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ABSTRACT

Objectives The epidemiological transition from infectious to chronic diseases leads to
novel challenges in African health systems. The prevalence of diabetes mellitus (DM) is
increasing dramatically. Undiagnosed and undertreated DM leads to numerous
complications including end-organ damage and death. Our objectives were to collect
the best locally generated evidence on DM interventions, identify knowledge gaps, and

determine underexplored research areas.
Design A systematic review and meta-analysis of randomized controlled trials.

Participants and setting African patients in primary, secondary and tertiary
prevention, diagnosis and treatment DM type 1 (DM1), type 2 (DM2) and gestational
DM (GDM).

Outcome All-cause mortality, glycemic control, complications, quality of life, hospital

admission, treatment adherence and costs.

Data sources Articles published in MEDLINE Ovid, CENTRAL, CINAHL, African
Journals Online and African Index Medicus and the International Clinical Trials Registry

Platform in English language without time restrictions.

Results Out of 3736 identified publications, we included 60 eligible studies conducted
in 15 countries 75 % were conducted in urban health care settings, including 10,112
participants. We included eight studies on DM1, six on GDM, two on pre-DM, 37 on
mainly DM2 including seven on DM related complications. The design of the studied
intervention was heterogeneous with a focus on educational strategies. The other
studies investigated the efficacy of nutritional strategies including food
supplementations, pharmacological strategies and strategies to enhance physical

activities. Seven studies included interventions on DM-related complications.

Conclusions: Research activities increased in recent years, but available evidence is
still not representative for all African countries and rural areas. We detected a lack of
evidence in primary health care and locally implemented pharmacological
interventions. The identified studies offer a variety of effective approaches as a basis
for local guidelines in the different fields of action in DM care adjusted to regional

circumstances.

PROSPERO registration number: CRD42019122785.

Keywords: Diabetes mellitus, Africa, systematic review, randomized-controlled trial
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Strengths and limitations of this systematic review

e This systematic review includes studies at the highest level of evidence to provide
an overview of the best available interventions to prevent, diagnose and treat DM in
the African context.

e Inclusion criteria are restricted to randomized controlled trials conducted in African
countries published in English language with no restrictions on time of publication.

e We performed a systematic search in four international databases and updated the
search in October 2020.

e The main aim of our systematic review is to provide an overview of interventions for
DM. Meta-analyses are restricted to regularly reported results on HbA1c as strong
clinical outcome indicator of an efficient DM management.

e Limited external validity due to the origin from few countries and urban areas,

results concentrate on glycemic control due to short follow-up periods.
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INTRODUCTION

Diabetes mellitus (DM) and other non-communicable diseases (NCDs) are responsible
for a double burden in African countries due to the epidemiological transition from
communicable to non-communicable diseases and resulting disabilities and deaths (1-
3). In Africa, around 19.4 million adults are living with DM. Prevalence rates range from
4.7 % in Sub Saharan Africa (SSA) to 12.2 % in the Middle East and North Africa
region (4). Due to the increasing prevalence of risk factors such as obesity and
westernized lifestyle, the prevalence of DM is expected to increase by 96 % in SSA
until 2045 (4). Currently, about 50 to 60 % of adults living with DM in African countries
are undiagnosed (4, 5). Low awareness as well as genetic differences and lifestyle
habits result in very heterogeneous prevalence rates of DM between different countries
in Africa as well as rural and urban regions (6, 7). Undiagnosed and undertreated DM
can result in organ damage, and lead to complications like cardiovascular diseases,
peripheral neuropathy, retinopathy and diabetic foot (7, 8). Moreover, these factors
attribute to substantial financial costs for households and governments (9). Recently,
almost one fifth of COVID-19 deaths in African countries occurred among DM patients
(10).

The United Nations 2030 Agenda aims to reduce the burden of premature mortality
from NCD including DM through improvement in prevention and treatment (11).
Measures on DM include early detection in primary health-care settings, lifestyle
modifications including diet, physical activity and, if necessary, medication. Since DM
patients need regular specialist assessment, a functioning referral system is necessary
(12). These general management strategies have to be adjusted to local contexts in
African countries including environmental, cultural and social aspects like the relatively
young age of patients, co-infections, long distances to health-care facilities, traditional
beliefs, decision making in the families and socioeconomic status. Furthermore, there
is a huge genetic diversity on the African continent (13, 14) .

The purpose of this review was to collect the best locally generated evidence,
regarding preventive, diagnostic and therapeutic intervention on DM, as the lack of
evidence is one of the major challenges to prevent and control DM in African countries.
Therefore, we aimed to address existing knowledge gaps and identify unexplored
research areas in the African context. This may support the formulation of local
evidence-based strategies to systematically strengthen clinical and preventive

capacities of healthcare systems in African countries.
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METHODS

We prospectively registered a protocol of this systematic review in the PROSPERO
International Prospective Register of systematic reviews (CRD42019122785). This
systematic review follows the recommendations of the Preferred Reporting Items for
Systematic reviews and Meta-Analyses (PRISMA) (15) and the methods described in

the Cochrane Handbook for Systematic Reviews of Interventions (16).
Inclusion criteria and exclusion criteria

This systematic review includes studies conducted in African countries on the efficacy
of interventions for prevention, diagnosis and treatment of patients with DM including
prediabetes, type 1 (DM1), type 2 (DM2) and gestational DM (GDM). Primary outcome
was defined to be all-cause mortality. Secondary outcomes included glycemic control
(HbA1c, fasting serum or plasma glucose, insulin resistance, oral glucose tolerance
test), quality of life, treatment adherence, hospital admissions, complications of DM and
resulting costs (see Table 1 for detailed inclusion criteria).

We included full-text publications on randomized controlled trials (RCTs) (e.g.
individual RCTs, cluster-RCTs and randomized cross-over trials) according to the
Consolidated Standards of Reporting Trials (CONSORT) (17) published in English
language. We excluded international multicenter studies with less than 50 % of sites in

African countries to ensure that the study location was in Africa.

Design and setting | RCTs, mainly conducted in African countries (at least 50 % African countries in international
studies)

Population African patients in primary, secondary or tertiary prevention with a clinical diagnosis of
e  Prediabetes
e  Diabetes mellitus type 1 (DM1, due to autoimmune B-cell destruction)
e  Diabetes mellitus type 2 (DM2, due to a progressive loss of adequate B-cell insulin
secretion)
e  Gestational diabetes (diagnosed in the second or third trimester of pregnancy that
was not clearly overt diabetes prior to gestation)
As described by the authors

Interventions All interventions to of prevent, diagnose and treat diabetes

Comparison Placebo or standard care
Another intervention or the same intervention with a different dose or timing

Outcome Primary: all-cause mortality
Secondary:
e glucose control (HbAlc, oral glucose tolerance test, insulin resistance, fasting
serum or blood glucose)
e  complications
e quality of life
e hospital admission
e treatment adherence

Additional: costs
at longest follow-up

Publications Full-text publications according to CONSORT
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CONSORT: Consolidated Standards of Reporting Trials; DM: Diabetes mellitus; DM1: Type 1 diabetes; DM2: Type

2 diabetes; GDM: Gestational diabetes; HbAlc: hemoglobin Alc; RCT: randomized controlled trial

Table 1: Inclusion and exclusion criteria
Systematic search

We performed a systematic search in electronic bibliographic databases (MEDLINE
Ovid, CENTRAL, International Clinical Trials Registry Platform of the WHO) as planned
in the protocol and added a search in CINAHL and regional electronic databases
(African Journals Online and African Index Medicus) (see Online Supplemental File 1
material). All searches were performed without time constrictions. The last search was
conducted in October 2020. Search strings were based on Medical Subject Headings
(MeSH) and terms on DM, Africa, a list of all 54 African countries and terms related to
RCTs. All references retrieved from the literature search were exported into a reference
manager software (EndNote) (18). Duplicate references were identified in case of
congruence of authors, title, year and journal and thusly deleted. The search strategy

is avaible in the supplementary file.
Study selection and data extraction.

Two authors independently checked titles and abstracts based on the inclusion criteria
(Table 1). The full texts of all potentially eligible papers were assessed for final
inclusion. All disagreements were resolved by discussion until consensus was obtained
(15). All reported information on the following were extracted and checked by another
author:

e publications, registration and design,

¢ time and place (country, urban/ rural setting and health care setting)

e study population (inclusion and exclusion criteria, sample size and baseline
characteristics on age, gender, type and length of DM, body mass index (BMI)
and gylcemic control at baseline)

e intervention and control groups with the number of randomized participants per
group and duration of the interventions

e outcomes (classified into primary, secondary, non-specified) and

e results on pre-planned outcomes within the longest follow up period with
intervention effects with their 95 % confidence intervals (Cl) and level of
significance.

The study names were defined by the surname of the first author and the year of the
first full-text publication of the results. We compared study and patient characteristics
across studies to ensure that each included study represents a unique publication of

study data. In cross-over RCTs, only data from the first period were used (19).
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Quality assessment and risk of bias

Risk of bias was judged based on seven specific categories (sequence generation,
allocation concealment, blinding of participants/personnel, blinding of outcome
assessors, incomplete outcome data, selective outcome reporting and other sources of
bias) of the Cochrane risk of bias tool as 'low’, 'high' or 'unclear' (16). Judgments were
done by two of the authors and all discrepancies were resolved by discussion.
Judgments on blinding and incomplete outcome data were based on the primary
outcome of included studies. Selective outcome reporting was defined as low when the
study protocol with pre-defined primary and secondary outcomes was available and
high when any result of pre-planned outcomes was missing. Incomplete outcome data
was judged as high when more than 10% of randomized participants dropped out from
analyses. Other sources of bias were judged as high risk of bias including missing
reporting of sample size calculation, no description of a primary endpoint, and relevant
differences of main baseline characteristics between intervention and control groups
(16).

Data synthesis

The results of all pre-defined outcomes were described. Effect sizes on HbA1c for the
longest follow-up period were visualized in forest plots using RevMan (20). Negative
mean differences (MDs) describe lower HbA1c in the intervention compared to the
control group. Statistically significant results on HbA1c with MDs over 0.25 % for
HbA1c were considered clinically relevant. Heterogeneity was interpreted based on the
12 statistics as not important (I < 30 %), moderate (30-60 %) and substantial (1>> 60 %)
(16).

Patient and Public Involvement

There is no patient involved
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1

2

3 RESULTS

4

5 A total of 2865 references were identified from electronic databases and 871 additional
? trials from the Clinical Trials Registry Platform were checked. We evaluated 185
8 potentially eligible full-text publications and included 60 eligible studies in 68
?o publications in this review (Figure 1 and Supplementary file).

11

12

13 References identified through

14 electronic database (n=2865)

15 Medline: 2011

16 CENTRAL: 683 References on studies identified through register

17 CINAHL: 19 searching (n=871)

18 African register: 152

19

20 y A 4

21

22 References screened after duplicates » | References excluded (n=3551)

23 removed (n=3584)

24

o !

26 Full-text publications were assessed for ey | Full-text articles excluded (n=117)

27 eligibility (n=185) Other design or setting (n=28)

28 Other population (n=32)

29 Other intervention (n=8)

30 Other comparison (n=1)

31 Other outcome (n=7)

32 Other publication (n=41)

33

34

35 60 eligible studies included (68 publications)

36

37

38

39

40 Figure 1: PRISMA flow chart describing the process of study selection

41

42 Setting

43

44 In total 60 studies, which were conducted in 64 study centers of 15 African countries;
45 . . . . .

46 North Africa (33 studies from four countries), West Africa (10 studies from three
47 countries), East Africa (seven studies from 7 countries), Central Africa (three studies
48

49 from two countries) and Southern Africa (11 studies only from South Africa) were
g? included. Two studies (Malek 2015 and Chraibi 2017) were conducted in more than
52 one African country and partially conducted in non-African countries. Chraibi (2017)
gi was conducted in Egypt, Morocco, South Arabia and Vietnam. Malek (2015) included
55 four study centers in Alergia, Tunesia, Egypt and South Africa. Those additional study
56

57 centers are presented in brackets behind the country names in Figure 2. Egypt, South
gg Africa and Nigeria are the three study centers included most often in this review (Figure
60 2 and Table 2 available in the supplement).
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Southern Africa Western Africa
- South Africa: 10(+1) - Nigeria: 6
- DM1:1 « Ghana 3
- DM2: 5(+1) - Mali- 1
- GDM: 0 - DM2: 6

— Mixed: 4 — Mixed: 4

Eastern Africa

Northern Africa

- Etiopia: 1 . = Egypt: 26 (+2)
- Mauritius: 1 % of - Tunesia: 1 (+1)
- Rwanda: 1 RCTs - Marocco: 1(+1)
» Tanzania: 1 included « Algeria: 0 (+1)
» Mozambique: 1 - DM1:6
- Zambia: 1 — DM2:13(+5)
- Kenya: 1 - GDM:3
- DM1:1 - Mixed: 6
- DM2: 4 — Prediabetes:1
—- Mixed: 1 | Central Africa
-~ Prediabetes: 1

- Cameroon: 2

« Congo: 1

- DM2: 3

Southern Africa I Western Africa Bl Northem Africa BB Central Africa B Eastem Africa

Figure 2: Geographical regions, countries, and type of DM of the included
studies

Seventy-five percent of the studies (45/60) were set in urban areas, 5 % (3/60) were in
rural areas only. The setting of the remaining 20 % (12/60 studies) was mixed or
remained unclear. The majority, 83 % (50/60) of the studies, were conducted in
secondary and tertiary health care centers, while 17 % (10/60) took place in primary
care settings.

Though the search had no time restrictions, the oldest eligible study (Anderson 2001)
was published in 2001. More than 60 % of the studies were published since 2015, and
22 % of them had been published in 2019 or 2020 (see Table 2 available in the

supplement).
Design

Fifty parallel-group studies randomized individual participants with DM. Six cluster-
randomized studies (Fairall 2016, Labhardt 2011, Mash 2014, Steyn 2013, Utz 2018,
Webb 2015) randomly assigned health care facilities to intervention and control groups.
In three randomized cross-over studies (Abdulrhman 2013, Krawinkel 2018, van der
Hoogt 2017) each participant received different interventions in a random sequence,
and in one study (Ghoneim 2013) each patient received two different treatment doses

for each eye based on a random allocation of eyes and doses.
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Interventions for patients with pre-DM

Two studies randomized a total of 112 overweight or obese patients (BMI 25-35 kg/m?)
with pre-DM (HbA1c 5.7-7.5 %) and a mean age of 32.9 and 47.5 years (see Table 2:
Characteristics and results of studies on patients with pre-DM availble in the
supplement). These studies stated the efficacy regarding glycemic control of low and
high volume, high-intensity interval training strategies (RezkAllah 2019), and the

consumption of bitter gourd to improve glucose control (Krawinkel 2018).

Interventions for patients with DM1

A total of 8 studies were conducted including 595 patients diagnosed with DM1
(Abdulrhman 2013, Elbarbary 2016, Elbarbary 2018, Elbarbary 2020, Malipa 2013,
Mohamad 2009, Salem 2010, van der Hoogt 2017) (see table 3 Characteristics and
results of studies on patients with DM1 available in the supplement). They mainly
included children, adolescents, and young adults with a mean age between 10.4-
19.9 years. The mean duration of DM ranged from 3.5 to 8.6 years and the mean
baseline HbA1c from 7.21 to 9.52 %. The studies investigated heterogeneous
strategies. Malipa 2013 showed the efficacy of weekly meetings to improve treatment
compliance, reduce impact and worries about DM and improve general life satisfaction
in adolescents. Salem 2010 evaluated the efficacy of two exercise programs to reduce
cardiovascular risk with no relevant effect on glucose control. Three studies
investigated different nutritional strategies and stated the beneficial effects of honey
(Abdulrhman 2013) and camel milk (Mohamad 2009) on glucose control. Meals with
low fat and protein (van der Hoogt 2017) caused less frequent hypoglycemic events.
Elbarbary 2016 showed the efficacy of a low-glucose suspension algorithm during
Ramadan to reduce the number of hypo- and hyperglycemic excursions. Two studies
on food supplementation stated improved glycemic control with carnosine (Elbarbary

2018), but no benefit from a vitamin B complex (Elbarbary 2020).

Interventions for patients with DM2

A total of 44 studies were conducted including 8881 patients suffering from DM2 or
different diabetic illnesses (see Table 4: Characteristics and results of studies on
patients with DM2 availble in the supplement). Most studies included patients with a
mean age between 50 and 60 years, only four studies included younger patients (Adjei
2015, El Gayar 2019, Matter 2020, Maharaj 2016). Most studies included more females

than males. These studies presented a wide variety of patients in different stages of
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DM2 and general conditions. They ranged from newly diagnosed DM (El Gayar 2019,
Labhardt 2011, Mostafa 2019, Owolabi 2019, Somanah 2012), non-insulin dependency
or oral insulin therapy (Adibe 2013, Ali 2019, Fayehun 2018, Maharaj 2016, Malek
2015, Ragheb 2020) to durations of over 10 years with severe DM related
complications (Abaza 2017, Nteleki 2015, Tsobigny-Tsague 2018, EI-Shakawy 2016,
Ghoneim 2013, Saeed 2013, Yakoot 2019). Thus, mean baseline HbA1c ranged from
6.75% to 11.1%. Most studies included high proportions of overweight and obese

participants with mean BMIs ranging from 22.4 to 40.8 kg/m?.
Educational strategies

A total of 19 studies with 6942 patients and follow-up periods between 2-14 months
investigated the impact of educational strategies on diabetes treatment. These included
providing information about lifestyle modification measures, dietary recommendations,
drug-based therapy, DM-related complications and self-management. Training
sessions were provided based on group-based educational sessions or individual
treatment plans by nursing staff or pharmacists and complemented by lectures,
discussion services, brochures, newsletters, computer programs, electronic
communication devices and tele-monitoring systems. Three of these studies were led
by nurses (Adibe 2013, Hailu 2018, Labhardt 2011) and two cluster-randomized
studies trained nurses to expand their role in the treatment of patients with NCDs
(Fairall 2016) or aimed to improve guideline implementation in the treatment of patients
with DM (Steyn 2013).

Three studies (Abaza 2017, Adjei 2015, Labhardt 2011) reported results on treatment
adherence. All strategies lead to improved adherence, measured by improved
perception of patients to treatment recommendations (Abaza 2017) or higher regularity
of appointment schedules (Adjei 2015, Labhardt 2011). Two studies (Adibe 2013, Mash
2014) reported results on costs with lower costs for patients receiving educational
strategies. Two studies reported fewer admissions to different health-care facilities
(hospital or emergency room and clinic visits) (Abaza 2017, Chraibi 2017).

Results on quality of life were reported in two studies with follow-up periods over 12
months and conflicting results. A structured self-care education program by
pharmacists and nurses (Adibe 2013) improved quality of life, but no benefit was
shown after group education by trained professionals (Mash 2014).

The majority of the educational strategies resulted in lower mean HbA1c levels in the
intervention groups with a clinically relevant mean decrease of -0.66 % (95 %-Cl -0.94
to -0.39) and substantial heterogeneity between results of different studies (12=64 %)
(Figure 3).
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Figure 3: Results of educational strategies on HbA1c levels or changes of HbA1c

levels of patients with DM2

Strategies to enhance physical activity

Five studies with 359 participants evaluated the efficacy of different strategies to
enhance physical activity on glucose control. Strategies included counselling, setting
goals and training sessions with different intensities or both over periods between 8-12
weeks.

Two studies were successful in lowering HbA1c where patients were given goals to
accumulate 10,000 steps per day (Fayehun 2018) or patients were allocated to
rebound exercise (Maharaj 2016). A third study investigated the effects of aerobic
exercise training and was able to decrease fasting plasma glucose (21).

Two other exercise interventions failed to reduce HbA1c by incremental exercises
compared to relaxation (Van Rooijen 2004) or higher intensity of exercises (Yan 2014)
(Figure 4). Results were not pooled due to considerable heterogeneity with different

directions of treatment effects.

Physical education Control Mean Difference Mean Difference
Study or Subgroup Mean SD  Total Mean SD Total IV, Fixed, 95% Cl IV, Fixed, 95% CI
Favehun 2018 (Migeria) 626 047 23 B.S82 0.32 23 -0.56 [-0.71,-0.41] +
Maharaj 2016 (Nigeria) 7120 1149 45 836 1.25 45 124 [1.74,-0.74] == =
van Rooijen 2004 (South Africa) 843 2489 75 826 1.97 74 0.73[0.01,1.47] E—
Yan 2014 (Mozambigue) TT223 31 772483 10 0.00[1.75,1.74] —
t 1 t

Fa

-4 -2 0 2
Favours physical activity Favours control

Figure 4: Results of strategies to enhance physical activity on HbA1c levels of
patients with DM2

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

BMJ Open

Pharmacological strategies

Three studies with 479 participants tested the efficacy of pharmacological treatment
strategies on glucose control of patients with DM2. El-Haggar 2015 found ketotifen and
glimepiride an effective dual therapy. Malek 2015 described the non-inferiority of once-
daily basal-bolus insulin analogues and thrice daily insulin therapy. Distiller 2014 did
not find an additional improvement with exenatide in addition to insulin and metformin

therapy on glycemic control.
Strategies on food supplementations

Several different food supplementations were tested in 10 studies including 762
participants. Vitamin D3 supplementation had a positive effect on glycemic control in
two studies (Ali 2019, Anyanwu 2016). Four studies tested the effect of plant-based
substances. Ginger powder and balantines aegyptiaca (desert date) extract regimes
supported glucose control (El Gayar 2019, Rashad 2017). Nigella sativa (black cumin)
oil capsules slightly improved glucose control but were inferior to metformin (Moustafa
2019). A regime based on fermented papaya did show beneficial results (Somanah
2012). Anderson 2001 and Matter 2020 showed positive effects of zinc/ chromium in
chronic DM and zinc supplementation in diabetic beta-thalassemia major patients. The
addition of rutin and vitamin C did not improve the results of oral antidiabetics (Ragheb
2020). The addition of I|-carnitine improved diabetic control achieved by glimepiride
treatment (EI-Sheikh 2019).

Strategies on the treatment of DM related complications

Seven studies with 351 participants and follow-up periods between 3-12 months
evaluated different strategies to treat possibly DM-related complications including
periodontitis (3 studies), foot ulcerations (2 studies) and macular edema (2 studies).

El-Makaky 2020 and Tsobgny-Tsague 2018 described the benefit of immediate vs.
delayed non-surgical periodontal interventions on glucose control and El-Sharkawy
2016 stated the effectiveness of propolis as an additive in periodontitis treatment. Two
studies stated a benefit of combined phototherapy and podiatric management (Nteleki
2015) and an additional local ointment application of royal jelly and panthenol (Yakoot
2019) on the healing of lower extremity ulcers. Ghoneim 2013 and Saeed 2013 tested
different diabetic macular edema treatment strategies. Both studies described generally
positive treatment effects but also considerable adverse events including rise of intra

ocular pressure and glaucoma.
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Interventions for patients with DM in a pregnant woman

Six studies included a total of 574 pregnant women at increased risk for gestational DM
(GDM) (Embaby 2016), with newly diagnosed GDM (Utz 2018, EI-Shamy 2018,
Ashoush 2016) or with newly diagnosed GDM or pre-existing DM (Beyuo 2015, Ibrahim
2014) between the 20t and 34t week of pregnancy. The mean age ranged from 24.2-
33.3 years (see Table 5: Characteristics and results of studies on pregnant women with
DM available in the supplements).

Three studies (Ashoush 2016, Beyuo 2015, lbrahim 2014) with 289 participants
examined metformin as an additional medication to insulin in comparison to insulin
therapy only. Effects on glycemic control of metformin supported therapy ranged from a
relevant decrease (Ashoush 2016) to no effect on fasting plasma glucose, but
beneficial effect on two hour plasma glucose in a 75 g OGTT (Beyuo 2015) in women
without insulin resistance.Adding metformin to insulin therapy of pregnant women with
insulin resistant diabetes was associated with several benefits concerning the time of
hospital stay, reduced occurrence of maternal or neonatal hyperglycemia, less
neonatal intensive care unit (NICU) admissions and reduced cases of respiratory
distress syndrome (Ibrahim 2014).

The other studies (285 participants) investigated non-pharmacological interventions.
The tested interventions were aerobic exercise program (treadmill walking) (Embaby
2016), acupressure (EI-Shamy 2018) and screening for GDM, followed by nutritional
and exercise counseling for positive tested women (Utz 2018). The aerobic exercise
program resulted in a relevant reduction of fasting plasma glucose until delivery
(Embaby 2016). The acupressure intervention did not manage to show a benefit
regarding glycemic control (EI-Shamy 2018). Screening, counselling and intensive
follow-up were able to improve glycemic control and reduce the number of newborns

with macrosomia (Utz 2018).

Potential biases

None of the included studies was categorized as low risk of bias in all seven domains
only (see Table 6: Judgement on risk of bias available in the supplements).

The most common restriction on study quality was found in the domain performance
bias due to a lack of blinding of participants and personnel in 48 studies. Detection bias
due to blinding of the outcome assessors was judged as high or unclear in 38 studies.
14 studies with high risk of bias due to no blinding of participants and personnel,

reported adequate methods to ensure blinding of the outcome assessors.
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Another frequent problem was an incomplete analyses of outcome data in 26 studies
defined as a loss to follow-up over 10 % of randomized participants or per-protocol
analyses.

In 23 studies a protocol was available. Risk of bias due to selective outcome reporting
was judged as low in 15 studies. High risk of bias, meaning lack of reporting of results
of some pre-planned outcomes was judged in eight studies (Abdulrhman 2013, Beyuo
2015, Elbarbary 2020, Matter 2020, Owolabi 2019, Somanah 2012, Utz 2018 Yakoot
2019).

In the domain sequence generation, two studies were assessed as high risk. EI- Nteleki
2015 randomized only seven patients into three different treatment groups. Shamy
2018 used a non-probability sampling method on the basis of the hospital admission
code and was subsequently judged as high risk in domains sequence generation and
allocation concealment.

In 31 studies, we identified further methodological limitations including missing
reporting of information on sample-size calculation, definition of primary and secondary
target criteria, relevant differences regarding baseline characteristics or reporting of

intermediate results only.
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DISCUSSION

This systematic review describes interventions from 60 studies to summarize the
available evidence on strategies to prevent, diagnose and treat DM with a total of
12,113 participants from 15 African countries. Several promising interventions were
identified, which could be useful to improve prevention, diagnosis and treatment, and
thus, the prognosis of patients with diabetes.

Proven and effective actions to prevent or delay the onset of DM2 were based on the
empowerment of the population, patients and health care providers (22).
Recommended interventions include primary prevention programs with simple lifestyle
measures to reduce consumption of sugar-sweetened beverages, mandatory detailed
labels on food packaging as well as education and awareness campaigns to increase
physical activity (23). Health systems must ensure technical and financial resources as
well as training of healthcare staff to recognize the symptoms of DM, to perform and
interpret diagnostic tests and provide adequate treatment and care (4). Concerning
pharmacotherapy, priorisation of metformin, gliclazide and human insulin is
recommended (24). Glucometers, needles and test strips should be provided for
people with DM (4). Only a fraction of patients have access to the same treatment as
recommended in high-income countries (25, 26). Evidence-based guidelines support
health care providers and stakeholders in their task to reduce population burden and
improve clinical outcomes. Guidelines should be based on the observed spectrum of
patients with DM and carefully contextualize interventions concerning specific socio-
cultural and economic barriers and facilitators (27). At the moment, most guideline
recommendations in LMIC are based on studies conducted in high-income Western
countries (28). The need for research in LMIC including Africa has been recognized
and may have led to the increasing number of published RCTs from African countries

in recent years.
Screening strategies to diagnose DM and its complications

The rate of undiagnosed patients with DM is estimated to be between 3.9 % in SSA
(29) and 12 % in North Africa (30). This might be related to genetic disparities in the
development level of the health care system and awareness in the general population
(13). The high rates of undiagnosed DM highlight a high need for research on and
implementation of DM screening strategies in the African context. We identified two
studies to improve screening for DM and DM related complications (31-33). Both
studies investigated different strategies in primary health care clinics to detect and
manage women with GDM (31) and screen diabetic patients for complications (34). Utz

2018 detected a high prevalence of GDM with 23.7% of Moroccan pregnant women.
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This underlines the importance of regular screening and management to enable early
interventions at a primary care level (31). Screening strategies for diabetic
complications in a diabetic population receiving primary care found a high rate of
diabetic complications including retinopathy, maculopathy, neuropathy, nephropathy,
possible infarction and severe erectile dysfunction (32-34). The high prevalence rates
and the low rate of patients receiving recommended treatment by specialists resulted in
non-relevant benefits on glucose control underlining the conclusions of two systematic
reviews (7, 35) on the need to adapt preventive strategies to reduce DM and its

complications.
Intervention for patients with pre-DM for primary prevention of DM

We identified two studies on pre-DM patients (36, 37) with elevated blood glucose
levels below diagnosis criteria of DM. RezkAllah et al. (37) were able to improve
glucose levels via interval training. Krawinkel et al. (36) demonstrated reduced fasting
plasma glucose levels in pre-DM using bitter gourd, a plant with antidiabetic properties
that is consumed in many Asian as well as some African countries. Pre-DM is strongly
associated with the development of DM and thusly with its long-term consequences
(38). Both studies offer effective strategies, but further research is necessary,
exemplarily on early educational strategies, as a measure of patient empowerment and
early tackling of DM (39).

Educational strategies for patients and health-care providers

Since DM is a disease with complex challenges for patients and health care providers,
educational campaigns are necessary to support health care providers and empower
patients to manage their disease-associated decisions, lifestyle habits and medication
use. Best benefits are proposed to be achieved by continuous individualized education,
guided by patients’ concerns, preferences and needs (22, 40).

We identified a couple of effective strategies, mainly for patients with DM2 (41-53), one
for patients with DM1 (54) and one for pregnant women with GDM (31). Most of these
studies investigated long-term interventions to supported patient empowerment based
on improved knowledge, motivation, and capacity to take control of their disease (22).
Three studies trialed nurse-led) (42, 48, 49, 55) and 2 studies investigated strategies to
train healthcare providers in the management of patients with DM (56, 57).

In times of growing digitalization, modern communication technologies might have
great potential to improve the accessibility of the African population to high-quality
health care services where human resources are limited (58). The number of people

having access to mobile services is already high and expected to rise over the next
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years (59). Lifestyle focused messages might be an effective low-cost option to keep
patients motivated to adhere to healthy lifestyles (58). One small study (Takenga 2014)
combined DM self-management with tele-medical approaches and stated a significant
decrease of HbA1c levels (51). The application of telemedicine in different areas of DM
management showed promising results in previous studies (60). Currently, the COVID-
19 pandemic has forced all nations to implement alternative, oftentimes digital
strategies including tele-monitoring and teleconsultation to continue care of NCDs (61).
Improvement of patient empowerment resulted in improved adherence and glucose
control, fewer admissions to healthcare facilities and lower costs. Only two studies
reported on the quality of life with heterogeneous results (42, 55, 62). Adibe et al.
(Adibe 2013) (42, 55) showed a benefit with an incremental gain in quality-adjusted life
years (QALY) with improved cost-effectiveness of an additional structural self-care
education program implemented by pharmacists, physicians and nurses. These
findings are supported by results from two systematic reviews showing the usefulness
of nurse-led interventions to reduce cardio-metabolic risk factors in adults with chronic
conditions in Europe (63, 64).

All included studies were adapted to local contexts and the trialed strategies are
potentially adaptable to health care systems in other African and LMIC. Moreover, the
tasks of nurses in NCD care could be redefined and expanded in countries with
comparably few physicians in order to improve DM diagnostics, treatment and

education with regards to local resources.
Strategies to increase physical activity

Seven studies (5 studies on DM2 (21, 65-68), 1 on DM1 (69) and 1 on GDM (70)) on
exercise therapy showed generally positive results concerning effectiveness in
glycemic control. Of the strategies to enhance physical activity, Fayehun 2018
managed to improve glucose control by setting the goal to accumulate 10,000 steps
per day, an intervention that does not require any cost-intensive infrastructure and still
managed to show a significant decrease in HbA1c levels after 4 weeks (65). Similarly,
Yan 2014 found one-hour walking per day to be equally effective as 3-5 times per day
exercise training in HbA1c reduction. Physical activity is generally reviewed as a
beneficial intervention in GDM (71), DM1 (72, 73) and DM2 (74, 75). Long-term

adherence to this strategy needs to further be assessed.
Pharmacological strategies

We identified only six studies (3 studies on DM2 (76-78), 3 on GDM (79-81)) on

pharmacological interventions as a central part of DM care (82) despite known
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differences in DM between African and European Americans (13). This can be due to
the exclusion criteria as we excluded international studies with few sites in African
countries (e.g. (83-88)). Most of the major pharmacological studies only have a few
study centers in Africa. Thus, such research is important and more studies like this
should be conducted in Africa as it is known that among different ethnic and racial
groups the response to drugs can vary. Studies like this could lead to a prioritized used
of medications, which are known to show a good response in African population. El-
Haggar et al. (77) investigated the addition of ketotifen in obese DM2 patients to
glimepiride treatment showing beneficial effects. The beneficial effect of ketotifen as a
mast cell stabilizer has been studied in mice receiving a Western diet and diabetic rats
resulting in a significant reduction of weight gain and glycemic parameters (89, 90).
Further research is necessary to generate more detailed evidence on the use of
ketotifen in diabetic patients.

Malek 2015 (78) reported the usability and safety of a basal-bolus insulin regime with
stepwise intensification in an African setting as an easy to handle, practical option for
DM care. The efficacy of basal-bolus insulin regimes has been previously described in
other settings (91, 92). Currently, the available research on pharmacological
interventions for DM is sparse in Africa. Further research should consider regional
contexts like availability of medication, practicability of the medication (e.g. insulin
needs proper storage (93, 94)) lifestyle habits and genetics (95, 96). Consideration of
findings from African American cohorts seems advisable (97, 98). Three studies on
woman with gestational DM (79-81) tested metformin-based regimes (with or without
insulin support) vs. insulin-only regimes. Metformin-based therapy regimes generally
showed similar results compared to insulin-only regimes concerning glycemic control.
The effectiveness and safety of metformin in GDM has been detailed in other

systematic reviews (99, 100).
Strategies on nutrition and food supplementations

Four small studies tested different nutritional interventions (36, 101-103), mainly for
children and adolescents with DM1 (101-103) with promising results of long-term
consumption of honey (101) and camel milk (102) and a low fat and protein content of
meals (103) on metabolic control for DM1 patients. Especially the positive effects of
camel milk, based on the traditional treatment of DM in arid areas of Africa and Asia,
may offer an interesting management strategy to improve glycemic control, reduce
insulin requirement and limit diabetic complications (104). The study on bitter gourd

consumption for persons with pre-DM (Krawinkel 2018) (36) was discussed above.
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The twelve included studies on food supplementations (2 for DM1, 10 for DM2) showed
some promising results for different adjuvant DM therapies including zinc-gluconate
(105) and zinc-chromium (106) supplementations, ginger powder (107), Nigella sativa
oil capsules (108), L-carnitine (109), L-carnosine (110) as well as vitamin B, C or D
supplementation (62, 111-113) on glycemic control. These results are in line with
previous results from systematic reviews showing benefits in the prevention of DM and
improved glycemic control, lipid profiles and management of DM-related complications
(114-126). On the other hand, beneficial effects on glycemic control shown in two
studies on vitamin D3 supplementation contrasts findings from recent systematic
reviews (127, 128).

New evidence was generated by Rashad 2017 (129) who stated the beneficial effects
of balanites aegyptiaca (desert date) extract on glycemic control. This evergreen tree is
common in arid regions in Africa and was traditionally used in Egyptian traditional

medicine. Helal et al. described similar results in diabetic rats (130).

Strategies on the treatment of DM related complications

Three studies tested the role of periodontitis treatment in diabetic patients (131-133).
Tsobgny-Tsague et al. (133) and ElI-Makaky et al. (131) described the importance of
early treatment start, resulting in favorable patient outcomes in periodontal health and
glucose control. EI-Sharkawy et al. (132) found propolis to be a favorable addition to
planing and scaling. In an Ethiopian cohort, only 21% of DM patients received oral
health screening (134). The WHO regards oral health as a crucial component of health
care with 12-14 % of 35 to 44-year-old Africans suffering from periodontitis (135).
Treatment options for diabetic wounds were tested in two studies (136, 137).
Phototherapy in addition to usual care was first trialed in an African cohort of patients
suffering from diabetic foot ulcers, showing beneficial wound healing outcomes. Similar
results were described in other settings (138). The addition of propolis to usual care
regimes showed improved wound healing. These findings are supported by studies
from other settings (139, 140).

Strength and limitations

The external validity of this systematic review is limited by the focus on a limited
number of countries and u