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Abstract
Background Treating enuresis in children with attention
deficit hyperactivity disorder (ADHD) has not been previ-
ously reported. This study aims to investigate the efficacy,
tolerability, and adverse effects of nortriptyline for treating
enuresis in children with ADHD.
Methods Forty-three children aged from 5 to 14 years old
were randomized into two groups. The treatment group
received methylphenidate plus nortriptyline, while the place-
bo group received methylphenidate plus placebo. Nortripty-
line and placebo were administered for 30 days and
methylphenidate was administered for 45 days. The major
outcome measure was parent-reported frequency of enuresis
for 2 weeks prior to the intervention, during the intervention,
and for 2 weeks after stopping the adjuvant therapy. Adverse
effects were also checked.
Results While nortriptyline statistically decreased the inci-
dence of nocturnal enuresis during the intervention, the
number of enuresis events did not significantly change in
the placebo group. In addition, enuresis was not different

from the baseline frequency of enuresis after stopping nor-
triptyline or placebo administration. Both nortriptyline and
placebo were tolerated well.
Conclusions Administration of nortriptyline for treating en-
uresis in ADHD has not been investigated before. Nortrip-
tyline is statistically superior to placebo. However, enuresis
will relapse after stopping nortriptyline in children with
ADHD who continue taking methylphenidate.
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Introduction

Attention deficit hyperactivity disorder (ADHD) is charac-
terized by inattentiveness, hyperactivity, and impulsivity.
Stimulants such as methylphenidate are commonly pre-
scribed for treating ADHD. About 11 % of children with
ADHD suffer from concurrent enuresis [1]. Although the
transmission of primary nocturnal enuresis and ADHD in
relatives’ probands is independent [2], a study that was
conducted on 120 children with enuresis showed 15 % of
the children to be diagnosed with the full syndrome of
ADHD. The prevalence of enuresis in ADHD is positively
related to age in children. While ADHD is independent of
bladder function in children with enuresis [3], nocturnal
enuresis is an endophenotype marker for a predominantly
inattentive type of ADHD [4]. In addition, co-occurring
ADHD and enuresis is a predictor of persistent enuresis
[5]. Nevertheless, co-morbid psychiatric disorders do not
predict enuresis co-morbidity in children with ADHD [6].
Considering the strong association of ADHD and enuresis
(odds ratio 2.88; 95 % CI: 1.26-6.57), the screening and
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management of enuresis in ADHD children and ADHD in
the children with enuresis should be investigated [7].

Behavioral intervention and alarms are usually recommen-
ded as the first line of treatment of enuresis [8]. Moreover,
imipramine is significantly better than placebo for the man-
agement of nocturnal enuresis [9]. The response rate was
revealed to be 52 % after administration of imipramine in a
sample of children with enuresis aged between 5 and 12 years
old [10]. On the other hand, the rate of response to placebo
was shown to be 25 % [11]. Imipramine and nortriptyline are
tricyclic antidepressants used for the treatment of depression.
Tricyclic antidepressants, especially imipramine and nortrip-
tyline, are administered and believed to be effective for the
management of enuresis in children [12]. However, no
double-blind controlled trial has investigated the efficacy of
nortriptyline on enuresis in children up to now.

ADHD co-morbidity is a risk factor for resistance to treat-
ment and predicts a negative prognosis for enuresis [13]. In
comparison to imipramine, desmopressin plus oxybutynin
more significantly decreases the frequency of enuresis in
children with ADHD [14]. However, both interventions
decrease dysfunctional voiding symptoms [14]. A recently
published article reported that there is no double-blind ran-
domized placebo-controlled trial investigating the effects of
stimulants on primary nocturnal enuresis in children with
ADHD [15]. However, another recently published case series
study, which included three children diagnosed with DSM-IV-
TR (Diagnostic & Statistical Manual for Mental Disorders)
ADHD and primary nocturnal enuresis, indicated that stimu-
lant medications resolve enuresis as well as ADHD [16]. On
the contrary, there is a report that methylphenidate may cause
enuresis in children with ADHD [17]. In addition, the relapse
rate after stopping treatment has often been ignored in previ-
ous studies [12]. Therefore, there is a marked gap in the
literature regarding treating enuresis in children with ADHD
[18]. The present study is a randomized, double-blind,
placebo-controlled clinical trial investigating the treatment of
enuresis with nortriptyline in children with ADHD.We admin-
istered nortriptyline rather than standard treatments for treating
enuresis because nortriptyline is effective in reducing the
symptoms of ADHD [19]. Moreover, nortriptyline decreases
oppositional behaviors in children with ADHD [19]. It should
be noted that more than half of the children with ADHD suffer
from oppositional defiant disorder [1, 20].

Methods

Participants

This study was conducted at the Child and Adolescents
Psychiatry Clinics affiliated to Shiraz University of Medical
sciences, Shiraz, Iran. The study was approved by the ethics

committee of Shiraz University of Medical sciences. In
addition, written informed consent for participating in this
trial was obtained from the children’s parents.

The participants were 43 children and adolescents aged
between 5 and 14 years old from both genders. Based on
face-to-face interviews with both children and their parents,
children were diagnosed with ADHD and enuresis using the
DSM-IV-TR diagnostic criteria. According to the criteria, all
the children under study suffered from nocturnal enuresis.
The participants were randomly assigned to one of the two
groups in a 2:1 ratio using a random number generator. The
treatment group, which included 27 patients, received
nortriptyline 3 mg/kg (not more than 50 mg/day) plus meth-
ylphenidate. The dosage was titrated up; however, dosages
were not fixed and could be modified considering their effica-
cy as well as side-effects. The control group, on the other hand,
received methylphenidate plus placebo. All patients in both
groups received methylphenidate (20–30 mg/day depending
on weight; 20 mg/day for <30 kg and 30mg/day for >30 kg for
45 days).

In the present study, assessments occurred in four stages: at
a pre-intervention (baseline) session in order for screening and
assignments, 2 weeks and 4 weeks after the onset of the
interventions, and 2 weeks after stopping the interventions.
Overall, the trial lasted for 45 days. Neither the assessor nor the
children knew the treatment assignment. Some of the parents
were not aware from the group allocation. The children re-
ceived nortriptyline or placebo as an adjuvant to stimulants for
30 days. Then, the add-on medication or placebo was tapered
off over 3 days in order to evaluate the enuresis relapse rate.

The primary outcome measure was the number of wet
nights recorded by the parents in a daily diary. Moreover,
the side-effects were assessed using a checklist.

The following inclusion criteria were considered in this
study: (1) meeting the diagnostic criteria for current ADHD
and primary enuresis according to DSM-IV-TR, (2) age be-
tween 5 and 14 years old, (3) both genders, and (4) providing
written informed consent from the patients’ parents.

The exclusion criteria were: (1) any major psychosocial
stressors, (2) urinary complaints, (3) concurrent medica-
tions, such as desmopressin or carbamazepine, (4) enuresis
alarms, (5) concurrent behavior therapy for enuresis, (6)
fluid-intake restriction during the clinical trial, (7) clinically
estimated mental retardation, (8) active medical problems
such as hepatic, renal, cardiac, or pulmonary dysfunction,
(9) urinary tract infection in the last month, (10) urinary
urgency and frequency, and (11) enuresis due to an under-
lying organic problem, such as diabetes.

Statistical analysis

All statistical analyses were performed using SPSS for
Windows software. The intent-to-treat (ITT) analysis using
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last-observation-carried-forward (LOCF) imputation meth-
od was conducted. It included participants who took the
medication or placebo for 2 weeks and had at least one
assessment after the baseline assessment.

The first round of analysis was conducted in order to
examine whether nortriptyline or placebo decreased the

frequency of enuresis. In this analysis, non-parametric two-
related sample tests were used to examine the difference in the
groups during the trial. After Bonferroni adjustments, a p value
less than 0.017 was considered as statistically significant.

In the second round of analysis, mean differences be-
tween the baseline frequency of bed wetting (during the

Recruited and accepted our 
invitation (n=45)

Referred for participation 
(n=43)

Nortriptyline   
group (n=27)

Placebo group 
(n=16)

Referred for first 
follow up (n=23) 

Referred for first 
follow up (n=13)

Did not cooperate due to  
fractured leg (n=1), 
Parents did not like them 
receiving medication 
(n=3)

Parents did not like 
them receiving 
medication (n=3) 

Referred for 
second follow up 
(n=23)

Referred for 
second follow up 
(n=13)

Evaluated after 
discontinuation of 
nortriptyline (n=21)

Evaluated after 
discontinuation of 
nortriptyline   (n=12)

Did not refer for being 
followed up and did 
not answer phone calls 
(n=2)

Did not refer for being 
followed up and did 
not answer phone calls 
(n=1);

Fig. 1 Flowchart for the
clinical trial of nortriptyline
group versus placebo group
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2 weeks before intervention) and the frequency of bedwet-
ting during the first and second 2 weeks after the onset of the
medication administration were calculated. In addition, the
difference between the baseline frequency of bed wetting
and the frequency of bed wetting during 2 weeks after
stopping medication was computed. Then, pairwise compar-
isons were performed using non-parametric tests; i.e., Wil-
coxon Mann-Whitney tests. These pairwise comparisons
compared nortriptyline and placebo groups. A p value less
than 0.05 was considered as statistically significant.

Results

The study sample consisted of 34 boys and nine girls. The
children’s ages ranged from 5 to 14 years old, and the mean
age was 8.9 (SD 0 2.1) years.

The randomization profile, the number of children in
each study group, the number of children who completed
the study, and the rate and reason of withdrawal are dis-
played in Fig. 1.

The effect of interventions on the frequency of enuresis
in the groups

The mean number of wet nights in the nortriptyline group and
the placebo group are shown in Table 1. The number of wet
nights decreased from 10.9 to 3.8 in the first 2 weeks during
nortriptyline administration, and to 4.4 during the second
2 weeks. In the control group, the rate decreased from 8.1 to

6.4 in the first 2 weeks during placebo administration and to
5.3 during the second 2 weeks after placebo administration
(Table 1). The frequency of wet nights during the 2 weeks
after discontinuation of nortriptyline and placebo in the treat-
ment and control groups was 6.7 and 7.2, respectively. After
Bonferroni adjustments, there was a significant decline in the
frequency of night wetting in the nortriptyline group. This
difference was observed for both the first and second 2 weeks
during nortriptyline administration (Table 2). However, after
discontinuation of nortriptyline, no statistically significant
difference was observed between the frequency of wet nights
over the following 2 weeks and the frequency of wet nights in
the 2 weeks before administration of nortriptyline (p 0 0.02).

Comparison of the effect of interventions
between the groups

The mean changes in bed wetting during the first 2 weeks of
intervention were significantly different between the two
groups. In addition, patients in the nortriptyline group
showed higher frequency of dry nights in comparison to
those of the control group (p < 0.01). However, the mean
changes in the frequency of bed wetting during the second
2 weeks of intervention was not statistically different be-
tween the two groups (p 0 0.09) (Table 3). The results also
showed the mean difference of the frequency of wet nights
after stopping the intervention not to be statistically different
between the groups (p 0 0.10)

Overall, five and six patients in the nortriptyline group
were completely dry during the first and second 2 weeks of

Table 1 Mean number of wet nights in nortriptyline and placebo groups

Time Nortriptyline group Placebo group

Median Mean Standard deviation Median Mean Standard deviation

During 2 weeks before the intervention 14 10.9 4.4 6 8.1 4.1

During first 2 weeks of the intervention 2 3.8 4.1 4 6.4 5.2

During second 2 weeks of the intervention 3 4.4 4.9 4 5.3 4.8

During 2 weeks after medication discontinuation 6 6.7 5.7 4 7.2 5.4

Table 2 Comparison of the frequency of wetting nights during and after the intervention in the groups

Group Wilcoxon signed-ranks test and p value Difference between
baseline and during
2 weeks after
intervention onset

Difference between
baseline and during
second 2 weeks after
intervention onset

Difference between
baseline and during
2 weeks after
discontinuation
of medication

Nortriptyline Z −3.80 −3.60 −2.30

P (Asymp Sig, two-tailed) 0.0001 0.0001 0.020

Placebo Z −1.30 −2.30 −2.60

P (Asymp Sig, two-tailed) 0.17 0.018 0.80
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the trial, respectively. However, in the placebo group, these
figures were 0 and 1, respectively (Table 4).

Adverse effects

The frequency of adverse effects is displayed in Table 5. The
most common adverse effects in the nortriptyline group
were decrease of appetite (n 0 4), drowsiness (n 0 3), and
headache (n 0 1). The most common adverse effect in the
placebo group was drowsiness (n 0 2). In addition, none of
the participants reported any of the following adverse
effects: nausea, sweating, headache, confusion, urinating
less than usual or not at all, dry mouth or weakness.

Discussion

The main aims of this study were to investigate the effect of
nortriptyline on enuresis and to compare the effects of
nortriptyline against a placebo in groups of children with
ADHD. Another aim of this study was to determine whether
the effect of nortriptyline on enuresis would relapse in
children with ADHD after discontinuation of nortriptyline
and patients’ continuation of taking stimulants.

The results show that nortriptyline decreased enuresis
during the intervention. In addition, the results show that
enuresis relapsed after discontinuation of nortriptyline. This
supports the hypotheses that adding nortriptyline to stimu-
lants for the management of enuresis in ADHD is effective,
but that enuresis re-occurs after the discontinuation of adju-
vant nortriptyline.

In the present study, the frequency of enuresis in the
placebo group did not change significantly after adding

placebo to the stimulant. In addition, the frequency of en-
uresis after discontinuation of placebo was not markedly
different from the baseline frequency. These results support
the positive effect of nortriptyline on enuresis in ADHD.

There was a significant difference between the nortripty-
line and placebo groups during the first 2 weeks of the
intervention. Moreover, there was a trend towards a signif-
icant difference between the two groups during the second
2 weeks after onset of the interventions. However, the rate
of the recurrence of enuresis after discontinuation of the
interventions was not different between the two groups.
These results suggest nortriptyline to be more effective than
placebo in treating enuresis in children with ADHD.

Furthermore, the frequency of enuresis was not different
from baseline after discontinuation of the interventions in
both groups, indicating that the effect of nortriptyline is not
persistent and its therapeutic effects disappear after ceasing
administration. This result supports the notion that adminis-
tration of stimulants for treating ADHD is not sufficient to
control concurrent enuresis. However, due to a lack of
published clinical trials on enuresis management in ADHD
children, it is impossible to compare these findings with
others.

Of course, enuresis spontaneously resolves in many chil-
dren during their development [8]. However, enuresis may
persist to later ages and cause distress, embarrassment, and
shame for the patients as well as their family members. This
present study shows that enuresis usually relapses after the
discontinuation of nortriptyline, and that some patients trea-
ted with nortriptyline experience decreased appetite among
other adverse effects. Therefore, the cost and benefit of
administering an adjuvant medication for treating enuresis

Table 3 Comparison of mean
changes in enuresis between the
two groups

Difference between
baseline and the
first 2 weeks

Difference between
baseline and the
second 2 weeks

Difference between
baseline and after
discontinuation

Z −2.48 −1.64 −1.37

P (Asymp Sig, two-tailed) 0.01 0.09 0.17

Table 4 The rate of complete dryness in the groups by time

Time The number of patients with complete dryness

Nortriptyline group
(n 0 27)

Placebo group
(n 0 16)

After 2 weeks treatment 5 0

After 4 weeks treatment 6 1

2 weeks after treatment
discontinuation

2 1

Table 5 The frequen-
cies of adverse effects Side-effect Nortriptyline

group
Placebo
group

Loss of
appetite

4 0

Drowsiness 3 2

Dyspnea at
night

1 0

Bruxism 1 0

Constipation 1 0

Anxiety 1 1

Headache 1 0
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in ADHD should be carefully assessed. In other words,
treating enuresis in children with ADHD should be individ-
ualized considering the specific situation of the patient and
their family.

Adverse effects

Regarding the safety of nortriptyline, four patients in the
treatment group experienced a decrease of appetite. Sleepi-
ness, bruxism, anxiety, and constipation were the other
reported adverse effects in the treatment group. Of course,
none of the reported adverse events were serious, and none
of the participants, who were monitored by the researchers,
withdrew from the study due to adverse effects.

Overall, there were several limitations to this study. The
sample size was relatively small and may result in type II
errors. In addition, all children were diagnosed with ADHD
and formed a clinical sample. Therefore, the results of this
study cannot be generalized to other settings, such as a
community sample. There was a predominantly higher num-
ber of boys than girls, and also it is not clear whether these
results can be generalized to other age groups. In the liter-
ature there are contradictory reports about the relationship
between enuresis and socio-demographic factors [21, 22].
Therefore, it is questionable whether the findings of this
study can be applied to other cultures. This current trial
was short-term, and the children had not received an enure-
sis alarm or desmopressin. Therefore, they were not therapy-
resistant children.

Despite these limitations, this is the first double-blind,
placebo-controlled randomized clinical trial investigating
the effect of nortriptyline on enuresis in children with
ADHD. In addition, to the best of the authors’ knowledge,
this is the first study that aimed to determine whether addi-
tional pharmacotherapy should be added to the stimulants
for managing enuresis in children with ADHD.

In conclusion, nortriptyline decreases the frequency of
enuresis in the children with ADHD and its effect disappears
after the discontinuation of treatment. Moreover, additional
pharmacological interventions are recommended for enure-
sis management in children with ADHD. However, in order
to achieve more reliable results, further studies with larger
sample sizes and longer durations are required to be con-
ducted on this issue.
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