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ABSTRACT

Background: Nocturnal enuresis is known as a common urinary 
bladder complication in children. Recent studies associated some dietary 
components with nocturnal enuresis. To our knowledge, no study has 
designed to evaluate the relation between dietary components with 
urinary prostaglandin E2 in enuretic children.
Methods: In this cross-sectional study, we enrolled 135 children with 
nocturnal enuresis from children who referred to pediatric ward of Imam 
Reza Clinic in Shiraz, Iran. The samples were selected by the multistage 
cluster random sampling. Participant̀ s information (age, sex, number of 
wet-nights/week) were gathered through interview and body mass index 
(BMI) and waist-to-hip ratio (WHR) were assessed through anthropometric 
measures also dietary fat, calcium, calorie, vitamin B12, folic acid, iron 
and some foods usually limited for enuretic children (e.g. milk and dairy 
products, eggs, citrus fruits and juices, tomatoes, chocolate) and carbonated 
beverages were measured through validated food frequency questionnaire 
(FFQ). Fasting urine was also collected for measuring prostaglandin E2 level.
Results: Our study showed that food components and energy intake were 
not correlated with urinary PGE2. Participants’ BMI and WHR were 
moderately correlated with PGE2 which were not significant. Of allergic 
foods, only cheese had significant correlation with urinary PGE2.
Conclusion: There were no significant correlations between dietary 
components and BMI and urinary prostaglandin E2. Cheese consumption 
caused lower PGE2 level probably by decreasing omega6 especially 
arachidonic acid level.
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Introduction
Nocturnal enuresis, the most common behavior 
disorder studied in children, results from 

multifactorial processes, including both genetic and 
environmental factors. It was shown that nocturnal 
urine production in children is generally higher, 
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when there is an enuretic episode (1) and dietary 
components and body mass index (BMI) play 
important roles in regulation of night-time urine 
production through prostaglandin changes. Altered 
prostaglandin production have been observed in 
children with enuresis, and prostaglandin inhibitors 
are known to be of therapeutic value (2). 

One of the pro-inflammatory eicosanoids derived 
from the omega6 fatty acid, arachidonic acid, is 
prostaglandin E2 (PGE2) which is known to decrease 
the reabsorption of sodium and magnesium in the 
first part of the distal tubule in enuretic children. 
Indeed, they have an increase in nocturnal sodium 
and magnesium excretion in comparison with 
healthy controls and changes in urine production in 
nocturnal enuresis seems to be due to a decrease in 
the water and ion reabsorption in the thick ascending 
limb of Henle’s loop because of a changed regulation 
of ion transport in this part of the kidney (3). 

On the other hand, in vitro studies showed that 
bladder contraction is produced by the direct action 
of prostaglandins on urinary smooth muscle and also, 
it was demonstrated that E series-prostaglandins 
stimulate voiding through vesical contraction and 
urethral relaxation (4). Researches on lipidomic 
profiles revealed that high omega6 polyunsaturated 
fatty acid content of the diet caused high cellular 
concentration of PGE2 (5), and the elevated PGE2 
level cause an increase in nocturnal diuresis. So 
some of dietary fatty acids may prevent instability 
and overcontractility of bladder muscles through 
reduction of prostaglandin E2 synthesis. Also, it was 
demonstrated that children with nocturnal enuresis 
have mean serum and urine PGE2 levels that are 
twice that of healthy controls (6).

BMI and waist-to-hip ratio (WHR), reliable 
indicators of obesity, which are defined as 
excessive fat accumulation cause low-grade 
chronic inflammation of adipose tissue (7, 8). It was 
noted that hypoxia in obese adipose tissue causes 
inflammation and secretion of pro-inflammatory 
cytokines (9). So higher body mass index and WHR 
could increase the risk of nocturnal enuresis through 
increasing prostaglandin production. Many studies 
showed that some foods (milk and dairy products, 
eggs, citrus fruits and juices, tomatoes, chocolate) 
and carbonated beverages can promote diuresis 
or detrusor over-activity, which in some people 
can exacerbate overactive bladder symptoms and 
nocturnal enuresis (10-12).

On the other hand, it was found that average 
vitamin B12 and folate levels of patients with 
nocturnal enuresis were significantly lower compared 
to those of a control group (13). Therefore, one of 
the aim of present study was to find the possible 

role of foods and micronutrients on urinary PGE2 in 
children with incontinence. In this study, we aimed 
to examine the association between diet factors and 
PGE2 production. Findings can help in developing 
food strategies for preventing and possibly treating 
urinary incontinence.

Materials and Methods
This cross-sectional study was performed between 
July and February 2015 on 135 enuretic children 
who were referred to Pediatric Ward of Imam Reza 
Clinic in Shiraz, Iran. The sample size was calculated 
according to the prevalence of nocturnal enuresis 
in children (15%) (14). The confidence interval of 
99%, and the margin of error of 2% were defined. 
Participants were selected using multistage cluster 
random sampling method. Children were included, 
if they were aged 7 to 15 years old and they were 
suffering from nocturnal enuresis for at least three 
months and desired to participate in the study. 

Information on age, sex, number of wet-nights/
week was obtained through the interview. Height 
was measured to the nearest 0.5 cm using a non-
stretchable tape fixed on the wall, while the child 
was standing without shoes, and the buttocks and 
shoulders touched the wall. Weight was measured 
by a digital scale (Glamor BS-801, Hitachi, China) 
without any shoes. BMI was calculated by dividing 
weight in kilograms by the square of height in 
meters. Waist circumference was measured at 
mid-distance between the last floating rib and the 
iliac crest at the end of normal expiration with a 
standard tape measuring to the nearest 0.5 cm 
and hip circumference was measured at maximal 
protrusion of the buttocks, by a non-elastic flexible 
tape to the nearest 0.5 cm. The waist circumference 
was divided by the hip to determine WHR.

Consumption of milk and dairy products, eggs, 
citrus fruits and juices, tomatoes, chocolate and 
carbonated beverages (11, 12) was measured for 
the past 12 months through 161-item validated food 
frequency questionnaire (FFQ) (15, 16). These reports 
were converted to weekly intakes. The Nutritionist 
4 software was used for analyzing nutrient intakes 
of each food and beverages. A Written informed 
consent was obtained from all parents before 
interview. The study protocol was approved by 
the Ethics Committee and Research Council of the 
Research Institute of School of Nutrition and Food 
Sciences, Shiraz University of Medical Sciences, 
Shiraz, Iran (Project number: 9988).

Fasting urine samples were collected and kept at 
-80ºC for further analysis. Prostaglandin E2 levels 
were measured by enzyme-linked immunosorbent 
assay (ELISA) method using commercially available 
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kit (Crystal day, China). Data collected in this study 
were analyzed using SPSS software (version 16, 
Chicago, IL, USA). Normality of data was checked 
by Kolmogorov-Smirnov test, and non-parametric 
(i.e. Mann-Whitney’s) test was used where required. 
Correlation between two scale variables was 
measured by Pearson correlation coefficient. The level 
of significance (P value) was set to less than 0.05.

Results
The number of participants entered the study was 
135 enuretic children with the mean age of 8.64 
years. Anthropometric characteristics and dietary 
components were presented in Table 1. As shown 
in Table 2, food components and energy intake 
were correlated with urinary PGE2. Children BMI 
and WHR were not also correlated with PGE2. 
Interestingly, omega6 consumption did not show 
any relationship with PGE2 production. Also, 
energy intake and dietary fat were not associated 
with PGE2 secretion. Except for cheese, the rest 
of allergenic foods (milk and dairy products, eggs, 
citrus fruits and juices, tomatoes, and chocolate) 
did not show any significant correlation with PGE2, 
but cheese consumption had significant correlation 
with urinary PGE2 (r=-0.22, P=0.008) (Table 3).

Discussion
Although nocturnal enuresis is benign, it is clear 
that it can be extremely distressing, with a negative 
psychological impact on children and their 
families (17). A previous study showed that one 
of the causes of nocturnal enuresis was a higher 
nightly diuresis due to an elevated solute excretion 
(18). Also, another study demonstrated that in 
children with nocturnal enuresis, the increase 
in diuresis and solute excretion might be due to 
either a reduction of the effect of vasopressin on 
cells of the thick ascending limb of Henle’s loop, 
an increase in production of prostaglandins, or 
both (3).

In this study, the association of children food 
consumption and anthropometric characteristics with 
urinary PGE2 was studied. The data revealed that 
children with nocturnal enuresis had average BMI of 
17 which was not associated with their urine PGE2. 
We found a negative relationship between dietary 
fat and urinary PGE2, but it was not significant and 
omega6 fatty acid had no correlation with urinary 
PGE2; which is not in agreement with previous 
studies showing an increase in pro-inflammatory 
cytokine production in response to higher omega6 
consumption (19).

Table 1: Descriptive statistics of some study factors
Variable Max Min Mean SD
Age (year) 15 5 8.64 2.28
BMI (kg/m2) 25.04 11.19 17 3.02
WHR 1 0.7 0.84 0.06
Fat (gr/week) 1283 11.19 487.44 201.67
Calcium (mg/week) 10478 849 4509.95 2438.03
Vitamin B12 (ng/week) 74.2 3.8 23.96 13.8
Folic acid (ng/week) 5364 13 1465.78 863.99
Fe (mg/week) 119 13.8 51 23.78
Energy (Kcal/week) 16786 1078 7713.87 2898.58
PGE2 (pg/ml) 899 403 637.14 129.34
Body mass index (BMI), Waist-to-hip ratio (WHR), Prostaglandin E2 (PGE2)

Table 2: Pearson correlation coefficient between some study variables and urinary PGE2
Variable N r P value
Age (year) 135 0.027 0.76
BMI (kg/m2) 129 0.15 0.08
WHR 135 0.12 0.15
Fat (mg/week) 135 -0.05 0.54
Omega6 (mg/week) 135 -0.04 0.64
Calcium (mg/week) 135 -0.007 0.93
Vitamin B12 (ng/week) 135 0.00 0.99
Folic acid (ng/week) 135 0.01 0.89
Fe (mg/week) 135 0.04 0.57
Energy (kcal/week) 135 0.00 0.91
r: Pearson correlation coefficient, n: number of children, *P value<0.005, **P value<0.001, BMI: Body mass index, 
WHR: Waist-to-hip ratio , PGE2: Prostaglandin E2
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There were no significant correlations between 
other food components (e.g. calcium, vitamin B12, 
folic acid, iron) and urinary prostaglandin E2. So 
they probably cause incontinence through another 
mechanism. Foods such as dairy products, citrus 
fruits, tomato, carbonated beverage and chocolate 
which are restricted as behavioral therapy for 
enuretic children (20) showed no association with 
urinary PGE2 except cheese. Our study showed that 
children who consume more cheese in their diet, 
they produce less PGE2. Dairy products containing 
milk fat are major food sources of saturated fatty 
acids. Cheese consumption is the leading contributor 
of saturated fatty acid in the US diet (21). A recent 
study reported that the frequency of consumption of 
cheese was negatively associated with serum lipids 
(22). So children who consume more cheese probably 
have lower omega6, especially arachidonic acid level 
and they produce lower PGE2. Further studies are 
needed to determine lipidomic profile of enuretic 
children and to find the exact mechanism of cheese 
in reducing urinary PGE2. 

Conclusion
Dietary components and BMI have shown no 
correlation with urinary PGE2 in enuretic children. 
Cheese consumption caused lower PGE2 level 
probably by decreasing omega6, especially 
arachidonic acid level.
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