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than 6‑year‑old children.[2] In almost 90% of 
these children, no explanatory organic cause can be 
identified.[3]

This disorder causes several referrals to pediatricians. 
A pediatrician from Britain in the early 1900s said: “I 

INTRODUCTION

Functional abdominal pain (FAP) is a common 
complaint which accounts for 0.3%–19% of prevalence 
among school‑aged[1] and <12% among younger 

Background: Functional abdominal pain (FAP) is a common complaint causing several referrals to pediatricians. 
On the other hand, the most common presentation of hyperuricosuria and also hypercalciuria is chronic/
recurrent abdominal pain. Therefore, a hypothesis has been raised; abdominal pain due to hyperuricosuria 
and/or hypercalciuria may be misdiagnosed as FAP. The current study has aimed to respond to this theory. 
Materials and Methods: This is a case–control study conducted on children diagnosed with FAP based on 
Rome IV criteria and age‑matched normal controls. Blood and random urine samples were taken from healthy 
children and those with FAP. Random urine samples were examined for calcium, uric acid, oxalate, and creatinine 
concentrations. Random urine calcium to urine creatinine above 0.2 mg/mg was considered hypercalciuria 
and random urine uric acid above 0.56 mg/dl, GFR as hyperuricosuria. The data were analyzed using logistic 
models. Results: Hypercalciuric children had a significantly lower chance of FAP (odds ratio [OR] =0.425, 95% 
confidence interval [CI] =0.204–0.886). Although an inverse association was seen between hyperuricosuria and 
FAP (OR = 0.693, 95% CI = 0.395–1.214), it was not statistically significant. In stratified analyses by gender for both 
hyperuricosuria and hypercalciuria, a marginal inverse significant association was seen in male gender (P < 0.1). 
Conclusion: Our study showed that hypercalciuria is significantly in inverse association with FAP but not 
hyperuricosuria. Therefore, these disorders, particularly hyperuricosuria may not be considered as the possible 
causes of FAP. Further studies with larger sample size for providing more reliable evidence are recommended.
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know of no symptom which can be more obscure in its 
causation than colicky abdominal pain in childhood”.[4] 
Nowadays, this clinical issue is still a great challenge for 
researchers and pediatricians after more than a century. This 
lack of obvious etiologic diagnosis for the abdominal pains 
of children results in several clinical referrals, extensive 
investigations, excessive costs for diagnostic modalities, 
noneffective treatments, poor satisfaction, and a significant 
burden on the health‑care system.[5]

Chronic or recurrent abdominal pain, recently known as 
FAP based on Rome IV diagnostic criteria, affects 8%–25% 
of children.[6,7] It is responsible for 2%–4% of pediatric 
clinic referrals[8] and is estimated to occur in 10%–20% of 
school‑aged children and even up to 15% of adolescents.[9]

Based on Rome IV diagnostic criteria, FAP is defined as 
continuous or episodic abdominal pain without any clue to 
metabolic, inflammatory, and/or neoplastic etiologies. This 
pain should be present 25% of the time and be accompanied 
by one or more of the following symptoms: daily activity 
limitation and other somatic symptoms such as headache, 
limb pain, and sleep disturbances.[10]

Hypercalciuria is a common condition occurring in 9% 
of children. This condition, which is not necessarily 
accompanied by the higher incidence rate of nephrolithiasis, 
might be responsible for FAP.[11] It is reported that up to 
41% of children with hypercalciuria present recurrent 
and chronic abdominal pain episodes; therefore, it is 
hypothesized that hypercalciuria might be one of the 
underlying factors of FAP.[12]

Hyperuricosuria is another dysfunction that might occur 
with or without hypercalciuria. It is accompanied by 
various clinical manifestations, including nephrolithiasis 
and hematuria, flank, and abdominal pain.[13] As children 
aged <5 years may present flank pain as abdominal pain, 
it is suggested that hyperuricosuria might have a role in 
FAP.[14]

Based on an extensive search in the literature, we found 
scare studies with small size and controversial findings on 
the role of hyperuricosuria and hypercalciuria in FAP.[15,16] 
Therefore, considering the inconsistency in the findings, 
the current study aimed at determining the association of 
hypercalciuria and hyperuricosuria with FAP.

METHODS

Study design and setting
This case–control study was conducted from January 2016 
to April 2018 on 200 children referred to clinics of training 
hospitals of Imam Hossein and Amin, affiliated to Isfahan 

University of Medical Sciences, Isfahan, Iran. Considering 
type one error rate 5%, statistical power 80%, and odds 
ratio (OR) =0.43 for the association of hyperuricosuria 
and/or hypercalciuria with FAP, the total sample size was 
calculated to be 193. We entered 100 samples per group (a 
total of 200 samples) in the study.

Inclusion and exclusion criteria
Those children who met the Rome IV criteria for FAP 
diagnosis[17] with normal reports of the laboratory tests and 
ultrasonography were included in this study according to 
the diagnosis of a pediatric gastroenterologist. The following 
laboratory tests were assessed for all of included children: 
complete blood count and differentiation, erythrocyte 
sedimentation rate, aspartate aminotransferase (AST), 
alanine aminotransferase, amylase, lipase, anti‑tissue 
transglutaminase antibody (anti‑TTG antibody) (IgA), 
total IgA, stool examination, urine analysis, and urine 
culture.

The exclusion criteria consisted of any abnormal laboratory 
findings, presence of any organic etiology including 
inflammatory, metabolic and neoplastic reasons for 
abdominal pain, and use of any medication affecting 
calcium and uric acid excretion.

Procedure and assessment of variables
Overall, 100 children with a possible diagnosis of FAP were 
included by convenient sampling, and an equal number of 
age‑matched controls were recruited from the same clinics 
among those children referred for complaints other than 
abdominal pain. They underwent a physical examination 
and laboratory tests similar to the case group. All of the 
patients underwent abdominopelvic ultrasonography by 
an expert radiologist to reduce the interobserver bias.

Blood and random urine samples were obtained from 
members of both groups. All laboratory tests were 
performed in the same laboratory, using quantitative Pars 
Azmun kits (http://www.irancode.ir/Home/PersonalPage?
MemberCode=18514andgProduct-orderBy=CombaseNam
e-descandgProduct-page=3). Random urine samples were 
examined for calcium, uric acid, oxalate, and creatinine 
concentrations.

Random urine calcium to urine creatinine above 0.2 mg/mg 
was considered as hypercalciuria.[18]

Above 0.56 mg/dl GFR was defined as hyperuricosuria 
based on the following formula;[19,20]

Urine Random Uric Acid × Plasma Creatinine
Urine Creatinine

Besides, the age (year) and the gender of the participants 
were recorded.

http://www.irancode.ir/Home/Personal
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Ethical considerations
The study protocol was approved by the Isfahan University 
of Medical Sciences Ethics Committee (Ethics Committee 
approval number: IR.MUI.REC.1396.3.796). Thus study 
protocol was explained for cases’ and control’ legal 
guardians. They all were reassured about the confidentiality 
of obtained information and requested to sign the informed 
consent form to participate in the study.

Statistical analyses
Data were presented as mean (standard deviation [SD]) 
and frequency (%) for numeric and categorical 
variables. Chi-square and Student’s t‑test conducted 
comparisons of variables between the case and 
control groups for categorical and numeric variables, 
respectively. Normality of continuous data was 
evaluated using Kolmogorov–Smirnov test  and 
Q‑Q plot. Association between hyperuricosuria and 
hypercalciuria with FAP was evaluated using binary 
logistic regression in total sample and separately 
in boys and girls.  Results of logistic regression 
were reported as ORs and their 95% confidence 
intervals (CIs) for OR. Data were analyzed by IBM SPSS 
Statistics (version 20, IBM SPSS Statistics, Armonk, NY, 
USA). A P < 0.05 was considered statistically significant.

RESULTS

In the first step, we assessed a total of 300 participants. There 
were 100 dropouts (74 of them did not meet the inclusion 
criteria, and 36 were unwilling to attend the study). 
Afterward, 100 participants in each group were assessed 
for risk factors, and there was no missing information in 
this step. Finally, data were analyzed on 100 cases and 100 
controls [STORBE diagram; Figure 1].

The man (SD) age of study participants was not 
significantly different between cases (8 [2.99] years) and 
controls (7.65 [2.77] years) (P = 0.399). However, a significant 
difference was observed in terms of gender distribution 
between cases (17% boys) and control (25% boys) (P = 0.022).

Mean value of urine calcium and hypercalciuria distribution 
was significantly higher in controls than in cases (26% vs. 
13%, P = 0.020). However, the distribution of hyperuricosuria 
was not significantly different between controls and 
cases (48.0% vs. 39%, P = 0.199).

However, there were no significant differences between 
cases and controls in uric acid, urine creatinine, and plasma 
creatinine (all P > 0.05) [Table 1].

Table 2 presents the results of logistic regression in 
total sample and separately in both gender for the 
association of hypercalciuric and hyperuricosuria with 
FAP. Hypercalciuric children had a significantly lower risk 
of FAP (OR = 0.425, 95% CI = 0.204–0.886). Although an 
inverse association was seen between hyperuricosuria and 
FAP (OR = 0.693, 95% CI = 0.395–1.214), however, it was not 
statistically significant. In stratified analyses by gender for 
both hyperuricosuria and hypercalciuria, a marginal inverse 
significant association was seen in male gender (P < 0.1).

DISCUSSION

Based on the findings of our case–control study, 
the distribution of hypercalciuria was significantly 
higher in controls than in cases,  no statistical 
difference was found in terms of hyperuricosuria  
between cases and controls.

The hypothesis about the role of idiopathic hypercalciuria/
hyperuricosuria on FAP was raised based on the findings of 
cross‑sectional studies assessing idiopathic hypercalciuria/
hyperuricosuria that found recurrent/chronic abdominal 
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 (n = 300)

Excluded (n = 100)

  Not meeting inclusion criteria
(n = 74)

Refused to participate
(n = 36)

Other reasons (n = 0)

Randomized (n = 200)

Allocated to case group
(n = 100)

Allocated to control group
(n = 100)

Analyzed (n = 100)

Excluded from analysis
 (n = 0)

Analyzed (n = 100)

Excluded from analysis
(n = 0)

Figure 1: STROBE diagram of participants’ recruitment in case–control study

Table 1: Basic demographic and clinical characteristics 
of study participants
Variables Variable

Case Control P
Sex: Boys (%) 50 (25.0) 34 (17.0) 0.022
Age 7.7 (2.7) 8.0 (3.0) 0.399
Hypercalciuria (%) 26 (13.0) 13 (6.5) 0.020
Hyperuricosuria (%) 48 (24.0) 39 (19.5) 0.199
Urine calcium 0.12 (0.10) 0.17 (0.18) 0.010
Uric acid 0.49 (0.22) 0.58 (0.44) 0.081
Plasma creatinine 0.63 (0.10) 0.61 (0.10) 0.094
Urine creatinine 71.8 (49.1) 84.0 (53.2) 0.476
Continuous and categorical data were reported as mean (SD) and frequency (%). P 
values resulted from independent samples t‑test for continuous and Chi‑squared test 
for categorical data, respectively. SD=Standard deviation
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pain as the most common symptom among children 
presenting idiopathic hypercalciuria/hyperuricosuria.[12‑22]

Further evaluations in these studies showed that abdominal 
pain among these children might be present without 
manifestation of urolithiasis.[12,13] On the other hand, as 
young children, aged under five, might present their 
flank pain as abdominal pain,[23] this hypothesis about the 
potential role of hypercalciuria/hyperuricosuria on FAP 
was underscored.

Various studies showed that hypercalciuria and 
hyperuricosuria might lead to urolithiasis, which can cause 
significant abdominal pain and more probability, flank 
pain.[12-24] Therefore hypercalciuria and hyperuricosuria were 
suggested as the underlying etiologies of recurrent and/or 
chronic abdominal pain. Following mentioned hypothesis, 
Polito et al. performed a study on the association of urolithiasis 
with recurrent abdominal pain. Consistent with other studies, 
they found that imaging may not present urolithiasis at 
episodes of pain. Therefore, the probability of abdominal pain 
due to urolithiasis should not be underestimated.[25] It should 
be acknowledged that hypercalciuric and/or hyperuricosuric 
children without manifestations of urolithiasis during first 
imaging assessments may present calculi after 1 to 4 years 
in further evaluations.[24-26]

Limited comparative studies have assessed this association, 
and most previous studies have just presented the probable 
role of this association. In contrast, the study of Polito et al. 
assessed the role of hypercalciuria in recurrent abdominal 
pain in childhood. In their cross‑sectional study, they 
gathered data of 46 over 3-year-old patients and defined 
hypercalciuria. They also included 37 normal cases and 
compared the hypercalciuric state of the two groups. 
There presented no association between hypercalciuria and 
recurrent abdominal pain.[27]

Furthermore, in the study of Polito et al.,[19] they did not 
find a significant association between hypercalciuria and 
FAP in children.

Another study by Polito investigated appendectomy 
among children with hypercalciuria/hyperuricosuria. It 
represented a remarkably higher appendectomy rate among 
children with hypercalciuria/hyperuricosuria than the 

control children with normal ranges of calcium and urea 
urinary excretion. Further investigations showed that the 
patients’ recurrent abdominal pain was preserved following 
appendectomy; by a‑year therapeutic approaches for 
hypercalciuria/hyperuricosuria, abdominal pain improved 
dramatically.[23]

Leslie was another scientist who represented a direct 
correlation between hypercalciuria and recurrent abdominal 
pain in children; however, they may not necessarily 
represent the symptoms of nephrolithiasis or have abnormal 
urine analysis or ultrasonography.[18]

Study limitations and strengths
The main limitations of our study are the small number 
of participants studied, without long‑term follow‑ups. 
Furthermore, choosing a sample of children referred to 
clinics of training hospitals of Imam Hossein and Amin 
restricts the generalizability of the findings to other settings. 
Future directions are recommended to study a variety of 
settings for more external validity. The strengths of our study 
are the novelty in the pediatric age group and conducting 
complete laboratory and sonographic evaluations for 
participants. This study is among a limited number of 
studies assessing the probable role of hypercalciuria/
hyperuricosuria on recurrent/chronic abdominal pain 
among children presenting with FAP. We recommend 
further studies by considering the probable confounding 
variables affecting calcium and urea excretion status, such 
as routine daily regimen. Besides, a longer duration of 
follow‑up is required to provide a more thorough view of 
hypercalciuria/hyperuricosuria in FAP.

CONCLUSION

Our study showed that hypercalciuria is significantly in 
inverse association with FAP but not hyperuricosuria. 
Therefore, these disorders particularly hyperuricosuria may 
not be considered as the possible causes of FAP. Further 
studies with larger sample size for providing more reliable 
evidence are recommended.

Acknowledgments
The authors would like to thank Imam Hossein and Amin 
Hospitals of Isfahan University of Medical Sciences’ 
research deputy for supporting this study.

Table 2: Logistic regression results for the association of hyperuricosuria and hypercalciuria with functional 
abdominal pain
Variables Total sample Boy Girl

OR Lowe-upper CI for OR P OR Lower-upper CI for OR P OR Lower-upper CI for OR P
Hypercalciuria 0.425 0.204-0.888 0.022 0.275 0.072-1.055 0.060 0.508 0.202-1.279 0.151
Hyperuricosuria 0.693 0.395-1.214 0.20 0.441 0.178-1.904 0.078 0.938 0.447-1.969 0.865
OR=Odds ratio; CI=Confidence interval
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