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Abstract: In the aftermath of the COVID pandemic, post-COVID-19 syndrome (PCS) remains a
challenge and may continue to represent a major health problem in the future. Moreover, the
influence of type 2 diabetes and being overweight on PCS remains unclear. This study aimed to
assess this influence. We performed an observational study from October 2020 to July 2022, which
included 466 patients (269 males and 197 females) with a median age of 65. They were hospitalized
due to COVID-19 pneumonia and had persistent symptoms after 1 month of COVID-19 infection.
The patients were divided into four groups according to the study objectives: patients with type 2
diabetes, overweight patients, overweight patients with type 2 diabetes, and normal-weight patients
without type 2 diabetes. The clinical and demographic data collected during hospitalization and
regular visits at the Community Healthcare Center dr. Adolf Drolc Maribor were analyzed. Our
results showed that type 2 diabetes patients had a more difficult course of treatment and longer
hospitalization. Moreover, more type 2 diabetes patients underwent rehabilitation than the other
study groups. The prevailing symptoms in our patients with PCS were dyspnea and fatigue, mostly
in female patients with type 2 diabetes. Our study also showed that more women with type 2
diabetes and more overweight women with type 2 diabetes suffered from secondary infections.
Further, more overweight patients were treated in the intensive care unit compared to the other
groups. However, our study showed an interesting result that patients with type 2 diabetes had the
shortest PCS durations. Type 2 diabetes and being overweight are risk factors for PCS onset and
prolonged duration. Therefore, our data that revealed a shorter duration of PCS in type 2 diabetes
patients compared to the other investigated groups was unexpected. We believe that answering this
question regarding the results will enable us to improve PCS treatment in general.

Keywords: post-COVID-19 syndrome; diabetes; overweight; COVID-19 pneumonia; observational
study

1. Introduction

In the aftermath of the COVID pandemic, post-COVID-19 syndrome (PCS) or ‘long” COVID-19
remains a challenge and may continue to represent a major health problem in the future. The
symptoms range from chronic fatigue and dyspnea to cognitive problems. Obesity, even being
overweight and diabetes have been global health problems and are key risk factors for various
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infections, including COVID-19. Zhou et al. reviewed the relationship between obesity, diabetes, and
COVID-19 infection. They concluded that despite all the facts regarding altered immunity,
aggravation of inflammatory storm, and abnormalities in lung physiology in diabetes patients, we
still lack evidence of whether diabetes increases susceptibility to COVID-19 infection [1]. Obesity and
being overweight are associated with altered pulmonary mechanics and physiology and increased
angiotensin-converting enzyme 2 (ACE2) expression, which affects the acute phase of infection and
progression to respiratory failure [1]. Diabetes and obesity alter pulmonary and lung function.
Diabetes predominantly affects central and peripheral airway function and the dissipative and elastic
properties of respiratory tissues [2]. The most consistently reported effect of obesity on lung function
is a reduction in the functional residual capacity (FRC). Moreover, spirometric variables, such as
forced expiratory volume in 1 s (FEV1) and forced vital capacity (FVC), tend to decrease with
increasing body mass index (BMI) [3-5]. However, this effect is small, and both FEV1 and FVC are
usually within the normal range in healthy obese adults [4,5].

Several studies have revealed that overweight patients and those with diabetes mellitus have an
increased risk of developing PCS [6-9]. PCS can be classified into two subtypes: post-acute COVID-
19 with persistent symptoms lasting beyond four weeks after infection (PACS) and ‘long” COVID-19
with irreversible tissue damage lasting beyond 12 weeks [8].

The influence of type 2 diabetes mellitus on PCS via various pathophysiological mechanisms
has also been confirmed by Raveendran and Misra [10]. Lacavalerie et al. [11] found that more than
half of obese patients with PCS had a significant alteration in aerobic exercise capacity and a marked
reduction in oxygen pulse. Moreover, these patients were consequently more prone to pathological
pulmonary limitations and pulmonary gas exchange impairment [12]. Picone et al. [13] showed that
nutrition is closely linked to PCS due to inter-systemic homeostasis involving the endocrine,
neurological, and immune-metabolic systems, particularly in obese and diabetes patients. Similar
results, especially in patients older than 65 years, have been reported by Paneni and Patrono [14] and
Shang et al. [15].

The purpose of our study was to determine whether similar PCS patterns also occur in Slovenia,
especially in its northern region. This study included patients who were hospitalized at the
University Clinical Centre of Maribor and then followed up in the Community Healthcare Center dr.
Adolf Drolc. In particular, we focused on patients with diabetes and overweight patients and
assessed how they differ from the reference population of patients without those conditions. Our
preliminary aimed to examine the differences and anomalies but not to explain them. However, we
want to encourage such research and plan to carry it out in future studies.

2. Materials and Methods

2.1. Study population and research design

This retrospective observational study was conducted at the Community Healthcare Center dr.
Adolf Drolc Maribor (HCM), Slovenia, from October 2020 to July 2022. All patients had previously
been infected with SARS-CoV-2 and developed COVID-19 pneumonia that required hospitalization.
They were regularly checked by physicians at the HCM within 3-4 weeks after discharge from the
hospital and then every 3 months until post-COVID-19 symptoms disappeared.

All patients with persistent symptoms after 1 month were selected as the study population for
our analysis. Clinical and demographic data collected during hospitalization and the first HCM visit
were analyzed. Physicians reviewed and collected data, including patient demographics,
comorbidities, home medications, vital signs at hospital admission, duration of hospitalization,
maximum oxygen requirement at hospitalization, treatment with remdesivir and dexamethasone
(doses and protocols used were standard for all patients), radiological findings, admission to the
intensive care unit (ICU), duration of ICU hospitalization, mechanical or non-invasive ventilation,
bacterial superinfection, and vaccination status after vaccination was available. At regular checks
after discharge from the hospital, the physicians performed the clinical evaluation and completed a
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questionnaire about post-COVID-19 symptoms (dyspnea, cough, chest pain, and fatigue), chest X-
ray results, and lung function tests.

Before conducting the study, we obtained the consent of the research participants and carefully
instructed them about the goals and purposes of the research. We also explained to them that
participation is voluntary and that they can withdraw from the research at any time without giving
a reason. Additionally, we explained that only anonymized data will be used and will be carefully
protected by the principal researcher. The researchers of this study also obtained the consent of the
HCM Ethics Commission.

2.2. Statistical analysis

Based on the study objectives, the patient population was divided into four groups:

e  Patients with neither diabetes nor overweight (None group (NG));

¢ Overweight patients (Overweight group (OWQG));

e  Patients with type 2 diabetes (Diabetes group (DMG));

e  Overweight patients with type 2 diabetes (Diabetes + Overweight group (DM+OWG)).

Being overweight was determined based on BMI. All patients with a BMI greater than 25 kg/m?
were classified as overweight. Most of the characteristics associated with PCS consisted of
dichotomous information; therefore, the exact chi-square test with each group as a grouping variable
was applied. The 16 analyzed variables (discretized lung function, symptoms, complications, and
treatment) were coded as 1 or 0, corresponding to the presence or absence of the patient’s features.
The eight continuous variables (demographics and clinical assessment) were analyzed using the
Kruskal-Wallis test with each group as the variable. The duration of the PCS was analyzed using the
Kaplan-Meier survival analysis.

Statistical analyses were performed using SPSS Statistics for Windows (version 28.0; IBM Corp.,
Armonk, NY, USA). A p-value less than 0.05 is deemed to be statistically significant.

3. Results

Our sample consisted of 466 patients with post-COVID-19 syndrome. Among them, there were
269 males and 197 females. The males were between 30 and 92 years old, with a median age of 65.
The females were between 19 and 98 years old, with a median age of 67. There were 77 patients in
the NG (41 males, 36 females), 274 in the OWG (144 males, 130 females), 17 (12 males, five females)
in the DMG, and 98 (72 males, 26 females) in the DM + OWG.

The Kruskal-Wallis test showed that in the male population, body mass index (BMI) (p<0.001),
intensive care unit (ICU) duration (p=0.031), and age differed significantly among the four groups.
However, FVC%, FEV1%, FEV1/FVC%, and duration of PCS hospitalization did not differ
significantly. In the female population, the BMI differed significantly between the groups (p<0.001).

The differences between the groups are shown in Table 1. The longest median PCS duration for
males (5 months) was observed in the OWG and the DM+OWG for females (6 months). The longest
median hospitalization was observed in the DMG for males (13 days) and the NG and DM+OWG for
females. The shortest median hospitalization was observed in the OWG for males (8 days) and in the
DMG for females (6 days). The median PCS duration was generally shorter for males than for females.
The DM+OWG had the highest median BMI in males (BM1=31.00) and females (BMI=33.9). Moreover,
the lowest median BMI was observed in the NG for males (BMI=23.40) and DMG for females
(BMI=22.8). The longest ICU median duration in males (6 days) was observed in the DM+OWG,
OWG, and NG and the NG in females (11 days). The shortest ICU median duration was observed in
the DMG for both males (0 days) and females (4 days). In general, the median ICU stay for females
was longer than for males.

The lowest FVC% value was observed in the DM+OWG for males (85.5%) and in the DMG for
females (90%). Overall, FVC% values were lower in males than in females. The lowest median FEV1%
values were observed in the DMG for males (87.5%) and the OWG for females (93%). The lowest
median FEV1/FVC% value was observed in the DM+OWG for males (82%) and the DMG for females
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(78%). In general, female patients were older than male patients. Furthermore, the chi-square test for
categorical variables revealed significant differences in frequencies between the four groups defined
above in females only, namely FEV1<85% (p=0.049), dexamethasone (DEXA) (p=0.012), and
secondary bacterial infection (p=0.019).

Table 1. Median values for continuous PVC variables (HOS—hospitalization, ICU—Intensive care
unit, FVC—Forced vital capacity, FEV—Forced expiratory volume in the first second, PCS—Post
COVID-19 symptoms, BMI—Body mass index).

HOS ICU FVC FEV1FEVI/FVC PCS Age BMI

Group Gender  Statistics ;. '0) (days) (%) (%) (%) (months) (years) (kg/m?)
Median 8,5 6 91 91 88 4 62 23,4
Male (n=41) Minimum 2 1 48 25 50 1 30 18.3
Maximum 26 13 138 148 115 12 92 25.0
None (NG) Median 11 11 955 94 9% 5 66 230
Female (n=36) Minimum 3 1 67 11 74 1 19 194
Maximum 41 21 131 131 112 12 98 25.0
Median 8 6 88 90,5 93 5 63 30,5
Male (n=144) Minimum 1 1 47 40 4 1 33 25.2
Overweight Maximum 57 27 134 135 127 12 88 44.3
(OWG) Median 9 6 94 93 88 5 66 31,8
Female (n=130) Minimum 2 2 54 31 4 1 30 25.2
Maximum 52 38 131 140 113 12 90 47.5
Median 13 0 88,5 87,5 83,5 3 74,5 24,1
Male (n=12) Minimum 7 0 70 72 76 1 62 21.1
Diabetes Maximum 32 0 103 116 106 8 90 24.8
(DMG) Median 6 4 90 96 78 4 71 22,8
Female (n=5) Minimum 4 4 78 79 77 3 60 20.2
Maximum 4 98 98 106 8 80 24.0
Median 11 6 85,5 88,5 82 4 69 31,0
Male (n=72) Minimum 1 52 37 53 1 47 25.2
Diabetes + Overweight Maximum 95 49 118 118 112 12 87 47.8
(DM+OWG) Median 11 8 93 94 79 6 76 33,9
Female (n=26) Minimum 2 3 70 67 65 1 48 25.3
Maximum 25 14 128 124 111 12 90 48.9

Table 2 presents the percentages of patients with abnormal lung function, in-hospital treatment,
complications during hospitalization, and PCS. Table 2 also reveals that the significant difference in
FEV1<85% in females was due to the low number of female patients in the DMG (FEV1% was 60.0%;
five female patients) compared to other groups. The significant difference in DEXA was due to the
fact that in the NG, only 52.1% of females were treated with DEXA. The most common secondary
bacterial infections were found in females in the DMG (33.3%) and DM+OWG (28.6%) and males in
the NG (15.4%) and OWG (12.3%). The chi-square test on categorical variables revealed significant
differences in the frequencies between males and females only in FVC<85% (p=0.049), with more
females having FVC% lower than 85% than males. Additionally, more females significantly claimed
fatigue (p=0.038) than males did.

Overall, our study showed that within the treatment variables, most patients were treated with
DEXA, and the fewest patients underwent rehabilitation. Males were more likely to be treated with
all forms of therapy except rehabilitation. The most frequently treated group with DEXA for females
was the DMG (87.5%) and for males was the DMG (84.6%). Furthermore, most female patients treated
with remdesivir (REMDE) were in the DM+OWG (44.1%) and males in NG (39.2%). Inhalation
corticosteroids (ICS) and antibiotics (ANT) treatment were mostly used in males in the NG (33.3%
(ICS), 38.0% (ANT)) and in females in the DM+OWG (32.4% (ICS); 39.4% (ANT)). In all groups, we
found that the percentage of patients underwent rehabilitation was very low. In both sexes, the
highest DMG frequencies were 13.3% in males and 11.1% in females.

Generally, hospital complications occur more frequently in females than in males. In males, we
found that more myopathies (NG (25%); OWG (23.3%)) were observed than other complications
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during hospitalization. Among complications in females, bacterial superinfections (DMG (33.3%);
DM+OWG (28.6%) prevailed.

The most prevalent PCS symptoms were dyspnea and rare chest pain. Dyspnea was most
prevalent in the female NG (59.2%); however, the groups did not differ significantly. Moreover, chest
pain (33.3%) and coughing (55.6%) in the female DMG and fatigue in the female DM+OWG (40%)
were the highest. In males, the most prevalent symptom was dyspnea (49%), but the highest was in
the DMG (53.3%).

Our study showed that, among all groups, most patients treated in the ICU belonged to the DMG
for females (20%) and DM+OWG for males (19.4%). However, the lowest number of patients in the
NG were treated in the ICU (9.8% males; 5.6% females). Additionally, we found that more men had
a lower FVC% in the DM+OWG than in the other groups.

Summarizing the median values for our two target groups (DMG and DM+OWG), we can
conclude that males in the DMG had the highest hospitalization values and FEV1% than females. On
the other hand, males and females in the DM+OWG had the highest BMI, and females had the longest
PCS duration. Males in the DMG had the lowest ICU and PCS duration and FVC%. Women in the
DMG had the lowest ICU, hospitalization, and PCS durations, FVC%, FEV1/FVC%, and BML

Regarding frequencies, males in the DMG were the prevalent group for DEXA treatment,
undertaking rehabilitation, and experiencing dyspnea. The females in the DMG were the prevalent
group for DEXA treatment, undertaking rehabilitation, bacterial infections, chest pain, coughing, and
experiencing fatigue. The least prevalent group in males included REMDE treatment, time spent in
the ICU, antibiotic consumption, and complications such as embolia, thrombosis, myopathy, bacterial
infection, and PCS fatigue. The least prevalent group in females also included REMDE treatment,
time spent in the ICU, and additional complications, such as embolia, thrombosis, myopathy, and
PCS fatigue. On the other hand, the results for males in the DM+OWG did not stand out except that
it was the least prevalent group regarding undertaking rehabilitation. However, females in the
DM+OWG were the most prevalent group for REMDE treatment, time spent in the ICU, consuming
antibiotics, and fatigue as PCS. The group was also the least prevalent in complication thromboses
and PCS, such as dyspnea, chest pain, and cough.

Table 2. Frequencies for the categorical variables (FVC—Forced vital capacity, FEV—Forced
expiratory volume in the first second, DEXA —Dexamethasone, REM —Remdesivir, ICS—Inhalation
corticosteroid, REH —Rehabilitation, ICU—Intensive care unit, EMB —Embolia, THR — Thromboses,
MYP—Myopathy, Bl—Bacterial infection, DYS—Dyspnoea, CP—Chest pain, FTG—Fatigue).

Lung Function Treatment Complications Post COVID Symptoms

Gender Group FVC< FEV<
85% 85%

None 61,0% 58,5% 71,2% 39,2% 33,3% 38,0% 3,9% 9.8% 3,8% 0.0% 250% 154% 46,2% 5,8% 34,6% 23,1%
Overweight 632% 68,1% 73,9% 33,1% 29,7% 258% 6,8% 16.7% 8,0% 1,8% 23,3% 12,3% 50,3% 16,0% 43,6% 31,3%
Diabetes 583%  66,7% 84,6% 154% 7,1% 23,1% 13,3% 0.0% 0.0% 0.0% 13,3% 6,7% 53,3% 13,3% 33,3% 20,0%

DEXA REM ICS ANT REH ICU EMB THR MYP BI DYS CP Cough FTG

Male .
Diabetes+ o o 583% 79,5% 385% 301% 304% 6.2% 194% 6,1% 1,2% 171% 8,5% 47,6% 122% 41,5% 24,4%
Overweight
Total 60,2% 637% 753% 34,8% 29,4% 28,9% 6,5% 15.6% 6A4% 1,3% 21,5% 11,5% 49,0% 13,1% 41,0% 27,6%
None 80,6% 77,8% 52,1% 28,9% 18,8% 34,0% 102% 5.6% 102 0.0% 24,5% 245% 59,2% 20,4% 42,9% 36,7%
Overweight  785%  769% 71,4% 34,7% 27,3% 21,8% 6,3% 13.1% 6,8% 0.0% 24,3% 11,5% 534% 16,9% 40,5% 37,8%
Female | Diabetes 60,0% 60,0% 87,5% 28,6% 11,1% 28,6% 11,1% 20.0% 0.0% 0.0% 22,2% 33,3% 55,6% 33,3% 55,6% 33,3%
g)vl:ll')v:teei;;t 73,1%  61,5% 82,4% 44,1% 32,4% 39,4% 6,5% 154% 5,7% 0.0% 22,9% 28,6% 42,9% 20,0% 34,3% 40,0%
Total 77,7%  732% 69,6% 34,8% 25,6% 269% 7,3% 12.2% 7,1% 0.0% 24,1% 17,4% 53,1% 18,7% 40,7% 37,8%

Figures 1 and 2 reveal the surprising fact that both males and females with diabetes had the
shortest PCS duration, while the other groups had a PCS duration of 12 months, which is possibly
beyond the current study.
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Figure 1. The Kaplan — Meier analysis of Post COVID syndrome duration for males.
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Figure 2. The Kaplan — Meier analysis of Post COVID syndrome duration for females.

4. Discussion

In our study, we found that PCS was shorter in patients who only had type 2 diabetes (DMG)
when compared to the other three groups. The type 2 diabetes group (DMG), both in men and
women, had the shortest duration of PCS at 3 and 4 months, respectively, and was significantly
shorter than overweight males and overweight females with diabetes, which had the longest duration
of PCS at 5 and 6 months, respectively. The shorter duration of PCS in patients with type 2 diabetes
than in the other investigated groups in our study was unexpected.

While the vast majority of researchers mention diabetes and obesity as risk factors for the onset
of PCS or its prolonged duration, some researchers disagree. Su et al. [16] associated pre-existing type
2 diabetes with PCS in their study. Multiple early factors predict post-acute COVID-19 sequelae.
Patients with diabetes have significantly more fatigue as part of PCS. Moreover, diabetes and
metabolic diseases increase the risk of developing PCS [17]. Additionally, a small study from India
showed that patients with type 2 diabetes have significantly higher levels of fatigue than those with
pre-diabetes [18].

In contrast, a Spanish study that analyzed cough in PCS 1 year after COVID-19 pneumonia did
not find any association with diabetes. The authors concluded that the metabolic impact of diabetes
was more important in the acute phase of COVID-19 [19]. Moreover, a meta-analysis by Sudhakar et
al. [20] collected 11 studies that linked diabetes and acute post-COVID-19 for at least 4 weeks and 14
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studies that did not. Therefore, there is no clear answer to whether diabetes is an important risk factor
for PCS.

The average length of treatment in the ICU in our study was 6 days for DMG-females, but DMG-
males in the same group were not admitted to the ICU. This is in contrast to the general finding in
our study that ICU treatment was longer in men. The lack of treatment in the ICU for the DMG-males
was surprising and could indicate the possibility of survival bias, which we cannot refute with the
current data. Secondary bacterial infections are common in DMG-females. There were practically no
complications (myocarditis, embolisms, and thrombosis) in the type 2 diabetes group of both sexes,
despite complications occurring in the other groups.

The lowest average FVC% value was found in DMG-females. This is also in contrast to the higher
average FVC% values in females. A high median FEV 1% value was observed in DMG-females, but
the lowest was observed in DMG-males, which agrees with the average higher general FEV 1% value
for females. Additionally, the lowest FEV1/FVC% value was observed in DMG-females. However, it
is difficult to explain these observations. The DMG was small, with five females and 12 males. The
age of females in this group was the lowest on average (66 years), but the age of males in the type 2
diabetes group was the second highest (74.5 years. Women with type 2 diabetes were the youngest
and spent the longest time in the ICU, which may indicate a higher morbidity of women in our group.

In addition, women with type 2 diabetes (DMG-females) had one of the lowest FVC% and
FEV1/FVC% values, with higher FEV1% values as part of lung function monitoring. Men in the type
2 diabetes group (DMG-males) did not differ significantly in lung function parameters.

Based on analyzing data in the field of treatment, our study showed that type 2 diabetes patients
had fewer chronic lung diseases such as asthma and chronic obstructive pulmonary disease (COPD)
compared to the other groups. Therefore, they also needed fewer days of treatment in the ICU. We
also found that type 2 diabetes patients had a more difficult course of treatment and longer
hospitalization; therefore, they needed more rehabilitation time than other groups. Moreover, we
found that more patients with type 2 diabetes were treated with dexamethasone compared to other
groups, and the difference was especially evident in female patients. According to these results, type
2 diabetes could have more influence on the acute phase of COVID-19 disease and its early
complications, including pneumonia, and less influence on PCS. However, more intensive treatment
and monitoring by physicians for type 2 diabetes patients during hospitalization and rehabilitation
after COVID-19 pneumonia may influence the PCS duration and shorten it compared to other groups
of patients.

A possible limitation of our study is the small number of patients in the type 2 diabetes group
compared to the other three groups. However, the group was statistically large enough, and non-
parametric tests were used, which are less sensitive to the sample size. The second possible limitation
is that we did not consider the influence of morbidity. However, considering general statistical
distributions, it is very unlikely that our DMG was bipolar; that is, on one extreme, having patients
who recovered fully from PCS, and on the other hand, having patients who died in the acute phase.
Furthermore, our study dealt with PCS; therefore, patients who died before PCS could be detected
would not have contributed to the knowledge about the long course. Moreover, our study was
observational in nature, and analyzing causalities was beyond its scope [21]. However, the study
revealed some interesting phenomena that require further investigation to explain them.

Additionally, the study was relatively small in terms of collecting data on symptoms, as we
collected data only for dyspnea, cough, chest pain, and fatigue. These four symptoms are crucial in
PCS treatment and are in the list provided by Ballering et al. [22].

The advantage of our research is that it is based on clinical practice in a real-world healthcare
system environment, which is uniform for practically all citizens of Slovenia; therefore, the follow-
up of patients in our center was systematic. Therefore, generalization of the data is probably possible
for the entire country because Slovenia is a very small country and, therefore, quite uniform in most
health determinants. The data were collected by a small but qualified and dedicated group of medical
professionals in one center; therefore, we considered the data to be of high quality regarding their
accuracy.
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In our study, we found that PCS resolution was shorter in patients who only had type 2 diabetes
compared to the other three groups, namely, only overweight and obese, with overweight/obesity
and type 2 diabetes, and without these comorbidities. The outcomes of our study are comparable to
those of similar studies performed worldwide, which might be because COVID-19 management in
Slovenia did not differ from that in other countries. We currently do not know how to explain the
above finding, but we would like to draw attention to it and encourage studies that would more
precisely define and perhaps explain this observed fact. Thus, further research will be dedicated to
the influence of type 2 diabetes treatment and rehabilitation on the duration of PCS as well as other
pathological mechanisms that might affect the duration of PCS.
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