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Introduction: The COVID-19 lockdown influenced the glycemic control and other metabolic parameters in people with type 1 and 2
diabetes mellitus.

Objective: To study the effects of COVID-19 lockdown on glycemic control in people with type 2 diabetes mellitus (T2DM).
Material and Methods: Our study group included 120 Romanian people with T2DM from both urban and rural areas. We employed
a structured questionnaire with multiple-choice to collect data about DM management during lockdown, the interaction with their
diabetologist, the access to treatment, and what other factors influenced their DM management during the lockdown.

Results: We did not observe an increase of numbers of hyper or hypoglycemia during the restriction period in people with T2DM. The
number of glycemic imbalances was higher in people treated with insulin than those with oral antidiabetics (OAD) (p=0.003, X?*=8.91).
Regarding the causes of imbalances, we did not obtain a significant difference during the restriction period, neither between patients
following treatment with insulin nor with OAD. On the contrary, we observed that only 26.7% of people with T2DM managed to maintain
their weight or lost weight vs 73.3% patients who gained several extra kg (p<0.001, X?=52.26).

Conclusion: The findings of this study have demonstrated that in people with T2DM, the COVID-19 lockdown determines better
glycemic control among patients treated with OAD compared to those treated with insulin therapy. Anxiety, stress, and emotions were
the main reasons that led to the increase in glycemic values of these patients. Also, most patients have gained weight either due to lack
of physical activity or due to stress.
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Introduction

Type 2 diabetes mellitus (T2DM) is the most common type of diabetes, accounting for over 90% of all diabetes
worldwide. Its prevalence is rising from an estimated 537 million adults aged 20-79 years worldwide (10.5% of all
adults in this age group) in 2030, 643 million, and in 2045, 783 million adults aged 20—79 years are projected to have
type 2 diabetes. Thus, while the world’s population is estimated to grow by 20% over this period, the number of DM is
estimated to increase by 46%."

T2DM is partly caused, maintained, and worsened by preventable risk factors such as physical inactivity, unhealthy
diet, obesity, and smoking. For many patients, lifestyle modification may be the most effective intervention. In addition,
lifestyle changes after a diagnosis of T2DM reduce the risk of cardiovascular and other adverse events.”

COVID-19 (Coronavirus disease 2019) is a pathology of a viral nature caused by a coronavirus associated with severe
acute respiratory syndrome (SARS), appearing for the first time in December 2019 in Wuhan, China.> The disease is
highly contagious, spreading rapidly throughout the world, and the virus responsible for it is part of the coronavirus
family, which causes a variety of diseases, some even more severe but rare, such as SARS and Middle East Respiratory
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Syndrome (MERS).* Also, different studies that use large cohorts highlighted that SARS-CoV-2 infection is linked to
a substantially increased risk of developing a diverse spectrum of new-onset autoimmune diseases.’

In general, people with DM have a higher risk of developing complications from infections, especially viral ones. In
addition, a series of aggressive factors act on the human body, such as chemicals, pollution, infections, etc.° DM is one of
the most important risk factors in COVID-19 infection.”® However, compliance with the treatment determines better
control, decreases the risk of complications, and a longer survival.

In Romania, various restrictions were imposed during the pandemic to limit the spread of COVID-19 infections.
These had consequences on people with T2DM, such as limited access to the healthcare system, interaction with their
diabetologist, access to treatment, and physical exercise. In the literature, previous studies have shown different results
regarding the impact of the COVID-19 lockdown on glycemic control and medication adherence in people with
T2DM.'* In some studies, the lockdown period was associated with worsening glycemic control,” while in other
studies, there was no difference in medication fills or glycemic control pre-pandemic and during the pandemic period.'’
In other studies, physical inactivity is associated with a relatively higher risk of hospitalization for COVID-19,
suggesting that physical inactivity may also increase hospitalizations due to COVID-19."!

This paper aims to observe how the COVID-19 pandemic influenced the glycemic control of people diagnosed with
T2DM and how they were affected by the pandemic and the restrictions in the health field.

Materials and Methods

Study Design and Patients
The study was carried out between January and February 2022; 120 people took part in it: patients with T2DM,
volunteers, female (95) and male (25), from all over the country, aged between 24 and 85 years old, users of basal-
bolus regimen or oral antidiabetics.

Our study was conducted in accordance with the Declaration of Helsinki, and the protocol was approved by the “Pius
Brinzeu” Emergency Hospital Ethics Committee, Timisoara. All patients included in the study signed an informed
consent.

The inclusion criteria in the study were

e people with T2DM in treatment with different types of oral antidiabetics drugs or with insulin therapy.
The exclusion criteria from the study were

e people with type 1 diabetes;
e pregnant or lactating T2DM people;
e the presence of mental illness.

For this non-interventional, retrospective observational study (case-control), a questionnaire with grid-type questions and
several answer options was used. We chose this method since, given the restrictions imposed, we considered it a much
more accessible way to contact T2DM people.

Compliance with medication was measured as the proportion of days covered (PDC) by medication one year before
and after the index date. PDC was calculated as number of days people have 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).'> A compliance
threshold of >0.8 was set to classify individuals as compliant, while those with a value <0.8 were categorized as non-
compliant.

Questionnaire
The questionnaire was published online using the Google Forms program. It consisted of questions regarding blood
glucose values, hypoglycemia, hyperglycemia episodes, glycosylated hemoglobin value, ways of accessing medical
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services, and how people with T2DM contacted the diabetologist. The questionnaire was anonymous, and the answers
were strictly confidential.

The questionnaire includes questions related to HbAlc and glycemic values measured by people with T2DM during
the pandemic to analyze their glycemic control objectively. The questionnaire also included questions about hypogly-
cemic episodes and the HbAlc value to see if the pandemic affected how patients maintained their glycemic values
within normal limits. The obtained values were then compared with the criteria corresponding to hypoglycemia and
diabetic ketoacidosis, in accordance with the DM Management Guide developed by the National Society of Diabetes,
Nutrition and Metabolic Diseases in Romania'® and American Diabetes Association (ADA)."*

Other parameters used were demographic data (gender, origin, age), type of medication, and meal patterns. We
considered a meal irregular when food was eaten in varying amounts throughout the day and at different times from
one day to the next. We also included in questions about communication methods with the diabetologist, how they
benefited from health services during the pandemic, how they were able to manage episodes of hyperglycemia and
hypoglycemia, physical activity performed and weight maintenance.

The Timisoara County Emergency Hospital Research Committee approved the questionnaire for use with the
Romanian population (see Appendix).

Statistical Analysis

We used the Excel program was used to export the obtained data from the questionnaire, for which we created two tables
(people with T2DM treated only with oral antidiabetics and people with T2DM with basal bolus insulin therapy). These
data were then statistically analyzed (the percentage calculation of the variables was performed and then compared with
the x2 test) using the Epilnfo™ software (v 7.2 CDC).

The value of p was calculated for each individual parameter, and the following rules were applied: if p>0.05, there
were no significant differences between the groups, if p<0.05, than it meant that there were significant differences
between the groups, if p<0.01 we considered that there were very large differences between patient groups, and if
p<0.001 it resulted that there were extremely large differences between the 2 groups of T2DM people.

The odds ratio (OR) was also calculated, and the following were found:

e OR > 1 it is considered that the lockdown affected the level of glycemic control in people with T2DM;
e OR =1, it is considered that the pandemic did not influence the glycemic control of people with T2DM;
e OR <1 it is considered that the risk factor had a protective level.

To compare the differences, we used the x2 tests, and its value was calculated with the Epi Info™™ software (v 7.2 CDC).

Results

The study included 120 people with T2DM, 95 women (79.2%) and 25 men (20.8%) (p<0.001, X*=81.66), both from the
urban environment (n=85, 70.8%) and from the rural (n=35, 29.2%) (p<0.001, X*=41.66), from the entire territory of the
country.

The baseline characteristics of the studied group are listed in Table 1.

To analyze whether the people with T2DM had optimal control of their blood glucose values, they were asked if they
noticed an increase in the number of episodes of hyperglycemia and if they recorded increases in blood glucose compared
to the periods before the pandemic, as well as how they managed the episodes of hyperglycemia.

We observed that 89 T2DM people (74.2%) did not have more frequent episodes of hyperglycemia during the
restriction period, and 31 (25.8%) claimed that they had more frequent episodes of hyperglycemia (p<0.001, X*=56.06).

Table 2 illustrates the responses of T2DM people in connection with the causes of episodes of hyperglycemia. Of
these, the majority (n=70, 58.3%) believed that anxiety and stress due to the pandemic led to the occurrence of
hyperglycemia episodes. In comparison, 15 (12.5%) claimed that they did not have access to the necessary treatment,
15 (12.5%) did not comply with the treatment, and 20 (16.7%) did not comply with the diet.
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Table | Characteristics of the Studied

Samp
Parameters N=120
Age (years)® 57+ 133
Gender®
Feminine 95 (79.2%)
Masculine 25 (20.8%)

. b
Environment

Urban 85 (70.8%)
Rural 35 (29.2%)
DM duration (years)® 898
HbAlc (%)* 88+ 2.l

Type of treatment®
OAD 104 (86.7%)
Insulin 16 (13.3%)

Notes: *Continuous variables (with distribution)
are indicated by their mean + SD. PCategorical
variables are presented by percentage (absolute fre-
quency) in the sample.

Abbreviations: DM, diabetes mellitus, OAD, oral
anti-diabetes drugs.

To observe whether there was adequate control of the glycemic level of the T2DM people, we added questions
regarding the glycosylated hemoglobin and the daily glycemic level to the questionnaire.

HbA1c values higher than 8% show inadequate glycemic control and require adjustment of the treatment dose. Of the
T2DM people who responded to the questionnaire, 72 (60%) of them (65 with oral antidiabetic treatment and 7 with
insulin therapy) maintained their blood glucose value within the limit of 126-250 mg/dl, 41 (34.2%) (35 with oral
antidiabetic treatment and 6 with insulin therapy) within 250-300 mg/dl, respectively 7 (5.8%) (5 with oral antidiabetic
treatment and 2 with insulin therapy) at values over 300 mg/dl (p<0.001, X*=106.96).

Table 2 Description of Hyperglycemic and Hypoglycemic Episodes Between Studied Groups of People Receiving OAD or Insulin
Treatment

Parameters® Yes T2DM People Treated T2DM People Treated p-valueh No p-valueh
with OAD with Insulin
Increased number of hyperglycemias 31 22 9 0.003 89 <0.001
(25.8%) (74.2%)

Context of hyperglycemia

Stress, emotions, and anxiety caused by the pandemic 70 59 I 0.363 50 0.009

Lack of a regular diet 20 18 2 0.630 100 < 0.001
No compliance with the treatment 15 14 | 0416 105 < 0.001
No access to the treatment 15 14 | 0.416 105 <0.001
Increased number of hypoglycemia 28 18 10 <0.001 92 <0.001

(23.3%) (76.7%)
(Continued)
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Table 2 (Continued).

Parameters® Yes T2DM People Treated T2DM People Treated p-value® No p-value®
with OAD with Insulin

Context of hypoglycemia

Dosed the treatment inappropriately 56 48 8 0.774 64 0.301
(46.7%)

Excessive physical exertion 46 4?2 4 0.238 74 0.0003
(38.3%)

Irregular meals 28 25 3 0.641 92 <0.001
(23.3%)

Notes: *Values are expressed as counts (percentage). Chi-square test or Fisher’s exact test. Significant p-values are marked in bold.
Abbreviations: DM, diabetes mellitus, OAD, oral anti-diabetes drugs.

Regarding HbAlc, 26 T2DM people (21.5%) declared a value lower than 6.5, of which 3 required insulin therapy, 59
(49%) declared values of HbAlc between 6.5 and 8, 12 patients (10%) over 8, respectively 23 T2DM people (19.5%) did
not measure their HbAlc during the pandemic (Table 3).

Good glycemic control is considered both in patients treated with oral antidiabetics and in patients treated with
insulin.

Regarding episodes of hypoglycemia, 28 T2DM people (23.3%) confirmed that they had observed increases in
episodes of hypoglycemia (of which 18 were treated with oral antidiabetics and 10 with insulin), compared to 92 of
T2DM people (76.7%) who claim that the number of episodes of glycemia did not increase during the pandemic
(p=0.003, X*=6.88).

We observed that 56 (46.7%) people with t2DM followed the treatment inappropriately, while for 46 (38.3%) people,
the exaggerated physical effort led to a drop in blood sugar, and in 28 cases the schedule was not respected snacks and
meals (23.3%). From this, it can be deduced that the inadequate dosage of the treatment was the main problem that led to
the occurrence of hypoglycemic episodes among people with T2DM.

Due to travel restrictions and limited access to gyms, 19 (15.8%) people stated that they did not do sports during the
pandemic, 16 (13.3%) people said that the imposed restrictions prevented them from perform physical exercises as
before, 55 (45.8%) people continued to exercise at home in order to manage to maintain their glycemic values within
normal limits and not to have to increase their treatment dose, respectively 30 (25%) of people stated that they did not
report significant differences in terms of sports (35 T2DM people considered that their access to exercise was restricted
vs 85 who continued to do sports) (p<0.001, X*=41.66).

Regarding the diet, 88 (73.3%) T2DM people stated that during the pandemic, they consumed a larger amount of
food, and 21 (17.5%) did not notice a significant difference in diet. In comparison, 11 (9.2%) of them stated that the
stress caused by the pandemic caused them to consume a smaller amount of food. Despite the recommendations to
maintain a balanced lifestyle and keep glycemic values within normal limits, especially among T2DM people with
comorbidities who could suffer complications following infection with COVID-19, only 32 T2DM people managed to
maintain their weight or lose weight vs 88 T2DM people who gained several extra kg (the weight gain was between 4.25
+ 7.99 kg). In the studied T2DM people, during the pandemic, depending on the BMI value, the percentage of patients
with degree III obesity increased from 7% to 10% of those with degree II obesity from 12% to 19% of those with degree
I obesity from 35% to 37%, and overweight from 24% to 31%. We concluded that there is an extremely significant
difference between the groups (p<0.001, X?=52.26).

Following the restrictions established during the pandemic, both trips to the medical office and the relationship with
the diabetologist were made difficult, with doctors using the means of telephone or online communication to keep in
touch with T2DM people.

We observed that 87 (72.5%) T2DM people stated that they had access to the health system, compared to 10 (8.3%)
who considered that they did not have access to the health system, and 23 (19.2%) had a neutral opinion. A major
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Table 3 Glycemic Control in the Study Sample of People Receiving OAD or Insulin Treatment

Parameters® Total T2DM People Treated with T2DM People Treated with p-value®
OAD Insulin

Fast glucose level 120 104 16

126-250 mg/dI 72 64 8 0.380

250-300 mg/dl 41 35 6 0.762

>300 mg/dl 7 5 2 0.221

HbAIlc

<6.5 26 23 3 0.760

6.5-8 59 51 9 0.591

>8 12 10 2 0.720

Not measured 23 20 2 0517

Notes: *Values are expressed as counts (percentage). "Chi-square test or Fisher’s exact test.
Abbreviations: DM, diabetes mellitus, OAD, oral anti-diabetes drugs.

disagreement can be observed (n=87, 72.5%) of T2DM people who considered that they had access to the health system,
compared to another 10 (8.3%) who stated that they did not have access to the system of health (p<0.001, X*=122.24).

Significant disagreement can also be seen regarding access to treatment, with 75 (62.5%) disagreeing with the
sentence “I did not have access to treatment as before the pandemic” compared to 24 (20%) who agreed with this
statement (p<0.001, X2=52.54). We also find a major disagreement regarding communication with the diabetologist
during the pandemic; 72 T2DM people (60%) say that they managed to communicate with the doctor, compared to 25
(20.8%) who did not keep in touch with him (p<0.001, X?=45.54). We can conclude that access to the health system,
treatment, and communication with the diabetologist were not strongly influenced during the pandemic.

The T2DM people were also asked how they kept in touch with the diabetologist and how the control went during the
pandemic. We observed that 32 (26.7%) T2DM people went to the office, 10 (8.3%) of them used online communication
networks (WhatsApp, e-mail), and 78 (65%) talked with the diabetologist by phone. Regarding how the control
proceeded, only 25 (20.8%) patients physically went to the consultation (in a private clinic, diabetes center or polyclinic),
compared to them, 32 (26.7%) contacted the doctor only in case of emergency, when they failed to maintain their
glycemic values within normal limits, 21 (17.5%) talked to the doctor by phone and 36 of them kept in touch with the
doctor online to communicate glycemic values. Out of the total of 120 T2DM people, only 25 (20.83%) patients went to
the physical consultation, the rest of the patients opting for the telephone or online consultation.

An essential factor in glycemic control is treatment compliance. Patients must be informed about the importance of
following the treatment plan, especially since they did not have as regular check-ups as before during the pandemic. Of
the 120 patients, 72 (60%) stated that they only sometimes complied with the treatment, unlike 48 (40%) who indicated
that they followed exactly the treatment recommended by the diabetologist (p=0.001, X?=9.6).

Patients were also asked about their disease management during the pandemic and whether they felt it was more
difficult to keep their blood glucose levels within normal limits throughout the restrictions. We observed that 20 (19.1%)
of the 105 patients treated with oral antidiabetics believe that it was more difficult for them to manage their disease
during the pandemic. In comparison, 85 (81%) of them believe that the pandemic did not it changed their disease
management (p<0.001, X*=80.47).

Discussions
In our study, more episodes of hyperglycemia occurred during the pandemic compared to the pre-pandemic period. Stress
and anxiety were the leading cause of hyperglycemia among patients with T2DM. This was expected since
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hyperglycemia is caused by reduced glucose in muscle and increased glucose production in the liver, which are generated
by the action of stress hormones such as glucagon and epinephrine during glycogenolysis and gluconeogenesis.
Reports on glycemic control in people with T2DM during the COVID-19 pandemic were mixed. Studies from
India,'® China,'® Korea'” and by another group in India'® showed worsening glycemic control due to psychological stress
and difficulty in obtaining medication and medical advice under lockdown. In contrast, a separate study from India'® and
one from Greece reported that glycemic control improved; nevertheless, it was reported as unchanged in studies from

2122 and Turkey.” Overall, these findings suggest that the impact of the COVID-19 pandemic on glycemic control

Italy
differs depending on the type of diabetes mellitus and the region of the world.

A cross-sectional study suggests a positive association between COVID-19 anxiety and hyperglycemia, while the
degree of anxiety is associated with an increased risk of hyperglycemia.* Also, studies perform in Romania about
glycemic control in patients with type 1 diabetes, respectively with type 1 diabetes and Graves-Basedow disease during
the pandemic showed that stress, emotions, and anxiety were among the main reasons that led to increases in blood sugar
levels, suggesting that the psychological impact may have long-term complications.?>=

People with COVID-19 treated with Metformin were reported to have better outcomes, including reduced mortality
and lower levels of inflammation, in studies using univariate analyses’ and adjusted multivariable analyses.”® This was
consistent with previous findings of Metformin’s anti-inflammatory properties, although improved outcomes related to
COVID-19 were not found in every study. However, Metformin carries a known risk of lactic acidosis in critically ill
patients, including patients with COVID-19.%°

Some studies have reported that insulin use in patients with diabetes was associated with higher morbidity and
mortality related to COVID-19.%° Patients on insulin therapy are more likely to have more severe diabetes and more
extended hospital stays.?' In addition, glucose dysregulation and increasing insulin use are associated with a more severe
form of COVID-19.*? Indeed, better glycemic control is associated with better outcomes related to COVID-19. In one
study, insulin treatment was associated with reaching glycemic targets and improving outcomes related to COVID-19 in
hospitalized patients with the disease.>® Another study from India showed a 0.51% increase in patients’ average HbAlc
levels from an average of 7.92% pre-pandemic HbAlc to an average of 8.43% post-pandemic.'”

According to the results obtained from the questionnaire, we observed in T2DM people an increase in weight during
the quarantine period. This weight gain can be explained by the fact that the T2DM people did not have access to gyms
and outdoor walks, but also by the fact that they were more anxious and consumed a larger amount of food. Weight gain
is harmful for people with T2DM since it generally generates the presence of some comorbidities such as hypertension,
ventilatory dysfunction, arthrosis, venous and lymphatic circulation diseases, depression, and others, which have
a negative impact on health and increase morbidity and mortality.>* Moreover, the glucose level is influenced by the
lack of exercise, which can cause muscle cells to lose their sensitivity to insulin.

A study conducted in India in 2020 showed that in people with T2DM, a trend toward weight gain was observed in
40% of the cohort, with 16% of the population experiencing a weight gain of 2.1-5 kg.*> When all risk parameters were
analyzed together using the ADA risk engine, there was an increase in the ADA diabetes risk score in 7% of the
population, with 6.7% in the high-risk group. There was further weight gain among the 3% of the people who were
already obese at baseline.®

A study from Spain investigating the eating habits of T2DM patients during isolation reported that patients made
efforts to improve their nutritional habits, with increased consumption of vegetables and reduced consumption of fast
food, for example. However, that study also noted increased high carb snacking due to boredom, stress, and decreased
physical activity.’’

Another question in the questionnaire was related to managing the disease during the period of restrictions. It can be
concluded that T2DM people treated with insulin therapy had more significant disease management problems compared
to T2DM people treated with oral antidiabetics. Regarding access to treatment, during the restrictions, most T2DM
people believed that they had no issues obtaining treatment and that the restrictions did not prevent them from
maintaining adequate glycemic values.

In the world, patient adherence to medication is done through teleconsultation, and healthcare providers make sure
that all diabetes patients have sufficient medication stocks and are prescribed enough medication because of limited
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access to clinics during the pandemic.*® The communication with the diabetologist occurred during the physical check-up
(at the private clinic, outpatient clinic, or hospital), through online communication (WhatsApp, e-mail), and by phone.
From the study data, the primary way T2DM people contacted the diabetologist was by telephone. Although electronic
consultation has been widely advocated, other non-medical barriers, such as administrative support, must be overcome
before this method can become a part of routine care. Online consultations and self-monitoring were mainly used. The
experience of virtual care due to the pandemic can be transformed into an innovative solution for optimizing diabetes
care and education after the disappearance of COVID-19 infection.*

Technologies are also likely less widely available or practical in many countries, such as Romania, which has a large
population of people with DM.*® Governments need to invest in infrastructures to support telemedicine and alternative
models of care.*' Access to the health system was satisfactory for most interviewed people. Even though video
consultation confers an advantage over a telephone consultation, many people with DM prefer face-to-face attendance.
People with DM are more interested in establishing relationships with clinicians, seeing who they are talking to, and
having a better opportunity to ask questions.***?

A limitation of this study is the small sample size; however, all the patients with T2DM were volunteers, and their
computer literacy and internet competence conditioned their participation in the study. The strengths of our study include
the novelty of the study design, being the first study that compares people with COVID-19 and T2DM treated with
insulin or oral antidiabetic drugs.

Conclusions

Even if the restrictions of the pandemic limited the movement of T2DM people to the doctor’s office, they still benefited
from access to treatment and health services. People with T2DM could communicate with the diabetologist via
telemedicine, thus avoiding hospitals congestion and shortening the waiting time allocated to each patient.

Better glycemic control was observed among T2DM people treated with oral antidiabetics compared to those treated
with insulin therapy. Anxiety, stress, and emotions were the main reasons that led to the increase in glycemic values of
the T2DM people. Most of them have gained weight, either due to lack of physical activity or due to stress.

It was not necessary to increase the dose of oral antidiabetics and insulin; the leading causes that determined the
appearance of hyperglycemia were a sedentary lifestyle, an unbalanced diet, and non-compliance with treatment.
Inadequate treatment dosing was the main cause of most hypoglycemia, which was more common in people with
T2DM treated with insulin compared to people treated with oral antidiabetics.
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