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Background: he prevalence and mortality rates of diabetes in sub-Saharan Africa and other developing T
regions of the world have continued to rise but diabetes-related health expenditure has remainedlow. 
Therefore, it has become imperative to find and implement innovative ways of delivering optimum diabetes 
care within the limits of available resources.

Objectives:This review examines ways of providing evidence based management of diabetes in 
environments with limited health care budget.

Methods: We conducted a literature review to determine the state of diabetes-related morbidity and 
mortality and diabetes carein sub-Saharan Africa, especially in Nigeria.

Results and Conclusion:About4.7% (19.4 million) adults have diabetes in sub-Saharan Africa and an 
estimated 2.7 million Nigerians are living with diabetes. Approximately 366,200 people died from diabetes-
related causes in the African sub region in 2019.Furthermore, many patients suffer from chronic diabetic 
complications including microvascular and macrovascular disease and diabetesremains a major cause of 
blindness, amputation, kidney failure, heart disease and stroke. iabetes-related health expenditure was only D
$9.5 billion in sub-Saharan African 2019 compared to $324.5 billion in North America.Majority of patients 
are unable to achieve the recommended glycemic targets due to low socio-economic status, difficulty with 
affording medications and limited access to diabetes technologies.

We here proffer evidence-based practical and adaptablepharmacological and non-pharmacological solutions 
to optimize diabetes care in the face of financial constraints. Primary prevention of diabetes remains the most 
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promising option to reverse the current trend in developing nations. In the absence of advanced 
cardiovascular and renal care, prevention of complications by use of anti-hyperglycemic agents that have 
been proven to reduce the incidence of cardiovascular and renal sequalaeshould be pursued vigorously.
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1. Introduction
he International Diabetes Federation (IDF) Tcurrently estimates that 4.7% (19.4 million) 

adults have diabetes in sub-Saharan Africa. 
This number is projected to rise by 143% to 47.1 

 1
million, a prevalence rate of 5.2% in 2045 . 
Nigeria has about 2.7 million people living with 

10diabetes, with estimated prevalence rate <5% , 
although a recent meta-analysis of 23 studies 
with a total sample size of 14,650 subjects 

2reported a pooled prevalence of 5.8% . These 
prevalence rates may be underestimated since 
~50% of people with diabetes in Africa remain 

1
undiagnosed . Diabetes accounted for about 
366,200 deaths (~7% of all-cause mortality) in 

1the African sub- region in 2019 .The prevalence 
of diabetes in Africa continues to rise but 
diabetes-related health expenditure remains 
low with $9.5 billion spent in 2019 compared to 
$161.4 billion in Europe and $324.5 billion in 

1North America . Given the lean resources 
available for the care of subjects with diabetes in 
developing nations, there is the need to examine 
ways of optimizing care within the limits of 
available resources: doing more with less. The 
main focus of this review is type 2 diabetes 
(T2DM), which accounts for ~95% of all cases of 
diabetes.

2. Approach to Management of Diabetes
Lifestyle management, including diabetes self-
management education and support (DSMES), 
medical nutrition therapy (MNT), physical 
activity, smoking cessation counseling, and 
psychosocial care remains the foundation of 
diabetes  care.  DSMES should foster  
collaboration with the health care team, 
enhance informed decision-making and well-

3,4being in a cost-effective manner. . It should be 
cognizant of the culture, literacy and resources 
available to the patient. DSMES has been shown 

3 5to improve health outcome , reduce HbA1c  
6

and all-cause mortality  in people with diabetes.

MNT lowers HbA1c and improves health 
7,8,9

outcome in subjects with diabetes . There is 
no consensus on the ideal percentage of calories 
from carbohydrate, protein, and fat for people 
with diabetes. Macronutrient distribution 
should be individualized based on the culture, 

10
resources, and metabolic goals of the patient . 
Consumption of non-starchy vegetables and 
avoidance of added sugars should be 

4
encouraged . The plate method, which 
emphasis low-carbohydrate or non-starchy 
vegetables, uses a 9-inch plate to provide basic 

11
meal planning guidance  [figure 1]. In obese 
subjects, MNT and DSMES should aim to 
produce weight loss, a modest 5-10% weight 
loss accrues metabolic benefits including 

10,12reduction in incident T2DM  and improved 
 13

cardiovascular risk in T2DM . A more intensive 
weight loss program (≥15 Kg) was associated 
with remission of T2DM in 86% of subjects at 12 

14
months .

Physical activity improves glycemic control, 
reduces weight, cardiovascular risk and all-

15,16cause mortality . The benefit of exercise is 
17

demonstrable in the absence of weight loss . 
Patients should be evaluated to determine that 
physical activity is safe and should start with 
short periods of low-intensity exercise and 
slowly increase the intensity and duration as 
tolerated. The American Diabetes Association 
(ADA) recommends150 min or more of 
moderate- to vigorous-intensity aerobic activity 
per week spread over at least 3 days/week; 75 
min/week of vigorous-intensity may be 
sufficient for younger and more physically fit 
individuals. Also, 2–3 
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sessions/week of resistance exercise on 
nonconsecutive days and reduction in sedentary 
behavior (prolonged sitting should be 
interrupted every 30 min for blood glucose 

4
benefits) . 

Diabetes care exposes patients and their families 
to significant psychosocial burden. A patient-
centered psychosocial care should be integrated 
into the management plan.Psychosocial 
interventions have been shown to improve 

18HbA1c and health outcomes .

3. Blood Glucose Monitoring
Self-monitoring of blood glucose (SMBG) is 
useful in evaluating the response to therapy, it is 
p a r t i c u l a r l y  i m p o r t a n t  i n  a s s e s s i n g  
hypoglycemia. The frequency and timing of 
SMBG or the use of continuous glucose 
monitoring (CGM)should be guided by the 
needs and goals of the patient. The ADA 
recommends that patients treated with  multiple 
daily injections or insulin pump therapy 
perform SMBG prior to meals and snacks, at 
bedtime, prior to exercise, when they have 
symptoms of hypoglycemia and after treating 
hypoglycemia and prior to and while 

19performing critical tasks such as driving .The 
evidence regarding SMBG in patientswith 
T2DM is equivocal; for patients using basal 
insulin, assessing fasting glucose to guide dose 

20adjustments lowered HbA1C . In patients with 
T2DMwho are not treated with insulin, SMBG 
could be used to assess glucose levels during 
intercurrent illness, or when HbA1c may be 
unreliable. Substances like ascorbic acid, 
paracetamol, xylose, galactose and temperature 
excursion could interfere with glucose 

21monitoring systems . The ADA recommends 
fasting capillary glucose target of 4.4–7.2 
mmol/L and peak postprandial capillary 
glucose (1–2 h after the beginning of the 

2 2meal)<10.0 mmol/L . CGM measures 
interstitial glucose and correlates with plasma 
glucose.Real-time and intermittently scanned 
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CGM in conjunction with insulin therapy 
lowered HbA1c and reduced therisk of 

19hypoglycemia in adults with T1DM or T2DM. .

HbA1cis a measure of the average glycemic 
burden over ~3 months, which predictsdiabetes 

23complications . HbA1c should be evaluated at 
diagnosis. Thereafter, it could be performed 
twice yearly in patients withstable glycemic 
control or every 3 months in poorly controlled or 

24intensively treated patients . The use of point-
of-care HbA1c testing allows for a more 
proactive adjustment in therapy. HbA1ctesting 
remains unaffordable for many patients in 
populations with limited resources. Therefore, 
there is the need to reduce the burden of chronic 
disease in low income earners. Falsely low 
HbA1c levels occur in hemolysis, anemia, 
hemoglobinopathies, glucose-6-phosphate 
dehydrogenase deficiency and pregnancy. Also, 
spuriously low HbA1c level may be seen after a 
b l o o d  t r a n s f u s i o n ,  d u r i n g  

25increasederythropoiesis and ESRD . Under 
these circumstances, SMBG is more reliable 
measure of glycemic control. Also, HbA1c does 
not give any information regarding glycemic 
variability or hypoglycemia. Other measures of 
glycemia such as fructosamine and 1,5-
anhydroglucitol are available, but their 
prognostic significance remain unclear.Some 
studies have reportedhigher HbA1c levels in 
African-Americansthan in Caucasians at a given 

26-28glucose concentration . Glycemic targets 
should be individualized in line with patient's 
needs and risks of therapy. Generally, HbA1c 
goal of <7% would be appropriate for most 
patients, however, lower HbA1c levels (<6.5%) 
may be acceptable if this can be achieved 
without hypoglycemia. Conversely, less 
intensiveHbA1c goals <8%may be appropriate 
in patients with recurrent hypoglycemia, 
chronic diabetic complications and comorbid 

22conditions or limited life expectancy .
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Good glycemic control is unequivocally 
associated with lower incidence and 
progression of microvascular disease in both 

29,30 31-33
T1DM  and T2DM .  Additionally, 
r a n d o m i z e d  c o n t r o l l e d  t r i a l s h a v e  
demonstrated that lower HbA1creduces the 
incidence of microvascular complications and 
cardiovascular disease (CVD) or cardiovascular 

34-36
riskin patients with T2DM . CVDincluding 
coronary artery disease, myocardial infarction, 
heart failure and stoke is theleading cause of 
death in patients with diabetes. A meta-analysis 
of 13 prospective studies showed that for every 
1 percentage point increase in HbA1c, the 
relative risk for any cardiovascular event was 
1.18 (95% CI 1.10-1.26) (5,37). Individuals with 
diabetes have twice the risk of acute ischemic 

3 8
stroke compared to healthy subjects . 
Fortunately, intensive glycemic control has 

39
demonstrated cardiovascular  and mortality 

40benefit  in subjects with T1DM.

Amongst individuals with T2DM, the UKPDS 
demonstrated a significant reduction in 
myocardial infarction and all-cause mortality in 
subjects randomized to the intensive treatment 

33arm. . However, other CVOT including 
ACCORD, ADVANCE, and VADT showed no 
significant reduction in cardiovascular events 

4 1with intensive glycemic control . The 
ACCORD trial was discontinued earlier than 
scheduled due to increased rate of mortality 

41,42and hypoglycemia in the intensive arm . 
Therefore, it would be prudent to pursue a near-
normal HbA1c level in high risk patients with 
caution. Diabetes Mellitus Foot syndrome is a 
common complication and the leading cause of 
major limb amputation in Nigeria and other 
countries in Africa. Factors contributing to 
diabetes foot syndrome include poor glycemic 
control, poor access to care, and late 

43-45
presentation .

4. Type 1 Diabetes (T1DM)

Although, the focus of this review is T2DM, it 
would be imperative to highlight the challenges 
confronting patients with T1DM in populations 
with limited resources. Intensive insulin 
therapy in the DCCT reduced the incidence of 
microvascular and macrovascular diabetic 

29
complications . However, in resource poor 
environments, intensive insulin regimen may 
be hampered by scarcity and cost of insulin and 
difficulty with preservation due to power 

46outages . Surgical treatment for T1DM such as 
pancreas and islet transplantation are not 
available, hence optimum insulin therapy 
remains the only option for patients with T1DM 
in populations with lean healthcare budgets.

5. Pharmacologic Therapy for T2DM (see 
table 1)
The choice of anti-hyperglycemic agents should 
be guided by a patient-centered approach 
considering drug eff icacy,  comorbid 
conditions, risk of hypoglycemia, side effects, 

47-49
cost and patient preferences .  Metformin, if 
not contraindicated, remains the initial drug of 
choice for the treatment of T2DM. Metformin is 
effective, safe and affordable. Metformin would 
reduce risk of CVD and all-cause mortality 

33especially in obese patients . Metformin is 
excreted unchanged by the kidney and lactic 
acidosis has been associated with renal failure. 
However, this complication is very rareand 
metformin may be used safely in patients with 

2reduced eGFR≥30 mL/min/1.73 m ). Also, 
metformin has been associated with vitamin 
B 1 2  d e f i c i e n c y  w h i c h  c o u l d  

50exacerbateperipheral neuropathy . A small 
randomized trial, which investigated the use of 
glipizide alone versus glipizide plus insulin 
glargine in patients with severe hyperglycemia 
in the emergency room showed that a 
sulfonylurea may be an effective monotherapy. 
Considering that sulfonylureas are relatively 
cheap, they may be a viable alternative to 
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51
metformin .

If glycemic control is not attained after 3 
months, metformin should be combined with 
another agent: sulfonylurea, thiazolidinedione, 
DPP-4 inhibitor, SGLT2 inhibitor, GLP-1RA, or 
basal insulin. In patients with HbA1c ≥9.0%, a 
combination therapy could be usedat the 

48
initiation of therapy . Insulin should be 
considered as part of the regimen in patients 
with severe hyperglycemia (blood glucose 
≥ 1 6 . 7  m m o l / L  o r  H b A 1 c > 1 0 %  a n d  

48hypertriglyceridemia . Patients who require 
insulin initially, including those who present 
with diabetic ketoacidosis may be well 
controlled on oral agents aloneafter resolution 

52
of severehyperglycemia . Many patients with 
T2DM will eventually require a more potent 
form of therapy such as insulin or GLP-1RA. 
NPH would be a cheaper alternative to a long 
acting insulin analogue and GLP-1RA. For 
patients with limited resources, human insulins 
(regular insulin, NPH, and insulin 70/30) may 
be an appropriate choice of therapy. Patients 
with T2DM have insulin resistance, have lower 
rates of hypoglycemia and may require ~0.8-1 
unit of insulin/kg, dose adjustment should be 
guided by SMBG or HbA1c.

Management of CVD

CVD is prevalent amongst patients with 
53,54

dysglycemia in Nigeria . Stroke is the 

predominant CVD in Nigeria, but the incidence 
43,55of coronary artery disease is on the rise . Heart 

failureis also common. In patients with CVD, a 

blood pressure (BP) target of <130/80 mmHg 

may be appropriate, while in subjects at lower 

risk for CVD, a target of <140/90 mmHg would 
56,57

suffice . Treatment should be initiated with an 

ACE inhibitor or ARB if BP is elevated. A 

calcium channel blocker or a thiazide diuretic 
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may be added if targets are not achieved. Also, 

patients with persistent microalbuminuria 

without hypertension should be treated with an 
56

ACE inhibitor or an ARB . Smoking cessation 

must be emphasized.Subjects with established 

CVD should be treated with a high-dose statin 

regimen with the aim of achieving target LDL 
56,57

of <1.8 mmol/L , another LDL-lowering 

therapy like ezetimibe or a PCSK9 inhibitor 

may be added to achieve this goal (57). Subjects 

who do not have CVD who are ≥40 years old 

and have LDL cholesterol >2.6 mmol/L, should 
56be treated with a statin ; those without 

established CVD who have LDL cholesterol 

>1.8 mmol/L may also benefit from statin 

therapy if they have a high 10-year CVD risk of 
5 6 , 5 7≥ 2 0 % .  P a t i e n t s  w i t h  

hypertriglyceridemia(>5.7-11.4 mmol/L after 

lifestyle modification and glycemic control 

should be treated with a fibrate to prevent acute 
5 8p a n c r e a t i t i s .  L o w - d o s e  a s p i r i n  i s  

recommended for secondary prevention in 
56

patients with established CVD , primary 

prevention with an anti-platelet agent may be 

considered in patients at high risk for CVD (57). 

Cardiovascular Outcomes Trials (CVOTs)
Randomized controlled trials have reported 
significant reductions in cardiovascular events 
in patients with T2DM treated with either 
SGLT2 inhibitors or GLP-1RAs. TheSGLT2 
inhibitors empagliflozin, canagliflozin and 
d a p a g l i f l o z i n  c o m p a r e d  t o  p l a c e b o  
reducedmajor cardiovascular events and 

5 9 - 6 2hospita l izat ion for  heart  fa i lure .  
Ertugliflozin improvedHbA1c, BP and body 

63
weight . Up to 50% of patients with 
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64
T2DM may develop heart failure ; thus, the role 
of these agents in patients with CV risk factors 
i n  e n v i r o n m e n t s  w h e r e  a d v a n c e d  
cardiovascular and renal care are lacking 
deserves further study. Thiazolidinediones and 
the DPP-4 inhibitor saxagliptin increased the 

65
risk of heart failure . The CVOTs recruited very 
low numbers of Africans, which raises the 
questions of generalizability of their findings. 
The SGLT2 inhibitors are associated with 
increased incidence of diabetic ketoacidosis 
and fracture. Diabetes foot gangrene and lower 
limb amputations remain serious problems in 
resource poor populations, given the 
controversial signal of amputation, Fournier's 
gangrene and fracture risks associated with 
SGLT2 inhibitors, there is need for local safety 
data in Africans before large scale exposure to 
this class of compounds. Also, the GLP-1 RAs 
liraglutide, albiglutide, semaglutide, and 
dulaglutide reducedmajor cardiovsaculer 
events in patients with T2DM and established 

66-69
CVD or at high risk for CVD .

Renal Outcome Trials
Diabetic nephropathy occurs in up to 40% of 
patients with diabetes and may be present at 

70
diagnosis of T2DM . Diabetic kidney disease 
(DKD)is a leading cause of ESRD(71) and a  
major driver of CV mortality and health care 

7 2
costs . Renal replacement therapy is 
unavailable in many communities with limited 

73
resources . Therefore, primary prevention of 
diabetic nephropathy should be pursued 
vigorously. The recommendation of the ADA is 

70
helpful in this regard . Random urinary 
albumin-to-creatinine ratio and eGFR should 
be assessed annually.  Patients  with 
microalbuminuria (urinary albumin >30 mg/g 
creatinine) and/or an eGFR<60 mL/min/1.73 

2m  should be monitored twice annually. Blood 
pressure should be well controlled to reduce 
the risk or progression of CKD.A referral to a 
nephrologist should be considered when there 
is uncertainty about the etiology of kidney 

disease, resistant hypertension, electrolyte 
d i s t u r b a n c e s  o r  a d v a n c e d  k i d n e y  
disease.SGLT2 inhibitors reduce renal tubular 
glucose reabsorption, weight, BP, intra-
glomerular pressure, and albuminuria and they 

61,62slow GFR loss . Also, GLP-1RAs have been 
73-76

shown to improve renal outcomes in CVOT .

6. Prevention of T2DM
Given the enormous current constraints, 
primary prevention of diabetes becomes the 
compelling imperative, especially in low and 
middle-income countries. The evidence that 
T2DM can be prevented with lifestyle 

12,77-79modification is now well established . The 
multi-ethnic U.S. Diabetes Prevention Program 
demonstrated nearly 60% risk reduction in 
progression from prediabetes to T2DM among 
African Americans and other participants 

12
assigned to lifestyle modification . The 
challenge is how best to translate that important 
finding to communities in sub-Saharan Africa 
(SSA), so that the projected future surge of 
diabetes in Africa can be averted. One practical, 
efficient approach is the establishment of 
Community Diabetes Prevention Centers 
(CDPCs) at several locations.  Such a 
groundswell of CDPCs can serve as essential 
focal points or hubs for the dissemination of 
diabetes prevention practices.  Operationally, 
the CDPCs can be administered and staffed by 
the non-communicable diseases branch of 
Ministries and Departments of Health, or 
through partnership with non-governmental 
organizations. The primary purpose of CDPCs 
would be to test and implement culturally and 
regionally appropriate models for the delivery 
of physical activity and dietary interventions. 
Referral to CDPCs can be based on a risk factor 
approach that focuses on genetic (e.g., family 
history of diabetes) and other risk markers. 
Individuals with diagnosed T2DM can be the 
conduits for referral of family members to 
CDPCs for 
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p r e d i a b e t e s  s c r e e n i n g  a n d  
intervention.National organizations such as the 
Diabetes Association of Nigeria (DAN)can play 
a role through advocacy and clinical guidelines, 
which arederivedfrom local research, economic 
realities and custom.Fewer than 10% of 
Nigerian patients have third party health 

80insurance coverage . Diabetes is a chronic 
disease with enormous financial burden;hence 
affordable health insurance is desirable.

Secondary prevention
Less than a third of patients attain 
recommended glycemic targets and mean 

81HbA1c is commonly above 8% . Factors 
contributing to suboptimal control include low 
awareness of diabetes as a chronic condition, 
difficulty with affording medications, limited 
access to diabetes technologies and  low socio- 
economic status. The SGLT2 inhibitors and 
GLP-1 Ras  are expensive but they reduce the 
incidence of CVD and nephropathy. Thus, 
efforts directed at making these agents 
available and affordable would be worthwhile. 
The role of government, nongovernmental 
organizations and the pharmaceutical industry 
would be critical in this regard. Diabetic foot 
syndrome is a leading cause of limb amputation 

43,44,45in Nigeria . Foot examination should be 
performed at every visit,  using 5.07 
monofilament to screen for neuropathy. 
Patients should be screened for macrovascular 
disease, keeping in mind that atypical 
presentation could occur. Hyperglycemic 
emergencies, diabetic foot syndrome and stroke 
account for most of the mortality in patients 

82,83with diabetes . Also, infections such as sepsis 
and tuberculosis contribute to morbidity and 

84mortality . Diabetes is common amongst 
pat ients  t reated for  HIV/AIDS and 
antiretroviral agents are associated with 

85 ..increased the risk of dysglycemia .

7. Doing More with Less
Diabetes is the leading cause of blindness, 
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amputation, kidney failure, CVD and stroke. 
More than 60% of people with diabetes also 
harbor hypertension and or dyslipidemia. The 
costs associated with managing established 
diabetes are prohibitive. The sheer magnitude 
of the current and projected escalation of the 
diabetes epidemic in SSA mandates innovative 
and broad interventions at the community 
level. 

Nigeria and other SSA countries lack adequate 
resources for managing diabetes: there is little 
or no local capability for manufacturing drugs, 
testing reagents,  glucose monitoring 
equipment or relevant technologies. Clinical 
resources for treating diabetes complications 
(laser surgery, dialysis, organ transplantation, 
orthotics, rehabilitation and occupational 
therapy, cardiac revascularization, etc.) are 
equally scarce. A comprehensive approach to 
mitigation of these deficiencies must involve a 
publ ic -pr ivate  commitment  to  loca l  
manufacturing, capacity-building, and the 
transfer/acquisition of technologyin critical 
areas across the health care industry. Although 
Nigeria is blessed with abundant trained 
experts, the same cannot be said for several SSA 
countries. Even within Nigeria, there is 
maldistribution of expertise and a shortage of 
certain components of the multi disciplinary 
team required for optimal diabetes care. Thus, 
attention to targeted training and strengthening 
of the human capital should be part of the 
strategy.

Strategies for doing more with less
Figure 2 summarizes some approaches to 
diabetes care in environments with limited 
resources. A proper emphasis is placed on non-
pharmacological interventions, as effective 
dietary modification and physical activity 
would have drug-sparing effects and allow 
improved diabetes care without escalating the 
number of medications. Given the constraints 
associated with HbA1c testing and limited 
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access to meters and test strips for self-
monitoring of blood glucose, we advocate that 
clinicians negotiate with patients to agree on an 
optimal frequency of HbA1c testing and SBMG. 
Perhaps, it would be better to have annual 
HbA1c information versus none and two SMBG 
results staggered across each week versus no 
information. Agreed, these are sub-optimal 
testing frequencies than are recommended by 
international guidelines. Other adaptations 
include a preference for generic rather than 
branded medications, use of discount vouchers 
and medication samples (where available), and 
enrolling diabetes patients in ethics board-
approved clinical trials that often provide free 
medications and testing supplies.

8. Conclusion
Countries in Africa are projected to suffer 
disproportionately from future diabetes 
burden.  The limited resources for managing 
diabetes in SSA and the increased risks of 
complications of poorly controlled diabetes 
create an enormous public health problem. 
Stretching the scarce resources mandates 
creative approaches that maximize the value of 
non-pharmacological lifestyle modification 
along with judicious use of low-cost generic 
medications. Some of the newer agents (e.g., 
SGLT2 inhibitors and GLP-1Ras) confer 
cardioprotective and renoprotective benefits 
that are desirable for patients in SSA. 
Healthcare financing mechanisms that ensure 
access to these agents in high-risk diabetes 
patients should be cost effective if these 
medications prevent or delay the occurrence of 
end-stage kidney disease and heart failure. 
Ultimately, primary prevention holds the 
greatest promise for reducing human suffering 
and costs associated with diabetes.
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