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Abstract
Background: While multiple studies have evaluated the effect of body mass index (BMI) on the prevalence of
gastrointestinal (GI) symptoms, data from Saudi Arabia are scarce. This study aimed to evaluate the
association between GI symptoms and BMI in a Saudi population.

Methods: A prospective cross-sectional study was conducted between September 2019 and April 2020. The
data were collected using an electronic self-administered questionnaire. The study included adult
participants and collected data on patients’ demographics and GI symptoms. Participants with underlying GI
diseases were excluded. A multivariate regression analysis was used to report the adjusted prevalence of GI
symptoms in different BMI categories.

Results: A total of 4415 participants completed the survey. After applying the exclusion criteria, 3866 were
included. The mean age was 26.3 (±8.8) and 58.2% were females. The mean BMI was 25.2 (±6.7), and the
distribution of BMI was as follows: underweight 428 (11.1%), normal BMI 1789 (46.2%), overweight 912
(23.5%), and obese 737 (19.1%). After adjustment for age, gender, and smoking and coffee habits, obesity
(BMI > 30) was significantly associated with heartburn (p < 0.01, aOR 1.6, 95% CI: 1.33 - 1.92), bloating (p <
0.01, aOR 1.31, 95% CI: 1.08 - 1.6), and diarrhea (p < 0.01, aOR 1.72, 95% CI: 1.36 - 2.17)). Underweight (BMI
< 18.5) was significantly associated with abdominal pain (p < 0.01, aOR 1.4, 95% CI: 1.12 - 1.73), nausea (p <
0.01, aOR 1.6, 95% CI: 1.29 - 2.1), and vomiting (p < 0.01, aOR 2.02, 95% CI: 1.23 - 3.25). There was no
significant association between BMI and constipation.

Conclusion: Obesity was associated with heartburn, diarrhea, and bloating, while underweight status was
associated with nausea, vomiting, and abdominal pain. No association between BMI and constipation was
found.
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Introduction
Obesity is a major health concern worldwide, and data from the World Health Organization show that
obesity has increased dramatically from 1975 to 2016 for both males and females [1]. In Saudi Arabia, about
69.6% of adults are overweight, and 34.7% are obese, which makes Saudi Arabia one of the countries with
the highest prevalence of obesity in the world [2]. Moreover, the prevalence of obesity is projected to
increase to 41% in men and 78% in women by 2022 [3]. Obese individuals are at higher risk of some
gastrointestinal (GI) symptoms based on self-reported studies [4-6]. Previous studies have shown that an
increase in body mass index (BMI) could increase the risk for upper and lower GI symptoms [4-6]. For
example, the prevalence of frequent dysphagia, abdominal pain, and altered bowel habits in obese subjects
was 32%, 40%, and 82%, respectively, compared to 17%, 25%, and 61% of normal-weight individuals [4].
Moreover, the frequency and severity of gastroesophageal reflux disease (GERD) symptoms are strongly
associated with BMI [7,8]. In addition, multiple studies have shown a significant relationship between higher
BMI and diarrhea and a negative relation with constipation [6,9-12]. However, most of these studies did not
consider various environmental and cultural factors. GI symptoms in high BMI individuals have a
considerable impact on the quality of the patient’s life. Furthermore, they lead to a considerable economic
burden due to the frequent utilization of medical services for consultation, testing, and therapeutic
interventions. While the association between BMI and GI symptoms has been well characterized in multiple
international studies, local data are scarce and such associations have not been explored in a Saudi
population. Given the variations in social and cultural factors, international data may not be applicable to
the Saudi population. Therefore, the study aimed to evaluate the effect of BMI on the prevalence of different
GI symptoms in a Saudi population.
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Materials And Methods
A prospective cross-sectional study was performed between September 2019 to April 2020. The Institution
Review Board at King Khalid University Hospital, Riyadh, Saudi Arabia approved the study protocol. All
participants voluntarily agreed to participate in the study and provided informed consent. An invitation to
complete an online self-administered survey was distributed through the social media platforms, Twitter
and WhatsApp. The invitation included an embedded link to the survey. The survey was created using a
Google form document and completed anonymously by the respondents.

This study included Saudi participants who were 18 years or older and who agreed to participate in the study.
Participants who had the following conditions were excluded: chronic GI diseases, such as celiac and
inflammatory bowel disease; prior history of intra-abdominal surgery other than appendectomy and
cholecystectomy; and systemic disorders with possible GI manifestations, such as multiple sclerosis and
stroke. This step was taken to avoid these condition confounding symptoms and concentrate on obesity's
effect on gastrointestinal symptoms.

For the assessment of GI symptoms, a translated Arabic version of a previously validated survey was used for
the same purpose. The questionnaire consisted of two parts. The first part included sociodemographic
details (age, gender, region, area, education, occupation, marital status, smoking history, coffee, and alcohol
intake). The second part focused on GI symptoms, which included nausea, vomiting, heartburn, diarrhea,
bloating, constipation, and abdominal pain. Height and weight were recorded as reported by the
participants. The participants were categorized according to their BMI: underweight (BMI < 18.5), normal
weight (BMI 18.5-24.9), overweight (BMI 25-29.9), or obese (≥ 30) [13].

Statistical analysis
The percentage and count were used for categorical variables, while the mean and standard deviation were
used for continuous variables as appropriate. Univariate analysis was performed using the Chi-square test
and the Student t-test for categorical variables and continuous variables, respectively. Multivariate logistic
regression analysis was used to examine the association between BMI categories and different GI symptoms
after adjustment for gender, age, and smoking and coffee habits, which have been associated with GI
symptoms in prior studies [9]. A two-tailed p-value < 0.05 was considered statistically significant. Statistical
analysis was performed using the R statistical software, version 1.2.5042 - © 2009-2020 RStudio,
Inc., Boston, MA.

Results
A total of 4415 respondents agreed to participate. After excluding 544, a total of 3866 subjects were included.
The mean age was 26.3 (±8.8), and 58.2% were females. The mean BMI was 25.2 (±6.7). The distribution of
BMI was as follows: underweight 428 (11.1%), normal BMI 1789 (46.2%), overweight 912 (23.5%), and obese
737 (19.1%). Table 1 shows the characteristics of the participants and the distribution of different variables.

 Mean

Age 26.3 (±8.8)

BMI 25.2 (±6.7)

 n %

Gender

   Female 2251 58.2

   Male 1615 41.8

Region

   Center 1853 47.9

   East 488 12.6

   North 243 6.3

   South 312 8.1

   West 970 25.1

Area

   City 3032 78.4
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   Governorate 637 16.5

   Village 197 5.1

Marital status

   Divorced 68 1.8

   Married 998 25.8

   Single 2793 72.2

   Widow 7 0.2

Occupation

   Employer 1144 29.6

   Not employer 643 16.6

   Retired 66 1.7

   Self-employment 96 2.5

   Student 1917 49.6

Educational level

   Postgraduate 223 5.8

   Bachelor 2514 65

   High school 1091 28.2

   Intermediate 30 0.8

   Elementary 6 0.2

   Illiterate 2 0.1

Coffee intake

   Yes 1801 46.6

   No 2065 53.4

Smoking

   Yes 724 18.7

   No 3142 81.3

Alcohol

   Yes 130 3.4

   No 3736 96.6

TABLE 1: Baseline characteristics
n=3866

Among all included subjects, the prevalence of GI symptoms was as follows: abdominal pain 39.86%, nausea
17.95%, vomiting 3.1%, heartburn 37.32%, bloating 68.31%, diarrhea 16.01%, and constipation 37.58%. In
univariate analysis, obesity (BMI > 30) was associated with older age (p < 0.01) and male gender (p < 0.01).
Underweight status was associated with the female gender (p < 0.01). Table 2 shows the distribution of
different variables in different BMI categories.

 Abdominal pain Heartburn

 n/n %
OR

P-value n/n %
OR

P-value
(95% CI) (95% CI)
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Underweight 205/428 (47.9%)
1.4134784

0.00138* 158/428 (36.92%)
1.1509612

0.209
(1.1431390–1.7472648) (0.9229275–1.4317659)

Normal 705/1789 (39.41%) Reference  603/1789 (33.71%) Reference  

Overweight 343/912 (37.61%)
0.9268768

0.36457 351/912 (38.49%)
1.230585

0.014*
(0.7862324–1.0918305) (1.0425401–1.4517897)

Obese 288/737 (39.10%)
0.9862484

0.87727 331/737 (44.91%)
1.6035014

1.26e-07***
(0.8268650–1.1752394) (1.3457035–1.9103712)

 Nausea Vomiting

 n\n %
OR

P-value n\n %
OR

P-value
(95% CI) (95% CI)

Underweight 125/428 (29.21%)
1.7774775

2.56e-06*** 26/428 (6.07%)
2.03907734

0.00355*
(1.3957157–2.2549652) (1.24500775–3.2581427)

Normal 337/1789 (18.84%) Reference  55/1789 (3.07%) Reference  

Overweight 122/912 (13.38%)
0.6653796

0.000375*** 20/912 (2.19%)
0.70688952

0.18944
(0.5300091–0.8306554) (0.41150348–1.1666608)

Obese 110/737 (14.93%)
0.7558957

0.019449* 19/737 (2.58%)
0.83428716

0.50186
(0.5957192–0.9529937) (0.47966645–1.3897081)

 Bloating Diarrhea

 n\n %
OR

P-value n\n %
OR

P-value
(95% CI) (95% CI)

Underweight 287/428 (67.06%)
1.014321

0.901 61/428 (14.25%)
0.9863232

0.929
(0.8118514–1.271774) (0.7244409–1.3249809)

Normal 1194/1789 (66.74%) Reference  258/1789 (14.42%) Reference  

Overweight 646/912 (70.83%)
1.210218

0.031* 142/912 (15.41%)
1.0943421

0.427
(1.0183224–1.440545) (0.8745793–1.3647810)

Obese 514/737 (69.74%)
1.148606

0.143 158/737 (21.44%)
1.619325

1.73e-05***
(0.9551387–1.384077) (1.2980387–2.0155037)

 Constipation    

 n\n %
OR

P-value    
(95% CI)

Underweight 170/428 (39.72%)
1.0900444

0.434    
(0.8773910–1.3516350)

Normal 674/1789 (73.67%) Reference     

Overweight 329/912 (36.07%)
0.9335602

0.416    
(0.7907393–1.1012056)

Obese 280/737 (37.99%)
1.0135771

0.881    
(0.8488147–1.2090676)

TABLE 2: Unadjusted association between body mass index and gastrointestinal symptoms
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*Significant

***Highly significant

Association between BMI and GI Symptoms
Among obese individuals, the prevalence of nausea (14.93%), vomiting (2.58%), heartburn (44.91%),
abdominal pain (39.1%), bloating (69.74%), diarrhea (21.44%), and constipation (37.99%) was higher
compared to normal BMI subjects. For normal BMI individuals, the prevalence of GI symptoms was as
follows: nausea 18.84%, vomiting 3.07%, heartburn 33.71%, abdominal pain 39.41%, bloating 66.74%,
diarrhea 14.42%, and constipation 37.67%.

Table 3 shows the univariate analysis between BMI and GI symptoms. Obesity (BMI > 30) was significantly
associated with heartburn (p < 0.01, OR 1.6, 95% CI: 1.35 - 1.91), nausea (p < 0.01, OR 0.76, 95% CI: 0.6 -
0.95), and diarrhea (p < 0.01, OR 1.62, 95% CI: 1.3 - 2). Overweight status (BMI 25 - 29.9) was significantly
associated with heartburn (p < 0.01, OR 1.23, 95% CI: 1.04 - 1.45), nausea (p < 0.001, OR 0.67, 95% CI: 0.53 -
0.83), and bloating (p < 0.05, OR 1.21, 95% CI: 1.02 - 1.44). Underweight (BMI < 18.5) was significantly
associated with abdominal pain (p < 0.01, OR 1.41, 95% CI: 1.14 - 1.75), nausea (p < 0.01, OR 1.78, 95% CI:
1.4 - 2.25), vomiting (p < 0.01, OR 2.04, 95% CI: 1.25 - 3.26). There was no significant association between
BMI and constipation.
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Abdominal pain

P-value*
Heartburn

P-value*
 

OR* (95% CI) OR* (95% CI)  

Underweight 0.6898645 (1.1294907–1.7363304) 0.00212 0.4947974 (0.9343668–1.4530207) 0.171  

Normal Reference  Reference   

Overweight 1.4005859 (0.8506070–1.2007518) 0.90178 1.1666090 (1.0274439–1.4505025) 0.0231  

Obese 1.0109108 (0.9558476–1.3875333) 0.1367 1.2211024 (1.3340731–1.9276195) 4.87E-07  

 Nausea  Vomiting   

 
OR*

P-value*
OR*

P-value*
 

(95% CI) (95% CI)  

Underweight 0.3017262 (1.2911259–2.1051443) 5.67E-05 0.03268754 (1.23098766–3.25427675) 0.004259  

Normal Reference  Reference   

Overweight 1.6516623 (0.7019312–1.1227322) 0.32984 2.02561012 (0.45281964–1.33615043) 0.398594  

Obese 0.8898773 (0.8549096–1.4082740) 0.45361 0.79305687 (0.54591376–1.66545404) 0.923076
 

 

 Bloating  Diarrhea   

 
OR*

P-value*
OR*

P-value*
 

(95% CI) (95% CI)  

Underweight 2.1560078 (0.7981452–1.2572690) 0.99985 0.1566206 (0.7270219–1.3327373) 0.953  

Normal Reference  Reference   

Overweight 1.0000218 (1.0874286–1.5646276) 0.004309 0.9909002 (0.9156083–1.4501820) 0.221
 

 

Obese 1.3032764 (1.0824918–1.6020582) 0.006095 1.1541307 (1.3695401–2.1739560) 3.51E-06
 

 

 Constipation
P-value*

   

 OR* (95% CI)    

Underweight 0.6531714 (0.8574391–1.3284841) 0.55408    

Normal Reference     

Overweight 1.0682819 (0.8522383–1.2070363) 0.8705    

Obese 1.0145765 (0.9813569–1.4286467) 0.0772    

TABLE 3: Association between body mass index and gastrointestinal symptoms adjusted for age,
gender, smoking, and coffee
*Adjusted for age, gender, and tobacco use

After adjustment for age, gender, and smoking and coffee habits, obesity (BMI ≥ 30) was significantly
associated with heartburn (p < 0.01, aOR 1.6, 95% CI: 1.33 - 1.92), bloating (p < 0.01, aOR 1.31, 95% CI: 1.08 -
1.6), and diarrhea (p < 0.01, aOR 1.72, 95% CI: 1.36 - 2.17). Overweight status (BMI 25 - 29.9) was
significantly associated with heartburn (p < 0.05, aOR 1.17, 95% CI: 1.03 - 1.45) and bloating (p < 0.01, aOR 1,
95% CI: 1.09 - 1.56). Underweight status (BMI < 18.5) was significantly associated with abdominal pain (p <
0.01, aOR 1.4, 95% CI: 1.12 - 1.73), nausea (p < 0.01, aOR 1.6, 95% CI: 1.29 - 2.1), and vomiting (p < 0.01, aOR
2.02, 95% CI: 1.23 - 3.25). There was no significant association between BMI and constipation.
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Discussion
This study evaluated the association between BMI and GI symptoms. A positive relationship was found
between high BMI and heartburn, diarrhea, and bloating. Additionally, low BMI was significantly associated
with nausea, vomiting, and abdominal pain. A similar conclusion was reached by some but not all previous
studies. This variation could be explained by many factors that can contribute to these different findings,
such as population characteristics, the influence of genes, environmental interactions, and cultural habits
[14].

Obese individuals are more prone to have heartburn compared to other BMI groups, which was consistent
with other studies [7,8]. This could be due to the pressure difference between the abdomen and the lower
esophageal sphincter. The increase in intra-abdominal pressure causes gastric acid to flow back into the
esophagus [8]. Increased BMI was not associated with nausea and vomiting, which was also found in another
similar study [15], while other studies reported different findings [6,9]. Nausea and vomiting were higher in
the underweight group in our sample, which may require further investigation. It is conceivable that these
patients lost weight due to an underlying undiagnosed disease that could be the cause of nausea and
vomiting.

Being obese could increase the risk for upper and lower abdominal pain, but the effect of obesity in upper
abdominal pain is more noticeable [9]. Some studies only linked obesity with upper abdominal pain and
found no significant association with pain in the lower hemiabdomen [15]. Furthermore, most studies did
not differentiate between upper and lower abdominal pain since many patients found it challenging to make
this distinction. In those studies, there was a positive relationship between high BMI and abdominal pain
[4,5]. In contrast, our study showed no significant relationship between high BMI and abdominal pain,
which aligned with findings from other studies [11,16]. Interestingly, the prevalence of abdominal pain in
our study was high among underweight subjects. Therefore, we hypothesized that weight loss and abdominal
pain in these individuals could be resulting from an underlying undiagnosed pathology.

In line with previous studies, we found that high BMI was associated with diarrhea and bloating, while there
was no association with constipation [6,9,11,12]. The pathophysiology of diarrhea in obese individuals could
be attributed to several possible mechanisms such as dietary habits, which may accelerate colonic transit
time [17], intestinal inflammation, and changes in bile acids resulting in bile acid diarrhea [5].
Unsurprisingly, bloating was the most reported GI symptom, and the prevalence was higher in the
overweight group. However, the mechanism behind this finding was not clear. It is possible that obese
people may not be able to differentiate between true bloating and their abdominal fat [18]. This raises the
question if bloating is an under-diagnosed symptom in obese individuals.

Interestingly, no association between high BMI and constipation was found despite the fact that there is a
well-established relationship between a sedentary lifestyle and constipation. One study conducted with a
Turkish adult population associated functional constipation with high BMI [19]. Nevertheless, many studies,
including ours, have found no significant association between obesity and constipation [6,9,11,12]. However,
constipation might be under-reported. In one study, 54% of patients did not complain of constipation, even
though they had evidence of fecal impaction on the X-ray [20]. Consequently, it could be under-recognized
since it might not be as bothersome as the other symptoms. Overall, the inconsistency of outcomes might be
explained by cytokines theory, where obesity is considered a chronic inflammatory condition in which
several cytokines play an important role in the pathogenesis of altered GI motility [21].

The current study is the first study to evaluate the effect of BMI on the prevalence of GI symptoms in a Saudi
population, and a relatively large number of subjects were included. However, there were some limitations of
the study. The sampling of subjects was not random, and a relatively large proportion of younger subjects
led to the under-representation of older age groups. Being online, using a self-administered questionnaire
are some of the limitations. Also, the lack of control subjects is another limitation. The measurement of BMI
was dependent on self-reported height and weight, which may not have optimal accuracy. Similarly, the GI
symptoms were collected as reported by respondents. Furthermore, other factors could affect the prevalence
of GI symptoms that we did not account for in our study, such as medications.

Conclusions
The research was aimed to explore any associations between BMI and common GI symptoms. It had been
found that the higher the BMI, the more symptoms are likely to occur, and this is highly similar to the
published literature. Therefore, obesity in Saudi Arabia was associated with heartburn, diarrhea, and
bloating, while underweight status was associated with nausea, vomiting, and abdominal pain. At the same
time, no association between BMI and constipation was found. However, further studies are warranted to
explore factors that could explain these associations.
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tissue. Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References
1. Mean body mass index trends among adults, age-standardized (kg/m²) estimates by country . (2017).

Accessed: March 10, 2021: https://apps.who.int/gho/data/view.main.CTRY12461.
2. DeNicola E, Aburizaiza OS, Siddique A, Khwaja H, Carpenter DO: Obesity and public health in the Kingdom

of Saudi Arabia. Rev Environ Health. 2015, 30:191-205. 10.1515/reveh-2015-0008
3. Alqarni S: A review of prevalence of obesity in Saudi Arabia . J Obes Eat Disord. 2016, 2:25. 10.21767/2471-

8203.100025
4. Huseini M, Wood GC, Seiler J, et al.: Gastrointestinal symptoms in morbid obesity. Front Med (Lausanne).

2014, 1:49. 10.3389/fmed.2014.00049
5. Camilleri M, Malhi H, Acosta A: Gastrointestinal complications of obesity. Gastroenterology. 2017,

152:1656-70. 10.1053/j.gastro.2016.12.052
6. Eslick GD, Talley NJ: Prevalence and relationship between gastrointestinal symptoms among individuals of

different body mass index: a population-based study. Obes Res Clin Pract. 2016, 10:143-50.
10.1016/j.orcp.2015.05.018

7. Almadi MA, Almousa MA, Althwainy AF, et al.: Prevalence of symptoms of gastroesopahgeal reflux in a
cohort of Saudi Arabians: a study of 1265 subjects. Saudi J Gastroenterol. 2014, 20:248-54. 10.4103/1319-
3767.136982

8. Vaishnav B, Bamanikar A, Maske P, Reddy A, Dasgupta S: Gastroesophageal reflux disease and its
association with body mass index: clinical and endoscopic study. J Clin Diagn Res. 2017, 11:OC01-4.
10.7860/JCDR/2017/24151.9562

9. Delgado-Aros S, Locke GR 3rd, Camilleri M, Talley NJ, Fett S, Zinsmeister AR, Melton LJ 3rd: Obesity is
associated with increased risk of gastrointestinal symptoms: a population-based study. Am J Gastroenterol.
2004, 99:1801-6. 10.1111/j.1572-0241.2004.30887.x

10. Santamaría AZ, Restrepo JM, Amaya JEL, et al.: Acute abdominal pain in obese and overweight patients: a
different clinical scenario? A prospective study with MDCT evaluation in an urban adult population. Rev
Colomb Radiol. 2017, 28:4600-8.

11. Le Pluart D, Sabaté JM, Bouchoucha M, Hercberg S, Benamouzig R, Julia C: Functional gastrointestinal
disorders in 35,447 adults and their association with body mass index. Aliment Pharmacol Ther. 2015,
41:758-67. 10.1111/apt.13143

12. Eslick GD: Gastrointestinal symptoms and obesity: a meta-analysis. Obes Rev. 2012, 13:469-79.
10.1111/j.1467-789X.2011.00969.x

13. Body mass index - BMI . (2021). Accessed: September 04, 2021: https://www.euro.who.int/en/health-
topics/disease-prevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi.

14. Al-Qahtani AM: Corrigendum to "Prevalence and predictors of obesity and overweight among adults visiting
primary care settings in the Southwestern Region, Saudi Arabia". Biomed Res Int. 2020, 2020:3796923.
10.1155/2020/3796923

15. Talley NJ, Quan C, Jones MP, Horowitz M: Association of upper and lower gastrointestinal tract symptoms
with body mass index in an Australian cohort. Neurogastroenterol Motil. 2004, 16:413-9. 10.1111/j.1365-
2982.2004.00530.x

16. Talley NJ, Howell S, Poulton R: Obesity and chronic gastrointestinal tract symptoms in young adults: a birth
cohort study. Am J Gastroenterol. 2004, 99:1807-14. 10.1111/j.1572-0241.2004.30388.x

17. Bouchoucha M, Fysekidis M, Rompteaux P, Airinei G, Sabate JM, Benamouzig R: Influence of age and body
mass index on total and segmental colonic transit times in constipated subjects. J Neurogastroenterol Motil.
2019, 25:258-66. 10.5056/jnm18167

18. Iovino P, Bucci C, Tremolaterra F, Santonicola A, Chiarioni G: Bloating and functional gastro-intestinal
disorders: where are we and where are we going?. World J Gastroenterol. 2014, 20:14407-19.
10.3748/wjg.v20.i39.14407

19. Yurtdaş G, Acar-Tek N, Akbulut G, Cemali Ö, Arslan N, Beyaz Coşkun A, Zengin FH: Risk factors for
constipation in adults: a cross-sectional study. J Am Coll Nutr. 2020, 39:713-9.
10.1080/07315724.2020.1727380

20. Esphani N, Esphani N: Silent constipation: a potentially lethal, although, under-recognized, under-
diagnosed and under-treated entity. J Am Med Dir Assoc. 2019, 20:33.

21. Akiho H, Ihara E, Motomura Y, Nakamura K: Cytokine-induced alterations of gastrointestinal motility in
gastrointestinal disorders. World J Gastrointest Pathophysiol. 2011, 2:72-81. 10.4291/wjgp.v2.i5.72

2021 Alkhowaiter et al. Cureus 13(9): e17751. DOI 10.7759/cureus.17751 8 of 8

https://apps.who.int/gho/data/view.main.CTRY12461
https://apps.who.int/gho/data/view.main.CTRY12461
https://dx.doi.org/10.1515/reveh-2015-0008
https://dx.doi.org/10.1515/reveh-2015-0008
https://dx.doi.org/10.21767/2471-8203.100025
https://dx.doi.org/10.21767/2471-8203.100025
https://dx.doi.org/10.3389/fmed.2014.00049
https://dx.doi.org/10.3389/fmed.2014.00049
https://dx.doi.org/10.1053/j.gastro.2016.12.052
https://dx.doi.org/10.1053/j.gastro.2016.12.052
https://dx.doi.org/10.1016/j.orcp.2015.05.018
https://dx.doi.org/10.1016/j.orcp.2015.05.018
https://dx.doi.org/10.4103/1319-3767.136982
https://dx.doi.org/10.4103/1319-3767.136982
https://dx.doi.org/10.7860/JCDR/2017/24151.9562
https://dx.doi.org/10.7860/JCDR/2017/24151.9562
https://dx.doi.org/10.1111/j.1572-0241.2004.30887.x
https://dx.doi.org/10.1111/j.1572-0241.2004.30887.x
https://www.webcir.org/revistavirtual/articulos/2017/2_mayo/col/dolor_eng.pdf
https://dx.doi.org/10.1111/apt.13143
https://dx.doi.org/10.1111/apt.13143
https://dx.doi.org/10.1111/j.1467-789X.2011.00969.x
https://dx.doi.org/10.1111/j.1467-789X.2011.00969.x
https://www.euro.who.int/en/health-topics/disease-prevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi
https://www.euro.who.int/en/health-topics/disease-prevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi
https://dx.doi.org/10.1155/2020/3796923
https://dx.doi.org/10.1155/2020/3796923
https://dx.doi.org/10.1111/j.1365-2982.2004.00530.x
https://dx.doi.org/10.1111/j.1365-2982.2004.00530.x
https://dx.doi.org/10.1111/j.1572-0241.2004.30388.x
https://dx.doi.org/10.1111/j.1572-0241.2004.30388.x
https://dx.doi.org/10.5056/jnm18167
https://dx.doi.org/10.5056/jnm18167
https://dx.doi.org/10.3748/wjg.v20.i39.14407
https://dx.doi.org/10.3748/wjg.v20.i39.14407
https://dx.doi.org/10.1080/07315724.2020.1727380
https://dx.doi.org/10.1080/07315724.2020.1727380
https://www.jamda.com/article/S1525-8610(19)30116-1/fulltext
https://dx.doi.org/10.4291/wjgp.v2.i5.72
https://dx.doi.org/10.4291/wjgp.v2.i5.72

	The Effect of Body Mass Index on the Prevalence of Gastrointestinal Symptoms Among a Saudi Population
	Abstract
	Introduction
	Materials And Methods
	Statistical analysis

	Results
	TABLE 1: Baseline characteristics
	TABLE 2: Unadjusted association between body mass index and gastrointestinal symptoms
	Association between BMI and GI Symptoms
	TABLE 3: Association between body mass index and gastrointestinal symptoms adjusted for age, gender, smoking, and coffee


	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


