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ABSTRACT

Introduction: Studies determined that age and associated comorbidities are associated with worse outcomes
for COVID-19 patients. The aim of the present study is to examine previous electronic health records of
SARS-CoV-2 patients to identify which chronic conditions are associated with in-hospital mortality in a
nationally representative sample.

Materials and Methods: The actual study is a cross-sectional analysis of SARS-CoV-2 infected patients
who were treated in repurposed hospitals. The study includes a cohort of patients treated from 06-11-2020
to 15-03-2021 for COVID-19 associated pneumonia. To examine the presence of comorbidities, electronic
health records were examined and analyzed.

Results: A total of 1486 in-patients were treated in the specified period, out of which 1237 met the criteria
for case. The median age of the sample was 65 years. The overall in-hospital mortality in the sample was
25.5%, while the median length of stay was 11 days. From whole sample, 16.0% of the patients did not
have established diagnoses in their electronic records, while the most prevalent coexisting condition was
arterial hypertension (62.7%), followed by diabetes mellitus (27.3%). The factors of age, male gender,
and the number of diagnoses showed a statistically significant increase in odds ratio (OR) for in-hospital
mortality. The presence of chronic kidney injury was associated with the highest increase of OR (by 3.37)
for in-hospital mortality in our sample.

Conclusion: The study reaffirms the findings that age, male gender, and the presence of comorbidities are
associated with in-hospital mortality in COVID-19 treated and unvaccinated patients. Our study suggests
that chronic kidney injury showed strongest association with the outcome, when adjusted for age, gender,
and coexisting comorbidities.

Keywords: sars-cov-2; pandemic; non-communicable diseases; chronic diseases; comorbidities; in-hos-
pital mortality
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INTRODUCTION

The spread of the novel SARS-CoV-2 cre-
ated a global challenge for health systems [1],
leading to an unprecedented rise in in-hospital
mortality, excess mortality and patients with long
term sequelae [2], [3]. It has been established
that age, gender and the comorbid profile [4][7]
are strongly predictive of worse outcomes when
patients are infected with SARS CoV-2. Addi-
tionally, the peaks of the pandemic caused such
pressure that other factors became important as
well, such as availability of hospital beds, popu-
lation density and age structure of the population
[8], [9]. Its comparison to viruses with a similar
mode of transmission and manifestations, such
as the influenza virus, revealed worse hospital
outcomes in all age groups [10] during the early
phases of the pandemic. The presence of comor-
bidities is a non-specific marker [11] for mortality
(both in-hospital and within 30 days), and so far
few scales have been used to predict mortality
even among patients with COVID-19 illness. For
instance, the Charlson Comorbidity Index [12]
was subjected to such an analysis, with a reported
16% rise of risk of mortality from COVID-19 for
every additional point on that scale [13].

Existing electronic patient data is already
used for planning purposes, for customization
of treatment and for retrieval of relevant infor-
mation, more so when patients are unable to de-
scribe their medical history. In the case of the RN
Macedonia, the electronic health record system
(EHRS) "MojTermin" was established in 2012,
aiming to capture every interaction of the patients
with public health providers, including existing
diagnoses and prescriptions. The aim of the pres-
ent study is to identify which comorbidities can
be retrieved from the (EHRS), MojTermin, [14]
and are associated with in-hospital mortality.
The study also takes into consideration the gen-
der and the age of the patient. Additionally, this
study explores whether the number of registered
comorbidities can serve as proxy for comorbidity
measure to predict in-hospital mortality. Since
no similar measurement tool of comorbidity has
been validated on a country level, this was ap-
proached by accounting for the presence of com-
mon chronic comorbidities based on past litera-
ture and findings from the preliminary analyses
(Supplement 2). On the basis of past findings, it
is anticipated that patients older male patients,

and patients with a higher count of comorbidities
have a substantially higher risk for in-hospital
mortality.

METHODS AND MATERIALS

The present study is a cross-sectional study,
using data from all hospitalized patients in 7 teach-
ing hospitals during the second and third wave of
SARS-COV-2 in our country. Shortly before the
emergence of the second peak, these hospitals
were re-purposed for providing care for SARS-
COV-2 infected patients, with the limitation of
providing ward-care only, without ICU facili-
ties (Supplement 1). The admitted patients were
patients with the confirmed presence of SARS-
COV-2 either by PCR test [15] from a licensed
virological laboratory, by a fast antigen test, or had
the clinical presentation of COVID-19 supported
by imaging. The resulting cohort consists of pa-
tients that were not vaccinated at that time, during
which there was a predominance of the wild type
and the introduction of the alpha variant (since
February 2021). All patients that were hospitalized
during the period of 06-11-2020 to 15-03-2021 are
included in the analysis. The study was conducted
in accordance with the STROBE guidelines [16].

Data on comorbidities were retrieved by
physicians, blinded to outcomes, with the follow-
ing list of comorbidities: presence of arterial hy-
pertension, presence of diabetes mellitus, presence
of active malignancy, obesity, chronic cardiolog-
ical conditions, chronic respiratory conditions,
hematological conditions, chronic kidney injury,
sequalae from neurological injury, the presence of
hypothyroidism, the presence of significant gas-
trointestinal conditions. Details on the process
and the pilot are available in Supplement 2. The
local ethics committee approved the study design
and allowed for commencement of the study. The
choice of specific comorbidities was given based
on previous literature reports at the time (Oct-
2020); additionally, data on gastrointestinal con-
ditions and hypothyroidism were included, owing
to the previous availability of data in MojTermin.
The purpose of these additional diagnostic groups
which are not related to the outcome is to serve
as control for the data collection procedure, with
the expectation that the presence of these comor-
bidities is not statistically significantly associated
with in-hospital mortality in our patient group.
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ANALYSIS

Data on the whole sample of patients was
summarized by using appropriate measures of
central tendency and dispersion (median, IQR or
mean value and SD) for continuous and counts
and proportions for dichotomized variables and
were evaluated graphically. Patients were fur-
ther divided into equal age categories on basis
of quintiles of the data into 4 groups. Analy-
sis was done to compare the deceased patients
with the survived patients and comparisons were
made by using non-parametric tests. Inter-rater
agreement was checked by using the Cohen’s
kappa. Records on comorbid conditions were
calculated as simple sums from all comorbidities
and selected comorbidities that attained statisti-
cally significant association with mortality and/
or are considered as theoretically important. The
resulting scale was considered as ordinal vari-
able and was checked for correlation with age
and mortality outcomes. Next, binomial logistic
regression models with in-hospital mortality as
dependent outcomes were created, first with age
and gender as predictors, and then with each as-
sociated comorbidity, adjusted for age category
and gender, while the final model used the final
score described previously. Analyses were done
in IBM SPSS v.26 [17].

RESULTS

During the study period there were 1486
hospitalized patients. From all of them, 33 pa-
tients withdrew from hospital care and were not
included in further analysis. Additionally, 87
patients had negative tests for SARS-CoV-2 on
admission, and hence were not included in fur-
ther analysis. From the remaining 1366 patients,
129 patients were transferred to other hospitals,

leaving the final sample to consist of data on
1237 patients (see Fig.1). The median age of the
sample was 65 years, and 60.3% of the patients
were male, while 832 (67.3%) patients were di-
agnosed with rt-PCR test. Descriptive character-
istics of the cohort are available on Table 1. Cas-
es of mortality were 315, or 25.5% of the sam-
ple. From all patients, 198 patients did not have
any registered comorbidities in their EHR. From
1237 patients, 320 patients (25.9%) were with
single registered comorbidity, while 719 patients
(58.1%) had 2 or more comorbid conditions. The
most prevalent comorbid condition was arterial
hypertension (62.4%), followed by diabetes mel-
litus (27.3%). Details on the comorbidities in our
sample are presented in Table 1 (by gender) and
Table 2 (by status).

The group of deceased patients showed
substantial differences regarding age, length of
stay, presence of arterial hypertension, diabetes
mellitus, cardiological, hematological condi-
tions, neurological sequelae, chronic kidney dis-
ease, while there was no substantial association
with presence of registered chronic respiratory
diseases, malign conditions, obesity, thyroid dis-
ease, and GI conditions. In the group of deceased
patients, there were 15 cases (4.7% of all cases
of in-hospital mortality) that did not have any
previous registered diagnosis in their EHR. This
group of patients had median age of 69 (with
IQR — 12), while 11 (73.3%) of them were male.

On the basis of presence of the above-men-
tioned comorbidities, the score was calculated
for each patient as simple sum of diagnoses;
the score was binary (either O or 1) for each co-
morbidity and accounted for the presence of 1)
arterial hypertension, 2) diabetes mellitus, 3)
chronic respiratory conditions, 4) cardiological
conditions, 5) chronic kidney disease, 6) hema-
tological conditions and malignancies, 7) other
active malignancies and 8) neurological sequel-
ae. Due to the low number of patients with 4 or
more diagnoses, these categories were collapsed

1486 patients admitted for hospital care from 06-11-2020 to 15-03-2021

87 patients without positive tests on

.

admission and 33 patients that

Y

withdrew from hospital stay

| 1366 patients with positive SARS-COV-2 tests

L

.| 129 patients that were transferred to

other facility

I 1237 patients left in the final sample

Figure 1. Flowchart of the patient population
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Table 1. Descriptive characteristics for whole sample and by gender (n= 1237)

Variable Total Males (746, 60.3%)  Females (491, 39.7%)
Age, median, IQR 65 12 64 18 66 21
Age category, 16-55 y, count, % 336 27.2% 217 29.1% 119 24.2%
56-65, count, % 312 25.2% 193 25.9% 119 24.2%
66-73, count, % 291 23.5% 178 23.9% 113 23 %
74 or more years, count, % 298 24.1% 158 21.2% 140 28.5%
Type of test, rt-PCR, % 832 67.3% 523 70.1% 309 62.9%
Rapid antigen test 405 32.7% 223 29.9% 182 37.1%
Length of stay, days, median, IQR 11 8 11 8 12 8
Arterial hypertension, count, % 776 62.7% 454 58.5% 322 41.5%
Diabetes mellitus 338 27.3% 191 56.5% 147 43.5%
Malign diseases 77 6.2% 40 51.9% 37 48.1%
Chronic respiratory conditions 156 12.6% 83 53.2% 73 46.8%
Chronic cardiological conditions 293 23.7% 174 59.3% 119 40.1%
Hematological conditions 74 5.9% 34 45.9% 40 54.1%
Chronic kidney injury 114 9.2% 66 57.9% 48 42.1%
Neurological sequelae 192 15.5% 118 61.4% 74 38.5%
Thyroid disease 90 7.3% 20 22.2% 70 77.8%
Gastrointestinal conditions 210 16.9% 126 60% 84 40%
No comorbidities 198 16.0% 147 74.2% 51 26.8%
1 comorbid condition 320 25.9% 185 57.8% 135 42.2%
2 comorbid conditions 305 24.7% 183 60% 122 40%

3 comorbid conditions 245 19.8% 149 60.8% 96 39.1%
4 comorbid conditions 113 9.1% 61 53.9% 52 46.1%
5 or more comorbid conditions 56 4.5% 21 37.5% 35 62.5%
Cases of in-hospital mortality 315 25.5% 196 62.2% 119 37.7%

into a single category, and the score was devised
as 0 — no relevant comorbidities, 1 — single co-
morbidity, 2 — two comorbidities, 3 — three co-
morbidities, 4 — four or more relevant comorbid
conditions (Table 2). To determine the relation-
ship between the presence of comorbid condi-
tions and age in our sample, we conducted Ken-

dall’s tau correlation — the result showed a strong
positive relationship between the score and age,
with tb of 0.320 and associated p-value below
0.0001. [18]. From 305 patients with score of at
least 3, 47.8% were cases of in-hospital mortali-
ty. The distribution of scores among different age
groups is presented in Table 4.
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Table 2. Comparison between deceased and discharged patients.

Variable N=1237 Discharged, 922 Deceased, 315 Associated p-values
Age, median, IQR 65 62 18 73 15 0.000
Age category, 16-55y, % 336 312 33.8% 24 7.6%

56-65, % 312 252 27.3% 60 19%

66-73, % 291 206 22.3% 85 26.9%

74 or more years, % 298 152 16.5% 146  46.3%

Gender, males 746 550 59.7% 196  62.2% 0.421
Gender, females 491 372 40.4% 119  37.8%

Length of stay, days 12 5 4 8 0.000
No comorbidities 198 183  19,9% 15 4.8% 0.000
Arterial hypertension 776 540  58.6% 236 74.9% 0.000
Diabetes mellitus 338 215 23.3% 123 39.1% 0.000
Malign diseases 77 55 5.9 % 22 6.9% 0.083
Chronic respiratory conditions 156 107 11.6% 49 15.6% 0.068
Chronic cardiological conditions 293 168  18.2% 125 39.7% 0.000
Hematological conditions 74 37 4% 37 11.8% 0.000
Chronic kidney injury 114 56 6.1% 58 18.4% 0.000
Neurological sequelae 192 103 11.2% 89 28.3% 0.000
Thyroid disease 90 67 7.3% 23 7.3% 0.984
Gastrointestinal conditions 210 153 16.6% 57 18.1% 0.540
Score 0 248 230  28.2% 18 7.3% 0.000
Score 1 367 304 32.5% 63 17.2%

Score 2 317 233 25.3% 88 27.8%

Score 3 211 104 11.3% 93 44.1%

Score 4 94 41 2.1% 53 56.4%

The last analysis using binomial logistic
regression for predicting in-hospital mortality
revealed that age and gender remained robustly
associated with the outcome in all models. In the
basic model (model 1, age quintile and gender,
Table 3), being male was associated with a 1.33
times increase in odds for in-hospital mortality
(when compared to female patients), while be-
ing 74 years or older was associated in 13 times
higher odds for in-hospital mortality, when com-
pared to patients that were in the age range of
16 to 55 years. Further, models adjusted for age
and gender revealed highest OR for presence of
chronic kidney disease, followed by hemato-
logical diagnoses. The diagnosis for arterial hy-

pertension, malign diseases, chronic respiratory
conditions did not attain classic statistical sig-
nificancy (p-values < 0.05, CI not including 1).
Although univariate analysis suggested associa-
tion of arterial hypertension with the outcome,
this association lost significance in the adjust-
ed model. When using the sum score, the final
model (Model 8, Table 3), showed that all cate-
gories of age, male gender and comorbid score
were statistically significantly associated with
the outcome. For instance, patients with 1 point
have a 1.78 times increase for OR for in-hospital
mortality when compared to those with 0 points;
patients with 3 points have 5.4 times higher OR
when compared to the reference group.
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Table 3. Results from the binomial logistical regression, models adjusted for age and gender.

V)
Model Predictors B s.e Wald p-val.  Exp(b) 95%CI, LB %]53 WG
16-55 y (ref) 133.040  0.000
56-65 1.140 0.256  19.783 0.000 3.126 1.892 5.165
1
(Base) 66-73 1.693 0.248  46.486 0.000 5.438 3.342 8.847
74 or more years 2.566 0.243  111.538  0.000 13.009  8.081 20.942
Gender, male 0.291 0.145 4.028 0.045 1.338 1.007 1.779
2 Arterial hypertension 0.232 0.161  2.065 0.151 1.261 0.919 1.729
3 Diabetes mellitus 0.665 0.150 19.578 0.000 1.945 1.449 2.612
4 Cardiological diagnoses  0.679 0.154 19.534 0.000 1.972 1.459 2.665
5 Hematological diagnoses 1.170 0.265 19.510 0.000 3.221 1.917 5.411
6 Chronic kidney disease 1.215 0.218 31.203 0.000 3.371 2.201 5.164
7 Neurological conditions  0.856 0.175 23.877 0.000 2.353 1.669 3.316
16-55 (ref) 81.293 0.000
56-65 0.780 0.266 8.612 0.003 2.182 1.296 3.674
66-73 1.182 0.261 20.488 0.000 3.261 1.955 5.441
74 years or more 2.036 0.255 63.604 0.000 7.657 4.643 12.627
3 Gender, male 0.365 0.151 5.845 0.016  1.441 1.072 1.937
0 points (ref) 67.66 0.000
1 point 578 0.294 3.864 0.049 1.782 1.002 3.169
2 points 1.075 0.290 13.734 0.000  2.929 1.659 5.172
3 points 1.698 0.297  32.626 0.000 5.461 3.050 9.778
4 points 2.122 0.342  38.610 0.000 8.352 4.276 16.313
Table 4. Distribution of scores by age group
Score 0 1 2 3 4
16-55 years 143 113 54 21 5
%* 57.7% 30.8% 17.0% 10.0% 5.3%
56-65 years 57 103 78 59 15
%* 23.0% 28.1% 24.6% 28.0% 16.0%
66-73 years 33 67 101 56 34
%o* 13.3% 18.3% 31.9% 26.5% 36.2%
74 or more years 15 84 84 75 40
%* 6.0% 22.9% 26.5% 35.5% 42.6%

*From all patients with the same score
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DISCUSSION

The presented study is the first study from
our country that reveals our experience with
this novel condition. During the observation
period of the study, there were 75,293 incident
cases of SARS-CoV-2 infections and 2254 cas-
es of SARS-CoV-2 associated cases of mortal-
ity at a national level, while our sample regis-
tered 13.97% of all cases of mortality during
this period. The study population presented
were patients with limited access to ICU during
the peak of the pandemic; hence, unlike most of
the studies that report on cohort of patients with
access to invasive ventilation and other forms
of ICU care, our sample is comparable to the
reports by [19]-[21] in terms of care.

The use of EHRs in our case was per-
formed without previous investigations on its
validity, hence a pilot procedure was conducted.
There (Supplement 2), the procedure showed
an excellent level of agreement, with the lowest
level of agreement being for chronic gastroin-
testinal conditions [22]. Additionally, all co-
morbid groups were sufficiently present in the
sample, with the exception of the diagnosis of
obesity (see paragraph below). From the whole
sample, 189 patients without a single diagnosis
were within the median age range of 53 (IQR —
21), while patients with any comorbidities were
older, with a median age of 66 (IQR — 18). The
findings for the prevalence of certain comorbid-
ities were expected; arterial hypertension was
the most prevalent in the sample, followed by
diabetes mellitus. The raw sum score and the fi-
nal score showed a positive relationship (Table
4) to age. The scores derived from the diagno-
ses showed expected association to in-hospital
mortality (Table 2).

The results reaffirm the findings that age
is a robust predictor of in-hospital mortality and
worse outcomes in SARS-COV-2 [23], [24]. In
our case, we defined the baseline age catego-
ry as at-risk people between the ages 16 to 55
years old, while the other three groups showed
an increasing OR for in-hospital mortality.
Males had worse outcomes with COVID-19
disease, and this was replicated in our study. In
the first model, being male was associated with
a 38% increase in OR for the outcome, while
in the final model (adjusted for age and score),
this association rose to 44% increase in OR. A

recent meta-analysis by Pijls et al. [24] reports
that males have a higher relative risk for dying
than females, by 50% (95%CI 1.18-1.91). The
connection between the gender and these out-
comes is topic of current studies, with several
feasible explanations offered[25].

The presence of arterial hypertension was
a cause for concern at the beginning of the pan-
demic [26], with problematic associations due
to postulated endothelial effects [27] or due
to the effects of some medications for arterial
hypertension. Wide meta-analysis [4] points
out that this association vanishes after the ad-
justment for the effects of age and gender, and
some health authorities do not regard it as an
independent risk factor for disease severity
and worse outcomes [28]. The results from our
study suggest that patients with arterial hyper-
tension do not have a substantially higher risk
for in-hospital mortality, when taking into re-
gard gender and age. Contrasting with that, the
presence of chronic cardiac conditions, such as
heart failure, certain dysrhythmic conditions or
conditions after invasive cardiac procedures are
significant predictors, and this agrees with pre-
vious findings, such as [29], [30].

With diabetes mellitus, the national es-
timate points out that the prevalence of diag-
nosed patients is 5%, with an estimated diag-
nostic rate of 44.8% [31] on a national level.
In our study, of all 1237 patients, 27.3% were
already diagnosed with diabetes mellitus upon
admission, while this figure was 39.1% for the
deceased patients, representing a stark differ-
ence. The association proved robust after ad-
justing for the effects of gender and age, with an
associated 1.94 times increase in odds ratio for
hospital mortality. A recent meta-analysis re-
vealed that patients with diabetes mellitus had
a two-fold risk increase in mortality, as well an
increased risk for contracting the disease and
ICU admission [32].

The presence of chronic kidney disease
was associated with the highest increase in the
unadjusted and adjusted odds for mortality,
when compared to other comorbidities. These
associations were previously known and report-
ed by different studies [33]. Regarding patients
with chronic kidney injury, it has been previ-
ously reported that there is striking rise in hos-
pital mortality in these patients during the first
6 months of the pandemic [34]. As such, both
findings alert to the possibility that a special ap-
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proach towards these patients is warranted and
should provoke additional investigation into the
possible pitfalls of epidemiological measures,
diagnoses or care of these patients.

A diagnosis for respiratory conditions or
active malignancy did not show any robust as-
sociation in the baseline analyses and did not
produce any statistically significant OR in the
adjusted models. A systematic review of pa-
tients with COPD, but not asthma, are a special
at-risk group [35], revealing a higher mortality
risk since the start of the pandemic [36]. In ob-
serving the associated risks of malignancy, past
and current diagnosis for malignancy was found
to be related to worse outcomes [29], although
there are studies that did not find an associa-
tion for solid malignancies [37]. Therefore, the
lack of such associations in our study might
stem from our general approach (categorizing
both patients with asthma/COPD in a single
group, see details in Supplement 2). Addition-
ally, the presence of hematological malignancy
produced the second highest OR increase (see
Table 3), although these patients were coded as
having hematological diagnosis, but not malig-
nancy (to avoid double coding).

The choice of the comorbidities reflected
the knowledge on their impact on the clinical
course of COVID-19 pneumonia and by taking
diagnosis registration practices into regard. For
instance, the variable on obesity (E66 by ICD-
10) did not show any association to mortality
and only 6.4% (79 patients) of the sample had
that diagnosis. This is also discordant with the
presence of diabetes mellitus, which was pres-
ent in 27.3% of the sample. Additionally, the
Public Health Institute issued that 19.6 % of the
males and 17.2 % of the females fulfil BMI cri-
teria for obesity at national level (available in
Macedonian). The current EHRS does not cap-
ture data on weight or height, and it was not
possible to validate this diagnosis. Similarly,
a Brazilian study encountered a similar prob-
lem, where it was decided to omit this variable
from further analysis [38]. The diagnosis for
hypothyroidism and gastrointestinal conditions
were used knowing that there were no known
associations with COVID-19 at the time [39],
and it used to check if data collection procedure
was robust. As expected, results from the com-
parisons did not reveal any increased odds for
in-hospital mortality in patients with hypothy-
roidism or gastrointestinal conditions.

The attempts to create a score as a sum
of relevant comorbid conditions for the pur-
pose of stratifying patients according to risk
were with limited success. The observation
that having at least three comorbid conditions
used in the score prior the diagnosis is asso-
ciated with a substantial risk for in-hospital
mortality (above 50%), thereby suggesting
that such an approach is feasible. The use of
the score produced robust findings, when ad-
justed for the effects of age and gender, such as
dose-response increment. Still, the predictive
value reached its height at 76.2% overall cor-
rect classification, possibly due to the number
of deceased patients that did not have any di-
agnosis. Improvement of this type of approach
would be possible by using a more specific ap-
proach towards specific diagnostic groups, by
using additional validation procedures, such as
better diagnosis ascertainment (that could not
have been met with this study) and by taking
the intensity of the comorbidity and possibly
its duration into consideration.

The main limitations of this study stem
from the limited observation period, restrict-
ed to hospital stay, ignoring the intensity and
duration of the diagnosis and the comorbid
conditions, and idiosyncrasies related to the
practice of recording diagnosis in the EHRs of
the patients. Although the sample is represen-
tative on a national level, its generalizability
could be limited by two factors, 1) availability
of vaccinations and 2) emergence of new vari-
ants of the virus.

The practical findings of the study reveal
multiple points for improvement of the nation-
al EHRS, as well as specifically pointing out
the risks for in-hospital mortality according to
age groups, gender, and the presence of certain
comorbid conditions from a large unvaccinat-
ed sample. Patients with developed chronic
kidney disease and hematological malignancy
demand special attention in epidemiological
approach and care, as these groups of patients
showed the highest risk for in-hospital mortal-
ity in our study.

CONCLUSION

The electronic records of the patients
showed that the number of pre-existing diagno-
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ses, male gender, and age as significant predic-
tors for COVID-19 associated mortality. From
all the available diagnoses, the diagnosis for
chronic kidney failure showed strongest asso-
ciation with the outcome of interest, while the
presence of arterial hypertension did not show
any significant correlation.

SUPPLEMENT 1

Description of the background population
and setting

The presented study was conducted in PHI
Clinical Centre Mother Theresa, with partic-
ipation from 8 teaching hospitals (PHI UC for
Pulmonology and Allergology, PHI Institute for
Tuberculosis and respiratory conditions, PHI UC
for Neurology, PHI UC for Dermatovenerology,
PHI UC for Nephrology, PHI UC for Gastroen-
terohepatology, PHI UC for Otorhinolaryngolo-
gy, PHI UC for Ophtalmology). The above-men-
tioned clinics were repurposed for care for pa-
tients with SARS-CoV-2 pneumonia during the
second and third peak of the pandemic and start-
ed admitting patients on 06-11-2020. All hospital
sites were supplied with system for central oxy-
gen delivery with maximal flow rate of 16 1/min
of O2 and portable oxygenators with maximal
flow rate of 8 I/min of O2, without access to in-
vasive ventilation OR extracorporeal membrane
oxygenation (ECMO) therapy. Treatment was
administered by specialist for internal medicine
or respiratory pathology; all patients received
at some point supplemental oxygen and course
of corticosteroid therapy (methylprednisolone
OR dexamethasone) and vast majority (above
90%) received course of antibiotic therapy and
completed a course of anticoagulant therapy.
Since most of the specific antiviral treatments
were with sparse provisions at the height of the
pandemic, only small portion of the patients re-
ceived timed course of remdesivir, favipiravir,
tocilizumab or convalescent plasma (below 5%).
The hospital site did not have intensive-care unit
and only one portion of the patients with severe
disease were successfully transferred to facili-
ties with ICU due to limited ICU bed capacities.
Since March 2021, the hospital wards received
equipment for non-invasive ventilatory support.
The COVID-19 centers closed on 21.05.2021,
with treated approximately 1700 patients with

SARS-CoV-2 illness. Of note is however that this
publication is part of broader study (that includes
patients from the whole period) that investigates
the patterns of mortality in hospital conditions
and the associated laboratory antecedents that
were collected as part of the care.

SUPPLEMENT 2

Selection of diagnoses for analysis from
the national electronic health records system
Mojlermin

The national electronic health records sys-
tem MojTermin was commenced in 2012 [1].
Since then, every public healthcare provide uses
this system to record patient data on visits, hos-
pital stay, demographic details, allergic condi-
tions and chronic comorbid conditions and drug
prescriptions. Initial study reported that there
were 790705 patients registered in the time in-
terval from 01.01.2014 to 01.06.2014, covering
almost 42% of the closest population estimate
(national census data Sep-2021, approximately
1900000 residents) in timeframe of 5 months.
One pitfall is that private healthcare providers
are not obliged to enter data on patient interac-
tion, which is mostly pronounced for surgical
patients seeking care. Thus, this limitation pre-
cludes inclusion of such diagnostic categories
for the objective of the study. Another pitfall
is that although that the health system cover-
age is free, substantial part of the population is
unemployed and more likely not to attend their
providers for regular health check-ups, while
the employed are obliged to undergo systematic
health check up on interval from 1 to 3 years,
depending on the category. In addition, most of
the referrals in MojTermin are for specialists
for internal medicine (and for chronic condi-
tions, making it more suitable for these types of
comorbidities. On the basis of previous reports,
idiosyncrasies EHRS and expected prevalence
of chronic comorbid conditions, it was decid-
ed that the following lists of diagnoses should
be marked and retrieved from the EHR of the
patients : arterial hypertension (defined as pres-
ence of diagnosis I-10 OR prescribed anti-hy-
pertensives for longer than 6 months), diabetes
mellitus (defined as presence of ICD-10 diag-
nosis E08-E13); active malignancy (defined as
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ICD-10 codes C00-C96, excluding haemato-
logical conditions, marked in the last 5 years
of diagnosis); obesity (defined as ICD-10 code
E66) ; chronic respiratory conditions requiring
therapy (defined as ICD-10 codes J40-J70, ex-
cluding upper respiratory conditions) ; chron-
ic cardiac conditions requiring therapy or past
cardiac interventions(defined as ICD-10 codes
105-109, 120-125, 130-150, Z95) ; chronic hae-
matological conditions requiring therapy (ICD-
10 codes D55-D60, including haematological
malignancies under C81-C96 and ill-defined
and unspecified malignancies under C76-C80);
chronic kidney disease requiring therapy or fol-
low-up (ICD-10 codes N17-N19) ; chronic neu-
rological sequelae or neurodegenerative disor-
ders (defined as ICD-10 codes 165-169, G20,
G30-G32, G70-G73, G80-G83) ; thyroid dis-
ease requiring therapy (defined as ICD-10 codes
E00-E06 and issued prescription of levothyrox-
ine OR propylthiouracil) ; chronic gastrointes-
tinal and hepatic condition requiring therapy
(defined as ICD-10 codes K50-K52, K70-K77).
Cases of specific neoplasm diagnoses of the re-
spiratory, gastrointestinal, and nervous systems
were counted as malignancies and not as chron-
ic respiratory OR gastrointestinal OR neurolog-
ical conditions, to avoid double counting. Cases
were there was specific neoplasm of these or-
ganic systems and additional diagnosis from the
same category, for instance malign neoplasm of
the brain and hemiplegia, were counted as both
active malignancy and presence of chronic neu-
rological condition. Pilot study with a random
sample of 44 cases and two independent raters
blinded to outcome was conducted in March
2021, with results presented in the main text.
For the main data collection procedure, seven
physicians were instructed with the diagnosis
definitions and did the collection process. Data
on demographics, hospital stay, and outcomes
were collected separately from data on comor-
bidities.

Data on comorbidities was drawn in pilot
sample for 44 patients by two independent rat-
ers before commencing of the full data collec-
tion procedure. No disagreements were found
for the following diagnostic groups: obesity,
chronic respiratory conditions, active malig-
nancies, chronic hematological conditions and
malignancies, chronic kidney injury and pres-
ence of thyroid diseases and therefore, kappa
was not estimated. For the diagnosis of arterial
hypertension, there were two cases of disagree-

ment (kappa 0,908 with 95%CI of 0,78 to 1);
one case of disagreement for diabetes mellitus
(kappa 0,944 with 95%CI of 0,84 to 1) ; one
case of disagreement for chronic cardiac condi-
tions (kappa 0,927 with 95% CI from 0,78 to 1);
one case of disagreement for chronic neurologi-
cal sequelae or chronic neurological conditions
(kappa 0,927 with 95%CI from 0,78 to 1) and
two cases of disagreement for chronic gastro-
intestinal conditions (kappa 0,861 with 95% CI
from 0,68 to 1).

1. G. Velinov, B. Jakimovski, D. Lesovski, D. Iva-
nova Panova, D. Frtunik, and M. Kon-Popovs-
ka, “EHR System MojTermin: Implementation
and Initial Data Analysis,” Stud. Health Tech-
nol. Inform., vol. 210, pp. 872-876, 2015, doi:
10.3233/978-1-61499-512-8-872.

REFERENCES

1. J. Li et al., “Epidemiology of COVID-19: A
systematic review and meta-analysis of clinical
characteristics, risk factors, and outcomes,” J.
Med. Virol., vol. 93, no. 3, pp. 1449-1458, Mar.
2021, doi: 10.1002/jmv.26424.

2. M. Scortichini et al., “Excess mortality during
the COVID-19 outbreak in Italy: A two-stage
interrupted time-series analysis,” Int. J. Epide-
miol., vol. 49, no. 6, pp. 1909-1917, 2020, doi:
10.1093/ije/dyaal69.

3. A. Karlinsky and D. Kobak, “The World
Mortality Dataset: Tracking excess mortality
across countries during the COVID-19 pan-
demic.,” medRxiv  Prepr. Serv. Heal. Sci.,
p. 2021.01.27.21250604, Jan. 2021, doi:
10.1101/2021.01.27.21250604.

4. A. Silverio et al., “Cardiovascular risk fac-
tors and mortality in hospitalized patients with
COVID-19: systematic review and meta-anal-
ysis of 45 studies and 18,300 patients,” BMC
Cardiovasc. Disord., vol. 21, no. 1, pp. 1-13,
2021, doi: 10.1186/s12872-020-01816-3.

5. B. G. Marin et al., “Predictors of COVID-19
severity: A literature review,” Rev. Med. Virol.,
vol. 31, no. 1, p. 1, Jan. 2021, doi: 10.1002/
RMV.2146.

6. S. L. Harrison, E. Fazio-Eynullayeva, D. A.
Lane, P. Underhill, and G. Y. H. Lip, “Comor-
bidities associated with mortality in 31,461
adults with COVID-19 in the United States:
A federated electronic medical record analy-
sis,” PLoS Med., vol. 17, no. 9, Sep. 2020, doi:
10.1371/JOURNAL.PMED.1003321.



COMORBID CONDITIONS IN A COHORT OF INPATIENTS WITH SARS-COV-2 AND THEIR ASSOCIATION WITH... 37

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

F. Zhou et al., “Clinical course and risk factors
for mortality of adult inpatients with COVID-19
in Wuhan, China: a retrospective cohort study,”
Lancet, vol. 395, no. 10229, pp. 1054-1062,
Mar. 2020, doi: 10.1016/S0140-6736(20)30566-
3.

O. Ergoniil et al., “National case fatality rates
of the COVID-19 pandemic,” Clin. Microbiol.
Infect., vol. 27, no. 1, pp. 118-124, Jan. 2021,
doi: 10.1016/j.cmi.2020.09.024.

O. Hradsky and A. Komarek, “Demographic
and public health characteristics explain large
part of variability in COVID-19 mortality across
countries,” Eur. J. Public Health, vol. 31, no. 1,
pp- 12-16, 2021, doi: 10.1093/eurpub/ckaa226.
L. Piroth et al., “Comparison of the character-
istics, morbidity, and mortality of COVID-19
and seasonal influenza: a nationwide, popula-
tion-based retrospective cohort study,” Lancet.
Respir. Med., vol. 9, no. 3, pp. 251-259, Mar.
2021, doi: 10.1016/S2213-2600(20)30527-0.
V. De Groot, H. Beckerman, G. J. Lankhorst, and
L. M. Bouter, “How to measure comorbidity: A
critical review of available methods,” J. Clin.
Epidemiol., vol. 56, no. 3, pp. 221-229, Mar.
2003, doi: 10.1016/S0895-4356(02)00585-1.
M. Charlson, T. P. Szatrowski, J. Peterson, and
J. Gold, “Validation of a combined comorbid-
ity index,” J. Clin. Epidemiol., vol. 47, no.
11, pp. 1245-1251, 1994, doi: 10.1016/0895-
4356(94)90129-5.

R. A. Kuswardhani, J. Henrina, R. Pranata, M.
Lim, S. Lawrensia, and K. Suastika, “Charl-
son comorbidity index and a composite of poor
outcomes in COVID-19 patients: A systemat-
ic review and meta-analysis,” Diabetes Metab
Syndr., vol. 14(4), no. January, pp. 2103-2109,
2020, doi: 10.1016/j.dsx.2020.10.022.

G. Velinov, B. Jakimovski, D. Lesovski, D. Iva-
nova Panova, D. Frtunik, and M. Kon-Popovs-
ka, “EHR System MojTermin: Implementation
and Initial Data Analysis,” Stud. Health Tech-
nol. Inform., vol. 210, pp. 872-876, 2015, doi:
10.3233/978-1-61499-512-8-872.

[15] C. Boodman, P. Lagacé-Wiens,
and J. Bullard, “Diagnostic testing for SARS-
CoV-2,” CMAJ, vol. 192, no. 26, p. E713, 2020,
doi: 10.1503/cmaj.200858.

S. Ebrahim and M. Clarke, “STROBE: new
standards for reporting observational epidemi-
ology, a chance to improve,” Int. J. Epidemi-
ol., vol. 36, no. 5, pp. 946948, Oct. 2007, doi:
10.1093/ije/dym185.

IBM, “IBM SPSS Advanced Statistics 24,” Ibm,
2016, doi: 10.1080/02331889108802322.

P. Y. Chen and P. M. Popovich, “Correlation :
parametric and nonparametric measures,” p. 95,
2002.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

A. Dabher et al., “Clinical course of COVID-19
patients needing supplemental oxygen outside
the intensive care unit,” Sci. Rep., vol. 11, no. 1,
pp. 1-7,2021, doi: 10.1038/s41598-021-81444-
9.

T. van der Veer et al., “Do-not-intubate status
and COVID-19 mortality in patients admitted to
Dutch non-ICU wards,” Eur. J. Clin. Microbiol.
Infect. Dis., 2021, doi: 10.1007/s10096-021-
04223-4,

N. Pouw et al., “Clinical characteristics and
outcomes of 952 hospitalized COVID-19 pa-
tients in the Netherlands: A retrospective cohort
study,” PLoS One, vol. 16, no. 3 March, Mar.
2021, doi: 10.1371/journal.pone.0248713.

B. Di and E. M. Glass, “The Kappa statistic: a
second look,” Comput. Linguist., vol. 39, no. 1,
pp. 95-101, 2004.

A. T. Levin, W. P. Hanage, N. Owusu-Boaitey,
K. B. Cochran, S. P. Walsh, and G. Meyerow-
itz-Katz, “Assessing the age specificity of in-
fection fatality rates for COVID-19: systematic
review, meta-analysis, and public policy impli-
cations,” Eur. J. Epidemiol., vol. 35, no. 12, pp.
1123-1138, Dec. 2020, doi: 10.1007/s10654-
020-00698-1.

B. G. Pijls et al., “Demographic risk factors
for COVID-19 infection, severity, ICU admis-
sion and death: A meta-analysis of 59 studies,”
BMJ Open, vol. 11, no. 1, pp. 1-10, 2021, doi:
10.1136/bmjopen-2020-044640.

M. S. Mohamed, T. C. Moulin, and H. B.
Schioth, “Sex differences in COVID-19: the
role of androgens in disease severity and pro-
gression,” Endocrine, vol. 71, no. 1, p. 3, Jan.
2021, doi: 10.1007/S12020-020-02536-6.

C. Huang et al., “Clinical Characteristics, Treat-
ments and Outcomes of Critically Ill patients
with COVID-19: A Scoping Review,” Mayo
Clin. Proc., vol. 96, no. 1, pp. 183-202, 2021,
doi: 10.1016/j.mayocp.2020.10.022.

D. M. Smadja et al., COVID-19 is a systemic
vascular hemopathy: insight for mechanistic
and clinical aspects, vol. 24, no. 4. Springer
Netherlands, 2021.

S. Shibata et al., “Hypertension and related dis-
eases in the era of COVID-19: a report from the
Japanese Society of Hypertension Task Force
on COVID-19,” Hypertens. Res., vol. 43, no.
10, pp. 1028-1046, Oct. 2020, doi: 10.1038/
$41440-020-0515-0.

H. Zhang et al., “Clinical Characteristics and
Outcomes of COVID-19-Infected Cancer Pa-
tients: A Systematic Review and Meta-Analy-
sis,” J. Natl. Cancer Inst., vol. 113, no. 4, pp.
371-380, 2021, doi: 10.1093/jnci/djaal 68.

L. Kim, S. Garg, A. O’Halloran, and M. et al.
Whitaker, “Risk Factors for intensive care unit



38

Dejan Dokic et al.

31.

32.

33.

34.

35.

admission and in-hospital mortality among hos-
pitalized patients identified through the U.S.
Coronavirus disease 2019 (COVID-10)-Asso-
ciated Hospitalization Surveillance Network
(COVID-NET),” BMJ Evidence-Based Med.,
2020.

I. Smokovski, T. Milenkovic, and N. H. Cho,
“First stratified diabetes prevalence data for
Republic of Macedonia derived from the Na-
tional eHealth System,” Diabetes Res. Clin.
Pract., vol. 143, no. 1, pp. 179-183, 2018, doi:
10.1016/j.diabres.2018.07.015.

A. Kumar et al., “Is diabetes mellitus associat-
ed with mortality and severity of COVID-19?
A meta-analysis,” Diabetes Metab. Syndr., vol.
14, no. 4, p. 535, Jul. 2020, doi: 10.1016/J.
DSX.2020.04.044.

A. E. Mesas et al., “Predictors of in-hospital
COVID-19 mortality: A comprehensive system-
atic review and meta-analysis exploring differ-
ences by age, sex and health conditions,” PLoS
One, vol. 15, no. 11 November, Nov. 2020, doi:
10.1371/journal.pone.0241742.

L. Trajceska et al., “Excess mortality in a ne-
phrology clinic during first months of corona-
virus disease-19 pandemic: A pragmatic ap-
proach,” Open Access Maced. J. Med. Sci., vol.
8,n0.T1, pp. 598-604, Dec. 2020, doi: 10.3889/
OAMIMS.2020.5508.

S. Pardhan, S. Wood, M. Vaughan, and M.
Trott, “The Risk of COVID-19 Related Hos-

36.

37.

38.

39.

pitalsation, Intensive Care Unit Admission and
Mortality in People With Underlying Asthma or
COPD: A Systematic Review and Meta-Analy-
sis,” Front. Med., vol. 8, p. 853, Jun. 2021, doi:
10.3389/FMED.2021.668808/BIBTEX.

W. W. Xiao, J. Xu, L. Shi, Y. D. Wang, and H. Y.
Yang, “Is chronic obstructive pulmonary disease
an independent predictor for adverse outcomes
in coronavirus disease 2019 patients?,” Euro-
pean Review for Medical and Pharmacologi-
cal Sciences, vol. 24, no. 21. pp. 11421-11427,
2020, doi: 10.26355/eurrev_202011_23635.

N. Rosenthal, Z. Cao, J. Gundrum, J. Sianis,
and S. Safo, “Risk Factors Associated With
In-Hospital Mortality in a US National Sam-
ple of Patients With COVID-19,” JAMA Netw.
Open, vol. 3, no. 12, Dec. 2020, doi: 10.1001/
JAMANETWORKOPEN.2020.29058.

M. S. Marcolino, P. K. Ziegelmann, and M.
V. . et al. Souza-Silva, “Clinical characteris-
tics and outcomes of patients hospitalized with
COVID-19 in Brazil : results from the Brazilian
COVID-19 Registry,” Int. J. Infect. Dis., vol.
395, no. January, p. 1315, 2021, doi: 10.1016/].
1jid.2021.01.019.

T. Brix, L. Hegedus, J. Hallas, and L. C. Lars,
“Risk and course of SARS-COV-2 infection in
patients treated for hypothyroidism and hyper-
thyroidism,” Lancet Diabetes Endocrinol, 2021,
doi: 10.1016/S2213-8587(21)00028-0.



COMORBID CONDITIONS IN A COHORT OF INPATIENTS WITH SARS-COV-2 AND THEIR ASSOCIATION WITH... 39

Pe3ume

KOMOPBHUJHHU COCTOJBHU BO KOXOPTA
HA MAIIMEHTH JIEKYBAHHU 3A CAPC-KOB-2 I HUBHATA ITIOBP3AHOCT
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Bogen: Ilperxonnure cTynnu mokaxaa jaeka Bo3pacTa U KOMOPOMIHHOT NpOoQui Ha MALMEHTHTE
ce MOBP3yBaarT co MOJIOLIM NCXOHU Kaj MALMEeHTH LITO ce JIeKyBaaT 3a oosect acouupana co KOBMU/-19.
Lenrta Ha cTyamjaTa € 1a yTBPAM KOU XPOHUYHH 3a005TyBamba C€ aCOUUPAHU CO OOJTHUYKHUOT MOPTAIUTET
BO OBaa Irpyna MalHueHTH.

Marepujaian u meroau: Ce paboTH 3a CTyIuja Ha IPECEK Ha MALMEHTH IITO UMaje IoTpeda o
OOTHUYKO JIEKyBambe Mmopau coctojoa crekrara o SARS-CoV-2. Cryaujara BKTy4yBa KOXOpTa Ha MMal-
enTH nekyBaan ox1 6.11.2020 . mo 15.3.2021 1. 3a yTBpIyBame Ha KOMOPOUIHUOT ITpodui Oea mperieaHu
€JICKTPOHCKHUTE PETUCTPH HA MALUCHTHUTE.

Pesyararu: bea pasnrenanu nctopun ox 1468 marmenTw, o1 kon 1237 i HCIIONHYBaa KPUTEPHYMHUTE
3a ciydaj. Menmjanara Bo3pacT Ha MPUMEPOKOT Oerre 65 ToarHu. BOTHIYKHOT MOPTaTUTET H3HECYBAIIIe
25,5 %, nonmeka MeanjaHaTa Ha ipectoj u3Hecynaiie 11 nena. O nearoT npuMepok, 16 % o manueHTuTe
HeMaa TIoJaToOK 3a KakBa OWJIO JHMjarHO3a BO CBOjOT €JIEKTPOHCKH KapTOH, JOJeKa HajueCTO CPETHYBaHA
Iujaraosa Oeme aprepuckara xumeprensuja (62,7 %), mo mTo cienysa aujadberec memutyc (27,3 %).
Bo3spacrta, MamkuoT 1ot ¥ OpojoT Ha JUjarHO3| MoKaXkaa 3HauuTeTHO oBHCcOKH OR (3,37) 3a OoHUYIKH
MopTtanuTeT. [IprcycTBOTO Ha XpoHMYHA OyOpekHa 60JIeCT MOKaXKa HajCUITHO IMTOBP3yBahE CO OOTHUIKAOT
MOPTAJIUTET BO OBOj IPUMEPOK.

Kayunu 360poBu: capc-koB-2, naHAeMHUja, XPOHUYHH 3a00JyBaba, KOMOPOUJIUTETH, OOTHUUKH
MOPTAJIUTET



