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Abstract: The pathophysiological mechanism of acute cholecystitis (AC), which is essentially the
inflammation of the gallbladder, is blockage of the cystic duct, and its most common cause is gallstones.
On the other hand, fasting held in Ramadan is worship practiced by Muslims within the period from
dawn to sunset by avoiding any eating and drinking act. Within this framework, our study ultimately
intends to reveal the variation of AC in two different time periods. We retrospectively compared the
demographic characteristics, admittance times, biochemical parameters of the subjects diagnosed with
AC and hospitalized in the general surgery between 2012 and 2018. We also evaluated diagnosis
classification, length of hospitalization, presence of intensive care stay, presence of operation during
hospitalization, and the underlying comorbid diseases of the subjects. 225 patients were hospitalized in
the general surgery service after being diagnosed with AC in the ED over the course of six years, yet
the total number of subjects recruited for the study is 46. Whereas 10 patients (21.7%) were admitted
and hospitalized during the Ramadan month, 36 (78.3%) patients in the other group were hospitalized
one month before and after Ramadan. 16 (34.8%) of the hospitalized patients underwent emergency
surgery, while 30 (65.2%) patients were operated on electively. The comparison of the two cohorts in
our study revealed no significant difference in relation to the demographic characteristics, laboratory
findings, imaging methods, underlying comorbid diseases, and the length of hospital stay. Nevertheless,
clinical investigations seem to have revealed a difference between groups.
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1. Introduction

The pathophysiological mechanism of acute cholecystitis (AC), which is essentially the
inflammation of the gallbladder, is the obstruction of the cystic duct, and its most common cause is
gallstones. The diagnosis of this disease should be confirmed by radiological imaging methods in
patients with clinically suspected AC. Besides, cholecystitis is a condition that is best treated with
surgery but can also be treated conservatively, if necessary.

Under the Tokyo Guidelines 2018, the diagnostic criteria of AC are made up of three components
(Table 1) (1) presence of local signs of inflammation (e.g. Murphy's sign or pain or tenderness in the
right upper quadrant); (2) signs of systemic inflammation (e.g. fever, increased C-reactive protein
[CRP], increased white blood cell [elevated WBC]), and (3) imaging findings [1]. The suspected
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diagnosis is made through the co-existence of one of local inflammation and systemic inflammation
findings, while the definitive diagnosis is made with the presence of imaging findings.

Table 1 Tokyo Guidelines 2018, the diagnostic criteria of Acute Cholecystitis

TG18/TG13 Diagnostic Criteria For Acute Cholecystitis
A. Local signs of inflammation etc.
(1) Murphy’s sign, (2) RUQ mass/pain/tenderness
B. Systemic signs of inflammation etc.
(1) Fever, (2) elevated CRP, (3) elevated WBC count
C. Imaging findings
Imaging findings characteristic of acute cholecystitis
Suspected diagnosis: one item in A + one item in B
Definite diagnosis: one item in A + one itemin B + C
RUQ: Right Upper Quadrant; CRP: C-Reactive Protein; WBC: White Blood Cell

The 8", 9" and 10" months are sequenced as Shaban, Ramadan, and Shawwal, respectively,
according to the lunar calendar (Hijri), in which one month lasts 29-30 days and one year consists of
354 days. Therefore, the month of Ramadan falls 10-11 days earlier than the previous year, judging by
the Gregorian calendar. Fasting held in Ramadan is worship practised by Muslims within the period
from sunrise to sunset, which generally covers 11-19 hours, by avoiding any eating and drinking act.
Smoking, taking oral intra-muscular or intravenous drugs, eating and drinking, and performing sexual
acts are strictly prohibited during the worship of fasting [2]. Prior to the fasting period, some
preparations are made through the consumption of food and water, and the fasting is ended on that day
with the evening adhan (sunset) by eating dinner. Here, the purpose is to curb the cravings of the flesh.
Under the teachings of Islam, anyone who reaches puberty, maintains their mental health, does not have
an underlying chronic disease and does not travel long distances is supposed to fulfill their fasting ritual.

A review of the literature suggests that the amount of research into the association between the
month of Ramadan and cholecystitis is rather limited indeed, and the existing studies on this
phenomenon have observed only seasonal variations. With this in mind, the present study set out to
unravel the association between acute cholecystitis and the month of Ramadan.

2. Materials and Methods

The approval for this study was granted from the non-interventional ethics committee of
Pamukkale University with the decision number 60116787-020 / 34888 dated April 17, 2018, and
numbered 2018/08. Following a retrospective review of the archive, this study eventually included over
18-year-old patients diagnosed with AC and hospitalized in the general surgery service between January
2012 and December 2018 in the Emergency Department (ED) of a hospital. This retrospective study
intended to reveal the difference between the patients diagnosed with AC during the Ramadan and non-
Ramadan period. Considering that there is no seasonal variation because the month of Ramadan is
celebrated 10-11 days earlier than the previous year according to the Gregorian calendar [3], we
compared the subjects in the month of Ramadan as one group with those in the month of Shaban (one
month before Ramadan) and the month of Shawwal (one month after Ramadan) as the other group.

2.1. Data collection

The demographic characteristics, admission times, white blood count, alanine aminotransferase
(ALT), aspartate aminotransferase (AST), C-Reactive Protein (CRP), direct bilirubin, indirect bilirubin,
and cholesterol values of the subjects diagnosed with AC and hospitalized in the general surgery service
in the ED of a hospital between 2012 and 2018 were retrospectively compared using the ICD
(International Classification of Diseases) code. The diagnosis classification, the length of hospital stay,
the status of hospitalization in the intensive care unit (ICU), the status of undergoing an operation during
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hospitalization, and the underlying comorbid diseases of the subjects were also investigated within the
scope of the present study.

2.2. Statistical analysis

Performed by using IBM SPSS Statistics 22 documentation program, the statistical analyses are
primarily based on descriptive statistics, such as mean scores, standard deviation, minimum, maximum,
and percentage values. The patients were divided into two cohorts and compared as Group 1, consisting
of the subjects admitted in the Ramadan month, and as Group 2, including the subjects admitted in the
pre-Ramadan (Shaban) and post-Ramadan (Shawwal) months. Shapiro Wilk test were used for
determination of normal distribution. For independent groups comparisons, we used Independent
samples t test when parametric test assumptions were provided, Mann Whitney U test were used when
parametric test assumptions were not provided. Difference between categorical variables were analyzed
with Fisher Exact test. Statistical significance was determined as p<0,05.

3. Results

Although the number of patients diagnosed with AC in the ED and hospitalized in the general
surgery service between 2012 and 2018 amounted to 225, the total number of patients included in the
study was ultimately 46. The number of within-Ramadan (Group 1) and non-Ramadan (Group 2)
subjects were 10 (21.7%) and 36 (78.3%) respectively.

18 of the subjects were male (39.1%), and 28 subjects were female (60.9%). Besides, the mean
age of the subjects was 59.5 (+ 16.45) (min. 24 and max. 88).

As far as the diagnosis classification is concerned, 7 subjects were hospitalized after being
diagnosed with calculous cholecystitis and 3 subjects with acalculous cholecystitis in Group 1, while 24
subjects were diagnosed with calculus cholecystitis and 12 subjects with calculus cholecystitis were
hospitalized in Group 2.

While 43 (93.5%) of the hospitalized patients were followed up in the general surgery service, 3
(6.5%) patients admitted during the non-Ramadan months were observed to require intensive care.

Whereas 16 (34.8%) of the hospitalized patients underwent an emergency operation, 30 (65.2%)
patients were operated on electively. In addition, 1 patient subjected to emergency surgery was
hospitalized during the Ramadan month, while the remaining 15 patients were hospitalized during the
non-Ramadan months.

While diagnosing patients with AC, ultrasonography imaging was performed in the ED for 30
patients (65.2%) (7 in Group 1), abdominal tomography imaging for 22 (47.8%) patients (2 in Group
1), MRI for 14 (30.4%) patients (2 in Group 1) and other imaging for 8 (17.4%) patients (2 in Group
1).

Given the underlying comorbid diseases of the subjects, 11 (23.9%) of them were suffering from
hypertension (2 in Group 1), 3 of them (6.5%) were afflicted with diabetes mellitus (no diagnosis of
diabetes in Group 1), and 3 of them (6.5%) had COPD (no diagnosis of COPD in Group 1). In addition,
ischemic heart disease was identified in 2 (4.3%) patients (no diagnosis of ischemic heart disease in
Group 1), while 10 (21.7%) patients were afflicted with different chronic diseases (no diagnosis of
different chronic diseases in Group 1).

As for the laboratory outcomes of the subjects, the mean score for white blood count was
established to be 11669 (x 5452) (13295 [+ 3435] in Group 1). On the other hand, the mean AST value
was found as 108.91 (+ 181.98) (93.8 [+ 115.05] in Group 1), the mean ALT value as 106.34 (+ 163.53)
(124 [+ 176.17] in Group 1), and the mean CRP value as 10.53 (+ 11.55) (8.36 [+ 10.95] in Group 1).
Furthermore, the mean direct bilirubin level was calculated as 0.67 (+ 16.85) (1.08 [+ 1.43] in Group 1),
while that of indirect bilirubin turned out to be 0.76 (x 1.04) (1.12 [+ 1.77] in Group 1). Finally, the
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mean cholesterol level was identified as 141.14 mg/dl (+ 31.33) (136 [+ 8.84] in Group 1), yet it was
realized that cholesterol levels were not measured in every subject included in the study.

The average length of hospital stay of the subjects was established as 8.11 days (x 5.14) (min. 2
days and max. 23 days) in Group 2, whereas this average was found as 5.6 days (x 1.84) (min. 3 days
and max. 9 days) in Group 1.

Among the three subjects followed up in the intensive care unit were an 82-year-old male patient,
an 83-year-old female patient, and a 78-year-old male patient. The length of hospital stay for these three
subjects was 19, 10, and 15 days, respectively. All of them were admitted to the ED during the non-
Ramadan months and underwent an emergency operation. While the first patient was diagnosed with
calculous cholecystitis, the diagnosis of the other two patients was established as acalculous
cholecystitis.

As the group comparisons reveal clearly, no significant difference was identified between the
demographic features, laboratory findings, imaging methods, comorbid diseases, and the length of
hospital stay in our study (Table 2).

Table 2. Demographic features, laboratory findings, imaging methods, comorbid diseases, and the
length of hospital stay

Ramadan Non-Ramadan
X+SD Med (Min-Max) X£SD Med (Min - Max) p (Test)
Age 59.5 + 16.45 53.5 (40 - 86) 50.47 + 16.72 58 (24 - 88) >0.05 (t=0.005)
Hospital stay/day 56+1.84 55(3-9) 8.11+£5.63 6 (2-23) >0.05 (z=-1.092)
WBC 13295+3435.67  12900(8770-20220) 11217.66+5849.39  10640(6.87-27000)  >0.05 (t=1.068)
AST (aspartate 93.8+115.05 445 (16 - 359) 11311+197.72  415(13-1078)  >0.05 (z=-0.04)
aminotransferase)
ALT (alanine 124+176.17 33 (8 - 544) 101.44 £ 162.14 255 (3 - 764) >0.05 (2=-0.799)
aminotransferase)
Direct bilirubin 1.08+143  0.35(0.083.82) 0.55 +0.78 024 (0.05-3.92)  >0.05 (z=-1.066)
Indirect bilirubin ~~ 1.12+177 0,35 (0.04 — 5.67) 0.66 £ 0.73 054 (0.01-4.36)  >0.05 (z=-0.386)
CRP 8.36+10.95  4.43(0.3-31.78) 11.03+1179  7.77(0.08-39.14)  >0.05 (z=-0.499)
Group
Ramadan Non-Ramadan Total

Male 6 (60%) 12 (33.33%) 18 (39,13%) >0.05 (5 =2.337)

Sex Female 4 (40%) 24 (66.67%) 28 (60,87%)
Yes 7 (70%) 23 (63.89%) 30 (65,22%) >0.05 (5 =0.129)

Ultrasound No 3 (30%) 13 (36.11%) 16 (34,78%)
Computerized Yes 2 (20%) 20 (55.56%) 22 (47,83%) >0.05 (5 =3,965)

tomography No 8 (80%) 16 (44.44%) 24 (52,17%)
Magnetic Yes 2 (20%) 12 (33.33%) 14 (30,43%) >0.05 (5 =0.667)

resonance No 8 (80%) 24 (66.67%) 32 (69,57%)
o Yes 2 (20%) 6 (16.67%) 8 (17,39%) >0.05 (5 =0.061)

Other imaging No 8 (80%) 30 (83.33%) 38 (82,61%)
_ Emergency 1 (10%) 15 (41.67%) 16 (34,78%) >0.05 (5 =3.460)

Operation Elective 9 (90%) 21 (58.33%) 30 (65,22%)
o Calculosis 7 (70%) 24 (66.67%) 31 (67,39%) >0.05 (5 =0.040)

Diagnosis Acalculosis 3 (30%) 12 (33.33%) 15 (32,61%)
_ Yes 2 (20%) 9 (25%) 11 (23,91%) >0.05 (5 =0.106)

Hypertension No 8 (80%) 27 (75%) 35 (76,09%)
_ Yes 0 (0%) 3(8.33%) 3 (6,52%) >0.05 (5 =0.891)

Diabetes No 10 (100%) 33 (91.67%) 43 (93,48%)
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Table 2. Continued

Group
Ramadan Non-Ramadan Total

Chronic obstructive Yes 0 (0%) 3(8.33%) 3(6.52%) >0.05 (5 =0.891)
pulmonary disease No 10 (100) 33 (91.67%) 43 (93.48%)
Other chronic Yes 0 (0%) 10 (27.78%) 10 (21.74%) >0.05(5 =3.549)
disease No 10 (10%0) 26 (72.22%) 36 (78.26%)
Coronary artery Yes 0 (0%) 2 (5.56%) 2 (4.35%) >0.05(8 =0.561)
disease No 10 (100%) 34 (94.44%) 44 (95.65%)

) ) Yes 0 (0%) 3(8.33%) 3(6.52%) >0.05(5 =0.891)
Intensive care unit No 10 (100%) 33 (91.67%) 43 (93.48%)

WBC: White Blood Cell; CRP: C-Reactive Protein; t: Independent Samples t test; z: Mann Whitney U test; 3: Fisher Exact test
4. Discussion

In their study on the association of AC with Ramadan fasting and its seasonal variation, Hosseini
et al. [3] reported that the frequency of AC remained higher during the summertime than other seasons,
noting no significant difference in its frequency during Ramadan in comparison to Shaban and Shavval
months.

In Valerie's systematic review, AC was detected in 20% of the cases admitted to the hospital due
to biliary tract disease. AC was reported to be three times more common in female subjects than their
male counterparts until the age of 50, yet this ratio was observed to decrease to one and a half times
after the age of 50. As a side note, it was highlighted that approximately 95% of the subjects with AC
also had gallstones [4]. In our study, the ratio of women to men afflicted with AC was identified as one
and a half times, when the age of 50 was accepted as the cut-off age as in Valerie's review study.
However, our proportion of acute calculous cholecystitis among our patients diagnosed with AC was
found as 67.4%, which is lower than the proportion reported in Valerie's review. In this regard, the fact
that fasting state and dehydration are cited as the primary triggers of acalculous cholecystitis [5] may
account for the higher rate of this disease in Group 1.

Early cholecystectomy to be administered within seven days after the onset of symptoms is the
ideal treatment for AC [4]. In a clinical review by Indar et al [6], 20% of the AC sufferers were reported
to have required emergency surgery. According to the researchers, this situation might have resulted
from the deterioration of the patient's condition, the presence of general signs of peritonitis, and
gangrened or perforated gallbladder. When it comes to our study, emergency surgery was performed in
34.8% of the study population, which seems to be a higher rate in comparison to that reported by Indar
et al.'s review. More specifically, 1 (10%) patient in Group 1 and 15 patients (41.67%) in Group 2 were
subjected to emergency operation in our study (p = 0.13). Although the p-value for this finding is 0.13
and it is statistically non-significant, and although the smaller number of patients operated in Group 1
is not statistically significant, a clinical difference is nevertheless observable numerically. We tend to
attribute the reason for the smaller number of emergency operations during Ramadan to postponing the
surgery until the post-holiday period, devoting enough time to holiday preparations, and not staying in
the hospital during the holiday. We also assume that the general surgeon following up with the patients
might have preferred to postpone the surgery during Ramadan and that the patient may have also wanted
to postpone it due to holiday preparations, to meet his relatives during the festive and not to stay at the
hospital during the holiday.

In their study on the impact of seasons and fasting practiced during Ramadan upon the emergence
of AC, Hosseini et al [3] hold that gallstone-induced AC might manifest different seasonal
characteristics, but that this situation may also arise from other environmental factors. It is further
suggested that abstaining from water and other liquid substances throughout Ramadan fasting may not
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trigger the onset of the disease. In the years included in this study, the month of Ramadan coincided
with the summer period between May 15 and August 18, thus we compared the subjects admitted during
the month of Ramadan as one group and the subjects admitted one month before and after the Ramadan
as the other group in order to eliminate the seasonal variation. Nevertheless, no significant difference
was noted between the two groups (p <0.05). Our subjects were evaluated based on a seven-year period,
almost all of which coincided with the summer months. We are of the opinion that more extensive
studies should be undertaken by making more detailed comparisons covering all months, rather than
focusing on a specific period of time.

Ultrasound can be exploited to evaluate the presence of ductal dilatation or fluid collection [7].
In their meta-analysis, Abboud et al [8] report that abdominal ultrasound could reach 42% sensitivity
and 96% specificity for enlarged bile duct while showing 38% sensitivity and 100% specificity for all
bile duct stones. These results demonstrate that abdominal ultrasound tends to achieve high specificity
but suffers insufficient sensitivity. On the other hand, 65.2% of the patients in our study who were
assessed by abdominal ultrasound were also subjected to other imaging methods, and 52.2% of them
were assessed and diagnosed only by abdominal USG.

In a study by Wertz et al [9] on 60 patients with AC, abdominal ultrasound scanning was
performed on 56 patients, abdominal tomography to 48 patients, and both imaging methods on 42
patients. In addition, 60 patients with no cholecystitis were evaluated with tomography and ultrasound
as the control group. They found the sensitivity of tomography (85%) superior to that of ultrasound
(68%) and noted no significant difference in the negative predictive value of both imaging methods.
While tomography turned out to be positive in 10 patients out of 42 patients exposed to both tomography
and ultrasound, no significant imaging was found on ultrasound for AC. In general, abdominal
tomography is recognized as a more useful method for diagnosing AC, but 65.2% of the patients
diagnosed with cholecystitis in our study were scanned by ultrasound and 47.8% by abdominal
tomography. Moreover, only 17.4% of the patients in our study were hospitalized after their abdominal
tomography had been performed, while the patients assessed only by abdominal USG accounted for
52.2%. It is well-documented that tomography is easier to perform, that the sensitivity of tomography is
higher, that there is no contrast allergy in patients with suspected cholecystitis, and that tomography
should be the primary imaging method in the absence of renal failure. However, ultrasound as an
imaging method tends to be more widely used in elderly patients to avoid renal failure and the side
effects of intravenous contrast media.

Cao et al [10] analyzed the complications of the patients with gallstones, reporting that 39.1% of
the patients had diabetes, while 35.2% had hypertension, and that their cholesterol average was 188.32
+ 38.66 mg/dl. As far as our study is concerned, the underlying comorbid diseases of the subjects were
established as diabetes (23.9%) and hypertension (6.5%), and the mean blood cholesterol level was
calculated as 141.14 mg/dl (x 31.33). In addition, while Goh et al [11] report that 12.2% of their patients
diagnosed with AC were also afflicted with ischemic heart disease, this rate was found as 21.7% in our
study. The presence of comorbid diseases reinforces the need for emergency surgery in patients admitted
with abdominal pain complaints and diagnosed with cholecystitis, and a lower total cholesterol level
may account for the low rate of acute calculous cholecystitis.

In our study, although the length of hospital stay did not differ significantly (p = 0.286) between
the within-Ramadan group with 5.6 days (+ 1.84) and the non-Ramadan group with 8.1 days (+ 5.6)
possibly due to the small number of subjects, a clinical difference was nevertheless observed. We tend
to attribute this situation to the fact that the total number of patients hospitalized in Ramadan was 10.

In addition, the length of hospital stay for the patients in the intensive care unit amounted to 14.67
days (+ 4.51), while that of inpatients not hospitalized in the intensive care was 7.07 days (+ 4.84). The
length of stay for three patients followed up in the intensive care unit was 19, 10, and 15 days,
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respectively. We assume that the lack of a significant difference between intensive care patients and in-
patients was likely to result from the small number of patients in the intensive care unit and clinical-
wise, the number of hospitalization days doubled. All three patients admitted within the Ramadan month
were subjected to emergency operation. We also hold that hospitalization in the intensive care and
advanced age of the patients may have contributed to the increase in the length of hospital stay.

5. Limitations

Admittedly, the generalizability of these findings is subject to certain limitations. An issue
remaining unaddressed in this study is that approximately 36 years of data should be taken into
consideration since Ramadan is routinely celebrated 10 days before the previous year. Another important
limitation lies in the fact that only a specific region in Turkey was considered within the scope of our
work, and there might inevitably be differences between the ways the Ramadan month is celebrated at
different times and circumstances in other regions. Therefore, further research involving different
regions should be undertaken in the future.

6. Conclusions

As a result, no significant difference was identified in terms of the frequency of AC in the
Ramadan month in comparison to the Shaban and Shawwal months. Even though there was no
significant difference regarding emergency surgery, length of hospital stay, and intensive care
hospitalization, a clinical difference was nevertheless observed. We are of the opinion that the results
might turn out to be statistically significant provided that the study is performed with a larger number
of subjects.
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