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Introduction 

Nocturnal enuresis (NE) is identified as intermittent inconti-

nence that occurs exclusively during sleeping periods [1]. The 

prevalence of NE has been reported to be about 5.6% among 

children aged 5 to 13 years [2]. Although NE is neither fatal nor 

life-threatening, it does present a significant risk of psychoso-
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Purpose: The ability to concentrate urine becomes an important index in determining nocturnal enuresis (NE) treatment. The 
aim of our study was to investigate first-morning urine osmolality (Uosm) changes at the end of treatment compared to before 
treatment in children with NE.
Methods: A total of 71 children with NE were divided into two groups according to the level of first-morning Uosm before treat-
ment: high group (≥800 mOsm/kg) and low group (<800 mOsm/kg). Baseline parameters were obtained from uroflowmetry, fre-
quency volume charts for at least 2 days, and a questionnaire for lower urinary tract symptoms. All patients were basically treat-
ed with standard urotherapy and medication. The first-morning Uosm was measured twice, before treatment and at the end of 
treatment.
Results: The response rate was higher in the low group after 3 months of treatment than in the high group (P=0.041). However, 
there was no difference between the two groups at the end of the treatment. In the high group, the first-morning Uosm at the end 
of treatment did not show a significant change compared to before treatment. In contrast, the first-morning Uosm increased in 
the low group at the end of treatment (P<0.001). However, it was still lower than that of the high group (P=0.007).
Conclusions: The ability to concentrate nocturnal urine improved at the end of treatment compared to before treatment in the 
low Uosm NE children. In addition, NE improved faster in the low Uosm group before treatment than in the high group.
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cial depression in patients and families, and thus, immediate, 

adequate treatment is required [3]. 

The three main mechanisms in the pathophysiology of en-

uresis are excessive nocturnal urine production, low bladder 

capacity or increased detrusor activity, and arousal impair-

ment [4]. Recent studies found much higher urine volumes and 

much lower osmolality values in children with NE compared to 
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the normal population. The findings were related to the disrup-

tion of vasopressin [5,6]. The children with NE with preserved 

bladder storage function have reduced urine-concentrating 

ability during the night due to a lack of an arginine vasopressin 

(AVP) effect [5]. 

Urine osmolality (Uosm) provides a measure of the number 

of dissolved molecules in urine per unit of water and urine con-

centration. Uosm is more accurate than specific gravity and can 

be used to diagnose a variety of urinary concentration-associ-

ated disorders [7]. In several studies, Uosm was used instead of 

plasma AVP concentrations because Uosm can provide infor-

mation on AVP [8-10]. Due to methodological difficulties that 

make urine collection from enuresis episodes a particularly de-

manding task, nocturnal urine output has previously been ap-

proximated through first-morning urine in patients with NE [11]. 

In addition, measuring Uosm is a simple, non-invasive, routine, 

and low-cost test that may help guide the optimal treatment of 

NE [12]. 

Several previous studies reported a relationship between 

nocturnal urinary concentrating ability and NE [5,13,14], but no 

study has investigated how much urinary concentrating ability, 

especially first-morning Uosm, improves after treating NE pa-

tients with low nocturnal urinary concentrating ability. In our 

previous study, we found that a significantly higher percentage 

of NE patients who have low first-morning Uosm had a re-

sponse rate of ≥50% at 1 month and 3 months [6]. With an inter-

esting result, we investigated further the relationship between 

first-morning Uosm and NE. Finally, the aim of our study was 

to investigate the response rate of NE treatment according to 

first-morning Uosm before treatment and first-morning Uosm 

changes at the end of treatment compared to before treatment 

in children with NE. 

Methods 

Data acquisition 

After obtaining approval from the Institutional Review Board of 

Pusan National University Yangsan Hospital (IRB No. 05-2023-

032), a retrospective chart review was performed on the pro-

spective cohort data of all children who underwent treatment 

for NE at our institution from September 2019 to May 2022. Sev-

enty-one children with NE (>3 times/wk) with measurements 

of the first-morning Uosm before treatment and at the end of 

treatment were included in this study. Patients diagnosed with 

organic causes, such as congenital urinary tract anomalies, 

congenital or acquired neurologic disorders, urinary tract in-

fections, or spinal bifida occulta, were excluded. 

Patient evaluation before treatment 

All patients completed a questionnaire and a 48-hour frequen-

cy/volume (48-h F/V) chart. The questionnaire included items 

on medical history and urinary symptoms, including frequen-

cy, daytime incontinence, urgency, urge incontinence, holding 

maneuver, and dysfunctional voiding scoring system (DVSS) 

score. The questionnaire responses and 48-h F/V chart find-

ings were used to confirm the presence of lower urinary tract 

symptoms (LUTS). Constipation was evaluated using the Leech 

scores of abdominal X-ray findings for all patients [15].  

First-morning urine collection 

First-morning urine samples were collected twice from all 

patients, on the second hospital visit and the final hospital visit 

at the end of treatment. Patients and parents were instructed 

to collect first-morning samples in the plastic cups provided 

and to keep them refrigerated at 4 °C. Samples were evaluated 

promptly upon arrival at the hospital.  

Patient analysis 

The 71 patients were divided into two groups according to 

first-morning Uosm values before treatment: (1) the high group, 

with a first-morning Uosm of ≥800 mOsm/kg, and (2) the low 

group, with a first-morning Uosm of <800 mOsm/kg before 

treatment. Our previous study, which divided the groups based 

on 800 mOsm, showed significant results, so we divided the 

groups as before [6]. Daytime maximum voided volume (VV), 

first-morning VV, and total urine volume were obtained from 

48-h F/V charts. Uroflowmetry (UFM) and post-void residual 

volume (PVR) findings, maximum flow rates (Qmax), VV, aver-

age flow rate (Qave), and PVRs were also analyzed. 

Treatment and response rate 

Following the before-treatment evaluations of patient charac-

teristics, 48-h F/V charts, UFM and PVR, standard urotherapy, 

and pharmacological therapy were provided in accordance 

with International Children’s Continence Society (ICCS) rec-

ommendations. Standard urotherapy included an introduction 

to LUTS treatment and lifestyle modifications (balanced fluid 

intake, restriction of nighttime fluid intake, timed bladder and 

bowel emptying, and optimal posture during voiding). In this 

study, the alarm treatment, also known as first-line treatment, 
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was applied in cases that did not respond to pharmacological 

therapy. 

Primary pharmacological therapy included desmopressin 

(1-desamino-8-D-arginine vasopressin, dDAVP), propiverine, 

and/or imipramine. All patients were treated with desmopres-

sin 120 μg at first. The desmopressin dose was increased or de-

creased (60 μg or 240 μg) depending on the patient's response 

to the agent. If there was no response (NR) to desmopressin, 

propiverine or imipramine was added short-term as needed. 

These drugs were used based on consideration of symptom 

severity, the presence of any other LUTS, a history of bladder 

dysfunction. 

The response rates were assessed at 3 months and at the end 

of treatment. The response rate was calculated as a percentage 

of the reduced rate of current enuresis events compared to the 

initial enuresis event [response rate=100×(number of initial 

enuresis event per week–number of current enuresis event per 

week)/number of initial enuresis event per week]. The patients 

were categorized into three groups according to ICCS recom-

mendations: complete response (CR), partial response (PR), or 

NR groups. CR was defined as a 100% reduction in enuresis. PR 

was defined as a 50% to 99% reduction in enuresis, and NR was 

defined as a <50% reduction in enuresis (Fig. 1). 

End of treatment 

Pharmacological therapy was terminated when the child 

showed consistent findings of CR. In PR, treatment was termi-

nated when the patients felt satisfied. In NR, treatment was con-

tinued as long as the patient reported subjective improvement. 

And treatment was terminated when there was no further 

benefit. At the end of treatment, the patients were maintained 

on urotherapy alone without pharmacological therapy. The 

Nocturnal enuresis (NE)

Evaluate response rate (at 3 mo of treatment)

Add on imipramine

Desmopressin + propiverineDesmopressin

Partial response No responseComplete response

Patients felt satisfied due to subjective 
improvement

Standard urotherapy continuation and pharmacological therapy tapering → Treatment termination

Patient felt dissatisfied

Evaluate response-rate and first morning urine osmolality (at the end of treatment)

No further benefit

Treatment continue

Patient felt subjective 
improvement

Monosymptomatic NE

Pharmacological therapy

Nonmonosymptomatic NE

Standard urotherapy
•  Balanced fluid intake
•  Restriction of nighttime fluid intake
•  Timed bladder and bowel emptying
•  Optimal posture during voiding

No complete response

Fig. 1. NE treatment algorithm.
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Table 1. Patients characteristics at first visit

Characteristic High group Low group Total P-value
No. of patients 36 (50.7) 35 (49.3) 71 (100)
Male sex 14 (38.9) 24 (68.6) 38 (53.5) 0.025
Age (mo) 81.9±18.8 93.4±28.0 87.6±24.3 0.092
  Range 52–122 57–168
Height (cm) 120.2±12.1 127.0±15.7 123.6±14.3 0.064
Weight (kg) 26.3±8.35 31.9±16.7 29.0±13.3 0.238
Body mass index (kg/m2) 17.8±2.72 18.8±5.58 18.3±4.37 0.899
Follow-up period (mo) 12.9±5.44 11.7±6.15 12.3±5.79 0.348
Random urine specific gravity 1.021±0.008 1.018±0.008 1.019±0.008 0.095
First-morning Uosm (mOsm/kg) 1,003±124 587±147 798±249 <0.001
Constipation on KUB 11 (30.6) 12 (34.3) 23 (32.4) 0.739
Enuresis frequency (times/wk) 4.46±2.05 3.97±2.18 4.22±2.11 0.392
Frequency 6 (16.7) 5 (14.3) 11 (15.5) 0.703
Daytime incontinence 12 (33.3) 11 (31.4) 23 (32.4) 0.853
Urgency 16 (44.4) 16 (45.7) 32 (45.1) 0.908
Urge incontinence 7 (19.4) 6 (17.1) 13 (18.3) 0.950
Holding maneuver 10 (27.8) 14 (40.0) 24 (33.8) 0.357
DVSS score sum 3.36±3.46 4.13±4.23 3.74±3.85 0.464

Values are presented as number (%) or mean±standard deviation.
Uosm, urine osmolality; KUB, kidney, ureter, and bladder X-ray; DVSS, dysfunctional voiding scoring system.

first-morning Uosm at the last visit was re-examined and com-

pared with the first-morning Uosm before treatment (Fig. 1).  

Statistical analysis  

SPSS version 27 (IBM Corp.) was used for the statistical analyses. 

P-values of <0.05 were considered statistically significant. Con-

tinuous variables were analyzed using the Student t-test and 

the Mann-Whitney U test. Categorical variables were analyzed 

using the Pearson chi-square test and Fisher exact test. 

Results 

Patient characteristics at the first visit 

There were no differences in patient characteristics, including 

age, height, weight, body mass index, follow-up period, con-

stipation, and enuresis frequency, at the first visit between the 

two groups except for sex (P=0.025) (Table 1). There were also no 

differences in LUTS, such as urine frequency, urgency, daytime 

incontinence, urge incontinence, holding maneuver, and DVSS 

scores, between the two groups (Table 1). In the 48-h F/V chart, 

the first-morning VV and total urine volume in the low group 

were significantly higher than in the high group (P=0.049 and 

P=0.024, respectively). In the UFM test, there was no difference 

between the two groups in Qmax, VV, delay time, flow time, 

voiding time, and flow index, except for Qave (P=0.015). There 

was also no difference between the two groups in PVR (Table 2). 

Treatment outcomes 

Enuresis frequency improved with treatment in both groups. 

Enuresis frequency in the low group was relatively lower at 3 

months of treatment than in the high group (0.73±1.10 times/wk 

vs. 1.33±1.47 times/wk, P=0.027) (Fig. 2). However, these enuresis 

frequencies were not different between the groups at the end of 

treatment (0.89±1.93 times/wk vs. 0.49±0.75 times/wk, P=0.815) 

(Fig. 2). In the low group, enuresis frequency was not different 

between 3 months and the end of treatment (Fig. 2). The re-

sponse rate was higher in the low group at 3 months of treat-

ment than in the high group (82.2%±22.0% vs. 66.0% ±34.0%, 

P=0.041) (Table 3). However, there was no difference between the 

two groups at the end of the treatment. Moreover, at the end of 

treatment, there was no significant difference between the two 

groups in the number of patients with CR, PR, and NR (Table 3). 

Changes in first-morning Uosm at the end of treatment 

In the high group, the first-morning Uosm at the end of treat-

ment did not show a significant change compared to before 

treatment. In contrast, the first-morning Uosm at the end of 

treatment was increased in the low group compared to be-

fore treatment (586.8±147.2 mOsm/kg vs. 780.2±249.1 mOsm/

kg, P<0.001). However, the first-morning Uosm at the end of 
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Table 2. Frequency volume chart and uroflowmetry

Characteristic High group low group Total P-value
No. of patients 36 (50.7) 35 (49.3) 71 (100)
Frequency volume chart
  Daytime maximum VV (mL/time) 150.1±59.3 185.0±117.9 167.0±93.5 0.168
  First-morning VV (mL/time) 130.5±78.9 180.2±110.4 154.6±97.9 0.049
  Total urine volume (mL) 558.0±290.0 742.7±385.0 646.4±348.8 0.024
  Urgency 11 (30.6) 9 (25.7) 20 (28.2)
Uroflowmetry
  Qave (mL/sec) 10.5±3.95 13.0±4.79 11.7±4.54 0.015
  Qmax (mL/sec) 16.9±5.77 20.2±7.88 18.5±7.03 0.058
  VV (mL) 137.0±52.6 164.5±111.1 150.5±87.0 0.791
  Delay time (sec) 11.4±7.53 14.3±14.0 12.8±11.2 0.730
  Flow time (sec) 14.3±8.84 12.2±6.30 13.3±7.71 0.269
  Voiding time (sec) 15.3±9.01 13.1±7.14 14.2±8.16 0.138
  Flow index 0.84±0.27 0.92±0.23 0.88±0.25 0.080
Post-void residual volume (mL) 10.8±12.8 16.7±42.1 13.7±30.9 0.669

Values are presented as number (%) or mean±standard deviation.
VV, voided volume; Qave, average flow rate; Qmax, maximum flow rates.

Fig. 2. Improvement of enuresis frequency at 3 months of treatment and at the end of treatment. *P<0.05.
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Fig. 3. Change of first-morning urine osmolality (Uosm) before treatment and at the end of treatment. ***P<0.001.
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Table 3. Treatment outcome

Outcome High group Low group Total P-value
No. of patients 36 (50.7) 35 (49.3) 71 (100)
Response rate (%)
  At 3 mo/before frequency 66.0±34.0 82.2±22.0 73.2±30.0 0.041
  At the end/before frequency 86.0±16.7 82.3±28.8 84.0±24.4 0.751
Difference of response rate between 3 mo and the end, P-value 0.003 0.452 0.008
Response 0.557
  CR 21 (58.3) 16 (45.7) 37 (52.1)
  PR 12 (33.3) 15 (42.9) 27 (38.0)
  CR+PR 33 (91.7) 31 (88.6) 64 (90.1)
  NR 3 (8.33) 4 (11.4) 7 (9.86)

Values are presented as number (%) or mean±standard deviation.
CR, complete response; PR, partial response; NR, no response.

treatment in the low group was lower than in the high group 

(780.2±249.1 vs. 926.9±190.4, P=0.007) (Fig. 3). Therefore, Uosm 

in the low group did not reach the Uosm level in the high group 

at the end of NE treatment. 

Discussion 

In our study, Uosm increased after treatment. The first-morn-

ing Uosm in the low group increased at the end of treatment 

(586.8±147.2 mOsm/kg vs. 780.2±249.1 mOsm/kg, P<0.001). 

This study was the first to investigate changes by measuring 

first-morning Uosm before treatment and at the end of treat-

ment. In our study, the response rate of the low group was 

better at 3 months of treatment than that of the high group. 

Also, enuresis frequency in the low group improved more at 

3 months of treatment than in the high group. At the end of 

treatment, the first-morning Uosm increased in the low group. 

This means that improvements in excessive nocturnal urine 

production, one of the causes of NE, can be predicted through 

first-morning Uosm before treatment. Predicting and evaluat-

ing treatment response at 3 months of treatment is important 

because treatment adherence is better when short-term treat-

ment effects are good.  

It is well known that a low ability to concentrate nocturnal 

urine is one of the main mechanisms of NE. Several studies 

have investigated Uosm as a predictor of NE treatment, but 

the results have been contradictory [7,8]. Dehoorne et al. [13] 

described 42 children with monosymptomatic NE (MNE) and 

night polyuria with high Uosm (>850 mmol/L) not responding 

to intranasal dDAVP. Thus, nocturnal polyuria with high urinary 

osmolality with desmopressin-resistant MNE is related to ab-

normally increased osmotic excretion. In a study of 67 children 

with enuresis, Sozubir et al. [14] reported a significantly higher 

number of responders to dDAVP treatment when the Uosm 

value was <800 mOsm/kg. In their study, lower spot Uosm was 

the only statistically significant predictor of the desmopressin 

response. A study by Neveus et al. [5] that included 12 children 

with enuresis reported a significantly lower baseline Uosm 

(553±134 mOsm/kg) in dDAVP responders compared to non-re-

sponders (920±226 mOsm/kg). 

However, Unuvar and Sonmez [16] in a study of 55 NE chil-

dren and 15 healthy children between the ages of 5 and 15 years 

investigating Uosm in both daytime and nighttime urine, re-

ported that pretreatment urine volume osmolality values were 

not predictive factors of response to desmopressin or condi-

tioning therapy. A study of 35 children with enuresis by Eller et 

al. [8] reported that 27 children demonstrated a CR to desmo-

pressin treatment at doses of 10–30 μg. However, spot Uosm 

values were not predictive of the desmopressin response. Urine 

samples were collected at home at times that would best re-

flect fluctuations in plasma vasopressin levels (8:00, 16:00, and 

22:00) [8]. In a study by Folwell et al. in 31 NE patients [17], the 

mean and peak Uosm of the morning urine samples showed 

no difference while on treatment with dDAVP compared to pla-

cebo. They suggested that early morning Uosm, as a reflection 

of changes in nocturnal osmolality, was not useful in selecting 

patients who would respond to treatment. Medel et al. [18] in-

vestigated seven healthy children, six primary NE children who 

were desmopressin responders, and five primary NE children 

who were desmopressin non-responders. They found no sig-

nificant difference in mean Uosm at night (from midnight to 

8:00 AM). Therefore, they suggested that baseline Uosm was 

not a significant predictor of response to dDAVP therapy. 

In our study, baseline Uosm was a significant predictor of re-
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sponse to treatment. Especially at 3 months of treatment, chil-

dren with low Uosm showed low enuresis frequency (1.33±1.47 

times/wk vs. 0.73±1.10 times/wk, P=0.027) and a high response 

rate (66.0%±34.0% vs. 82.2%±22.0%, P=0.041). However, there 

was no difference at the end of the treatment. The interesting 

result was that the Uosm range was very wide for each person. 

In our study, the children’s first-morning Uosm range was 

160–1,261 mOsm/kg (mean, 797.7 mOsm/kg). Despite treatment 

with dDAVP, not all children showed an increase in Uosm, and 

some children had decreased Uosm at the end of treatment. 

Several reasons can be considered as the causes of this varia-

tion. First, the first-morning urine in our study did not reflect all 

urine that occurred at night. Unlike other studies that collected 

all urine from midnight to 8:00 AM, our study did not collect 

all urine that occurred at night. Since night leaks were not col-

lected, the time at which the first-morning urine was produced 

may have varied from child to child. Second, the collection time 

of the first-morning urine also varied from child to child. The 

time to collect the first-morning urine could be different, de-

pending on the waking time of the child. These issues may have 

caused unexpected biases. Nevertheless, there is a lot of infor-

mation available in first-morning urine, and the advantages of 

a simple, non-invasive, and low-cost test are clear. Therefore, it 

is meaningful to predict the treatment outcome of NE through 

the first-morning urine in clinical practice. 

The guidelines published by the ICCS in 2011 recommend 

the use of an enuresis alarm or desmopressin, a vasopressin 

analog, as the standard treatment for MNE and are particu-

larly recommended for patients with nocturnal polyuria [19]. 

Desmopressin is an efficient and safe treatment for primary 

MNE, with a reported success rate of 70% to 75% [16]. One of the 

major actions of desmopressin is to reduce the volume of urine 

produced overnight to within normal limits [20]. Desmopres-

sin acts on the V2 receptors of the distal tubules and collecting 

tubules of the kidney, leading to urine concentration and de-

creased urine volume through the water channel aquaporin 2 

[21]. Moreover, desmopressin positively influences the abun-

dance of key sodium transporters in the thick ascending limb 

and collecting duct. Such an effect appears reasonable as part 

of the mechanism responsible for the buildup of the medullary 

osmotic gradient, the driving force for water reabsorption. [22]. 

Few studies have observed changes in Uosm after treatment 

with dDAVP. Kamperis et al. [22] reported that Uosm increased 

significantly at night only after the administration of dDAVP 

in a group with nocturnal polyuria (from 559±70 mOsm/kg to 

876±39 mOsm/kg, P<0.001), whereas no significant changes 

were observed in the controls. This study showed changes 

in Uosm during one night. In one Korean study, Uosm in the 

dDAVP-complete responder group was lower than that of the 

non-responder group before treatment (461.2±192.7 mmol/

L vs. 773.5±235.8 mmol/L). Moreover, 2 weeks after starting 

treatment, Uosm in the dDAVP-complete responder group was 

significantly increased (from 461.2±192.7 to 591.2±159.8 mmol/

L) [23]. Since these two studies investigated Uosm during treat-

ment, there is a limitation that the changes in Uosm at the end 

of treatment are not known. 

A limitation of this study is that it was a single-center, retro-

spective study, and the number of patients was limited. In the 

future, a large-scale prospective study should be performed. 

In conclusion, the ability to concentrate nocturnal urine im-

proved at the end of treatment compared to before treatment 

in the low Uosm NE children. NE improved faster in the low 

Uosm group before treatment than in the high group. However, 

there was no difference in the treatment effect between the two 

groups at the end of treatment. In the low group, first-morning 

Uosm increased after treatment, but it did not reach the level in 

the high group. 
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