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Abstract

Aims The aim of this study is to determine the impact of the COVID-19 pandemic on the management and disease control
of the patients with diabetes mellitus in Kocaeli.

Methods This study was carried out in six leading central hospitals in five major districts of Kocaeli. The study was con-
ducted between June 2020 and November 2020. The patients who had previous admissions to these clinics within 6 months
prior to the pandemic were enrolled in the study.

Results A total of 283 patients were enrolled in the study, among them 151 (53%) patients were female, 268 (95%) had type
2 DM and remaining 5% had type 1 DM. The median weight of the patients was similar between the previous and last visits
(84 kg vs 83 kg, p=0,88). Laboratory parameters of previous and current visits revealed that mean fasting plasma glucose
(FPG) and HbA 1 ¢ levels were not significantly changed. The number of the patients who had controlled blood pressure was
significantly decreased. The number of those who had neuropathic complains and the severity of dyslipidemia significantly
increased during pandemic period.

Conclusion Our study demonstrated that despite decreased compliance with diet and exercise, and difficulty in accessing
medication, there was no significant change in weight, FPG and HbA 1c levels in diabetic patients. Since cultural differences,
education level and socioeconomic opportunities differ between societies, national and international studies will be more
accurate to evaluate the effects of epidemics on the course of chronic diseases.
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Introduction

The COVID-19 pandemic continues to impact the world
since the beginning of 2020. It has spread all over the world
and been threatening the lives of millions. Turkey has
been one of the most affected countries by the COVID-19.
According to the data of the World Health Organization in
March, Turkey is among the top 10 countries most affected
by COVID-19 with approximately 2.8 million affected cases
[1]. Following the first officially notified case in Turkey on
March 11 2020, a lockdown policy had been started. The
status of social restriction has been arranged according to the
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rate of case detection. Kocaeli is one of the most crowded
cities of Turkey and a high-risk area for COVID-19, result-
ing in stricter social restrictions. In this situation, routine
care for patients with chronic diseases has become a big
challenge.

The COVID-19 pandemic has negatively impacted health
care of people with chronic diseases all over the world. The
social restrictions, patients' concerns, inadequate health care
systems and even COVID-19 per se resulted in deteriora-
tion in chronic diseases. Diabetes mellitus (DM) is one of
the leading chronic diseases. The latest edition of the IDF
Diabetes Atlas shows that 463 million adults are currently
living with diabetes [2]. Diabetes is a common comorbid-
ity in patients with COVID-19 and also associated with
higher mortality rates in hospitalized patients [3, 4]. On the
other hand, it can be predicted that diabetic patients without
COVID-19 may also be affected by the pandemic for several
reasons. The management of diabetes mainly depends on the
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patients’ compliance and self-control. Compliance with life
style modification, medical treatment and follow up visits
are important predictors of success in the management of
diabetic patients. It has been shown that Diabetes was the
most impacted chronic disease by the reduction in access to
a medical care during pandemic [5]. A web-based survey
from the United States showed that the prevalence of any
delay or avoidance of medical care was 31.5% in routine
outpatient care [6].

Social restrictions were very strict at the beginning and
during the second peak of pandemic in Kocaeli. Three lead-
ing hospitals and the university hospital of the city became
pandemic hospitals; therefore elective healthcare appoint-
ments were either cancelled or postponed. There was a cur-
few for everyone on weekends and also all week days for
elderly. All indoor sports areas and pools were closed. These
restrictions resulted in a reduction in physical activity which
is one of the cornerstones of life style modification treatment
of diabetes. It can be predicted that, these unfavorable condi-
tions may adversely affect diabetes management; however,
there is limited data in the literature with this regard. The
aim of this study is to determine the impact of the COVID-
19 pandemic on the management and disease control of the
patients with diabetes mellitus in Kocaeli.

Materials and methods
Study design and population

This study was carried out in six leading central hospitals
in five major districts of Kocaeli. Study centers included a
university hospital, a training and research hospital and four
state hospitals. All authors in the study were specialist for
the treatment of diabetes.

The study was conducted between June 2020—November
2020; after the resolution of the first peak of COVID-19 and
during the first normalization period in Turkey. All patients
who were admitted to the study clinics with the diagnosis
of diabetes mellitus were evaluated. The patients who had
previous admissions to these clinics within 6 months prior
to the pandemic were enrolled in the study. The inclusion
and exclusion criteria are as follows;

Inclusion criteria;

1. Patients> 18 years of age
2. Being under follow-up and treatment with the diagnosis
of Type 1 or Type 2 Diabetes for at least 6 months

Exclusion criteria;

1. Previous COVID 19
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2. Severe infection, surgery or any other systemic disease
activation after last follow up visit

Active malignancy

Pregnancy

Any antidiabetic medication change in the last 3 months
Use of any drugs that may acutely affect blood glucose
levels, such as corticosteroids, cyclosporine

7. Decompensated liver disease and heart failure

AR

After exclusion of patients having specified exclusion
criteria, 686 patients were eligible. Unfortunately, only
283 patients could be enrolled to the study who had previ-
ous admissions to the study clinics within 6 months just
prior to the pandemic and given written informed consent.
Remaining 403 patients were either on first admission or
previous admission was before > 6 months or not given
written informed consent.

Demographic features, comorbid diseases (hyperten-
sion (HT), hyperlipidemia (HL), chronic kidney disease,
coronary artery disease and cerebrovascular disease), cur-
rent antidiabetic medications, diet and exercise program
adherence, hypo/hyperglycemic episodes, neuropathic
symptoms, and presence of emotional stress were noted.
Hypo/hyperglycemic episodes were defined according
to patients’ self-monitoring of capillary blood glucose
reports (<70 mg/dl for hypoglycemia, > 250 mg/dl for
hyperglycemia). Compliance with diet and exercise was
assessed according to patients self-report and categorized
into 3 levels, i.e., poor, moderate and good. Difficulties
in accessing medical assistance and medication were also
questioned. Weight and body mass index (BMI) were
measured. Self-assessed fasting and post prandial capil-
lary glucose levels, HbAlc, fasting plasma glucose and
cholesterol levels were noted. All these parameters were
also evaluated from the records of previous outpatient
clinic visits in order to compare the findings before and
after pandemic.

Statistical analysis

All statistical analyses were performed using the IBM SPSS
for Windows version 20.0 (IBM Corp., Armonk, NY, USA).
The Kolmogorov—Smirnov test was used to test the normal-
ity of data distribution. Continuous variables were expressed
as median (25"—75" percentiles), and categorical variables
were expressed as counts (percentages). Comparisons of
nonnormally distributed continuous variables between the
times were performed using the Wilcoxon Signed Ranks
Test. Comparisons of categorical variables between the
times were performed using the Mc Nemar Chi Square
test. A two-sided P value < 0.05 was considered statistically
significant.
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Table 1 Patient’s characteristics

Parameters (n=283) Value n (%)
Age (years) 58.0+12.1
Male/female 132 (47%) 1 151 (53%)
Duration of diabetes, years 11+6
DM Type
Type 1 15 (5%)
Type 2 268 (95%)
Comorbid diseases
Hypertension 200 (70%)
Hyperlipidemia 186 (66%)
Chronic kidney disease 108 (38%)
Coronary artery disease 81 (29%)
Cerebrovascular disease 17 (6%)
Pharmacotherapy type for DM
Dipeptidyl peptidase-4 inhibitors 130 (46%)
Metformin 158 (56%)
Sulfonylurea 32 (11%)
Sodium-glucose cotransporter-2 inhibi- 90 (32%)
tors
Pioglitazone 17 (6%)
Glucagon-like peptide-1 receptor agonist 56 (20%)
Insulin 148 (52%)
Basal insulin 71 (25%)
Mixed insulin 28 (10%)
Intensive insulin 49 (17%)
Number of oral antidiabetic drug type
None 41 (14%)
One 107 (38%)
Two 88 (31%)
>3 47 (17%)
Results

A total of 283 patients were enrolled in the study, among
them 151 (53%) patients were female, 268 (95%) had

type 2 DM and remaining 5% had type 1 DM. The
median age was 58 + 12 and similar in both genders,
median time for the diagnosis of DM was 12 +4 years.
Concerning comorbid diseases, 200 (70%) patients had
HT, 186 (66%) had HL, 108 (38%) had chronic kidney
disease, 81 (29%) had coronary artery disease and 17
(6%) had cerebrovascular disease. Among 200 patients
with HT, 186 (93%) of them were using antihyperten-
sive treatment and 78% were on target ranges for blood
pressure. 141 (78%) of the patients with HL were using
statins but mean LDL levels were above target limits
(Table 1).

Evaluation of antidiabetic medication revealed that 41
(14%) of patients were not using any antidiabetic medi-
cation. Remaining 241 patients were using at least one
oral antidiabetic drug (OAD), among them 107 (38%)
patients were using one OAD, 88 (31%) 2 OADs and
47 (17%) > 3 OADs. 148 (52%) patients were on insulin
treatment. The details of antidiabetic medications were
shown in Table 1.

Comparison of clinical findings on previous and current
visits (Table 2) revealed that, the number of the patients
who had poorly controlled blood pressure was signifi-
cantly increased (22% vs 27% p <0.001). The number of
the patients that experienced hypo or hyperglycemic epi-
sodes, detected with self-glucose monitoring, was similar
at both previous and current visits. The patients having
neuropathic complains were significantly higher at the cur-
rent visit then the previous one (31% vs. 42%, p<0.001).
Compliance with diet and exercise was categorized into 3
levels, i.e., poor, moderate and good. The number of the
patients with poor diet and exercise compliance was signifi-
cantly increased at the current visit then the previous one
(p=0.003, p<0.001 respectively). Difficulty in accessing
medication was reported by 19 (7%) patients at the current
visit, 3(1%) at the previous visit (p=0.001). The number
of the patients that report difficulty in accessing to medical
assistance from health care professionals, increased from

Table 2 Changes in clinical
parameters before and after
lockdown

Parameters Before lockdown After lockdown p value
n (%) n (%)
Body weight (kg) (+SD) 84(+17) 83(+18) 0.88
Poorly controlled hypertension 58 (22%) 71 27%) <0.001
Hypoglycemic episodes 26 (10%) 34 (12%) 0.24
Hyperglycemic episodes 22 (8%) 18 (7%) 0.45
Neuropathic complains 85 (31%) 114 (42%) <0.001
Poor diet compliance 70 (26%) 96 (35%) 0.003
Poor exercise compliance 101 (37%) 162 (58%) <0.001
Difficulty in accessing medication 3(1%) 19 (7%) <0.001
Difficulty in accessing to medical assistance 2 (1%) 54 (19%) <0.001
Complaining of emotional stress 38 (13%) 143 (50%) <0.001
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1% to % 19 between 2 visits (p=0.001). Complaining of
emotional stress was seen in 38 (13%) patients at the previ-
ous visit while increased to 143 (50%) patients at the current
visit (p <0.0001).

The median weight of the patients was similar between
the previous and last visits (84 kg vs 83 kg, p=0,88).
Laboratory parameters of previous and current vis-
its revealed that mean fasting plasma glucose (FPG)
and HbAlc levels were similar but fasting triglyceride
(179 mg/dL vs 194 mg/dL) and LDL (125 mg/dL vs
144 mg/dL) levels were significantly increased between
the visits (Table 3). The evaluation of type 1 diabetic
patients showed similar results with the entire cohort.
FPG and HbAlc levels were not changed (p=0.94 and
0.28, respectively) (Table 3).

Discussion

The COVID-19 pandemic has impacted the whole world
for several aspects, of which health care systems have been
affected the most. Disease burden of COVID-19 negatively
impacted health care providers, hospital facilities and even
drug and medical equipment supply. On the other hand,
social restrictions, lockdown policies and the concerns of
patients resulted in a deterioration in the courses of several
chronic diseases [7-10]. As DM is one of the leading chronic
diseases, current study aimed to evaluate the effect of
COVID-19 pandemic on the course of DM in patients with-
out a COVID-19 history at any time. Our results showed that
although diet and exercise adherence of the patients were
decreased after pandemic, weight, FPG and HbAlc levels
were not changed. This result was surprising, but might be
related to some issues. This study was conducted in six lead-
ing central hospitals in five major districts of Kocaeli. All
of the physicians who carried out the study were specialist
for the treatment of diabetes mellitus. Mean HbA1c levels
were nearly on target both at the previous (7.1%) and current
(7.2%) visits, which may have been caused by a selection
bias as the patients followed by these centers might have
been controlled tighter and educated better for the disease
management. It is well known that patient education and
self-care promotion have a key role in the proper manage-
ment of chronic illnesses [11]. A similar single center study

by Onmez et al. was conducted in a geographically close
city to Kocaeli [9]. They have shown that HbAlc levels after
75-day lockdown were increased from 7.67 to 8.11, although
statistically not significant. Their study population included
patients followed by a family medicine physician, 2 intern-
ists and an endocrinologist, while almost all of our study
team consists of endocrinologists. Another issue might be
the time span; we enrolled the patients who had previous
attendance to the study clinics within 6 months prior to the
pandemic. This period might not be enough to see a signifi-
cant change in HbAlc levels, as Onmez et al. also concluded
[9]. FPG levels were also not changed in our study, which
was consistent with HbAlc levels.

There are many studies in different countries evaluat-
ing type 1 and type 2 diabetic patients before and after
lockdown, but the results were controversial. Many stud-
ies conducted on type 1 diabetic patients showed an
improvement in glycemic control. Indeed, these patients
were using continuous glucose monitoring (CGM),
therefore improvement in glycemic control may be due
to improved disease self-management and getting more
time for diabetes management [12—-15]. However, Verma
et al. showed that glycemic control worsened in patients
with type 1 diabetes who were not using CGM [16]. In
our study, the number of patients with type 1 DM was
relatively low and only 2 of them were using CGM. This
may be an explanation for the stability of HbAlc and FPG
levels in type 1 diabetic patients.

Data concerning patients with type 2 DM are more
sophisticated. Two studies from different regions of Japan
revealed opposite results. Tanji et al. concluded that HbAlc
levels were increased after the state of emergency; however
Masuda et al. noted a significant decrease in HbAlc levels
in both type 1 and type 2 DM. Indian, Chinese and Korean
groups showed similar results. The authors revealed a dete-
rioration in glycemic control of patients after pandemic
[17-19]. In contrast, Psoma et al. from Greece showed
improved glycemic control [20]. Furthermore, our study
and some other studies showed that glycemic control was
not changed [9, 21, 22].

The variations of the findings may be related several fac-
tors; such as, cultural difference, educational level, socioeco-
nomic status, life style changes and health care facilities. In
our country, CGM is not reimbursed, which makes disease

Table 3 Changes in laboratory

Parameters Before lockdown After lockdown p value Z value
parameters before and after
lockdown HbAlc (%) 7.1(£1.7) 7.2(£5.2) 0.97 -0.03
Fasting plasma glucose, mg/dl 141(x£72) 140(x73) 0.58 -0.56
Triglyceride, mg/dl 169(+100) 194(+132) 0.02 -2.33
LDL, mg/dl 125(+62) 144(+40) <0.001 -3.80
HDL, mg/dl 42(+12) 44(x11) 0.31 -1.00
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self-management difficult. The referral system is not manda-
tory in our country; therefore, patients can directly reach to
an endocrinologist, this would positively affect the glycemic
control. Our results showed that the difficulty in accessing
medication was significantly increased (1% vs 7%); however,
only 19 of the patients were complaining of the difficulty in
accessing medication during lockdown. As a government
policy, all medications which were previously prescribed
by physicians for the treatment of chronic illnesses can be
easily obtained from pharmacies without a prescription dur-
ing pandemic period. This policy decreased unnecessary
hospital attendance for only prescription and the difficulty
in accessing medication. Otherwise, there would be more
patients having difficulty in accessing to a medical assistance
from health care professionals in our study.

Lockdown can clearly impact the lifestyle of the popula-
tion, especially in terms of diet and physical activity. The
diet and exercise compliance of the patients in our study
were significantly decreased, in line with the most of the
studies in literature [11, 23-25]. Studies from Spain, Italy,
Poland and Japan showed that dietary habits and physical
activity of the patients were changed. Mediterranean type
diet compliance decreased, and consumption of frozen foods
and alcohol increased. Physical activity also decreased,
resulting in positive weight balance in some studies. How-
ever, even though dietary and exercise habits were changed
negatively, weight gain was not detected in our study, similar
to some studies in the literature [9, 22, 26, 27]. The shortness
of the study period may be a reason, why weight balance has
not changed.

Furthermore, COVID-19 pandemic has also increased
feelings of stress or anxiety in these patients, since they have
been considered a high-risk group for COVID-19. Addition-
ally, lockdown, social restrictions and economic burden of
these policies would be some other leading causes. Increased
levels of depression, anxiety, stress and negative affect were
seen in several studies [28—30]. We evaluated the emotional
stress from the patients self-declaration in our study, and the
difference was very significant and dramatic, which might
indicate that it should be evaluated further with question-
naires and scales.

Hypertension and hyperlipidemia were the most
common co-morbidities in our study; nearly 3% of the
patients were complaining of HT and/or HL. COVID-19
pandemic also negatively impacted the control of HT
and HL in our study; the percentage of the patients with
uncontrolled HT and HL significantly increased after
lockdown and restrictions. Our results were consistent
with the situation of diet and exercise adherence of our
cohort. Poor diet and exercise adherence and increased
emotional stress would be the reasons of uncontrolled
HT. The studies in hypertensive patients in the literature
have demonstrated controversial results; showing both

improved and worsened course of HT after lockdown
period [31, 32].

There are several limitations of our study, of which
including the patients who were followed-up by only endo-
crinologists, but not any physicians of family medicine nor
internal medicine, might lead to a sampling bias. Rela-
tively small sample size may be another limitation; how-
ever, we believe that 283 diabetic patients from 6 different
leading hospitals are enough to represent a local data. In
addition to those, study period was relatively short. Under
pandemic circumstances, the literature regarding the
related pandemic needs to be improved faster, compared
to the regular period, in order to overcome the pandemic.
Thus, we aimed to contribute to the literature without any
delay by comparing the patients’ data before and after the
first peak of the COVID-19 pandemic.

Conclusion

In conclusion, our study demonstrated that despite
decreased compliance with diet and exercise, and difficulty
in accessing medication, there was no significant change
in weight, FPG and HbAlc levels in diabetic patients.
Moreover, the number of the patients who had controlled
blood pressure decreased. The number of those who had
neuropathic complains and the severity of dyslipidemia
significantly increased during pandemic period. Since cul-
tural difference, educational level, socioeconomic status,
life style changes and health care facilities differ between
societies, the data regarding the impact of pandemic on
the courses of chronic diseases vary in the literature. As
a result, national and even local investigations would be
more accurate to evaluate the effects of pandemics on the
courses of chronic illnesses.
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