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Introduction

Abstract

Background: Evaluation of the impact of stress on glycaemic
control in hospitalized type-2 diabetes (T2DM) patients with
coronavirus disease (COVID-19).

Methods: In this retrospective study conducted at a single centre
in Maharashtra from May to July 2020 on hospitalized COVID-
19 patients with T2DM who reported having stress of pandemic;
they were selected using purposive sampling. DASS-12 stress
sub-scale was used to estimate the severity of their stress. Fasting
blood glucose (FBG) and post-prandial blood glucose (PPBG)
before admission and at the time of discharge were compared.
Results: One hundred and ninety-nine patients (mean age 54
years; 61.30% females) were included. Mean+SD FBG before
admission was 168.4+30.6 mg/dl which increased to 195.9+28.8
mg/dl at the time of discharge (P<0.001). Also, Mean+SD
PPBG before admission was 312+62.3 mg/dl which increased to
351.6£61.9 mg/dl (P<0.001). A total of 73 (36.7%) participants
had perceived stress. Moderate and severe/extremely severe stress
was found in 44 (27.1%) and 19 (9.6%) patients, respectively. A
significant difference was observed in the mean FBG before and
during discharge in patients who had no stress and those with
moderate stress (P<0.001). There was no difference in FBG in
patients with severe/extremely severe stress (P=0.43). Similar
observations were seen for PPBG (no stress P<0.001; moderate
stress P<0.001; severe/extremely severe stress P=0.006).
Conclusion: There was a rise in the glucose level in T2DM
patients discharged after COVID-19 treatment. The increase was
significant in T2DM without stress and those with moderate stress.
In addition to traditional treatment, measures for psychological
stress control should also be taken for such patients.
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there are 463 million people with diabetes.' In 2019, the
global prevalence of diabetes was 9.3%. It is expected to

Diabetes mellitus is a challenging and prevalent chronic
metabolic disorder from psychosocial and behavioural
perspective. Untreated diabetes can result in serious
short-term or long-term complications resulting in
significant morbidity and mortality. According to global
report of International Diabetes Federation (IDF 2017),

rise to 10.2% and 10.9% by 2030 and 2045, respectively.’
Overall type 2 diabetes (T2DM) prevalence in India is
8.9%." Uncontrolled T2DM can result in several acute
and chronic complications. Although traditional risk
factors contribute to the high risk of T2DM development,
its incidence continues to increase despite strategies to
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control traditional risk factors.?

Stress contributes to many pathological conditions
and hormonal imbalance; during stress, situations
can adversely affect the normal glycaemic control in
people with diabetes.* Perceived stress can contribute
to the risk of T2DM development.* A 12- year
longitudinal study on women showed three years
later stress levels were associated with a higher risk
of diabetes.> Apart from traditional stress factors,
during the last year corona virus disease (COVID-
19) emerged and caused a significant stress on people,
families and community. Diabetes is expected to have
poor outcomes after COVID-19 infection.’ Patients
with diabetes are reported to have COVID-19-specific
concerns regarding their disease.® A cross-sectional
study from South India reported unhealthy dietary
habits, mental stress, and sleep disturbances during
COVID-19 lockdown period. However, the same study
reported no major difference in overall glycaemic
control among patients with T2DM during lockdown.”
Therefore, we aimed to study the effect of stress on
T2DM patients. The objective was to evaluate the
impact of stress on glycaemic control in T2DM
patients hospitalized for COVID-19 treatment.

Methods

A retrospective single-centre questionnaire based on a
study in Maharashtra, with patients of both gender with
T2DM who received anti-diabetes medications with a
history of hospitalization for the treatment of COVID-
19 from May to July 2020 and those whose readings for
glycaemic parameters, i.e. fasting blood glucose (FBG)
level and post-prandial blood glucose (PPBG) level were
available were included in the study. Type 1 diabetes
patients, newly diagnosed cases of T2DM who did not
receive any anti-diabetic medication, patients with T2DM
with no history of hospitalization for COVID-19 treatment,
and those with gestational diabetes were excluded.
Demographic details [gender, age, weight, body mass
index (BMI)] and duration of T2DM were noted. DASS-12
stress sub-scale was used to estimate the severity of stress.®
There are four items in the stress sub-scale which are
rated as “Never (0), Sometimes (1), Often (2), and Almost
Always (3)”. Based on the stress scores, the patients were
classified as (0-4) normal, (5) moderate, (6) severe and (>7)
extremely severe.® Face validity and content validity of the
questionnaire were checked with an expert.

Difference in glycaemic parameters (FBG and
PPBG) before and at the time of discharge was
estimated. Gender-wise and age-wise (<34 years,
35-49 years and >50 years) comparison was done for
estimating the difference in the severity of stress.

The data were entered into MS-EXCEL sheet.
Number and percentages are provided for categorical
data whereas Mean+SD are provided for continuous
data. With the use of paired t-test, the difference in

glycaemic parameters before and after COVID-19-
related admission was compared. Unpaired t-test was
used to estimate the statistical difference in glycaemic
parameters between different groups. Chi-square test
was used for comparing the categorical variables
among the two groups. Results were found statistically
significant (P<0.05).

Results

A total of 199 patients with a Mean+SD age of 54+12.8
years were included, of whom 122 (61.30%) were female
and 77 (38.7%) were male. The Mean+SD weight and
BMI of patients were 78.1+14.6 kg and 30.9+7.5 kg/m>.
A total of 116 (58.3%) patients were from urban areas,
whereas 83 (41.7%) were from rural areas (Table 1). A
total of 114 (57.3%) patients were housewives.

Table 1: Demographics characteristics of the study participants
Parameter Result
Mean=SD age 54+12.8 years

Age range (minimum, maximum) 30-92 years
Gender n (%)

Male 77 (38.7%)
Female 122 (61.3%)
Mean+SD weight 78.1x14.6 kg
Range of weight 30-114 kg
Mean+SD BMI 30.9+7.5 Kg/m?
Range of BMI 10.6-51.5 Kg/m?
Residence n (%)

Rural 83 (41.7%)
Urban 116 (58.3%)
Profession n (%)

Business 7 (3.5%)
Service 10 (5.03%)
Housewife 114 (57.3%)
Other 68 (34.2%)
Mean+SD duration of diabetes 5+3.6 years

Range of duration of diabetes (minimum, 0.08-25 years
maximum)

Mean+SD FBG before admission was 168.4+30.6
mg/dl which increased to 195.9+28.8 mg/dl after
discharge (P<0.001). Similarly, MeantSD PPBG
before admission was 312+62.3 mg/dl which increased
to 351.6+61.9 mg/dl (P<0.001), as shown in Table 2.

Overall, out of 199 participants, 54 (27.1%) patients
had moderate stress. Severe or extremely severe stress
was observed in 19 (9.6%) patients (Figure 1). Thus,
out of 199 participants, 73 (36.7%) had perceived
stress.

In the group of moderate stress, 23 out of 54
patients (42.6%) were females and 31 (57.4%) were
male. In the group of patients with severe/extremely
severe stress, 11 out of 19 patients (57.9%) were
females and 08 (42.1%) were male. Gender-wise as
well as age-wise comparison showed a significant
difference in the severity of stress (P<0.05).

Comparison of glycemic parameters, weight, age,
and BMI between the groups is shown in Table 3.
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Table 2: Glycaemic parameters before and at the time of hospital discharge after COVID-19 treatment

Before hospital admission After discharge P value
Mean+SD fasting blood glucose mg/dl 168.4+30.6 195.9+28.8 <0.001
Mean+SD post prandial blood glucose mg/dl 312+62.3 351.6+61.9 <0.001

S

= Normal = Moderate stress

= Severe/extremely severe stress

Figure 1: Distribution of patients based on the severity of stress as assessed by DASS-12 score (n=199)

Table 3: Comparison of glycemic parameters based on the severity of stress

No stress Moderate stress Severe/Extremely severe stress
(n=126) (n=54) (n=19)
Mean+SD age in years 52.6+13 57.3+12.5 54.2+10.6
Mean+SD weight in Kg 80+13.9 74+15.1 77.2£16.5
Mean+SD BMI in kg/m? 32.6+7.3 27.8+6.7 28.3+7.5
Gender n (%)
Male 38 (30.16%) 23 (42.59%) 8 (42.11%)
Female 88 (69.84%) 31 (57.41%) 11 (57.89%)
Mean+SD fasting blood glucose (mg/dl)
Before admission 164.7+30 171.3424.5 1854+43.2
After admission 195.1£27.8 198.3+30.8 194.2+30.8
P value <0.001 <0.001 0.43
Mean+SD post-prandial blood glucose (mg/dl)
Before admission 309.2+62.3 315.8+59 319.7£72.8
After admission 347.3+64.7 359+52.6 358.7+68.1
P value <0.001 <0.001 0.06

Table 4: Comparison of glycemic parameters in three groups with different levels of stress

Without stress versus Moderate versus severe/ Without stress versus severe/

moderate stress

extremely severe stress extremely severe stress

Fasting blood glucose before admission 0.15
Fasting blood glucose at the time of discharge 0.497
Post-prandial blood glucose before admission 0.51

Post-prandial blood glucose at the time of discharge  0.24

0.09 0.01
0.68 0.98
0.82 0.50
0.99 0.48

There was a significant difference in the mean
FBG before and after admission in patients without
stress and those with moderate stress. There was no
significant difference in the mean FBG in patients
with severe/extremely severe stress (P=0.43). Similar
observations were seen for PPBG (without stress
P<0.001; moderate stress P<0.001; severe/extremely
severe stress P=0.06) (Table 3).

There was no difference in the FBG or PPBG
in patients without stress versus moderate stress,
moderate versus severe/extremely severe stress, no

stress versus severe/extremely severe stress before
admission or after discharge (Table 4).

In patients with stress, there was significant
difference in the FBG and PPBG based on their
residence, i.e. urban versus rural population (P<0.001).

Discussion
COVID-19 pandemic has impacted every individual’s

life, resulting in significant changes in their lifestyle. A
study on 435 patients has reported increase in perceived
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stress among patients with diabetes.’ In the current
study, we investigated the impact of perceived stress
on glycaemic control in 199 T2DM patients discharged
after their COVID-19 treatment. Generally, male patients
are at higher risk of complications related to COVID-
19 disease as compared to female. Similarly, male
predominance is observed among hospitalized diabetic
patients with COVID-19."° However, in our study there
was female predominance. Our observations are in
accordance with those of Yoshida et al. who conducted
a study to evaluate the gender differences in clinical
presentations and outcomes in hospitalized patients for
COVID-19. In their study, there were 61.4% females, and
women had a significantly higher prevalence of diabetes
as compared to males (38.2% vs. 31.8%)."" We focused
only on patients with diabetes.

In our study, out of 73 patients with stress, 46.6%
patients were female. A study from urban slums of
Bangalore reported higher prevalence of diabetes
in females as compared to males.'? In our study, the
prevalence of severe stress was more common in
females.

Negative effect of stress on glycaemic control
in patients with diabetes is known. Direct as well
as indirect effects both contribute to the glycaemic
impairment in patients with diabetes. Direct effects
are related to the stress hormones, and indirect ones
are due to changes in the lifestyle and behaviour.*
Chronic stress can lead to neuroendocrine changes
and dysregulation of physiological systems."

A study from South India reported no major
change in the overall glycaemic control among
patients with T2DM due to lockdown after COVID-
19 pandemic.” We observed a significant increase in
the mean FBG and PPBG in T2DM patients at the
time of discharge as compared to before admission for
COVID-19 treatment. Suboptimal glycaemic control
during infectious diseases is known.!* However, we
analysed the data at the time of discharge from the
hospital.

Depending on the duration of exposure to
stressors, patients with diabetes may be exposed to
acute or chronic stress. Acute stress, because of its
short duration, may not affect HbA lc which indicates
glucose control over several weeks."* Considering this,
we did not focus on changes in HbAlc. However, a
retrospective study from Japan reported a significant
rise in HbAlc levels after the outbreak of COVID-
19 as compared to before the pandemic. There have
been changes in the physical and psychological health
of patients during this period. Behavioural changes
have been suggested to affect the level of HbAlc in
these patients.”® Although not specifically examined,
stress contributing to glycaemic derangement cannot
be ruled out. In the same study, when compared by
age, a significant increase in HbAlc was observed
in patients with age more than 65 years. Also, there

was a significant increase in HbAlc in patients with
BMI more than 25 kg/m?, but not in those with lower
BMI. We focused on T2DM patients hospitalized for
the treatment of COVID-19, unlike outpatients in a
study by Tanji et al."

Faulenbach et al. evaluated the effect of acute
stress on glycaemic control in 30 patients with T2DM
with a mean age of 60 years. In this study, experience
of stress after the meals resulted in a significant
increase in the post-prandial blood glucose level.'®
Another cross-sectional study from Chennai, India,
has reported a positive correlation between both FBS
and PPBG levels and the stress levels.!” Another study
has reported the association of increased stress with
difficulty in glycaemic control.’

Perceived intensity of stress can also vary between
different individuals. To categorise the patients into
different levels of stress, we used DASS-12 stress
scale. In our study, 36.7% had stress, of whom 74%
had moderate stress and 26% had severe or extremely
severe stress. In our study, a significant difference was
observed in the mean FBG before admission and at
the time of discharge in patients with moderate stress.
However, there was no significant difference in the
mean FBG in patients with severe/extremely severe
stress. Similar observations were seen for PPBG
(moderate stress P<0.001; severe/extremely severe
stress P=0.06). We could not findany study on the
effects of severity of stress on glycaemic control in
T2DM patients. Furthermore, deterioration in HbAlc
values has been reported, in particular among women,
patients aged more than 65 years, those with body
mass index of more than 25 kg/m?, and those that were
not using insulin."” Further studies on evaluation of
the effect of stress on glycaemic parameters in these
subgroups are recommended.

Intergroup analysis showed no difference in
the FBG or PPBG in patients without stress versus
moderate stress, moderate versus severe/extremely
severe stress, no stress versus severe/extremely severe
stress before admission or after discharge.

Diabetes is a known risk factor for hospitalization
and mortality due to infections.!”® It has also been
reported as a risk factor for severity and mortality in
patients with COVID-19." 2 Patients with diabetes
may get frustrated with experience of hyperglycemia
despite the lifestyle modifications.?! Stress may
further add to the impairment of glycaemic control.
Thus, it is essential to address psychological issues of
vulnerable groups during the COVID-19 pandemic.?
Considering the adverse impact on glycaemic control,
patients with diabetes should be counselled effectively
to control stress.

This was a retrospective study; hence, a definite
cause and effect relationship between stress and
glycaemic parameters cannot be ascertained. The
single centre study with limited sample size is
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another limitation. COVID-19 may contribute to
the development of hyperglycaemia.?*> Moreover,
steroids used in the treatment of COVID-19 can also
contribute to the hyperglycaemia. Because of lack of
pharmacotherapy details in these patients, we could
not conduct separate analysis of patients who received
steroids versus those who did not. Larger prospective
studies are recommended to be conducted to confirm
our observations.

Conclusion

Overall, the study population showed a rise in fasting and
postprandial glucose level in T2DM patients discharged
after COVID-19 treatment. The rise was significant in
T2DM without stress and those with moderate stress.
Studies with larger sample size on T2DM patients
with stress may be needed to provide more insights
regarding the difference between those without stress
and moderate to severe/extremely severe stress. In
addition to traditional treatment of diabetes, measures
for control of psychological stress should also be taken
in patients with COVID-19.

Conflicts of interest: None declared.
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