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Abstract

Background: Nocturnal enuresis is a symptom with probably multiple etiologic factors and a high prevalence. Conventional ther-
apies is expensive and complicated, since the effect of calcium on voiding dysfunction was approved. Therefore, to the current study
aimed at evaluating the therapeutic effect of hydrochlorothiazide on primary monosymptomatic nocturnal enuresis (PMNE).
Methods: The current study was conducted based on the interviews with patients. Morning urine test was evaluated in children
with PMNE detection and specific gravity < 1010 enrolled to the study (110 children comprised of 57 cases and 53 controls). Children
were divided into 2 groups; in the case group, hydrochlorothiazide (tablet 1 mg/kg and maximum 50 mg) was administered in the
morning and the control group was only given necessary training about enuresis. For 3 times and with 1 month interval (based on a
predetermined questionnaire) the frequency of nocturnal enuresis was checked. Data were transferred into SPSS program and the
therapeutic effect of hydrochlorothiazide on primary monosymptomatic nocturnal enuresis was investigated.
Findings: There was a statistically significant difference regarding the frequency of nocturnal enuresis between the 2 groups (P =
0.0001). Also, both groups were matched by age (P = 899) and gender (P = 607).
Conclusions: Hydrochlorothiazide can be used as an effective and safe therapeutic option for treatment of primary monosymp-
tomatic nocturnal enuresis.
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1. Background

Primary monosymptomatic nocturnal enuresis
(PMNE), as a symptom means the involuntary urina-
tion at least 2 nights a month in children older than 5
years of age; this is despite the fact that most children
gain voiding control at night from the age of 3 and these
capabilities are earlier in females than males (1, 2). As a
common childhood problem, it has a prevalence of 1.6% to
15%; 10% in 6-year old, and 5% in 14-year children still wet
the bed at night (3, 4). Children who have never gained uri-
nation control (about 75% of cases) are defined as primary
NE, and other children with development of incontinence
at least in 6 months (25% of cases) are the secondary NE
(5, 6). Moreover, NE without daytime urinary symptoms
is defined as monosymptomatic, and NE with daytime
urinary symptoms is defined as nonmonosymptomatic
NE, which is accompanied by daytime urinary symptom
(7). Idiopathic hypercalciuria (IHC) is a cause of urinary
problems in children such as nephrolithiasis (6). Also,

various manifestations of clinical urinary disorders such
as recurrent abdominal pain, hematuria, urinary tract in-
fections (UTIs), urgency, dysuria, and urinary incontinence
are common in children with IHC (8, 9). The influence of
genetic factors hypothesized as another etiology of PMNE
also identified as autosomal dominant patterns for it
(10, 11). Since children with NE do not have a psychiatric
disorder, control of bladder may be lost by a stressful
life, also physiology of sleep condition may play a role in
the etiology of NE, with a commonly noted high arousal
threshold. Detrusor muscle malfunction with a tendency
for involuntary contractions and small amounts of urine
in bladder are considered as another possible etiology
(8, 12). NE may be associated with reduction of bladder
capacity commonly observed in children with chronic
constipation that leads to large dilated of distal colon
impinging on bladder as another etiology of NE (4, 13, 14).

According to a recent observation, there is a significant
correlation between urination volume (polyuria) in night
and excretion of calcium (6, 15, 16). To treat this condition
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thiazide diuretics are used as drugs that are easy to use,
have few complications, are inexpensive, widely available,
and acceptable (17). Thiazides induce calcium reabsorp-
tion in distal tubules of kidney and ameliorate hypercal-
ciuria (18-20). Based on the context, it was found that id-
iopathic hypercalciuria was a strong cause of NE, and hy-
drochlorothiazide (HCT) significantly improved hypercal-
ciuria condition; therefore, it was suggested to evaluate
the therapeutic effects of HCT on the improvement of NE
condition. The current study considered the effect of HCT
on the treatment of PMNE in children, males and females,
in order to find a better treatment.

2. Methods

2.1. Study Setting

The current hospital-based study was conducted in the
pediatric clinic of Amir-Kabir hospital.

2.2. Study Population

For our case-control study we randomly selected a rep-
resentative sample from all male and female children over
5 years old with PMNE who referred to Amir Kabir hospital.
The sample size was 110 children comprised 53 subjects in
the control group and 57 patients in the case group. Obser-
vations and samples recruitment were performed based
on the random permutation of the blocks.

2.3. Measurements

Both the case and control groups were matched by de-
mographic characteristics and socioeconomic status. In
the case group, HCT (tablet 1 mg/kg and maximum 50 mg)
was prescribed in the morning; also, about NE subjects
were given the necessary training. Subjects in the control
group only received the necessary training about NE. For 3
months, according to a predetermined questionnaire and
with 1-month intervals, the frequency of nocturnal enure-
sis was evaluated and 3 months later, the follow-up data
were collected and analyzed by SPSS program.

2.4. Ethical Considerations

Ethical issues, including plagiarism, data fabrication,
and double publication were completely observed by the
authors. In addition, the Ethical Committee of Arak Univer-
sity of Medical Sciences, Arak, Iran, approved the protocol
of the study (code number: 93-172-7).

2.5. Statistical Analysis

Data analysis was conducted by the chi-square and t
test with SPSS program and P <0.05 was considered as sta-
tistically significant difference.

2.6. Inclusion and Exclusion Criteria

Children with 5 to 18 years of age and positive PMNE di-
agnosis based on Nelson book and pediatrics confirmation
were assigned to the case group. Children with no men-
tal and physical illnesses and a specific gravity lower than
1010 were enrolled. In addition, non-cooperation of par-
ents and children, the presence of any chronic disease, and
chronic use of any drugs were considered as exclusion cri-
teria.

2.7. Necessary Training

- Drinking lots of liquid was recommended during the
day to increase bladder capacity and decrease or stop liq-
uid intake after 7:00 pm.

- Special diet: Avoidance irritating substances and car-
bonated drinks.

- Completely emptying the bladder at night, before
bedtime.

- Gradually increasing the time between liquid intake
and urination.

- Exercise

- Training toilet manners and encouraging the child for
urinary voiding.

3. Results

Totally, out of the 57 patients with PMNE in the case
group, 34 patients were male (7/59%) and 23 patients were
female (3/40%), and out of the 53 patients in the control
group 27 patients were male (9/50%) and 26 patients were
female (1/49%); based on this about gender of children
there was no significant differences between the groups (P
= 0.359). The mean age of children in the case and control
groups were 8.35 ± 1.94 and 8.21 ± 1.99 years, respectively
(P = 0.802). In addition, the youngest child was 6 years old
and the oldest one was 13 years old (Table 1). As shown in
Table 1, the age of children was not significantly different
between the 2 groups (P = 0.223).

Also, as shown in Table 2, the mean of episodes of wet-
night in the 1st (P <0.001), 2nd (P = 0.001), and 3rd (P =
0.001) months of examinations were significantly differ-
ent between the control and case groups. The mean of
episodes of wet-night, considering age (P = 0.899) and gen-
der (P = 0.607) variables, was not significantly different be-
tween the control and case groups (Table 3). In the current
study, HCT caused no complications in the subjects of the
case group and no one developed intolerance to HCT.
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Table 1. Age and Gender of the Case and Control Groupsa

Variables Case Group Control Group P Valueb

Age 0.223

6 11 (10) 13 (11.8)

7 14 (12.7) 9 (8.2)

8 5 (4.5) 11 (10)

9 13 (11.8) 9 (8.2)

10 6 (5.5) 3 (2.7)

11 2 (1.8) 4 (3.6)

12 5 (4.5) 1 (0.9)

13 1 (0.9) 3 (2.7)

Gender 0.359

Male 34 (59.7) 27 (50.9)

Female 23 (40.3) 26 (49.1)

aValues are expressed as No. (%).
bP values < 0.5 were considered statistically significant.

Table 2. Rate of Wet-night Episodes at the End of Each Month in the Study Groupsa

Months Mean Numbers of Wet-Night Episodes P Valueb

Case Control

First 4 ± 4.3 7 ± 7.2 < 0.001

Second 3 ± 5 7 ± 7.6 0.001

Third 2.7 ± 5 9.5 ± 7 0.001

aValues are expressed as mean ± SD.
bP value < 0.5 was considered as the level of significance.

Table 3. Mean Numbers of Wet-night Episodes in the Study Groups Based on Gender
and Agea

Variables Months P Valueb

First Second Third

Case Control Case Control Case Control

Age 0.899

6 4.3 8.3 1.6 9 1.2 12

7 4.9 5.1 3.2 4.1 2.6 8.6

8 4.3 6.9 1.9 7.7 4.4 9.2

9 4.9 8.7 6 10 3.4 12.5

10 2.2 1.6 0.9 0.7 1.2 4

11 4 6 5 5.9 9 6

12 8 11 4.8 17 1.2 13

13 4 1.5 2 1.5 0 4.5

Gender 0.607

Male 4.7 3.6 3.2 3.6 2.7 7.3

Female 3.9 8 2.8 8.6 3.8 9.1

a Values are expressed as mean.
b P value < 0.5 was considered as the level of significance.

4. Discussion

In the current study, PMNE improved in the case group
who receiving HCT. Alawwa et al. studied the therapeu-
tic effect of HCT on NE. This study was conducted on 40
children with NE and they used placebo and 1 mg/kg/day
oral HCT; clinical responses of children were studied dur-
ing a period of 3 months. It was observed that HCT re-
duced episodes of wet night better than placebo, but both
of them were statistically effective on reducing the mean of
wet nights; the current study also came to the same conclu-
sion (21). Yousefichaijan et al. in a study on the therapeu-
tic effect of HCT on PMNE only in males, compared the case
(HCT and conservative treatment) and control (conserva-
tive treatment) groups. They concluded that HCT was an
effective therapeutic option; hence, it can be prescribed in
the treatment of PMNE (17). Jang et al. in a study showed
that the impact of HCT, which induced hypocalciuria in
hypercalciuric rats, was associated with increased expres-
sion of transient receptor potential vanilloid 5 (TRPV5) pro-
tein; TRPV5 may also have a significant effect on the regu-
lation of calcium excretion from the urinary system (22).
Mechanisms of the relationship between HCT and NE ex-
plained by Park et al. (23) confirmed the current study re-
sults. Porter et al. reported that due to low cost, ease of use,
easy to access, and low side effects of HCT, HCT can be used
as an effective drug to treat NE in children (24). In addi-
tion, Hoenderop concluded that reabsorption of calcium
reduced throughout the down-regulation of TRPV5 that be-
came a factor for calcium loss from urinary system and
caused hypercalciuria (25). Raes et al. (15) concluded that
there was a correlation between polyuria, hypercalciuria,
low urinary osmolality, and increased excretion of sodium
in samples, in the urine of night time (15), but these 2 fac-
tors were not evaluated in the current study.

However, based on the following reasons, further stud-
ies are needed before the administration of HCT as an al-
ternative or adjuvant treatment in NE: 1) Clinical studies
on the impact of HCT in NE are few, 2) Laboratory studies
on the effect of HCT on the treatment of NE are few and
molecular mechanisms are not completely identified, and
3) The effects of different doses of HCT in various forms
of NE including primary or secondary with and without
monosymptomatic are not found yet. Limitation of the
current study was that the 3-month follow-up of children
and HCT as a non-routine drug to treat NE may lead to
parental noncompliance. In addition, some children and
their parents missed follow-up visits during the current
study (new patients were replaced). It was explained to the
parents that HCT is a cheap and safe drug for their children,
in order to increase their cooperation with the study.

Therefore, due to the low number of clinical stud-
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ies and unknown mechanism of this association, we rec-
ommend to further studies with larger sample sizes and
studies that evaluated different dose of HCT on nocturnal
enuresis.

4.1. Conclusions

Based on the current study results, improvement of
PMNE in children receiving HCT and conservative treat-
ment was significantly more than group that only received
conservative treatment.

Footnote

Conflicts of Interest: The authors declared no conflict of
interests.
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