Public Health Action

VOL 9 NO 2 PUBLISHED 21 JuNE 2019

International Union Against Tuberculosis and Lung Disease
Health solutions for the poor

't

Feasibility and yield of screening for diabetes mellitus among
tuberculosis patients in Harare, Zimbabwe
R. T. Ncube,! S. A. Dube,! S. M. Machekera,! C. Timire,!2 C. Zishiri,! K. Charambira,! T. Mapuranga,?

C. Duri,3 C. Sandy,2 R. A. Dlodlo,* Y. Lin*

http://dx.doi.org/10.5588/pha.18.0105

Setting: A resource-limited urban setting in Zimbabwe
with a high burden of tuberculosis (TB) and human im-
munodeficiency virus (HIV).

Obijectives: To determine the feasibility and yield of dia-
betes mellitus (DM) screening among TB patients in pri-
mary health care facilities.

Design: A descriptive study.

Results: Of the 1617 TB patients registered at 10 pilot
facilities, close to two thirds (60%) were male and 798
(49%) were bacteriologically confirmed. The median age
was 37 years; two thirds (67%) were co-infected with
HIV. A total of 1305 (89%) were screened for DM, and
111 (8.5%, 95% Cl 7.0-10.2) were newly diagnosed
with DM. Low TB notifying sites were more likely than
high TB notifying sites to screen patients using random
blood glucose (RBG) (83% vs. 79%; P < 0.04). Screening
increased gradually per quarter over the study period.
There were, however, notable losses along the screening
cascade, the reasons for which will need to be explored
in future studies.

Conclusion: The study findings indicate the feasibility of
DM screening among TB patients, with considerable
yield of persons newly diagnosed with DM. Scaling up of
this intervention will need to address the observed losses
along the screening cascade.

Despite significant progress in tuberculosis (TB)
care and prevention in recent decades, TB re-
mains a major public health problem. In 2017, 10.0
million people worldwide developed TB and 1.6 mil-
lion people died from the disease.! Zimbabwe is a high
TB burden country, with an estimated incidence of
208 per 100000 population.! In 2017, 26401 people
were diagnosed with the disease and approximately
two thirds were co-infected with human immunodefi-
ciency virus (HIV).1

Along with socio-economic development, rapid ur-
banisation, high caloric diet coupled with physical in-
activity, the global burden of diabetes mellitus (DM) is
increasing, particularly in low- and middle-income
countries.23 One in every 11 people (425 million)
worldwide was estimated to have DM in 2017, and
this is expected to rise to 629 million by 2045.2 Africa
is anticipated to have the highest increase in DM,
from 20 million in 2013 to almost 42 million by
2035.45

Zimbabwe is one of the countries that is experienc-
ing a growing burden of non-communicable diseases
(NCDs), including DM.6 In 2017, the prevalence of

DM among adults in Zimbabwe was reported to be
1.3%, translating to 99400 persons living with DM,
with 76.3% estimated to be undiagnosed. DM preva-
lence is predicted to increase to 1.6%, with 265000 es-
timated to have DM by 2045, a more than 2.5-fold
increase.3

People with DM have a two to three-fold risk of de-
veloping TB compared with those without DM.7 Be-
tween 10-15% of all TB incidence in some sub-Saha-
ran African countries, such as neighbouring South
Africa and the Democratic Republic of Congo, has
been attributed to DM.® TB patients with DM have
more severe clinical presentation, with higher likeli-
hood of bacteriologically confirmed disease and cavi-
ties on chest radiographs, than patients without DM,?
and their TB treatment outcomes are frequently worse
than of patients without DM, with delayed sputum
smear conversion, and higher risk of treatment failure
and relapse after successful completion of TB
treatment.”-10

In 2011, the WHO and the International Union
Against Tuberculosis and Lung Disease (The Union)
launched a collaborative framework for the care and
control of persons with DM and TB to guide policy
makers and implementers in combatting the dual epi-
demic, with emphasis on the need for operational re-
search to build an evidence base for public health ac-
tion. Over the past decade, various countries (mainly
in Asia) have applied this framework, reporting a high
yield from screening.'*1* We do not know if the same
approach can be implemented in sub-Saharan African
countries with limited resources and high HIV
burden.

We implemented a project of screening TB patients
for DM supported by the World Diabetes Foundation
(WDF; Bagsveerd, Denmark) and conducted an opera-
tional study using the project data to assess the bur-
den of DM among TB patients and the feasibility of
screening DM among TB patients as measured by 1)
the yield of DM among TB patients, 2) the number of
patients screened, and 3) trends in screening over
time. Findings are likely to contribute to the pool of
emerging evidence, and most importantly, inform
possible scale-up in resource-limited, high TB-HIV bur-
den settings.

METHODS

Study design
This was a descriptive study using routine programme
data.
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TABLE 1 Characteristics of participating health facilities, Harare, Zimbabwe, 2017

Catchment Average daily OPD Notification

population Nurses in post as of ~ Nursing coverage attendance Registered TB patients rate/100000
Facility n 31 December 2017 /100000 population n n population
Budiriro 138416 21 15 238 142 102
Glenview 129551 23 18 207 167 128
Highfield 108958 17 16 170 110 100
Kuwadzana 181304 28 15 228 246 135
Mabvuku 50335 26 52 193 139 276
Mbare 91882 29 32 247 158 171
Mufakose 88542 19 21 142 126 142
Rujeko 77850 22 28 176 144 184
Rutsanana 83256 24 29 190 120 144
Warren Park 75413 19 25 202 96 127
All facilities 1025507 228 22 199 1448 141
Source: 16

OPD = out-patients department; TB = tuberculosis.

Study site

This study was carried out in the capital city of Harare, Zimba-
bwe, with an estimated population of 2231433.13 The City Health
Department is responsible for providing primary health care
(PHC) services to Harare residents. The city has two infectious dis-
ease hospitals and a network of 25 clinics across the city. Compre-
hensive opportunistic infection/antiretroviral treatment (OI/ART)
services have been decentralised to 90% of the clinics from the
two hospitals, and treatment and prevention of priority public
health conditions such as TB and HIV, have been standardised us-
ing national treatment guidelines.4 In 2017, a total of 3310 TB
cases were notified in the city, translating to a notification rate of
148/100000.15

Ten clinics were selected to pilot test the feasibility of imple-
menting routine DM screening among TB patients due to their
relatively high out-patient department (OPD) attendance. These
were Warren Park, Kuwadzana, Rutsanana, Budiriro, Rujeko, Mab-
vuku, Mbare, Highfield, Mufakose and Glenview Clinics. These
facilities are located in poor, densely populated, urban suburbs
and covered a population of 1025507. All pilot sites were in-
cluded in the study.

TB and DM services were integrated with other PHC services at
these clinics. HIV diagnosis and ART services were also offered in
opportunistic infection clinics situated at these facilities. Provid-
er-initiated routine TB screening and investigations were available
to persons living with HIV (PLHIV) in care at every clinic visit. TB
services were predominantly nurse-led, but complicated cases were
referred to a doctor during a scheduled weekly visit to each clinic.
The visiting doctor managed patients diagnosed with DM, with di-
abetic emergencies being referred to central hospitals. For the pur-
poses of this study, facilities were defined as high-volume if they
had an average daily OPD attendance of =200 individuals, and
low-volume if <200. Clinics with TB notification rates >
140/100000 in 2017 were defined as high TB notifying sites, and
low notifying if <140/100000. Nursing coverage per population
served was defined as high if =25/100000, and low if <25/100000.

Screening for diabetes mellitus among tuberculosis patients
During the pilot period from April 2016 to October 2017, TB pa-
tients notified at the selected facilities and not known to have
DM were screened initially with the random blood glucose (RBG)
test using capillary blood from a finger prick. Persons with a RBG
of =6.1 mmol/l were requested to have a fasting blood glucose

(FBG) test on a subsequent visit after a fasting period of at least 10
h. Diagnosis of DM was made based on an FBG result of =7.0
mmol/l. Patients newly diagnosed with DM were initiated on
treatment by a physician either at the clinic or were referred to a
central hospital.

Study population

Newly registered TB patients aged =15 years at any of the above-
mentioned clinics from April 2016 to October 2017 were included
in the study.

TABLE 2 Characteristics of TB patients screened for DM in
participating health facilities in Harare, Zimbabwe, April 2016-
October 2017

Study participants

(n=1617)

Characteristic n (%)
Sex

Male 966 (60)

Female 651 (40)
Age, years, median (Q1-Q3) 37 [30-44]
Type of TB

Bacteriologically confirmed 798 (49)

Clinically diagnosed 818 (51)

Unknown 1(0.1)
HIV status

Negative 501 (31)

Positive 1091 (67)

Unknown 25 (2)
Duration on ART, years

<2 607 (38)

=2 123 (8)

Unknown 361 (22)

Not applicable* 526 (33)
Screened for DM

Yes 1305 (81)

No 312 (19)
DM diagnosed

No 1194 (91)

Yes 111 (9)

*HIV-negative or of unknown HIV status.
TB = tuberculosis; DM = diabetes mellitus; Q = quarter; HIV = human immunodefi-
ciency virus; ART = antiretroviral therapy.
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FIGURE 1 Screening cascade and yield for DM in TB patients in
participating health facilities in Harare, Zimbabwe, April 2016-Octo-
ber 2017. TB = tuberculosis; RBG = random blood glucose; FBG =
fasting blood glucose; DM = diabetes mellitus.

Data variables, data sources and data collection

A structured questionnaire was used to collect the following vari-
ables from the clinics’ TB registers: age, sex, type of TB, HIV sta-
tus, ART status, weight, RBG result, FBG result, DM screening sta-
tus and the number diagnosed with DM. A desk review of the
Harare City Health Department’s 2017 annual report was used to
collect facility data on the catchment population, nursing cover-
age, average daily OPD attendance and the number of registered
TB patients in 2017.16

Statistical analysis

Data from the questionnaire were double-entered and analysed
using EpiData v3.1 (EpiData Association, Odense, Denmark). A
logic check was used to identify errors made during data entry,
and appropriate corrections made. Categorical data were analysed
using frequencies and proportions, and a Z-test to determine dif-
ferences in proportions, with the significance level set at 5%. The
burden of DM among TB patients was measured by the percent-
age yield of DM among TB patients screened; the feasibility of
screening was determined by the number of patients screened
and trend of screening over time.

Ethical approval

Ethical approval was obtained from the institutional review board
of Harare City Health Department, Harare, and the Medical Re-
search Council, Harare, Zimbabwe (document number MRCZ/
A/2208).
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RESULTS

Characteristics of the health facilities

Characteristics of the 10 facilities are shown in Table 1. The TB
notification rates per 100000 ranged from 100 in Highfields to
276 in Mabvuku, while the average daily OPD attendance ranged
from 142 in Mufakose to 247 in Mbare. The nursing coverage by
facility ranged from 15/100000 served in Budiriro and Mabvuku,
to 52/100000 in Kuwadzana.

Characteristics of the study participants

A total of 1617 TB patients were notified by the pilot facilities;
966 (60%) were males. The median age was 37 years (interquartile
range 30-44). Two thirds of the patients (1091/1617) were
HIV-positive, 607 (38%) of whom had been on ART for <2 years
(Table 2). Of the 1617 patients, 798 (49%) were bacteriologically
confirmed.

Screening cascade and yield for DM

A total of 1305 (81%) were screened using RBG, 617 (47%) of
whom had an RBG of =6.1 mmol/l and were therefore eligible for
an FBG test. Of those eligible, 427 (69%) underwent FBG testing,
and 111 (26%) were diagnosed with DM (Figure 1). This translates
to an overall DM yield of 9% (111/1305) among TB patients
screened using RBG. The DM yield among participants with RBG
= 6.1 mmol/l ranged from 11% (Kuwadzana) to 38% (Mbare),
with an overall yield of respectively 3% and 16% among all TB
patients screened. The Highfield and Kuwadzana clinics that had
the lowest TB notification rates (100-135/100000) screened the
highest proportions of these patients with RBG, respectively 99%
and 98% (Table 3).

Low TB notifying sites were likely to screen more patients with
RBG than high TB notifying sites (83% vs. 79%; P < 0.04). There
was, however, no significant differences in screening by out-pa-
tient volume (high- compared to low-volume facilities) or nursing
coverage (high- compared to low-coverage facilities) (Table 4).

Trend of DM screening by quarter

The proportion of TB patients screened with RBG rose from 36%
in the April-June 2016 quarter to a peak of 89% in the April-June
2017 quarter. The proportion of patients eligible and who re-
turned for FBG screening was consistently lower than the propor-
tion screened with RBG in all quarters, ranging from 27% in the
April-June 2016 quarter to 61% in the October-December 2016
quarter (Figure 2).

TABLE 3 DM screening in TB patients per health facility, Harare, Zimbabwe, April 2016-October 2017

Registered in TB clinic Screened using RBG

RBG = 6.1 mmol/I

Newly diagnosed DM with

Screened using FBG FBG = 7.0 mmol/I

Facility n n (%) n (%) n (%) n (%)
Budiriro 132 115 (87) 57 (50) 37 (65) 9 (24)
Glenview 216 159 (74) 69 (43) 45 (65) 13 (29)
Highfield 133 132 (99) 77 (58) 63 (81) 19 (30)
Kuwadzana 92 90 (98) 39 (43) 28 (72) 3(11)
Mabvuku 190 127 (67) 47 (37) 33 (70) 8 (24)
Mbare 154 132 (86) 71 (54) 55(77) 21 (38)
Mufakose 183 119 (65) 57 (48) 31 (54) 4 (13)
Rujeko 216 186 (86) 79 (42) 41 (52) 707)
Rutsanana 156 145 (93) 70 (48) 55(79) 14 (25)
Warren Park 145 100 (69) 51 (51) 39 (76) 13 (33)
All facilities 1617 1305 (81) 617 (47) 427 (69) 111 (26)

DM = diabetes mellitus; TB = tuberculosis; RBG = random blood glucose; FBG = fasting blood glucose.
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TABLE 4 Diabetes mellitus screening in TB patients by out-patient volume, TB burden and nursing coverage, Harare, Zimbabwe, April

2016-October 2017

Registered in TB clinic  Screened for RBG

RBG = 6.1 mmol/|

Screened for FBG

Variable n n (%) P value* n n (%) P value*
By patient volume

High-volume sitest 739 596 (81) 287 204 (71)

Low-volume sites# 878 709 (81) 1 303 223 (68) 0.42
By TB burden

High TB notifying® 899 709 (79) 324 215 (66)

Low TB notifying? 718 596 (83) <0.04 293 212 (72) 0.11
By nursing coverage

High coveraget 861 690 (80) 318 223 (70)

Low coverage** 756 615 (81) 0.61 299 204 (68) 0.59

* Z-test for difference in proportions.

T Average daily OPD attendance =200 persons.
*Average daily OPD attendance <200 persons.
$TB notification rate = 140/100000.

1TB notification rate < 140/100000.

#Nursing coverage = 25/100000.

**Nursing coverage < 25/100000.

TB = tuberculosis; RBG = random blood glucose; FBG = fasting blood glucose; OPD = out-patient department.

DISCUSSION

This is the first study in Zimbabwe to explore the feasibility and
yield of routine DM screening among TB patients. The study ad-
hered to the STROBE (Strengthening the Reporting of Observa-
tional Studies in Epidemiology) guidelines on the conduct of ob-
servational studies.!” It was carried out in routine programme
settings at urban primary health care facilities with limited re-
sources, and therefore reflects the actual situation in the field.

The prevalence of DM among TB patients in our study was
8.5% (95% CI 7.1-10.1), similar to that reported in Ethiopia
(8.3%).18 This was, however, lower than the prevalence reported
in Tanzania (16.7%) and in Nigeria (12.3%).1920 The prevalence of
DM among TB patients in our study was more than four times
higher than what has been reported in the general adult popula-
tion of Zimbabwe.3 Our findings echo the findings from a system-
atic review where DM patients had a 3.6-fold increased risk of ac-
tive TB compared to non-DM patients in four prospective
studies.?!

Over 80% of registered TB patients were screened with RBG, the
trend increasing over time, which could reflect an incremental in-

%
o
S

crease in adoption of the intervention by health workers over
time. Ongoing mentorship and supervision at the sites might have
also contributed towards the improved output. Among patients
with RBG = 6.1 mmol/], a consistently lower proportion of pa-
tients returned for FBG every quarter. Speculative reasons for the
drop off could be patient-related factors such as patients unable to
return for a second visit due to transport cost-related barriers, or
health service factors such as possible lapses in inter-personal
communication between health care worker and patient on the
need for a return visit. These possible reasons require further ex-
ploration in future studies. Given these losses along the screening
cascade, it is likely that the observed yield of DM in this study was
an under-estimate of the actual burden of DM among TB patients
in Harare. In better resourced, middle-income settings, such as
China and India, over 95% of TB patients were successfully
screened for DM.1112.22.23 Furthermore, any intention to scale up
this intervention beyond these pilot sites should pay attention to
‘closing the leaking tap’ along the screening cascade.

In this study, health facilities with a lower TB case load (low TB
notifying sites) were likely to screen more patients for DM. In con-
trast, there was no difference in screening uptake when comparing

—e - -TB patients screened using RBG

—a—TB patients screened using FBG

FIGURE 2 Trends in diabetes mellitus screening in TB patients at participating
health facilities in Harare, Zimbabwe by quarter, April 2016-September 2017.
TB = tuberculosis; RBG = random blood glucose; FBG = fasting blood glucose.
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sites with different workloads, as measured by daily OPD atten-
dance or nursing staffing coverage. This is contrary to findings for
other public health programmes, where quantity and maldistribu-
tion of staff have been documented as important barriers to care.24

The strengths of this study included the fact that it was carried
out in a programme setting using routinely collected data. There
were also certain limitations. First, capillary blood samples were
analysed using a glucometer with no quality assurance, instead of
testing venous blood samples using a biochemical analyser. This
may have caused some testing bias.25 Second, DM was diagnosed
using FBG alone, without oral glucose tolerance or glycosylated
haemoglobin testing. This may have led to an underestimation of
DM prevalence in TB patients.2¢ Third, blood glucose was mea-
sured only once immediately after TB registration, without a con-
firmation test at the end of TB treatment. We were therefore not
able to ascertain whether or not there were any cases of hypergly-
caemia induced by transient infections, as reported in the litera-
ture. This should be explored in future studies.2”

CONCLUSION

Screening TB patients for DM in a PHC setting in Zimbabwe was
found to be feasible. The intervention was high-yielding and
should be considered for phased national scale-up. It is, however,
critical that regular supportive, data-driven supervision and provi-
sion of essential consumables such as gluco strips be provided to
ensure a high quality of DM-TB integrated care with a minimum
number of patients dropping out of the care cascade.
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Contexte : Un contexte tres affecté par la tuberculose (TB) et le virus
de limmunodéficience humaine (VIH) dans une zone urbaine a
ressources limitées du Zimbabwe.

Obijectif : Déterminer la faisabilité et le rendement du dépistage du
diabete (DM) parmi les patients TB des structures de santé primaires.
Schéma : Une étude descriptive.

Résultats : Sur les 1617 patients TB enregistrés dans 10 structures
pilotes, prés de deux tiers (60%) ont été des hommes et 798 (49%)
ont été confirmés par bactériologie. L'dge médian a été de 37 ans et
deux tiers (67%) ont été co-infectés par le VIH. Un total de 1305
(89%) patients ont eu un dépistage du DM et 111 (8,5% ; IC 95%
7,0-10,2) ont été des diagnostics nouveaux de DM. Les sites notifiant

peu de TB ont été plus susceptibles de dépister davantage de patients
(test de glycémie aléatoire) plutét que les sites notifiant de
nombreuses TB (83% contre 79% ; P < 0,04). Le dépistage a
progressivement augmenté a chaque trimestre de la période d’étude.
Il'y a cependant eu des pertes notables tout au long de la cascade de
dépistage, pour des raisons qui devraient étre explorées dans de
futures études.

Conclusion : Les résultats de I'étude sont en faveur de la faisabilité du
dépistage du DM parmi les patients TB avec un rendement
considérable de nouveaux diagnostics de DM. L'expansion de cette
intervention devra prendre soin d’examiner le probléme des pertes
observées au long de la cascade de dépistage.
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Marco de Referencia: Un entorno con alta carga de morbilidad por
tuberculosis (TB) e infeccién por el virus de la inmunodeficiencia
humana (VIH) en Zimbabwe.

Objetivos: Determinar la factibilidad y el rendimiento de la deteccién
sistematica de la diabetes (DM) en los pacientes con TB en los
establecimientos de atencién primaria de salud.

Método: Fue este un estudio descriptivo.

Resultados: De los 1617 pacientes con TB registrados en 10
establecimientos piloto, cerca de dos tercios (60%) eran de sexo
masculino y en 798 casos se obtuvo la confirmacién bacteriolégica del
diagnéstico (49%). La mediana de la edad fue 37 afios y dos tercios de
los pacientes presentaban coinfecciéon por el VIH (67%). Se realizé el
tamizaje de la DM en 1305 pacientes (89%) y en 111 se estableci6 un

diagnéstico nuevo de DM (8,5%; IC 95% 7,0-10,2). La probabilidad
de practicar una prueba de glucemia sin ayuno fue mayor en los
centros con baja notificacién de TB que en los centros con notificacion
alta (83% contra 79%; P < 0,04). El tamizaje aument6 gradualmente
cada trimestre durante el periodo del estudio. Sin embargo, se
observaron pérdidas considerables a lo largo de la secuencia de
deteccidn, cuyas causas se deben investigar en estudios futuros.
Conclusion: Los resultados del estudio indican que es factible
practicar la deteccién sistematica de la DM en los pacientes con TB,
con un rendimiento diagnéstico notable de casos nuevos de DM.
Durante la ampliacién de escala de esta intervencion sera necesario
abordar las pérdidas observadas a lo largo de la secuencia de la
deteccién sistematica.
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