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Abstract
BACKGROUND
Coronavirus disease 2019 (COVID-19) started in Asia, and Iran was one of its first epicenters. 

AIM
To study the gastrointestinal (GI) symptoms and comorbidities associated with this pandemic in four different regions of Iran.

METHODS
We analyzed data from severe acute respiratory syndrome coronavirus 2 positive patients evaluated at four hospitals of Iran (n = 91), including South (Shiraz), Southeast (Dezful), Rasht (North), and Northwest (Mashhad) between April and September 2020. Demographics, comorbidities and clinical findings including GI symptoms were collected. Statistical descriptive analysis and correlation analyses of symptoms, comorbidities, and mortality were performed.

RESULTS
The average age of COVID-19 patients was 51.1 years, and 56% were male. Mortality rate was 17%. Cough with 84.6%, shortness of breath with 71.4%, fever with 52.7%, and loss of appetite with 43.9% were the main symptoms. Overall cardiac disease was the most common comorbidity with an average of 28.5% followed by hypertension (28.5%) and diabetes (25.2%). The highest comorbidity in North (Rasht) was diabetes (30%) and in South (Dezful) hypertension (37%). Shiraz leads cardiac disease with 43.4%. The most reported GI symptoms included nausea, diarrhea, vomiting, and abdominal pain, with 42.8%, 31.8%, 26.8%, and 12% prevalence, respectively. In addition, albumin, alkaline phosphatase, aspartate aminotransferase, and alanine aminotransferase were elevated in 26.3%.

CONCLUSION
Our results show hypertension and diabetes as the most common comorbidities, but their distribution was different in COVID-19 patients in the four studied regions of Iran. Nausea, diarrhea, and elevated liver enzymes were the most common GI symptoms. There was also a high mortality rate that was associated with high infection rates in Iran at the beginning of the pandemic.
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Core Tip: The location of the places the coronavirus disease 2019 (COVID-19) impacted in the world varies based on many social and economic factors. We chose and studied four different sites from Iran and determined that hypertension and diabetes as the most common comorbidities, but their distribution was different in COVID-19 patients in the four studied regions of Iran. Nausea, diarrhea, and elevated liver enzymes were the most common gastrointestinal symptoms.


INTRODUCTION
Over the last two decades, the emergence of diseases, such as severe acute respiratory syndrome coronavirus 1 (SARS-CoV-1) (2002 in China) with a case fatality rate of over 15%[1] and Middle East Respiratory Syndrome (June 2012 in Saudi Arabia) with 43% case fatality rate[2], and were considered public health challenges[2]. The coronavirus disease 2019 (COVID-19), which is the result of the infection by SARS-CoV-2, was first reported in Wuhan in December 2019. It achieved a pandemic status since the WHO declared that the virus was present in more countries with more than 70 million cases and 16 million deaths by December 15, 2020[3,4]. On February 7, 2020, a 75-year old man presented to a Hospital Emergency Department in Qom Iran[5] with a new onset of fever and non-productive cough with no recent travel. This patient was the first COVID-19 case diagnosed in Iran. Iran, with more than 80 million inhabitants, is one of the most populous countries in the Middle East with a high prevalence of chronic and metabolic diseases[5]. It is expected to be one of the most affected countries in the region during the pandemic. According to the evolving data compiled by Johns Hopkins University[3,4], Iran has reported more than 16 million diagnosed cases and more than 56000 deaths (accessed December 18, 2020). The local government has imposed safety regulations such as mandatory mask in public places, social distancing, restaurants and sport centers closure, limitations on religious gathering places, and traffic restriction after 6 pm. 
COVID-19 was represented primarily as a respiratory tract infection, but a different array of symptoms have been described along with the evolution of the pandemic. The disease symptoms can range from mild to severe. Severe symptoms associate with critical illness resulting in respiratory failure or multiorgan dysfunction and/or death[6]. Fever and cough remain the most prevalent symptoms in adults. However, gastrointestinal (GI) symptoms are also encountered[7]. The underlying causes of the variability of COVID-19-related symptoms and their potential association to different outcomes have not been defined yet. Several studies demonstrated that the variability in incidence and manifestations of COVID-19 in different populations could be attributed to the human genome differences. Studies have been conducted in Asian and European populations. However, differences associated to specific populations present issues with regard to generalizing findings. 
The development of COVID-19 symptoms and the behavior of chronic comorbidities might vary among geographical regions. This is particularly important in populations with heterogeneous heritage such as Iran[8], which has an admixture of[9] Persian, Arab, Turk, Kord, and Balouchi backgrounds, differentially distributed across the country. Thus, the study of possible differences in the distribution of COVID-19-related symptoms and comorbidities in distinct regions of Iran and their effect on disease outcomes needs to be evaluated. In this study, we compared the frequency of COVID-19 related symptoms and comorbidities in cohorts of patients from four hospitals from four different cities of Iran: Shiraz, Rasht, Dezful, and Mashhad. 

MATERIALS AND METHODS
Patients
We collected the de-identified data from the medical records of 91 COVID-19 hospitalized patients between March and September 2020 in four different locations, including south (Shiraz from single Hospital, Ali Asghar Hospital), Northeast [Mashhad from (Bahman Hospital), Southeast (Dezful from Ganjavian Hospital), and North (Rasht from Razi Hospital)] of Iran. Local IRB approval was obtained from the health authority in each hospital for the chart review. All patients had COVID-19 confirmed by positive SARS-CoV-2 polymerase chain reaction (PCR) test. The outcome was defined as either discharge from hospital or death.  

Inclusion criteria
The following inclusion criteria were considered to select the patients: Confirmed detection of virus by positive PCR test and chest computed tomography scan, no distinction on number of adult (≥ 18 years) patients, no distinction on sex, treatment, manifestations, and morbidities or outcome. 

Exclusion criteria
Patients who were not confirmed by PCR test, age < 18 and > 85 years old, and patients with incomplete medical reports were excluded from this study. 

Systematic revision
From the de-identified data, tables were generated for each cohort on Microsoft Excel that included the following information: Location, confirmed cases, deaths, median age, symptoms (cough, fever, loss of appetite, nausea, fatigue, myalgia, diarrhea, vomiting, dysphagia, loss of taste), comorbidities (cardiac disease, hypertension, diabetes, luminal gastrointestinal disease, immunocompromised status), smoking, alcohol intake, history of disease [liver disease, inflammatory bowel disease (IBD), acquired immunodeficiency syndrome, pancreatitis, cancer, and laboratory paraclinical values blood type, alkaline phosphatase (ALP), albumin, international normalized ratio (INR), platelet count, white blood cell count, interleukin-6 (IL-6), total and direct bilirubin, creatinine, creatine phosphokinase (CPK), C-reactive protein (CRP), lactate dehydrogenase (LDH), and liver function tests], and also other parameters such as body mass index (BMI), oxygen saturation, transfer to intensive care unit, length of stay, and treatment (hydroxychloroquine, tocilizumab, remdesivir, convalescent plasma, intubation, and mechanical ventilation). 

Statistical analysis 
Patient demographics, symptoms, underlying comorbidities, treatment, and outcomes were compared in infected patients from Iran. The common symptoms and comorbidities were analyzed by weighted analysis methods where applicable. Correlation coefficients were calculated together with regression analysis to establish associations between comorbidities and death as an outcome. The effect of symptoms was reported using weighted analysis where weights were related to the size of each of the local cohorts (Shiraz, Mashhad, Dezful, and Rasht). SPSS (SPSS Inc., Chicago, IL, United States) was used for this analysis.

RESULTS
Demographic and clinical characteristics
There were 91 inpatients (hospitalized) confirmed cases in our study from four different cities of Iran (Shiraz, Mashhad, Dezful, Rasht; Table 1). The largest cohort is Dezful with 35 patients, followed by Shiraz with 23 patients, Rasht with 20 patients and Mashhad with 13 patients. The overall number of deaths was 13 patients. Symptoms and comorbidities of our patients is summarized in Table 1. The mean duration of symptoms before going to the emergency room was 2.8 d overall with an average length of stay at the hospital of 6.8 d (the most Mashhad with 12.3 d in average). For patients that reported GI manifestations, these symptoms started 1.2 d after the typical initial COVID-19 symptoms. The most prescribed treatment was hydroxychloroquine/chloroquine on 86.8% of the patients, followed by vasopressor and glucocorticoids with 9% (for each).

Relatively young adults (about 50) were the most common SARS-CoV-2 infected group in Iran 
The average age for this Iran COVID-19 cohort was 51.1 years old (Table 1). Age ranged from 24-80 years old. There were age differences in this cohort of COVID-19 patients in 4 different cities (Figure 1). The cohort from Rasht was the youngest with an average age of 47 years old. Dezful and Mashhad both had the older age average with 53.2 years and Shiraz with a mean of 50.6 years old.
There was no association between age and mortality (P = 0.26). The mean age of those that passed away due to COVID-19 in this cohort was 55.2 years old, while those that survived were almost five years younger with mean age of 50.5 years old. 

Male patients were predominantly diagnosed with COVID-19 in Iran 
The distribution between males and females was 56% (n = 51) vs 44% (n = 40), respectively. Males’ infection rate was highest (56.8%) in Rasht (75%) and Dezful (60%), while Mashhad reported the lowest rate (15.4%, Figure 2). However, the four cohorts had comparable overall sex distributions. There was no significant association between sex and mortality (P = 0.66; Table 1). Overall, in our cohort, more males (8 patients) than females (5 patients) died due to COVID-19. 

Overweight was present in more than half of the overall cohort
The mean BMI for the population of the study was 26.3. Overall, 53.8% (n = 78) of the cohort was overweight 25 < BMI < 30), 30.8% (n = 22) had a normal BMI (< 25) and 15.4% of the cohort were obese (BMI > 30). Regarding the distribution of the population according to BMI status, Rasht had the highest overweight rate with 58.8% (n = 10), and 11.8% (2/17) with obesity (mean BMI is 26.4). Dezful had 55.2% (16/29) overweight and the most obese population of the study with 17.2% (5/12) obese (mean BMI is 26.6 kg/m2). Mashhad had 41.7% overweight and (5/12) 16.7% obese (mean BMI is 25.9) and Shiraz had 55% (11/20) overweight and 20% (4/20) obese patients (mean BMI is 26 kg/m2). The Pearson correlation showed that obesity is not significantly associated with mortality (P = 0.13) (Figure 3).

Cough and shortness of breath were among the top symptoms
According to the combined overall weighted averages, the most common symptoms reported in the four Iranian cities for positive cases of SARS-CoV-2 infection were cough with 84.6% (n = 77), shortness of breath with 71.4% (n = 65), fever with 52.7% (n = 48), and loss of appetite with 43.9% (n = 40). Rasht was reported to have the highest positivity for cough (Figure 4) 90% (n = 18); at least 2% more than Dezful in second place. Mashhad reported the lowest prevalence of cough in infected patients with 69.2%. Dezful (n = 28) reported the highest prevalence for shortness of breath followed by Rasht with 80% (n = 14) and 70%, respectively.
Fever was the third prevalent symptom in Iranian COVID-19 patients. While fever is probably one of the most common symptoms for COVID-19, that was not the case for the population we studied in Iran. Fever was reported in 52.7%, while the loss of appetite was reported in 43.9%. Nausea and fatigue were also significant symptoms with 42.8% and 41.7%, respectively.

Nausea was the most common gastrointestinal manifestation 
Our cohort of patients reported a different array of gastrointestinal symptoms, including diarrhea, abdominal pain, nausea, and vomiting. Nausea was the most reported symptom being present in 42.8% of patients. Shiraz was the city with the highest prevalence 56.5% (n = 13), followed by Dezful with 42.8% (n = 15). Nausea was followed by diarrhea in 31.8% (n = 29) of patients, vomiting with 26.8% (n = 13), and lastly abdominal pain in 12% in the whole group analysis. As for gastrointestinal diseases and comorbidities, the prevalence of luminal gastrointestinal symptoms was 23% in positive cases followed by preexisting or history of liver disease in 10% of the cohort (Figure 5).

Liver abnormalities were also present in hospitalized patients due to COVID-19
There is a different array of findings when comparing the liver characteristics on the cohort. Regarding liver enzymes, 26.3% of the infected patients had abnormal levels of either albumin, ALP, AST, or ALT (24 patients). With regard to history of liver disease, 10.9% of the patients reported it. Overall, 8.7% had liver steatosis diagnosed by abdominal ultrasound, 3.3% with hepatomegaly, 1.1% with liver nodularity, 1.1% with liver fibrosis, and none with hepatitis B and C positive serology.

Cardiac disease and hypertension were among the top comorbidities in Iran COVID-19 patients
Cardiac disease and hypertension were the most common comorbidities with a prevalence of 28.5% (n = 26) followed by diabetes with 25.2% (n = 23) (Table 1). The least common comorbidities were history of IBD in 1.1% of patients and history of cholecystitis in 3.3%. Overall, 28.5% of the cohort had at least one comorbidity. Differences for comorbidities were present among the different cities. Regarding the distribution for the comorbidities by city, we found: In Rasht, Dezful, and Mashhad hypertension was the most common comorbidity with 39%, 37.1%, and 30.7 % of patients, respectively. In Shiraz, 43.4% of patients had a history of cardiac disease (Figure 6). 

Hematologic and inflammatory panel revealed abnormalities in the infected patients
Trends in the laboratory results were prominent for certain tests. The majority of the patients reported a normal platelet count and white blood cell count (84.6% and 86.8% respectively). Just a few patients reported a decreased platelets and white blood cell count (14.3% and 7.7%, respectively). With respect to inflammatory markers, IL-6 was elevated in 94.6% of the infected patients. CRP was elevated in 71.4% while CPK only in 35.7%, LDH was found to be normal in 60.9% of the cohort. Regarding the metabolic panel, we found that 63.7% of the cohort had a normal ALP while 28.6% had a decreased value for this test. A normal range for albumin was found in the majority of the patients (59.2% or 29 patients), while 38.8% (19 patients) had a decreased albumin. In respect of creatinine, 60.7% (51 patients) of the cohort had a normal result and 35.7% reported elevation (30 patients). It seems elevated creatinine is highly associated (P < 0.001) with mortality. 

Mortality was highest in Dezful among Iranian cities
We analyzed death rates for the four cities, and there are some important differences between them. The overall weighted average for the total population of our study showed that the death rate was 14.2%. In relation to the stratification per city (Figure 7), there were mixed results, with Dezful reporting 24% deaths, followed by Mashhad with 15% and then Shiraz with 13%. Rasht reported the lowest death rate with 10%.

Association of mortality and studied variables in COVID-19 patients 
We explored the association of death rate with several variables such as oxygen saturation at admission, oxygen saturation 72 h post-admission, hypertension, obesity, hypertension, and diabetes. Each of these analyses were statistically significant except for hypertension, diabetes, and obesity. This analysis shows that cardiac disease and O2 saturation, especially on day three, are associated with mortality in COVID-19 patients in Iran.

Mortality and GI manifestations in COVID-19 patients in Iran
We explored the relationship of death rate with several variables of the GI symptoms (abdominal pain, nausea, vomiting, diarrhea, and dysphagia). None of the symptoms individually or collectively was associated with death as an outcome in Iran using Pearson correlation.

Elevated creatinine was highly related to poor outcome
In respect of the correlation between death and other laboratory parameters (such as AST, ALT, ALP, albumin, platelet count, white blood cell count, IL-6, total and direct bilirubin, creatinine, CPK, CRP, and LDH), the only variable that was significantly (P < 0.05) associated with death was the creatinine of our patients. While other variables had a trend that was not significant by Pearson correlation analysis. 

Overall length of stay was not related to death 
The overall length of stay for our cohort was 6.8 d. Mashhad was the region in which the hospitalized patients remained longer under supervision, with 12.3 d on average. Rasht was the region in which patients had the shortest hospital stay with only 2.3 d. Pearson correlation analysis showed that the length of stay was not associated (not significant) with a negative outcome.

DISCUSSION
COVID-19 pandemic has so far caused more than 1700000 deaths worldwide, and unfortunately, there is still a long way to go before the pandemic will be under control and the effects of the vaccines will be felt. Therefore, identifying risk factors or variables relevant to the disease will help allocate the appropriate hospital and governmental resources to the population in order to mitigate the impact of the pandemic on its population. While there are general shared features of COVID-19 worldwide, the continuous spread and the nature of the different affected populations displayed different courses of disease evolution that makes population-specific studies of relevance for surgical (local) preventive and interventional strategies[10].
In this study, we investigated the demographic, clinical characteristics, and comorbidities affecting COVID-19 patients’ outcomes in four cities of Iran: Shiraz, Dezful, Mashhad and Rasht. Iran is one of the most populated countries of the Middle East, with more than 80 million inhabitants with intra-region differences[11]. Thus, it’s pertinent to know the behavior of the infection in order to forecast and plan strategies to modulate its effects. Our results show hypertension and diabetes are the most common comorbidities in our cohort; however, the rates are varying in COVID-19 patients in the four regions of Iran. The mean age of patients with COVID-19 was 51.1 years. This finding is similar to Nikpouraghdam et al[12] and Mehraeen et al[13] studies, where the mean ages of COVID-19 patients were 55.5 and 54.1 years old[12,13]. The median age of the Iranian population is 32 years old, so differences in the infected pool vs the actual population of Iran in respect of age exist. With respect to the gender of the 91 patients belonging to the four Iranian cities, we found that 56% were male. This is similar to findings from different parts of the world where men were more prevalent in the pool of infected, hospitalized, and dead COVID-19 patients as a likely reflection of men’s higher exposure when compared to women[14]. Other studies like Dana et al[15] and Suba[16] have also reported that women might be more protected. Thanks to chromosome X associated immune functions, women were shown to have a lower level of viral load and less inflammation compared to men. Estrogen hormones are known to enhance immune responses and provide a faster clearance of pathogens[15,16]. One can expect that since men are widely more affected by COVID-19 in Iran, mortality would go upwards in a considerable gap, but this did not happen.  
The mean length of stay in hospitals was 6.8 d, there were differences from one region to another. While Mashhad was the region with the longest hospital stay averaging 12.3 d, Rasht was the city in which patients spent less time at the hospital averaging 5.4 d. Correlating this with mortality, Mashhad had a higher death rate with 15.3% vs 10% for Rasht. This is in contrast to other studies from Iran like Zali et al[17], in which the mean stay in hospital was 1 d for survivors and 5 d for non-survivors[17]. Whether this is because of better resources in this hospital or the level of severity of patients remains to be determined. In addition, the difference in the quality of healthcare in Rasht compared to Mashhad hospital could be another factor. We found that 86.4% of our entire cohort received Hydroxychloroquine or Chloroquine, and few patients were treated with Glucocorticoids. These treatments were widely used in the early months of the pandemic and constituted the only adopted treatment protocol at the time. In addition, we showed that the mortality is associated with O2 saturation in general, but more associated with O2 saturation on day three as expected.
Many studies have investigated and described laboratory test findings in COVID-19 patients that are associated with disease severity and outcome. Patients with COVID-19 disease tend to have abnormal blood counts, changes in the coagulation profile, and also in liver and kidney function markers[18,19]. The presence of elevated values for inflammatory markers such as D-Dimer, LDH, creatinine kinase, CRP, and procalcitonin was also reported. In our study, we found that INR, IL-6, and CRP were frequently elevated, but the only one which we can correlate with the severity/mortality of the disease was creatinine. High serum creatinine on admission may indicate the initial stages of kidney damage. Close to 30% of COVID-19 patients had evidence of kidney disease on admission, with elevated serum creatinine, and this was associated with greater in-hospital mortality[20]. Nephropathic patients are mainly affected by hypertension and cardiovascular disease per se, and this can lead to a higher risk of COVID-19 infection when compared with the general population or with patients without kidney disease[21].  Renal and cardiovascular disease are currently considered as risk factors for COVID-19 infection and are associated with poor prognosis[21]. However, an increased risk of death, about 3–8 times, was found in patients infected with other viruses such as influenza A flu virus and who developed kidney injury during infection compared to those who had not[22]. In addition, patients with increased baseline serum creatinine levels show an alteration of leukocyte count with an increase in the absolute number of leukocytes and a decrease in lymphocyte and platelet counts. Coagulation pathway abnormalities, which include prolonged activated partial thromboplastin time and higher D-Dimer, are more frequent in patients with increased baseline serum levels of creatinine[23]. This is not in agreement with the study by Kermali et al[24] that found elevated CRP, increased IL-6, increased D-Dimer, and decreased platelet count had a strong correlation with severe COVID-19[24]. It has been widely reported that inflammatory markers or acute phase reactant responses particularly IL-6 which increase vascular permeability and result in redistribution of albumin in the interstitial space, induction of apoptosis in lymphocytes leading to lymphopenia in sick patients failed to show significance and correlation with outcome[25].
Regarding the clinical aspect of COVID-19 patients, it is expected that aging populations have an upward trend of comorbidities or chronic conditions such as hypertension, diabetes mellitus, chronic kidney disease[26]. Iran does not escape from this situation, and there is a high prevalence of hypertension, diabetes mellitus (85%), chronic kidney disease, and obesity (20%)[27]. It has been reported by Liu et al[28] that diabetes mellitus, hypertension, coronary artery disease, or chronic pulmonary disease play a major role in determining the severity of COVID-19, although they did not find any relationship with mortality. In our study, we found that cardiac disease was the most chronic condition related to COVID-19. Its presence leads to a negative impact on the evolution of the disease[28]. Our study also shows a trend (but not significant) relation to the other chronic conditions, as what has been shown in other studies from Iran where patients with chronic respiratory disease, hypertension, and chronic kidney disease were the most susceptible to have higher rate of case-fatality[12].
One of the main focuses of this study is the GI symptoms that present in a notable number of hospitalized patients. It has been well reported that SARS-CoV-2 enters via the angiotensin-converting enzyme II receptors expressed in many cells in the kidney (most likely the cause why we reported the impact of creatinine in mortality in our cohort), lungs, blood vessels, and in the GI tract[29]. We also have neuropilin as a COVID-19 receptor that increases GI symptoms such as diarrhea. Interestingly, our cohort manifested an elevated frequency of nausea and other GI symptoms compared with other meta-analyses from different countries where diarrhea was the predominant symptom[30]. Although this finding stood out in our report, none of the GI manifestations, comorbidities, or laboratory values such as an elevation in liver enzymes, ALP, AST, ALT was impactful in the evolution/outcome of patients from Shiraz, Dezful, Rasht, and Mashhad. GI symptoms reported in our study were related to the admission and early hospitalization. 
The mortality of hospitalized patients included in the current study was 14.2%, which is far more than the national mortality rate in Iran that has been reported to be 5.4% in COVID-19 patients[3]. In contrast to other countries in the region like Iran, China efforts to stop the pandemic were successful, most likely due to previous experience in China and other countries from the region for past outbreaks like the SARS in 2002-2003[31]. It is highly suspected that inadequate awareness towards the disease at early stages, public adherence to the protective measures, protective equipment (mask), the high infection rate of the virus, and lack of treatment measures in Iran has led to a rapid increase in the number of patients and mortality rates. Our investigation has its own limitations, including some missing data for certain patients and the limited number of patients. Given the fact that most patients with mild symptoms were not hospitalized and were not included in the study, further community-based studies with a larger population from each city are needed. 

CONCLUSION
Our results show that hypertension and diabetes are the most common comorbidities, but their rate varied in COVID-19 patients in four regions of Iran. Nausea, diarrhea, and elevated liver enzyme are the most common GI symptoms. The high infection rate may be the reason of the high rate of mortality in our cohort. Of all the tested markers, creatinine alteration is the only one that was significantly associated with mortality. 

ARTICLE HIGHLIGHTS
Research background
Coronavirus disease 2019 (COVID-19) and associated gastrointestinal symptoms (GI) in patients from different regions of Iran have not been reported, and this has major implications for GI related health and comorbidities. 

Research motivation
The key issues are whether the outcome of COVID-19 and GI manifestations is different across regions of Iran.

Research objectives
To obtain a full understanding of GI manifestations in COVID-19 patients. 

Research methods
We analyzed data from severe acute respiratory syndrome coronavirus 2 positive patients admitted at four hospitals in Iran (n = 91), including South, Southeast, North, and Northwest, between April and September 2020. Demographics, comorbidities, and clinical findings including GI symptoms were collected. 

Research results
The average age of COVID-19 patients was 51.1 years, and 56% were male. Mortality rate was 17%. Cough with 84.6%, shortness of breath with 71.4%, fever with 52.7%, and loss of appetite with 43.9% were the main symptoms. Overall, cardiac disease was the most common comorbidity with an average of 28.5%, followed by hypertension (28.5%) and diabetes (25.2%). The highest comorbidity in North (Rasht) was diabetes (30%) and in South was (Dezful) hypertension (37%). Shiraz leads cardiac disease with 43.4%. The most reported GI symptoms included nausea, diarrhea, vomiting, and abdominal pain, with 42.8%, 31.8%, 26.8%, and 12% prevalence, respectively. In addition, albumin, alkaline phosphatase, aspartate aminotransferase, and alanine aminotransferase were elevated in 26.3%.

Research conclusions
Our results show hypertension and diabetes as the most common comorbidities, but their distribution was different in COVID-19 patients in the four studied regions of Iran. Nausea, diarrhea, and elevated liver enzymes were the most common GI findings. There was also a high mortality rate that was associated with high infection rates in Iran at the beginning of the pandemic. GI manifestations and liver function markers should be monitored in COVID-19 patients.

Research perspectives
Larger long-term prospective studies and predictive factors for duration and follow-up of GI symptoms in COVID-19 should be performed in future studies.
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Figure Legends
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Figure 1 There were age differences in this cohort of coronavirus disease 2019 patients in 4 different cities. A: Association between age and mortality; B: Heat map with comparison of mean average age in selected studies from different cities (Northwest has the highest age).
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Figure 2 Heat map with comparison of sex distribution of patients selected from different cities. The younger patients were in northeast.
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Figure 3 Heat map with comparison of mean body mass index in selected studies from different cities. North (Rashat) had the highest overweight.
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Figure 4 Comparison of (%) mean cough, shortness of breath, and fever symptom in selected studies from different cities. Northeast had lower number of these symptoms. A: Cough; B: Shortness of breath; C: Fever symptom.
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Figure 5 Comparison of mean nausea prevalence in patients from different cities. Northeast had lower number of these symptoms.
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Figure 6 Comparison of (%) mean cardiac disease, hypertension, and diabetes in patients from Iran. A: Cardiac disease; B: Hypertension; C: Diabetes.
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Figure 7 Heat map with comparison of mean mortality rate in selected studies from different cities. North (Rasht) reported the lowest death rate with 10%.

Table 1 Demography, clinical manifestations and comorbidities of coronavirus disease 2019 patients
	
	Overall n = 91 
	Shiraz n = 23
	Mashhad n = 13
	Dezful n = 35
	Rasht n = 20

	Sex
	 
	
	 
	 
	 

	Male
	51 (56)
	13 (56)
	2 (15)
	21 (60)
	15 (75)

	Female 
	40 (44)
	10 (44)
	11 (85)
	14 (40)
	5 (25)

	Average age
	51
	51
	52
	53
	48

	BMI > 25 kg/m2, % (n)
	26.3 (78)
	26 (20)
	25.9 (12)
	26.6 (29)
	26.4 (17)

	Pneumonia % (n)
	100 (91)
	100 (23)
	100 (13)
	100 (35)
	100 (20)

	Cough
	84.6 (77)
	82.6 (19)
	69.2 (9)
	88.5 (31)
	90 (18)

	Shortness of breath 
	71.4 (65)
	69.5 (16)
	53.8 (7)
	80 (28)
	70 (14)

	Fever
	52.7 (48)
	73.9 (17)
	30.7 (4)
	42.8 (15)
	60 (12)

	Loss of appetite
	43.9 (40)
	47.8 (11)
	38.4 (5)
	48.5 (17)
	35 (7)

	Nausea
	42.8 (39)
	56.5 (13)
	23 (3)
	42.8 (15)
	40 (8)

	Fatigue
	41.7 (38)
	39.1 (9)
	30.7 (4)
	60 (21)
	20 (4)

	Myalgia
	32.9 (30)
	21.7 (5)
	23 (3)
	51.4 (18)
	20 (4)

	Diarrhea
	31.8 (29)
	34.7 (8)
	38.4 (5)
	28.5 (10)
	30 (6)

	Vomiting
	26.3 (24)
	47.8 (11)
	15.3 (2)
	22.8 (8)
	15 (3)

	Abdominal pain
	12 (11)
	8.7 (2)
	2 (3)
	11.4 (4)
	10 (2)

	GI bleed
	5.4 (5)
	0
	0
	8.5 (3)
	10 (2)

	Cholecystitis
	3.3 (3)
	4.3 (1)
	0
	2.8 (1)
	5 (1)

	Hepatomegaly
	3.3 (3)
	4.3 (1)
	0
	5.7 (2)
	0

	Alcohol
	2.2 (2)
	0
	0
	5.7 (2)
	0

	Cardiac disease
	28.5 (26)
	43.4 (10)
	7.6 (1)
	31.4 (11)
	20 (4)

	Hypertension
	28.5 (26)
	13 (3)
	30.7 (4)
	37.1 (13)
	30 (6)

	Diabetes
	25.2 (23)
	34.7 (8)
	7.6 (1)
	22.8 (8)
	30 (6)

	Luminal GI disease
	23 (21)
	26 (6)
	23 (3)
	17.1 (6)
	30 (6)

	Immunocompromised
	20.8 (19)
	17.3 (4)
	46.1 (6)
	20 (7)
	10 (2)

	Smoking
	19 (17)
	10 (2)
	15.3 (2)
	28.1 (10)
	15.7 (3)

	H/O liver disease
	10.9 (10)
	8.7 (2)
	15.3 (2)
	11.4 (4)
	10 (2)

	H/O GERD/PUD
	8.7 (8)
	13 (3)
	0
	5.7 (2)
	15 (3)

	H/O alcohol abuse
	1.1 (1)
	0
	0
	2.8 (1)
	0

	H/O IBD
	1.1 (1)
	0
	0
	2.8 (1)
	0

	Abnormal CT chest
	91.8 (79)
	85.7 (19)
	84.6 (11)
	96.9 (32)
	94.7 (19)

	Abnormal O2 sat in admission
	64.8 (59)
	43.4 (10)
	61.5 (8)
	77.1 (27)
	70 (14)

	Abnormal O2 sat at 24 h day 1
	42.8 (39)
	30.4 (7)
	38.4 (5)
	51.4 (18)
	45 (9)

	Abnormal O2 sat at 48 h day 2
	39 (34)
	17.3 (4)
	40 (4)
	50 (17)
	45 (9)

	Abnormal O2 sat at 72 h day 3
	37.9 (33)
	26 (6)
	30 (3)
	47 (16)
	40 (8)

	Abnormal ALT
	27.4 (25)
	30.4 (7)
	15.3 (2)
	28.5 (10)
	30.4 (6)

	Abnormal AST
	23 (21)
	26 (6)
	15.3 (2)
	22.8 (8)  
	25 (5)

	Abnormal albumin
	22 (20)
	13 (3)
	15.3 (2)
	31.4 (11)
	20 (4)

	Abnormal creatinine
	43(36)
	41(9)
	42(5)
	43(15)
	47(7)

	Hydroxychloroquine/chloroquine
	86.8 (79)
	91.3 (21)
	69.2 (9)
	94.2 (33)
	80 (16)

	Mechanical ventilation
	18.6 (17)
	17.3 (4)
	38.4 (5)
	11.4 (4) 
	20 (4)

	ICU transfer
	15.3 (14)
	17.3 (4)
	15.3 (2)
	17.1 (6)
	10 (2)

	Admitted to floor or ICU
	14.2 (13)
	13 (3)
	15.3 (2)
	17.1 (6)
	10 (2)

	Vasopressor support
	9.8 (9)
	8.7 (2)
	0
	17.1 (6)
	5 (1)

	Glucocorticoids
	9.8 (9)
	8.7 (2)
	23 (3)
	11.4 (4)
	0

	Nursing home patient
	4.4 (4)
	4.3 (1)
	7.6 (1)
	2.8 (1)
	5 (1)

	Health worker
	2.2 (2)
	4.3 (1)
	0
	2.8 (1)
	0

	Known exposure
	10.9 (10)
	13 (3)
	15.3 (2)
	11.4 (4)
	5 (1)

	Death
	14.2 (13)
	13 (3)
	15.3 (2)
	17.1 (6)
	10 (2)


BMI: Body mass index; GI: Gastrointestinal; GERD: Gastroesophageal reflux disease; PUD: Peptic ulcer disease; IBD: Inflammatory bowel disease; CT: Computed tomography; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ICU: Intensive care unit.
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