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Abstract
Background: In sub-Saharan Africa and particularly in Ghana, there is scarcity of pub-
lished literature specifically on the impact of DM on outcomes in COVID-19 patients. 
Based on the difference in genetic makeup and demographic patterns in Africans 
compared to the Western world and with the rising burden of DM and other non-
communicable diseases in Ghana there is a need to define the impact DM has on 
persons with COVID-19. This would ensure adequate risk stratification and surveil-
lance for such patients as well as appropriate scale up of therapeutic management if 
needed.
Aims: This single-center study describes the clinical and laboratory profile and out-
comes of COVID-19 in-patients with type 2 diabetes mellitus (DM) in Ghana.
Materials and Methods: Retrospective analysis was undertaken of the medical re-
cords of adults with COVID-19 hospitalized at a facility in Ghana from March to 
October 2020. Clinical, laboratory and radiological data and outcomes were analysed. 
Comparisons between COVID-19 patients with DM and non-diabetics were done 
with an independent t-test or a Mann–Whitney test when normality was not attained. 
Odds ratios (95% CI) were calculated using univariate logistic regression.
Results: Out of 175 COVID-19 patients, 64 (36.6%) had DM. Overall mean age was 
55.9 ± 18.3 years; DM patients were older compared to non-diabetics (61.1 ± 12.8 vs. 
53.0 ± 20.2 years, p = .049). Compared to non-diabetics, diabetics were more likely to 
have higher blood glucose at presentation, have hypertension, be on angiotensin 2 re-
ceptor blockers [OR, 95% CI 3.3 (1.6–6.7)] and angiotensin converting enzyme inhibi-
tors [OR, 95% CI 3.1 (1.3–7.4)]; and be HIV negative (p < .05). Although the values were 
normal, diabetics had a higher platelet count but decreased lymphocytes, aspartate 
transaminase and alkaline phosphatase compared to non-diabetics (p < .05). There 
was no difference in clinical symptoms, severity or mortality between the two groups.
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1  |  INTRODUC TION

Since the outbreak of the coronavirus disease 2019 (COVID-19), 
caused by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), cases continued to increase across the globe putting a great 
burden on health workers and health facilities once it was declared a 
pandemic.1,2 As at 23rd October 2022, 632,672,843 cases had been 
reported globally with 6,582,222 deaths.3

Although type 2 diabetes mellitus (DM) has not been shown to 
increase the risk of acquiring COVID-19, it has been identified as 
one of the risk factors for severe disease and mortality along with 
increasing age, male sex, cardiovascular disease, hypertension, obe-
sity, malignancies and chronic pulmonary disease among others.2,4 
Diabetics generally have an increased susceptibility to infections, 
including respiratory tract infections, with poor prognosis.5,6 These 
result from chronic hyperglycaemia, which leads to a heightened 
inflammatory state but with a defective T cell response, impaired 
neutrophil chemotaxis and phagocytic activity and an overall dys-
functional immune system.5,6 Furthermore, diabetics tend to have 

underlying pulmonary impairment.7 All these factors may contribute 
to delayed clearance of SARS-CoV-2.

In a cohort of 193 patients with severe COVID-19 in Wuhan, 
China, 24.9% had DM and they were in greater need of intensive 
care unit (ICU) admission, with poorer prognosis compared to their 
non diabetic counterparts.8 Bode et al, in the United States also re-
ported higher morbidity and mortality among hospitalized diabetics 
with COVID-19 compared to non-diabetics.9 Some studies in the 
United Kingdom and North Africa, however, did not report any sig-
nificant difference in mortality between diabetics and non-diabetics 
in their cohorts.10,11

There are a number of epidemiological studies and case re-
ports on COVID-19 patients in sub-Saharan Africa.12–16 However, 
knowledge of the risk factors for severe disease is still evolving. In 
sub-Saharan Africa and particularly in Ghana, there is scarcity of 
published literature specifically on the impact of DM on outcomes in 
COVID-19 patients. Based on the difference in genetic makeup and 
demographic patterns in Africans compared to the Western world 
and with the rising burden of DM and other non-communicable 

Discussion: The clinical profile of patients studied are similar to prior studies. However 
the outcome of this study showed that DM was not associated with worse clinical se-
verity and in-hospital mortality. This could have been due to majority of DM patients 
in this study having relatively good blood glucose control on admission. Secondly, DM 
alone may not be a risk factor for mortality. Rather its concurrent existence with mul-
tiple co-morbidities (especially cardiovascular co-morbidities which may predispose 
to pro-inflammatory and pro-thrombotic states) may be driving the rise in severity 
and mortality risks reported in other studies. Furthermore, this study was conducted 
among an African population and Africa has been shown to be generally less severely 
hit by the COVID-19 pandemic compared to other regions outside the continent. This 
has been postulated to be due, among other factors, to inherent protective mecha-
nisms in Africans due to early and repeated exposure to parasitic and other organisms 
resulting in a robust innate immunity.
Conclusions: This study suggested that DM was not associated with more severe clin-
ical symptoms or worse outcomes among hospitalized COVID-19 patients. Despite 
this, it is important that DM patients adhere to their therapy, observe the COVID-19 
containment protocols and are prioritized in the administration of the COVID-19 
vaccines.
Study highlights: In this retrospective, single-centre study on the clinical and labora-
tory profile and outcome of hospitalized DM patients with COVID-19, patients with 
DM did not have a more severe clinical profile or worse outcomes. They were, how-
ever, significantly older, more likely to have higher admission blood glucose, have hy-
pertension, be on angiotensin 2 receptor blockers and angiotensin converting enzyme 
inhibitors; and be HIV negative compared to the cohort without DM. DM patients 
should be a priority group for the COVID-19 vaccines.

K E Y W O R D S
clinical profile, COVID-19, mortality, sub-Saharan Africa, type 2 diabetes mellitus
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diseases in Ghana,17,18 there is a need to define the impact DM has 
on persons with COVID-19 so as to ensure adequate risk stratifica-
tion and surveillance for such patients as well as appropriate scale up 
of therapeutic management if needed. Taking all these factors into 
consideration our main objective was to describe the clinical and lab-
oratory profile; and the outcomes of COVID-19 patients with DM 
at the Highly Infectious Isolation Unit (HIIU) at the Komfo Anokye 
Teaching Hospital (KATH). The characteristics of the COVID-19 co-
hort with diabetes were also compared with those of COVID-19 pa-
tients without diabetes.

2  |  METHODS

2.1  |  Study design and setting

A retrospective, observational study was carried out at the HIIU at 
KATH. The medical files of 175 patients, with a definite in-hospital 
outcome, admitted at HIIU between the periods of March and 
October 2020 were consecutively reviewed and the relevant data 
extracted.

KATH is a teaching hospital, in the Ashanti Region of Ghana, that 
receives referrals from all over the country. Suspected COVID-19 
cases were admitted to a holding area at the KATH Accident and 
Emergency center. Those who tested negative for SARS-CoV-2 were 
discharged from the holding area and those with positive results 
(and severe or critical COVID-19) were transferred to HIIU for fur-
ther management. HIIU is an adhoc, 23 - bed, isolation unit which 
was formerly part of the KATH polyclinic but during the pandemic 
was set up primarily to care for patients with severe confirmed 
COVID-19, although occasionally patients with mild and moderate 
disease were also admitted.

2.2  |  Diagnosis of COVID-19 and diabetes mellitus

A diagnosis of COVID-19 was made based on detection of SARS-
CoV-2 on nasopharyngeal or oropharyngeal swab specimens or 
sputum using real time-polymerase chain reaction analysis.19 A diag-
nosis of DM was made on the basis of either an established medical 
history of DM prior to admission or a persistently elevated random 
blood sugar ≥ 11.1 mmol/L in the presence of hyperglycaemic symp-
toms (such as polyuria, nocturia, frequency of urine) or a fasting 
blood sugar ≥ 7 mmol/L.20 COVID-19 severity was graded according 
to the COVID-19 Standard Treatment Guidelines of the Ministry of 
Health in Ghana.19

2.3  |  Data collection

Data from the medical folders of the patients were collected by 
a team of experienced doctors involved in patient care at HIIU. 
The data included demographics (age, sex, smoking and alcohol 

status; and marital status), clinical features, comorbidities, routine 
baseline laboratory results [complete blood cell count, aspartate 
aminotransferase (AST), alanine aminotransferase (ALT), alka-
line phosphatase (ALP), gamma glutamyl transferase (GGT), urea 
and creatinine, random blood glucose], serum C-reactive protein 
(CRP), chest X-ray and computed tomography (CT) scan findings; 
therapy administered and outcomes (hospital transfer, discharge 
home or death).

CRP was not part of the routine laboratory investigations when 
the treatment center started operating initially. Therefore, only a small 
group of patients (10 with DM and 8 non-DM) had CRP results, and 
these were performed at an external laboratory at the patients' ex-
pense. CT scans (n = 31) and chest X-rays (n = 81) were also not done 
in all patients because some patients (n = 20) died within 12–24 h after 
admission and there were also resource constraints at our facility.

2.4  |  Statistical analysis

Data were entered into an excel sheet. Analysis was performed 
with Statistica 13.0 and Stata 16.0 packages. Continuous variables 
were expressed as means and standard deviation (normal distrib-
uted variables) and as medians and interquartile range (skewed 
data). Comparisons between COVID-19 patients with and without 
DM were done with an independent t-test or a Mann–Whitney 
test when normality was not attained. Categorical data were 
presented as proportions and percentages and compared using 
Pearson's Chi-squared test or Fisher's exact test when appropri-
ate. Bonferoni correction was applied to two-by-two comparisons. 
Univariate logistic regression was used to calculate odds ratio (OR) 
with the 95% confidence interval (CI). A p-value < .05 was consid-
ered significant.

2.5  |  Ethics

Ethical approval was obtained from the KATH institutional review 
board (IRB) and ethics committee with clearance number KATH-
IRB/AP/067/20. All data collected were anonymized using assigned 
codes. Informed consent was waived since data were previously col-
lected as part of routine clinical patient care and service delivery.

3  |  RESULTS

3.1  |  Demographics of diabetic and non-diabetic 
patients

The mean age of the 175 patients was 55.9 ± 18.3 years, with 54.3% 
being males. Sixty-four (36.6%) of the study population was dia-
betic. Diabetic patients were significantly older than non-diabetics 
(61.1 ± 12.8 vs. 53.0 ± 20.2 years, p = .049), and there was also a sig-
nificant difference in marital status (p = .034) (Table 1).
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Variables
Total 
(N = 175)

DM (n = 64, 
36.6%)

Non DM 
(n = 111, 63.4%) p Value

Age (mean ± SD) 55.9 ± 18.3 61.1 ± 12.8 53.0 ± 20.2 .049

Sex (n, %)

Female 80 (45.7) 33 (51.5) 47 (42.3%) .24

Male 95 (54.3) 31 (48.4%) 64 (57.7%)

Smoking (n = 159) 8 (5.03%) 1 (1.7%) 7 (7.1%) .26

Alcohol (n = 161) 31 (19.3%) 7 (11.7%) 24 (23.8%) .06

Marital status (n = 138)

Married 90 (65.2%) 34 (65.4%) 56 (65.1%) .034

Widowed 18 (13.0%) 8 (15.4%) 10 (11.6%)

Divorced 9 (6.5%) 6 (11.5%) 3 (3.5%)

Single 21 (15.2%) 4 (7.7%) 17 (19.8%)

Duration of symptoms 
before HIIU 
admission (days) 
[median (IQR)] 
(n = 173)

7.0 (4.0–14.0) 7.0 (4.0–14.0) 7.0 (4.0–14.0) .28

Symptoms

Cough 119 (68%) 44 (68.8%) 75 (67.6%) .87

Breathlessness 112 (64%) 42 (65.6%) 70 (63.1%) .73

Fever 89 (50.9%) 32 (0.5%) 57 (51.4%) .86

Clinical characteristics

Temperature on 
admission (deg cent; 
mean ± SD)

36.9 ± 1.1 36.8 ± 0.9 36.9 ± 1.1 .31

Blood glucose on 
admission (mmol/L; 
mean ± SD)

10.1 ± 6.2 15.1 ± 6.8 7.2 ± 3.3 <.001

Systolic blood pressure 
on admission 
(mmHg; mean ± SD)

133.1 ± 23.7 136.9 ± 21.1 130.9 ± 24.9 .053

Diastolic blood pressure 
on admission 
(mmHg; mean ± SD)

80.8 ± 15.4 80.8 ± 14.4 80.8 ± 16.1 .88

Duration of 
hypertension (years) 
(n = 42), median 
(IQR)

9.0 (4.0–11.0) 9.0 (4–11) 8.0 (4.0–13.0) .94

Duration of DM (years), 
(n = 32) median 
(IQR)

7.5 (2.5–10.5) 7.5 (2.5–10.5) – –

ACE inhibitors 25 (14.3%) 15 (23.4%) 10 (9.0%) .0086

ARBs 45 (25.7%) 26 (40.6%) 19 (17.1%) .0006

Severity

Mild 16 (9.1%) 5 (7.8%) 11 (9.9%) .50

Moderate 46 (26.3%) 15 (23.4%) 31 (27.9%)

Severe 53 (30.3%) 24 (37.5%) 29 (26.1%)

Duration of 
hospitalization (days) 
median (IQR)

9.0 (4.0–15.0) 10.0 (4.0–16.0) 9.0 (3.0–14.0) .28

Abbreviations: ACE, angiotensin converting enzyme; ARBs, angiotensin 2 receptor blockers; deg 
cent, degree centigrade; DM, type 2 diabetes mellitus; HIIU, Highly Infectious Isolation Unit; IQR, 
interquartile range; mmol/L, millimoles/litre; SD, standard deviation.

TA B L E  1 Demographic and clinical 
characteristics of the population
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3.2  |  Clinical characteristics

Majority of the study population presented with cough (68%), fol-
lowed by breathlessness (64%) and fever (50.9%) (Table 1).

Diabetic patients had significantly higher mean levels of blood 
glucose on admission compared to patients without DM (15.1 ± 6.8 
vs. 7.2 ± 3.3 mmol/L, p < .0001). Twenty-two (34.4%) patients with 
DM had a random blood sugar < 11.1 mmol/L at presentation, [17 
(26.6%) had a known medical history of DM and 5 (7.8%) were newly 
diagnosed]. Only a trend was found for systolic blood pressures 
between the diabetic and non-diabetic cohorts (136.9 ± 21.1 vs. 
130.9 ± 24.9 mmHg, p = .053).

A significant proportion of patients with DM were more likely 
to be on angiotensin-converting enzyme (ACE) inhibitors [23.4% vs. 
9.0%, OR, 95% CI 3.1 (1.3–7.4), p = .0086] and angiotensin 2 receptor 
blockers (ARBs) [40.6% vs. 17.1%, OR, 95% CI 3.3 (1.6–6.7), p = .0006].

No significant difference was found in length of hospital stay be-
tween diabetics and non-diabetics [10.0(4.0–16.0) vs. 9.0 (3.0–14.0, 
p = .28) days, respectively] (Table 1).

3.3  |  Laboratory parameters

The laboratory parameters were not significantly different between 
the two groups apart from lower lymphocyte count [1.2 vs. 1.5 × 103/
μl, p  = .014], AST [37.7 vs. 50.0 U/L, p  =  .017] and ALP [103.1 vs. 
117.9 U/L, p = .011] in diabetic patients compared to non-diabetics 
and significantly higher platelet counts in the former cohort [239.5 
vs. 180.5 × 103/μl, p < .0001] (Table 2).

Diabetic patients had creatinine levels of 116.0 (77.0–217.0) 
compared to 107.0 (69.0–251.0) in non-diabetics, but this did not 
attain significance.

TA B L E  2 Laboratory parameters of the population

Normal range Total DM Non DM p Value

Baseline Hb, (n = 170) 
(mean ± SD)

11.5–16.5 g/dl 10.8 ± 2.7 11.1 ± 2.4 10.6 ± 2.9 .37

Baseline WBC (n = 170), (median 
(IQR)

4–10 × 103/μl 8.6 (6.2–12.8) 8.1 (6.8–12.2) 8.9 (6.1–13.4) .97

Neut count, (n = 166), (median 
(IQR)

1.5–7 × 103/μl 5.9 (4.0–9.6) 6.2 (4.8–10.1) 5.4 (3.7–9.5) .15

Lymphocyte count, (n = 168), 
(median (IQR)

1–3.7 × 103/μl 1.4 (0.9–1.9) 1.2 (0.9–1.6) 1.5 (1.0–2.1) .014

AST, (n = 148), (median (IQR) 1–40 U/L 48.8 (24.9–78.4) 37.7 (22.7–61.3) 50.0 (29.3–99.6) .017

ALT, (n = 142), (median (IQR) 1–41 U/L 34.5 (19.4–65.7) 38.2 (19.5–63.4) 34.1 (19.1–78.0) .68

GGT, (n = 146), (median (IQR) 6–42 U/L 79.2 (44.9–148.4) 69.7 (44.7–98.1) 87.4 (47.1–163.7) .06

ALP, (n = 146), (median (IQR) 80–305 U/L 114.4 (86.1–153.1) 103.1 (81.1–125.2) 117.9 (91.7–187.3) 011

Urea, (n = 158), (median IQR) 2.5–8.3 mmol/L 6.7 (4.0–16.2) 7.2 (4.1–17.6) 6.2 (3.7–16.2) .34

Creatinine, (n = 158), (median 
(IQR)

44–80 μmol/L 107.0 (75.0–228.0) 116.0 (77.0–217.0) 107.0 (69.0–251.0) .39

Platelet count, (n = 170), (median 
(IQR)

140–440 × 103/μl 192.5 (128–265) 239.5 (175.5–309.5) 180.5 (107–244) .0001

Baseline CRP, (n = 18), (median 
IQR)

<5 mg/L 95.3 (16.9–222.5) 233 (95.8–353) 36.7 (3.2–110) .009

Chest Xray findings (n = 81)

Ground glass opacities 48 (59.3%) 19 (65.5%) 29 (55.8%) .36

Ground glass opacities and consolidation 16 (19.8%) 6 (20.7%) 10 (19.2%)

Consolidation only 8 (9.9%) 3 (10.3%) 5 (9.6%)

Other 9 (9.9%) 1 (3.4%) 8 (15.4%)

CT scan findings (n = 31)

Mild 2 (6.5%) 1 (10%) 1 (4.8%) .776

Moderate 5 (16.1%) 2 (20%) 3 (14.3%)

Severe 24 (77.4%) 7 (70%) 17 (80.9%)

Abbreviations: ALP, alkaline phosphatase; ALT, alanine transferase; AST, aspartate transferase; g/dl, grams per deciliter; GGT, gamma-glutamyl 
transferase; Hb, haemoglobin; IQR, interquartile range; mg/L, milligrams per litre; mmol/L, millimoles per litre; Neut, neutrophils; SD, standard 
deviation; U/L, Units per litre; WBC, white blood cells; μl, microlitre; μmol/L, micromoles per litre.
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3.4  |  Comorbidities, therapy 
administered and outcomes

As shown in Table 3, hypertension was the commonest comorbidity 
(55.4%) in the whole population followed by diabetes (36.6%), infec-
tious diseases (12.1%) and cardiovascular diseases (10.4%). About a 
third (33.3%) of the population died; with 29.7% being diabetics and 
35.1% non-diabetics.

Compared to non-diabetics, patients with DM were more likely 
to be hypertensive [85.9% vs. 37.8%, OR, 95% CI 10 (4.5–22), 
p < .0001]. There was also a significant difference with respect to 
human immunodeficiency virus (HIV) status among diabetics and 
non-diabetics (0% vs. 15.7%, p = .015) (Table 3).

Regarding anti-diabetic therapy, 42.9% of diabetic patients were 
on oral antiglycaemics only and 36.5% were on both oral antiglycae-
mics and insulin.

Total 
(N = 175)

DM (n = 64, 
36.6%)

Non DM 
(n = 111, 63.4%) p Value

Co-morbidities

Hypertension 97 (55.4%) 55 (85.9%) 42 (37.8%) <.0001

Infectious diseases 21 (12.1%) 7 (10.1%) 14 (12.8%) .98

Pulmonary diseases 7 (4.1%) 3 (4.7%) 4 (3.7%)

Renal diseases 12 (6.94%) 6 (9.4%) 6 (5.5%)

Neurological diseases 10 (5.8%) 4 (6.3%) 6 (5.5%)

Gastrointestinal disease 10 (5.8%) 2 (3.1%) 8 (7.3%)

Genitourinary disease 2 (1.2%) 1 (1.6%) 1 (0.9%)

Cardiovascular disease 18 (10.4%) 8 (12.5%) 10 (9.2%)

Others 7 (4.1%) 3 (4.7%) 4 (3.7%)

Hepatitis B positive (n = 99) 9 (9.1%) 3 (8.8%) 6 (9.2%) 1.00

Hepatitis C antibodies 
(n = 83)

2 (2.4%) 0 (0%) 2 (3.9%) .52

HIV antibodies (n = 107) 11 (10.3%) 0 (0%) 11 (15.7%) .015

Therapy administered

Hydroxychloroquine 85 (48.6%) 28 (43.8%) 57 (51.4%) .33

Azithromycin 139 (79.4%) 53 (82.8%) 86 (77.5%) .40

Zinc/Vit C 95 (54.3%) 32 (40.5%) 65 (67.7%) .11

Zinc/Vit C/
dexamethasone

71 (40.6%) 43 (54.4%) 28 (29.2%)

Zinc/Vit C/
dexamethasone/
tocilizumab

5 (2.9%) 4 (5.1%) 1 (1.0%)

Anti – diabetic agents on admission (n = 174)

Oral antiglycaemics only 27 (15.5%) 27 (42.9%) 0 (0%) <.0001

Oral antiglycaemics and 
insulin

23 (13.2%) 23 (36.5%) 0 (0%)

Insulin only 3 (1.7%) 3 (4.8%) 0 (0%)

Oxygen needed during 
admission

112 (64%) 45 (70.3%) 67 (60.4%) .19

Ventilatory support

Non invasive (CPAP) 9 (5.1%) 5 (7.8%) 4 (3.6%) .26

Invasive 5 (2.9%) 3 (4.7%) 2 (1.8%)

Dialysis 5 (2.9%) 2 (3.1%) 3 (2.7%) 1.00

Outcome

Hospital transfer 20 (11.4%) 9 (14.1%) 11 (9.9%) .61

Home 97 (55.4%) 36 (56.3%) 61 (54.9%)

Death 58 (33.1%) 19 (29.7%) 39 (35.1%)

Note: Others – Skin, Endocrine, Rheumatological and Haematological diseases.
Abbreviations: CPAP, continuous positive airway pressure; Vit C, Vitamin C.

TA B L E  3 Co-morbidities, therapy 
administered and outcomes of the 
population on admission



    |  7 of 10HARDY et al.

We found no significant difference between the diabetic and 
non-diabetic cohorts concerning use of a dexamethasone-based 
therapy (54.4% vs. 29.2%), tocilizumab-based therapy (5.1% vs. 1%), 
oxygen therapy during admission (70.3% vs. 60.4%), severity (37.5% 
vs. 26.1%) and mortality (29.7% vs. 35.1%) (Table 3).

4  |  DISCUSSION

In this study, the clinical and laboratory profile and the outcomes of 
patients with DM and SARS-CoV-2 infection hospitalized in a single 
centre in Kumasi, Ghana, were investigated.

We mainly identified that compared to non-diabetic patients 
with COVID-19, patients with DM were older, more likely to 
have hypertension, a higher blood glucose on admission, be tak-
ing ACE inhibitors or ARBs and have a higher platelet count but 
lower lymphocytes, AST and ALP. In contrast to the recent litera-
ture though,8,9 DM was not associated with increased in-hospital 
mortality.

Over half of our study population were males, and this echoes 
earlier published literature globally.21–23 This predilection for men 
may result from differences in the genetic makeup of men compared 
to women as well as social lifestyles that are more common in men 
such as cigarette smoking and alcohol intake; both of which may im-
pair their immune response to infection.24

Diabetic patients were significantly older than the non-diabetic 
cohort. It has been well-documented that DM is generally an ageing 
disease.25–27 In addition, ageing comes with a decline in respiratory 
reserve and immune response, which could predispose such patients 
to acquiring COVID-19.28 Our findings align with that of other re-
searchers who reported that their DM cohort were more advanced 
in age.11,29

Symptoms of cough and breathlessness were observed in high 
proportion among our COVID-19 patients with DM, but this did not 
achieve statistical significance.

Not surprisingly, this study demonstrated that use of ACE in-
hibitors or ARBs was more commonly seen among diabetics com-
pared to non-diabetics. Literature shows that an estimated 30% 
and 60% of all DM patients have albuminuria and hypertension 
respectively, and if these are not adequately controlled they may 
result in development of chronic kidney disease and adverse car-
diovascular events.30–32 ACE inhibitors and ARBs confer renopro-
tective effects by slowing the progression of microalbuminuria and 
providing good blood pressure control.32 Over 80% of our diabetic 
cohort had hypertension and this may be one reason why they were 
on these medications. Our study did not assess for the presence 
of microalbuminuria in our diabetic cohort, but it is possible that 
some of these patients had developed microalbuminuria earlier and 
started on ACEi or ARBs by their primary treatment provider. Both 
ACE inhibitors and ARBs drugs interact with the renin-angiotensin-
aldosterone system and upregulate ACE 2 expression; the receptor 
to which SARS-CoV-2 binds during cell entry.33 Thus, earlier in the 
pandemic, there was concern that this upregulation would result in 

increased virulence of SARS-CoV-2 with undesirable outcomes but 
recent studies have contradicted this.33,34

Regarding laboratory findings, diabetic patients had significantly 
higher platelet counts and lower AST and ALP values compared to 
their non-diabetic counterparts. Studies have identified that throm-
bocytopenia,21,35 elevated AST36,37 and ALP37,38 are tied to wors-
ening disease severity and unfavourable outcomes in COVID-19 
patients. Lymphocytopenia is another indicator of disease severity 
and mortality in COVID-19.35 Though the lymphocytes were signifi-
cantly lower in diabetics they were however still within the normal 
range. Lymphocytopenia is due to lymphocyte apoptosis which may 
result not only from binding of SARS CoV-2 to the angiotensin con-
verting enzyme (ACE) 2 receptor on lymphocytes but also markedly 
increased cytokine levels triggered by COVID-19.39,40 Our diabetic 
population had creatinine levels that were much higher than the nor-
mal range. It is possible that this may be due not only to the effects 
of COVID-19 but also to pre-existing, underlying renal impairment 
which has been reported in 20%–30% of type 2 diabetic patients 
and which worsens with advancing age.41

Although the DM group had an older cohort of patients and 
age is a risk factor for poor prognosis, there was no significant 
difference in severity and mortality between the diabetic and 
non-diabetic groups. This is in contrast to previous findings that 
have recorded greater severity and higher mortality rates in 
their diabetic cohorts compared to non-diabetics.8,9,21,42 Several 
explanations can be suggested. First, there may be protective 
genetic mechanisms in our population in contrast to other pop-
ulations most of whom were from Asia, Europe and the United 
States.8,9,21,26,29,43 Despite its relatively weaker healthcare in-
frastructure44 and contrary to widespread expectations, it is 
well established that Africa has been relatively less severely hit 
by COVID-19 than the afore-mentioned continents. This finding 
is postulated to be due in part to innate immunity as well as the 
protective immunity conferred by repeated exposure to para-
sitic infections and other coronaviruses in the region.45 It is also 
hypothesised that the bacillus Calmette–Guérin (BCG) vaccine, 
which is part of the national immunization program for newborns 
in many countries in sub-Saharan Africa with a high TB burden, 
may boost the immune response against SARS-CoV-2.46,47 In addi-
tion, it is likely that DM alone may not be a risk factor for mortality, 
but rather its concurrent existence with multiple co-morbidities 
(especially cardiovascular co-morbidities which may predispose 
to pro-inflammatory and pro-thrombotic states) may be driving 
the rise in severity and mortality risks23,48,49 Furthermore, about 
half of the patients with DM had relatively good blood glucose 
control on admission as evidenced by a random blood glucose of 
<11.1 mmol/L, and this may also have attenuated their mortality 
risk. Most of our diabetic cohort were also on metformin, which 
may have conferred a protective effect due to its documented im-
munoregulatory effects.50 The number of diabetic patients in our 
study was, however, not large enough for the effect of the individ-
ual anti-diabetic drugs on outcomes to be analysed. Our findings 
align with that of investigators in the USA.51
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Among the whole study population, the prevalence of DM was 
36.6%. This prevalence observed in our study was much higher than 
the DM prevalence of 18.7% reported in a Moroccan study and the 
14% reported in an earlier study done in Ghana.11,52 The higher prev-
alence we observed could be due to the comparatively larger sample 
size of our study. The slightly higher prevalence (37.5%), compared 
to ours, observed by Alkundi et al in the United Kingdom may be as 
a result of their population being older and therefore more prone to 
age related conditions like DM.10

There are a few limitations of our study that cannot go unmen-
tioned. First, it was a retrospective study and some of the patients 
admitted at the initial stages of the pandemic had incomplete med-
ical records, especially the laboratory data. Second, the relatively 
small sample size may have led to failure in detecting an association 
between some of the variables. In addition, the HbA1C, which would 
have better captured the level of glucose control, was not done due 
to resource constraints. Obesity, a comorbidity with prognostic 
significance, was not included in our analysis because of a lack of 
data on either weight or height, or both, in a large proportion of the 
patients.

In conclusion, we found that about a third of our population were 
diabetic. Compared to non-diabetic patients, those with DM were 
older, had higher blood glucose on admission, were more likely to 
have hypertension, negative HIV serostatus, be taking ACE inhibi-
tors or ARBs and have a higher platelet count but lower lymphocytes, 
AST, and ALP. However, DM was not associated with in-hospital 
mortality. Our study helps fill gaps regarding the outcome of hos-
pitalized patients with DM and COVID-19. Despite the decreased 
mortality seen among the diabetic cohort in this study, it is import-
ant that there should be ongoing public education about adherence 
to anti diabetic (and other) therapy as well as the COVID-19 contain-
ment protocols. They should also be prioritized in the administration 
of the COVID-19 vaccines. Large, powered studies, prospective in 
nature and involving multiple treatment sites in Ghana are needed to 
further elucidate the impact of DM on COVID-19, especially severity 
and mortality indicators.

AUTHOR CONTRIBUTIONS
Yasmine Oladele Hardy: Conceptualization (equal); methodology 
(equal); project administration (equal); supervision (equal); validation 
(equal); writing – original draft (equal); writing – review and editing 
(equal). Elena Libhaber: Data curation (equal); formal analysis (equal); 
supervision (equal); validation (equal); visualization (equal); writing – 
original draft (equal); writing – review and editing (equal). Emmanuel 
Ofori: Methodology (equal); project administration (equal); validation 
(equal); visualization (equal); writing – original draft (equal); writing – 
review and editing (equal). Divine Aseye Yao Amenuke: Writing – 
original draft (equal); writing –  review and editing (equal). Samuel 
Amoabeng Kontoh: Writing – original draft (equal); writing – review 
and editing (equal). James Amoah Dankwah: Conceptualization 
(equal); writing – original draft (equal); writing – review and editing 
(equal). Rita Larsen-Reindorf: Writing – original draft (equal); writ-
ing – review and editing (equal). Caleb Otu-Ansah: Writing – original 

draft (equal); writing –  review and editing (equal). Kojo Hutton-
Mensah: Writing – original draft (equal); writing – review and editing 
(equal). Ebenezer Dadson: Writing –  original draft (equal); writ-
ing –  review and editing (equal). Sheila Adamu: Writing –  original 
draft (equal); writing – review and editing (equal). Kofi Akyerekoh: 
Writing – original draft (equal); writing – review and editing (equal). 
Fred Stephen Sarfo: Writing – original draft (equal); writing – review 
and editing (equal). Bernard Nkum: Writing – original draft (equal); 
writing – review and editing (equal).

ACKNOWLEDG EMENTS
The authors would like to appreciate all the HIIU staff for their hard 
work and dedication. We also thank Dr Jamilla Jack for critically re-
viewing the manuscript and providing helpful feedback.

CONFLIC T OF INTERE S T
The authors declare that they are no conflicts of interest.

DATA AVAIL ABILIT Y S TATEMENT
The data that support the findings of this study are available on re-
quest from the corresponding author.

ORCID
Emmanuel Ofori   https://orcid.org/0000-0002-9558-5632 

R E FE R E N C E S
	 1.	 BHIVA, DAIG, EACS, GESIDA. Polish Scientific AIDS Society and 

Portuguese Association for the clinical study of AIDS (APECS). 
Accessed February 4, 2021. https://www.bhiva.org/joint​-state​
ment-on-risk-of-COVID​-19-for-PLWH-and-SARS-CoV-2-vacci​
ne-advice

	 2.	 Wu Z, McGoogan JM. Characteristics of and important lessons 
from the coronavirus disease 2019 (COVID-19) outbreak in China: 
summary of a report of 72 314 cases from the Chinese Center for 
Disease Control and Prevention. JAMA. 2020;323(13):1239-1242.

	 3.	 COVID Live.Coronavirus Statistics – Worldometer cited October 
23, 2022. https://www.world​omete​rs.info/coron​aviru​s/

	 4.	 BHIVA, DAIG, EACS, GESIDA, Polish Scientific AIDS Society and, 
Portuguese Association for the clinical study of AIDS (APECS). 
GmbH B EACS Statement 15 January 2021, EACSociety. 2021 
[cited Febuary 4, 2021]. https:/www.eacso​ciety.org/home/bhiva​
-daig-eacs-gesid​a-polis​h-scien​tific​-aids-socie​ty-and-portu​guese​
-assoc​iatio​n-for-the-clini​cal-study​-of-aids-apecs​-state​ment-on-
risk-of-covid​-19-for-peopl​e-livin​g-with-hiv-plwh-and-sars-cov-2-
vacci​ne-advic​e-for-adult​s-livin​g-with-hiv.html

	 5.	 Frydrych LM, Bian G, O'Lone DE, Ward PA, Delano MJ. Obesity and 
type 2 diabetes mellitus drive immune dysfunction, infection devel-
opment, and sepsis mortality. J Leukoc Biol. 2018;104(3):525-534.

	 6.	 Tiwari S, Pratyush DD, Gahlot A, Singh SK. Sepsis in diabetes: A bad 
duo. Diabetes Metab Syndr Clin Res Rev. 2011;5(4):222-227.

	 7.	 Klein OL, Aviles-Santa L, Cai J, et al. Hispanics/Latinos with type 2 
diabetes have functional and symptomatic pulmonary impairment 
mirroring kidney Microangiopathy: findings from the Hispanic com-
munity health study/study of Latinos (HCHS/SOL). Diabetes Care. 
2016;39(11):2051-2057. [cited January 21, 2021]. https://pubmed.
ncbi.nlm.nih.gov/27612​502/

	 8.	 Yan Y, Yang Y, Wang F, et al. Clinical characteristics and outcomes 
of patients with severe covid-19 with diabetes. BMJ Open Diabetes 
Res Care. 2020;8(1):e001343.

https://orcid.org/0000-0002-9558-5632
https://orcid.org/0000-0002-9558-5632
https://www.bhiva.org/joint-statement-on-risk-of-COVID-19-for-PLWH-and-SARS-CoV-2-vaccine-advice
https://www.bhiva.org/joint-statement-on-risk-of-COVID-19-for-PLWH-and-SARS-CoV-2-vaccine-advice
https://www.bhiva.org/joint-statement-on-risk-of-COVID-19-for-PLWH-and-SARS-CoV-2-vaccine-advice
https://www.worldometers.info/coronavirus/
http://www.eacsociety.org/home/bhiva-daig-eacs-gesida-polish-scientific-aids-society-and-portuguese-association-for-the-clinical-study-of-aids-apecs-statement-on-risk-of-covid-19-for-people-living-with-hiv-plwh-and-sars-cov-2-vaccine-advice-for-adults-living-with-hiv.html
http://www.eacsociety.org/home/bhiva-daig-eacs-gesida-polish-scientific-aids-society-and-portuguese-association-for-the-clinical-study-of-aids-apecs-statement-on-risk-of-covid-19-for-people-living-with-hiv-plwh-and-sars-cov-2-vaccine-advice-for-adults-living-with-hiv.html
http://www.eacsociety.org/home/bhiva-daig-eacs-gesida-polish-scientific-aids-society-and-portuguese-association-for-the-clinical-study-of-aids-apecs-statement-on-risk-of-covid-19-for-people-living-with-hiv-plwh-and-sars-cov-2-vaccine-advice-for-adults-living-with-hiv.html
http://www.eacsociety.org/home/bhiva-daig-eacs-gesida-polish-scientific-aids-society-and-portuguese-association-for-the-clinical-study-of-aids-apecs-statement-on-risk-of-covid-19-for-people-living-with-hiv-plwh-and-sars-cov-2-vaccine-advice-for-adults-living-with-hiv.html
http://www.eacsociety.org/home/bhiva-daig-eacs-gesida-polish-scientific-aids-society-and-portuguese-association-for-the-clinical-study-of-aids-apecs-statement-on-risk-of-covid-19-for-people-living-with-hiv-plwh-and-sars-cov-2-vaccine-advice-for-adults-living-with-hiv.html
https://pubmed.ncbi.nlm.nih.gov/27612502/
https://pubmed.ncbi.nlm.nih.gov/27612502/


    |  9 of 10HARDY et al.

	 9.	 Bode B, Garrett V, Messler J, et al. Glycemic characteristics and 
clinical outcomes of COVID-19 patients hospitalized in the United 
States. J Diabetes Sci Technol. 2020;14(4):813-821.

	10.	 Alkundi A, Mahmoud I, Musa A, Naveed S, Alshawwaf M. Clinical 
characteristics and outcomes of COVID-19 hospitalized patients 
with diabetes in the United Kingdom: a retrospective single centre 
study. Diabetes Res Clin Pract. 2020;1(165):108263.

	11.	 Elamari S, Motaib I, Zbiri S, Elaidaoui K, Chadli A, Elkettani C. 
Characteristics and outcomes of diabetic patients infected by 
the SARS-CoV-2. Pan Afr Med J. 2020;37:32. [cited November 22, 
2020]; https://www.panaf​rican​-med-journ​al.com/conte​nt/artic​
le/37/32/full/

	12.	 Nachega JB, Ishoso DK, Otokoye JO, et al. Clinical characteristics 
and outcomes of patients hospitalized for COVID-19 in Africa: early 
insights from The Democratic Republic of the Congo. Am J Trop Med 
Hyg. 2020;103(6):2419-2428.

	13.	 Diouf AA, Mbaye KD, Gueye M, et al. Clinical characteristics and 
outcomes of COVID-19 infection in nine pregnant women: a re-
port from a sub-Saharan African country, Senegal. Pan Afr Med J. 
2020;35(2):58. [cited January 26, 2021]. https://www.panaf​rican​
-med-journ​al.com/conte​nt/serie​s/35/2/58/full/

	14.	 Ayisi-Boateng NK, Owusu M, Tawiah P, et al. Profile and outcomes 
of hospitalized patients with COVID-19 at a tertiary institution hos-
pital in Ghana. Ghana Med J. 2020;54(4 s):39-45.

	15.	 Hardy YO, Amenuke DAY, Abukari Y, et al. Clinical presentations 
and outcomes of COVID-19 infection in sickle cell disease pa-
tients: case series from Komfo Anokye teaching hospital, Ghana. 
Clin Case Rep. 2020:1-6. [cited February 1, 2021]. doi:10.1002/
ccr3.3719

	16.	 Hardy YO, Amenuke DA, Hutton-Mensah KA, Chadwick DR. 
Presentation and Outcome of COVID-19 in HIV Patients with High 
Viral Loads and Opportunistic Infections: A Case Series. Ghana Med 
J. 2020;54(4):4.

	17.	 De-Graft Aikins A, Addo J, Ofei F, Bosu W, Charles A. Ghana's bur-
den of chronic non-communicable diseases: future directions in re-
search, practice and policy. Ghana Med J. 2012;1(46):1-3.

	18.	 Kushitor MK, Boatemaa S. The double burden of disease and the 
challenge of health access: evidence from access, bottlenecks, cost 
and equity facility survey in Ghana. PLoS One. 2018;13(3):e0194677. 
[cited January 25, 2021].. https://www.ncbi.nlm.nih.gov/pmc/artic​
les/PMC58​65721/

	19.	 MOH.COVID-19-STG-JUNE-2020-1.pdf. [cited January 4, 2021]. 
https://www.moh.gov.gh/wp-conte​nt/uploa​ds/2016/02/COVID​
-19-STG-JUNE-2020-1.pdf

	20.	 Association AD. 2. Classification and diagnosis of diabetes: 
standards of medical care in diabetes—2019. Diabetes Care. 
2019;42(Supplement 1):S13-S28.

	21.	 Ciardullo S, Zerbini F, Perra S, et al. Impact of diabetes on COVID-19-
related in-hospital mortality: a retrospective study from northern 
Italy. J Endocrinol Invest. 2020 [cited December 30, 2020];44:843-
850. doi:10.1007/s40618-020-01382-7

	22.	 Zhang N, Wang C, Zhu F, et al. Risk factors for poor outcomes of 
diabetes patients with COVID-19: a single-center, retrospective 
study in early outbreak in China. Front Endocrinol. 2020;11:571037. 
[cited December 30, 2020]. doi:10.3389/fendo.2020.571037/full

	23.	 Osibogun A, Balogun M, Abayomi A, et al. Outcomes of COVID-19 
patients with comorbidities in Southwest Nigeria. PLoS One. 
2021;16(3):e0248281.

	24.	 Bwire GM. Coronavirus: why men are more vulnerable to Covid-19 
than women? Sn Compr Clin Med. 2020;2(7):874-876.

	25.	 Lim S, Bae JH, Kwon HS, Nauck MA. COVID-19 and diabetes 
mellitus: from pathophysiology to clinical management. Nat Rev 
Endocrinol. 2020;13:1-20.

	26.	 Shang J, Wang Q, Zhang H, et al. The relationship between diabetes 
mellitus and COVID-19 prognosis: a retrospective cohort study in 
Wuhan, China. Am J Med. 2021;134(1):e6-e14.

	27.	 Amoah AGB, Owusu SK, Adjei S. Diabetes in Ghana: a community 
based prevalence study in Greater Accra. Diabetes Res Clin Pract. 
2002;56(3):197-205.

	28.	 Ho FK, Petermann-Rocha F, Gray SR, et al. Is older age associated 
with COVID-19 mortality in the absence of other risk factors? 
General population cohort study of 470,034 participants. PLoS 
One. 2020 [cited January 26, 2021];15(11):e0241824. https://www.
ncbi.nlm.nih.gov/pmc/artic​les/PMC76​44030/

	29.	 Zhang Y, Cui Y, Shen M, et al. Association of diabetes mellitus with 
disease severity and prognosis in COVID-19: a retrospective cohort 
study. Diabetes Res Clin Pract. 2020;165:108227.

	30.	 Elsafa E, Ali PZ. Protective effect of angiotensin-converting en-
zyme inhibitors (ACEIs) and angiotensin II receptor antagonists 
(ARBs) on microalbuminuria in diabetic patients. Clin Diabetol. 
2020;9(3):193-200.

	31.	 American Diabetes Association. 10. Microvascular Complications 
and Foot Care. Diabetes Care. 2017;40(Supplement 1):S88-S98. 
[cited October 24, 2022]. https://diabe​tesjo​urnals.org/care/artic​
le/40/Suppl​ement_1/S88/36839/​10-Micro​vascu​lar-Compl​icati​
ons-and-Foot-Care

	32.	 Vivian E, Mannebach C. Therapeutic approaches to slowing the 
progression of diabetic nephropathy – is less best? Drugs Context. 
2013;2013:212249. [cited October 23, 2022]. https://www.ncbi.
nlm.nih.gov/pmc/artic​les/PMC38​84747/

	33.	 Hippisley-Cox J, Young D, Coupland C, et al. Risk of severe 
COVID-19 disease with ACE inhibitors and angiotensin recep-
tor blockers: cohort study including 8.3 million people. Heart. 
2020;106(19):1503-1511.

	34.	 Peng YD, Meng K, Guan HQ, et al. Clinical characteristics and out-
comes of 112 cardiovascular disease patients infected by 2019-
nCoV. Zhonghua Xin Xue Guan Bing Za Zhi. 2020;48(6):450-455.

	35.	 Lanini S, Montaldo C, Nicastri E, et al. COVID-19 disease—temporal 
analyses of complete blood count parameters over course of ill-
ness, and relationship to patient demographics and management 
outcomes in survivors and non-survivors: a longitudinal descriptive 
cohort study. PLoS One. 2020;15(12):e0244129.

	36.	 Xavier AR, Silva JS, Almeida JPCL, Conceição JFF, Lacerda GS, 
Kanaan S. COVID-19: clinical and laboratory manifestations in novel 
coronavirus infection. J Bras Patol E Med Lab. 2020;56:e3232020. 
[cited February 1, 2021]. doi:10.5935/1676-2444.20200049

	37.	 Cai Q, Huang D, Yu H, et al. COVID-19: abnormal liver function 
tests. J Hepatol. 2020;73(3):566-574.

	38.	 Kumar A, Kumar P, Dungdung A, Kumar Gupta A, Anurag A, 
Kumar A. Pattern of liver function and clinical profile in COVID-19: 
a cross-sectional study of 91 patients. Diabetes Metab Syndr. 
2020;14(6):1951-1954.

	39.	 Violetis OA, Chasouraki AM, Giannou AM, Baraboutis IG. 
COVID-19 infection and Haematological involvement: a review of 
epidemiology, pathophysiology and prognosis of full blood count 
findings. SN Compr Clin Med. 2020;2(8):1089-1093.

	40.	 Terpos E, Elalamy I, Kastritis E, et al. Hematological findings and 
complications of COVID-19. Am J Hematol. 2020;95(7):834-847 
[cited May 28, 2020]. doi:10.1002/ajh.25829

	41.	 Huang ES, Liu JY, Moffet HH, John PM, Karter AJ. Glycemic con-
trol, complications, and death in older diabetic patients. Diabetes 
Care. 2011;34(6):1329-1336.

	42.	 Li G, Deng Q, Feng J, Li F, Xiong N, He Q. Clinical characteristics 
of diabetic patients with COVID-19. J Diabetes Res. 2020 [cited 
October 9, 2020];2020:e1652403. https://www.hinda​wi.com/
journ​als/jdr/2020/16524​03/

	43.	 McGurnaghan SJ, Weir A, Bishop J, et al. Risks of and risk factors 
for COVID-19 disease in people with diabetes: a cohort study of 
the total population of Scotland. Lancet Diabetes Endocrinol. 2020. 
[cited December 30, 2020]. doi:10.1016/S2213-8587(20)30405-8

	44.	 World Health Organisation. New WHO estimates: Up to 190 000 
people could die of COVID-19 in Africa if not controlled. WHO, 

https://www.panafrican-med-journal.com/content/article/37/32/full/
https://www.panafrican-med-journal.com/content/article/37/32/full/
https://www.panafrican-med-journal.com/content/series/35/2/58/full/
https://www.panafrican-med-journal.com/content/series/35/2/58/full/
https://doi.org//10.1002/ccr3.3719
https://doi.org//10.1002/ccr3.3719
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5865721/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5865721/
https://www.moh.gov.gh/wp-content/uploads/2016/02/COVID-19-STG-JUNE-2020-1.pdf
https://www.moh.gov.gh/wp-content/uploads/2016/02/COVID-19-STG-JUNE-2020-1.pdf
https://doi.org//10.1007/s40618-020-01382-7
https://doi.org//10.3389/fendo.2020.571037/full
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7644030/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7644030/
https://diabetesjournals.org/care/article/40/Supplement_1/S88/36839/10-Microvascular-Complications-and-Foot-Care
https://diabetesjournals.org/care/article/40/Supplement_1/S88/36839/10-Microvascular-Complications-and-Foot-Care
https://diabetesjournals.org/care/article/40/Supplement_1/S88/36839/10-Microvascular-Complications-and-Foot-Care
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3884747/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3884747/
https://doi.org/10.5935/1676-2444.20200049
https://doi.org//10.1002/ajh.25829
https://www.hindawi.com/journals/jdr/2020/1652403/
https://www.hindawi.com/journals/jdr/2020/1652403/
https://doi.org//10.1016/S2213-8587(20)30405-8


10 of 10  |     HARDY et al.

Regional Office for Africa. [cited Febuary 11, 2021]. https://www.
afro.who.int/news/new-who-estim​ates-190-000-peopl​e-could​
-die-covid​-19-afric​a-if-not-contr​olled

	45.	 Mehtar S, Preiser W, Lakhe NA, et al. Limiting the spread of 
COVID-19 in Africa: one size mitigation strategies do not fit all 
countries. Lancet Glob Health. 2020;8(7):e881-e883.

	46.	 Ahmed SM, Nasr MA, Elshenawy SE, et al. BCG vaccina-
tion and the risk of COVID 19: a possible correlation. Virology. 
2022;2(565):73-81.

	47.	 Escobar LE, Molina-Cruz A, Barillas-Mury C. BCG vaccine protec-
tion from severe coronavirus disease 2019 (COVID-19). Proc Natl 
Acad Sci. 2020;117(30):17720-17726.

	48.	 Apicella M, Campopiano MC, Mantuano M, Mazoni L, Coppelli 
A, Prato SD. COVID-19 in people with diabetes: understand-
ing the reasons for worse outcomes. Lancet Diabetes Endocrinol. 
2020;8(9):782-792.

	49.	 Alguwaihes AM, Al-Sofiani ME, Megdad M, et al. Diabetes and 
Covid-19 among hospitalized patients in Saudi Arabia: a single-
Centre retrospective study. Cardiovasc Diabetol. 2020;19(1):205.

	50.	 Singh AK, Gupta R, Ghosh A, Misra A. Diabetes in COVID-19: prev-
alence, pathophysiology, prognosis and practical considerations. 
Diabetes Metab Syndr. 2020;14(4):303-310.

	51.	 Suleyman G, Fadel RA, Malette KM, et al. Clinical characteristics 
and morbidity associated with coronavirus disease 2019 in a series 
of patients in metropolitan Detroit. JAMA Netw Open. 2020 [cited 
January 26, 2021];3(6):e2012270. https://www.ncbi.nlm.nih.gov/
pmc/artic​les/PMC72​98606/

	52.	 Owoo C, Oliver-Commey JA, Calys-Tagoe BNL, et al. 
Sociodemographic and clinical characteristics of the first cohort of 
COVID-19 re- coveries at two national treatment centres in Accra, 
Ghana. Ghana Med J. 2020;54(4):7.

How to cite this article: Hardy YO, Libhaber E, Ofori E, et al. 
Clinical and laboratory profile and outcomes of hospitalized 
COVID-19 patients with type 2 diabetes mellitus in Ghana – A 
single-center study. Endocrinol Diab Metab. 2023;6:e391. 
doi:10.1002/edm2.391

https://www.afro.who.int/news/new-who-estimates-190-000-people-could-die-covid-19-africa-if-not-controlled
https://www.afro.who.int/news/new-who-estimates-190-000-people-could-die-covid-19-africa-if-not-controlled
https://www.afro.who.int/news/new-who-estimates-190-000-people-could-die-covid-19-africa-if-not-controlled
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7298606/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7298606/
https://doi.org/10.1002/edm2.391

	Clinical and laboratory profile and outcomes of hospitalized COVID-­19 patients with type 2 diabetes mellitus in Ghana –­ A single-­center study
	Abstract
	1|INTRODUCTION
	2|METHODS
	2.1|Study design and setting
	2.2|Diagnosis of COVID-­19 and diabetes mellitus
	2.3|Data collection
	2.4|Statistical analysis
	2.5|Ethics

	3|RESULTS
	3.1|Demographics of diabetic and non-­diabetic patients
	3.2|Clinical characteristics
	3.3|Laboratory parameters
	3.4|Comorbidities, therapy administered and outcomes

	4|DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMENT

	REFERENCES


