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Objective: This study aimed to determine the prevalence of paradoxical insomnia (PI) in Chinese adults with chronic insomnia, 
compare clinical and sleep-related characteristics between PI and non-paradoxical insomnia (non-PI) groups, explore gender-specific 
differences, and identify factors associated with PI, with particular focus on anxiety and depression.
Methods: A total of 862 adults with chronic insomnia were involved. All participants completed 7-day sleep diaries and validated 
questionnaires, including the Hamilton Depression Rating Scale (HAMD; clinician-rated depression), Hamilton Anxiety Rating Scale 
(HAMA; clinician-rated anxiety), and Insomnia Severity Index (ISI; subjective insomnia severity). All participants underwent two 
consecutive nights of polysomnography (PSG), and biochemical testing. Group differences were tested using independent samples 
t-tests or chi-square tests. Subjective-objective sleep associations were examined using Pearson correlations. Multivariable logistic 
regression was conducted to identify factors associated with PI.
Results: PI was present in 30.5% of participants (n = 263). Compared with non-PI, the PI group showed a higher proportion of 
females and exhibited greater depressive symptom severity on the HAMD and somatic anxiety on the HAMA, alongside lower 
perceived insomnia severity on the ISI (all p < 0.05). Gender-stratified analyses suggested distinct profiles, including higher perceived 
insomnia severity among females with PI and higher apnea-hypopnea index (AHI) among males with non-PI. In multivariable 
analyses, older age, male gender, heightened somatic symptoms (one subscale of HAMD), and lower subjective insomnia severity 
remained independently associated with PI (all p < 0.05).
Conclusion: Nearly one-third of Chinese adults with chronic insomnia meet the criteria for PI. Depression, particularly somatic 
symptoms, male gender, older age, and lower subjective insomnia severity are key predictors of PI. The findings highlight that 
incorporating objective sleep assessment and considering gender-specific clinical features may reduce diagnostic misclassification and 
facilitate more individualized management.
Keywords: paradoxical insomnia, sleep state misperception, depressive symptoms, anxiety, gender differences

Introduction
Insomnia, a prevalent sleep disorder characterized by persistent difficulties in initiating or maintaining sleep, affects 
approximately 10–30% of adults worldwide, with chronic insomnia (duration ≥3 months) accounting for nearly half of 
these cases.1 Beyond subjective distress, chronic insomnia is strongly associated with adverse health outcomes, including 
increased risk of depression, cardiovascular disease, cognitive impairment, and reduced quality of life.2 Given its high 
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burden, accurate diagnosis and subtyping of chronic insomnia are critical for guiding targeted interventions, yet this 
remains challenging for a distinct subtype known as paradoxical insomnia (PI).

Defined by the International Classification of Sleep Disorders, Third Edition (ICSD-3) as a marked discrepancy 
between subjective sleep complaints and objective sleep findings.3 PI presents a unique clinical paradox: patients report 
severe insomnia (eg, prolonged sleep onset latency [SOL], insufficient total sleep time [TST]) yet exhibit near-normal 
sleep architecture on polysomnography (PSG), which is widely regarded as the gold standard for objective sleep 
assessment.4,5 This dissociation between perception and physiology distinguishes PI from non-paradoxical insomnia 
(non-PI), where subjective complaints align with objective sleep impairment (eg, shortened TST, increased wake after 
sleep onset [WASO] on PSG).6–8 Despite this distinction, PI remains underrecognized in clinical practice, largely due to 
two key barriers: first, the lack of a universal operational definition (eg, varying thresholds for subjective-objective SOL/ 
TST discrepancy);4,5 and second, overreliance on self-reported sleep measures (eg, sleep diaries) that fail to capture the 
physiological reality of PI.4,5

Existing research on PI has several critical limitations that constrain its clinical applicability and translation into 
routine practice. First, most studies are small-scale, leading to inconsistent estimates of PI prevalence within chronic 
insomnia.4 This variability complicates efforts to quantify PI’s true burden in clinical settings. Second, data on PI in 
Asian populations, particularly in China, remain scarce. While Western cohorts have explored PI’s association with 
psychiatric symptoms (eg, anxiety, depression),9 it is unclear whether these findings generalize to Chinese patients, who 
may differ in sleep-related beliefs, help-seeking behaviors, and cultural attitudes toward sleep complaints.10 Third, 
gender differences in PI remain poorly understood. Although chronic insomnia overall shows a female 
predominance,11,12 prior studies on PI have reported conflicting results: some studies report no gender bias,13 and no 
consensus exists regarding how gender modulates sleep perception, symptom severity, or objective sleep parameters 
in PI.

Another unresolved question concerns the nature of the subjective-objective sleep discrepancy in PI. Although PI is 
defined by this dissociation, few studies have systematically compared the correlation between self-reported and 
objective sleep metrics across PI and non-PI groups. For instance, it remains unclear whether PI patients exhibit selective 
impairment in perceiving specific sleep stages (such as sleep onset vs total sleep duration) or whether the discrepancy is 
more generalized. Additionally, the relationship between PI and psychiatric comorbidities, particularly anxiety and 
depressive symptoms, requires further clarification. Prior work suggests that emotional distress may contribute to altered 
sleep perception,14,15 yet it is unknown whether somatic anxiety, as a distinct dimension of anxiety, is more strongly 
associated with PI than depressive symptoms or other anxiety components. Clarifying these associations is clinically 
important because PI is frequently under-recognized, and failure to identify sleep state misperception may contribute to 
misdiagnosis and unnecessary escalation of pharmacological treatment in chronic insomnia.

To address these gaps, we conducted a large-scale, cross-sectional study of adults with chronic insomnia at a tertiary 
sleep medicine center in China. In addition to psychological and sleep-related factors, chronic insomnia has been linked 
to adverse metabolic profiles,16,17 including dyslipidemia and elevated triglycerides,18 which contribute to greater long- 
term cardiometabolic risk. Therefore, we assessed lipid-related biochemical parameters including triglycerides (TG), total 
cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), and low-density lipoprotein cholesterol (LDL-C) to 
explore potential metabolic correlates of PI and to account for participants’ overall physiological health when examining 
factors associated with PI. Using rigorous diagnostic criteria (ICSD-3 for chronic insomnia) and comprehensive 
assessments (7-day sleep diaries, validated scales of insomnia severity, anxiety and depression, PSG and biochemical 
testing), we aimed to: (1) determine the prevalence of PI in a Chinese cohort of patients with chronic insomnia; (2) 
compare clinical characteristics, subjective sleep parameters, objective sleep parameters, and biochemical indices 
between PI and non-PI groups; (3) explore gender-specific differences in sleep perception, symptom severity, and 
objective sleep metrics within both PI and non-PI groups; and (4) identify factors independently associated with PI, 
including demographic variables, anxiety symptoms, depressive symptoms, and perceived insomnia severity.

We hypothesized that: (1) PI would be characterized by greater subjective-objective sleep discordance and a distinct 
pattern of clinical, PSG, and biochemical measures relative to non-PI; (2) gender-specific differences in sleep perception 
and symptom severity would be present within PI and/or non-PI groups; and (3) demographic characteristics, psychiatric 
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symptoms, and perceived insomnia severity would show independent associations with PI in multivariable models. By 
addressing these hypotheses, this study seeks to refine clinical characterization of PI, improve diagnostic accuracy, and 
lay the groundwork for gender-tailored interventions in Chinese patients with chronic insomnia.

Methods
Participants
This was a cross-sectional study conducted in the Department of Sleep Medicine at Peking University People’s Hospital. 
Adults presenting with complaints of insomnia were consecutively recruited between August 2019 and July 2023. All 
participants were required to abstain from any medications known to affect sleep for at least two weeks before enrollment 
in the study.

The inclusion criteria were as follows: (1) aged 18–64 years; (2) diagnosed with insomnia disorder according to the 
ICSD-3,3 with: (a) complaints of difficulty falling and/or staying asleep for at least three months, (b) persistence of 
symptoms despite adequate sleep opportunities, and (c) daytime dysfunction (including mood disturbance, cognitive 
impairment, social or occupational difficulties). These criteria were further as confirmed by sleep diary reports, indicating 
>30 minutes of sleep onset latency (SOL) and wake time after sleep onset (WASO) occurring ≥3 nights per week;19 (3) 
no cognitive impairment, defined as a Mini-Mental State Examination scores >24 (see Measures).20 All Participants 
underwent a comprehensive screening evaluation, including a structured sleep history interview, two consecutive nights 
of polysomnography (PSG), routine blood tests (blood cell count), electrocardiogram and urine drug screening.

Participants were excluded from the study if they met any of the following criteria: (1) a history of mental illness, 
depression or anxiety episodes (Hamilton Depression Scale scores ≥18 or Hamilton Anxiety Scale scores ≥14, see 
Measures) or presence of suicidal ideation (with a score of ≥3 on HAMD item 3), (2) comorbid other sleep disorders (eg, 
sleep apnea syndrome, restless-legs syndrome or narcolepsy), (3) use of medications known to effect sleep within two 
weeks prior to testing (eg, antidepressants, antipsychotics); 4) excessive alcohol or caffeine intake.21

This study was conducted in accordance with the principles of the Declaration of Helsinki and approved by Ethics 
Review Committee of Peking University People’s Hospital (approve number: 2021PHA107-001).

Measures
Self-Reported Measures
Sleep Diaries 
Participants completed sleep diaries22 each morning during the baseline phase of the study (for at least 7 days). The sleep 
diaries recorded the following sleep parameters: (1) TST: total amount of time spent sleeping during the night, (2) SOL: 
time from lights-out to sleep onset, and (3) sleep efficiency (SE), calculated as TST divided by time in bed (TIB) × 
100%. TIB represents the total amount of time spent in bed. Additionally, sleep onset difficulty and sleep quality were 
rated on a Likert scale, with higher scores indicating greater difficulty falling asleep and poorer sleep quality.

Questionnaires 
Hamilton Rating Scale for Anxiety (HAMA): This 14-item scale assesses the severity of anxiety symptoms including two 
factors (psychic anxiety and somatic anxiety). Ratings are made on a 0–4 scale, with a total score ranging from 0 to 56. 
Higher scores indicate greater anxiety symptoms and a score of ≥14 suggests the presence of apparent anxiety.23

Hamilton Depression Rating Scale (HAMD): This 17-item scale measures the severity of depressive symptoms. 
Shafer et al24 proposed a four-factor model comprising depression (Items 1, 2, 3, 7, 8), anxiety (Items 9, 10, 11, 15, 17), 
insomnia (Items 4, 5, 6), and somatic symptoms (Items 12, 13, 14, 16). Higher scores indicate greater depressive 
symptoms, with a score of ≥18 suggesting evident depressive symptoms. Item 3 evaluates suicidal behavior, with a score 
≥3 indicating a higher suicide risk, leading to exclusion from the study.

Mini-Mental State Examination (MMSE):25 The MMSE is a widely used screening instrument for assessing cognitive 
function, with a maximum score of 30. A score >24 indicates normal cognition.20

Insomnia Severity Index (ISI):26 The ISI measures the self-reported severity and impact of insomnia symptoms. Each 
item is rated on a 5-point Likert scale (eg, 0 = no problem; 4 = very severe), covering aspects such as sleep onset and 
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daytime dysfunction. Total scores range from 0 to 28, with higher scores indicating greater insomnia severity. The ISI 
was used to further support insomnia categorization.

Objective Measures
Two Consecutive Nights PSG Recordings 
Participants who met the study criteria underwent two consecutive nights PSG recordings in the sleep laboratory. An 
initial adaptation night was conducted to familiarize participants with the laboratory environment and to exclude 
comorbid sleep disorders, such as obstructive sleep apnea (OSA; apnea-hypopnea index ≥15),27 restless legs syndrome 
(RLS) or periodic leg movement index ≥15. During the study, patients were instructed to follow a regular bedtime 
(between 21:00 and 24:00) and maintain a consistent time in bed (6.5 to 9.0 hours). Each participant was monitored 
continuously using 16-channel polygraph to record electroencephalogram, electrooculogram, and electromyogram data. 
Additionally, respiration (via thermocouple and thoracic strain gauges), and oximeter data were collected. Sleep stages 
and events were visually scored by registered polysomnography technologists according to the American Academy of 
Sleep Medicine manual. The following PSG parameters were collected: TST, SE, SOL, WASO, rapid eye movement 
(REM) sleep latency (REMSL), sleep stage percentages (N1 stage, N2 stage, N3 stage, REM stage), arousal index (ArI), 
periodic leg movement index (PLMI), and apnea-hypopnea index (AHI).

Physical and Biochemical Parameters 
Participants underwent a physical examination during their visit to the sleep laboratory, including measurement of height 
and weight to calculate body mass index (BMI, kg/m2). Serum samples were collected between 6:00 and 8:00 a.m. and 
immediately transported to the hospital’s laboratory center for analysis. Lipid profiles, TG, TC, LDL-C and HDL-C, were 
measured to assess lipid metabolism and cardiovascular risk.

Definition of PI
The definition of PI remains debated in clinical practice, but its primary feature is a marked discrepancy between 
subjective and objective sleep measures. In this study, PI was operationally defined by comparing subjective sleep 
data (averaged across a 7-day sleep diary) with objective PSG parameters collected across two consecutive nights. 
Specifically, PI was diagnosed in patients meeting ICSD-3 criteria for chronic insomnia who demonstrated sub
stantial discrepancies between subjective complaints and PSG findings. The PSG-based diagnostic criteria for PI 
were defined as follows: 1) the TST ≥6.5 hours, 2) the SOL <30 minutes; or 3) the SE >85%.4 Participants who 
fulfilled at least one of these PSG criteria despite reporting significant sleep difficulties in their diaries were 
classified as having PI.

Sample Size Considerations
The sample size was determined pragmatically by including all consecutive eligible patients who attended the sleep 
clinic during the study period, resulting in a final sample of 862 individuals. Previous study has reported that the 
prevalence of PI among patients with insomnia ranges from approximately 9.2% to 50%.4 For a cross-sectional study 
estimating prevalence, the required sample size can be approximated by the standard formula n ¼ Z2 �

P 1� Pð Þ

d2 ,28 where 
Z is the Z value for a 95% confidence level (1.96), P is the expected prevalence, and d is the allowable error. Using an 
intermediate expected prevalence of 30% and a precision of ±5%, the minimum required sample size would be about 
323 participants. Even under a conservative assumption of 50% prevalence, the required sample size would be 
approximately 384 participants. Our final sample of 862 thus substantially exceeds these theoretical requirements. In 
addition, around one-third of the sample met criteria for PI (≈260 outcome events). Given that the multivariable 
logistic regression models included 9 predictors (age, gender, HAMD subscales, HAMA subscales, and ISI), this 
corresponds to roughly 29 events per variable, which is well above the commonly recommended minimum of 10 
events per variable for stable estimation of logistic regression coefficients.29 These considerations indicate that the 
study had an adequate sample size to detect clinically meaningful associations between the examined predictors and PI 
status.
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Data Analysis
All data were analyzed using R version 4.3.0 and R packages (eg, car, dplyr, tableone, ggplot2). Continuous data were 
presented as mean (standard deviation, SD), and categorical data were presented as numbers (percentage). Sociodemographic 
characteristics (age, gender, BMI) and sleep parameters were compared between the PI and non-PI groups using indepen
dent-samples t tests or chi-square tests, as appropriate. Pearson’s correlation analyses were performed separately in the two 
groups to examine the relationships between self-reported and objective SOL and TST. Logistic regression analysis was used 
to examine factors associated with PI. PI status (1 = PI, 0 = non-PI) was treated as the dependent variable. Based on previous 
literature and clinical considerations,14,15,30–32 age, gender, depressive and anxiety-related dimensions (HAMD and HAMA 
factors), and insomnia severity (ISI) were regarded as potential confounding or explanatory variables. In the multivariable 
model, age, gender, the four HAMD factor scores (depression, anxiety, insomnia, somatic symptoms), the two HAMA factor 
scores (psychic anxiety, somatic anxiety), and ISI total score were entered simultaneously as independent variables in order 
to estimate the independent association of each factor with PI while accounting for the others. Odds ratios (ORs) with 95% 
confidence intervals (CIs) were calculated from the regression coefficients. To explore the gender differences between non-PI 
and PI group, subgroup analysis was also conducted using independent t-tests or chi-square tests. All statistical tests were 
two-sided, and the level of significance was set at p < 0.05.

Results
Sample Characteristics and Prevalence of PI
A total of 862 individuals with insomnia, aged 19 to 64 years, were enrolled in this study, of whom 30.51% (n = 263) 
were categorized as PI. The majority of the participants were female (66.5%) and Han ethnicity (96.8%). Additional 
demographic and baseline characteristics are presented in Table 1.

Table 1 The Demographic and Clinical Characteristics of All the Participants

Variables Total (n=862) Non-Paradoxical 
Insomnia (n=599)

Paradoxical 
Insomnia (n=263)

t/x2 P

Age, years 38.92 (12.11) 38.41 (12.06) 40.10 (12.14) −1.889 0.059
Gender, n (%) 4.359 0.037

Male 289 (33.5) 187 (31.2) 102 (38.8)
Female 573 (66.5) 412 (68.8) 161 (61.2)

Ethnicity, n (%) 0.0003 0.986

Han 834 (96.8) 579 (96.7) 255 (97.0)
Others 28 (3.2) 20 (3.3) 8 (3.0)

BMI, kg/m2 22.25 (2.75) 22.29 (2.71) 22.09 (2.87) 0.755 0.451

HAMD 6.30 (2.51) 6.18 (2.37) 6.58 (2.81) −2.050 0.041
Depression symptoms 0.57 (0.95) 0.53 (0.89) 0.66 (1.08) −1.611 0.108

Anxiety symptoms 1.00 (1.17) 0.95 (1.15) 1.11 (1.23) −1.882 0.060

Insomnia symptoms 4.33 (1.25) 4.35 (1.25) 4.27 (1.26) 0.795 0.427
Somatic symptoms 0.41 (0.72) 0.35 (0.66) 0.54 (0.82) −3.331 0.001

HAMA 5.49 (2.60) 5.43 (2.50) 5.65 (2.81) −1.117 0.265

Psychic anxiety 4.77 (1.94) 4.78 (1.89) 4.75 (2.04) 0.233 0.816
Somatic anxiety 0.73 (1.24) 0.65 (1.18) 0.90 (1.37) −2.670 0.008

ISI 18.22 (3.26) 18.38 (3.16) 17.84 (3.46) 2.178 0.030
Biochemical parameters

TG, mmol/L 1.19 (0.72) 1.19 (0.73) 1.21 (0.71) −0.383 0.702

TC, mmol/L 4.79 (0.92) 4.80 (0.90) 4.76 (0.97) 0.548 0.584

HDL-C, mmol/L 1.41 (0.32) 1.42 (0.31) 1.40 (0.35) 0.689 0.492
LDL-C, mmol/L 2.83 (0.75) 2.84 (0.73) 2.81 (0.79) 0.505 0.614

Notes: Values are shown as mean (standard deviation) or number (percentage), and values in bold indicate P < 0.05. 
Abbreviations: SD, Standard deviation; BMI, Body mass index; HAMD, Hamilton Depression Rating Scale; HAMA, Hamilton Rating 
Scale for Anxiety; ISI, Insomnia Severity Index; TG, Triglycerides; TC, Total cholesterol; HDL-C, High-density lipoprotein cholesterol; 
LDL-C, Low-density lipoprotein.
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Comparisons of Clinical, Subjective, Objective, and Biochemical Differences Between 
PI and Non-PI Groups
No significant difference in age was observed between the paradoxical and non-PI groups (p = 0.059). However, PI was 
more prevalent in males compared to the non-PI groups (p = 0.037) (Table 1). The severity of insomnia symptoms, as 
measured by the ISI, was greater in patients with non-PI compared to those with PI (18.38 ± 3.16 vs 17.84 ± 3.46, p = 0.030) 
(Figure 1a). Significant differences were identified in depressive symptoms (as measured by HAMD, p = 0.041) and in 
somatic anxiety (a subscale of HAMA, p = 0.008), with PI being associated with higher levels of depressive symptoms and 
somatic anxiety (Figure 1b and 1c). Biochemical parameters such as triglycerides and cholesterol levels, as well as BMI, 
showed no significant differences between the two groups.

The comparison of self-reported measure from sleep diaries revealed notable differences between paradoxical and 
non-PI groups. The PI group had a significantly shorter SOL compared to the non-PI group (62.41 ± 39.52 vs 73.75 ± 
39.11, p < 0.001). Additionally, individuals with non-PI reported more difficulty falling asleep than those with PI (3.49 ± 
0.59 vs 3.32 ± 0.78, p = 0.001), as well as longer self-reported sleep time than PI (423.81 ± 56.33 vs 413.13 ± 72.70, p = 
0.035). Notably, no significant difference in self-reported sleep quality was detected between the groups (p = 0.560), 
indicating that participants in both groups perceived their overall sleep quality similarly.

For the objective measures based on PSG parameters, significant differences were found in TST, SOL, REMSL, 
WASO, SE, AHI, PLMI, REM stage percentage, N1 stage percentage and ArI (Table 2). Specifically, individuals with 
non-PI exhibited shorter TST, longer SOL, longer REMSL, longer WASO, lower SE, lower AHI, and lower PLMI 

Figure 1 The comparison of depressive, anxiety and insomnia symptoms between paradoxical and non-paradoxical insomnia groups. (a) The depressive, anxiety and 
insomnia symptoms between paradoxical and non-paradoxical insomnia groups. (b) The subscales of HAMD between paradoxical and non-paradoxical groups. (c) The 
subscales of HAMA between paradoxical and non-paradoxical groups. The HAMD includes four subscales: depression, anxiety, insomnia and somatic symptoms. The HAMA 
includes two subscales: psychic anxiety and somatic anxiety. Statistical significance is indicated as follows: ***p < 0.001; **p < 0.01; *p < 0.05; ns p > 0.05. 
Abbreviations: HAMD, Hamilton Depression Rating Scale; HAMA, Hamilton Rating Scale for Anxiety; ISI, Insomnia Severity Index.

Table 2 The Comparison of Sleep Diaries and PSG Parameters Between Paradoxical and Non-Paradoxical 
Insomnia Groups

Variables Total (n=862) Non-Paradoxical 
Insomnia (n=599)

Paradoxical 
Insomnia (n=263)

t/x2 P

Sleep diaries
SOL, min 70.29 (39.56) 73.75 (39.11) 62.41 (39.52) 3.892 < 0.001
Sleep onset difficulty 3.44 (0.66) 3.49 (0.59) 3.32 (0.78) 3.285 0.001
Sleep quality 3.38 (0.68) 3.39 (0.65) 3.36 (0.75) 0.584 0.560

TIB, min 504.30 (40.56) 505.92 (38.06) 500.60 (45.61) 1.654 0.099

TST, min 420.56 (61.92) 423.81 (56.33) 413.13 (72.70) 2.117 0.035
SE, % 83.41 (10.37) 83.76 (9.15) 82.60 (12.72) 1.336 0.182

(Continued)
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compared to those with PI. They also spent a greater proportion of sleep time in N1 sleep, a smaller proportion of sleep 
time in REM sleep, and experienced more wake time during the night, as reflected by a higher ArI.

Correlations Between Subjective and Objective Sleep Parameters in PI and Non-PI 
Patients
The correlation between self-reported and objective sleep parameters in the two groups revealed that, in the non-PI 
group, both self-reported SOL and TST were significantly correlated with their objective counterparts (r = 0.152, p < 
0.001; r = 0.139, p < 0.001, respectively) (Figure 2a and Supplementary Table 1). In contrast, in the PI group, only self- 
reported TST showed a modest correlation with objective TST (r = 0.145, p = 0.019), while the correlation between self- 
reported and objective SOL was not significant (r = 0.107, p = 0.083) (Figure 2b and Supplementary Table 1).

Gender-Specific Differences Between PI and Non-PI Groups
A significant age difference was observed between males and females in both the PI groups (35.36 ± 11.22 vs 43.10 ± 11.76, p < 
0.001) and non-PI (35.16 ± 10.59 vs 39.88 ± 12.41, p < 0.001) (Figure 3a). Concerning BMI, in both the paradoxical and non-PI 
groups, males had a slightly higher BMI than females (all p < 0.05) (Figure 3b). No gender differences in insomnia severity, as 
measured by ISI, were found in the non-PI group (18.33 ± 3.16 vs 18.50 ± 3.16, p = 0.536), whereas females had higher ISI scores 
compared to males (18.32 ± 3.08 vs 17.08 ± 3.88, p = 0.007) in the PI group (Figure 3c). For biochemical parameters, females 
exhibited higher HDL-C and higher TC levels compared to males, regardless of whether they were in the paradoxical or non-PI 
groups (all p < 0.05) (Figure 3d). 

Gender differences in sleep diary metrics were minimal. There were no significant gender differences in SOL, TST, 
sleep quality, or sleep onset difficulty in either paradoxical or non-PI groups. However, in the non-PI group, males had 
shorter TIB compared to females (500.79 ± 34.48 vs 508.25 ± 39.39, p = 0.020). In contrast, the PI group did not show 
a significant difference in TIB between genders (p = 0.581). (Figure 3e).

Table 2 (Continued). 

Variables Total (n=862) Non-Paradoxical 
Insomnia (n=599)

Paradoxical 
Insomnia (n=263)

t/x2 P

PSG parameters
TST, min 318.60 (67.16) 299.54 (66.13) 362.01 (46.02) −15.944 < 0.001
SOL, min 67.09 (50.47) 86.61 (48.27) 22.64 (14.08) 29.688 < 0.001
REMSL, min 109.57 (52.68) 113.38 (54.34) 101.21 (47.90) 3.270 0.001
WASO, min 105.44 (53.09) 108.88 (55.01) 97.61 (47.61) 3.049 0.002
SE, % 66.54 (13.95) 62.59 (13.78) 75.52 (9.44) −15.960 < 0.001
AHI, events per hour 2.81 (2.46) 2.64 (2.42) 3.21 (2.53) −3.115 0.002
PLMI, events per hour 1.20 (1.96) 1.10 (1.80) 1.42 (2.28) −2.047 0.041
Wake stage, min 111.93 (64.66) 120.53 (68.95) 92.26 (48.22) 6.896 < 0.001
REM stage, min 65.06 (24.04) 60.56 (23.15) 75.33 (22.88) −8.683 < 0.001
N1 stage, min 44.83 (20.92) 43.77 (20.21) 47.26 (22.30) −2.176 0.030
N2 stage, min 136.42 (41.80) 127.46 (39.95) 156.81 (38.70) −10.153 < 0.001
N3 stage, min 72.47 (27.90) 67.91 (27.11) 82.86 (26.94) −7.484 < 0.001
REM stage, % 19.99(5.83) 19.73(6.04) 20.59(5.27) −2.096 0.037
N1 stage, % 14.72(8.21) 15.34(8.72) 13.31(6.7) 3.731 < 0.001
N2 stage, % 42.47(8.44) 42.21(8.63) 43.06(7.99) −1.393 0.164
N3 stage, % 22.88(8.19) 22.78(8.42) 23.11(7.66) −0.557 0.578

ArI, events per hour 3.98 (1.98) 4.09 (2.12) 3.76 (1.62) 2.500 0.013

Note: Values in bold indicate P < 0.05. 
Abbreviations: PSG, Polysomnography; SOL, Sleep onset latency; TIB, Time in bed; TST, Total sleep time; SE, Sleep efficiency; REMSL, 
Rapid eye movement sleep latency; WASO, Wake after sleep onset; AHI, Apnea-hypopnea index; PLMI, Periodic leg movement index; 
REM, Rapid eye movement; ArI, Arousal index.
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PSG measures revealed some notable gender differences, particularly in the non-PI group, where males exhibited 
higher AHI than females (3.19 ± 2.43 vs 2.38 ± 2.37, p < 0.001) (Figure 3f). Moreover, males spent a significantly greater 
proportion of sleep time in N1 sleep compared to females (16.79 ± 10.83 vs 14.69 ± 7.49, p = 0.017) but a smaller 
proportion of time in N3 sleep (21.72 ± 8.31 vs 23.26 ± 8.44, p = 0.037). However, there were no significant gender 
differences in other stages of sleep (N2 stage or REM stage) in paradoxical or non-PI groups. More details were 
presented in Supplementary Table 2.

Multivariable Logistic Regression Analysis of Factors Associated with PI
Two-sample t-tests revealed that PI was associated with higher levels of depressive symptoms and somatic anxiety. 
Multivariable logistic regression analysis further identified key factors significantly associated with PI status. These 
included somatic symptoms (β = 0.318, p = 0.010), gender (β = −0.442, p = 0.007), age (β = 0.019, p = 0.004), and ISI 
scores (β = −0.054, p = 0.032) (Figure 4).

Discussion
PI, characterized by a marked discrepancy between subjective sleep complaints and objective sleep findings, remains 
a diagnostically challenging subtype of chronic insomnia due to its heterogeneous definitions and limited large-scale 
epidemiological data. In this cross-sectional study of 862 adults with chronic insomnia from a tertiary sleep medicine 
center, we examined the prevalence, clinical correlates, gender-specific differences, and independent predictors of PI. Our 
findings revealed that (a) PI was common, affecting almost one third of patients with chronic insomnia; (b) although 
women predominated in the overall insomnia sample, men were more likely than women to be classified as having PI; 
and (c) older age, male gender, lower ISI scores, and higher scores on the somatic symptoms factor of the HAMD were 
independently associated with PI. Taken together, these results confirm the substantial clinical burden of PI and provide 
new insights into its links with depressive somatic symptoms, sleep perception patterns, and gender-related differences, 
with important implications for the diagnosis and management of this underrecognized condition.

Figure 2 Correlation between self-reported and objective sleep parameters in the paradoxical and non-paradoxical insomnia groups. (a) Correlation between self-reported 
and objective sleep onset latency in the two groups. (b) Correlation between self-reported and objective total sleep times in the two groups. Self-reported SOL and TST 
refers to the data obtained from sleep diaries. Objective SOL and TST refers to the data obtained from polysomnography. 
Abbreviations: SOL, Sleep onset latency; TST, Total sleep time.
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Prevalence and Overall Clinical Profile of PI
In this tertiary sleep clinic cohort, PI was common, affecting almost one third of adults with chronic insomnia (30.5%). In 
Asia, another Korean study reported a prevalence of PI of approximately 26.4%, which is lower than that in our study.6 

This is broadly consistent with previous estimates of PI, which have ranged from approximately 9% to 50%4 depending 
on diagnostic criteria, setting, and assessment methods. This study extends these observations to a large, well- 
characterized Chinese cohort. This high prevalence underscores that PI is not a rare variant of insomnia but 
a common clinical presentation, highlighting the need for routine objective sleep assessment (eg, PSG) to distinguish 
PI from non-PI, a distinction often missed when relying solely on subjective reports.

Figure 3 Gender differences in demographic, clinical characteristics, self-reported and objective sleep parameters between paradoxical and non-paradoxical 
insomnia groups. (a) Gender differences in age between paradoxical and non-paradoxical insomnia groups. (b) Gender differences in BMI between paradoxical and 
non-paradoxical insomnia groups. (c) Gender differences in ISI between paradoxical and non-paradoxical insomnia groups. (d) Gender differences in biochemical 
parameters between paradoxical and non-paradoxical insomnia groups. (e) Gender differences in sleep diaries between paradoxical and non-paradoxical insomnia 
groups. (f) Gender differences in PSG parameters between paradoxical and non-paradoxical groups. Statistical significance is indicated as follows: **** p < 0.0001; 
*** p < 0.001; ** p < 0.01; * p < 0.05; ns p > 0.05. 
Abbreviations: BMI, Body mass index; ISI, Insomnia Severity Index; TC, Total cholesterol; HDL-C, High-density lipoprotein cholesterol; TIB, Time in bed; TST, Total sleep 
time; PSG, Polysomnography; AHI, Apnea-hypopnea index.

Nature and Science of Sleep 2026:18                                                                                               https://doi.org/10.2147/NSS.S570398                                                                                                                                                                                                                                                                                                                                                                                                       9

Wang et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Comparative Clinical, Psychological, and Sleep Characteristics Between PI and Non-PI
Consistent with prior reports12,13 that insomnia is more frequent in women, two thirds of our overall sample were female. 
However, among patients with chronic insomnia, 35.3% of men (102/289) met criteria for PI, compared with 28.1% of 
women (161/573), and male gender remained an independent correlate of PI in the multivariable model. These findings 
suggest that although women are more likely to present with chronic insomnia, men with insomnia may be more prone to 
develop a PI phenotype.

Compared with patients with non-PI, those with PI showed a broadly similar demographic profile but a somewhat 
more pronounced symptom burden in specific domains. In line with previous work,32 we found that patients with PI 
exhibited greater depression and anxiety emotional burden than those with non-PI. In univariable comparisons, PI was 
associated with higher total HAMD scores driven mainly by the somatic symptoms factor, and with higher HAMA 
somatic anxiety scores, suggesting that both depressive and anxiety-related distress are linked to sleep-state 
misperception,15,33 which represents the clinical core feature of PI. Our multivariable analysis further refined this picture 
by showing that the somatic symptoms factor of the HAMD, rather than the core depressive mood or anxiety factors, 
remained independently associated with PI after adjusting for age, gender, other HAMD and HAMA dimensions, and ISI 
scores. This pattern implies that somatic manifestations of depression, such as fatigue, bodily discomfort, and general 
somatic complaints, may be particularly relevant to the development or maintenance of PI. Consistent with previous 
studies on anxiety and depressive disorders linking higher emotional distress to greater underestimation of sleep duration 
and overestimation of nocturnal wakefulness.15,33 Furthermore, patients with PI may experience a heightened state of 
hyperarousal,34 which likely contributes to this distorted perception of sleep. Our findings reinforce the notion that 
patients who are highly sensitive to bodily sensations and interpret them negatively tend to perceive their sleep quality as 
far worse than objective sleep parameters reflect.

From a clinical standpoint, these observations underscore the need to address emotional distress and somatic 
depressive symptoms when managing PI. Most studies of cognitive-behavioral therapy for insomnia (CBT-I) have 
focused on its effects on sleep parameters and daytime functioning in patients with insomnia,27,35,36 whereas fewer 

Figure 4 Logistic regression analysis of demographic and clinical factors on the risks of paradoxical insomnia. Paradoxical insomnia status (1 = present, 0 = absent) was the 
dependent variable, with age, gender (1 = female, 0 = male), HAMD subscales (depression, anxiety, insomnia, somatic symptoms), HAMA subscales (psychic anxiety, somatic 
anxiety), and the ISI as independent variables. Somatic symptoms were a subscale of Hamilton Depression Rating Scale. Somatic anxiety was a subscale of Hamilton Rating 
Scale for Anxiety. 
Abbreviations: HAMD, Hamilton Depression Rating Scale; HAMA, Hamilton Rating Scale for Anxiety; ISI, Insomnia Severity Index; OR, odds ratio; CI, confidence interval.
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have specifically examined changes in sleep misperception. Our results, together with previous evidence, suggest that 
incorporating targeted cognitive restructuring and psychoeducation about sleep perception may be particularly beneficial 
for patients with PI. For example, Dzierzewski et al reported that CBT-I improved the accuracy of sleep and wake 
perception and reduced subjective-objective sleep discrepancies in older adults with insomnia,37 which may partly 
account for improvements in perceived sleep quality. Tailoring CBT-I components to challenge catastrophic interpreta
tions of bodily sensations and to recalibrate expectations about sleep might therefore be a promising strategy for reducing 
sleep misperception in PI.

Interestingly, despite comparable or greater emotional and somatic symptom burden, PI patients reported slightly 
lower insomnia severity on the ISI than non-PI patients. This finding is intuitive: non-PI is defined by congruence 
between subjective complaints and objective sleep impairment (eg, shorter TST, longer SOL on PSG), so their self- 
reported severity (ISI) aligns with worse objective sleep. In contrast, PI patients’ lower ISI scores may reflect 
a “disconnect” between their perceived sleep difficulty and relatively preserved objective sleep, suggesting that ISI 
alone is insufficient to distinguish PI from non-PI, and objective measures (eg, PSG) are critical for accurate diagnosis.

With respect to biochemical parameters, no significant differences in TG, TC, HDL-C, or LDL-C were observed 
between PI and non-PI. Although chronic insomnia has been linked to increased cardiometabolic risk in previous 
studies,16,17 the absence of subtype differences in lipid profiles in our study may indicate that PI is not characterized 
by additional lipid abnormalities beyond those associated with chronic insomnia in general. This supports the view that 
the core features of PI lie primarily in the domain of sleep perception and psychological functioning rather than in 
distinct alterations of lipid metabolism. Future longitudinal studies with broader metabolic panels will be important to 
determine whether PI confers any specific long-term cardiometabolic risk or whether its impact on physical health is 
mediated indirectly through chronic stress and lifestyle factors.

These patterns establish a clear clinical profile for PI, which impacts nearly one-third of chronic insomnia patients as 
a considerable proportion that has historically been underrecognized. Compared with non-PI, patients with PI are 
characterized by slightly older age, a relatively higher proportion men (although women still constitute the majority of 
chronic insomnia cases), more prominent depressive symptoms and somatic anxiety, and somewhat lower perceived 
insomnia severity.

Subjective-Objective Sleep Discrepancies: A Core Feature of PI
The defining hallmark of PI, discrepancy between subjective and objective sleep parameters, was confirmed in our study, 
with distinct patterns between PI and non-PI groups. In non-PI group, self-reported SOL and TST showed weak but 
statistically significant correlations with their PSG counterparts, suggesting a relatively more accurate, although still 
imperfect, perception of sleep continuity. In contrast, among patients with PI, only subjective TST was modestly 
correlated with objective TST, whereas the association between subjective and objective SOL did not reach statistical 
significance. This pattern suggests that sleep misperception in PI may be particularly pronounced for sleep onset, while 
perception of overall sleep duration is somewhat better preserved.

Why might PI patients misperceive SOL but not TST? Several mechanisms may account for this selective distortion 
of SOL perception. Sleep onset is a is a brief and internally defined transition between wakefulness and sleep that 
depends heavily on the integration of sensory input and conscious awareness.38 Patients with PI may engage in 
heightened “sleep monitoring” during this transition, consistent with neurocognitive models of psychophysiological 
insomnia,39 leading them to overestimate the time spent awake before sleep. In line with this view, electroencephalo
graphic studies have shown that individuals who markedly under- or overestimate their sleep duration exhibit more wake- 
like cortical activity during non-REM sleep, suggesting that subtle persistence of wake-like EEG patterns may contribute 
to distorted sleep perception.40 In contrast, TST reflects a cumulative estimate of time asleep across the night, and even 
with impaired onset perception of sleep onset, individuals may still retain a rough sense of how much of the night was 
spent asleep versus awake, which could explain the modest TST correlations observed in both groups. Clinically, these 
findings suggest that discrepancies in SOL, rather than TST alone, may be a particularly sensitive marker of PI and 
should be routinely assessed using both sleep diaries and objective measures.
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Objective PSG findings further reinforce the notion that PI is characterized by relatively preserved sleep physiol
ogy. Compared with non-PI, PI patients exhibited longer TST, markedly shorter SOL, higher sleep efficiency, and 
a lower arousal index, despite comparable or greater subjective complaints of poor sleep (Table 2). Non-PI patients, by 
contrast, exhibited the classic pattern of objective insomnia described in the ICSD-3: shorter TST, longer SOL/WASO, 
lower SE, and higher ArI, corresponding to “insomnia disorder with objective sleep disturbance”.3 These differences 
have important therapeutic implications. While patients with non-PI may benefit from interventions targeting sleep 
continuity, patients with PI may derive greater benefit from cognitive-behavioral approaches that focus on recalibrating 
sleep perception and modifying maladaptive monitoring and interpretation of nighttime experiences. Randomized 
studies demonstrate that CBT-I enhances subjective-objective perception accuracy in patients with chronic 
insomnia,37,41 supporting its role as first-line intervention for PI and other conditions with prominent sleep 
misperception.

Gender-Specific Differences in Patients with PI
In the PI literature, detailed gender-stratified phenotyping within PI versus non-PI remains limited, despite the broader 
recognition that PI/sleep state misperception represents a subjective-objective discrepancy rather than a uniform PSG- 
defined disorder.4 In our cohort, men were younger and had slightly higher BMI than women in both PI and non-PI 
groups, suggesting that these differences more likely reflect gender-related background characteristics and the structure 
of patients presenting to sleep services than PI-specific discriminators. Such patterns are compatible with sex- and age- 
related differences observed in sleep-center populations42 and with broader evidence that insomnia is more prevalent in 
women across the life span, with heightened vulnerability at specific life stages.43 Meanwhile, sex differences in body 
composition and fat distribution provide a biological basis for modestly higher BMI in men.44,45

As mentioned before, the comparison of biochemical parameters revealed no significant differences in TG, TC, HDL- 
C, or LDL-C levels between the PI and non-PI groups. Interestingly, females had higher HDL-C and TC than males in 
both groups. This is likely due to hormonal differences (eg, estrogen’s protective effect on HDL-C).44 Given prior 
evidence that chronic insomnia is associated with cardiometabolic risk, our findings suggest that PI may not be 
characterized by additional metabolic disturbance beyond that of chronic insomnia itself, and that its core mechanisms 
are more likely to be psychological and perceptual. Longitudinal studies incorporating broader metabolic indices are 
needed to determine whether PI has any distinct long-term cardiometabolic implications.

In the PI group, females reported higher ISI scores than males despite broadly comparable PSG indices, suggesting 
a greater subjective burden in women under conditions of relatively preserved objective sleep. This finding may be 
attributed to females’ greater tendency to report emotional distress, which in turn exacerbates the subjective experience 
of sleep difficulty. This observation aligns with prior literature indicating that women often endorse more sleep 
complaints and distress than men.43 In the non-PI group, males showed slightly higher AHI and a shift toward lighter 
sleep (higher N1, lower N3), consistent with established sex differences in sleep-disordered breathing and sleep 
architecture.46,47 Notably, these PSG gender differences were attenuated within PI. Rather than implying that PI 
“eliminates” gender effects, a parsimonious explanation is that PI is defined by pronounced subjective-objective 
discrepancy with relatively preserved macrostructural PSG metrics, which may restrict variability in stage composition 
and respiratory indices, making typical gender patterns less apparent.

Factors Associated with PI
Multivariable logistic regression showed that four variables were independently associated with PI in this chronic 
insomnia cohort: higher somatic symptoms (HAMD somatic subscale), male gender, older age, and lower ISI scores. 
These findings may be interpreted as correlates of the PI phenotype. Higher somatic symptom on the HAMD were 
independently associated with PI, suggesting that PI may co-occur with more prominent bodily distress rather than 
reflecting symptom exaggeration alone.4,48 Given our stringent eligibility criteria, which excluded clinically significant 
depressive/anxiety episodes, comorbid sleep disorders such as OSA and RLS, recent use of sleep-affecting medications, 
and excessive alcohol/caffeine intake, this association is unlikely to be driven simply by objectively fragmented sleep 
secondary to other sleep disorders. Instead, it may indicate a PI phenotype characterized by subthreshold somatic 
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hyperarousal and heightened monitoring of internal bodily signals. This interpretation is consistent with the hyperarousal 
framework of insomnia,49 in which sustained cortical-autonomic activation can increase attention to brief arousals and 
bodily sensations, biasing sleep-wake state appraisal and amplifying subjective-objective discrepancy.

PSG/EEG evidence further supports a link between sleep misperception and arousal-related neurophysiology (eg, 
elevated fast-frequency activity around sleep initiation and autonomic correlates), compatible with the idea that bodily 
arousal and its salience may distort perceived sleep.50 More broadly, interoception-based accounts propose that the 
salience and interpretation of internal sensations (including discomfort and autonomic cues) can shape conscious sleep 
experience and contribute to insomnia-related symptom perception,51 providing a plausible cognitive-neurobiological 
context for the observed somatic–PI association. Clinically, these findings highlight the value of routinely assessing 
somatic distress and physiological arousal in suspected PI and, alongside standard CBT-I components, considering 
strategies that reduce somatic hyperarousal and recalibrate interpretations of bodily sensations (eg, relaxation-based 
techniques and cognitive work targeting somatic catastrophizing).

Male gender remained associated with PI after adjustment in our cohort. This pattern does not negate the well- 
established observation that insomnia overall is more common in women42,43 and that women with insomnia symptoms 
may be more likely to seek professional help.52 Instead, it suggests that men may be relatively overrepresented among 
patients in a clinical insomnia sample undergoing PSG-based phenotyping when their subjective complaints diverge from 
conventional PSG-defined sleep metrics. Because the PI/sleep-state misperception literature is still limited and definitions 
vary across studies,4 gender-related findings in this area have not been consistently characterized, making clinic-based 
multivariable results like ours useful for hypothesis generation. One contributing consideration is cohort composition 
shaped by our design and clinical pathways: we excluded patients with comorbid sleep disorders such as OSA and RLS, 
conditions that show gender-skewed prevalence in both epidemiologic and sleep-center samples (eg, higher OSA in men 
and higher RLS in women).42 Such exclusions may preferentially remove gender-specific sources of objectively 
disturbed sleep and thereby enrich a mismatch phenotype among those who remain for PSG-based phenotyping. In 
parallel, PI/sleep-state misperception has been linked to hyperarousal and dysfunctional sensory-gating processes53 that 
can generate substantial subjective complaints without prominent abnormalities on conventional PSG summaries, 
providing a plausible pathway for subjective-objective discordance in either gender. Finally, socio-cultural influences 
on symptom framing and help-seeking may further shape which patients present for specialist evaluation and how 
distress is communicated,43 potentially affecting the recognition of PI in clinical settings.

Older age emerged as an independent factor associated with PI in our multivariable model. Prior work6,54,55 on age 
and sleep-state misperception has been mixed, partly because “PI/sleep discrepancy” has been operationalized incon
sistently across studies. A plausible interpretation in our cohort (18–64 years, with major comorbid sleep disorders such 
as OSA/RLS excluded) is that age is acting as a proxy for gradual changes in sleep neurophysiology and sleep-related 
information processing rather than simply reflecting comorbidity burden. This suggests that, even among otherwise 
“uncomplicated” insomnia patients, increasing age may signal greater vulnerability to subjective-objective mismatch, 
reinforcing the need to evaluate sleep discrepancy directly rather than inferring severity from symptoms alone.

PI was associated with less severe subjective insomnia (lower ISI), which contrasts with non-PI but aligns with PI’s 
defining feature (subjective-objective discrepancy). This highlights that a “mild” ISI score does not rule out clinically 
significant insomnia, objective testing is still necessary. Lower ISI scores were independently associated with PI in our 
model. Although this may appear counterintuitive, the ISI operationalizes insomnia severity as a multidimensional 
patient-reported construct (eg, sleep difficulties, worry/distress, and daytime interference) and is intended to complement 
other components of insomnia assessment rather than replace them.26,56 In a mismatch phenotype such as PI, where 
objective sleep can be relatively preserved despite prominent sleep complaints, patients may endorse less pervasive 
daytime impairment or global severity on the ISI, yielding lower total scores even when their perceived sleep is 
discordant with objective findings. This interpretation is consistent with the defining feature of PI/sleep-state mispercep
tion as a pronounced subjective-objective discrepancy rather than uniformly “more severe” insomnia.4 This suggests that 
an ISI score in the mild-to-moderate range should not be used to exclude PI; when symptom reports seem dispropor
tionate to diary patterns or when a discrepancy phenotype is suspected, evaluation should integrate sleep diaries and, 
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when clinically indicated, objective measures (eg, actigraphy/PSG) to characterize mismatch and exclude alternative 
sleep disorders.

Limitation
This study has several limitations. First, the cross-sectional design limits causal inferences between PI and its associated 
factors. Longitudinal studies are needed to establish temporal relationships. Second, due to our stringent exclusion 
criteria, participants with psychiatric disorders (eg, anxiety or depression) and medication use were excluded from the 
sample, which may limit the generalizability of our findings. However, this rigorous approach aligns with our primary 
objective of exploring the relationship between PI and insomnia without confounding factors. Future studies using more 
diverse, community-based samples would help verify and extend these findings. Third, although gender differences were 
examined, the study did not measure potentially relevant biological factors, such as menopausal status or hormonal 
fluctuations, nor did it address cultural attitudes towards sleep perception. These factors should be explored in future 
studies to provide a more nuanced and comprehensive understanding of PI.

Conclusion
In a large cohort of Chinese adults with chronic insomnia, nearly one-third met criteria for PI. PI showed a distinct 
clinical profile, including gender-related presentation patterns, and in multivariable analyses was independently asso
ciated with higher HAMD somatic-symptom burden, male gender, older age, and lower ISI scores. These findings 
emphasize that PI cannot be reliably characterized by symptom severity questionnaires alone and that accurate 
identification benefits from integrating structured clinical assessment (including somatic/psychiatric symptom dimen
sions) with objective sleep evaluation (eg, actigraphy/PSG) when clinically indicated. Recognizing PI as a mismatch 
phenotype can help clinicians prioritize interventions targeting sleep perception, hyperarousal/somatic distress, and 
gender-sensitive symptom presentation, thereby improving management of this challenging insomnia subtype.
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