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Abstract

Background
This study aimed to estimate the prevalence and associated factors of insomnia in adolescents with
major depressive disorder (MDD), and to examine the association between insomnia and empathy,
including potential sex differences.

Methods
A cohort of 374 adolescents diagnosed with MDD was enrolled. Demographic information was collected
via a self-report questionnaire. The Center for Epidemiological Studies Depression Scale (CES-D), the
Interpersonal Reactivity Index (IRI), and the Insomnia Severity Index (ISI) were used to assess
depression, empathy, and insomnia, respectively. Logistic regression analyses were used to identify the
independent correlates of insomnia.

Results
Our study found that 35.8% of adolescents with MDD had insomnia. The rate was 37.2% in females and
32.4% in males, with no significant sex difference (χ² = 0.773, P = 0.379). Significant differences were
observed between the insomnia and non-insomnia groups in academic pressure, parental marital status,
suicide attempts, CES-D score, and IRI score (particularly on the Fantasy and Personal Distress
subscales) (all P < 0.05). Logistic regression analyses showed that empathy was independently
associated with insomnia in females (OR = 1.038, 95% CI: 1.009–1.068, P < 0.05), but not in males.
Finally, receiver operating characteristic (ROC) analyses indicated that the combination of academic
pressure, parental marital status, CES-D score, and IRI score demonstrated high sensitivity and
specificity for identifying insomnia (AUC = 0.785, 95% CI: 0.738–0.833, P < 0.001).

Conclusion
Insomnia was prevalent in adolescents with MDD, and a significant association was observed between
insomnia and empathy in this population, particularly among female patients. Future research should
further investigate the underlying mechanisms linking empathy and insomnia, and develop targeted
interventions to effectively improve sleep quality and overall mental health outcomes in this population.

1. Introduction
Major depressive disorder (MDD) ranks among the leading contributors to global disease burden. In
recent years, its onset has shifted toward younger ages, making it the most prevalent affective disorder
in adolescents. Approximately one in five children and adolescents worldwide experience depression or
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depressive symptoms, with prevalence rates continuing to increase[1]. China's national epidemiological
investigation documented an overall mental disorder prevalence rate of 17.5% among pediatric and
adolescent populations, with MDD affecting 2.0% of this population[2]. It is worth highlighting that
insomnia exhibits a notably high prevalence in individuals with MDD[3]. A survey of the United States
adult population found that insomnia occurred in 85.2% of those experiencing an MDD episode[4]. A
large-scale survey in China reported a prevalence of sleep problems of 70.7% in adolescents with
MDD[5]. Insomnia comorbid with MDD significantly exacerbates clinical severity, reduces quality of life,
impairs productivity and daily functioning, and markedly increases economic burden[6, 7]. Moreover,
depressed adolescents with sleep disorders are at a heightened risk of suicidal ideation[8]. Therefore, it
is imperative to systematically investigate the prevalence of insomnia and its associated factors in
adolescents with MDD.

Recent research has confirmed that insomnia correlates with a variety of factors, such as age, sex, life
stressors, environmental conditions, and depression severity. For example, a study showed that female
adolescents were more prone to insomnia[9]. Moreover, the severity of MDD was positively linked to the
degree of insomnia[10]. Notably, a recent study has shown that prolonged nighttime sleep and fewer
sleep disruptions are linked to more mature empathy among preschool children[11]. This association
was especially pronounced among children with higher baseline empathy levels and exhibited significant
sex differences: the link between sleep and affective empathy was driven primarily by females, whereas
the association with cognitive empathy was more evident in males.

Empathy refers to the ability to perceive and resonate with others' emotions, needs, and experiences, and
consists of two primary components[12]. Affective empathy refers to "feeling what another feels,"
whereby one directly experiences the other's emotional state as if one were in the same situation.
Cognitive empathy denotes "putting oneself in another's place," involving the rational understanding of
others' emotions and perspectives without necessarily experiencing those feelings oneself[13].
Moreover, females generally exhibit higher levels of empathy compared to males[14]. However, empathy
is not uniformly beneficial. It can act as a double-edged sword. Excessive empathic capacity can lead to
emotional over-engagement with others, impairing one's ability to regulate personal emotional load, and
thereby raising the risk of MDD. Research has found that self-directed affective empathy is significantly
correlated with heightened negative emotions[15, 16]. A meta-analysis has further shown that affective
empathy is positively associated with MDD, and this link is especially pronounced during
adolescence[17]. Empathy is closely linked to insomnia. A study found that the higher the empathy trait
score, the worse the sleep quality[18]. However, another study has found that adolescents with poorer
sleep exhibited lower empathy scores[19]. Therefore, further investigation into the association between
empathy and insomnia is warranted.

Nevertheless, research on the association between empathy and insomnia in adolescents with MDD
remains limited. Moreover, although significant sex differences in empathy have been observed among
adolescents, it remains unclear whether such differences moderate the association between insomnia
and empathy. Thus, this study aimed to estimate the prevalence and associated factors of insomnia in
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adolescents with MDD, and to examine the association between insomnia and empathy, including
potential sex differences.

2. Methods

2.1. Study design and participants
This cross-sectional study was carried out between August 2021 and December 2022. A total of 374
adolescents with a confirmed diagnosis of MDD were recruited from eight tertiary-level hospitals in
Anhui Province (The Fourth Affiliated Hospital of Anhui Medical University, Hefei Fourth People's
Hospital, The Second Affiliated Hospital of Anhui Medical University, Bozhou People's Hospital, Suzhou
Second People's Hospital, The Second Affiliated Hospital of Bengbu Medical College, Ma'anshan Fourth
People's Hospital, and Fuyang Third People's Hospital). Inclusion criteria: (1) aged 12–18 years; (2) a
clinical diagnosis of MDD based on Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition
(DSM-5) criteria, independently confirmed by two attending psychiatrists or those of higher rank; (3)
willingness to cooperate with all assessments. Exclusion criteria: (1) presence of any other DSM-5
psychiatric diagnosis (including intellectual developmental disorder); (2) significant somatic, infectious,
or immune system conditions; (3) inability or unwillingness to complete the required evaluations. The
study protocol was approved by the Ethics Committee of the Fourth Affiliated Hospital of Anhui Medical
University (No. 202009-KYXM-04). Written informed consent was obtained from both participants and
their legal guardians after a comprehensive explanation of the study procedures.

2.2. Measures

2.2.1. General information
A researcher-developed questionnaire was administered to collect general information, including sex,
age, body mass index (BMI), education level, academic pressure, parental marital status, first occurrence
of MDD, antidepressants use, age of illness onset, disease duration from onset to assessment, and
history of suicide attempts (yes/no).

2.2.2. Depressive symptoms
The severity of depressive symptoms was assessed with the Center for Epidemiologic Studies
Depression Scale (CES-D)[20]. The scale comprises 20 items rated on a 4-point Likert scale reflecting the
frequency of the indicated symptom during the past week. The scale comprises four dimensions:
depressive affect, positive affect, somatic symptoms, and interpersonal problems. Higher scores
indicate greater depressive symptom severity. The CES-D has demonstrated satisfactory reliability and
validity among Chinese adolescents[21].

2.2.3. Empathy
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Empathy was assessed using the Interpersonal Reactivity Index (IRI)[22]. The scale comprises 28
empathy-related items rated on a 5-point Likert scale. Higher scores indicate stronger empathy. The
scale comprises four dimensions: perspective taking (PT), fantasy (FS), empathic concern (EC), and
personal distress (PD). Based on previous research, the PT subscale was regarded as an index of
cognitive empathy, whereas the EC and PD subscales were taken to represent the positive and negative
facets of affective empathy, respectively[23, 24].

2.2.4. Insomnia
The Insomnia Severity Index (ISI) was used to evaluate the severity of insomnia experienced by
participants over the past two weeks[25]. The scale comprises seven insomnia-related items rated on a
five-point scale. Higher scores indicate greater insomnia severity. In this study, an ISI total score of 15 or
higher was defined as the presence of insomnia[26].

2.3. Statistical analysis
Data were analyzed using IBM SPSS Statistics 26.0. Continuous variables were tested for normality with
the Kolmogorov-Smirnov test and were presented as mean ± standard deviation (SD) or median
(quartiles) [M (P25, P75)]. Categorical variables were summarized as frequencies (percentages).
Univariate comparisons between participants with and without insomnia were conducted using
independent-samples t-tests, Mann–Whitney U tests, or χ² tests. In the stepwise logistic regression,
variables with P < 0.05 in the univariate analyses were selected as independent variables, with the
presence of insomnia as the dependent variable. The predictive utility of each factor was further
evaluated by receiver operating characteristic (ROC) curve analyses, and the area under the curve (AUC)
was calculated. All statistical tests were two-tailed, and a significance level of P < 0.05 was adopted.

3. Results

3.1. Comparison of general information and clinical
features between groups
A total of 374 adolescents with MDD were finally included, of whom 266 (71.1%) were female, and the
mean age was 15.35 ± 1.66 years. Overall, 134 participants (35.8%) exhibited insomnia, with a
prevalence of 37.2% among females and 32.4% among males. Univariate analyses for the total sample,
female patients, and male patients were presented in Table 1, Table 2, and Table 3, respectively.
Univariate analyses revealed that, compared to those without insomnia, individuals with insomnia
reported significantly greater academic pressure, a higher proportion of parents with poor marital status,
and a markedly increased prevalence of previous suicide attempts. With regard to clinical measures, the
insomnia group scored significantly higher on the CES-D and IRI (Table 1). Notably, the between-group
difference in IRI scores was especially pronounced among female patients (Table 2 and Table 3).
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Table 1
Comparison of general information and clinical features in insomnia and without insomnia groups

Variables Insomnia

(n = 134)

Without
insomnia

(n = 240)

Statistics

t/Z/χ2 P

General information        

Sex     0.773 0.379

Females, n (%) 99 (73.88) 167 (69.58)    

Males, n (%) 35 (26.12) 73 (30.42)    

Age (years), mean (SD) 15.34 (1.74) 15.36 (1.61) 0.150 0.880

BMI (kg/m2), mean (SD) 21.05 (3.99) 20.86 (3.78) -0.460 0.650

Education level     0.742 0.389

Junior high school, n (%) 58 (43.28) 115 (47.92)    

High school, n (%) 76 (56.72) 125 (52.08)    

Academic pressure     18.394 < 0.001

Low, n (%) 8 (5.97) 7 (2.92)    

Average, n (%) 41 (30.60) 128 (53.33)    

High, n (%) 85 (63.43) 105 (43.75)    

Parental marital status     10.352 0.001

Normal, n (%) 89 (66.42) 195 (81.25)    

Abnormal, n (%) 45 (33.58) 45 (18.75)    

Suicidal attempts, n (%) 102 (76.12) 137 (57.08) 13.509 < 0.001

First occurrence of MDD, n (%) 55 (41.04) 101 (42.08) 0.038 0.845

Antidepressants use     0.362 0.834

None, n (%) 45 (33.58) 88 (36.67)    

SSRIs, n (%) 77 (57.46) 132 (55.00)    

Others, n (%) 12 (8.96) 20 (8.33)    

BMI, Body Mass Index; MDD, major depressive disorder; CES-D, Center for Epidemiologic Studies
Depression Scale; IRI, Interpersonal Reactivity Index; FS, Fantasy; EC, Empathic concern; PT,
Perspective taking; PD, Personal distress; SD, Standard Deviation; a, Mann-Whitney U-test; Bolded P
value: < 0.05
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Variables Insomnia

(n = 134)

Without
insomnia

(n = 240)

Statistics

t/Z/χ2 P

General information        

Age of illness onset (years), mean
(SD)

13.72 (1.83) 13.81 (1.85) 0.450 0.660

Duration of illness (months),
median (P25, P75)

16.00 (12.00,
30.00)

12.00 (8.00,
24.00)

-1.369 a 0.171

Clinical features        

CES-D score, mean (SD) 43.05 (9.17) 32.01 (13.07) -9.550 < 0.001

Depressed affect score, mean
(SD)

17.22 (4.70) 12.54 (6.11) -8.279 < 0.001

Positive affect score, mean (SD) 9.74 (2.02) 8.39 (3.02) -5.174 < 0.001

Somatic symptoms score, mean
(SD)

12.82 (3.19) 8.73 (4.28) -10.482 < 0.001

Interpersonal problems score,
mean (SD)

3.27 (1.86) 2.35 (1.95) -4.417 < 0.001

IRI score, mean (SD) 68.77 (10.67) 64.53 (11.53) -3.500 < 0.001

FS score, mean (SD) 17.36 (4.44) 15.98 (5.03) -2.640 0.010

EC score, mean (SD) 16.29 (4.65) 15.77 (4.65) -1.050 0.300

PT score, mean (SD) 15.08 (3.50) 14.57 (3.58) -1.350 0.180

PD score, mean (SD) 20.04 (4.24) 18.22 (4.39) -3.900 < 0.001

BMI, Body Mass Index; MDD, major depressive disorder; CES-D, Center for Epidemiologic Studies
Depression Scale; IRI, Interpersonal Reactivity Index; FS, Fantasy; EC, Empathic concern; PT,
Perspective taking; PD, Personal distress; SD, Standard Deviation; a, Mann-Whitney U-test; Bolded P
value: < 0.05
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Table 2
Comparison of general information and clinical features in insomnia and without insomnia groups of

female patients
Variables Insomnia

(n = 99)

Without
insomnia

(n = 167)

Statistics

t/Z/χ2 P

General information        

Age (years), mean (SD) 15.04 (1.76) 15.29 (1.68) 1.140 0.255

BMI (kg/m2), mean (SD) 20.54 (3.27) 20.61 (3.39) 0.187 0.852

Education level     0.366 0.545

Junior high school, n (%) 53 (53.54) 83 (49.70)    

High school, n (%) 46 (46.46) 84 (50.30)    

Academic pressure     14.175 0.001

Low, n (%) 4 (4.04) 5 (2.99)    

Average, n (%) 31 (31.31) 92 (55.09)    

High, n (%) 64 (64.65) 70 (41.92)    

Parental marital status     10.179 0.001

Normal, n (%) 64 (64.65) 137 (82.04)    

Abnormal, n (%) 35 (35.35) 30 (17.96)    

Suicidal attempts, n(%) 76 (76.77) 109 (65.27) 3.880 0.049

First occurrence of MDD, n (%) 39 (39.39) 72 (43.11) 0.354 0.552

Antidepressants use     0.049 0.976

None, n (%) 34 (34.34) 56 (33.53)    

SSRIs, n (%) 55 (55.56) 95 (56.89)    

Others, n (%) 10 (10.10) 16 (9.58)    

Age of illness onset (years), mean
(SD)

13.44 (1.79) 13.78 (1.88) 1.425 0.155

Duration of illness (months),
median (P25, P75)

12.00 (11.00,
30.00)

12.00 (10.00,
24.00)

-0.290 a 0.772

BMI, Body Mass Index; MDD, major depressive disorder; CES-D, Center for Epidemiologic Studies
Depression Scale; IRI, Interpersonal Reactivity Index; FS, Fantasy; EC, Empathic concern; PT,
Perspective taking; PD, Personal distress; SD, Standard Deviation; a, Mann-Whitney U-test; Bolded P
value: < 0.05.
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Variables Insomnia

(n = 99)

Without
insomnia

(n = 167)

Statistics

t/Z/χ2 P

General information        

Clinical features        

CES-D score, mean (SD) 44.41 (9.24) 32.82 (12.95) -8.489 < 0.001

Depressed affect score, mean
(SD)

18.1 (4.56) 13.06 (5.87) -7.817 < 0.001

Positive affect score, mean (SD) 9.69 (2.13) 8.41 (3.02) -4.037 < 0.001

Somatic symptoms score, mean
(SD)

13.12 (3.31) 8.88 (4.31) -9.008 < 0.001

Interpersonal problems score,
mean (SD)

3.51 (1.89) 2.47 (1.98) -4.175 < 0.001

IRI score, mean (SD) 69.92 (10.25) 64.87 (11.83) -3.534 < 0.001

FS score, mean (SD) 17.31 (4.34) 15.93 (5.23) -2.211 0.028

EC score, mean (SD) 16.41 (4.82) 15.66 (4.63) -1.258 0.210

PT score, mean (SD) 15.26 (3.64) 14.62 (3.54) -1.411 0.159

PD score, mean (SD) 20.93 (3.98) 18.65 (4.16) -4.398 < 0.001

BMI, Body Mass Index; MDD, major depressive disorder; CES-D, Center for Epidemiologic Studies
Depression Scale; IRI, Interpersonal Reactivity Index; FS, Fantasy; EC, Empathic concern; PT,
Perspective taking; PD, Personal distress; SD, Standard Deviation; a, Mann-Whitney U-test; Bolded P
value: < 0.05.
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Table 3
Comparison of general information and clinical features in insomnia and without insomnia groups of

male patients
Variables Insomnia

(n = 35)

Without
insomnia

(n = 73)

Statistics

t/Z/χ2 P

General information        

Age (years), mean (SD) 16.17 (1.40) 15.53 (1.44) -2.175 0.032

BMI (kg/m2), mean (SD) 22.50 (5.35) 21.41 (4.51) -1.102 0.273

Education level     9.172 0.002

Junior high school, n (%) 5 (14.29) 32 (43.84)    

High school, n (%) 30 (85.71) 41 (56.16)    

Academic pressure     6.268 0.044

Low, n (%) 4 (11.43) 2 (2.74)    

Average, n (%) 10 (28.57) 36 (49.32)    

High, n (%) 21 (60.00) 35 (47.95)    

Parental marital status     0.856 0.335

Normal, n (%) 25 (71.43) 58 (79.45)    

Abnormal, n (%) 10 (28.57) 15 (20.55)    

Suicidal attempts, n(%) 26 (74.29) 28 (38.36) 12.216 < 0.001

First occurrence of MDD, n (%) 16 (45.71) 29 (39.73) 0.349 0.555

Antidepressants use     1.559 0.459

None, n (%) 11 (31.43) 32 (43.84)    

SSRIs, n (%) 22 (62.86) 37 (50.68)    

Others, n (%) 2 (5.71) 4 (5.48)    

Age of illness onset (years), mean
(SD)

14.51 (1.72) 13.89 (1.78) -1.720 0.088

Duration of illness (months),
median (P25, P75)

20.00 (12.00,
30.00)

12.00 (6.00,
24.00)

-1.977 a 0.048

BMI, Body Mass Index; MDD, major depressive disorder; CES-D, Center for Epidemiologic Studies
Depression Scale; IRI, Interpersonal Reactivity Index; FS, Fantasy; EC, Empathic concern; PT,
Perspective taking; PD, Personal distress; SD, Standard Deviation; a, Mann-Whitney U-test; Bolded P
value: < 0.05.
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Variables Insomnia

(n = 35)

Without
insomnia

(n = 73)

Statistics

t/Z/χ2 P

General information        

Clinical features        

CES-D score, mean (SD) 39.20 (7.87) 30.15 (13.25) -4.429 < 0.001

Depressed affect score, mean
(SD)

14.74 (4.26) 11.34 (6.50) -3.247 0.002

Positive affect score, mean (SD) 9.89 (1.68) 8.34 (3.02) -3.407 0.001

Somatic symptoms score, mean
(SD)

11.97 (2.71) 8.38 (4.23) -5.326 < 0.001

Interpersonal problems score,
mean (SD)

2.60 (1.63) 2.08 (1.86) -1.406 0.163

IRI score, mean (SD) 65.51 (11.29) 63.77 (10.85) -0.773 0.441

FS score, mean (SD) 17.49 (4.78) 16.10 (4.59) -1.453 0.149

EC score, mean (SD) 15.94 (4.19) 16.00 (4.72) 0.061 0.951

PT score, mean (SD) 14.57 (3.06) 14.44 (3.70) -0.185 0.854

PD score, mean (SD) 17.51 (3.97) 17.23 (4.75) -0.303 0.762

BMI, Body Mass Index; MDD, major depressive disorder; CES-D, Center for Epidemiologic Studies
Depression Scale; IRI, Interpersonal Reactivity Index; FS, Fantasy; EC, Empathic concern; PT,
Perspective taking; PD, Personal distress; SD, Standard Deviation; a, Mann-Whitney U-test; Bolded P
value: < 0.05.

3.2. Stepwise logistic regression analyses
Findings from the multivariate stepwise logistic regression analyses were presented in Table 4 and
Table 5. Model 1 included general information variables that were significant in univariate analyses,
along with the total CES-D and IRI scores. Among the total sample, academic pressure (OR = 0.558, 95%
CI = 0.337–0.926, P = 0.024), parental marital status (OR = 2.075, 95% CI = 1.189–3.622, P = 0.010), CES-
D score (OR = 1.082, 95% CI = 1.056–1.109, P < 0.001), and IRI total score (OR = 1.026, 95% CI = 1.003–
1.049, P = 0.025) were independent correlates of insomnia. Among female patients, academic pressure
(OR = 0.542, 95% CI = 0.297–0.991, P = 0.047), parental marital status (OR = 2.299, 95% CI = 1.166–4.534,
P = 0.016), CES-D score (OR = 1.088, 95% CI = 1.055–1.121, P < 0.001), and IRI total score (OR = 1.038,
95% CI = 1.009–1.068, P = 0.010) were independent correlates of insomnia. Among male patients,
education level (OR = 0.192, 95% CI = 0.055–0.670, P = 0.010), suicide attempts (OR = 7.603, 95% CI = 
2.411–23.976, P = 0.001), and CES-D score (OR = 1.068, 95% CI = 1.018–1.119, P = 0.007) were
independent correlates of insomnia. Model 2 included significant general information variables along
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with subscale scores from the CES-D and IRI that showed significance in univariate analyses. Among the
total sample, somatic symptoms score (OR = 1.308, 95% CI = 1.216–1.407, P < 0.001), and FS score (OR 
= 1.069, 95% CI = 1.014–1.126, P = 0.012) were independent correlates of insomnia. Among female
patients, somatic symptoms score (OR = 1.277, 95% CI = 1.172–1.391, P < 0.001), and PD score (OR = 
1.096, 95% CI = 1.015–1.184, P = 0.020) were independent correlates of insomnia. Among male patients,
somatic symptoms score (OR = 1.296, 95% CI = 1.122–1.498, P < 0.001) was an independent correlate of
insomnia.
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Table 4
Independent factors associated with insomnia by multivariate logistic stepwise regression analysis

(Model 1)
Variables B SE Wald χ2 OR 95% CI P

Total sample            

Academic pressure            

High Ref - - - - -

Average -0.583 0.258 5.096 0.558 0.337–0.926 0.024

Low 1.133 0.613 3.418 3.105 0.934–10.317 0.064

Parental marital
status

           

Normal Ref - - - - -

Abnormal 0.730 0.284 6.593 2.075 1.189–3.622 0.010

CES-D score 0.079 0.012 40.889 1.082 1.056–1.109 < 0.001

IRI score 0.025 0.011 5.019 1.026 1.003–1.049 0.025

Female patients            

Academic pressure            

High Ref - - - - -

Average -0.612 0.307 3.961 0.542 0.297–0.991 0.047

Low 1.059 0.785 1.817 2.882 0.618–13.436 0.178

Parental marital
status

           

Normal Ref - - - - -

Abnormal 0.833 0.346 5.773 2.299 1.166–4.534 0.016

CES-D score 0.084 0.015 29.858 1.088 1.055–1.121 < 0.001

IRI score 0.037 0.014 6.693 1.038 1.009–1.068 0.010

Male patients            

CES-D, Center for Epidemiologic Studies Depression Scale; IRI, Interpersonal Reactivity Index; SE,
Standard Error; OR, Odds Ratio; CI, Confidence Interval; Bolded P value: < 0.05.

Model 1 included sociodemographic variables that were significant in univariate analyses, along with
the total CES-D and IRI scores.
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Variables B SE Wald χ2 OR 95% CI P

Total sample            

Academic pressure            

Education level            

High school Ref - - - - -

Junior high school -1.652 0.638 6.700 0.192 0.055–0.670 0.010

Suicidal attempts 2.028 0.586 11.983 7.603 2.411–23.976 0.001

CES-D score 0.065 0.024 7.379 1.068 1.018–1.119 0.007

CES-D, Center for Epidemiologic Studies Depression Scale; IRI, Interpersonal Reactivity Index; SE,
Standard Error; OR, Odds Ratio; CI, Confidence Interval; Bolded P value: < 0.05.

Model 1 included sociodemographic variables that were significant in univariate analyses, along with
the total CES-D and IRI scores.
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Table 5
Independent factors associated with insomnia by multivariate logistic stepwise regression analysis

(Model 2)
Variables B SE Wald χ2 OR 95% CI P

Total sample            

Academic pressure            

High Ref - - - - -

Average -0.544 0.264 4.248 0.581 0.346–0.974 0.039

Low 0.867 0.600 2.091 2.381 0.735–7.715 0.148

Parental marital status            

Normal Ref - - - - -

Abnormal 0.671 0.290 5.352 1.957 1.108–3.455 0.021

Somatic symptoms
score

0.269 0.037 52.111 1.308 1.216–1.407 < 0.001

FS score 0.067 0.027 6.249 1.069 1.014–1.126 0.012

Female patients            

Academic pressure            

High Ref - - - - -

Average -0.618 0.311 3.948 0.539 0.293–0.992 0.047

Low 0.786 0.780 1.015 2.194 0.476–
10.123

0.314

Parental marital status            

Normal Ref - - - - -

Abnormal 0.719 0.343 4.396 2.052 1.048–4.017 0.036

Somatic symptoms
score

0.244 0.044 31.200 1.277 1.172–1.391 < 0.001

PD score 0.092 0.039 5.437 1.096 1.015–1.184 0.020

Male patients            

FS, Fantasy; PD, Personal distress; SE, Standard Error; OR, Odds Ratio; CI, Confidence Interval; Bolded
P value: < 0.05.

Model 2 included significant sociodemographic variables along with subscale scores from the CES-D
and IRI that showed significance in univariate analyses.



Page 17/30

Variables B SE Wald χ2 OR 95% CI P

Total sample            

Academic pressure            

Education level            

High school Ref - - - - -

Junior high school -1.862 0.663 7.895 0.155 0.042–0.569 0.005

Suicidal attempts 1.650 0.537 9.454 5.208 1.819–
14.913

0.002

Somatic symptoms
score

0.259 0.074 12.386 1.296 1.122–1.498 < 0.001

FS, Fantasy; PD, Personal distress; SE, Standard Error; OR, Odds Ratio; CI, Confidence Interval; Bolded
P value: < 0.05.

Model 2 included significant sociodemographic variables along with subscale scores from the CES-D
and IRI that showed significance in univariate analyses.

3.3. Predictive value of independent factors for insomnia
Table 6 and Fig. 1 summarized the results of ROC curve analyses of Model 1. In Model 1, for the total
sample, the predictive utility of each independent factor for insomnia was as follows: academic pressure
(AUC = 0.617, 95% CI = 0.559–0.676, P < 0.001), parental marital status (AUC = 0.574, 95% CI = 0.513–
0.636, P = 0.017), CES-D score (AUC = 0.755, 95% CI = 0.706–0.804, P < 0.001), and IRI score (AUC = 
0.598, 95% CI = 0.539–0.657, P = 0.002). Compared with these individual predictors, the combined index
showed better discrimination for insomnia (AUC = 0.785, 95% CI = 0.738–0.833, P < 0.001). Among
female patients, the predictive utility of each independent factor for insomnia was: academic pressure
(AUC = 0.620, 95% CI = 0.551–0.689, P = 0.001), parental marital status (AUC = 0.587, 95% CI = 0.515–
0.659, P = 0.018), CES-D score (AUC = 0.772, 95% CI = 0.715–0.830, P < 0.001), and IRI score (AUC = 
0.609, 95% CI = 0.540–0.677, P = 0.003). Compared with these individual predictors, the combined index
demonstrated better discrimination for insomnia (AUC = 0.803, 95% CI = 0.748–0.858, P < 0.001). Among
male patients, the predictive utility of each independent factor for insomnia was: education level (AUC = 
0.648, 95% CI = 0.542–0.754, P = 0.013), suicide attempts (AUC = 0.680, 95% CI = 0.573–0.787, P = 
0.003), and CES-D score (AUC = 0.718, 95% CI = 0.622–0.813, P < 0.001). Compared with these individual
predictors, the combined index showed better discrimination for insomnia (AUC = 0.817, 95% CI = 0.737–
0.897, P < 0.001). Table 7 and Fig. 2 summarized the results of ROC curve analyses of Model 2. In Model
2, for the total sample, the predictive utility of each independent factor for insomnia was as follows:
somatic symptoms score (AUC = 0.774, 95% CI = 0.726–0.822, P < 0.001), and FS score (AUC = 0.572,
95% CI = 0.512–0.631, P = 0.021). Compared with these individual predictors, the combined index
showed better discrimination for insomnia (AUC = 0.800, 95% CI = 0.754–0.846, P < 0.001). Among
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female patients, the predictive utility of each independent factor for insomnia was: somatic symptoms
score (AUC = 0.780, 95% CI = 0.724–0.836, P < 0.001), and PD score (AUC = 0.664, 95% CI = 0.598–0.731,
P < 0.001). Compared with these individual predictors, the combined index demonstrated better
discrimination for insomnia (AUC = 0.808, 95% CI = 0.755–0.861, P < 0.001). Among male patients, the
predictive utility of each independent factor for insomnia was: somatic symptoms score (AUC = 0.763,
95% CI = 0.673–0.853, P < 0.001). Compared with these individual predictors, the combined index
showed better discrimination for insomnia (AUC = 0.828, 95% CI = 0.748–0.907, P < 0.001).
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Table 6
Predictive value of each independent influence for insomnia (Model 1)

Variables Sensitivity Specificity AUC 95% CI P

Total sample          

Academic pressure 0.694 0.533 0.617 0.559–0.676 < 0.001

Parental marital
status

0.336 0.812 0.574 0.513–0.636 0.017

CES-D score 0.761 0.642 0.755 0.706–0.804 < 0.001

IRI score 0.754 0.400 0.598 0.539–0.657 0.002

Combined a 0.634 0.829 0.785 0.738–0.833 < 0.001

Female patients          

Academic pressure 0.687 0.551 0.620 0.551–0.689 0.001

Parental marital
status

0.354 0.820 0.587 0.515–0.659 0.018

CES-D score 0.828 0.617 0.772 0.715–0.830 < 0.001

IRI score 0.485 0.677 0.609 0.540–0.677 0.003

Combined b 0.717 0.814 0.803 0.748–0.858 < 0.001

Male patients          

Education level 0.857 0.438 0.648 0.542–0.754 0.013

Suicidal attempts 0.743 0.616 0.680 0.573–0.787 0.003

CES-D score 0.857 0.575 0.718 0.622–0.813 < 0.001

Combined c 0.600 0.863 0.817 0.737–0.897 < 0.001

CES-D, Center for Epidemiologic Studies Depression Scale; IRI, Interpersonal Reactivity Index; AUC,
Area Under the Curve; CI, Confidence Interval; Bolded P value: < 0.05; a, Combination of academic
pressure, parental marital status, CES-D score and IRI score; b, Combination of academic pressures,
parental marital status, CES-D score and IRI score; c, Combination of education level, suicidal
attempts and CES-D score.

Model 1 included sociodemographic variables that were significant in univariate analyses, along with
the total CES-D and IRI scores.
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Table 7
Predictive value of each independent influence for insomnia (Model 2)

Variables Sensitivity Specificity AUC 95% CI P

Total sample          

Academic pressure 0.694 0.533 0.617 0.559–0.676 < 0.001

Parental marital
status

0.336 0.812 0.574 0.513–0.636 0.017

Somatic symptoms
score

0.791 0.658 0.774 0.726–0.822 < 0.001

FS score 0.821 0.308 0.572 0.512–0.631 0.021

Combined a 0.590 0.863 0.800 0.754–0.846 < 0.001

Female patients          

Academic pressure 0.687 0.551 0.620 0.551–0.689 0.001

Parental marital
status

0.354 0.820 0.587 0.515–0.659 0.018

Somatic symptoms
score

0.737 0.719 0.780 0.724–0.836 < 0.001

PD score 0.687 0.581 0.664 0.598–0.731 < 0.001

Combined b 0.687 0.796 0.808 0.755–0.861 < 0.001

Male patients          

Education level 0.857 0.438 0.648 0.542–0.754 0.013

Suicidal attempts 0.743 0.616 0.680 0.573–0.787 0.003

Somatic symptoms
score

0.829 0.616 0.763 0.673–0.853 < 0.001

Combined c 0.629 0.863 0.828 0.748–0.907 < 0.001

FS, Fantasy; PD, Personal distress; AUC, Area Under the Curve; CI, Confidence Interval; Bolded P
value: < 0.05; a, Combination of academic pressure, parental marital status, somatic symptoms score
and FS score; b, Combination of academic pressures, parental marital status, somatic symptoms
score and PD score; c, Combination of education level, suicidal attempts and somatic symptoms
score.

Model 2 included significant sociodemographic variables along with subscale scores from the CES-D
and IRI that showed significance in univariate analyses.

4. Discussion
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As far as we are aware, this represented the first investigation to explore the link between empathy and
insomnia, along with the corresponding sex differences in adolescents with MDD. The prevalence of
insomnia in our cohort (35.8%) was substantially higher than the 26.0% rate documented for sleep
disturbances in the general Chinese adolescent population[27]. This highlights the substantial severity of
insomnia in this specific patient population. This may be attributable to MDD's ability to disrupt sleep-
regulatory mechanisms through systemic inflammation and sustained hyperactivity of the hypothalamic-
pituitary-adrenal (HPA) axis, which in turn exacerbates insomnia severity[28]. Meanwhile, we found the
prevalence of insomnia to be 37.2% among females and 32.4% among males. Although no statistically
significant variance was detected, the rate among females was marginally greater than that among
males. A prior study has also found that, among adolescents, the prevalence of insomnia was higher in
females[29]. The sex difference in insomnia prevalence during puberty appears to be driven by both
biological and psychological factors. On the one hand, hormonal changes in adolescence alter sleep
architecture. Hormones such as those secreted by the ovaries can suppress sleep[30]. On the other
hand, females are more sensitive to emotional and interpersonal stress[31]. Females also tend to exhibit
higher levels of neuroticism and engage in more frequent presleep rumination and worry, both of which
are known to prolong sleep onset latency.

In terms of general information, individuals with insomnia were significantly more likely to report poorer
parental marital status. Previous studies have reported similar findings, indicating that parental marital
status was associated with sleep status[32, 33]. Parental marital conflict may induce family stress and
emotional insecurity, placing adolescents in a state of heightened vigilance[34]. Such vigilance can
activate the HPA axis and increase cortisol levels, consequently leading to difficulty falling asleep and
nocturnal awakening[35]. In addition, this study found that patients with lower academic pressure were
less likely to experience insomnia. This was consistent with previous findings[36]. A meta-analysis has
shown that academic stress can lead to insomnia through multiple dimensions[37]. Specifically, at the
cognitive level, academic pressure triggers presleep academic rumination. This rumination prolongs
sleep-onset latency and precipitates acute insomnia. At the physiological level, academic pressure
activates the HPA axis and the sympathetic nervous system. This activation induces a state of nocturnal
hyperarousal that disrupts sleep homeostasis. Poor parental marital quality and academic pressure are
two prominent chronic psychosocial stressors. They can precipitate or perpetuate insomnia through
multiple emotional, cognitive, and physiological pathways. Therefore, early family intervention is
necessary to break the vicious cycle of stress, hypervigilance, and insomnia at the early stages.

Additionally, the study showed that depressed adolescents who had previously attempted suicide
reported more insomnia than their non-attempter counterparts. Previous studies have consistently
supported this association[38, 39]. The association between suicide attempts and insomnia may be
bidirectional. On the one hand, genetic studies have provided foundational support. A large-scale
genome-wide association study found a significant genetic correlation between insomnia and suicide
attempts[40]. On the other hand, multiple mediating mechanisms have been uncovered. For example,
excessive daytime sleepiness has been shown to be a key mediator between insomnia and suicidal
behavior in adolescents[41]. Another study indicated that the significant association between insomnia
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and suicidal ideation is fully mediated by anxiety and MDD[42]. However, the aforementioned studies
have only begun to map the complex interplay between insomnia and suicide attempts, and the current
research paradigm remains sharply limited. Most evidence views insomnia as a precursor to suicide, but
longitudinal studies on whether suicide attempts later worsen insomnia are still missing. Future research
should adopt a bidirectional causal framework to clarify the dynamic association between these two
phenomena.

The findings indicated that, in adolescents with MDD, insomnia was strongly associated with MDD
symptom severity. The association between MDD and insomnia is not simply unidirectional but rather a
complex bidirectional relationship[43, 44]. A prospective cohort study of the United States adolescents
showed that baseline insomnia approximately doubled the subsequent risk of incident MDD, while MDD
similarly approximately doubled the subsequent risk of incident insomnia[45]. An Iraqi study found a
positive correlation between MDD and insomnia, with greater insomnia severity observed as MDD
progressed from moderate to severe levels[46]. Insomnia may create a positive-feedback loop through
multisystem interactions, further exacerbating neurodegeneration[47]. Therefore, insomnia should be
prioritized as a key therapeutic target in the clinical management of adolescents with MDD. Interventions
targeting insomnia are likely to confer concurrent benefits on MDD. For example, cognitive behavioral
therapy for insomnia (CBT-I) produced significant improvements in sleep and also yielded positive
effects on depressive symptoms[48].

Results from our study revealed that insomnia was significantly associated with the empathy of
adolescents with MDD. A previous study has observed a comparable association between heightened
empathy and sleep disturbances[49]. Empathy is generally seen as a resilience factor. However, sharing
in others' distress may increase psychological vulnerability during large-scale trauma exposure,
especially in adolescents.[50]. Firstly, when individuals perceived others' pain, the neural signature of
empathic distress increased[51]. At the same time, the felt intensity of emotional disturbance and the
level of autonomic arousal also rose. Individuals with high emotional empathy were more susceptible to
others' suffering. This heightened sensitivity increased their risk of personal distress and internalizing
symptoms such as MDD and anxiety, a process mediated by intense emotional resonance[50]. When
passively observing others undergoing psychosocial stress, the observer's own HPA axis can be
activated[52]. Several studies have confirmed that hyperactivity of the HPA axis, particularly elevated
cortisol levels at night or before bedtime, is closely associated with the onset and maintenance of
chronic insomnia[53, 54]. Secondly, a study also found that individuals with high empathy exhibited
heightened reflective rumination during socioemotional processing[55]. When empathy coexists with
worry, it can amplify emotional residue and heighten situational vulnerability to anxiety. Anxiety, for its
part, can actively initiate and maintain insomnia through the combined action of neurobiological and
psychobehavioral mechanisms[56]. In summary, early attention should be paid to empathy in
adolescents with MDD. They merit targeted clinical intervention. For example, research has found that
self-compassion can buffer the negative experiences associated with empathy by reducing the personal-
distress component of adolescents' affective empathy[57]. Moreover, previous studies have identified
self-compassion as an important protective factor against sleep disturbances[58, 59]. A study has also
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demonstrated that compassion-focused interventions, by enhancing individuals' tolerance of negative
emotions and their ability to regulate emotions, can effectively reduce depressive symptoms[60]. Thus,
clinical interventions could prioritize fostering individuals' self-compassion.

Notably, the association between empathy and insomnia was statistically significant only among female
patients. The potential mechanisms underlying this sex difference may be explained from multiple
perspectives. First, females tend to show heightened responsiveness in emotional empathy. Highly
empathic females displayed stronger emotional resonance when confronted with others' distress[61]. In
turn, this response mediated excessive cognitive and autonomic activation, and thus served as a key
psychological mechanism underlying the onset and maintenance of insomnia[62]. Additionally,
adolescent females showed a more pronounced elevation in cortisol levels under stress[63]. This
physiological response may further amplify the emotional burden induced by empathy, facilitating the
development of insomnia. Meanwhile, a study indicated that hormonal changes, the assignment of
social roles, and emotional socialization processes starting in adolescence rendered females more
prone to emotional regulation difficulties[64]. They show a reduced ability to identify and differentiate
their own emotions from those of others. When confronted with others' distress, this confusion elicits
more self-directed discomfort and subsequently intensifies emotional load and sleep disturbances. In
contrast, males tended to favor externalizing strategies. These strategies reduced their personal distress
when confronted with others' discomfort[65], potentially weakening the link between empathy and
insomnia. However, this mechanism awaits further empirical verification.

Our study had several limitations. Firstly, the cross-sectional framework of the study prohibited the
establishment of causal relationships. Therefore, large-scale longitudinal studies are needed to examine
the temporal sequence and directional relationships between key variables. Secondly, the sample was
limited to Anhui Province and relatively small, which may compromise geographical representativeness
and increase the risk of selection bias. Thus, caution is warranted when generalizing the findings to
broader populations. Finally, both insomnia and empathy were assessed solely with self-report scales,
which were susceptible to recall bias. Future studies should incorporate objective indicators such as
polysomnography and smart wearable devices to improve the accuracy and ecological validity of sleep
assessment.

5. Conclusion
Insomnia was prevalent in adolescents with MDD, and a significant association was observed between
insomnia and empathy in this population, particularly among female patients. Future research should
further investigate the underlying mechanisms linking empathy and insomnia, and develop targeted
interventions to effectively improve sleep quality and overall mental health outcomes in this population.
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Figures

Figure 1

ROC curve analyses of insomnia (Model 1)

Figure 2

ROC curve analyses of insomnia (Model 2)


