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Background and Purpose  To identify whether serum uric acid levels are significantly 
higher in patients with benign convulsion associated with mild gastroenteritis (CwG) than in 
patients with acute gastroenteritis.
Methods  This retrospective study compared the serum levels of uric acid between CwG, 
acute gastroenteritis, and febrile seizure after correcting for the varying degree of mild dehy-
dration using serum HCO3

– levels. We also compared the serum uric acid levels between pa-
tients with CwG and febrile seizures in order to exclude the effect of seizures on uric acid.
Results  This study included 154 CwG patients (age range 0.73–3.19 years), 2,938 patients 
with acute gastroenteritis, and 154 patients with febrile seizure. The serum uric acid level was 
significantly higher in CwG patients than in patients with acute gastroenteritis [9.79±2.16 mg/
dL vs. 6.04±2.3 mg/dL (mean±SD), p<0.001]. This difference was also significant after correct-
ing for dehydration. The serum uric acid level was significantly higher in CwG patients than in 
dehydration-corrected acute gastroenteritis patients (9.79±2.16 mg/dL vs. 6.67±2.48 mg/dL, 
p<0.001). The serum uric acid level was not elevated in patients with febrile seizure.
Conclusions  We have confirmed that serum uric acid is elevated in CwG patients even after 
correcting for their dehydration status, and that this was not a postictal phenomenon. Highly el-
evated serum uric acid in CwG could be a useful clinical indicator of CwG in patients with acute 
gastroenteritis.
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Elevated Serum Uric Acid in Benign Convulsions 
with Mild Gastroenteritis in Children

INTRODUCTION

Benign convulsions associated with mild gastroenteritis (CwG) was first reported by Mo-
rooka in 19821 and has subsequently been reported mainly in East Asia, with only a few re-
cent reports from Europe and USA.2-4 CwG is defined as afebrile seizure accompanied by 
acute gastroenteritis symptoms such as diarrhea in healthy patients, without evidence of 
central nervous system infection, electrolyte abnormalities, or moderate-to-severe dehydra-
tion to induce seizures.5 The prognosis of CwG is good, and it can be treated as a situation-
related seizure.6-8 This means that the early diagnosis of CwG does not require expensive tests 
such as brain magnetic resonance imaging or electroencephalography, and long-term an-
ticonvulsant therapy can be avoided when initially diagnosing CwG.

However, unlike febrile seizure, which is another situation-related seizure in children, 
CwG is not accompanied by fever, and some patients will not have symptoms of gastroen-
teritis such as diarrhea at the onset of seizures.9,10 The diagnosis of CwG is instead heavily 
reliant on the history of the patient and the specific characteristics of gastroenteritis and the 
seizures. Moreover, there is no specific biomarker for CwG that will aid its diagnosis when 
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the physician is uncertain. Therefore, diagnosing CwG can 
be difficult in the early phases of the disease.

Since serum uric acid level was added to the routine blood 
chemistry battery of our hospital we frequently observed highly 
elevated serum uric acid levels in CwG patients, whereas the 
serum uric acid level of gastroenteritis patients without seizures 
have been normal or only mildly elevated. Moreover, there 
have been a few reports of the serum uric acid being higher in 
CwG patients than in the patients with gastroenteritis only.11,12 

The purpose of the present study was to determine wheth-
er serum uric acid levels are significantly higher in patients 
with CwG than in patients with gastroenteritis only. We also 
aimed to reveal whether any such elevation was due to either 
dehydration or seizures.

METHODS

This study was approved by the Institutional Review Board 
of the Seoul National University Bundang Hospital (IRB No. 
B-1710-424-102).

The study population consisted of patients diagnosed with 
acute gastroenteritis, febrile seizure, or CwG from March 
2007 to February 2016 at Seoul National University Bundang 
Hospital (SNUBH). These patients were identified using the 
clinical data warehouse (CDW) system at SNUBH. CwG was 
defined as one or more afebrile seizures with acute gastroen-
teritis during the disease period without any evidence of 
central nervous system infection, dehydration, or electrolyte 
imbalance.5 Since these criteria lack detailed and strict in-
formation on dehydration, we excluded patients with mod-
erate-to-severe dehydration based on the WHO guideline13 
(Table 1) and laboratory findings, in accordance with previous 
studies.14-16 None of the patients suspected of CwG showed 
moderate-to-severe dehydration. Patients with epilepsy, con-
genital central nervous system disorders, or electrolyte im-
balance that could provoke seizures were excluded. 

Clinical information was collected regarding the age at on-
set, sex, timing and frequency of diarrhea and seizures, and 
past medical history such as epilepsy and congenital central 
nervous system disease. Serum and laboratory data includ-

ing uric acid, sodium, potassium, chloride, calcium, magne-
sium, glucose, bicarbonate (HCO3

–), blood urea nitrogen, 
and creatinine were reviewed to exclude patients with elec-
trolyte imbalance or hypoglycemia that could cause seizures. 
Laboratory examinations were performed at the time of the 
visiting the emergency room (usually after the seizure) in most 
cases. The main purpose of this study was to identify any 
differences in serum uric acid levels between CwG patients 
and patients with acute gastroenteritis without seizures. We 
also aimed to reveal whether the findings resulted from de-
hydration or a postictal phenomenon.17,18 To achieve this 
goal, we compared serum uric acid levels between CwG pa-
tients and all acute gastroenteritis patients without seizures. 
We further analyzed the difference in serum uric acid levels 
after correcting for dehydration in order to exclude the con-
founding effect of dehydration on the serum uric acid level. 
This correction was performed using HCO3

–, which is a well-
known indicator of dehydration severity.19,20 We randomly 
selected four patients with simple acute gastroenteritis who 
matched the HCO3

– level, age, and sex of a single CwG pa-
tient. Lastly, we compared the serum uric acid levels of the 
CwG patients with those in a sex- and age-matched (1:1) con-
trol group with febrile seizure to determine whether any dif-
ference was the result of seizures. We used the Kolmogorov-
Smirnov and Shapiro-Wilk tests to check if the continuous 
variables conformed to a normal distribution. Continuous 
variables were compared using the independent-sample t-
test, while categorical variables were compared using the chi-
squared test. The results were analyzed using SPSS software 
(version 22.0; IBM Corp., Armonk, NY, USA), and a p value 
less than 0.05 was considered statistically significant. Receiver 
operating characteristics (ROC) analysis was performed us-
ing the pROC package of R software (version 3.4.0, R Foun-
dation, Vienna, Austria) to calculate the area under the ROC 
curve and the serum uric acid cutoff value that optimally dis-
tinguished CwG from acute gastroenteritis patients. ROC 
curves were constructed over the range of all observed values, 
and corresponding confidence intervals were computed. The 
optimal threshold value corresponds to the best sum of sen-
sitivity and specificity (Youden index).21

Table 1. WHO guideline for the assessment of dehydration13

Decide No dehydration
Mild dehydration 

(If the patient has two or 
more signs in below column)

Severe dehydration 
(If the patient has two or 

more signs in below column)
Condition   Well and alert Restless or irritable Lethargic or unconscious

Eyes   Normal Sunken Sunken

Thirst   Drinks normally, not thirsty Drinks eagerly, thirsty Drinks poorly, or not able to drink

Skin pinch   Recovers rapidly Recovers slowly Recovers very slowly

Fluid deficit as percentage of body weight (%)   <5 5–10 >10
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RESULTS

We identified 154 CwG patients (male:female=63:91, age 
range 0.73–3.19 years) through a CDW search of diagnoses, 
and performed detailed reviews of their electronic medical 
records. We identified 2,938 patients (1,632 male and 1,306 
female) with acute gastroenteritis during the same time peri-
od whose age distribution was the same as that of the CwG 
patients. The same number of patients with febrile seizure was 
identified by matching the sex and age of the CwG patients. 
All CwG patients experienced a single seizure event before 
a blood test was performed, and none of them experienced 
prolonged seizures lasting >15 minutes. All patients with fe-
brile seizure showed simple febrile seizure. Laboratory test-
ing was performed within 12 hours after the first seizure for 
both the CwG and febrile seizure groups. The age, sex ratio, 
serum uric acid, and HCO3

– levels of the patients are listed 
in Table 2. The serum uric acid level of the CwG patients was 
9.79±2.16 mg/dL [mean±SD; 95% confidence interval (CI)= 
9.44–10.13 mg/dL] and that of the acute gastroenteritis pa-
tients without seizure was 6.04±2.36 mg/dL (95% CI=5.96–
6.13 mg/dL). The uric acid level in each group was higher 
than the normal range (reference range at SNUBH=1.80– 
5.00 mg/dL) and the uric acid level of the CwG patients was 
significantly higher than that of the patients with acute gas-
troenteritis without seizures) (p<0.001) (Fig. 1). As men-
tioned above, we randomly selected four patients with acute 
gastroenteritis and the same HCO3

– value, sex, and age as 
those of a CwG patient. We compared the HCO3

–-matched, 
4:1 paired group with an acute gastroenteritis patient with 
CwG patients. The serum uric acid level of the CwG pa-
tients (9.79±2.16 mg/dL) was significantly higher (p<0.001) 
than that of 616 HCO3

–-corrected acute gastroenteritis pa-
tients (6.67±2.48 mg/dL, 95% CI=6.47–6.87 mg/dL). The se-
rum uric acid level was higher in CwG patients even after 
randomly correcting for the effect of dehydration using the 
serum HCO3

– level. The distributions of the serum uric acid 
levels in the HCO3

–-corrected acute gastroenteritis group 
and CwG group are shown in Fig. 2. The serum uric acid 
level of patients with febrile seizure was 4.30±1.02 mg/dL 
(95% CI=4.14–4.46 mg/dL), which falls within the normal 

range (Fig. 1). We also found that the uric acid did not in-
crease after the seizure in patients with febrile seizure, which 
suggests that the elevation of serum uric acid in CwG is not 
a postictal phenomenon. ROC analysis revealed that the op-
timal serum uric acid cutoff value for distinguishing between 
CwG and HCO3

–-matched acute gastroenteritis was 7.8 mg/
dL, which gave a sensitivity of 85.7% (95% CI=79.9–90.9%), 
a specificity of 67.4% (95% CI=63.8–70.9%), and an area un-
der the curve of 82.7% (95% CI=79.2–86.2%), as shown in 
Fig. 3. This serum uric acid level may be useful for diagnos-
ing CwG in its early stages. 

DISCUSSION

The key findings in this study were as follows: 1) the serum 
uric acid level was significantly higher in patients with CwG 
than in those with acute gastroenteritis, 2) this elevation was 

Table 2. Demographics of patients with benign CwG, acute gastroenteritis, and febrile seizure

CwG (n=154) Acute gastroenteritis (n=2,938) Febrile seizure (n=154)
Sex, male:female 63:91 1,632:1,306 64:90

Age at onset, years 1.70 (0.73–3.19)

Serum uric acid, mg/dL   9.79±2.16

HCO3
–, mg/dL 15.72±2.68

Data are n, mean (range), or mean±SD values.
CwG: convulsion associated with mild gastroenteritis.
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Fig. 1. Boxplot of serum uric acid level of the three groups (CwG, acute 
gastroenteritis, and febrile seizure). *p<0.05. CwG: benign convulsions 
associated with mild gastroenteritis. 
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also present after correcting for dehydration, which sup-
ports that this significant result was not biased by the severity 
of dehydration, and 3) this finding was not observed in the 
postictal state of febrile seizure patients, which also supports 
that this elevation was not the result of seizure. Our findings 
confirm the hypothesis that we raised based on our observa-
tion from everyday practice—that the serum uric acid level 
of CwG patients is higher than that of acute gastroenteritis 
patients without seizure. Although only a few studies have 
addressed this issue, our findings are concordant with pre-
vious studies finding higher uric acid levels in CwG patients 
than in patients with acute gastroenteritis alone. One study 
from Japan compared 20 patients with CwG and 30 patients 

with acute gastroenteritis, who had similar degrees of meta-
bolic acidosis, and found that the serum uric acid level was 
significantly higher in the CwG group (10.0±2.2 mg/dL) 
than in the patients with acute gastroenteritis (8.8±5.2 mg/
dL).12 Another study found that the serum uric acid level was 
higher in 27 CwG patients (8.75±2.31 mg/dL) than in 188 
patients with simple gastroenteritis (5.91±2.45 mg/dL).11 We 
similarly found that the serum uric acid level was significant-
ly higher in patients with CwG than in those without seizure 
from a larger cohort of 154 CwG patients.

The second question that we aimed to address was whether 
this higher uric acid level was due to dehydration as a result 
of diarrhea, vomiting, and reduced oral intake. It has been 
reported that the serum uric acid level increases in the pres-
ence of severe dehydration,22 and so we attempted to cor-
rect for any difference in the degree of dehydration between 
the CwG and acute gastroenteritis groups. Accurately deter-
mining the degree of dehydration requires the application of 
laboratory data together with the Clinical Dehydration Scale 
(CDS) using the symptoms and signs of patients.19,20 Since 
patients can only be classified semiquantitatively into mild, 
moderate, or severe by applying the CDS, we needed a con-
tinuous scale that could precisely reflect the degree of dehy-
dration when performing this correction. We therefore quan-
tified the degree of dehydration using the serum HCO3

–, 
which is known to accurately reflect the severity of dehydra-

Fig. 3. Receiver operating characteristics curve of serum uric acid 
level’s capacity to predict CwG over HCO-

3-matched acute gastroen-
teritis patients. Optimal cutoff value is depicted in a red dot. AUC: area 
under the curve, CwG: benign convulsions associated with mild gas-
troenteritis .
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tion as a single laboratory result.19,20,23 To correct for the ef-
fects of a difference in dehydration on the uric acid level in 
the CwG group, we created a dehydration-corrected control 
group without seizure by randomly selecting an additional 
4:1 HCO3

–-matched control group comprising patients with 
acute gastroenteritis. We confirmed that serum uric acid level 
of the CwG patients was significantly higher than that of the 
acute gastroenteritis patients without seizures even after cor-
recting for the degree of dehydration. This is consistent with 
the uric acid level being higher in patients with CwG than in 
acute gastroenteritis patients with a similar severity of dehy-
dration. This finding also suggests that the significantly higher 
level of serum uric acid level was not a biased result resulting 
from a different degree of dehydration in the CwG patients. 

There have been reports of the serum uric acid level in-
creasing after prolonged seizures in humans.17,24 We there-
fore investigated whether the higher level of serum uric acid 
in CwG patients was the result of seizures by comparing the 
uric acid levels of patients after febrile seizures. Almost all 
(n=149) of the 152 patients with CwG and all of the pa-
tients with febrile seizure visited the emergency room im-
mediately after their seizure, which enabled us to assess the 
effect of the seizure on the serum uric acid level. Serum uric 
acid was not elevated in the patients after a febrile seizure, 
which confirms that the abnormal elevation of the serum 
uric acid level in the CwG patients was not a phenomenon 
that occurred after a seizure. Overall, our findings confirm 
that significantly higher serum uric acid levels are observed 
in CwG patients compared to acute gastroenteritis patients 
without seizure and their levels are not confounded by the 
degree of dehydration or a postictal phenomenon. 

As mentioned above, we frequently observe markedly el-
evated serum uric acid levels in patients with CwG in our ev-
eryday practice. We can use this finding as an additive labo-
ratory marker for CwG, especially in patients with multiple 
seizures or those without the overt clinical manifestation of 
acute gastroenteritis. Based on our findings, a serum uric 
acid level above 7.8 mg/dL can serve as a helpful marker sug-
gestive of CwG over other epileptic diseases. Additionally, it 
could help physicians to anticipate seizures and prepare for 
possible events when encountering a patient with acute gas-
troenteritis with a markedly elevated serum uric acid level.

Our findings can also provide a helpful suggestion for fur-
ther basic research into the mechanism underlying seizure 
generation. Uric acid has been considered metabolic waste 
in the past, but recent studies have shown that it affects not 
only gout but also ischemic heart disease and neurological 
diseases.25-28 In particular, the metabolites of uric acid can 
enhance the activity of the nervous system and act as an in-
flammatory substance.29 Although various functions of uric 

acid are known, only a few studies have investigated the as-
sociation between uric acid and seizures. An increase in se-
rum uric acid levels in mice is reportedly associated with an 
increase in generalized seizures.18 In the present study, the 
serum uric acid levels were significantly higher in CwG pa-
tients. These clinical observations suggest that further basic 
research is needed into the relationship between uric acid 
and seizures.

While geographical variations in CwG have not been re-
ported, it is mainly found in East Asian countries such as 
Japan, Taiwan, and Korea, and its prevalence is thought to 
vary with race.3 In addition, the occurrence of seizures and 
the increased uric acid levels differ between individuals. These 
observations suggest the presence of a genetic influence on 
the occurrence of CwG. It remains difficult to attribute the 
pathophysiology of CwG to a single gene. However, well 
known to be genes associated with elevations of the serum 
uric acid level.30-32 Dysfunction of ABCG2 in gastroenteritis 
patients with elevation of serum uric acid was detected re-
cently, and so this is one of the causes of serum uric acid ele-
vation in gastroenteritis.33 Clarifying the elevation of uric acid 
levels in CwG patients will require further studies of the 
genes related to uric acid metabolism.

This study enrolled a large number of patients with CwG 
and acute gastroenteritis. Also, because it was performed at a 
single institutional, patients and controls were selected based 
on consistent criteria and comparisons of the obtained labo-
ratory values are likely to be relatively reliable. However, some 
clinical records could not be identified because of the limita-
tion of this study having a retrospective design. Therefore, 
there were limitations in analyzing other factors that could 
affect the occurrence of seizures. Also, insufficient clinical in-
formation in the CDS reduced our ability to determine the 
degree of dehydration of individual patients, and the degree 
of dehydration could not be assessed more accurately by us-
ing both CDS and laboratory data.

We have found that the serum uric acid level is significantly 
elevated in patients with CwG. This finding strongly suggests 
that if seizure occurs in children aged 6–36 months with gas-
troenteritis, a significantly increased serum uric acid levels 
can serve as a helpful indicator for diagnosing CwG in its early 
phase.
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