (0¢12−6¢38, p = 0¢95)
Yes, but I quit smoking 1¢98 (0¢85−4¢50, p = 0¢10) 1¢47 (0¢51−4¢13, p = 0¢46)

Alcohol consumption No Ref Ref

Yes 0¢53 (0¢21−1¢21, p = 0¢14) 0¢27 (0¢09−0¢75, p = 0¢02)
Body Mass Index Normal Ref Ref

Obese 1¢01 (0¢05−6¢52, p = 0¢99) 0¢97 (0¢04−9¢40, p = 0¢97)
Overweight 1¢35 (0¢19−5¢90, p = 0¢71) 1¢82 (0¢19−11¢53, p = 0¢55)
Underweight 0¢73 (0¢31−1¢65, p = 0¢44) 0¢99 (0¢37−2¢66, p = 0¢98)

Family medical history of diabetes No Ref Ref

Yes 2¢20 (0¢80−5¢49, p = 0¢10) 2¢79 (0¢81−8¢93, p = 0¢08)
Dyslipidaemia No Ref Ref

Yes 0¢50 (0¢12−1¢53, p = 0¢27) 0¢63 (0¢13−2¢25, p = 0¢51)
HIV infection Negative Ref Ref

Positive 0¢56 (0¢21−1¢31, p = 0¢20) 0¢58 (0¢19−1¢60, p = 0¢31)

Table 4: Factors associated with diabetes in tuberculosis patients (29 diabetes cases / in 229 TB cases).
Ref = Reference parameter, Body mass index less to 18¢5 underweight,18¢5 to <25, normal; 25¢0 to <30, overweight; ≥30, obesity. Dyslipidaemia:the presence

total cholesterol (TC) ≥240 mg/dL, low-density lipoprotein cholesterol (LDL-C) ≥160 mg/dL, triglyceride (TG) levels ≥150 mg/dL, or high-density lipoprotein

cholesterol (HDL�C) < 40 mg/dL, Alcohol consumption(moderate alcohol use disorder):audit score of 8 or more; Arterial hypertension: diastolic blood pres-

sure ≥90 mm of Hg and/or a systolic blood pressure ≥ 140 mmHg, and/or use of any participant-reported antihypertensive drug; Diabetes: medical history of

diabetes or fasting glucose ≥7.0 mmol/L, the HbA1c level (≥6.5%), or random glucose ≥11.1 mmol/L with clinical symptoms; OR: odds ratio, aOR: adjusted

odds ratio.
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respectively. The prevalence of DM amongst TB patients
in our study is similar to reports from Nigeria (12%),33

and higher than what was reported from Ethiopia
(8¢3%)34 and Uganda (8¢5%), respectively. The differen-
ces in prevalence across studies might be explained by
the diabetes burden in the general population of each
country. The differences in dietary habits, behaviours,
and the methods of DM screening might explain the
variation in prevalence of DM amongst TB patients in
other studies as compared to ours. The proportion of
new diabetes cases in TB patients (5¢3%,12/227) identi-
fied in our study is similar to that reported from Ethio-
pia (4.9%). The high proportion of newly-diagnosed
diabetes cases in our study highlights the magnitude of
the problem, low awareness, and the importance to sys-
tematically screen for DM, HT and NCD risk factors in
general amongst TB patients.7 As reported previously,
in our study, diabetes in tuberculosis patients is associ-
ated with older age.35 Our findings suggest that
www.thelancet.com Vol 45 Month March, 2022
tuberculosis patients who consumed (moderately, or
more) alcohol had lower odds (aOR=0¢26; 95% CI
(0¢08−0¢73) to present with diabetes. Data on the asso-
ciation between alcohol consumption and the risk of
diabetes are controversial.36 Several meta-analyses sug-
gest that light and moderate alcohol consumption are
associated with a lower risk of diabetes.36−39 As many
observational studies, alcohol consumption in our study
is based on self-reporting; and the quantities consumed
by the patients could not be verified with accuracy;
therefore, the findings should be interpreted with cau-
tion. In the context of this study, we were mainly inter-
ested in the smoking/harmful alcohol use status of the
patients. Our previous study in the same study popula-
tion reported the burden of smoking and alcohol use in
TB patients by reporting the quantity smoked or drunk
per day.20

Few studies in LMICs investigated the burden of
hypertension in tuberculosis patients. The prevalence of
9



Univariable OR (95%CI, P¢ Value) Adjusted OR(95%CI, P¢ Value)

Age group 18−34 years Ref Ref

35−44 years 1¢52 (0¢54−4¢45, p = 0¢428) 1¢21 (0¢40−3¢77, p = 0¢74)
45−54 years 6¢40 (2¢02−20¢95, p = 0¢002) 4¢35 (1¢26−15¢49, p = 0¢02)
≥ 55 years 7¢80 (2¢83−23¢23, p<0¢001) 7¢48 (2¢36−25¢80, p = 0¢01)

Sex F Ref Ref

M 0¢87 (0¢43−1¢78, p = 0¢70) 0¢48 (0¢18−1¢23, p = 0¢13)
Diabetes No Ref Ref

Yes 1¢78 (0¢66−4¢37, p = 0¢23) 1¢18 (0¢34−3¢72, p = 0¢78)
Smoking No Ref Ref

Yes currently 1¢88 (0¢49−5¢97, p = 0¢31) 1¢20 (0¢27−4¢81, p = 0¢79)
Yes, but I quit smoking 1¢15 (0¢50−2¢49, p = 0¢73) 0¢93 (0¢32−2¢57, p = 0¢88)

Alcohol consumption No Ref Ref

Yes 2¢25 (1¢11−4¢66, p = 0¢02) 2¢38 (1¢01−5¢73, p = 0¢04)
Body Mass Index Normal Ref Ref

Obese 0¢60 (0¢03−3¢77, p = 0¢64) 0¢73 (0¢03−5¢95, p = 0¢79)
Overweight 0¢80 (0¢12−3¢39, p = 0¢78) 0¢68 (0¢08−3¢81, p = 0¢69)
Underweight 0¢43 (0¢19−0¢92, p = 0¢03) 0¢39 (0¢15−0¢94, p = 0¢04)

Family medical history of diabetes No Ref Ref

Yes 2¢83 (1¢17−6¢52, p = 0¢01) 3¢05 (1¢08−8¢38, p = 0¢03)
Dyslipidaemia No Ref Ref

Yes 0¢69 (0¢22−1¢77, p = 0¢47) 0¢78 (0¢23−2¢27, p = 0¢66)
HIV infection Negative Ref Ref

Positive 1¢34 (0¢64−2¢75, p = 0¢42) 1¢37 (0¢58−3¢22, p = 0¢46)

Table 5: Factors associated with hypertension in tuberculosis patients (37 cases of hypertension/227 TB patients).
Ref = Reference parameter, Body mass index less to 18¢5 underweight,18¢5 to <25, normal; 25¢0 to <30, overweight; ≥30, obesity. Dyslipidaemia:the presence

total cholesterol (TC) ≥240 mg/dL, low-density lipoprotein cholesterol (LDL-C) ≥160 mg/dL, triglyceride (TG) levels ≥150 mg/dL, or high-density lipoprotein

cholesterol (HDL�C) < 40 mg/dL, Alcohol consumption(moderate alcohol use disorder):audit score of 8 or more; Arterial hypertension: diastolic blood pres-

sure ≥90 mm of Hg and/or a systolic blood pressure ≥ 140 mmHg, and/or use of any participant-reported antihypertensive drug; Diabetes: medical history of

diabetes or fasting glucose ≥7.0 mmol/L, the HbA1c level (≥6.5%), or random glucose ≥11.1 mmol/L with clinical symptoms; OR: odds ratio, aOR: adjusted

odds ratio.
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hypertension in TB patients in the present study is simi-
lar to the 19% reported by Segafredo et al. from Angola.7

Older age and alcohol consumption are associated with
hypertension in tuberculosis patients in our study; a
finding in line with previous reports.35,40 As reported by
other studies,35,41,42 a considerable proportion of our
study population did not know their diabetes and hyper-
tension status. The additional case yield from TB patient
screening was 41% (12/29) and 68% (25/37) for diabetes
and hypertension, respectively. Furthermore, 46%
(104/227) of tuberculosis patients had at least one
comorbidity (hypertension, diabetes) or NCD risk factor
(dyslipidaemia, obesity). A study in Indonesia reported
35¢5% of patients with co-morbidities (asthma, diabetes,
hypertension, myocardial infarction, kidney disease,
neoplasia) in tuberculosis patients.41 Another study con-
ducted in the Philippines reported 40% of subjects with
co-morbidities amongst tuberculosis patients.43 On the
one hand, the slight difference in theses proportions
compared to our study might be due to the co-morbidity
assessment methodology in each study. For example,
the study from the Philippines focused on diabetes,
severe anaemia, obesity, and under-nutrition. On the
other hand, the difference could be explained by the
NCDs respective epidemiological peculiarities of the
country or continent where the studies have been con-
ducted. We were not able to find any study from sub-
Saharan Africa that reported the prevalence of at least
two NCDs, or co-morbidities risk factors, in tuberculosis
patients. An un-diagnosed co-morbidity in tuberculosis
patients might worsen tuberculosis outcome, and
impact negatively on the sucess of a TB control pro-
gramme.6 Our findings stress the utility and feasability
of routine screening for diabetes and other non-commu-
nicable disease in all patients visiting a health care facil-
ity irrespective of the primary motif of consultation.
Lessons learned from operational research aiming to
integrate chronic care using the vertical HIV pro-
grammes as starting point is that those should be imple-
mented for tuberculosis, too.44 The tests used in our
study are widely available and could serve a useful
screening function. Given the numbers needed to test
to detect a new case for each of the non-communicable
diseases, it seems feasible to incorporate routine screen-
ing and secondary prevention of common NCDs. Fur-
thermore, the vast majority of tuberculosis patients in
www.thelancet.com Vol 45 Month March, 2022
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our study has medical insurance. Therefore, screening
for NCDs would not be expensive for patients. However,
systematic screening for non-communicable diseases
during TB care would require capacity building and a
more inclusive focus on the patient’s general health and
well-being. In our study, we worked with nurses who
are in charge of tuberculosis patients screening in rou-
tine activities. Additional screening of NCDs in tubercu-
losis patients did not seem to be a challenge. All TB care
centres in Gabon have the diagnostic tools used in our
study at hand (except for HbAc1 measurement); this dia-
betes point-of-care rapid capillary test could be provided.
The nurses and physicians could be trained continu-
ously in the field to provide screening of NCDs. The
national tuberculosis control program in many LMICs
integrated successfully the screening of HIV in tubercu-
losis patients. This could be easily extended to NCDs. It
will enhance ‘patient-centred care’, in line with the
World Health Organization’s End TB strategy.45

The strengths of our study were the enrolment of a
large number of participants in a consecutive manner
for 24 months in order to cover seasonality factors that
might affect the incidence of tuberculosis cases. The
study was integrated in routine TB activities to safe-
guard representativeness of the participants included.
Only 25 patients declined to participate in the study.
The fact that patients from the whole region towards
particular social strata were captured without bias, that
way limiting the risk of selection bias. Furthermore, the
screening of NCDs in our study was not limited to con-
firmed TB only, but extended to all patients coming
with TB symptoms to make sure that all patients were
given an opportunity of earlier diagnosis of our target
NCD conditions. To our knowledge, our study is the
first performing the screening for NCDs in TB-pre-
sumptive patients and assessing the burden of NCDs
and TB comorbidities in the central African region. All
of the resources needed (laboratory reagents and
machines; qualified medical staff) for the screening are
available in all of the TB clinics referring patients to the
CERMEL TB laboratory. There was no particular chal-
lenge regarding our staff collecting data on additional
clinical information related to NCDs and risk factor dur-
ing the screening of TB patients. Our study showed that
the screening of diabetes and other co-morbidities is fea-
sible in TB health care facilities. Moreover, a higher pro-
portion of patients with national medical insurance
coverage in Gabon provides additional evidence of the
feasibility of the systematic screening without higher
additional cost for the patients. This might not be the
case in other sub-Saharan countries; however, system-
atic screening using at least diabetes point-of-care rapid
capillary testing could be feasible.There are some limita-
tions of our study. Due to self-reporting of some behav-
iour like alcohol drinking and smoking, social
desirability bias may have affected the study findings.
The physical or sportive activities of our study
www.thelancet.com Vol 45 Month March, 2022
population as well as neoplasia co-morbidity, and kid-
ney diseases were not reported. The same applies to
chronic obstructive lung disease (COPD) as pulmonary
function tests are still not available on site. The lipid
profile is known to be affected by acute infections46 and
antiretroviral treatment. The antiretroviral treatment
data were not collected in our study. In the present
study, HbAc1 measurement led to the diagnosis of three
additional (3/29,10%) TB patients with diabetes. In
patients without medical history of diabetes, the concor-
dance between fasting glucose test and HbA1C was 75%
(9/12). Gupte et al. reported in their study47 that the
HbA1c levels declined during anti-tuberculosis treat-
ment, suggesting that repeating HbA1c testing at treat-
ment completion could reduce the risk of manifest
diabetes. On the other hand, a scoping review on the
use of HbA1c in the African setting suggested caution
when interpreting results, since some co-morbidities
such as anaemia and HIV infection could affect HbA1c
levels.48 Due to the cross-sectional design of the present
study, we were not able to repeat HbA1c measurement
at the end of the treatment period. However, the fasting
glucose tests were repeated at the beginning in patients
without medical history of diabetes (presenting with or
without hyperglycaemia), to reduce the risk of diabetes
misdiagnosis. However, the interpretation of our find-
ings should be conducted with caution. We did not col-
lect qualitative information about the acceptability of
the study by a representative medical staff in charge of
TB in the region, so the interpretation of the feasibility
data should be done with caution. However, our study
provided valuable epidemiological data on DM and
NCDs in Gabon's Moyen-Ogoou�e region and suggest
the feasibility of integrating systematic screening of DM
and NCDs condition during TB consultation. Qualita-
tive and quantitative studies investigating the feasibility,
the cost and effectiveness in the national level should be
performed to adjust appropriate public health strategy.
Declaration of interests
None of the authors have a competing interest to
declare.
Acknowledgements
We would like to thank the field workers, staff from
Albert Schweitzer Hospital, Georges Rawiri Hospital
and all health facilities from Moyen-Ogoou�e for their
assistance in data collection and patient management.
Author contributions
BRA, RE, and MPG conceptualised the study. BRA, RE,
AAP, EM, MC, JCD, FJZ, and YJH participated in acqui-
sition of data, MPG, AAS, BRA, PGK and AAA provided
and organised study resources. BRA, MPG, SM
11



Articles

12
interpreted and analysed the data, BRA wrote the origi-
nal draft with input of KKG, MPG, and SM. RE, AAP,
BRA have accessed and verified the data, and BRA and
MPG were responsible for the decision to submit the
manuscript. All authors contributed to the final version
of the manuscript, and approved submission for publi-
cation.
Data sharing statement
Data for this study can be made available publicly. All
interested persons can access the dataset from the corre-
sponding author.
Supplementary materials
Supplementary material associated with this article can
be found in the online version at doi:10.1016/j.
eclinm.2022.101316.
References
1 Atun R, Davies JI, Gale EAM, et al. Diabetes in sub-Saharan Africa:

from clinical care to health policy. Lancet Diabetes Endocrinol.
2017;5:622–667.

2 Stubbs B, Siddiqi K, Elsey H, et al. Tuberculosis and non-commu-
nicable disease multimorbidity: an analysis of the world health sur-
vey in 48 low- and middle-income countries. Int J Environ Res
Public Health. 2021;18:2439.

3 Ahmed M, Omer I, Osman SMA, Ahmed‑Abakur EH. Association
between pulmonary tuberculosis and type 2 diabetes in sudanese
patients. Int J Mycobacteriol. 2017;6:5.

4 L€onnroth K, Williams BG, Stadlin S, Jaramillo E, Dye C. Alcohol
use as a risk factor for tuberculosis - a systematic review. BMC Pub-
lic Health. 2008;8:289.

5 Forouzanfar MH, Afshin A, Alexander LT, et al. Global, regional,
and national comparative risk assessment of 79 behavioural, envi-
ronmental and occupational, and metabolic risks or clusters of
risks, 1990−2015: a systematic analysis for the global burden of
disease study 2015. Lancet. 2016;388:1659–1724.

6 Creswell J, Raviglione M, Ottmani S, et al. Tuberculosis and non-
communicable diseases: neglected links and missed opportunities.
Eur Respir J. 2011;37:1269–1282.

7 Segafredo G, Kapur A, Robbiati C, et al. Integrating TB and non-
communicable diseases services: pilot experience of screening for
diabetes and hypertension in patients with Tuberculosis in Luanda,
Angola. PLoS ONE. 2019;14: e0218052.

8 Lin YH, Chen CP, Chen PY, et al. Screening for pulmonary tuber-
culosis in type 2 diabetes elderly: a cross-sectional study in a com-
munity hospital. BMC Public Health. 2015;15:3.

9 Dooley KE, Chaisson RE. Tuberculosis and diabetes mellitus: con-
vergence of two epidemics. Lancet Infect Dis. 2009;9:737–746.

10 Marais BJ, L€onnroth K, Lawn SD, et al. Tuberculosis comorbidity
with communicable and non-communicable diseases: integrating
health services and control efforts. Lancet Infect Dis. 2013;13:436–
448.

11 B�elard S, Remppis J, Bootsma S, et al. Tuberculosis treatment out-
come and drug resistance in lambar�en�e, gabon: a prospective
cohort study. Am J Trop Med Hyg. 2016;95:472–480.

12 Ateba-Ngoa U, Edoa JR, Adegbite BR, et al. Implementation of
multidrug-resistant tuberculosis (MDR-TB) treatment in Gabon:
lessons learnt from the field. Infection. 2019;47:811–816.

13 Word Health Organization (WHO). Tuberculosis Gabon country
profile. Geneva: WHO, 2020 https://worldhealthorg.shinyapps.io/
tb_profiles/?_inputs_&entity_type=%22country%22tnload "ns_ce:
bib-reference""C:\Templates\Elsevier\Template\References
\AMA_Style_6.3ns&lan=%22EN%22&iso2=%22GA%22 Accessed
8 March 2021.

14 World Health Organization. Noncommunicable Diseases Country
Profiles. Geneva: WHO; 2018.. https://www.who.int/nmh/coun-
tries/2018/gab_en.pdf?ua=1. Accessed 16 March 2021.
15 Atun R, Davies JI, Gale EAM, et al. Diabetes in sub-Saharan Africa:
from clinical care to health policy. Lancet Diabetes Endocrinol.
2017;5:622–667.

16 von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Van-
denbroucke JP. The Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) statement: guidelines for
reporting observational studies. J Clin Epidemiol. 2008;61:344–
349.

17 Ramharter M, Agnandji ST, Adegnika AA, et al. Development of
sustainable research excellence with a global perspective on infec-
tious diseases: centre de Recherches M�edicales de Lambar�en�e
(CERMEL), Gabon.Wien Klin Wochenschr. 2021;133:500–508.

18 Ramharter M, Adegnika AA, Agnandji ST, et al. History and per-
spectives of medical research at the Albert Schweitzer Hospital in
Lambar�en�e, Gabon.Wien Klin Wochenschr. 2007;119:8–12.

19 Alabi AS, Traor�e AN, Loembe MM, et al. Enhanced laboratory
capacity development: a boost for effective tuberculosis control in
resource-limited settings. Int J Infect Dis. 2017;56:81–84.

20 Adegbite BR, Edoa JR, Achimi Agbo P, et al. Epidemiological,
Mycobacteriological, and Clinical Characteristics of Smoking Pul-
monary Tuberculosis Patients, in Lambar�en�e, Gabon: a Cross-Sec-
tional Study. Am J Trop Med Hyg. 2020;103:2501–2505.

21 World Health Organization, International Diabetes Federation.
Definition and diagnosis of diabetes mellitus and intermediate
hyperglycaemia: report of a WHO/IDF consultation. 2006 http://
www.who.int/diabetes/publications/diagnosis_diabetes2006/en/
Accessed 29 March 2021.

22 Mancia G, De Backer G, Dominiczak A, et al. 2007 Guidelines for
the management of arterial hypertension: the Task Force for the
Management of Arterial Hypertension of the European Society of
Hypertension (ESH) and of the European Society of Cardiology
(ESC). Eur Heart J. 2007;28:1462–1536.

23 Parker E, Glasziou P. Use of evidence in hypertension guidelines:
should we measure in both arms? Br J Gen Pract. 2009;59:e87–
e92.

24 Detection, Evaluation, and Treatment of High Blood Cholesterol in
Adults(Adult Treatment Panel III). United States of America:
national cholesterol education program national heart, lung, and
blood institute national institutes of health, 2001.

25 Friedewald WT, Levy RI, Fredrickson DS. Estimation of the con-
centration of low-density lipoprotein cholesterol in plasma, without
use of the preparative ultracentrifuge. Clin Chem. 1972;18:499–
502.

26 World Health Organization. Obesity: Preventing and Managing the
Global epidemic: Report of a WHO Consultation. Geneva: World
Health Organization; 2000.

27 World Health Organization. Waist Circumference and Waist-Hip
ratio: Report of Expert Consultation. Geneva: World Health Organi-
zation; 2011.

28 Babor TF, Higgins-Biddle JC, Saunders JB, Monteiro MG. AUDIT :
the Alcohol Use Disorders Identification test : Guidelines for use in Pri-
mary Health Care. 2nd ed. Geneva: World Health Organization;
2000.

29 Dean AG, Arner TG, Sunki GG, et al. Epi InfoTM, a database and
statistics program for public health professionals. CDC, Atlanta,
GA, USA, 2011.

30 Ekeke N, Ukwaja KN, Chukwu JN, et al. Screening for diabetes
mellitus among tuberculosis patients in Southern Nigeria: a multi-
centre implementation study under programme settings. Sci Rep.
2017;7:44205.

31 Core Team. R:A Language and Environment for Statistical Com-
puting. Vienna, Austria.: R Foundation for Statistical Computing,
2020 https://www.R-project.org/.

32 Rembold CM. Number needed to screen: development of a statistic
for disease screening. BMJ. 1998;317:307–312.

33 Ogbera AO, Kapur A, Abdur-Razzaq H, et al. Clinical profile of dia-
betes mellitus in tuberculosis. BMJ Open Diabetes Res Care. 2015;3.
https://doi.org/10.1136/bmjdrc-2015-000112.

34 Workneh MH, Bjune GA, Yimer SA. Prevalence and associated fac-
tors of diabetes mellitus among tuberculosis patients in South-
Eastern Amhara region, Ethiopia: a cross sectional study. PLoS
ONE. 2016;11: e0147621.

35 Segafredo G, Kapur A, Robbiati C, et al. Integrating TB and non-
communicable diseases services: pilot experience of screening for
diabetes and hypertension in patients with Tuberculosis in Luanda,
Angola. PLoS ONE. 2019;14: e0218052.

36 Li XH, Yu F, Zhou YH, He J. Association between alcohol con-
sumption and the risk of incident type 2 diabetes: a systematic
www.thelancet.com Vol 45 Month March, 2022

https://doi.org/10.1016/j.eclinm.2022.101316
https://doi.org/10.1016/j.eclinm.2022.101316
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0001
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0001
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0001
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0002
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0002
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0002
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0002
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0003
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0003
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0003
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0004
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0004
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0004
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0004
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0005
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0005
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0005
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0005
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0005
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0006
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0006
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0006
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0007
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0007
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0007
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0007
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0008
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0008
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0008
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0009
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0009
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0010
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0010
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0010
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0010
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0010
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0011
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0011
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0011
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0011
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0011
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0011
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0012
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0012
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0012
https://worldhealthorg.shinyapps.io/tb_profiles/?_inputs_&entity_type=%22country%22&lan=%22EN%22&iso2=%22GA%22
https://worldhealthorg.shinyapps.io/tb_profiles/?_inputs_&entity_type=%22country%22&lan=%22EN%22&iso2=%22GA%22
https://worldhealthorg.shinyapps.io/tb_profiles/?_inputs_&entity_type=%22country%22&lan=%22EN%22&iso2=%22GA%22
https://worldhealthorg.shinyapps.io/tb_profiles/?_inputs_&entity_type=%22country%22&lan=%22EN%22&iso2=%22GA%22
https://worldhealthorg.shinyapps.io/tb_profiles/?_inputs_&entity_type=%22country%22&lan=%22EN%22&iso2=%22GA%22
https://worldhealthorg.shinyapps.io/tb_profiles/?_inputs_&entity_type=%22country%22&lan=%22EN%22&iso2=%22GA%22
https://worldhealthorg.shinyapps.io/tb_profiles/?_inputs_&entity_type=%22country%22&lan=%22EN%22&iso2=%22GA%22
https://worldhealthorg.shinyapps.io/tb_profiles/?_inputs_&entity_type=%22country%22&lan=%22EN%22&iso2=%22GA%22
https://worldhealthorg.shinyapps.io/tb_profiles/?_inputs_&entity_type=%22country%22&lan=%22EN%22&iso2=%22GA%22
https://worldhealthorg.shinyapps.io/tb_profiles/?_inputs_&entity_type=%22country%22&lan=%22EN%22&iso2=%22GA%22
https://www.who.int/nmh/countries/2018/gab_en.pdf?ua=1
https://www.who.int/nmh/countries/2018/gab_en.pdf?ua=1
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0015
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0015
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0015
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0016
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0016
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0016
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0016
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0016
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0017
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0017
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0017
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0017
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0017
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0017
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0018
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0018
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0018
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0018
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0018
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0019
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0019
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0019
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0019
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0020
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0020
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0020
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0020
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0020
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0020
http://www.who.int/diabetes/publications/diagnosis_diabetes2006/en/
http://www.who.int/diabetes/publications/diagnosis_diabetes2006/en/
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0022
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0022
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0022
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0022
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0022
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0023
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0023
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0023
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0025
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0025
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0025
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0025
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0026
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0026
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0026
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0027
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0027
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0027
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0028
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0028
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0028
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0028
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0030
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0030
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0030
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0030
https://www.R-project.org/
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0032
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0032
https://doi.org/10.1136/bmjdrc-2015-000112
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0034
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0034
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0034
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0034
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0035
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0035
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0035
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0035
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0036
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0036


Articles
review and dose-response meta-analysis. Am J Clin Nutr.
2016;103:818–829.

37 Pietraszek A, Gregersen S, Hermansen K. Alcohol and type 2 dia-
betes. A review. Nutr Metab Cardiovasc Dis. 2010;20:366–375.

38 Baliunas DO, Taylor BJ, Irving H, et al. Alcohol as a risk factor for
type 2 diabetes. Diabetes Care. 2009;32:2123–2132.

39 Knott C, Bell S, Britton A. Alcohol consumption and the risk of
type 2 diabetes: a systematic review and dose-response meta-analy-
sis of more than 1.9 million individuals from 38 observational stud-
ies. Diabetes Care. 2015;38:1804–1812.

40 Husain K, Ansari RA, Ferder L. Alcohol-induced hypertension:
mechanism and prevention.World J Cardiol. 2014;6:245–252.

41 Asturiningtyas IP, Mulyantoro DK, Kusrini I, Ashar H. Non-com-
municable disease comorbidity and multimorbidity among people
with tuberculosis in Indonesia. ASRO. 2021;24. https://doi.org/
10.36295/ASRO.2021.24191.

42 India Tuberculosis-Diabetes Study Group. Screening of patients
with tuberculosis for diabetes mellitus in India. Trop Med Int
Health. 2013;18:636–645.
www.thelancet.com Vol 45 Month March, 2022
43 White LV, Edwards T, Lee N, et al. Patterns and predictors of co-
morbidities in Tuberculosis: a cross-sectional study in the Philip-
pines. Sci Rep. 2020;10:4100.

44 Njuguna B, Vorkoper S, Patel P, et al. Models of integration of HIV
and noncommunicable disease care in sub-Saharan Africa: lessons
learned and evidence gaps. AIDS. 2018;32:S33–S42.

45 Byrne AL, Marais BJ, Mitnick CD, et al. Feasibility and yield of
screening for non-communicable diseases among treated tubercu-
losis patients in Peru. Int J Tuberc Lung Dis. 2018;22:86–92.

46 Visser BJ, Wieten RW, Nagel IM, Grobusch MP. Serum lipids and
lipoproteins in malaria - a systematic review and meta-analysis.
Malar J. 2013;12:442.

47 Gupte AN, Mave V, Meshram S, et al. Trends in HbA1c levels
and implications for diabetes screening in tuberculosis cases
undergoing treatment in India. Int J Tuberc Lung Dis.
2018;22:800–806.

48 George JA, Erasmus RT. Haemoglobin A1c or glycated albumin for
diagnosis and monitoring diabetes: an african perspective. Indian J
Clin Biochem. 2018;33:255–261.
13

http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0036
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0036
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0037
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0037
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0038
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0038
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0039
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0039
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0039
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0039
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0040
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0040
https://doi.org/10.36295/ASRO.2021.24191
https://doi.org/10.36295/ASRO.2021.24191
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0042
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0042
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0042
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0043
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0043
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0043
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0044
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0044
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0044
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0045
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0045
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0045
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0046
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0046
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0046
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0047
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0047
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0047
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0047
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0048
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0048
http://refhub.elsevier.com/S2589-5370(22)00046-3/sbref0048

	Non-communicable disease co-morbidity and associated factors in tuberculosis patients: A cross-sectional study in Gabon
	Introduction
	Methods
	Study design and setting
	Data collection and study procedures
	Sample size
	Statistical analysis
	Ethics approval and consent to participate
	Role of the funding source

	Results
	General characteristics
	Prevalence of diabetes, hypertension, and NCD risk factors in tuberculosis patients
	Prevalence of TB and NCDS risk factors or HIV co-morbidity (occurrence of one or more medical conditions)
	Factors associated with tuberculosis
	Factor associated with diabetes, and HBP in tuberculosis patients
	Additional yield of diabetes mellitus, HBP and feasibility of systematic screening of diabetes and NCDs factors in TB patients

	Discussion
	Declaration of interests
	Acknowledgements
	Author contributions
	Data sharing statement

	Supplementary materials
	References



