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Association between winter season and desmopressin 
treatment efficiency in children with monosymptomatic 
nocturnal enuresis: a pilot study
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ABSTRACT
 

Objectives: The purpose of our study was to assess the association between the 
winter season and desmopressin treatment failure in South Chinese children with 
monosymptomatic nocturnal enuresis (MNE).
Materials and Methods: A retrospective study was conducted to analyze the clinical data 
of children with monosymptomatic nocturnal enuresis who have visited our urology 
clinic from January to December 2019. All patients received desmopressin treatment. 
Final treatment outcomes were categorized as successful (complete response) or failed 
(absent and partial response). The relationship between winter season and treatment 
response to desmopressin was evaluated. Additionally, associated risk factors were 
investigated with both univariate and multivariate regression analysis.
Results: In total, 393 patients diagnosed with MNE were included in the present study. 
There were no statistically significant differences in pretreatment variables at first 
visit between patients who visited the clinic in winter and those who did so in other 
seasons. However, the treatment failure rate of MNE in the winter season was higher 
than that of other seasons (77.50% vs. 52.74%). Multivariate logistic regression analysis 
demonstrated that the severity of symptoms and an initial clinic visit in the winter 
season were significantly related to desmopressin treatment failure in MNE patients.
Conclusion: Winter season and severity of symptoms are two risk factors associated with 
desmopressin treatment failure in MNE patients.
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INTRODUCTION

Nocturnal enuresis (NE) is defined as inter-
mittent incontinence during sleep that manifests in 
at least one episode per month for three consecutive 
months in children older than five years (1). NE is a 
common developmental disorder, especially in boys, 
and its prevalence among children aged 7 is 5-10% 
(2, 3) and among adults is 0.5-2.3% (4, 5).

Enuresis can be classified as monosympto-
matic nocturnal enuresis (MNE) or non-monosymp-
tomatic nocturnal enuresis (NMNE) depending on 
whether accompanying lower urinary tract symp-
toms are present, with the former type being cha-
racterized by the absence of such symptoms. Desmo-
pressin, a synthetic version of the human antidiuretic 
hormone (ADH), is one of the recommended first-line 
treatments for MNE (6). In fact, desmopressin reduces 
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nocturnal urine production, matching such produc-
tion with bladder capacity. After receiving oral des-
mopressin treatment, nearly one-third of children 
had no subsequent MNE episodes, one-third ob-
tained partial relief, and one-third had no benefit 
(7). MNE cure rate can be improved by combination 
therapy strategies (8).

The winter season was reported to be a risk 
factor in enuresis treatment failure in Japan (9). The 
same trend was also observed in Shenzhen, a city that 
belongs to the subtropical monsoon climate zone in 
southern China, but the nature of the relationship be-
tween the winter season and desmopressin treatment 
failure remains unclear. Therefore, in our current stu-
dy, we investigated the difference between children 
who received desmopressin treatment in the winter 
and those who received it during other seasons.

MATERIALS AND METHODS

Participant selection
We retrospectively analyzed the clinical data 

of 460 consecutive children diagnosed with MNE 
who had been referred to urology outpatient clinic 
of Shenzhen Children’s Hospital between January 
to December 2019. All procedures performed in this 
study were in accordance with the ethical standar-
ds of the Research Ethics Committee of Shenzhen 
Children’s Hospital (IRB number: 2021044). All in-
cluded children with MNE met the diagnostic crite-
ria listed by the International Children’s Continence 
Society (ICCS): age >5 years; involuntary nocturnal 
leakage at least once a month; and duration of MNE 
>3 months (10, 11). Patients were excluded if they 
presented with one of the following exclusion cri-
teria: organic lesions including neurological or uri-
nary system malformations, diabetes mellitus; con-
comitant daytime symptoms; and treatment duration 
spanning two time points (December to February and 
March to November). Patients with missing infor-
mation (n=30) and those who had poor compliance 
(n=37) were excluded from the study. Ultimately, the 
data of 393 children with MNE were analyzed.

The severity of enuresis was classified based 
on the number of nights when MNE was observed: 
mild, less than 2 nights per week; moderate, 3-4 
nights per week; and severe, greater than 5 nights 
per week (12). Shenzhen is located in the southeast 

coast of China, close to Hong Kong, with a typical 
subtropical monsoon climate. Therefore, the win-
ter season was considered to span from December 
to February (Figure-1).

All patients received routine health coa-
ching about avoiding irregular bladder and bowel 
habits, establishing healthy lifestyle behaviors and 
limiting fluid intake before bedtime during des-
mopressin treatment. All children received des-
mopressin tablets as first-line treatment and were 
followed up for a minimum of three months. The 
initial dose of desmopressin was 0.1mg 1h before 
bedtime. This dose could be raised to a maximum 
dose of 0.4mg if patients showed no response after 
two weeks. The treatment response was evaluated 
after three months’ treatment, and therapy was 
discontinued if possible. Treatment unresponsive-
ness, partial responsiveness and complete respon-
siveness, was defined as a reduction in symptom 
frequency less than 49%, equal to 50-99%, and 
equal to 100% dry nights, respectively (1). Tre-
atment failure was defined as: absent or partial 
response (13) and the patients were divided into 
a successful or failed outcome group according to 
their responsiveness.

Statistical Analysis

The SPSS 25.0 statistical software (SPSS Inc., 
Chicago, IL, USA) was used for statistical analysis. 
A chi-square test was employed to analyze the rela-
tionship between variables of the two groups, a t test 
was utilized for computing statistical differences, and 
the Mann-Whitney U test was used to compare tre-
atment efficacy between the two groups. Statistical 
analyses were performed using univariable logistic 
regression followed by multivariable logistic regres-
sion to evaluate possible risk factors of desmopres-
sin treatment failure. P values <0.05 were considered 
statistically significant.

RESULTS

A total of 393 children diagnosed with MNE 
were included in our current study. The mean age 
of the cohort was 7.39 years, and the mean follow-
-up time was 6.3 months after treatment initiation. 
A total of 206 children (52.42%) presented with 
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severe symptoms according to frequency of night-
time urination, and 117 subjects (29.77%) had a po-
sitive family history of enuresis. Habitual snoring 
during sleep was reported by 78 subjects (19.85%). 
Obesity was observed in 45 (11.45%) patients, while 
348 (88.55%) children were classified as non-obese 

according to BMI (Table-1). There was no differen-
ce between the two groups in age, sex, severity of 
symptoms, family history, parent educational level, 
sleep quality, and weight problems (Table-1).

Ultimately, 156 (39.69%) children with 
MNE showed complete response to desmopres-

Figure 1 - The average temperature (℃) in Shenzhen region in 2019. Data were recorded from the Shenzhen Meteorological 
Bureau website (http://weather.sz.gov.cn/qixiangfuwu/qihoufuwu/qihouguanceyupinggu/nianduqihougongbao/content/
post_6851743.html).

Table 1 - Characteristics of cases for the first visiting urology clinic in winter or other seasons.

Variables
winter

n = 120
other seasons

n = 273
t/χ2/Z p

Age (years ± SD) 7.53±1.67 7.34±1.42 1.170 0.243

Gender(male/female) 51/69 143/130 3.256 0.071

Mother’s age (years ± SD) 34.42±5.34 34.90±5.83 0.764 0.445

Father’s age (years ± SD) 38.55 ±5.79 38.09±6.02 0.715 0.475

Severity of symptoms (severe / mild and 
moderate)

71/49 135/138 3.155 0.076

Family history (present / absent) 37/83 80/193 0.093 0.760

Mother’s academic qualifications (High / Low) 81/39 171/102 0.857 0.355

Father’s academic qualifications (High / Low) 76/44 188/85 1.157 0.282

Snoring during sleep (present / absent) 18/102 60/213 2.552 0.110

obesity (present / absent) 18/102 27/246 2.147 0.143

Response to desmopressin treatment

no response 36 82 -16.226 0.000

partial response 57 62

complete response 27 129
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sin treatment, 119 (30.28%) showed partial im-
provement, and 118 (30.03%) were unresponsi-
ve (Table-1). No differences in age, sex, family 
history, parent educational level, sleep quality 
and weight problem were observed between the 
successful treatment and failed treatment group 
(Table-2). In the successful treatment group, 

63 (40.38%) of children showed a severe MNE 
phenotype, but in the failed treatment group 
the percentage of severe symptoms was greater 
(60.76%, n=144) and this difference was signifi-
cant (p=0.000) (Table-2). The number of patients 
who had their first-time visit to the urology cli-
nic in the winter season was 27 (17.31%) in the 

Table 2 - Univariate logistic regression analysis was performed to assess risk factors for desmopressin treatment failure. (n = 393).

Variables
Treatment 

success group
n = 156

Treatment 
failure group

n = 237
p value OR 95% CI

Age 7.23±1.38 7.51±1.56 0.068 1.138 0.990-1.308

Gender (male)

Male 85 109 0.100 0.711 0.474-1.067

Female 71 128

Mother’s age 34.63±5.80 34.84±5.62 0.713 1.007 0.971- 1.043

Father’s age 38.36 ±6.25 38.15±5.76 0.726 0.994 0.961- 1.028

Severity of symptoms

Severe 63 144 0.000 2.286 1.513-3.453

Mild and moderate 93 93

Family history

Present 45 72 0.745 1.076 0.691- 1.677

Absent 111 165

Mother’s academic qualifications

High 108 156 0.286 0.793 0.519- 1.214

Low 48 81

Father’s academic qualifications

High 100 133 0.482 0.856 0.555- 1.320

Low 44 65

Snoring during sleep

Present 34 44 0.433 0.818 0.495- 1.351

Absent 122 193

Obesity

Present 17 28 0.780 1.095 0.578- 2.077

Absent 139 209

Visiting clinic

Winter season 27 93 0.000 3.086 1.890-5.036

Other seasons 129 144

OR = Odds ratio; CI = confidence interval
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successful treatment group, and 93 (39.24%) in 
the failed treatment group. This difference was 
statistically significant (p=0.000) (Table-2).

Univariate logistic regression analysis 
showed that both the severity of symptoms and 
wintertime first-time visit were closely related 
to desmopressin treatment failure (odds ratio 
[OR]=2.286, 95% confidence interval [CI]=1.513-
3.453, p=0.000 and OR=3.086, 95% CI=1.890-
5.036, p=0.000 respectively). Other demogra-
phical and clinical factors including age, sex, 
family history, parent educational level, sleep 
quality, and overweight did not influence treat-
ment efficacy (Table-2). Similarly, multivariate 
logistic regression analysis with a forward ste-
pwise model also indicated that the severity of 
symptoms and wintertime first-time visit were 
significantly associated with desmopressin tre-
atment failure (OR=2.172, 95% CI=1.423-3.315, 
p=0.000 and OR=2.945, 95% CI=1.791-4.842, 
p=0.000 respectively).

DISCUSSION

Our study confirmed that the complete 
responsiveness rate and partial responsiveness 
rate were 39.7% and 30.3% respectively. These 
data were similar to those obtained in a pre-
vious study (14).

Many studies have suggested that seaso-
nal variations in climate are important factors 
that cannot be ignored during the onset, develo-
pment, and progression of diseases. Specifically, 
in regard to enuresis, it has been shown that the 
duration and frequency of enuresis in the same 
group increased in the winter compared to that 
in the summer season (15). Furthermore, in a 
study by Yoshiyuki Shiroyanagi et al., children 
with NE received enuresis alarm treatment were 
more prone to treatment failure in the winter 
than in any other season, thus showing winter-
time as an independent risk factor for treatment 
failure (9). These findings were similar to those 
of our current study. In fact, we showed that tre-
atment efficacy in children who had their first-
-time visit and began desmopressin treatment in 
the winter had poorer outcomes than children 
that did so during other seasons. The possible 

explanations for this pattern could be the follo-
wing: first, cold temperatures can increase the 
osmolality of urine, which could be attributed to 
a reduced arginine vasopressin (AVP) excretion 
from the hypophysis as well as to the failure to 
maintain the concentration gradient in the renal 
medulla (16, 17). Also, systemic levels of cyclic 
guanosine monophosphate (cGMP) are signifi-
cantly blunted in the cold, indicating suppressed 
nitric oxide (NO) signaling (17). The central ner-
vous system has been confirmed to be capable 
of secreting anti-diuretic hormone (ADH) in res-
ponse to NO stimulation (18); thus, decreased NO 
secretion during the cold months could lead to a 
reduction in ADH production. However, another 
study demonstrated that cold-induced diuresis 
was not a consequence of a reduction in AVP 
release, because no change in AVP plasma levels 
was recorded in rats. Rather, cold-induced diu-
resis was possibly caused by the downregulation 
of V2 receptors and the subsequent decrease in 
the expression of the AQP-2 water channel pro-
tein (19). The limitation of this study was that 
data were obtained in rats; consequently, whe-
ther the same mechanism occurs in the human 
body has yet to be determined.

The second possible explanation for the 
high rate of desmopressin treatment failure in 
the winter season is the negative influence of 
cold weather on bladder capacity. Increased 
nocturnal detrusor activity and low bladder ca-
pacity play important roles in nocturnal enu-
resis (11). Studies have demonstrated that cold 
stressors increased detrusor activity and decrea-
sed bladder capacity without altering body tem-
perature in rats (20, 21). A human study showed 
that lower urinary tract symptoms were signi-
ficantly improved by physical exercise in cold 
sensitive patients (22). In this report, althou-
gh desmopressin reduced urine production, the 
increased nocturnal detrusor activity and low 
bladder capacity induced by the cold remained 
unresolved. Therefore, the findings of the abo-
vementioned study could explain why a higher 
rate of desmopressin treatment failure is obser-
ved during the winter season.

Of course, the present study had several 
limitations. First, the sample size was small. Se-
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cond, the retrospective design of the study im-
posed inherent limitations. Our findings need to 
be confirmed by a large-scale, prospective study.

In conclusion, winter season and severe 
symptom of enuresis were associated with des-
mopressin treatment failure in MNE.

FUNDING

This study was funded by the Sanming Pro-
ject of Medicine in Shenzhen (No. SZSM201612013), 
the Shenzhen Medical Key Discipline of Pediatric Sur-
gery (2020-2024) (No. SZXK035), and the Shenzhen 
Health System Research Project (No. SZXJ2018045; 
No. SZFZ2018055).

ACKNOWLEDGEMENTS

Shoulin Li and Mengkui Sun contributed 
similarly as first author

CONFLICT OF INTEREST

None declared.

REFERENCES

1.	 Austin PF, Bauer SB, Bower W, Chase J, Franco I, Hoebeke 
P, et al. The standardization of terminology of lower urinary 
tract function in children and adolescents: Update report 
from the standardization committee of the International 
Children’s Continence Society. Neurourol Urodyn. 2016; 
35:471-81.

2.	 Järvelin MR, Vikeväinen-Tervonen L, Moilanen I, Huttunen 
NP. Enuresis in seven-year-old children. Acta Paediatr 
Scand. 1988; 77:148-53.

3.	 Bower WF, Moore KH, Shepherd RB, Adams RD. The 
epidemiology of childhood enuresis in Australia. Br J Urol. 
1996; 78:602-6.

4.	 Hirasing RA, van Leerdam FJ, Bolk-Bennink L, Janknegt 
RA. Enuresis nocturna in adults. Scand J Urol Nephrol. 
1997; 31:533-6.

5.	 Yeung CK, Sihoe JD, Sit FK, Bower W, Sreedhar B, Lau J. 
Characteristics of primary nocturnal enuresis in adults: an 
epidemiological study. BJU Int. 2004; 93:341-5.

6.	 Peng CC, Yang SS, Austin PF, Chang SJ. Systematic 
Review and Meta-analysis of Alarm versus Desmopressin 
Therapy for Pediatric Monosymptomatic Enuresis. Sci 
Rep. 2018; 8:16755.

7.	 Glazener CM, Evans JH. Desmopressin for nocturnal 
enuresis in children. Cochrane Database Syst Rev. 2002; 
(3):CD002112.

8.	 Ghanavati PM, Khazaeli D, Amjadzadeh M. A comparison 
of the efficacy and tolerability of treating primary nocturnal 
enuresis with Solifenacin Plus Desmopressin, Tolterodine 
Plus Desmopressin, and Desmopressin alone: a randomized 
controlled clinical trial. Int Braz J Urol. 2021; 47:73-81.

9.	 Shiroyanagi Y, Kim W, Suzuki H, Yamazaki Y. Winter is 
associated with failure in the alarm treatment of nocturnal 
enuresis. J Pediatr Urol. 2014; 10:246-9.

10.	 Neveus T, Eggert P, Evans J, Macedo A, Rittig S, Tekgül 
S, et al. Evaluation of and treatment for monosymptomatic 
enuresis: a standardization document from the International 
Children’s Continence Society. J Urol. 2010; 183:441-7.

11.	 Kuwertz-Bröking E, von Gontard A. Clinical management 
of nocturnal enuresis. Pediatr Nephrol. 2018; 33:1145-54.

12.	 Ma Y, Shen Y, Liu X. Association between enuresis and 
obesity in children with primary monosymptomatic 
nocturnal enuresis. Int Braz J Urol. 2019; 45:790-7.

13.	 Ma Y, Shen Y, Liu X. Constipation in nocturnal enuresis 
may interfere desmopressin management success. J 
Pediatr Urol. 2019; 15:177.e1-177.e6.

14.	 Kwak KW, Lee YS, Park KH, Baek M. Efficacy of 
desmopressin and enuresis alarm as first and second 
line treatment for primary monosymptomatic nocturnal 
enuresis: prospective randomized crossover study. J Urol. 
2010; 184:2521-6.

15.	 Tas T, Cakiroglu B, Hazar AI, Balci MB, Sinanoglu O, Nas 
Y, et al. Monosymptomatic nocturnal enuresis caused by 
seasonal temperature changes. Int J Clin Exp Med. 2014; 
7:1035-9.

16.	 Broman M, Källskog O, Nygren K, Wolgast M. The role 
of antidiuretic hormone in cold-induced diuresis in the 
anaesthetized rat. Acta Physiol Scand. 1998; 162:475-80.

17.	 Broman LM, Carlström M, Källskog Ö, Wolgast M. Effect of 
nitric oxide on renal autoregulation during hypothermia in 
the rat. Pflugers Arch. 2017; 469:669-80.

18.	 Ota M, Crofton JT, Festavan GT, Share L. Evidence that 
nitric oxide can act centrally to stimulate vasopressin 
release. Neuroendocrinology. 1993; 57:955-9.



IBJU | WINTER ASSOCIATED WITH ENURESIS TREATMENT FAILURE

281

19.	 Sun Z. Genetic AVP deficiency abolishes cold-induced 
diuresis but does not attenuate cold-induced hypertension. 
Am J Physiol Renal Physiol. 2006; 290:F1472-7.

20.	 Chen Z, Ishizuka O, Imamura T, Aizawa N, Igawa Y, 
Nishizawa O, et al. Role of alpha1-adrenergic receptors in 
detrusor overactivity induced by cold stress in conscious 
rats. Neurourol Urodyn. 2009; 28:251-6.

21.	 Lei Z, Ishizuka O, Imamura T, Noguchi W, Yamagishi T, 
Yokoyama H, et al. Functional roles of transient receptor 
potential melastatin 8 (TRPM8) channels in the cold stress-
induced detrusor overactivity pathways in conscious rats. 
Neurourol Urodyn. 2013; 32:500-4.

22.	 Inoue H, Ishizuka O, Imamura T, Yamagishi T, Noguchi W, 
Yokoyama H, et al. Relationship between Toe Temperature 
and Lower Urinary Tract Symptoms. Low Urin Tract 
Symptoms. 2012; 4:144-9.

_______________________
Correspondence address:

Yanan Xu, MD
Shenzhen Children’s Hospital

7019 Yitian Road Shenzhen 518000, China
Telephone: + 86 189 2382-6389
E-mail: etyyxuyanan@163.com


