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The Coronavirus Disease 2019 (COVID-19) pandemic has killed many people worldwide since December
2019, and Iran has been among the most affected countries. In this retrospective study, we aimed to
determine the prognostic factors associated with mortality in COVID-19 patients by analyzing 396 survived
and 63 non-survived patients in Shahid Modarres Hospital, Tehran, Iran, from January 30" until April 5",
2020. As the results, the BMI > 35 (p = 0.0003), lung cancer (p = 0.007), chronic kidney disease (p =
0.002), Immunocompromised condition (p = 0.003), and diabetes (p = 0.018) were more frequently
observed in the expired group. The history of statins use was more common in the discharged group (p =
0.002), while there was no significant difference in the drug history of angiotensin-converting enzyme
inhibitors, angiotensin Il receptor blockers, nonsteroidal anti-inflammatory drugs, aspirin, and/or steroids,
and in the past-year influenza vaccination. Multivariable regression demonstrated rising odds of in-hospital
death related with age (odds ratio (OR) = 1.055, p = 0.002), levels of C-reactive protein (CRP) (OR = 2.915,
p < 0.001), creatinine (OR = 1.740, p = 0.023), lymphocyte count (OR = 0.999, p = 0.008), and magnesium
level (OR =0.032, p < 0.001) on admission. In conclusion, the patients with older age and higher BMI with
lymphopenia, hypomagnesemia, elevated CRP and/or raised creatinine on admission are at higher risk of
mortality due to the COVID-19 infection, which requires the physicians to use timely and strong therapeutic
measures for such patients.
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Introduction

Back in December 2019, a considerable number of
individuals diagnosed with pneumonia of a non-identified
cause started to appear in Wuhan City, Hubei Province,
China (Mackenzie and Smith 2020). It was delineated that
this pneumonia has been provoked by Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2), one
of the Coronavirus family members (Yang and Wang 2020).
The low severity of disease in the initial stage and the long
incubation period have been the main explanations for the
very rapid patient outbreak. Being a potential worldwide
threat, Coronavirus Disease 2019 (COVID-19) was pro-
claimed a public health crisis as well as a pandemic by the
World Health Organization (WHO) (Cucinotta and Vanelli
2020). In the past two decades, Middle East Respiratory
Syndrome (MERS) and Severe Acute Respiratory
Syndrome (SARS), two antecedent deadly subtypes of
Coronaviruses, were discovered to cause respiratory disease
in human and animal hosts, with a death toll of 858 and
774, respectively (de Wit et al. 2016). Almost every coun-
try has been affected by the COVID-19 disaster. The num-
ber of afflicted patients has exceeded 2.8 million globally at
the time of writing this article, and by 27th April 2020, the
overall death toll in all nations has surpassed 198 thousand
(WHO, World Health Organization 2020b). Iran is among
the most considerably affected countries so far, in which the
absence of published data on its patients has been pro-
foundly felt among the scientific society. In consideration
of the foregoing, the goal of this research was to detail the
epidemiologic findings, clinical manifestation, and labora-
tory features, along with therapeutic and prognostic charac-
teristics of admitted patients with COVID-19 in Tehran,
Iran. It is anticipated that these results will assist the global
community to apprehend this novel disease better and to
treat it successfully, through evaluating COVID-19-related
prognostic factors.

Methods

Study design

The current retrospective cross-sectional large-scale
research, was performed from January 30" to April 5",
2020, on COVID-19 patients who were admitted to Shahid
Modarres Hospital, which is a 279-bed tertiary referral cen-
ter in Tehran, Iran, with four active ICU’s including 70 beds
combined. Throughout the primary disease surge, about
70% of the total hospital beds were dedicated to COVID-19
patients. All the patients enrolled in the study were admit-
ted after being matched with WHO confirmation guidelines
(WHO 2020a). The research protocol was fully assessed
and approval by the Ethics Committee, Deputy of Research,
Shahid Beheshti University of Medical Sciences, Tehran,
Iran. All steps of the study followed the ethics criteria of
the latter ethics body, including taking informed written
patient consents (ethics approval code: IR.SBMU.
RETECH.REC.1399.049)

Patients

The process of clinical assessment and hospital admis-
sion for all suspected COVID-19 patient was based on defi-
nite clinical and para-clinical features. The patient flow
started in the emergency department; where the patients
were screened by the medical staff immediately, and after-
wards, they were taken to a specific part of emergency
department passing a specifically designed route. Then
nasopharyngeal sampling for Reverse Transcriptase-
Polymerase Chain Reaction (RT-PCR) was performed as
the verifying test for diagnosis of all suspected patients.

In the next step, a thorough and extensive assessment
was performed using a standard clinical checklist which
was based on the “National Iranian Covid-19 Guideline
(Abdi 2020); the latter guideline included the clinical pre-
sentations (i.e., vital signs, the level of oxygen saturation,
etc.) and computerized tomographic scanning (CT scan) for
assessing the radiologic features. Then, it was determined
whether each individual patient should be treated as an out-
patient, or be admitted and treated through inpatient care.
The personal protection protocols were strictly adhered in
order to prevent airborne viral spread throughout the hospi-
tal, including protection equipment and patient transfer
through designed isolated physical pathway in the hospital.
Also, as an additional precautionary measure, they were
given fit-tested unfiltered surgical masks. We included 459
admitted patients who in the end, had a determined status of
either being expired (n = 63) or discharged (n = 396).
Those patients being still hospitalized till the last day of the
study were excluded from the study population.

Data collection

Epidemiological and clinical findings, laboratory fea-
tures, as well as therapeutic characteristics, were all pro-
cured using valid and reliable data collection forms from
electronic health records. In order to improve validity and
reliability, data collection forms were re-evaluated by three
researchers separately, double-checking the accuracy of the
extracted data. To ensure that the data of all patients have
been gathered, the clinical and epidemiological information
of the cases who didn’t have available electronic medical
records were also acquired. For doing so, the patients or
their family members were communicated directly by the
research team.

Statistical analysis

Categorical and continuous variables have been
respectively described as n [%] and mean + standard devia-
tion (SD). Chi-squared test, Mann-Whitney test, and
Fisher’s exact test have been taken into use to collate con-
trasts between the expired and discharged groups wherever
it suited. For investigating the risk factors related to deaths
within the hospital, univariable and multivariable logistic
regression models have been utilized. To prevent overfit-
ting within the model, six variables have been selected for
multivariable analysis based on clinical constraints and pre-
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vious findings, particularly considering the death toll (n =
63) in our research. Multi-collinearity was checked in the
model; all variables had Variance Inflation Factor well
below 2. The Hosmer-Lemeshow test was used to evaluate
the quality of the fit for the multivariable logistic regres-
sion. Given the special attention paid to the age and lym-
phocyte count in previous studies, we decided to consider
them as well (Zhou et al. 2020). Creatinine and C-reactive
Protein (CRP), being the two most available laboratory
tests, were utilized for further analysis of the results in this
study. Of note, the present malignancy and magnesium
(Mg) blood levels were considered for assessment because
of the statistically significant difference that they had made,
and also because they were less contemplated in the past
researches. Hence, lymphocyte count, CRP, Creatinine,
Mg, age, and the present malignancy were the six variables
picked for the multivariable logistic regression model. A
two-sided o less than 0-05 was deemed as statistically sig-
nificant. The statistical examinations have been carried out
using the R software (version: 3.6.3) and the IBM SPSS
statistics (version: 26.0).

Results

As shown in Table.l, the average age in the expired
group was significantly higher compared to the discharged
group (70.58 + 10.66 vs. 60.39 + 11.47; p < 0.001); and in
total, the men were hospitalized more often than women
(69.7% vs. 30.3%). The blood type A had the highest prev-
alence in both expired (39.7%) and discharged groups
(37.4%). In the two cohorts, the blood groups O, B, and
AB were the next ones in the order of prevalence. 17.46%
of the expired patients claimed that they have had recent
close contact with a confirmed COVID-19 patient, while
7.21% of the discharged group remembered this close con-
tact history (p = 0.006). History of past-year influenza vac-
cination was 5.3% in discharged and 1.6% in the expired
group. The number of current smokers was 28% and 31.7%
in discharged and expired groups, respectively, which
showed no statistically significant difference (p = 0.544).
Neither the average pack-year smoking (p = 0.313) nor opi-
oid addiction status (p = 0.264) had a significant difference
between the two groups. Hypertensive disorders (46.6%),
coronary heart disease (40.3%), and chronic obstructive
respiratory disease (28.8%) had the highest prevalence
among all patients. The fatality rate has been markedly
greater among patients suffered from the comorbidities like
diabetes (p = 0.018), malignancy (p = 0.008), Chronic
Kidney Disease (CKD) (p = 0.002), and the Body Mass
Index (BMI) more than 35 (p = 0.0003). Lung cancer
(9.5%), prostate cancer (6.3%), and breast cancer (3.2%)
were the most common types of cancers in the expired
group. In contrast, prostate cancer (4.5%) was the most
prevalent malignancy in the discharged group, while lung
(2%) and breast (2%) cancer were the next two most com-
mon malignancies. The prevalence of lung cancer was sig-
nificantly greater in the expired group (p = 0.007), while

there was not any statistically remarkable distinction in the
prevalence of other types of malignancies like prostate ( =
0.524) and breast (p = 0.63) cancer between the two groups.
Drug history of statin medication was reported notably
more in discharged group in comparison with the expired
group (28% vs. 9.5%, p = 0.002); while there was no statis-
tically significant difference regarding history of using ste-
roid-derived medications (p = 0.47), nonsteroidal anti-
inflammatory drugs (NSAIDs) (p = 0.62), angiotensin II
receptor blockers (ARBs) (p = 0.71), angiotensin-convert-
ing enzyme inhibitors (ACEI) (p = 0.14), and aspirin (p =
0.52).

Table 2 indicates that shortness of breath (86.5%),
fever (83.7%), myalgia (61.9%), and cough (54.7%) were
the most common chief complaints of hospitalized patients,
whereas hemoptysis (1.5%), sneezing (3.7%), rhinorrhea
(5.7%), and ageusia/dysgeusia (7%) were the least common
ones. Gastrointestinal presentations like vomiting, diarrhea,
and abdominal pain were observed respectively in 32%,
27.2%, and 18.7% of all patients. Shortness of breath (p =
0.003) and hemoptysis (p = 0.008) has been reported con-
siderably more in the expired group. Considering the vital
signs, average body temperature in the expired group was
38.69 (= 1.30), while this was found to be 38.05 (£ 1.18)
among the discharged (p = 0.001). The percentage of the
discharged group with a heart rate of > 90/min was 4.5%,
while that was 12.7% among the expired group, indicating
a significant difference (p = 0.017). Moreover, the expired
cohort had significantly lower oxygen saturation upon
arrival to the hospital (p <0.001).

Table 3 highlights that the laboratory findings of
below-mentioned items, were significantly detected more in
patients with the final status of death: 1) increased alanine
transaminase (ALT) (p = 0.040), aspartate transaminase
(AST) (p = 0.044), direct bilirubin (p = 0.046), and
decreased albumin (p = 0.031) as liver function markers, 2)
increased creatinine (p < 0.001) and urea (p = 0.030) as
Kidney function markers, 3) Increased number of White
Blood Cells (WBC) (p = 0.001), neutrophil (p <0.001), and
platelet (p = 0.003) as well as lymphopenia (p < 0.001), 4)
increased levels of CRP (p < 0.001), D-dimer (p < 0.001),
Lactate Dehydrogenase (LDH) (p < 0.001), and Partial
Thrombin Time (PTT) (p = 0.008), and 5) low potassium
levels (p = 0.0002) and Mg levels (p < 0.0001) among elec-
trolytes imbalances.

As delineated in Table 4, the average period from the
onset of symptoms to hospital admission was 5.45 (+ 3.36)
and 7.37 (+ 3.66) days among the discharged and the
expired patients, respectively, which shows significant dif-
ference between the two groups (p < 0.0001). Also, the
average days that the discharged group and the expired
group stayed in ICU were 3.60 (+ 5.53) and 7.78 (+ 4.48),
respectively (p < 0.0001). In addition, the length of hospi-
talization time in the isolated respiratory ward, for the
expired group was significantly lower (p < 0.0001). For the
sake of patients’ safety, we had started oxygen-therapy for
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comorbidity, and drug history.

Total

Discharged Expired

(n = 459) (n = 396) (n=63) p value
Primary information
Age (mean + SD) 61.79+11.89 60.39 + 11.47 70.58 + 10.66 <0.0001%*
n [%] n [%] n [%]
Sex -- - -- 0.134
Male 320 [69.7%] 271 [68.4%] 49 [77.8%]
Female 139 [30.3%] 125 [31.6%] 14 [22.7%)]
Blood type -- - -- 0.814
(0} 145 [31.6%] 127 [32.1%] 18 [28.6%]
A 173 [37.7%] 148 [37.4%] 25 [39.7%]
B 95 [20.7%] 80 [20.2%)] 15 [23.8%)]
AB 46 [10.0%)] 41[10.4%] 5[7.9%]
History of close contact with COVID-19 patient 39 [%8.49] 28 [7.21%] 11 [17.46%] 0.006*
Past-year influenza vaccine 22 [4.8%)] 21 [5.3%] 1[1.6%] 0.338
Current smoker 131 [28.5%] 111 [28%)] 20 [31.7%] 0.544
Pack/year of smoking 7.46 £ 18.53 6.91 £18.22 10.92 £22.24 0.313
Opioid addiction 29 [6.3%] 23 [5.8%] 6 [9.5%] 0.264
Comorbidity
Body Mass Index > 35 36 [7.8%] 23 [5.8%] 13 [20.16%] 0.0003*
Diabetes 119 [25.19%)] 95 [24.0%] 24 [38.1%] 0.018*
Hypertensive disorders 214 [46.6%] 188 [47.5%] 26 [41.3%] 0.359
Coronary heart disease 185 [40.3%] 156 [39.4%] 29 [46%] 0.318
Chronic kidney disease 99 [21.6%] 76 [19.2%] 23 [36.5%] 0.002*
Chronic liver disease 29 [6.3%] 24 [6.1%] 5[7.9%] 0.576
Chronic obstructive respiratory disease 32 [28.8%)] 109 [27.5%] 3 [36.5%] 0.143
Malignancy 2 [11.3%)] 38 [9.6%] 4122.2%] <0.008*
Prostate cancer 22 [4.8%] 18 [4.5%] 4[6.3%] 0.524
Lung cancer 14 [3.1%)] 8 [2%] 6 [9.5%] 0.007*
Breast cancer 10 [2.2%)] 8 [2%)] 2 [3.2%] 0.63
Other cancers 8 [1.7%] 6[1.5%] 2 [3.2%] 0.302
Immunocompromised 108 [23.5%)] 84 [21.2%)] 24 [38.1%)] 0.003*
Drug history
Steroids 80 [17.4%] 67 [16.9%] 13 [20.6%] 0.47
NSAIDs 37 [8.1%] 31 [7.8%] 6 [9.5%] 0.62
ARBs 8 [17%] 69 [17.4%] 9[14.3%)] 0.71
ACE Inhibitors 56 [12.2%)] 52 [13.1%)] 416.3%] 0.14
ASA 53 [11.5%)] 44 [11.1%)] 9 [14.3%)] 0.52
Statins 117 [25.5%] 111 [28%)] 6 [9.5%] 0.002*

This table shows the demographic information, comorbidities, and drug history of all the patients. The results
are expressed as the mean + SD or the number of cases, with percentages in the brackets.

*p < 0.05

all hospitalized patients. Of therapeutic considerations,
Nasal cannula had been used in 59.8% of discharged
patients and 12.7% of expired patients, showing how signif-
icantly more utilized was it, in the discharged group (p <
0.0001). On the other hand, non-invasive ventilation and
invasive ventilation, both were used significantly more in
the expired group, making a p value of less than 0.0001 for

both of them. Amongst the different antiviral agents admin-
istrated, the only drug that showed a significant difference
in the outcomes, was hydroxychloroquine. The expired
cases had been administrated with the drug, significantly
less than the discharged group (85.7% vs. 94.2%; p
0.028). ICU admission (p < 0.001), Acute Respiratory
Distress Syndrome (ARDS) (p < 0.0001), acute liver failure
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Table 2. Clinical presentation and vital signs upon arrival at the hospital.

Total

Discharged Expired

(n = 459) (n = 396) (n=63) p value
n [%] n [%] n [%]
Sign and symptoms
Shortness of breath 397 [86.5%] 335 [84.6%] 62 [98.4%] 0.003*
Fever 384 [83.7%] 326 [82.3%)] 58 [92.1%] 0.052
myalgia 284 [61.9%] 247 [62.4%] 37 [58.7%] 0.580
Cough 251 [54.7%] 213 [53.8%] 38 [60.3%] 0.344
Sweating 225 [49.0%] 194 [48.9%] 31 [49.2%)] 0.975
Vomiting 147 [32.0%] 128 [32.3%] 19 [30.2%] 0.732
Diarrhea 125 [27.2%] 105 [26.5%] 20 [31.7%] 0.386
Sputum production 94 [20.5%] 77 [19.5%] 17 [27%] 0.172
Headache 89 [19.4%)] 78 [19.7%] 11 [17.5%)] 0.677
Abdominal pain 86 [18.7%)] 75 [18.9%] 11[17.5%] 0.780
Anosmia 48 [10.5%] 42 [10.6%] 6 [9.5%] 0.794
Ageusia 32 [7%] 26 [6.6%] 6[9.5%] 0.421
Runny nose 26 [5.7%] 21 [5.3%] 51[7.9%] 0.381
Sneeze 17 [3.7%] 15 [38.5%] 2 [3.2%] 1.000
Hemoptysis 7 [1.5%] 3 [0.8%] 416.3%] 0.008*
Vital signs
Mean + SD Mean + SD Mean + SD
n [%] n [%] n [%] p value
Temperature 38.14+£1.22 38.05+1.18 38.69 £1.30 0.001*
>373 359 [78.2%)] 301 [76.0%] 58 [92.0%] 0.004*
Heart rate 79.10 + 5.94 78.86 +5.49 80.59 +8.15 0.222
>90 26 [5.7%] 18 [4.5%] 8 [12.7%)] 0.017*
Respiratory rate 21.54 +3.05 21.34+3.09 22.75+2.43 0.0001*
>24 82 [17.9%)] 66 [16.6%] 14 [22.2%] 0.280
02 saturation 88.14 +6.46 89.05 +5.46 82.46 +8.99 <0.0001*
<93 378 [82.4%)] 316 [79.8%] 62 [98.4%] <0.0001%*
Systolic blood pressure 127.79 £ 14.75 127.65 +15.39 128.67 £9.96 0.265
Diastolic blood pressure 84.18£9.20 83.91£9.02 85.86 £10.23 0.293

This table shows the clinical presentations and vital signs of all the patients upon arrival at the hospital. The results
are expressed as the mean = SD or the number of cases, with percentages in the brackets.

*p < 0.05

(p <0.0001), acute kidney injury (p < 0.0001), and arrhyth-
mia (p < 0.0001) were described to be more prevalent com-
plications during the hospitalization period among the
expired group.

As shown in Table 5, amongst the six variables which
had been selected for multivariable logistic regression
model, the analyses of age (OR = 1.055, p = 0.002), Mg
(OR = 0.032, p < 0-0001), creatinine (OR = 1.740, p =
0.023), CRP (OR = 2.915, p < 0-:0001), and lymphocytes
(OR = 0.999, p = 0.008) showed a statistically significant
difference between the survivors and the non-survivors,
whereas malignancy (OR = 2.004, p = 0.104) was of no
considerable difference.

Fig. 1 demonstrates the prevalence of sex in different
age groups of expired and discharged patients, indicating

that female patients are generally more likely to get well
and be discharged compared with male patients.
Additionally, a brief view can delineate the fact that how
female is more common in all discharged group and almost
all age ranges, especially in comparison with the expired
group. However, as mentioned before, the univariate analy-
sis did not show a statistically significant benefit of being
female to avoid mortality.

Discussion

We carried out our retrospective research on a total of
459 confirmed COVID-19 patients consisting of 396 survi-
vors and 63 non-survivors. As far as we know, this is the
first-ever research to publish data on hospitalized COVID-
19 patients in Iran, particularly with this scale of the study
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Table 3. First laboratory findings upon admission to the hospital.

Discharged Expired
Laboratory finding (unit) (n=396) (n=63) Range of Normal Value p value
Mean + SD Mean + SD

Sodium (me/L) 138.58 £4.71 138.10 £ 6.09 135-145 me/L 0.730
Potassium (mmol/L) 3.95+0.60 3.65+0.87 3.6-5 mmol/L 0.0002*
Calcium (mg/dL) 8.78 £0.48 8.81+0.47 8.5-10.1 mg/dl 0.568
Magnesium (me/L) 1.83+0.24 1.61 +0.19 1.5-2.5 me/L <0.0001*
Phosphate (mg/dL) 3.08 £0.55 2.85+0.79 2.5-4.5 mg/dL 0.055
ALT (units per liter of serum) 26.33 £ 9.45 28.94+11.14 7-45 units per liter 0.040%*
AST (units per liter of serum) 28.53+9.54 27.46 £ 13.61 10-40 units per liter 0.044*
Total bilirubin (mg/dl) 1.71 £0.46 1.78 £ 0.57 0.1to 1.2 mg/dL 0.548
Direct bilirubin (mg/dl) 0.51+0.39 0.65+0.48 <0.3 mg/dL 0.046*
PT (seconds) 13.04 £2.51 13.41 +£3.32 11-13.5 seconds 0.695
PTT (seconds) 51.053 £8.67 49.03 £ 1291 60-70 seconds 0.008*
INR 1.17+0.40 1.27 £0.56 0.8-1.1 0.493
Albumin (g/dL) 3.69+1.06 3.36+0.93 3.4-5.2 g/dL 0.031*
Creatinine (mg/dL) 1.68 = 0.62 2.1340.75 ol 061 flg L <0.0001%
Urea (mg/dL) 18.32+5.42 20.07 +6.11 7-20 mg/dL 0.030*
LDH (U/L) 257.74 + 32.55 296.87 £ 61.99 140-280 U/L <0.0001*
D-Dimer (mcg/mL) 1.78£2.14 339+£294 < 0.4 meg/mL <0.0001*
ESR (mmv/hr.) 37.77+9.14 40,95+ 12.39 e 23 0.072
8132111111:’13?;’ ?ngi%;}:te “plus” amounts) 1.56+0.81 2.61:+0.92 coII:Isei?fel?ev(ie afilr{lf:rllilal < 0.0001*
Hemoglobin (g/dL) 12.74 +1.35 12.46 = 1.86 fem‘;zl:e{ 21%5]5175; L, 0.391
WBC (thousand/mcL) 6.33 +1.51 7.21+2.22 4-11 thousand/mcL 0.0001%*
Neutrophil (thousand/mcL) 440+ 1.44 5.58+1.74 1.8-7.7 thousand/mcL <0.0001*
Lymphocyte (thousand/mcL) 1.36 £0.43 1.02 +0.43 1.5-4.8 thousand/mcL <0.0001*
Platelet (thousand/mcL) 178.13 £104.17 192.27 £ 5491 150-450 thousand/mcL 0.003*

This table shows the first laboratory findings of all the patients upon admission to the hospital. The results are expressed as the mean

+ SD.
*p <0.05

population, and this extent of inclusivity of all potential
prognostic factors. Overall, multiple factors were found to
have a significant effect on mortality among hospitalized
patients. To be specific, we illustrated that elderly, patients
with hypomagnesemia or increased levels of CRP and cre-
atinine, along with low lymphocytes, encountered higher
odds of fatality among hospitalized patients.

Patients’ characteristics

We have found out in the present research that
increased age was related to higher mortality in COVID-19
patients. Comparable to our results a study on SARS-
CoV-2 patients has shown that being of older age can con-
tribute to a poor prognosis (with an Odds Ratio of 1.10)
(Zhou et al. 2020). Older age has also been formerly
recorded as a significant, independent mortality indicator in
MERS and SARS (Jia et al. 2009; Hong et al. 2018). It
would seem that the age-dependent deficiencies in the activ-

ity of B-cell and T-cell, along with the surplus development
of Type 2 cytokines may contribute to the defected control
of viral replication along with more sustained inflammatory
reactions, possibly taking an active role in the poor out-
comes.

In line with a previous study (Jin et al. 2020), the mor-
tality rate amongst the male population was more than three
times greater than that of the female population (Fig. 1). It
is believed that women are usually less vulnerable to viral
diseases, probably due to the specific innate immunity
mechanisms, steroidal hormones, and sex chromosome-
related causes. For the female individuals, the existence of
two X chromosomes affects the immune response even
though one is not active (Conti and Younes 2020).

One of the salient findings in the present study was
that blood type A had a greater distribution in the expired
groups and generally in all affected cases. Based on the
epidemiologic study on the prevalence of different blood
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Table 4. Therapies and outcomes.

Total

Discharged Expired

(n = 459) (n = 396) (n=63) p value
Mean + SD Mean + SD Mean + SD
Days from illness onset to admission 5.72+£3.46 5.46+3.36 7.37+3.66 <0.0001*
Days of being admitted to resp. ward 3.61 £3.42 3.95+3.42 1.44 £2.51 <0.0001*
Days of being admitted to ICU 4.17+£5.58 3.60£5.53 7.78 £4.48 <0.0001*
Oxygen therapy
n [%] n [%] n [%]
Nasal cannula 245 [53.4%] 237 [59.8%] 8 [12.7%)] <0.0001%*
None-invasive ventilation 295 [64.3%] 237 [59.8%] 58 [92.1%] <0.0001%*
Invasive ventilation 46 [10.0%] 28 [7.1%] 18 [28.6%] <0.0001%*
Antivirals
Oseltamivir 247 [53.8%] 210 [53.0%] 37 [58.7%] 0.399
Lopinavir/Ritonavir (Kaletra) 363 [79.1%] 311 [78.5%)] 52 [82.5%] 0.616
Ribavirin 25 [5.4%] 23 [5.8%] 2 [3.2%)] 0.555
Hydroxychloroquine 427 [93.0%] 373 [94.2%)] 54 [85.7%] 0.028*
Complications during the admission

ICU admission 215 [46.84%)] 155 [39.1%] 60 [95.2%] <0.001*
ARDS 94 [20.5%] 37 [9.3%)] 57 [90.5%] <0.0001*
Acute liver failure 84 [18.3%)] 36 [9.1%)] 48 [76.2%)] <0.0001*
Acute kidney injury 128 [27.9%] 78 [19.7%] 50 [79.4%] <0.0001%*
Arrhythmia 53 [11.5%)] 23 [5.8%] 30 [47.6%] <0.0001%*
Secondary infection 46 [10.0%] 39 [9.8%] 7[11.1 %] 0.757

This table shows the therapies and reported outcomes of all patients. The results are expressed as the mean + SD or

the number of cases, with percentages in the brackets.
*p <0.05

groups in Iran, blood group O as the most prevalent one in
the general population has a 36.49% prevalence, and blood
group A has a 32.09% prevalence; in contrast, in our study
blood group A, is the foremost prevalent one, highlighting a
significant difference compared to what is observed in the
general population. The prevalence of the other two blood
groups (B and AB) in the general population are respec-
tively 23.68% and 7.74% (Shahverdi et al. 2016). These
results are somehow in line with an article stating that
patients with type A blood group, particularly those that
have already been diagnosed with cardiovascular disease,
have been more prone to experience severe courses of
COVID-19 infection (Dai 2020). If it is determined that
O-glycosylation has a major role in coronavirus infection,
as previously stated for the SARS-CoV-1 and is presently
again speculated for SARS-CoV-2, this will entail the
development of hybrid, serologically A-like antigenic com-
plexes (Oostra et al. 2000).

In our research, having a history of close interaction
with COVID-19 cases has dramatically raised the fatality
risk in our sample. One possible reason may be the risk of
spreading a larger load of the virus via direct interaction
with mucosal fluids while sneezing or coughing, compared

to the indirect transmission of the virus e.g., from the con-
taminated surfaces.

Similar to our findings, a meta-analysis on 1,399
COVID-19 patients in a Chinese population showed that
current smoking status is not associated with an increased
risk of adverse prognoses in COVID-19 patients (Lippi and
Henry 2020). Moreover, we found that the history of opium
abuse does not seem to raise the mortality risk in a statisti-
cally significant way. Despite that, we did witness clini-
cally that opium abusers, especially those with serious sub-
stance dependence, dealt with lots of complications. It has
been shown that opium receptors have gained extraordinary
recognition as they can change the immune system, albeit
obscurely, influencing the development of infectious dis-
eases (Plein and Rittner 2018) and having impacts on viral
replication (Salimi et al. 2013). Given the foregoing, these
receptors might play a considerable part in the progression
of COVID-19.

Clinical manifestations

In terms of evaluating clinical manifestations, hemop-
tysis as an atypical presentation was meaningfully related
to death in our patients. As a common feature in many
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Table 5. Prognostic factors related to fatality in hospitalized COVID-19 patients.
The Hosmer-Lemeshow test: y*> = 6.40, p = 0.602.

Univariable OR (95% CI) p value

multivariable OR (95% CI) p value

DEMOGRAPHICS AND CLINICAL CHARACTERISTICS

Age, years 1.085 (1.056-1.114) <0.0001%* 1.055 (1.019-1.091) 0.002*
Female sex (vs. male) 0.619 (0.330-1.164) 0.137
BMI more than 35 (vs. BMI less than 35) 4.217 (2.009-8.850) <0.0001%*
Current Smoker (vs. non-smoker) 1.194 (0.673-2.120) 0.544
Comorbidity present (vs. not present)
Diabetes Mellitus 1.95 (1.116-3.408) 0.019*
Chronic Kidney Disease 2.421 (1.368-4.284) 0.002* . .
Malignancy 3.482 (1.819-6.663) <0.0001* 2.004 (0.867-4.630) 0.104
Immunocompromised 2.286 (1.302-4.012) 0.004*
Vital signs
O, Sat 0.887 (0.851-0.925) <0.0001*
Respiratory Rate 1.429 (0.746-2.737) 0.282
Temperature > 37.3 3.661 (1.427-9.393) 0.007*
LABORATORY FINDINGS
Electrolytes
K 0.501 (0.334-0.751) 0.001* . .
Mg 0.011 (0.003-0.044) <0.0001* 0.032 (0.007-0.136) <0.0001*
Liver function test (LFT)
ALT 1.023 (0.999-1.047) 0.060
AST 0.988 (0.957-1.019) 0.440
PTT 0.976 (0.948-1.006) 0.112
Albumin 0.735 (0.563-0.960) 0.024*
Direct Bilirubin 2.101 (1.162-3.796) 0.014*
Indirect Bilirubin 0.447 (0.181-1.102) 0.080
Lactate dehydrogenase 1.028 (1.019-1.037) <0.0001*
Kidney function test (KFT)
Creatinine 2.308 (1.587-3.356) <0.0001* 1.740 (1.080-2.803) 0.023*
Blood Urea Nitrogen 1.050 (1.007-1.095) 0.023*
Other lab findings
WBC Count 1.000 (1.000-1.000) <0.0001* . .
Lymphocytes Count 0.998 (0.997-0.999) <0.0001* 0.999 (0.998-1.000) 0.008*
Neutrophils Count 1.000 (1.000-1.001) <0.0001%*
Platelets Count 1.000 (1.000-1.000) 0.296
D-dimer 1.259 (1.144-1.386) <0.0001* . .
C-Reactive Protein 3.843 (2.708-5.454) <0.0001* 2.915 (1.958-4.339) <0.0001*

This table shows the logistic regression for univariable and multivariable analysis, indicating the prognostic factors related
to fatality in hospitalized COVID-19 patients (with the Hosmer-Lemeshow test: y> = 6.40, p value = 0.602). The results are
expressed as the Odds Ratio numbers with Confidence Interval in the parentheses.

*p <0.05

patients, hemoptysis may be attributed to a rare complica-
tion of pulmonary embolism induced by COVID-19 (Casey
et al. 2020). However, more studies are needed to confirm
these claims.

Of note, we found anosmia/hyposmia and ageusia/dys-
geusia in 10.5% and 7.5% of all patients, respectively. A
relevant study has shown that losing sense of smell and
taste in patients with the influenza-like syndrome presenta-

tions, strongly supports the possibility of SARS-CoV-2.
Notwithstanding, the prevalence of anosmia/hyposmia and
ageusia/dysgeusia in that study was 68% and 71% respec-
tively among COVID-19 patients, which overall was much
more common than what we found in our study, probably
due to the retrospective nature of our study (Yan et al.
2020).
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Fig. 1. Comparison of sex in age categories of expired and discharged COVID-19 patients.
This figure demonstrates the comparison of sex in age categories of expired and discharged COVID-19 patients.

Comorbidities

We also revealed that there’s a significantly higher
prevalence of obesity, defined as a BMI of 35 or higher, in
the confirmed COVID-19 in-hospital expired cases.
Surprisingly, despite the climbing burden of obesity world-
wide, higher BMI has been rarely stated as a risk factor for
death, among the early COVID-19 clinical reports
(Grasselli et al. 2020; Holshue et al. 2020; Li et al. 2020).
In concordance with our results, the research conducted in
France found that the proportion of patients needing inva-
sive mechanical ventilation has risen with BMI elevation
(Simonnet et al. 2020). Based on the analyses, we con-
cluded, that diabetes has been a comorbidity with a substan-
tial link to COVID-19 mortality. Similar findings have
been seen in patients with diabetes who had been involved
with SARS and MERS (Yang et al. 2006; Alraddadi et al.
2016). It has also been shown that exposure of the respira-
tory epithelium cells to high glucose concentrations consid-
erably enhances the infection rate and the replication of the
influenza virus (Hulme et al. 2017).

Malignancy was also linked to a significant risk of
death in our study. Actually, from our practical experience,
essential medical services during this outbreak were not
readily accessible for cancer patients, whether it was asso-
ciated with being able to get to medical centers or providing
standard medical services within hospitals. A new study on
the potential possibility of lethal COVID-19 in malignancy
patients has suggested that the handful of patients who were
re-admitted, tended to have other recognizable risk factors
for severe illness, rather than the malignancy-specific
causes (Wang and Zhang 2020). In other words, patients
with malignancy cannot be precisely evaluated and properly

assessed, due to the complicated conditions caused by the
malignancy, and the coexisting states of chemotherapy and/
or radiotherapy.

In our evaluation, we could indicate that the immuno-
compromised condition was a remarkable risk factor for
fatality. Although, re-assessing the morbidity and mortality
accounts released on MERS, SARS, and lately on COVID-
19 showed that there is no implication of immunodeficiency
as a risk factor associated with death. Also, there is no
record of higher mortality related to chemotherapy, trans-
plantation, or other disorders that need immunosuppressant
therapy at any age (Hui et al. 2018; D’Antiga 2020). Of
note, regarding immunodeficiency status as a comorbidity
with a strong association to a poor prognosis in COVID-19,
unfavorable reactions in patients receiving immune check-
points inhibitors are more challenging to detect, and may
not be handled appropriately, which could, in turn, impair
their survival.

We were also able to identify a link between CKD and
death in our analyses. In a previous comparison, the pneu-
monia-related mortality risk in CKD cases, by and large,
tends to be 14-16 times higher than in the general popula-
tion (Sarnak and Jaber 2001). Regarding COVID-19, this
may be clarified by the fact that SARS-CoV-2 similar to
SARS-CoV-1 interacts via ACE2 with Renin-Angiotensin-
Aldosterone System (RAAS) (Lippi and Henry 2020).
ACE2, as an enzyme that normally counteracts the stimula-
tion of RAAS, also takes part as a receptor for both types of
SARS virus. Given that there are large amounts of ACE2
receptors in the kidneys and the lungs, COVID-19 may take
the kidney as another significant target.
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Drug usage

As much as we could discover, this is the first retro-
spective cohort analysis of COVID-19 cases, which made
an effort to complete a thoroughly rigorous history of drug
usage and also to pinpoint comprehensive background of
any form of opioid abuse. We also have unraveled that the
prolonged period of days from the first symptom to the hos-
pital admission, has led to an elevated risk of mortality in
COVID-19 cases. Furthermore, statin use history decreased
the incidence of mortality dramatically. Bearing in mind
that statins have an immunomodulatory role and can reduce
the risk of atherosclerosis as a cardiovascular risk factor,
the need for broader research on this specific topic is much
felt (Yuan 2015). Finally, we showed that the history of
past-year influenza vaccination, and the background of
using NSAIDs, ARBs, and ACEIs had no substantial impact
on mortality.

Laboratory findings

As we have seen, the levels of potassium were mark-
edly declined in the expired cohort. Hypokalemia is a well-
recognized risk factor for Ventricular Tachycardia, a com-
mon type of arrhythmia we found in COVID-19 patients
(Helfant 1986). While evaluating the hypokalemic
COVID-19 cases in our study, we noticed that the correc-
tion of potassium levels was difficult due to persistent kid-
ney failure induced by ACE2 depletion.

In addition to potassium, imbalanced levels of Mg
were shown to be a deciding factor of mortality in COVID-
19 cases. However, the rationale behind this phenomenon
in COVID-19 cases is yet to be understood. A possible jus-
tification for this might be the fact that hypomagnesemia
was a relatively common finding within the urban popula-
tion of Iran, which has been demonstrated in an previous
study (Syedmoradi et al. 2011). Hypomagnesemia was also
reportedly correlated with an elevated mortality risk for
both ward and surgical ICU patients (Rubeiz et al. 1993).
Critically sick patients encounter many possible occasions
where Mg levels are dysregulated. This may be attributed
to gastrointestinal failure, diuretic renal waste or renal tubu-
lar disease, or sequestration in tissues.

We also discovered that the critical cases faced a
greater risk of an ALT rise and an AST rise relative to non-
critical cases. One of the largest longitudinal studies in
China that enrolled 1,099 COVID-19 cases showed that the
rise in average ALT and AST levels occurred in 21.3%, and
22.2% of patients, respectively, being specifically higher in
the critical patients (Guan et al. 2020). Moreover, we
deduced that the low albumin level was directly associated
with the death of COVID-19 cases. Lack of albumin is
shown to be a risk factor for severe infection and adverse
prognosis (Goldwasser and Feldman 1997).

In our investigation, an increase in total WBC count,
neutrophils, and platelets alongside a decrease in lympho-
cytes were revealed to be significant prognostic predictor of
the disease. Elevated platelet counts, as a criterion for

inflammation, may suggest inflammatory processes in fatal
patients compared to others. On the other hand, different
count of neutrophils may denote the sepsis or secondary
infections in the mortality group. Accordingly, declined
levels of lymphocytes among COVID-19 patients have also
been a reliable indicator of poor prognosis, reported in
some other studies (Huang et al. 2020; Zhou et al. 2020).

We also brought this fact to light, that high levels of
d-dimer are correlated with COVID-19 fatality. Around
90% of patients with pneumonia have been found to have
elevated coagulative functions, pointed out by higher con-
centrations of d-dimer (Milbrandt et al. 2009). The related
research has pointed out that the d-dimer of more than 1.0
g/mL can be an indicator of adverse prognosis, which is in
line with our results (Zhou et al. 2020). However, we could
not determine any specific cut-off level for d-dimer’s signif-
icance. Instead, we emphasized on the mere rise of d-dimer
as an indicator of poor prognosis. In cases with an infec-
tion or sepsis diagnosed in the emergency room, elevated
d-dimer has a confirmed correlation with 28-day mortality
(Rodelo et al. 2012).

Treatments

Supportive care and oxygen therapy have been the cru-
ces of treatment for COVID-19 patients. It is shown that
severe infection with influenza virus and elongated viral
shedding has been related to lethal outcomes. also, overdue
antiviral therapy has been a separate risk factor for sus-
tained detection of the virus in the specimens (Duwe 2017).
Likewise, it was expected that successful antiviral therapy
might enhance COVID-19 outcomes. Therefore, we
attempted to analyze various types of antiviral agents based
on the outcomes of our patients. As a result, we realized
that reduced hydroxychloroquine administration has been
significantly linked to mortality in our research. However,
it is yet to be determined explicitly whether this noteworthy
difference is due to the efficacy of the drug, or the mere
comorbidities such as arrhythmia and hemolytic disorders.
Because these comorbidities might have stopped us from
giving hydroxychloroquine to the affected patients. For a
further discussion, it has to be stated that although some
small and initial studies showed early promise for hydroxy-
chloroquine, more recent and better designed studies have
refuted any survival benefit from the drug in COVID-19
patients (Gautret et al. 2020; Geleris et al. 2020).
Moreover, a Randomized Clinical Trial (RCT) was stopped
prematurely because patients in the higher hydroxychloro-
quine dosage arm were showing serious side effects and a
higher mortality rate (Borba et al. 2020). Another recent
RCT showed no post-exposure prophylactic role for the
drug in people with household or occupational exposure to
confirmed COVID-19 patients (Boulware et al. 2020).

Complications
ARDS was observed as the most common adverse
event among hospitalized patients. Based on the current
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evidence, the SARS-CoV-2 infection ranging from mild to
severe respiratory disease, in 17-29% of cases can progress
to ARDS (Kanne et al. 2020). As a common observation in
the patients, infection with SARS-CoV-2 was correlated
with an increase in several pro-inflammatory mediators,
provoking a cytokine storm, which may have prominent
roles in the pathophysiology of cardiac and arrhythmic
complications, as well as respiratory involvement (Rizzo et
al. 2020). Furthermore, the medications used to control
COVID-19 do bear a high risk of causing the arrhythmia.
Long-term use of hydroxychloroquine is well-reported to
improve the depolarization time-span and the Purkinje fiber
refractory period. Therefore, it potentially results in atrio-
ventricular nodal and, or His-Purkinje system failure (Joyce
et al. 2013). It has also been documented that frequent use
of Levofloxacin and Azithromycin may lead to severe
arrhythmias (Rao et al. 2014).

Another troubling issue that we faced, has been the
challenging diagnosis of cardiac cases and initially differen-
tiating them from COVID-19 cases; this is due to the inter-
fering fact that the clinical presentations of SARS-CoV-2
cases like weakness, coughing, and dyspnea, are very simi-
lar to that of heart failure patients.

There are limitations in the present study. The inci-
dence of patients with cancer-involved and subsequent
related problems was more prevalent in our results in part
due to the referral nature of the hospital (i.e., a referral cen-
ter of malignancy and cardiovascular diseases). This may
induce differences in manifestations and prognosis in com-
parison to the more general population of hospitalized
COVID-19 patients. Also, we could not state our view-
points sharply regarding the mortality rate of COVID-19
patients, because by the time the study was coming to an
end, many patients were in hand, whose conditions were
yet to be determined.

In conclusion, we have demonstrated that the careful
and precise consideration of patients’ medical history and
underlying conditions plays a huge role in the proper man-
agement of COVID-19. Notably, increased age, higher
MBI, drug history taking of statins, as well as laboratory
findings such as elevated creatinine and CRP, along with
decreased lymphocyte count, and reduced magnesium lev-
els upon admission in COVID-19 patients could make prac-
titioners alert to the possibility of poor prognosis. It is of
the essence that further studies about this strange virus
should be conducted to shed more light on the matter.
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