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ABSTRACT

Objective: The study aimed to evaluate the metabolic control during the COVID-19 pandemic in subjects with type 2 diabetes
mellitus (T2DM) and whether care through telemedicine significantly impacted it.

Material and methods: This was a retrospective study for which three time-periods were prespecified: the COVID-19 pandemic
period, pre-COVID-19 period, and before pre-COVID-19. The following information were collected: anthropometric and labora-
tory parameters (glycated hemoglobin (HbAlc), blood glucose, lipid profile, creatinine, eGFR, etc.), self-measured blood glucose
(SMBG), blood pressure (BP), diabetes therapy, number of on-site and of telemedicine consultations. The mean values of all avail-
able measurements for HbAlc, SMBG, BP, weight, and body mass index (BMI) were calculated.

Results: During the COVID-19 pandemic, the HbAlc values increased (6.78+0.77% to 6.96+0.87%, p<0.0001; + 0.18+0.67%), de-
spite treatment intensification (p<0.01), while BMI and total cholesterol values slightly decreased (32.0145.5 kg/m2 to 31.7+5.4
kg/m2, p<0.0001, and 178.1+40.8 mg/dl to 170.5+38.4 mg/dl, p<0.05). The deterioration of glycemic control (to HbAlc >7%)
were rather seen in males (to 7.01+0.92%, p<0.0001), patients from rural areas (to 7.08+0.96%, p<0.001) and younger than 65
y.0. (to 7.054+0.82%, p<0.001). More male patients had a mean HbAlc increase of >0.5% during the COVID-19 pandemic (32.3%
vs 21.5%, p<0.05). Patients who received more diabetes care visits through telemedicine had a more attenuated increase in
HbAlc (6.79+0.80% to 6.90+0.83%, p<0.05 vs 6.76+0.72% to 7.08+0.92%, p<0.0001).

Conclusions: The glycemic control slightly deteriorated during the COVID-19 pandemic (but with overall HbAlc within target),
with certain patient categories being more affected. Diabetes care though telemedicine allowed the maintenance of the meta-
bolic control.

Keywords: type 2 diabetes, COVID-19, telemedicine
Received: 19 October 2022; Accepted: 17 November 2022; Published: 27 November 2022

INTRODUCTION

The Coronavirus Disease 2019 (COVID-19), an infec-
tious disease caused by the Severe Acute Respiratory
Syndrome CoronaVirus 2 (SARS-CoV-2), was classified in
March 11 2020 by the World Health Organization (WHO)
as a pandemic disease [1]. It has affected a great number
of individuals worldwide, being associated with a multi-
tude of medical and socio-economic outcomes [2, 3]. As
of October 5th 2022, there have been 616,427,419 con-
firmed COVID-19 cases, and 6,528,557 deaths have been
reported, according to the WHO data [4].

SARS-CoV-2 primarily targets the respiratory system,
but many other systems might be affected (i.e., cardio-
vascular, gastrointestinal/ hepatobiliary, central nervous
system, renal, hematologic, endocrine, etc.) resulting
in various dysfunctions/ manifestations, including long-
term ones [2, 5, 6]. COVID-19 also increases the risk of
new-onset diabetes mellitus (DM), through various pu-
tative mechanisms, such as direct or indirect viral effects
on the B-cells, stress or steroid-induced hyperglycemia
[7, 8]. On the other hand, the impaired metabolic health
affects the COVID-19 outcomes, as diabetes and obe-
sity have emerged as important risk factors for severe
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disease, including higher risk of mortality, more severe
complications, longer duration of hospitalization, etc.
[2, 9-11]. Not only that type 2 DM (T2DM) patients, for
example, had a significantly higher risk of multiple or-
gan injury and mortality, and required more intensive
in-hospital therapy than subjects without DM, but the
degree of glycemic control significantly impacted these
outcomes: well-controlled blood glucose levels were
correlated with lower risk of mortality (adjusted HR: 0.14
[95%Cl: 0.03—0.60]; p=0.008) and of composite adverse
outcomes during hospitalization compared to poorly
controlled glycemia [10].

However, the management of diabetes posed real
challenges during the COVID-19 pandemic. Apart from
the higher risk of severe outcomes and exacerbated
comorbidities due to the SARS-CoV-2 infection, the ac-
cess to healthcare facilities was limited, mainly during
the first waves, as lockdown, quarantine, social distanc-
ing, and other measures were implemented in order to
limit the spread of the disease [12, 13]. These restrictive
measures also negatively affected the physical activities
and the diet (dietary choices/food supplies) of patients
with DM, which in turn resulted in undesirable conse-
guences on the metabolic control [14, 15]. The altera-
tion of the glycemic control not only increases the risk of
DM chronic complications, but also augments the risk of
severe COVID-19 outcomes, thus creating a vicious cycle.

The management of DM usually requires periodic
face-to-face interactions with the healthcare providers,
but during the COVID-19 pandemic alternative technol-
ogy-based methods and strategies have been imple-
mented, in order to support patients and provide con-
tinued healthcare services [16]. Telehealth turned out to
be crucial for delivery of these services to DM patients
and was widely used throughout the pandemic [17]. It
was provided through videoconferences or telephone
calls, if the necessary technologies were not available.
Moreover, the use of telemedicine protocols and digital
technologies in a virtual diabetes/ metabolic clinic might
have the potential to mitigate several challenges in the
DM healthcare, such as access to care for people living in
remote areas or with disabilities, reduced time and costs
(i.e., with transportation), improved patient satisfaction/
comfort and efficiencies, etc. [18]. However, these ad-
vantages should be obtained with the condition of main-
taining a good quality of care and an optimal metabolic
control.

The aim of this study was to evaluate the changes in
the metabolic control during the COVID-19 pandemic in
T2DM subjects and whether care through telemedicine
had significant impact on maintaining the glycemic con-
trol.
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MATERIAL AND METHODS

This was a retrospective study that collected data from
the medical records of T2DM patients registered in the
outpatient unit of the Emergency County Clinical Hospi-
tal of Targu Mures, Romania. The study was approved
by the Ethics Committee of the Emergency County Clini-
cal Hospital of Targu Mures. The inclusion criteria were
T2DM for at least three years at the time when the
COVID-19 pandemic started (March 2020), managed
with antihyperglycemic medication and/ or insulin, with
a minimum set of data (HbAl1c, weight, blood pressure
and at least self-measured fasting blood values) before
and during the pandemic period. Exclusion criteria were
other types of diabetes mellitus (type 1, gestational or
secondary diabetes), missing information from the mini-
mum data set, diabetes duration less than 3 years.

We prespecified three time periods for the data col-
lection: the COVID-19 pandemic period (from March
15th, 2020, when the state of emergency due to COV-
ID-19 was declared, until March 15th, 2022), pre-COV-
ID-19 period (from March 15th, 2018 until March 15th,
2020), and for additional comparisons, the period before
pre-COVID-19 (from 2016 until March 15th 2018). The
patients received care through telemedicine during the
pandemic (not applicable before) by telephone contact,
but other remote communication methods were used
(i.e., emails, for some information collection, when ap-
plicable). Whenever needed (e.g., initiation of injectable
therapy, significant deterioration of glycemic control,
etc.), the patients were invited to the diabetes clinic for
a face-to-face visit.

The following data were collected in this study: demo-
graphic data (age, sex, marital status, smoking status, oc-
cupation), anthropometric parameters (height, weight),
laboratory data (glycated hemoglobin (HbA1lc), fasting
blood glucose, total cholesterol, triglycerides, HDL cho-
lesterol, LDL cholesterol, aspartate aminotransferase
(AST), alanine aminotransaminase (ALT), creatinine, uric
acid) (as available at a single time-point), fasting and
post-prandial self-measured blood glucose, blood pres-
sure, the number of visits to the diabetes clinic, and the
number of telemedicine consultations during the COV-
ID-19 pandemic. Whenever applicable (if not already
calculated), the Friedewald formula was used to calcu-
late the LDL cholesterol (for triglyceride values under
400 mg/dl), and the estimated glomerular filtration rate
(eGFR) was calculated with the CKD-EPI formula. Dur-
ing the COVID-19 pandemic, weight and blood pressure
were measured by patients and reported during the dia-
betes telemedicine visits. Current diabetes medication at
the end of each specified period was also included. The
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body mass index (BMI) was calculated by weight/height?
(kg/m2). For the three time periods, the mean values of
all available measurements for HbAlc, self-measured
fasting blood glucose, self-measured postprandial blood
glucose (where available), systolic and diastolic blood
pressure (SBP and DBP), body weight, BMI were calcu-
lated and reported here.

The statistical analysis was done by using GraphPad
InStat3 software. The normality of data was tested with
the Kolmogorov-Smirnov test. The Student t test, Mann-
Whitney test, ANOVA and Kruskal-Wallis tests were
used, respectively, to compare means and medians be-
tween groups, while for the comparison of data from
the same group in different time periods, the repeated
measures ANOVA (with Friedman test with post-test)
was employed. The Fisher’s exact test/ Chi-square test
were also used for the analysis of categorical variables.
All used tests were two-tailed and the statistical signifi-
cance was set at p <0.05.

RESULTS

Data from 328 T2DM patients were included in this anal-
ysis and their baseline characteristics are presented in
Table 1. At the beginning of the COVID-19 pandemic the
median age of the patients was 67.1 [25-89] years, and
the median duration of diabetes was 9.1 [3-32] years.

The metabolic control during the COVID-19
pandemic period

We evaluated the changes in metabolic parameters dur-
ing the COVID-19 pandemic as compared to the pre-
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COVID-19 period. The mean body weight (BW) and the
BMI decreased (from 88.7+17.4 kg to 87.8+17.0 kg, and
from 32.0145.5 kg/m?2 to 31.745.4 kg/m2, respectively,
p<0.0001 for both), while the HbAlc increased (from
6.78+0.77% to 6.96+0.87%, p<0.0001) and the self-
measured fasting blood glucose did not change signifi-
cantly (123.4+13.3 mg/dl versus 124.4+14.6 mg/dl; p:
NS). The self-measured postprandial blood glucose val-
ues during both times were available in 231 T2DM pa-
tients, and the change was not significant (159.1 +35.6
mg/dl versus 161.7432.2 mg/dl, p: NS). The increase in
HbAlc was observed despite significant treatment in-
tensification, with higher number of patients receiving
a GLP-1 receptor agonist, a SGLT2 inhibitor and insulin
therapy during COVID-19 pandemic versus the pre-COV-
ID-19 period (p=0.006) (table 2). The mean SBP basically
remained similar (132.6+11.4 mmHg versus 133.2+9.3
mmHg, p: NS), but the mean DBP increased during the
COVID-19 period (from 77.14#5.6 mmHg to 78.7+6.5
mmHg, p<0.0001).

During the COVID-19 pandemic, the full-parameter
laboratory assessment was done, most of the time, either
by referral from the family physician or during various
hospitalizations. Therefore, in some patients, an incom-
plete set of metabolic/biochemistry parameters were
available. If available during both time periods, we evalu-
ated the changes in lipid profiles and eGFR. The HDL cho-
lesterol values were missing in 67 patients at both times,
and LDL cholesterol was available in 255 of them (for 6
patients, LDL cholesterol values could not be calculated
due to high triglyceride values). The total cholesterol
concentrations slightly decreased (from 178.1+40.8 mg/

Table 1. Baseline characteristics of T2DM patients included in the study

Baseline demographic and medical parameters

Sex (F/M) (%)

Residency (U/R) (%)

Employment status (E or SE/UE or Rt) (%)
Marital status (Ma/S or D or W) (%)
Smoking status (Sm/ExS/NSm) (%)

BMI (kg/m?2)

Systolic blood pressure (mmHg)

Diastolic blood pressure (mmHg)
Self-monitored fasting blood glucose (mg/dl)
HbA1lc (%)

Lab-based fasting blood glucose (mg/dl)
Total cholesterol (mg/dl)

HDL-cholesterol (mg/dl)

LDL-cholesterol (mg/dl)

Triglycerides (mg/dl)

eGFR (ml/1.73 m2/min)

AST (U/1)

ALT (U/1)

Uric acid (mg/dl)

48.2/51.8
61.9/38.1
15.9/84.1
79.6/20.4
17.1/43.3/39.6
32.2[21.4-52.4]
132.5 [77.5-172.5]
77.5 [60.0-95.0]
124.7 [87.5-224.0]
6.69 [4.6-9.95]
128.0 [67.0-476.6]
183.1+42.1
46.0 [21.0-97.0]
103.9 [31.9-206.0]
147.2 [45.0-854.4]
81.2 [27.2-144.7]
21.0 [9.6-99.0]
26.0 [7.4-167.0]
5.5[2.6-10.1]

F=females; M=males; U=urban; R=rural; E=employed; SE=self-employed; UE=unemployed; Rt=retired; Ma=married; S=single; D=divorced; W=widow; Sm=smoker; ExS=ex-smoker; NSm=non-smoker; BMI=body
mass index; HbAlc=glycated hemoglobin; eGFR=estimated glomerular filtration rate; AST=Aspartate aminotransaminase; ALT=Alanine aminotransaminase; data is presented as mean + SD or median [min-max]
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Table 2. The change in diabetes therapy during COVID-19 pandemic versus the pre-COVID period

Antihyperglycemic Before

medications

Pre-COVID-19 pandemic

Pre-COVID-19 pandemic
(2018-2020)

During COVID-19 pandemic
(2020-2022)

Metformin (nr/%) 308 (93.9)
Sulphonylureas (nr/%) 94 (28.7)
DPP-4 inhibitors (nr/%) 33(10.1)
GLP-1 RA (nr/%) 21 (6.4)
SGLT-2 inhibitors (nr/%) 8(2.4)
Insulin (nr/%) 60 (18.3)

p<0.0001

306 (93.3) 307 (93.6)
76 (23.2) 76 (23.2)
35(10.7) 25 (7.6)
66 (20.1) 38 (26.8)
25(7.6) 57 (17.4)
79 (24.1) 100 (30.5)

DPP-4=dipeptidyl peptidase; GLP-1RA=Glucagon-like peptide-1 receptor agonists; SGLT-2= Sodium-glucose co-transporter-2

dl to 170.54#38.4 mg/dl, p=0.021; n=311), the LDL cho-
lesterol levels decreased non-significantly (101.1+34.1
mg/dl versus 95.5+35.0 mg/dl; p=0.07; n=255), while
the HDL cholesterol (46.1+12.2 mg/dl versus 45.1+12.2
mg/dl; n=261), and triglycerides (169.2+93.0 mg/dl ver-
sus 161.5+78.2 mg/dl; n=306) remained the same (p: NS
for both). For 302 patients, the calculated eGFR values
were available in both time periods, and indicated a non-
significant decrease (77.7+21.3 ml/1.73m2/min versus
75.8+21.9 ml/1.73m?/min, p=0.09).

We further performed subgroups analysis in order to
identify patient categories that were mostly affected by
the COVID-19 pandemic in terms of metabolic control
(Figure 1).

First, data was analyzed according to residency. The
mean age of patients living in rural areas was similar
to those living in urban areas (64.9+9.6 years versus
65.2+9.1 years), and they had a similar diabetes dura-
tion (9.0+3.9 years versus 9.1+4.3 years) (p: NS for both).
T2DM patients living in rural areas had a small but signif-
icant decrease in BMI (from 32.6£5.6 kg/m2 to 32.3+5.4
kg/m2, p=0.012) and a significant reduction in total cho-
lesterol levels (from 182.1#42.2 mg/dl to 171.1+46.0
mg/dl, p=0.013; n=117). Similarly, the T2DM patients
from urban areas presented a slight decrease in BMI
(from 31.6£5.4 kg/m2 to 31.3+5.3 kg/m?2, p=0.001), but
the total cholesterol levels did not change (175.6+39.9
mg/dl versus 170.1£38.1 mg/dl, p: NS; n=194). The
change in mean fasting self-measured blood glucose was
not significant in either subgroup (124.7+13.6 mg/dl ver-
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sus 125.6+14.7 mg/dlin rural subgroup, and 122.7+13.1
mg/dl versus 123.4+14.4 mg/dl for urban subgroup; p:
NS for both).

On the other hand, the mean HbA1c significantly in-
creased in both groups (from 6.86+0.78% to 7.08+0.96%,
p=0.0006 for rural subgroup, and from 6.73+0.77% to
6.894+0.8%, p=0.0009 for urban group). At the end of
COVID-19 period, a slightly higher percentage of T2DM
subjects living in rural area had an HbAlc level >7%, but
the difference was not significant (45.6% versus 35.4%;
p=0.08).

Secondly, the metabolic changes were evaluated ac-
cording to gender. There was no difference with regards
to age (65.5+9.3 years versus 64.6+9.3 years) or diabe-
tes duration (9.1%+4.2 years versus 9.1+4.0 years) be-
tween genders (p: NS for both). Both female and male
T2DM patients presented a slight decrease in BMI (from
32.3+6.2 kg/m?2 to 32.0+6.0 kg/m2, p=0.019 in females,
and from 32.3+6.2 kg/m? to 32.0+6.0 kg/m2, p=0.019 in
males). The total cholesterol levels decreased in female
T2DM patients, but with borderline non-significance
(from 182.9439.8 mg/dl to 175.7+40.4 mg/dl|, p=0.055;
n=148), while for men the reduction was significant (from
173.6+41.3 mg/dlto 165.7+36.1 mg/dl, p=0.039; n=163).
Female T2DM patients presented a significant rise both
in systolic and diastolic BP during the COVID-19 pe-
riod (SBP: from 130.0+11.3 mmHg to 132.5+10.0 131.5
mmHg, p=0.003; DBP: from 76.0+5.3 mmHg to 78.0+6.8
mmHg, p<0.0001). For male patients, a small non-signif-
icant decrease in SBP was noted (135.1+11.1 mmHg ver-

72 p=0.0005

p=0.0009 s p=0.0013

i

6
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Urban 65 y.0. <65 y.0.

Fig. 1. Changes in mean HbA1c values in several T2DM patient subgroups during the COVID-19 pan-

demic.
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sus 133.8+8.5 mmHg, p=0.08), while the DBP increased
(from 78.1+5.6 mmHg to 79.3+6.2 mmHg, p=0.002).

Both female and male subjects presented a significant
increase in mean HbAlc (from 6.78+0.7% to 6.92+0.8%,
p=0.025infemales, and from 6.78+0.83% to 7.01+0.92%,
p<0.0001 in males). In addition, significantly more male
patients had an increase in mean HbAlc of more than
0.5% during the COVID-19 pandemic years (32.3% ver-
sus 21.5%, p=0.034).

Thirdly, we analyzed data according to age. Patients
older than 65 years of age had a small but significant
decrease in BMI (from 31.6%5.5 kg/m2 to 31.2+5.4 kg/
m2, p=0.0004), as did the patients younger than 65 years
(from 32.545.5 kg/m2 to 32.2+1.3 kg/m2, p=0.018). The
total cholesterol levels did not significantly change in the
two age categories, and neither did the self-measured
fasting blood glucose. Both age categories had a signifi-
cant raise in HbAlc (from 6.69+0.76% to 6.88+0.91%,
p=0.0013 for patients older than 65 years of age, and
from 6.88+0.78% to 7.05+0.82%, p=0.0005 for patients
< 65 years old). Older patients had a significant reduc-
tion in renal function (eGRF decreased from 70.6+21.4
ml/1.73m2/min to 67.1£20.3 ml/1.73m2/min, p=0.025;
n=157), while in younger T2DM individuals, the change
was not significant (85.318.5 ml/1.73m2/min versus
85.2+19.6 ml/1.73m2/min, p: NS; n=145). Only patients
younger than 65 had an increase in DBP (77.3145.4
mmHg to 79.2+6.0 mmHg, p<0.0001), but the SBP did
not change (132.0£10.9 mmHg versus 132.7+9.1 mmHg,
p: NS).

Finally, we compared the mean HbA1lc values during
the COVID-19 period with the mean HbAl1c values during
the pre-COVID19 period and with the mean of the last
two HbAlc values measured before the pre-COVID-19
period (before March 2018) in order to decipher the
effect of COVID-19 pandemic on the glycemic control
from the natural progression of the disease itself. We
found a progressive elevation of HbAlc during the three
time periods (p<0.0001) (figure 2), with an increase of
a slightly greater (but non-significant) extent during
COVID-19 pandemic (0.1840.67% versus 0.09+0.61%,
p: NS). The change in diabetes specific therapy during
the three time periods is noted in table 2 (p<0.0001). A
similar analysis of BMI changes showed that the mean
BMI values decreased from 32.2+5.4 kg/m?2 (before pre-
COVID-19 period) to 32.045.5 kg/m? (during pre-COV-
ID-19 period) and to 31.745.4 kg/m2 (during COVID-19
pandemic years) (p<0.0001).

The influence of diabetes care through
telemedicine on the metabolic control

We subsequently investigated the impact of telemedi-
cine on the metabolic control in T2DM patients by com-
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paring the metabolic parameters in the two periods of
time according to the number of telemedicine visits
during the COVID-19 pandemic. Overall, during the pan-
demic years, the patients had between 6 and 10 total
visits for diabetes management (median: 8), of which
between 0-10 visits (median 7) were performed through
telemedicine. Before the pandemic, all diabetes visit
were performed onsite, face-to-face, most with a diabe-
tes specialist (median number 7.0 [3-11]).

During the COVID-19 pandemic the median percent-
age of telemedicine visits was 87.5%, and therefore, we
divided the study data into two subgroups (above and
below the median value). The T2DM patients having
more telemedicine visits were younger (64.3+9.6 years
versus 66.4+8.5 years, p=0.046), but the duration of dia-
betes was similar (9.1+4.1 years versus 9.2+4.1 years,
p: NS). The mean HbAlc levels were similar between
the two groups during pre-COVID-19 period. Both sub-
groups presented a significant increase in HbAlc dur-
ing the COVID-19 period, but the mean difference in
HbAlc values increased less in subjects receiving more
telemedicine diabetes consultations (0.11+0.66% ver-
sus 0.32+0.69%, p=0.012), and only the group receiving
less telemedicine visits had an increase to mean HbAlc
values above 7%. The main metabolic data is presented
in Table 3. Apparently, subjects with more telemedicine
visits during the pandemic years, had a small but signifi-
cant decrease in BMI and total cholesterol levels.

DISCUSSIONS

We performed an observational retrospective study in
order to evaluate the changes in the metabolic control of
patients with T2DM from a single diabetes center from
the central part of Romania during the COVID-19 pan-
demic, as well as the impact of telemedicine on the met-
abolic parameters. We found that during the pandemic

p<0.0001
8 B p=0.001
= =T
75
7 \ }
g
= 6.5
%
=

hefare pre COVID-19 preCOVID-19 COVID-19

Fig. 2. Changes in mean HbA1c values during the
three pre-specified time periods (data presented
as mean and SD).
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Table 3. Changes in main metabolic data during COVID-19 pandemic according to the percentage of

telemedicine visits

< 87.5% telemedicine visits

2 87.5% telemedicine visits

pre-COVID-19 COVID-19 p pre-COVID-19 COVID-19 p
HbA1c (%) 6.76+0.72 7.08+0.92 <0.0001 6.79+0.80 6.90+0.83 0.021
BMI (kg/m?) 32.245.2 32.0£5.2 0.063 31.9+5.6 31.5%55 0.0002
Fasting SMBG (mg/dl) 124.4+13.5 124.5+13.6 0.447 122.9+13.2 124.1+15.1 0.209
Total cholesterol (mg/dl) 180.2+40.92 171.4+39.2 0.232 176.8+40.9° 169.9+38.2 0.043

2n=113;°n=198; SMBG= self-measured blood glucose

years the HbAlc values increased slightly, despite treat-
ment intensification. The results are in concordance with
some but not all studies that evaluated the glycemic con-
trol during COVID-19 pandemic in patients with T2DM,
as some of them showed deterioration of HbA1lc values,
others indicated an improvement, and others reported
no change [19-22]. However, our results are in accord-
ance with a systematic review that included data from
1823 patients with T2DM (and showed a mean increase
in HbAlc of +0.14 [95%Cl: —0.13 to 0.40]), and with the
results of a meta-analysis of 11 studies (n=16,895) indicat-
ing a significant increase of HbAlc levels (0.34% [95%Cl:
0.30 to 0.38]) during the COVID-19 pandemic [23, 24].
Nevertheless, most if not all studies compared the gly-
cemic control during COVID-19 pandemic with the im-
mediately previous period. We performed an additional
comparison with the metabolic control during the period
of time before the pre-COVID-19 years, in order to ob-
serve the impact of COVID-19 pandemic versus the natu-
ral progression of the disease itself. Indeed, we found a
progressive deterioration of glycemic control (but the
mean HbAlc was still below 7%) during the three stud-
ied periods, with a slightly greater (but non-significant)
increase during the COVID-19 pandemic years.

As most visits for diabetes management occurred
through telemedicine during the pandemic period, the
results indicated that this did not negatively influence
the metabolic control of patients with T2DM. In fact, the
subsequent analysis by the number of telemedicine visits
indicated that patients receiving more telemedicine vis-
its had an attenuated deterioration of glycemic control.
A retrospective study in T2DM from Australia reported a
slightly better glycemic control for patients who received
care via telehealth consultations during the COVID-19
pandemic [25]. However, it should be noted that, at least
in our study, the telemedicine visits were performed
with patients who did not have a significant deteriora-
tion of glycemic control, and those who presented an
alteration of the blood glucose control/needed initiation
of injectable therapy were invited to the clinic for a face-
to-face visit. As shown by our study data, this strategy
allowed the maintenance of a good metabolic control,
thus diabetes management plans that include telemedi-
cine consultations with a diabetes specialist might be a

good alternative at least for some patients.

The subgroups of patients that presented a greater
glycemic deterioration based on HbAlc values to mean
values higher than 7.0% were males, from rural areas
and younger than 65 years of age (although females,
older patients and those living in urban areas also had
a modest increase of HbA1lc). Contrary to our findings, a
similar study from Japan found that rather females and
patients aged > 65 years had a deterioration of HbAlc
levels [19]. The differences between these results are
not clear, but it might be that in our study population,
males, younger patients, and those with rural residency
had greater changes in lifestyle/ diet and physical exer-
cise, and perhaps in the levels of psychological stress.

The weight and BMI of the patients included in our
study decreased during the pandemic years. This finding
is opposed to the meta-analysis by Ojo O. et al., which
reported a BMI increase of 1.13 [95%Cl: 0.99; 1.28],
p<0.05 (5 studies; n=2363 patients) [24]. However, not
all studies demonstrated this effect on body weight, with
some reporting a decrease or no significant change [19,
25-27]. The decrease of body weight and BMI observed
in our study might have several explanations: first, dur-
ing the COVID-19 pandemic, the body weight was self-
measured and reported by patients and there might be
scale differences and/or tendency to underreport the
real weight; secondly, during the COVID-19 significantly
more patients received treatment with a GLP-1 receptor
agonist and/or a SGLT-2 inhibitors, which favor weight
loss; and thirdly, we cannot exclude that some patients
changed their eating habits (before) and during COV-
ID-19 pandemic. In fact, a study from France analyzed
the eating habits and weight changes in patients with
diabetes and overweight/obesity and found that some
patients improved their eating behaviors (had higher in-
take of fruits and vegetables, and lower intake of snacks)
during the pandemic, which was associated with im-
provement in body weight [26]. Nevertheless, given that
the improvement in BMI was seen even before the pan-
demic, changes in diabetes therapy and improvement in
lifestyle might be the most plausible explanations in our
study population.

In fact, the change in eating habits might also explain
the small change in the total cholesterol levels we no-
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ticed in the overall study group and those living in rural
areas, although we did not directly investigate the die-
tary consumption of the patients during or before pan-
demic. Also, a limitation of the study was that we did
not have exact information regarding the statin use for
all patients.

The study results indicated an increase in diastolic
blood pressure in the overall population, and specifically
in younger and male patients, while female subjects pre-
sented a significant increase in both systolic and dias-
tolic blood pressure. The results are consistent with the
findings of other studies showing deterioration of blood
pressure control during the pandemic years [28, 29]. Ap-
parently, weight gain was not the cause of BP increase in
our study population, thus rather other possible causes
might explain it, such as changes in medication adher-
ence and diet (including higher alcohol intake), reduced
physical activity, but also higher psychological stress and
anxiety, which might have had a different impact on cer-
tain patient categories [30]. In fact, it was shown that
the prevalence of anxiety increased significantly (with
25.6%) during COVID-19 pandemics, with females and
younger people being more affected [31].

Our study has several limitations. First, it was a sin-
gle center retrospective study, conducted at a university
hospital, which might not be nationwide representative.
Secondly, we did not have postprandial blood glucose
measurements available in all subjects, thus we could not
objectify if the deterioration of glucose control was due
to an increase in postprandial glycemic values. Thirdly,
we did not have information about the lifestyle and psy-
chological changes during the pandemic years to better
understand the reasons for the alteration in cardiometa-
bolic health. Nevertheless, this is, to our knowledge, the
first study in Romania investigating the changes in the
metabolic parameters during the COVID-19 pandemic in
patients with T2DM, compared to the pre-COVID-19 pe-
riod (and the period of time before that), as well as the
impact of care through telemedicine on the metabolic
control in T2DM.

CONCLUSIONS

The study demonstrated that the glycemic control of
patients with T2DM slightly deteriorated during the
COVID-19 pandemic years (but with overall mean HbAlc
within target), with certain categories being more af-
fected (males, younger patients and those living in rural
areas). Diabetes care though telemedicine during the
COVID-19 pandemic allowed the maintenance of the
metabolic control in patients with T2DM.

49

ACKNOWLEDGMENTS

This paper was not funded. The authors thank Corina
Tamasan for assistance in data collection.

AUTHOR'’S CONTRIBUTION

CRO: substantial contribution to the acquisition of data,
revised the work for important intellectual content, AE:
contribution to the acquisition of data, revised the work
for important intellectual content, ALR: contribution to
the acquisition of data and writing of manuscript, revised
the work for important intellectual content, SC: concep-
tion and design of the work, analyzed and interpreted
the data, wrote the manuscript and revised the work for
important medical content. All authors have approved
the final version.

CONFLICT OF INTEREST

None to declare.

REFERENCES

1. Cucinotta D, Vanelli M. WHO Declares COVID-19 a Pandemic.
Acta Biomed. 2020 Mar 19;91(1):157-60. DOI: 10.23750/abm.
v91i1.9397

2 Buicu AL, Cernea S, Benedek |, Buicu CF, Benedek T. Systemic
Inflammation and COVID-19 Mortality in Patients with Major
Noncommunicable Diseases: Chronic Coronary Syndromes,
Diabetes and Obesity. J Clin Med. 2021 Apr 7,10(8):1545. DOI:
10.3390/jcm10081545

3. Shivalkar S, Pingali MS, Verma A, Singh A, Singh V, Paital B,
et al. Outbreak of COVID-19: A Detailed Overview and Its
Consequences. Adv Exp Med Biol. 2021;1353:23-45. DOI:
10.1007/978-3-030-85113-2_2

4. WHO Coronavirus (COVID-19) Dashboard. Available at https://
covid19.who.int/. Accessed on 05.10.2022.

5. Cascella M, Rajnik M, Aleem A, Dulebohn SC, Di Napoli R.
Features, Evaluation, and Treatment of Coronavirus (COVID-19).
2022 Jun 30. In: StatPearls [Internet]. Treasure Island (FL):
StatPearls Publishing; 2022 Jan-. PMID: 32150360.

6. Yong SJ. Long COVID or post-COVID-19 syndrome: putative
pathophysiology, risk factors, and treatments. Infect Dis (Lond).
2021 Oct;53(10):737-54. DOI: 10.1080/23744235.2021.1924397

7. Rathmann W, Kuss O, Kostev K. Incidence of newly diagnosed
diabetes after Covid-19. Diabetologia. 2022 Jun;65(6):949-54.
DOI: 10.1007/s00125-022-05670-0

8. Khunti K, Del Prato S, Mathieu C, Kahn SE, Gabbay RA, Buse JB.
COVID-19, Hyperglycemia, and New-Onset Diabetes. Diabetes
Care. 2021 Dec;44(12):2645-55. DOI: 10.2337/dc21-1318

9. Zhou Y, Chi J, Lv W, Wang Y. Obesity and diabetes as high-risk
factors for severe coronavirus disease 2019 (Covid-19). Diabetes
Metab Res Rev. 2021 Feb;37(2):e3377. DOI: 10.1002/dmrr.3377

10. Zhu L, She ZG, Cheng X, Qin JJ, Zhang XJ, Cai J, et al. Association


https://doi.org/10.23750/abm.v91i1.9397
https://doi.org/10.23750/abm.v91i1.9397
https://doi.org/10.3390/jcm10081545
https://doi.org/10.3390/jcm10081545
https://doi.org/10.1007/978-3-030-85113-2_2
https://doi.org/10.1007/978-3-030-85113-2_2
https://covid19.who.int/
https://covid19.who.int/
https://doi.org/10.1080/23744235.2021.1924397
https://doi.org/10.1007/s00125-022-05670-0
https://doi.org/10.2337/dc21-1318
https://doi.org/10.1002/dmrr.3377

50

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

of Blood Glucose Control and Outcomes in Patients with
COVID-19 and Pre-existing Type 2 Diabetes. Cell Metab. 2020 Jun
2;31(6):1068-1077.e3. DOI: 10.1016/j.cmet.2020.04.021

Bode B, Garrett V, Messler J, McFarland R, Crowe J, Booth R, et
al. Glycemic Characteristics and Clinical Outcomes of COVID-19
Patients Hospitalized in the United States. J Diabetes Sci Technol.
2020 Jul;14(4):813-21. DOI: 10.1177/1932296820924469

Peric S, Stulnig TM. Diabetes and COVID-19: Disease-
Management-People. Wien Klin Wochenschr. 2020 Jul;132(13-
14):356-61. DOI: 10.1007/s00508-020-01672-3

Desvars-Larrive A, Dervic E, Haug N, Niederkrotenthaler T, Chen
J, Di Natale A, et al. A structured open dataset of government
interventions in response to COVID-19. Sci Data. 2020 Aug
27;7(1):285. DOI: 10.1101/2020.05.04.20090498

Scott ES, Jenkins AJ, Fulcher GR. Challenges of diabetes
management during the COVID-19 pandemic. Med J Aust. 2020
Jul;213(2):56-57. DOI: 10.5694/mja2.50665

Eberle C, Stichling S. Impact of COVID-19 lockdown on glycemic
control in patients with type 1 and type 2 diabetes mellitus: a
systematic review. Diabetol Metab Syndr. 2021 Sep 7;13(1):95.
DOI: 10.1186/s13098-021-00705-9

Garfan S, Alamoodi AH, Zaidan BB, Al-Zobbi M, Hamid RA, Alwan
JK, et al. Telehealth utilization during the Covid-19 pandemic:
A systematic review. Comput Biol Med. 2021 Nov;138:104878.
DOI: 10.1016/j.compbiomed.2021.104878

de Kreutzenberg SV. Telemedicine for the Clinical Management
of Diabetes; Implications and Considerations After COVID-19
Experience. High Blood Press Cardiovasc Prev. 2022 Jul;29(4):319-
26. DOI: 10.1007/s40292-022-00524-7

Phillip M, Bergenstal RM, Close KL, Danne T, Garg SK, Heinemann
L, et al. The Digital/Virtual Diabetes Clinic: The Future Is Now-
Recommendations from an International Panel on Diabetes
Digital Technologies Introduction. Diabetes Technol Ther. 2021
Feb;23(2):146-54. DOI: 10.1089/dia.2020.0375

Tanji Y, Sawada S, Watanabe T, Mita T, Kobayashi Y, Murakami T,
et al. Impact of COVID-19 pandemic on glycemic control among
outpatients with type 2 diabetes in Japan: A hospital-based
survey from a country without lockdown. Diabetes Res Clin Pract.
2021 Jun;176:108840. DOI: 10.1016/j.diabres.2021.108840

Biamonte E, Pegoraro F, Carrone F, Facchi I, Favacchio G, Lania
AG, et al. Weight change and glycemic control in type 2 diabetes
patients during COVID-19 pandemic: the lockdown effect.
Endocrine. 2021 Jun;72(3):604-10. DOI: 10.1007/s12020-021-
02739-5

Rastogi A, Hiteshi P, Bhansali A. Improved glycemic control
amongst people with long-standing diabetes during COVID-19
lockdown: a prospective, observational, nested cohort study.
Int J Diabetes Dev Ctries. 2020 Oct;40(4):476-81. DOI: 10.1007/

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

Revista Romana de Medicina de Laborator 2023;31(1)

$13410-020-00880-x

Selek A, Gezer E, Altun E, Sézen M, Topaloglu O, Kéksalan D, et
al. The impact of COVID-19 pandemic on glycemic control in
patients with diabetes mellitus in Turkey: a multi-center study
from Kocaeli. J Diabetes Metab Disord. 2021 Aug 27;20(2):1461-
7.DOI: 10.1007/s40200-021-00888-y

Eberle C, Stichling S. Impact of COVID-19 lockdown on glycemic
control in patients with type 1 and type 2 diabetes mellitus: a
systematic review. Diabetol Metab Syndr. 2021 Sep 7;13(1):95.
DOI: 10.1186/s13098-021-00705-9

Ojo O, Wang XH, Ojo OO, Orjih E, Pavithran N, Adegboye ARA,
et al. The Effects of COVID-19 Lockdown on Glycaemic Control
and Lipid Profile in Patients with Type 2 Diabetes: A Systematic
Review and Meta-Analysis. Int J Environ Res Public Health. 2022
Jan 19;19(3):1095. DOI: 10.3390/ijerph19031095

Wong VW, Wang A, Manoharan M. Utilisation of telehealth for
outpatient diabetes management during COVID-19 pandemic:
how did the patients fare? Intern Med J. 2021 Dec;51(12):2021-
6.DOI: 10.1111/imj.15441

Hansel B, Potier L, Chalopin S, Larger E, Gautier JF, Delestre F, et
al. The COVID-19 lockdown as an opportunity to change lifestyle
and body weight in people with overweight/obesity and diabetes:
Results from the national French COVIDIAB cohort. Nutr Metab
Cardiovasc Dis. 2021 Aug 26;31(9):2605-11. DOI: 10.1016/].
numecd.2021.05.031

Hartmann B, Tittel SR, Femerling M, Pfeifer M, Meyhofer S, Lange
K, et al. COVID-19 Lockdown Periods in 2020: Good Maintenance
of Metabolic Control in Adults with Type 1 and Type 2 Diabetes.
Exp Clin Endocrinol Diabetes. 2022 Sep;130(9):621-6. DOI:
10.1055/a-1743-2537

Endo K, Miki T, Itoh T, Kubo H, Ito R, Ohno K, et al. Impact of
the COVID-19 Pandemic on Glycemic Control and Blood
Pressure Control in Patients with Diabetes in Japan. Intern Med.
2022;61(1):37-48. DOI: 10.2169/internalmedicine.8041-21

Celik M, Yilmaz Y, Karagoz A, Kahyaoglu M, Cakmak EO, Kup A,
et al. Anxiety Disorder Associated with the COVID-19 Pandemic
Causes Deterioration of Blood Pressure Control in Primary
Hypertensive Patients. Medeni Med J. 2021;36(2):83-90. DOI:
10.5222/MMJ.2021.08364

Laffin LJ, Kaufman HW, Chen Z, Niles JK, Arellano AR, Bare LA, et
al. Rise in Blood Pressure Observed Among US Adults During the
COVID-19 Pandemic. Circulation. 2022 Jan 18;145(3):235-7. DOI:
10.1161/CIRCULATIONAHA.121.057075

COVID-19 Mental Disorders Collaborators. Global prevalence
and burden of depressive and anxiety disorders in 204 countries
and territories in 2020 due to the COVID-19 pandemic. Lancet.
2021 Nov 6;398(10312):1700-12. DOIl: 10.1016/S0140-
6736(21)02143-7


https://doi.org/10.1016/j.cmet.2020.04.021
https://doi.org/10.1177/1932296820924469
https://doi.org/10.1007/s00508-020-01672-3
https://doi.org/10.1101/2020.05.04.20090498
https://doi.org/10.5694/mja2.50665
https://doi.org/10.1186/s13098-021-00705-9
https://doi.org/10.1016/j.compbiomed.2021.104878
https://doi.org/10.1007/s40292-022-00524-7
https://doi.org/10.1089/dia.2020.0375
https://doi.org/10.1016/j.diabres.2021.108840
https://doi.org/10.1007/s12020-021-02739-5
https://doi.org/10.1007/s12020-021-02739-5
https://doi.org/10.1007/s13410-020-00880-x
https://doi.org/10.1007/s13410-020-00880-x
https://doi.org/10.1007/s40200-021-00888-y
https://doi.org/10.1186/s13098-021-00705-9
https://doi.org/10.3390/ijerph19031095
https://doi.org/10.1111/imj.15441
https://doi.org/10.1016/j.numecd.2021.05.031
https://doi.org/10.1016/j.numecd.2021.05.031
https://doi.org/10.1055/a-1743-2537
https://doi.org/10.1055/a-1743-2537
https://doi.org/10.2169/internalmedicine.8041-21
https://doi.org/10.5222/MMJ.2021.08364
https://doi.org/10.5222/MMJ.2021.08364
https://doi.org/10.1161/CIRCULATIONAHA.121.057075
https://doi.org/10.1161/CIRCULATIONAHA.121.057075
https://doi.org/10.1016/s0140-6736%2821%2902143-7
https://doi.org/10.1016/s0140-6736%2821%2902143-7

