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Abstract

Background

Maintaining optimal glycaemic control (GC) delays the onset and progression of diabetes-

related complications, especially microvascular complications. We aimed to establish the

trend and pattern of GC, and its associated factors in persons living with diabetes (PLWD),

and to examine the influence of COVID-19 on GC.

Methods

A retrospective study involving secondary data from 2,593 patients’ physical records from

the National Diabetes Management and Research Centre (NDMRC) in Accra, extracted

from 2015–2021. Growth rate of GC was assessed, and ordinal logistic and Poisson models

weighted with Mahalanobis distance matching within propensity caliper were adopted to

assess the impact of COVID-19 pandemic on GC. Stata 16.1 was utilized and the significant

value set as p�0.05.

Results

GC pattern indicated a steady deterioration ranging from 38.6% (95%CI = 34.5–42.9) in

2015 to 69.2% (95%CI = 63.5–74.4) in 2021. The overall growth from 2015–2021 was 8.7%.

Being a woman and increasing diastolic pressure significantly increase the likelihood of poor

glycaemic control (PGC) by 22% and 25%, respectively compared with their respective

counterparts [aOR(95%CI = 1.01–1.46 and 1.25(1.10–1.41), respectively]; whilst lower age

increased the risk of PGC throughout the years. We found that risk of PGC during the era of

COVID-19 was approximately 1.57(95%CI = 1.08–2.30) times significant, whilst the

adjusted prevalence ratio (aPR) of PGC during the era of COVID-19 was approximately

64% significantly higher than the era without COVID-19 (aPR = 1.64, 95%CI = 1.10–2.43).
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Conclusion

GC worsened from 2015–2021, especially during the COVID era. Younger age, uncon-

trolled blood pressure and/or being a woman were associated with PGC. The NDMRC and

other centres that provide specialist healthcare in resource-limited settings, must determine

the factors that militate against optimal service delivery in the era of the COVID-19 pan-

demic, and implement measures that would improve resilience in provision of essential care

in the face of shocks.

Introduction

In recent times, diabetes has become unenviably the gravest life-threatening Non-Communi-

cable Disease (NCD) with prevalence reaching pandemic proportions [1]. With 6.7million

deaths attributable to diabetes in 2021, the International Diabetes Federation (IDF) estimates

537 million adults aged 20 to 79 are living with the condition; and by 2030, this number is

expected to increase to 643 million, and to 783 million by 2045 [1, 2]. Though with the least

prevalence (4.5%), Africa currently records the highest proportion of undiagnosed diabetes

amongst all IDF regions at 54% [2]. Each year, about three-quarters of all diabetes-related

deaths occur in adults under the age of 60, the greatest proportion of any age group in the

world [2]. Estimates put Ghanaians living with diagnosed diabetes at 281,000 with an overall

adult population prevalence rate of 6.46% [3]. With global trends showing a steady rise in inci-

dence over the years, it is very likely current estimates would be significantly higher, especially

with the high rate of undiagnosed diabetes.

Diabetes is a long-term condition that impairs the pancreas’ ability to generate insulin as

well as how the body uses it [4]. It is induced by genetic predisposition along with environ-

mental influences [5]. The condition can be difficult to manage and control. However, the sal-

utary rewards are healthy longevity and improved quality of life with adequate glycaemic

regulation [6]. In Ghana, many people (59.4%) with diabetes are hardly making treatment

progress due to poorly controlled blood glucose even with glycated haemoglobin (HbA1c) cut-

off of 8.0% for good control [7]. Based on data collected in Aschner et al’s [8] large interna-

tional observational study involving over 66,000 persons with type 2 diabetes, glycaemic con-

trol in developing nations remained suboptimal over 12 years spanning 2005 to 2017. And

despite pharmacological advancements in the field of diabetes care, glycaemic control contin-

ues to rapidly worsen [8]. This phenomenon is not peculiar to the African continent. The esti-

mated prevalence of diabetes in American adults grew dramatically between 1999–2000 and

2017–2018, with only about 21% of persons with diagnosed diabetes achieving all three risk

factor management objectives (HbA1c < 7.0% or individualized HbA1c targets, BP < 130/80

mm Hg and LDLc < 100 mg/dL) in 2015–2018 [9].

A major concern of diabetes is the accompanying complications, which occur as detrimen-

tal consequences of hyperglycaemia [10]. The disease is strongly associated with early onset of

micro and macrovascular complications as well as reduced quality of life [11]. Poor glycaemic

control (PGC) can lead to an increased risk of blindness, end-stage renal disease, cardiovascu-

lar disease, and lower-limb amputations [12]. Preventing the harmful effects of hyperglycaemia

is the most important part of the appropriate management for persons living with diabetes

(PLWD). As a result, rigorous glycaemic management is regarded as the primary therapeutic

target for averting these complications and improving quality of life [10, 13]. In support, the
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Diabetes Standards of Care 2022 [14] recommends timely treatment decisions that rely on evi-

dence-based guidelines, considering individual preferences as well as social/community sup-

port, without neglecting co-morbidities, prognosis, and financial implications for patients.

In the wake of the COVID-19 pandemic, the vulnerability of people with diabetes, especially

those with uncontrolled blood glucose and/or having other comorbidities has become evident

owing to their increased risk of disease severity and death [15]. In the initial stage, the focus on

containing the impact of the COVID-19 pandemic led to disruption in other essential health-

care services in 90% of countries globally. A WHO report cited diabetes as one of the most

extensively affected health services interrupted as a result of countries having to make radical

decisions in responding to the pandemic [16]. Despite reduction in COVID-19 incidences and

restrictions, assessing the impact of the pandemic on diabetes trends may influence strict pro-

tocols and public health management interventions in curtailing the disease and subsequent

others of similar nature. Additionally, this study was conducted at the National Diabetes Man-

agement and Research Centre (NDMRC) of Ghana to assess determinants of glycaemic con-

trol in a long-term duration. The study, therefore, examined the trends and patterns of

glycaemic control, and the influence of COVID-19 on these trends whilst making some projec-

tions into the next few years ahead.

Methods

Study Setting

This study was conducted at the National Diabetes Management and Research Centre

(NDMRC) in Korle-Bu, Ghana. The facility was founded in 1995 as a diabetes treatment,

research, and training centre of excellence. It is part of the Department of Medicine and Thera-

peutics of the Korle-bu Teaching Hospital. The centre is currently being remodeled to make it

more accommodating for its customers and the rising number of persons with diabetes. With

the addition of a laboratory, pharmacy, and physical therapy unit, the NDMRC is ready to

become a multiservice Centre for its clients. It has more than 5000 registered users and serves

as an ideal environment for unrestricted diabetes research. The facility trains both undergrad-

uate and postgraduate medical professionals to manage diabetes as part of its training man-

date. An average of 80 clients are seen daily from Monday through Friday. The NDMRC

operates on ambulatory/outpatient basis. Services include dietherapy, ophthalmology, and psy-

chological support. Patients’ progress is monitored periodically, usually quarterly or biannual

using laboratory tests such as HbA1C, renal function test, lipid profile, full blood count and uri-

nalysis. Patients have an individualized management plan.

The healthcare system of Ghana and COVID-19 pandemic measures

In line with Ghana’s universal health care system, the main healthcare model of the Korle-Bu

Teaching Hospital and for that matter, the NDMRC is to a large extent hinged on the national

health insurance scheme.

The country had its fair share of the havoc wrecked by the COVID-19 pandemic. The coun-

try experienced a three-week partial lockdown in two of its most populous and economically

vibrant cities (Greater Accra and Greater Kumasi) from March 30, 2020. Despite exemption of

essential services including health care, hospital attendance reduced for fear of contracting the

virus amidst evidence that people with diabetes were at high risk of infection, complication

and death. The pandemic led to re-structuring of diabetes services with less contact hours and

dwindled staff strength. Regular monthly appointments were adjusted to quarterly to reduce

the risk of infection. Travel restrictions affected supply chain shooting up cost of essential

medicines and laboratory reagents.
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Research design

This retrospective cross-sectional study involved the use of secondary data extracted from the

physical records (folders) of 2,593 patients who presented at the NDMRC at Korle-Bu from

2015 to 2021. Though the facility was founded in 1995 and had over 5000 registered patients as

of the time of the study, we utilized patient records from 2015 to 2021 summing up to 2,593

patients (based on year of registration). No multiple information was recorded because

authors were interested in estimating the pattern of glycemic control. Inasmuch as there were

several visits by some patients, we extracted records based on year of registration of patient

with the facility. We utilized the last information of a patient if there were multiple visits in

that year. There was no paired data. This approach was appropriate to give a snapshot assess-

ment of glycaemic control throughout the years under consideration, and in light of the

COVID-19 pandemic. Data abstraction form was designed based on study objective and

patients’ information available. Data was grouped into three categories–Socio-demographic,

laboratory and exploratory/anthropometric. Laboratory values were extracted from printed

laboratory reports in patients’ folders and crosschecked with physicians’ clinical notes where

available. All other data categories were extracted from records as documented in patients’

folders. Folders reviewed and data collected by one researcher were crosschecked randomly by

another for data quality and accuracy.

Outcome variable

The primary outcome variable was Glycaemic Control (GC) which consists of the average

measurement of blood glucose (HbA1c). From the raw measurements, three categories were

generated based on the American Diabetes Association [17] and the method adopted by

Mimenza-Alvarado and colleagues [18] which are in line with diabetes management at the

NDMRC. The categories involved were normal (HbA1c< 7%), Intermediate (HbA1c

7–7.9%), and poor (HbA1c� 8%).

Though there has been some controversy on the ideal target for blood glucose control for

PLWD on a range of 6.0–7.5% for HbA1c, ADA and the European Association for the study of

Diabetes (EASD) concluded that HbA1c goal cut-off point of 7.0% (53.0 mmol/mol) remains

optimal [19–21]. The Standards of Medical Care in Diabetes 2022 further iterates that stringent

goals of HbA1c results<6.5% (48 mmol/mol) could be set for patients who are deemed capa-

ble of attaining such results without the complication of hypoglycaemia or other adverse

effects; whilst a less stringent goal of HbA1c value <8.0% (64 mmol/mol) could be set for

PLWD with extensive comorbid conditions, history of severe hypoglycaemia and advanced

micro-and macrovascular complications such that the benefits of treatment are less than the

harms [21, 22] and taking into consideration individual preference of less burdensome therapy

or stringent measures of control due to high motivation [21]. These considerations are in sync

with diabetes management practice at the NDMRC where treatment plan is individualized for

optimal glycaemic control. In our current study, since patients with other chronic conditions

such as malignancy, chronic renal failure, chronic liver disease as well as pregnancy were

excluded, the HbA1c target of 7.0% (53.0 mmol/mol) or lower considered as good glycaemic

control was in place.

Exposure variable

In this study, authors constructed an exposure-outcome termed, era of COVID-19 pandemic.

This variable was generated to assess the COVID-19 pandemic situation in Ghana and its

impact on PLWD considering GC. To generate this variable, the authors considered the year

in which Ghana experience her index case of COVID-19. The exposure variable was called
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“era of COVID-19” which was constructed as “Yes = 1” by combing the data for 2020 and

2021 and “No = 0” as otherwise. This procedure was deemed appropriate since the country’s

first two cases were reported in 2020 [31].

Independent variable

Variables considered included sex, age, currently working, Body Mass Index (BMI), Non-

high-density lipoprotein (Non-HDL), Low-density lipoprotein (LDL), systolic blood pressure

(SBP), and diastolic blood pressure (DBP). BMI was calculated as weight (Kg) divided by

height (m2) and was categorized as; 18.5–24.9 (normal weight), 25–29.9 (overweight), and 30+

(obesity). Since BMI is adjusted for amputees, a unique category was created under BMI for

persons with missing limbs.

Study population

The study population were patients who attended the NDMRC during the period considered

in this study. Socio-demographic characteristics are presented in Table 1. Ages ranged from 12

to 106 years with 0.25% being records of patients who were teenagers (young adults).

Inclusion/Exclusion criteria

Inclusion criteria was records spanning 2015–2021. Records showing other chronic conditions

such as malignancy, chronic renal failure, chronic liver disease as well as pregnancy and

inflammatory conditions were excluded.

Data analysis

Descriptive analysis was adopted for the demographic and clinical variables relating to the

objectives of the study. The prevalence of PGC across the years was estimated. For categorical

variables (sex, age group, working status, BMI category), chi square (X2) analyses were used

whiles for quantitative variables (age, Non-HDL cholesterol, LDL-cholesterol, SBP and DBP),

one-way analyses of variance (ANOVA) with Bartlett’s test for equal variances used to establish

associations with glycemic control. In addition, percentage change within the years and overall

increase in rate of PGC were estimated using stock plot analysis. Ordinal logistic regression

was adopted to show factors associated with PCG among PLWD. Mahalanobis distance

matching was adopted to improve the precision of estimates from the data within propensity

caliper to reduce bias estimates by controlling for covariates. In order to reduce imbalances in

estimating the effect of COVID-19 era on poor GC, identified factors influencing poor GC

were matched to have a precise estimate. This process was deemed fit because it reduced bias

in our impact estimation [23–25]. After pre-processing the data with matching, we further

employed ordinal logistic and Poisson regression analyses to estimate the impact of COVID-

19 era on poor GC by controlling the weighting scores from Mahalanobis distance matching.

All analyses were performed using Stata version 16.1 and P-value� 0.05 deemed

significant.

Ethics statement

Ethical approval was obtained from the Institutional Review Board of the Korle-Bu Teaching

Hospital (with Identification Number: KBTH-IRB/00071/2021). Since this was a retrospective

study spanning 2015 to 2021, participants could not be reached for their Individual Informed

Consent. However, a general consent was obtained from the Head of the Diabetes Unit before

beginning data extraction. Confidentiality was strictly observed during and after the study. No
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identifiable information linking records to patients was included during and after the study to

preserve anonymity. Only codes were used to assign participants.

Results

Glycaemic control in PLWD and its determinants

The study involved 2,593 PLWD ages ranging from 12–106 years with mean±SD of 54.7±12.9

years. In all, women were in the majority, accounting for approximately twice that of men

Table 1. Demographic and clinical characteristics of PLWD by glycaemic control from 2015–2021; evidence from the NDMRC, Ghana.

Variable Glycaemic control level Total Test

Good Intermediate Poor

%(95%CI) 34.4(32.6–36.3) 14.0(12.8–15.4) 51.6(49.6–53.5)

% % % n

Sex 4.65

Man 31.7 14.5 53.8 933

Woman 35.9 13.8 50.3 1660

Age 10.64***
Mean±SD 56.3±13.4 55.0±12.3 53.7±12.7 54.8±12.9

Age group 18.99**
�39 33.1 13.1 53.8 329

40–49 29.0 13.1 58.0 528

50–59 33.8 14.0 52.1 769

60+ 38.4 14.9 46.8 962

Missing 20 20 60 5

Currently working 1.07

No 34.7 15 50.3 300

Yes 34.1 13.8 52.1 1903

Missing 35.9 14.4 49.7 390

BMI 37.95***
Amputee 29.2 12.5 58.2 838

Underweight 24.6 21.7 53.6 69

Normal 33.7 15.0 51.3 493

Overweight 37.8 12.2 50.0 556

Obesity 39.9 16.0 44.1 637

Non-HDL 0.67**
Mean±SD 3.7±3.7 3.8±2.8 3.9±2.8 3.8±3.1

LDL 2.31

Mean±SD 3.0±1.3 3.0±1.3 3.1±1.4 3.1±1.4

SBP 33.51***
Mean±SD 135(31) 132(32) 128(38) 131(34)

DBP 27.45***
Mean±SD 79(17) 80(19) 82(21) 80(18)

NOTE: Abbreviation: BMI = Body Mass Index, HDL = High Density Lipoprotein, LDL = Low Density Lipoprotein, SBD = Systolic Blood Pressure, DBP = Diastolic

Blood Pressure, ref = Reference category used for inference. P-value Notation

*p-value<0.05

**p-value<0.01

***p-value<0.001

Data from the National Diabetes Management and Research Centre (NDMRC), Korle Bu Teaching Hospital, Ghana.

https://doi.org/10.1371/journal.pgph.0002024.t001
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(men versus women was 1:2, respectively). The HbA1C ranged from 4.2–18.9% with mean

±standard deviation of 8.87±3.40 and the median (inter-quartile range) was 8.1(4.3). As pre-

sented in Fig 1, the trend of PGC increased steadily with a prevalence rate ranging from 38.6%

in 2015 to 69.2% in 2021. The overall growth and the percentage change within the years

showed a positive rate. The highest percentage increase occurred between 2015 and 2016 with

a 24.6% increase rate and the lowest occurred between 2018 and 2019 with a 3.6% increase

rate. The pattern of PGC across the years was statistically different (p-value<0.001). The pro-

jection also showed an increasing pattern from 2022 with an estimated 86% of PGC at the end

of 2025 with all things being equal (Fig 1).

Overall PGC was 51.6% (95%CI = 49.6–53.5) and the differences in proportions and means

were statistically associated with age, BMI, Non-HDL, SBP, and DBP (p-value<0.05)

(Table 1). Generally, factors including sex differential, age groups, BMI, LDL, SBP, and DBP

were significantly associated with PGC.

The analysis depicts that being a woman significantly increases the likelihood of PGC by

22% compared with being a man (aOR = 1.22, 95%CI = 1.01–1.46). Age groups showed that

those aged�39 years and 40–49 years were 37% and 55%, respectively more likely to experi-

ence PGC compared with those aged 60+ years [aOR(95%CI) = 1.37(1.02–1.84) and 1.55

(1.22–1.99), respectively]. Increasing LDL and DBP significantly increase the likelihood of

Fig 1. Prevalence, percentage change, and overall growth rate of PGC among PLWD from 2015–2021, Ghana. Figures on top of BLUE Boxes indicate

actual prevalence rates for poor glycaemic control whilst those in RED boxes indicate projected prevalence rates. Figures behind BLACK close parenthesis

bracket indicates percentage change of poor glycaemic control whilst the figure behind the RED indicates the overall growth rate from 2015–2021. Data from

the National Diabetes Management and Research Centre, Korle Bu Teaching Hospital, Ghana. PGC = Poor Glycaemic Control.

https://doi.org/10.1371/journal.pgph.0002024.g001
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PGC by 12% and 25%, respectively [aOR(95%CI) = 1.12(1.03–1.21) and 1.25(1.10–1.41),

respectively] whilst increasing SBP significantly decrease the risk of PGC by 19% (aOR = 0.81,

95%CI = 0.71–0.92) (Table 2). As well, age as a risk factor for PGC showed that lower age

increased the risk of PGC throughout the various years. Compared with PLWD aged 60

+ years, the risk of PGC was high among those aged�39 years, 40–49, and 50–59 years, how-

ever, was statistically significant in 2016, 2019, and 2021 (Table 2).

Glycaemic control in COVID-19 era

Common support assumption as presented in Fig 2 clearly depict an overlap of the propensity

scores between the era of COVID-19 and that of the previous years without COVID-19 pandemic.

To improve the precision of estimates from the data, the authors adopted the Mahalanobis

distance matching within propensity caliper to reduce bias estimates by controlling for covari-

ates. The matching procedure clearly demonstrates that the normal propensity score matching

showed some covariates not achieving approximately 0% standardized bias, however, after

adoption of Mahalanobis distance matching within propensity caliper, there was approxi-

mately 0% standardized bias matching between covariates (Fig 3).

Table 2. Ordinal logistic regression showing factors associated with PGC among PLWD from 2015–2020; evidence from the NDMRC, Ghana.

Variable Data extraction period

2015 2016 2017 2018 2019 2020 2021 Pooled

aOR[95%CI] aOR[95%CI] aOR[95%CI] aOR[95%CI] aOR[95%CI] aOR[95%CI] aOR[95%CI] aOR[95%CI]

Sex

Woman Ref Ref Ref Ref Ref Ref Ref Ref

Man 1.38[0.92–2.08] 1.07[0.68–1.68] 1.45[0.98–2.13] 0.85[0.48–1.48] 1.17[0.68–2.01] 1.01[0.57–1.79] 0.80[0.47–1.33] 1.22[1.01–1.46]*
Age group

60+ Ref Ref Ref Ref Ref Ref

�39 1.92[0.97–3.79] 1.68[0.85–3.35] 1.30[0.71–2.38] 1.19[0.45–3.12] 1.44[0.62–3.37] 1.20[0.43–3.32] 1.33[0.58–3.04] 1.37[1.02–1.84]*
40–49 1.45[0.82–2.56] 2.34[1.25–4.36]** 1.46[0.90–2.39] 0.99[0.47–2.10] 2.79[1.30–6.00]** 1.78[0.78–4.10] 1.65[0.81–3.37] 1.55[1.22–1.99]***
50–59 1.04[0.62–1.75] 2.17[1.25–3.75]** 1.38[0.87–2.19] 0.51[0.26–0.98]* 1.42[0.76–2.66] 1.70[0.83–3.48] 1.85[0.97–3.48] 1.25[1.01–1.56]*
Currently working

Yes Ref Ref Ref Ref Ref Ref

No 1.20[0.57–2.53] 1.41[0.66–3.05] 1.13[0.59–2.15] 0.37[0.16–0.83]* 1.83[0.93–3.60] 1.03[0.56–1.91] 0.63[0.27–1.45] 1.20[0.92–1.56]

Missing

BMI

Normal Ref Ref Ref Ref Ref Ref

Amputee 1.22[0.70–2.12] 0.98[0.49–1.96] 0.74[0.42–1.28] 1.26[0.42–3.82] 0.75[0.35–1.62] 0.84[0.37–1.91] 2.01[0.78–5.17] 1.00[0.77–1.29]

Underweight 2.23[0.46–10.8] 0.57[0.17–1.91] 1.59[0.39–6.49] 0.91[0.22–3.83] 5.18[0.58–45.90] 1.77[0.17–18.77] - 1.36[0.76–2.42]

Overweight 0.86[0.49–1.52] 0.88[0.46–1.68] 0.81[0.48–1.37] 0.61[0.31–1.22] 0.86[0.43–1.71] 1.57[0.49–5.00] - 0.85[0.66–1.10]

Obesity 0.76[0.42–1.35] 0.54[0.29–1.01] 0.71[0.42–1.17] 0.89[0.44–1.80] 0.71[0.36–1.40] 0.65[0.25–1.72] - 0.75[0.59–0.97]*
Lipid & BP

Non HDL 3.14[1.73–5.69]*** 0.98[0.42–2.31] 1.11[0.60–2.07] 2.69[1.05–6.91]* 0.92[0.41–2.03] 0.68[0.32–1.44] 0.97[0.92–1.02] 1.00[0.96–1.04]

LDL 0.35[0.19–0.66]*** 1.23[0.49–3.12] 0.92[0.47–1.81] 0.41[0.14–1.16] 1.15[0.49–2.69] 1.70[0.79–3.70] 1.03[0.88–1.22] 1.12[1.03–1.21]**
SBP 0.85[0.64–1.13] 0.69[0.50–0.94]** 0.84[0.65–1.10] 0.96[0.67–1.39] 0.96[0.67–1.39] 0.55[0.36–0.84]** 1.09[0.32–3.62] 0.81[0.71–0.92]***
DBP 1.23[0.93–1.61] 1.43[1.03–1.97]* 1.09[0.83–1.44] 1.25[0.86–1.81] 0.92[0.64–1.30] 2.03[1.32–3.11]*** 0.90[0.21–3.81] 1.25[1.10–1.41]***

NOTE: Abbreviation: aOR = Adjusted Odd Ratio, BMI = Body Mass Index, HDL = High Density Lipoprotein, LDL = Low Density Lipoprotein, SBD = Systolic Blood

Pressure, DBP = Diastolic Blood Pressure, ref = Reference category used for inference. P-value Notation

*p-value<0.05

**p-value<0.01

***p-value<0.001

Data from the National Diabetes Management and Research Centre (NDMRC), Korle Bu Teaching Hospital, Ghana.

https://doi.org/10.1371/journal.pgph.0002024.t002
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After controlling Mahalanobis distance within Propensity Score caliper weights, estimates

showed that there was an increased risk of PGC during the era of COVID-19 pandemic

among PLWD. Analysis showed that the risk of PGC during the era of COVID-19 was approx-

imately 1.57 times significant compared with the era without COVID-19 (aOR = 1.57, 95%

CI = 1.08–2.30). Meanwhile, artificial binary outcome of PGC showed that the adjusted preva-

lence ratio (aPR) of PGC during the era of COVID-19 was approximately 64% significantly

higher than the era without COVID-19 (aPR = 1.64, 95%CI = 1.10–2.43). In addition, Logistic

and Probit predicted an adjusted Odds and log count of 1.22 times (95%CI = 1.01–1.47) and

0.30 coefficient (95%CI = 0.06–0.54), respectively (Table 3).

Discussion

Glycaemic control in PLWD and associated factors

This study confirms the increasing proportion of PGC among PLWD. Additionally, PCG fur-

ther worsened in the COVID-19 era. Aschner et al. [8] revealed similar findings in their obser-

vational study in developing nations. They found that glycaemic control in people with type 2

diabetes remained poor, emphasizing the need for system improvements and improved quality

of care to enhance self-management and treatment objectives [8].

In an institutional-based cross-sectional study by Fekadu et al. [26], a similar trend of poor

GC was detected, with two-thirds of their study population showing poorly controlled diabe-

tes. However, compared with other studies, findings established in this current work appear

relatively lower. Chetoui and colleagues found a PGC prevalent rate of 66.3% among T2D in

Fig 2. Assumption of common support as assessed by propensity matching method.

https://doi.org/10.1371/journal.pgph.0002024.g002
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the Moroccan population in 2017 [27]. These findings could be due to the different geographi-

cal location of participants and the study design involved. The current study adopted a retro-

spective approach whilst the above literature employed a cross-sectional technique. In Ghana,

a prospective cross-sectional study conducted in 2018 also found higher results with PGC

accounting for 69.7% as compared with 51.9% in this current study [7]. In the same year, a

5-multi-centre-Ghanaian study involving 1226 participants [28] found the PGC prevalence

rate of 70%. Findings from earlier and later years have not been different.

PGC levels, such as found in this study, remain a significant sequela for complications of

diabetes. As presented in Fig 1, approximately one-third and two-thirds of PLWD had PGC in

2015 and 2021, respectively, which clearly explains the 8.7% growth rate of PGC. Whilst the

COVID-19 pandemic may have contributed to worsening of glycaemic control, the growth

rate observed from 2015 to 2021 signals a need to revisit interventions towards diabetes control

and management. Though COVID-19 may have interrupted diabetes services at the centre

and across the country, an increasing pattern of PCG was observed within the study period.

We project that if nothing is done to arrest the observed pattern, the prevalence of PGC may

reach a record high of 86% by the end of 2025.

Influencers of glycaemic control among PLWD

Being a woman significantly increased one’s likelihood of having PGC. This finding is consis-

tent with Mobula et al., 2018 study [28] in Ghana where men were 34% more likely to have

Fig 3. Comparing propensity score matching and Mahalanobis distance within propensity score showing standardize percentage bias across

covariates.

https://doi.org/10.1371/journal.pgph.0002024.g003
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good glycaemic control than women. Similarly, in a study focused on developing countries in

seven cross-sectional waves from 2005 to 2017, patients with diabetes who were younger and

were women, were also less likely to achieve the HbA1c goal compared with their counterparts

[8]. Sex has been found to be a significant determinant in the storage of lipids in muscles and

liver, and is a predictor of metabolic activity and development of metabolic disease [29]. Since

women rely more on fat reserves as fuel during physical activity (PA) than men [29, 30], the

latter could better control their fat and muscle reserve and thereby reduce their BMI. In fact,

PA is a significant determinant of PGC [7, 31–33]. Meanwhile, PA may be less in women than

men [7, 34, 35] inasmuch as there is difference in PA preference and motivating factors across

both sexes [30, 36]. It has been found that PA (even of light intensity), reduces postprandial

glucose and insulin levels as compared to a sedentary lifestyle. PA also points to improved car-

diometabolic health and reduced risk of mortality [37]. Amidst all odds, COVID-19 has been

Table 3. Influence of COVID-19 era on PGC among PLWD from 2015–2020; evidence from the NDMRC, Ghana.

Variable Main outcome Artificial Outcome-Binary nature

Ordinal Logistic Poisson Logistic Probit

aOR[95%CI] aPR[95%CI] aOR[95%CI] aβ[95%CI]

Era of COVID-19

No Ref Ref Ref Ref

Yes 1.57[1.08–2.30]** 1.64[1.10–2.43]** 1.22[1.01–1.47]* 0.30[0.06–0.54]**
Sex

Woman Ref Ref Ref Ref

Man 1.49[0.98–2.28] 1.34[0.86–2.09] 1.12[0.92–1.36] 0.18[-0.09–0.45]

Age group

60+ Ref Ref Ref Ref

�39 1.03[0.45–2.35] 1.01[0.44–2.34] 0.97[0.70–1.35] 0.01[-0.50–0.52]

40–49 0.90[0.48–1.69] 0.89[0.46–1.71] 0.95[0.73–1.23] -0.07[-0.46–0.33]

50–59 0.78[0.45–1.37] 0.79[0.44–1.41] 0.90[0.69–1.18] -0.14[-0.50–0.21]

Currently working

Yes Ref Ref Ref Ref

No 0.61[0.37–1.00] 0.53[0.31–0.90]** 0.75[0.56–1.00]* -0.39[-0.71–0.06]

Missing

BMI

Normal Ref Ref Ref Ref

Amputee 0.94[0.52–1.69] 1.22[0.65–2.30] 1.10[0.83–1.45] 0.12[-0.27–0.50]

Underweight 0.78[0.16–3.82] 0.76[0.13–4.38] 0.90[0.39–2.06] -0.18[-1.27–0.91]

Overweight 1.15[0.52–2.53] 1.44[0.63–3.30] 1.16[0.84–1.60] 0.22[-0.29–0.73]

Obesity 0.59[0.29–1.18] 0.60[0.28–1.27] 0.80[0.56–1.14] -0.33[-0.79–0.13]

LIPID & BP

Non HDL 1.46[0.76–2.80] 1.54[0.80–2.98]] 1.19[0.91–1.54] 0.26[-0.13–0.65]

LDL 0.71[0.36–1.40] 0.69[0.35–1.39] 0.87[0.65–1.15] -0.22[-0.63–0.19]

SBP 0.97[0.96-.99]*** 0.98[0.96–0.99] *** 0.99[0.98–1.00] *** -0.01[-0.02-.01] ***
DBP 1.05[1.02-.07]*** 1.04[1.01–1.07] *** 1.02[1.00–1.03] ** 0.2[0.01–0.04] ***

NOTE: Abbreviation: aOR = Adjusted Odd Ratio, BMI = Body Mass Index, HDL = High Density Lipoprotein, LDL = Low Density Lipoprotein, SBD = Systolic Blood

Pressure, DBP = Diastolic Blood Pressure, ref = Reference category used for inference. P-value Notation

*p-value<0.05

**p-value<0.01

***p-value<0.001

Data from the National Diabetes Management and Research Centre (NDMRC), Korle Bu Teaching Hospital, Ghana

https://doi.org/10.1371/journal.pgph.0002024.t003
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linked to depression, more in women than men [38]. With the link between depression and

PGC [39], and the two-year astronomical increase in PGC in 2020 and 2021 observed in the

current study, we believe these are probable influencers of PGC among women compared to

men. In addition, clinics were disrupted in the first year of the pandemic, and many patients

for fear of infection, stayed away. Indeed, patients were given longer review dates than usual.

We advocate for a system of follow up, especially on high-risk patients to mitigate the impact

of service interruption that was observed.

Being of younger age is linked to PGC as well. This translates to ages below 60 years being

associated with PGC. The current finding is not different from that of significant others that

pointed out age as a notable determinant of glycaemic control [28, 31, 33]. We argue that older

people tend to easily adhere to treatment modalities and diabetes management plans. Being

relatively older could be linked to having had enough life experiences thereby reducing the

youthful, hectic stress-packed lifestyle. Older patients may be more motivated to control their

diabetes, more likely to be medication compliant as well as stick to a more balanced diet free of

high carbohydrates. On the other hand, persons of younger age may be less likely to adhere to

medications, make lifestyle changes and nutritional adjustment. Change in general lifestyle,

occupational and social life, thereby tend to relatively affect people of the younger generation

[31], whilst the wake of comorbidities and complications among older people [40] increase

their tendency to take charge and control their health thereby improving glycaemic control.

Selvin and Parrinello [41] presented elaborate review on why PGC may be more prevailing

at younger-age compared to older age. They explained that the pathophysiology of type 2 dia-

betes is different in the elderly compared to that of younger age; as opposed to insulin resis-

tance which mostly leads to diabetes at younger age, impaired insulin secretion is implicated

in the elderly [42] which may affect the effectiveness of some medications such as metformin

in the elderly [43]. Persons of younger ages have also been found to present with severe form

of the disease along with complication such as obesity, higher degrees of insulin resistance and

rapidly increasing blood glucose [44] which may explain the high use of insulin in this group

compared to sulphonylurea medications [45]. Finally, Selvin and Parrinello [41] described

how survival bias may be a contributing factor to the apparent better GC observed in the

elderly. They argued that many elderly with PGC may have “fallen off” early along the way and

hence not included in many cross-sectional studies. State of frailty, comorbid conditions, and

being on multiple medications among others, often render the elderly ineligible for epidemio-

logical studies and clinical trials.

We also found that increasing low-density lipoprotein cholesterol (LDL) but not triglycer-

ide (TG), total cholesterol (TCHOL), and non-high-density lipoprotein (non-HDL) signifi-

cantly increased the likelihood of PGC. This is in contrast to studies by Naqvi et al and Hinton

et al. [46, 47] which found glycaeted haemoglobin to correlate positively with triglyceride.

Other studies have found dyslipidemia [48] with TCHOL [46] as predictors of PCG. Dyslipide-

mia is elevated levels of LDL or TCHOL or low levels of HDL or both [49]. Inasmuch as one or

more abnormalities in the serum lipids signifies dyslipidemia [48] more frequently and opera-

tionally, LDL cholesterol from most laboratories is a derived parameter from TCHOL, TG,

and HDL. Therefore, the significance of LDL in the current study of relatively large data impli-

cates the combined effect of lipid parameters in influencing glycaemic control. Clinicians must

not only focus on glycaemic control but must tackle all cardiovascular risk factors including

dyslipidemia. As dyslipidemia significantly increases one’s risk of coronary heart disease and

stroke [49], its control remains paramount in patients with diabetes for primary and secondary

prevention of cardiovascular disease.

Interestingly, we found that increasing diastolic blood pressure (DBP) is significantly asso-

ciated with PGC—a finding similar to a study by Torchinsky et al. [50]. They found significant
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positive correlation between HbA1c and DBP. However, their study population was among

children with type 1 diabetes [50]. Increasing systolic blood pressure (SBP) was found to be

associated with a decreased risk of PGC. While we do not suggest that high SBP is a protective

factor for good glycaemic control, the possibility that persons with elevated SBP attending the

clinic regularly are already on stringent hypertension management could account for this find-

ing. Despite the control of all three targets of HbA1c, lipids, and BP among PLWD remaining

suboptimal, BP remains the poorest achievable target [51]. It is argued that inasmuch as some

diabetes medications can affect blood pressure, the dynamics may not be the same across all

diabetes population [52]. That notwithstanding, the proclivity to focus on SBP in predicting a

patient’s risk for cardiovascular events and hence commencing antihypertensives may result in

implications for DBP going unnoticed. This is because PLWD with relatively lower SBP may

be overlooked whilst their DBP remains indicative of PCG.

According to Van der Merwe [53], baseline DBP of less than 80 mmHg in those under the

age of 50 is a considerably better predictor of future hypertension than baseline SBP of more

than 120 mmHg. Huang et al. [54] also emphasized how isolated diastolic hypertension is fre-

quently disregarded and its awareness still low despite the United States and some countries in

Asia appear to be experiencing an upsurge in prevalence [54]. Aging has been cited as a key

factor in hypertension management. A study by Pinto [55] validated the trend of DBP to vary

with age, increasing until the fifth decade and progressively declining from the age of 60 to at

least 84 years. Our population being a relatively younger one (mean age being 54.7 years)

could also explain our finding. In the same way, patients with higher BMI (obese) may present

with more complications and co-morbidities and hence may be put on more stringent treat-

ment modalities to effectively control their blood glucose. This could possibly account for the

observed relationship between obesity and PGC in our study. This was the case where the type

of regimen such as being on metformin, insulin, and combination of insulin and oral-antidia-

betic drugs, as well as having cardiovascular disease were found to influence good glycaemic

control [7, 27, 31, 32]. We therefore recommend combined use of SBP and DBP in blood pres-

sure control, especially in DM management.

Sendekie et al. [56] suggest high SBP as a significant determinant of PGC. They reported

that after initiation of insulin therapy, many PLWD who had high SBP, did not achieve opti-

mal glycaemic control after twelve months. Notably, in their study, the effect of DBP was not

explored or presented. This confirms our assertion on the seeming neglect of DBP in many

instances. That notwithstanding, their study involved switching from other treatment guide-

lines to solely insulin as opposed to our study that involved patients who were on either medi-

cations or insulin or combinations.

Concomitant high BP and diabetes have been linked to arterial stiffness that facilitates hyper-

tension through a gradual breakdown and loss of elastin fibers in blood vessels, contributing to

the development of chronic kidney disease and stroke [57]. However, some combinations of

antihypertensive in diabetes may not be ideal and should be carefully thought through by clini-

cians in diabetes management [57, 58]. In addition, with the increasing argument on ideal target

of BP control in T2DM (whether targeting 130/80mmHg or SBP<120mmHg) such that cardio-

vascular complications do not set in [59] and the relevance of combined BP and glycaemic con-

trol in diabetes, treatment and control should be individually tailored to achieve utmost

effectiveness and efficiency whilst we work towards newer therapeutic strategies.

Glycaemic control in the era of COVID-19

In providing a guideline for assessment and management of diabetes in COVID-19, Verma

et al. [60] pointed out that the dysregulated immune response in DM remains a significant
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driver of having COVID-19 disease severity. However, it remains unclear the effect of the pan-

demic on diabetes. Our impact evaluation analysis showed that there was an increased risk of

PGC during the era of the COVID-19 pandemic among PLWD as per records abstracted from

the NDMRC of the Korle-bu Teaching Hospital.

Inasmuch as the highest percentage increase in PGC occurred between 2015 and 2016 with

a 24.6% increase rate, we observed that the rate of increase in the ensuing years till 2019 was

significantly lower with rates of 4.2%, 3.6%, 5.8% recorded in 2017, 2018 and 2019, respec-

tively. Considering the period of our study, we are unable to comment on the rate of PGC hith-

erto 2015. However, although the rates have been steadily rising after 2016, we can speculate

from the trend observed that small gains were being made toward reducing the prevalence of

PCG until the steep rise observed in 2020. We found approximately 3 times increase in the per-

centage change in PGC in 2020 and 2021 when COVID-19 wreaked havoc on health systems

the world over. The risk of PGC during the peak era of the pandemic was approximately twice

significant compared with the period before.

Key explanation for this significant finding could be that the pandemic era has greatly

affected diabetes management [61] in essence that the situation reduced contact with health

professionals, led to medication stock outs, and probable consequence of lockdown periods

playing a role in PGC as observed in the current study. The high levels of psychological distress

seen during the era of COVID-19 could be a contributing factor to PGC as stress has been

linked to PCG [62].

A possible new diagnosis of diabetes may as well have impacted on the prevalence of PGC

as authors observed in the current study. We recommend holistic public health promotion

strategies and policies aimed at controlling irrational and unhealthy eating, enhancing PA,

promoting mental wellbeing as well as inculcating intentional and sustained efforts towards

maintaining healthy BMI among youths and the general populace. Again, continuous efforts

toward control of COVID-19 will have translational benefits on diabetes control. The impact

of COVID-19 era on GC is a key issue to be factored in public health interventions.

Limitations

A major limitation of this study is that the results of laboratory data extracted were not from one

laboratory. Test methods amongst these labs may vary according to equipment and reference

ranges used. Some folders were missing and amongst those available, some had missing responses.

Diabetes was considered across board and not categorized into Type 1 or Type 2, although major-

ity appeared to be Type 2 as only 0.25% of data extracted were of persons under 20years.

Comorbid cardiac disease was not ruled out. An HBA1c that is considered poor may be

considered appropriate in patients with comorbid cardiac disease. Moreover in elderly

patients, less stringent targets are often used because the harms of such targets may outweigh

the benefits. Generalizability of our data must be interpreted within the context of the study.

Additionally, the utilization of secondary data in this study presented the challenge of

incomplete data on some specific variables (such as regarding the comorbid situation of all

patients, alcohol-use, smoking status, etc.) whose impact we may have explored.

Our projection of PGC was based on available data and prevailing circumstances of

COVID-19 pandemic in 2020 and 2021. We believe that the pandemic era greatly affected dia-

betes management in terms of reducing contact with health professionals, medication stock

outs, and the probable consequences of lockdown among other factors. High levels of psycho-

logical distress during the pandemic era, as well as new diagnosis, could also be implicated. If

all these factors are normalized or neutralized by effective standards and controls, the outcome

may not be as dire. That notwithstanding, the pandemic era contributed only a year to the
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projection made compared to the 6 years without it–thereby improving the strength of our

evaluation.

Conclusion

The trend and pattern of glycaemic control appears to worsen over the period 2015 to 2021.

PCG was found to be significantly linked with sex, age, LDL cholesterol and blood pressure.

The risk of experiencing PCG amongst PLWD increased significantly during the era of

COVID-19. The National Diabetes Management and Research Centre and other centres that

provide specialist healthcare in resource-limited settings, must determine the factors that mili-

tated against optimum service delivery in the era of the COVID-19 pandemic, and implement

measures that would improve resilience in provision of essential care in the face of shocks.
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Zepeda MU, Ávila-Funes JA, et al. Effect of poor glycemic control in cognitive performance in the elderly

with type 2 diabetes mellitus: The Mexican Health and Aging Study. BMC Geriatr. 2020 Oct 23; 20

(1):424. https://doi.org/10.1186/s12877-020-01827-x PMID: 33096995

19. Inzucchi SE, Bergenstal RM, Buse JB, Diamant M, Ferrannini E, Nauck M, et al. Management of hyper-

glycaemia in type 2 diabetes, 2015: a patient-centred approach. Update to a Position Statement of the

American Diabetes Association and the European Association for the Study of Diabetes. Diabetologia.

2015 Mar 1; 58(3):429–42. https://doi.org/10.1007/s00125-014-3460-0 PMID: 25583541

PLOS GLOBAL PUBLIC HEALTH Changes in trends and patterns of glycaemic control in Ghana during COVID-19 pandemic era

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0002024 June 14, 2023 16 / 19

https://doi.org/10.1016/j.diabres.2021.109119
http://www.ncbi.nlm.nih.gov/pubmed/34879977
https://diabetesatlas.org/data/
https://diabetesatlas.org/data/
https://www.statista.com/statistics/241820/estimated-global-healthcare-expenditures-to-treat-diabetes/
https://www.statista.com/statistics/241820/estimated-global-healthcare-expenditures-to-treat-diabetes/
https://doi.org/10.3389/fpubh.2019.00349
https://doi.org/10.3389/fpubh.2019.00349
http://www.ncbi.nlm.nih.gov/pubmed/31803711
http://www.ncbi.nlm.nih.gov/pubmed/26292437
https://doi.org/10.1371/journal.pone.0261455
http://www.ncbi.nlm.nih.gov/pubmed/34936668
https://doi.org/10.1001/jama.2021.9883
http://www.ncbi.nlm.nih.gov/pubmed/34170288
https://doi.org/10.1038/s41598-019-46766-9
http://www.ncbi.nlm.nih.gov/pubmed/31308457
https://doi.org/10.1186/s12889-016-3311-7
https://doi.org/10.1186/s12889-016-3311-7
http://www.ncbi.nlm.nih.gov/pubmed/27457072
https://doi.org/10.1136/bmj.i1450
http://www.ncbi.nlm.nih.gov/pubmed/27029547
http://www.ncbi.nlm.nih.gov/pubmed/23386796
https://doi.org/10.1016/S0140-6736%2820%2932374-6
http://www.ncbi.nlm.nih.gov/pubmed/33189186
https://www.who.int/news/item/23-04-2021-covid-19-continues-to-disrupt-essential-health-services-in-90-of-countries
https://www.who.int/news/item/23-04-2021-covid-19-continues-to-disrupt-essential-health-services-in-90-of-countries
https://doi.org/10.1186/s12877-020-01827-x
http://www.ncbi.nlm.nih.gov/pubmed/33096995
https://doi.org/10.1007/s00125-014-3460-0
http://www.ncbi.nlm.nih.gov/pubmed/25583541
https://doi.org/10.1371/journal.pgph.0002024


20. Gupta S, Chauhan N, Utkarsh J. Laboratory Diagnosis of HbA1c: A Review. J Nanomedicine Res [Inter-

net]. 2017 Apr 25 [cited 2022 Jul 13]; 5(4). Available from: https://medcraveonline.com/JNMR/

laboratory-diagnosis-of-hba1c-a-review.html

21. American Diabetes Association Professional Practice Committee, Draznin B, Aroda VR, Bakris G, Ben-

son G, Brown FM, et al. 6. Glycemic Targets: Standards of Medical Care in Diabetes-2022. Diabetes

Care. 2022 Jan 1; 45(Suppl 1):S83–96. https://doi.org/10.2337/dc22-S006 PMID: 34964868

22. American Diabetes Association. 5. Lifestyle Management: Standards of Medical Care in Diabetes—

2019. Diabetes Care. 2018 Dec 7; 42(Supplement_1):S46–60.

23. Rubin DB, Thomas N. Combining Propensity Score Matching with Additional Adjustments for Prognos-

tic Covariates. J Am Stat Assoc. 2000 Jun 1; 95(450):573–85.

24. Rubin DB. Matching to Remove Bias in Observational Studies. Biometrics. 1973; 29(1):159–83.

25. Rosenbaum PR, Rubin DB. The central role of the propensity score in observational studies for causal

effects. Biometrika. 1983 Apr 1; 70(1):41–55.

26. Fekadu G, Bula K, Bayisa G, Turi E, Tolossa T, Kasaye HK. Challenges And Factors Associated With

Poor Glycemic Control Among Type 2 Diabetes Mellitus Patients At Nekemte Referral Hospital, West-

ern Ethiopia. J Multidiscip Healthc. 2019 Nov 22; 12:963–74. https://doi.org/10.2147/JMDH.S232691

PMID: 31819470

27. Chetoui A, Kaoutar K, Elmoussaoui S, Boutahar K, El Kardoudi A, Chigr F, et al. Prevalence and deter-

minants of poor glycaemic control: a cross-sectional study among Moroccan type 2 diabetes patients.

Int Health. 2022 Jul 1; 14(4):390–7.

28. Mobula LM, Sarfo FS, Carson KA, Burnham G, Arthur L, Ansong D, et al. Predictors of glycemic control

in type-2 diabetes mellitus: Evidence from a multicenter study in Ghana. Transl Metab Syndr Res. 2018

Dec 1; 1:1–8.

29. Beaudry KM, Devries MC. Sex-based differences in hepatic and skeletal muscle triglyceride storage

and metabolism. Appl Physiol Nutr Metab. 2019 Aug; 44(8):805–13.

30. Sarafian D, Schutz Y, Montani JP, Dulloo AG, Miles-Chan JL. Sex difference in substrate oxidation dur-

ing low-intensity isometric exercise in young adults. Appl Physiol Nutr Metab. 2016 Sep; 41(9):977–84.

https://doi.org/10.1139/apnm-2016-0127 PMID: 27540628

31. Alramadan MJ, Magliano DJ, Almigbal TH, Batais MA, Afroz A, Alramadhan HJ, et al. Glycaemic control

for people with type 2 diabetes in Saudi Arabia–an urgent need for a review of management plan. BMC

Endocr Disord. 2018 Sep 10; 18(1):62. https://doi.org/10.1186/s12902-018-0292-9 PMID: 30200959

32. Mamo Y, Bekele F, Nigussie T, Zewudie A. Determinants of poor glycemic control among adult patients

with type 2 diabetes mellitus in Jimma University Medical Center, Jimma zone, south west Ethiopia: a

case control study. BMC Endocr Disord. 2019 Aug 29; 19(1):91. https://doi.org/10.1186/s12902-019-

0421-0 PMID: 31464602

33. Azzam MM, Ibrahim AA, Abd El-Ghany MI. Factors affecting glycemic control among Egyptian people

with diabetes attending primary health care facilities in Mansoura District. Egypt J Intern Med. 2021 Oct

11; 33(1):33.

34. Billaut F, Smith K. Sex alters impact of repeated bouts of sprint exercise on neuromuscular activity in

trained athletes. Appl Physiol Nutr Metab. 2009 Aug; 34(4):689–99. https://doi.org/10.1139/H09-058

PMID: 19767805

35. Isacco L, Miles-Chan JL. Gender-specific considerations in physical activity, thermogenesis and fat oxi-

dation: implications for obesity management. Obes Rev. 2018; 19(S1):73–83. https://doi.org/10.1111/

obr.12779 PMID: 30511503

36. van Uffelen JGZ, Khan A, Burton NW. Gender differences in physical activity motivators and context

preferences: a population-based study in people in their sixties. BMC Public Health. 2017 Jul 4; 17

(1):624. https://doi.org/10.1186/s12889-017-4540-0 PMID: 28676081

37. Chastin SFM, Craemer MD, Cocker KD, Powell L, Cauwenberg JV, Dall P, et al. How does light-inten-

sity physical activity associate with adult cardiometabolic health and mortality? Systematic review with

meta-analysis of experimental and observational studies. Br J Sports Med. 2019 Mar 1; 53(6):370–6.

https://doi.org/10.1136/bjsports-2017-097563 PMID: 29695511

38. Mazza MG, De Lorenzo R, Conte C, Poletti S, Vai B, Bollettini I, et al. Anxiety and depression in

COVID-19 survivors: Role of inflammatory and clinical predictors. Brain Behav Immun. 2020 Oct 1;

89:594–600. https://doi.org/10.1016/j.bbi.2020.07.037 PMID: 32738287

39. Akpalu J, Yorke E, Ainuson-Quampah J, Balogun W, Yeboah K. Depression and glycaemic control

among type 2 diabetes patients: a cross-sectional study in a tertiary healthcare facility in Ghana. BMC

Psychiatry. 2018 Nov 6; 18(1):357. https://doi.org/10.1186/s12888-018-1933-2 PMID: 30400843

PLOS GLOBAL PUBLIC HEALTH Changes in trends and patterns of glycaemic control in Ghana during COVID-19 pandemic era

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0002024 June 14, 2023 17 / 19

https://medcraveonline.com/JNMR/laboratory-diagnosis-of-hba1c-a-review.html
https://medcraveonline.com/JNMR/laboratory-diagnosis-of-hba1c-a-review.html
https://doi.org/10.2337/dc22-S006
http://www.ncbi.nlm.nih.gov/pubmed/34964868
https://doi.org/10.2147/JMDH.S232691
http://www.ncbi.nlm.nih.gov/pubmed/31819470
https://doi.org/10.1139/apnm-2016-0127
http://www.ncbi.nlm.nih.gov/pubmed/27540628
https://doi.org/10.1186/s12902-018-0292-9
http://www.ncbi.nlm.nih.gov/pubmed/30200959
https://doi.org/10.1186/s12902-019-0421-0
https://doi.org/10.1186/s12902-019-0421-0
http://www.ncbi.nlm.nih.gov/pubmed/31464602
https://doi.org/10.1139/H09-058
http://www.ncbi.nlm.nih.gov/pubmed/19767805
https://doi.org/10.1111/obr.12779
https://doi.org/10.1111/obr.12779
http://www.ncbi.nlm.nih.gov/pubmed/30511503
https://doi.org/10.1186/s12889-017-4540-0
http://www.ncbi.nlm.nih.gov/pubmed/28676081
https://doi.org/10.1136/bjsports-2017-097563
http://www.ncbi.nlm.nih.gov/pubmed/29695511
https://doi.org/10.1016/j.bbi.2020.07.037
http://www.ncbi.nlm.nih.gov/pubmed/32738287
https://doi.org/10.1186/s12888-018-1933-2
http://www.ncbi.nlm.nih.gov/pubmed/30400843
https://doi.org/10.1371/journal.pgph.0002024


40. Al-Lawati JA, Barakat MN, Al-Maskari M, Elsayed MK, Al-Lawati AM, Mohammed AJ. HbA1c Levels

among Primary Healthcare Patients with Type 2 Diabetes Mellitus in Oman. Oman Med J. 2012 Nov; 27

(6):465–70. https://doi.org/10.5001/omj.2012.111 PMID: 23226816

41. Selvin E, Parrinello CM. Age-related differences in glycaemic control in diabetes. Diabetologia. 2013

Dec 1; 56(12):2549–51. https://doi.org/10.1007/s00125-013-3078-7 PMID: 24092493

42. Xiao J, Weng J, Ji L, Jia W, Lu J, Shan Z, et al. Worse Pancreatic β-cell Function and Better Insulin Sen-

sitivity in Older Chinese Without Diabetes. J Gerontol Ser A. 2014 Apr 1; 69(4):463–70.

43. Knowler W, Barrett-Connor E, Fowler S, Hamman R, Lachin J, Walker E, et al. Reduction in the inci-

dence of type 2 diabetes with lifestyle intervention or metformin. Dep Med Fac Pap. 2002 Feb 7; 346

(6):393–403. https://doi.org/10.1056/NEJMoa012512 PMID: 11832527

44. D’Adamo E, Caprio S. Type 2 Diabetes in Youth: Epidemiology and Pathophysiology. Diabetes Care.

2011 Apr 22; 34(Supplement_2):S161–5. https://doi.org/10.2337/dc11-s212 PMID: 21525449

45. Berkowitz SA, Meigs JB, Wexler DJ. Age at type 2 diabetes onset and glycaemic control: results from

the National Health and Nutrition Examination Survey (NHANES) 2005–2010. Diabetologia. 2013 Dec

1; 56(12):2593–600. https://doi.org/10.1007/s00125-013-3036-4 PMID: 23995472

46. Naqvi S, Naveed S, Ali Z, Ahmad SM, Asadullah Khan R, Raj H, et al. Correlation between Glycated

Hemoglobin and Triglyceride Level in Type 2 Diabetes Mellitus. Cureus. 9(6):e1347. https://doi.org/10.

7759/cureus.1347 PMID: 28713663

47. Hinton W, McGovern A, van Vlymen J, Munro N, Whyte M, Jones S, et al. Poor glycaemic control is

associated with higher serum triglyceride levels in clinical practice.:1.

48. A Kakade A, R anty I, Rai S. Assessment of factors associated with poor glycemic control among

patients with Type II Diabetes mellitus. Integr Obes Diabetes [Internet]. 2018 [cited 2022 Jul 13]; 4(3).

Available from: https://www.oatext.com/assessment-of-factors-associated-with-poor-glycemic-control-

among-patients-with-type-ii-diabetes-mellitus.php

49. Fodor G. Primary Prevention of CVD: Treating Dyslipidemia. Am Fam Physician. 2011 May 15; 83

(10):1207–8.

50. Torchinsky MY, Gomez R, Rao J, Vargas A, Mercante DE, Chalew SA. Poor glycemic control is associ-

ated with increased diastolic blood pressure and heart rate in children with Type 1 diabetes. J Diabetes

Complications. 2004 Jul 1; 18(4):220–3. https://doi.org/10.1016/S1056-8727(03)00031-X PMID:

15207840

51. Pinchevsky Y, Butkow N, Chirwa T, Raal FJ. Glycaemic, blood pressure and cholesterol control in 25

629 diabetics: review articles. Cardiovasc J Afr. 2015 Jul; 26(4):188–92.

52. Alemi H, Khaloo P, Mansournia MA, Rabizadeh S, Salehi SS, Mirmiranpour H, et al. Pulse pressure

and diabetes treatments. Medicine (Baltimore). 2018 Feb 9; 97(6):e9791.

53. van der Merwe WM. Diastolic pressure above optimal is the most important predictor of subsequent

hypertension in normotensive patients younger 50 years. J Clin Hypertens. 2017 Apr 25; 19(6):601–2.

54. Huang M, Long L, Tan L, Shen A, Deng M, Peng Y, et al. Isolated Diastolic Hypertension and Risk of

Cardiovascular Events: A Systematic Review and Meta-Analysis of Cohort Studies With 489,814 Partic-

ipants. Front Cardiovasc Med [Internet]. 2022 [cited 2023 Mar 4];8. Available from: https://www.

frontiersin.org/articles/10.3389/fcvm.2021.810105 PMID: 35071370

55. Pinto E. Blood pressure and ageing. Postgrad Med J. 2007 Feb; 83(976):109–14. https://doi.org/10.

1136/pgmj.2006.048371 PMID: 17308214

56. Sendekie AK, Teshale AB, Tefera YG. Glycemic control in newly insulin-initiated patients with type 2

diabetes mellitus: A retrospective follow-up study at a university hospital in Ethiopia. PLOS ONE. 2022

May 26; 17(5):e0268639. https://doi.org/10.1371/journal.pone.0268639 PMID: 35617250

57. Nuamchit T, Siriwittayawan D, Thitiwuthikiat P. The Relationship Between Glycemic Control and Con-

comitant Hypertension on Arterial Stiffness in Type II Diabetes. Vasc Health Risk Manag. 2020 Aug 25;

16:343–52. https://doi.org/10.2147/VHRM.S265157 PMID: 32943869

58. El-Shafie K, Rizvi S. Control of Hypertension among Type II Diabetics. Oman Med J. 2010 Jan; 25

(1):32–6. https://doi.org/10.5001/omj.2010.8 PMID: 22125695

59. Kjeldsen SE, Os I, Nilsson PM. Does Intensive Glucose Control Cancel Out Benefits of Systolic Blood

Pressure Target <120 mm Hg in Patients With Diabetes Mellitus Participating in ACCORD? Hyperten-

sion. 2018 Aug; 72(2):291–3.

60. Verma AK, Beg MMA, Bhatt D, Dev K, Alsahli MA, Rahmani AH, et al. Assessment and Management of

Diabetic Patients During the COVID-19 Pandemic. Diabetes Metab Syndr Obes Targets Ther. 2021 Jul

8; 14:3131–46. https://doi.org/10.2147/DMSO.S285614 PMID: 34262317

61. Ng K, Rickard JP. The Effect of COVID-19 on Patients With Diabetes [Internet]. [cited 2022 Jul 13].

Available from: https://www.uspharmacist.com/article/the-effect-of-covid19-on-patients-with-diabetes

PLOS GLOBAL PUBLIC HEALTH Changes in trends and patterns of glycaemic control in Ghana during COVID-19 pandemic era

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0002024 June 14, 2023 18 / 19

https://doi.org/10.5001/omj.2012.111
http://www.ncbi.nlm.nih.gov/pubmed/23226816
https://doi.org/10.1007/s00125-013-3078-7
http://www.ncbi.nlm.nih.gov/pubmed/24092493
https://doi.org/10.1056/NEJMoa012512
http://www.ncbi.nlm.nih.gov/pubmed/11832527
https://doi.org/10.2337/dc11-s212
http://www.ncbi.nlm.nih.gov/pubmed/21525449
https://doi.org/10.1007/s00125-013-3036-4
http://www.ncbi.nlm.nih.gov/pubmed/23995472
https://doi.org/10.7759/cureus.1347
https://doi.org/10.7759/cureus.1347
http://www.ncbi.nlm.nih.gov/pubmed/28713663
https://www.oatext.com/assessment-of-factors-associated-with-poor-glycemic-control-among-patients-with-type-ii-diabetes-mellitus.php
https://www.oatext.com/assessment-of-factors-associated-with-poor-glycemic-control-among-patients-with-type-ii-diabetes-mellitus.php
https://doi.org/10.1016/S1056-8727%2803%2900031-X
http://www.ncbi.nlm.nih.gov/pubmed/15207840
https://www.frontiersin.org/articles/10.3389/fcvm.2021.810105
https://www.frontiersin.org/articles/10.3389/fcvm.2021.810105
http://www.ncbi.nlm.nih.gov/pubmed/35071370
https://doi.org/10.1136/pgmj.2006.048371
https://doi.org/10.1136/pgmj.2006.048371
http://www.ncbi.nlm.nih.gov/pubmed/17308214
https://doi.org/10.1371/journal.pone.0268639
http://www.ncbi.nlm.nih.gov/pubmed/35617250
https://doi.org/10.2147/VHRM.S265157
http://www.ncbi.nlm.nih.gov/pubmed/32943869
https://doi.org/10.5001/omj.2010.8
http://www.ncbi.nlm.nih.gov/pubmed/22125695
https://doi.org/10.2147/DMSO.S285614
http://www.ncbi.nlm.nih.gov/pubmed/34262317
https://www.uspharmacist.com/article/the-effect-of-covid19-on-patients-with-diabetes
https://doi.org/10.1371/journal.pgph.0002024


62. Pouwer F, Kupper N, Adriaanse MC. Does Emotional Stress Cause Type 2 Diabetes Mellitus? A

Review from the European Depression in Diabetes (EDID) Research Consortium. Discov Med. 2010

Feb 11; 9(45):112–8. PMID: 20193636

PLOS GLOBAL PUBLIC HEALTH Changes in trends and patterns of glycaemic control in Ghana during COVID-19 pandemic era

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0002024 June 14, 2023 19 / 19

http://www.ncbi.nlm.nih.gov/pubmed/20193636
https://doi.org/10.1371/journal.pgph.0002024

