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Abstract 
Background and Aims: In contrast to priests, the life style of monks is almost similar, irrespective of their order 

and specifics of religious practices. The aim of this study was to assess the cardiac risk factors in Coptic priests and 

monks and their impact on post- acute COVID-19. 

Methods: Of 1519 clergy, participating in the COVID-19-Clergy study, serving in Europe and Egypt, 257 had the 

infection and were included in this analysis. Clergy were divided into priests (n=204) and monks (n=53). 

Participants’ demographic indices, cardiovascular risk factors, management details and post-acute COVID-19 

duration were assessed. The impact of geographic differences of life style were also analysed. 

Results: Priests were more obese (p=0.001), had more type 2 diabetes (DM) (p=0.001), arterial hypertension (AH) 

(p<0.001), dyslipidemia (p=0.001) and lower prevalence of infection (p<0.001) compared to monks. Their 

symptoms’ duration was more prolonged (p<0.001), had frequent post-acute COVID (p<0.001) and had greater need 

for hospital treatment (p=0.04). In a sub-analysis, priests serving in Europe had higher prevalence of AH, DM, 

obesity, CHD, dyslipidemia, longer symptoms duration and more frequent post-acute COVID compared to monks 
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from Europe (p<0.05 for all). Similarly, those risk factors were higher in priests serving in Northern Egypt 

compared to local monks (p<0.05 for all). Symptoms’ duration correlated directly with severity of obesity (rpb = 

0.54, p=0.001) and frequency of diabetes (rpb = 0.58, p<0.001). In multivariate analysis, DM 2.56 [(1.189 to 5.524); 

p=0.01] and morbid obesity OR 2.11 [(1.109 to 4.923); p=0.02] predicted post-acute COVID-19 in the Coptic 

clergy, particularly priests, while age and moderate obesity were the main predictors in monks (p<0.05 for all). 

Conclusion: In Coptic priests, the cardiac risk factors were more prevalent compared to monks. Diabetes and 

obesity were the two most powerful predictors of post-acute COVID-19. Severity of obesity correlated directly with 

COVID related symptoms’ duration. 

 

Keywords: COVID-19; Coptic clergy; cardiovascular risk factors; monks; priests 

 

1. Introduction 
The Covid-19 pandemic continues to have strong impact on the population worldwide, especially on individuals 

with pre-existing comorbidities [1]. Of those affected, about 80% develop mild to moderate disease and among the 

remaining with severe disease, 5% develop critical illness [2]. Persistent symptoms and clinical instability, described 

as long or post-acute COVID-19, is common in adults hospitalized with severe COVID-19 and is  recently becoming 

a major health issue worldwide [3]. Some demographic indices have been shown to be associated with long COVID-

19 including female gender and old age [4]. Also, assessment of demographics and ethnicity on the natural history 

of the disease during the first infection wave reported significant impact of blacks, Asian and ethnic minorities 

(BAME) [5, 6]. Along the same line, we have previously reported high COVID-19 prevalence among Coptic clergy 

and explained it on the basis of their particular life style and frequent regular community services, which require 

close contact with their parishioners. We have also highlighted the important role of obesity in explaining this high 

disease prevalence [7, 8]. Furthermore, most sufferers developing COVID-19 complications had significant co-

morbidities and the cumulative cardiac risk factors was the most powerful predictor of  COVID-19 related mortality 

and the need for mechanical ventilation [9, 10]. The aim of this study was to assess the cardiac risk factors among 

clergy and monks and their impact  on post-acute COVID-19 and the need for hospital treatment. 

 

2. Methods 

2.1. Study design and patients 

The present study is a retrospective evaluation of a cohort of 1519 Coptic clergy from Egypt and Europe, from 

March to December 2020. It is a sub-study from the COVID-19- CVD international study, which investigates the 

impact of COVID-19 on the cardiovascular system and which is approved by the Swedish Ethics Board (Dnr 2020- 

02217 Stockholm avdelning 2 medicin) and the International Cardiac Centre-ICC Ethics Board (ICC, 3/2021, 

Egypt). M.Y.H. (The Principal Investigator) designed and administrated the project which was endorsed by the Head 

of the Coptic Church in Egypt.  Out of 1519 clergy, 257 (16.9%) had the infection, 10 of them were excluded due to 

lack of clinical data. Based on the difference in pattern of life and place of service, Coptic clergy were divided into 

priests (n=204) (who lived and served in open communities) and monks (n=53) (who lived and served in closed 

communities i.e. monasteries). In addition,     clergy were subdivided according to their geographic distribution into 
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those living in Egypt or Europe (Flow chart of participants is presented in Figure S1). 

 

2.2. Cardiovascular risk factor assessment 

Cardiovascular risk factors such as type 2 Diabetes Mellitus (DM), Arterial Hypertension (AH), Coronary Heart 

Disease (CHD), dyslipidemia, obesity and family history of cardiovascular disease and stroke were assessed based 

on medical records information and prior investigations and management data. According to the World Health 

Organization, conventional international risk factor assessment and cut-off values for body mass index (BMI), 

underweight was defined as BMI <18.5 kg/m2, normal weight as BMI 18.5-24.9 kg/m2, overweight as BMI of 25 – 

29.9 kg/m2 and obese as BMI ≥30 kg/m2. Obesity was further classified into three classes: class I - moderately 

obese (30- 34.9 kg/m2), class II - severely obese (35-39.9 kg/m2) and class III (≥30 kg/m2) as morbidly obese [11]. 

Type 2 Diabetes Mellitus (DM) was identified based on pre- recruitment diagnosis leading to participants 

commenced on conventional oral hypoglycemics and/or insulin therapy. Systemic AH was diagnosed when systolic 

blood pressure (SBP) was ≥130 mmHg and/or diastolic blood pressure (DBP) was ≥80 mmHg. Dyslipidemia was 

determined from medical records or if the individual had been commenced on statins. Evidence for coronary artery 

disease was also evaluated based on medical records information, and prior investigations and management data. 

 

2.2. Clinical events 

Clinical Events (CE) details were retrospectively collected and information on participants’ clinical outcome was 

obtained from medical records, clinical   visits, personal communication with general physicians and confidential 

telephone interviews with patients and relatives. The study primary outcome was frequency of post- acute COVID-

19; the secondary outcome was the need for hospitalization. Based on the duration of symptoms, post-acute 

COVID-19 was defined as symptoms extending beyond 3 weeks, but less than 12 weeks of the acute infection [4]. 

 

2.3. Statistical analysis 

Discrete data are reported as frequencies (percentages) and continuous variables as means and Standard Deviation 

(SD) if normally distributed, or median and Interquartile Range (IQR: Q1–Q3) in case of skewed distribution. 

Continuous data were compared with two‐ tailed Student t test and discrete data with Chi‐square test. The degree of 

association between cardiac risk factors and symptoms’ duration was determined using the Pearson’s correlation 

coefficient in the case of continuous variables; chi-square test (categorical and categorical variables) and point 

biserial correlation were used in the case of categorical and continuous variables. Predictors of post-acute COVID-

19 and the need for hospitalization were identified using        univariate and multivariate analyses. A significant 

difference was defined as p value <0.05 (2-tailed). Statistical analysis was performed with SPSS Software 

Package version (IBM Corp., Armonk, NY, USA). 

 

3. Results 
3.1. Demographic and clinical data of priests versus monks 

The prevalence of infection was lower in priests compared to monks, despite similar age between groups (p<0.002, 

p=0.28; respectively). More priests were obese (57.7 vs. 15.1%; p=0.001), had frequent type 2 DM (28.9 vs. 7.54%; 
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p=0.001), systemic AH (34.9 vs. 5.66%; p<0.001), dyslipidemia (31.4 vs. 9.43%; p=0.001) and family history for 

CHD   (11.8 vs. 3.77%; p=0.03) compared to monks. The frequency of CHD tended to be higher  in priests (p=0.09) 

while that of family history for stroke was not different between the two groups (p>0.05; Table 1). 

 

Table 1: Demographic, clinical and outcome data of priests vs. monks 

 

Variable Priests Monks P 
  (n=204) (n = 53) value 

Prevalence (%) 14.4 ± 10 55.1 ± 43 0.001 

Age 49.3 ± 12 47.2 ± 15 0.28 

BMI (m/kg2) 31.9 ± 5.9 24.9 ± 4.3 <0.001 

Underweight (n, %) 0 (0) 3 (5.66) <0.001 

Normal weight (n, %) 17 (8.33) 25 (47.1) <0.001 

Overweight (n, %) 69 (33.8) 17 (32.1) 0.22 

Obese (n, %) 117 (57.7) 8 (15.1) 0.001 

Class I (n, %) 73 (35.8) 7 (13.2) <0.001 

Class II (n, %) 26 (12.7) 1 (1.88) 0.001 

Class III (n, %) 18 (8.82) 0 (0) <0.001 

AH (n, %) 71 (34.9) 3 (5.66) <0.001 

DM (n, %) 59 (28.8) 4 (7.54) 0.001 

Dyslipidemia 63 (31.4) 5 (9.43) 0.01 

CHD (n, %) 21 (10.1) 4 (6.66) 0.09 

Family history for CHD (n, %) 24 (11.8) 2 (3.77) 0.03 

Family history for stroke (n, %) 13 (6.53) 3 (5.76) 0.38 

 

Outcome data       

Symptoms’ duration 17.8 ± 9.8 10.8 ± 7.1 <0.001 

Post-acute COVID (n, %) 44 (21.4) 5 (9.43) 0.001 

Hospital treatment (n, %) 34 (16.9) 22 (11.3) 0.04 

 

AH: arterial hypertension; BMI: Body mass index; CHD: Coronary heart disease; DM: diabetes mellitus 

 

3.2. Geographical impact on life style and infection 

The overall prevalence of COVID-19 among priests serving in Europe was higher compared to local monks 

(p<0.001). They also had higher prevalence of AH, type 2 DM, CHD, dyslipidemia as well as family history for 

CHD and stroke compared to monks living in closed order in Europe (p<0.05 for all). Among European priests, the 

frequency of normal weight was less (14.3 vs 44.2%; p<0.001), while overweight was higher (58.3 vs. 30.2%; 

p=0.001) as was obesity (27.4 vs. 16.3%; p=0.003) compared to local monks. There was no difference in age 
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between priests and monks in Europe (p=0.31). In contrast, the prevalence of type 2 DM and CHD did not differ 

between priests and monks serving and living in Northern Egypt (p>0.05), while the other risk factors were higher in 

priests compared to local monks (p<0.05 for all, Table 2). 

 

Table 2: Demographic, clinical and outcome data of Coptic clergy in different regions. 

 

Variable EU priests EU monks P NE priests NE monks P 

  (n=21) (n = 43) value (n=136) (n=10) value 

Prevalence (%) 12.8 ± 5.9 86.0 ± 9.8 <0.001 18.3 ± 14 24.4 ± 11 0.04 

Age (years) 51.7 ± 13 47.3 ± 15 0.31 49.6 ± 11 46.9 ± 14 0.49 

BMI (m/kg2) 29.1 ± 5.1 24.4 ± 4.6 0.01 32.9 ± 5.7 26.6 ± 1.9 0.001 

Underweight (n, %) 0 (0) 4 (9.30) 0.02 0 (0) 0 (0) 0.92 

Normal weight (n, %) 3 (14.3) 19 (44.2) <0.001 8 (6.10) 2 (20) 0.01 

Overweight (n, %) 12 (58.3) 13 (30.2) 0.001 47 (34.3) 7 (70) <0.001 

Obese (n, %) 6 (27.4) 7 (16.3) 0.003 81 (59.9) 1 (10) 0.001 

Class I (n, %) 4 (19.1) 6 (13.9) 0.02 53 (38.9) 1 (10) <0.001 

Class II (n, %) 1 (4.76) 1 (2.32) 0.06 16 (12.1) 0 (0) <0.001 

Class III (n, %) 1 (4.76) 0 (0) <0.001 12 (8.90) 0 (0) 0.001 

AH (n, %) 5 (25.0) 0 (0) <0.001 52 (38.3) 3 (30) 0.06 

DM (n, %) 10 (47.6) 1 (2.32) <0.001 36 (26.7) 3 (30) 0.22 

Dyslipidemia 5 (25.0) 0 (0) <0.001 47 (34.6) 5 (50) 0.02 

CHD (n, %) 4 (18.2) 1 (2.32) 0.001 15 (11.3) 1 (10) 0.41 

Family history for CHD (n, %) 9 (45.1) 0 (0) <0.001 14 (10.7) 2 (20) 0.03 

Family history for stroke (n,%) 3 (16.1) 3 (5.76) 0.02 13 (6.53) 3 (33.0) 0.001 

Outcome data             

Symptoms’ duration 16.5 ± 9.7 10.3 ± 6.8 0.01 18.1 ± 10 12.1 ± 8.4 0.03 

Post-acute COVID (n, %) 5 (25.0) 4 (9.30) 0.001 27 (19.8) 1 (10) 0.01 

Hospital treatment (n, %) 5 (25.0) 5 (11.6) 0.01 21 (15.4) 2 (10) 0.06 

 

AH: arterial hypertension; BMI: Body mass index; CHD: Coronary heart disease; DM: diabetes mellitus; EU: European; 

NE: Northern Egypt 

 

3.3. Impact of cardiovascular risk factors on symptoms duration 

Diabetes strongly correlated with the duration of symptoms (rpb = 0.58, p<0.001). Similarly, symptoms duration 

increased linearly with severity of obesity from moderate, severe to morbid (rpb = 0.54, p=0.001). In contrast, no 

relationship was found between age and symptoms duration (r=10, p=0.46), while arterial hypertension tended to 

have a relationship (rpb = 0.23, p=0.09, Figure 1A, D). 
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Figure 1: Relationship between risk factors and symptom’s duration among Clergy. (A) Symptom’s duration with 

categories of obesity; (B) Symptom’s duration with DM; (C) Symptom’s duration with AH; (D) Symptom’s 

duration with age. 

 

3.4. Predictors of post-acute COVID-19 and the need for hospitalization 

In the group of Coptic priests as a whole, the duration of symptoms was longer (17.8 ± 9.8 vs. 10.8 ± 7.1 days; 

p<0.001, Figure 2) post-acute COVID-19, more frequent (21.4 vs. 11.3%; Figure 3) and hospital treatment more 

needed (16.9 vs. 11.3%; p=0.04; Table 1) compared to monks. The Coptic priests from Europe had prolonged 

symptoms, higher frequency of post-acute COVID-19 and greater need for hospital treatment compared to monks 

from Europe (p<0.05 for all). Similarly, those clinical events were higher in priests serving in Northern Egypt 

compared to local monks (p<0.05 for all, Table 2). In univariate analysis, type 2 DM (p = 0.006), CHD (p = 0.04), 

severe obesity (p = 0.03), and morbid obesity (p=0.01) predicted post-acute COVID-19 in the group of clergy as a 

whole. In multivariate analysis model, only diabetes, [OR 2.562 (1.189 to 5.524); p = 0.007)] and morbid obesity 

[OR 2.112 (1.109 to 4.923); p = 0.02)] predicted the frequency of post-acute COVID-19. Testing the impact of the 

pattern of life and specifics of religious practices related post-acute COVID-19 showed that type 2 DM and morbid 

obesity were the most powerful independent predictors in priests comparted to age and moderate obesity in 

monks (Table 3). Almost similarly, type 2 DM (p=0.01), morbid obesity (p=0.03) and AH (p=0.04) independently 

predicted the COVID-19-related hospitalization in clergy. Morbid obesity and type 2 DM were the most powerful 
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independent predictors of hospitalization in priests while type 2 DM and AH in monks (Table S1). 

 

 

 

 

Table 3: Predictors of COVID-19 prolonged 

 

Variable 
Univariate predictors OR (95% CI) All 

clergy 
P 

value 
Multivariate predictors OR 

(95% CI) 
P 

value 
Age 1.013 (0.437 to 2.095) 0.22 

  Diabetes 2.735 (1.337 to 5.595) 0.006 2.562 (1.189 to 5.524) 0.01 
AH 1.165 (0.819 to 3.348) 0.16 

  Dyslipidemia 1.318 (0.427 to 4.073) 0.61 
  CHD 1.441 (0.709 to 2.298) 0.04 1.198 (0.556 to 2.511) 0.18 

Moderately 
obese 1.280 (0.927 to 2.373) 0.08 

  Severely obese 2.005 (1.025 to 3.806) 0.03 
  Morbidly 

obese 2.516 (1.209 to 4.149) 0.01 2.112 (1.109 to 4.923) 0.02 

 
Priests 

   Age 0.978 (0.445 to 1.096) 0.44 
  Diabetes 2.143 (0.045 to 4.196) 0.04 1.901 (1.113 to 3.889) 0.03 

AH 1.122 (0.530 to 2.537) 0.61 
  Dyslipidemia 0.703 (0.419 to 1.619) 0.79 
  CHD 0.751 (0.222 to 2.544) 0.67 
  Moderately 

obese 0.920 (0.698 to 2.104) 0.13 
  Severely obese 1.512 (1.088 to 3.709) 0.04 
  Morbidly 

obese 1.838 (1.105 to 3.541) 0.01 2.044 (1.219 to 4.041) 0.02 

 
Monks 

   Age 1.161(1.007 to 1.399) 0.02 1.501(1.077 to 2.019) 0.04 
Diabetes 1.711 (1.097 to 3.601) 0.04 

  AH 1.122 (0.530 to 2.537) 0.61 
  Dyslipidemia 1.031 (1.007 to 4.019) 0.11 
  CHD 1.018 (0.807 to 3.019) 0.57 
  Overweight 2.047 (1.108 to 3.397) 0.04 1.126 (1.082 to 4.017) 0.09 

Moderately 
obese 1.808 (1.015 to 3.541) 0.03 1.113 (0.811 to 3017) 0.04 

 
AH: arterial hypertension; BMI: Body mass index; CHD: Coronary heart disease; DM: diabetes mellitus 
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Figure 2: Symptoms’ duration between priests versus monks. 
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Figure 3: Post-acute COVID 19 between clergy versus monks. 

 

4. Discussion 
Findings: The prevalence of infection was lower in priests but cardiovascular risk factors were more prevalent 

compared to monks. However, priests had more prolonged symptoms and greater need for hospitalization than 

geographically similar aged monks. Type 2 diabetes and morbid obesity were the two main independent 
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cardiovascular risk factors that predicted long COVID-19 in priests whereas moderate obesity and old age were the 

respective predictors in monks. The same risk factors predicted priests’ hospitalization compared to DM and 

hypertension in monks. 

Data interpretation: Our findings demonstrate the profound importance of obesity in impacting individual’s 

susceptibility to catch COVID-19 and to develop prolonged symptoms, irrespective of the body system the infection 

impacted, that frequently required hospital treatment. We have previously shown that obesity is very common 

among Coptic priests and is the sole factor that contributed to the COVID-19 infection [7]. The current findings, 

despite included two additional groups of clergy ‘monks’ who live a quite different style of life i.e in remote and 

isolated monasteries, support the former report [7, 12]. In fact, large population studies have also shown that obesity 

is the main predictor of COVID-19 related complications including the need for ventilation, in order to maintain a 

physiological oxygen level in the circulation [13, 14]. Classifying obesity into three categories, moderate, severe and 

morbid has further highlighted its clinical impact. Morbid obesity proved to be the worse risk factor related to 

prolonged COVID-19, and to have an exponential relationship with the duration of illness and symptoms [15, 16]. 

Our findings also show that diabetes is the second important risk factor that predicted prolonged COVID, 

irrespective of where clergy lived,        in open or closed community [17, 18]. These findings support what other 

population studies have shown [19, 20] that obesity and diabetes are the two worse risk factors in patients suffering 

from COVID-19.  

Obesity and diabetes are two well established cardiovascular risk factors that are closely related and the two share 

their suppressing impact on the human immune system, hence the potential explanation of the long COVID in 

patients carrying both risks [21- 23]. The lower infection rate with COVID seems to be significant in priests serving 

in open community compared with monks living in closed communities, irrespective of their geographical location. 

This finding is of particular interest, since it reflects and translates the fast infection spread rate in closed 

community, where monks share meals, work activities and worship disciplines in confined places, compared to open 

community where priests are not exposed to similar life style risk, but they mix more with parishioners who might 

be less infected/carriers. Finally, our results suggest the likelihood of environmental circumstances as a potential 

risk factor for catching COVID infection, as is the case with Egyptian and European monks, compared to personally 

inflected risk factors, particularly diabetes and obesity, as predictors of long COVID in the case of priests. 

Clinical implications: Our findings, although in a limited sector of the community, are consistent with what 

population studies have shown that obesity and diabetes are two very important risk factors for COVID-19 infection 

and long symptoms’ duration. The same two risk factors are similarly important players in the pathophysiology of 

life- threatening conditions e.g. coronary artery disease and stroke [24] as well as other related conditions. These 

findings suggest a serious need for prioritizing patients with those risk factors for optimum protection including 

vaccination, as well as optimum antibiotic cover  for viral infection. 

Limitations: This study has some limitations. The study design was retrospective with its known limitations 

including limited data about individual risk factors including duration and severity. However, a study like this can 

not be designed and run in a prospective way. The relatively small number of participants reflects the difficult nature 

of the study, design and data collection. Definition of long COVID was made by local physicians, who might 

differ in their expertise and criteria of diagnosing long COVID. Details about    the nature of long COVID in 
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individual patients were not available. 

 

5. Conclusion 
In Coptic priests, the cardiovascular risk factors were more prevalent compared to monks. Diabetes and obesity 

were the two most powerful predictors of post- acute COVID-19. Severity of obesity correlate directly with COVID 

related symptoms duration. 
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Table S: Predictors of COVID-19 related hospitalization. 

 

Variable Univariate OR (95% CI)  P value Multivariate OR (95% CI) P value 
 

Age 1.103 (1.061 to 2.038) 0.01 
  Diabetes 1.978 (1.037 to 4.318) 0.001 2.562 (1.189 to 5.524) 0.01 

AH 1.738 (1.092 to 3.719) 0.04 2.101 (1.112 to 3.902) 0.04 
Dyslipidemia 1.441 (0.709 to 2.298) 0.07 1.198 (0.556 to 2.51) 0.18 

CHD 3.018 (1.207 to 6.013) 0.01 
  Moderately obese 1.360 (0.628 to 2.994) 0.19 
  Severely obese 1.270 (1.025 to 4.006) 0.42 
  Morbidly obese 2.516 (1.209 to 4.149) 0.01 2.112 (1.109 to 4.923) 0.03 

 
Priests 

   Age 1.175 (1.039 to 1.796) 0.001 
  Diabetes 1.607 (0.645 to 3.226) 0.11 1.901 (1.113 to 3.889) 0.04 

AH 1.362 (0.530 to 3.148) 0.47 
  Dyslipidemia 2.125 (0.884 to 2.519) 0.09 
  CHD 3.421 (1.022 to 9.944) 0.03 
  Moderately obese 1.144 (0.408 to 2.689) 0.65 
  Severely obese 1.304 (0.408 to 4.101) 0.31 
  Morbidly obese 1.838 (1.105 to 3.541) 0.01 2.044 (1.219 to 4.041) 0.02 

 
Monks 

   Age 1.061(1.003 to 1.209) 0.04 1.501(1.007 to 4.019) 0.06 
Diabetes 2.611 (1.207 to 5.601) 0.04 1.909 (1.097 to 2.519) 0.03 

AH 1.202 (1.101 to 2.037) 0.03 2.107 (1.703 to 4.191) 0.04 
Dyslipidemia 1.760 (0.227 to 18.19) 0.64 

  CHD 1.018 (0.807 to 3.019) 0.57 
  Overweight 0.347 (0.038 to 2.315) 0.33 
  Moderately obese 3.280 (0.498 to 21.59) 0.02 1.113 (0.811 to 3017) 0.1 

 
AH: arterial hypertension; BMI: Body mass index; CHD: Coronary heart disease; DM: diabetes mellitus; 
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Figure S: Flow chart of study section 
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