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Abstract: Medication adherence profoundly affects blood glucose management in patients with type 2 diabetes. Measures to contain
the COVID-19 pandemic have affected disease management and medication adherence, owing to limited access to healthcare facilities.
This study aimed to examine the impact of the COVID-19 lockdown on adherence to glucose-lowering and lipid-lowering therapies
(statins), and glycemic, weight, and systolic blood pressure control measures. A retrospective chart review was conducted one year
pre- and post- March 18, 2020, for patients receiving glucose-lowering medications and lipid-lowering therapies (statins) in two major
public hospitals in Malaysia. We compared the proportion of days covered by medication, HbAlc level, weight, and systolic blood
pressure (SBP) values pre- and after the index date. A total of 1985 patients were included in this study. The adherence rate
significantly increased for metformin, sulfonylureas dipeptidyl peptidase 4 inhibitors (DPP4i) and statin after the index date
(metformin (PDC: 0.985 vs 0.978, p < 0.001), sulfonylureas (PDC: 0.988 vs 0.979, p < 0.01), DPP4i (PDC: 0.987 vs 0.98, p <
0.001), and statins (PDC: 0.983 vs 0.978, p < 0.05)). HbAlc levels were significantly reduced after the index follow-up (Mean
difference: —0.43%, p < 0.001), while there was a 2.5 mmHg (p = 0.03) significant increase in SBP post-index follow-up. No
significant changes in weight were observed during the post-index follow-up period. In this study, we observed better medication
adherence and glycemic control among patients during the lockdown, but not for weight and systolic blood pressure control.
Keywords: diabetes, covid-19, SARS-CoV 2, adherence, weight, glycemic

Introduction

Type 2 diabetes is a chronic and progressive condition marked by elevated blood glucose levels. The number of
individuals with diabetes was estimated to be 537 million in 2021, and its prevalence is growing at a faster rate in
low- and middle-income countries." Medication adherence is associated with better clinical outcomes including inter-
mediate risk factors and long-term outcomes.”* People with type 2 diabetes are at a higher risk of SARS-CoV-2 virus
(COVID-19) complications, especially among those with multimorbidity such as cardiovascular disease and obesity,
making them very vulnerable to the infection.* Malaysia implemented various movement restrictions totaling more than
500 days to curb the spread of COVID-19 infection since March 2020.° This has caused considerable repercussions for
people with type 2 diabetes, such as access to healthcare facilities, clinical visits, and physical exercise. Previous studies
have shown mixed results regarding the impact of the COVID-19 lockdown on glycemic control and medication
adherence in people with type 2 diabetes.®’ Eberle et al 2021 found that lockdown was associated with worsening in
glycemic control, while Patel et al 2021 did not find any difference in medication fills or glycemic control pre-pandemic
and during pandemic period.®’ In patients hospitalized with COVID-19 and experiencing severe clinical outcomes,
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diabetes, obesity, and hypertension have emerged as some of the most common risk factor.® ' We aimed to examine the
impact of the COVID-19 lockdown on glycemic control, weight, blood pressure control, and medication adherence in
patients with type 2 diabetes. Additionally, we also examined the relationship between time interval of pre- and post-
index follow-up and the difference in HbAlc, SBP and weight post follow-up studied as part of the secondary objective.

Materials and Methods

This retrospective study was conducted at two tertiary government hospitals. These hospitals are located in major cities
in the state of Putrajaya and Negeri Sembilan and run weekly diabetes clinics with endocrinologists available to people
with diabetes. During the COVID-19 period, these hospitals in Malaysia have implemented virtual clinics with
telemedicine services and mail-delivery of medicines.'""'? Data, including sociodemographic details, drug prescriptions,
and laboratory results, were manually extracted from the hospital medical records. The index date was set to be
March 18, 2020, and the first day Movement Control Order (Movement Control Order March 18, 2020) was imple-
mented in Malaysia. The study period was one year pre- and after the index date (Figure 1a). We identified people with
type 2 diabetes aged >18 years who were receiving glucose-lowering therapies (metformin, insulin, sulfonylureas,
dipeptidyl peptidase 4 inhibitors DPP4i, sodium-glucose co-transporter 2 inhibitors SGLT2i) and statins between
January 2012 and December 2020. In 2012, both hospitals successfully implemented comprehensive medical record
systems, enabling efficient tracking of medication records. We have excluded patient younger than 18 years, had missing
baseline characteristics such as comorbidities and medical history or diagnosed as type 1 diabetes. The outcomes of
interest included adherence to glucose-lowering therapies and statins, changes in glycated hemoglobin (Hbalc); weight
and systolic blood pressure (SBP) pre- and post-index dates. Adherence to medication was measured as the proportion of
days covered (PDC) by medication one year pre- and after the index date. PDC was calculated as number of days patients
has access to treatment in the specified time interval divided by number of days in a specified time interval (one year pre-
and post-index date).'> An adherence threshold of >0.8 was set to classify individuals as adherent, while those with
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Figure | (a) Study period. (b) Flow chart of patient selection.

a value <0.8 were categorized as nonadherent. As eligible patients were required to have pre- and post-laboratory values,
we created separate cohorts for changes in Hbalc, weight, and SBP. We reported a difference in HbAlc, SBP and weight
stratified by the time interval between pre- and post-index follow-up. The data collected closest to the laboratory test pre-
and post-index follow-up were utilized. An analysis of variance (ANOVA) was conducted to compare the differences in
the means of the outcomes at pre- and after the index date. Statistical significance was set at p < 0.05. All analyses were
performed using R software (version 4.1.1).

Ethics Statement

The study was in conformance with the Declaration of Helsinki and was approved by the National Medical Research
Register (Ministry of Health Malaysia) (NMRR-20-662-52570) and Monash Human Research Ethics Committee
(Monash University) (2020-24900-45575). As patient consent to review their medical records was not required by the
ethics committees, due to the retrospective design of this study and full data anonymization, informed consent for
participation was waived by National Medical Research Register (Ministry of Health Malaysia) and Monash Human
Research Ethics Committee (Monash University) in accordance to Declaration of Helsinki.

Results

A total of 1985 patients who met the inclusion criteria were included in the study (Figure 1b). The patient characteristics
are shown in Table 1. The cohort included both males and females, with a mean age of 56.9 years and mean HbAlc of
8.09% (65 mmol/mol). The majority of patients were taking metformin (74.8%), followed by insulin (61%), DPP4i
(56.3%), sulfonylureas (29.2%), SGLT2i (20.9%), and GLP1-RA (0.9%). Compared to the pre-index period, the
adherence (PDC) post-index date increased for metformin, sulfonylureas, DPP4i and statins (Figure 2). We observed
an increase in adherence to metformin post-index date compared to pre-index date (PDC: 0.985 vs 0.978, p < 0.001),
sulfonylureas (PDC: 0.988 vs 0.979, p < 0.01), DPP4i (PDC: 0.987 vs 0.98, p < 0.001), and statins (PDC: 0.983 vs 0.978,
p < 0.05). HbAlc levels were significantly reduced after the index follow-up (Mean difference: —0.43%, p < 0.001),
while there was a 2.5 mmHg increase (p = 0.03) in SBP post-index follow-up (Table 2). No significant changes in weight
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Table | Characteristics of the Included Patients on Index Date
Overall
n 1985
Age 56.87 (13.17)
Sex, n (%)

Female 939 (47.3)

Male 850 (42.8)

NA 196 (9.9)
Family history of diabetes, n (%) 399 (20.1)
Smoking, n (%) 141 (7.1)
Diabetes duration, years 16.18 (8.38)
Race, n (%)

Malay 1163 (58.6)

Chinese 232 (11.7)

Indian 365 (18.4)

Others 225 (11.3)
Weight, kg 81.36 (20.75)
BMI, kg/m? 33.72 (8.07)
HbAlc, % (mmol/mol) 8.09 (1.70) (65)
HDL, mmol/L 1.25 (0.28)
LDL, mmol/L 2.59 (0.97)

TG, mmol/L 1.74 (1.04)
TC, mmol/L 4.63 (2.20)
Serum creatinine, umol/L 98.29 (75.04)
eGFR, mL/min/1.73m? 80.49 (32.56)
SBP, mmHg 140.99 (25.92)
DBP, mmHg 76.85 (10.82)
Comorbidities

Hypertension, n (%) 1448 (72.9)

Dyslipidemia, n (%) 1269 (63.9)

Established CVD, n (%) 581 (29.3)

Nephropathy, n (%) 539 (27.2)

Retinopathy, n (%) 541 (27.3)

Neuropathy, n (%) 537 (27.1)

(Continued)
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Table | (Continued).

Overall
Concomitant medications
DPP4i, n (%) 1117 (56.3)
Metformin, n (%) 1485 (74.8)
Sulfonylureas, n (%) 580 (29.2)
SGLT2i, n (%) 415 (20.9)
Insulin, n (%) 1210 (61.0)
GLPIRA, n (%) 18 (0.9)
Statin 1644 (82.8)
ACE, n (%) 675 (34.0)
ARB, n (%) 701 (35.3)
Number of glucose-lowering therapy, n (%)
0 38 (1.9)
| 277 (14.0)
2 714 (36.0)
3 719 (36.2)
4 222 (11.2)
5 15 (0.8)

Notes: Values are given as mean (standard deviation) or as stated. NA, missing data.
Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic
blood pressure; LDL, low-density lipoprotein; HDL, high-density lipoprotein; TG,
triglycerides; TC, total cholesterol; HbAlc, glycated hemoglobin; eGFR, estimated
glomerular filtration rate; CVD, cardiovascular disease; DPP4i, dipeptidyl peptidase-4
inhibitors; GLP1 RA, glucagon-like peptide-| receptor agonists; SGLT2i, sodium-glucose
co-transporter 2 inhibitors; ACEI, ACE inhibitor; ARB, angiotensin receptor blocker.

were observed during the post-index follow-up period. The reduction in HbAlc and weight show a non-linear downward
trend post-index follow-up as the time interval between follow-ups increased, except for days 60 and 90 post-index
follow-up (Figure 3).

Discussion
In this retrospective study, we observed higher adherence to glucose-lowering medications and a reduction in HbAlc
levels among people with type 2 diabetes during the COVID-19 pandemic, despite fewer outpatient visits. One possible
explanation for these patterns could be the larger quantity of medications being supplied to patients due to the COVID
lockdown, where the usual restriction on medication prescriptions was relaxed in some hospitals.”'* Thong et al 2021
has reported an increase in quantity of medication supply during the COVID-19 pandemic in Malaysia.' This could have
prevented any medication disruption during the pandemic and reduced detrimental effects on glycemic control.
Second, telemedicine and mail-order pharmacies could have been highly utilized during the pandemic period, thereby
providing uninterrupted healthcare services for patients. Studies by Patel et al 2021 and Nguyen et al 2021 have shown
similar findings, whereby HbAlc level, HbAlc testing, and medication adherence rate were not substantially affected
during the COVID-19 pandemic.”'® Furthermore, our study findings could be attributed to tertiary hospital settings,
where telemedicine and pharmacy delivery services were more established and more readily provided. Taken together, it
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Figure 2 Adherence (PDC) of medications pre- and post-index date.
Abbreviations: PDC, proportions of days covered; DPP4i, dipeptidyl peptidase-4 inhibitor; SGLT2i, sodium-glucose co-transporter 2 inhibitor; SU, sulphonylureas.

is likely that patient care was not compromised during the pandemic period, although on-site HbAlc testing reduced
during this period. However, our study had to consider that the PDC calculation was based on medication prescription,
which might not correlate directly with patients’ medication-taking behavior.

Our study also found interesting results indicating a non-significant decrease in bodyweight among patients during the
COVID-19 pandemic period. We hypothesized that these individuals with high average BMI were likely at an advanced
stage of the diabetes, with already low levels of physical activity. The imposed lockdown restrictions prevented them
from engaging in excessive food consumption and encouraged healthier eating habits through increased home cooking.
Furthermore, the introduction of newer glucose-lowering therapies, known for their weight-reducing effects, likely
played a role in the observed weight loss. It is worth noting that contrasting findings were reported in other studies,
where notable changes in bodyweight were not observed in people with diabetes.'’'°

This report presents the first comprehensive analysis of COVID-19’s impact on glycemic, weight, and blood pressure
control in a large patient population in Malaysia, aiming to fill knowledge gaps and provide insights for targeted interventions
and management strategies. Nevertheless, our study had some limitations. First, owing to the retrospective nature of the study,
unmeasured confounding bias may exist. Second, when measuring adherence, we assumed that medication consumption
corresponded to medication prescriptions. Third, this study was conducted in tertiary hospitals; thus, the findings may not be
generalizable to primary care settings or the entire Malaysian population. A notable number of patients in this study had

Table 2 Difference in HbAlc, Weight and Systolic Blood Pressure Values Pre- and Post-Index

Date
N Pre-Index N Post-Index | Difference in Values p-value
Pre- and Post-Index Date
HbAlc, % 1766 1762 —0.43 (-0.31, —0.55) <0.001
HbAIc, mmol/mol -5 (-6,-3)
Weight, kg 1003 1010 —0.19 (—1.95, 1.57) 0.83
SBP, mmHg 1422 1421 2.45 (0.24, 4.67) 0.03

Notes: Change in mean values pre- and after the index date. Values are presented as the mean (95% ClI).
Abbreviations: HbAlc, glycated hemoglobin; SBP, systolic blood pressure.
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Figure 3 Difference in HbAlc stratified by interval between pre- and post-index follow-up. (a) Difference in HbAlc. (b) Difference in weight. (c) Difference in systolic
blood pressure.
Abbreviation: HbAlc, glycated hemoglobin.

a longer history of diabetes, pre-existing cardiovascular disease and microvascular disease. These observations could be
attributed to the fact that the study took place in tertiary hospital settings, where patients were typically in an advanced stage of
the disease. They were referred from primary care settings due to poorly controlled diabetes. In fact, the average HbAlc
(8.6%) and BMI level (33.72 kg/m?) of the patients in our study, was considerably higher than the national average HbAlc
(7.9%) and BMI (27.9 kg/m?).2° Fourth, the difference in number of patients on medication pre- and post-index follow-up may
have been influenced by the change of medications in the follow-up such as introduction of novel glucose-lowering therapies
(DPP4i, SGLT?2i) in recent years. Fifth, the retrospective nature of the study lost some data on clinical parameters. As the
primary objective of this manuscript was to serve as a concise report to inform readers, we did not include additional statistical
tests to adjust for confounders. Hence, the results have to be interpreted cautiously.

In this study, we found that those with a longer interval between pre- and post- index follow-up had a smaller
reduction in HbA1c levels and weight. This further established the fact that better adherence to HbA 1c test was beneficial
for patients’ glycemic control.! Our study also suggested a need to look into the prescribing pattern of antihypertensives
during the pandemic period, as there was a small but significant increase in systolic blood pressure among people with
type 2 diabetes.

Conclusion

In conclusion, we observed better adherence for metformin, sulfonylureas, DPP4i and statins, and glycemic control
among people with type 2 diabetes during the COVID-19 lockdown period. It is essential for policymakers, clinicians,
and patients to work collaboratively to sustain the positive changes observed during the pandemic, ensuring continued
medication adherence, glycemic control, and overall management of type 2 diabetes.
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