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Objective: Based on the Theory of Unpleasant Symptoms (TOUS), this study aimed to examine the relationship between 
premenstrual syndrome (PMS) and test anxiety among nursing college students, and to explore the serial mediating roles of bedtime 
procrastination and attention in this association.
Methods: A multicenter cross-sectional survey was conducted among 791 female nursing students from eight medical and health 
vocational colleges in China. Participants completed the General Information Questionnaire, Premenstrual Syndrome Scale (PSS), 
Bedtime Procrastination Scale (BPS), Multi-Dimensional Attention Rating Scale (MARS), and Test Anxiety Scale (TAS). Pearson 
correlation analysis, multiple linear regression, and structural equation modeling with 5,000 bootstrap resamples were performed.
Results: Mean scores of PSS, BPS, MARS, and TAS were 6.26±4.85, 27.38 ± 6.022, 35.91±4.47, and 18.42±7.96, respectively. PMS 
was positively associated with bedtime procrastination and test anxiety and negatively associated with attention (all P<0.001). Multiple 
linear regression identified bottled drink intake frequency, menstrual cycle, thinking/feeling personality type, only-child status, PMS, 
bedtime procrastination, and attention as significant predictors of test anxiety (P<0.05). Structural equation modeling showed that PMS 
had a significant direct effect on test anxiety (β=0.20, 95% CI: 0.12–0.28). Bedtime procrastination and attention significantly 
mediated this association, including a serial mediation pathway (β=0.03, 95% CI: 0.01–0.06). The total indirect effect accounted for 
50% of the total effect.
Conclusion: PMS was associated with test anxiety among nursing students, both directly and indirectly through the serial mediating 
roles of bedtime procrastination and attention. Within the TOUS framework, these findings advance understanding of the physiolo
gical–behavioral–cognitive pathway underlying test anxiety and suggest potential intervention targets for improving mental health 
among nursing students.
Keywords: premenstrual syndrome, test anxiety, bedtime procrastination, attention, serial mediation, nursing students, theory of 
unpleasant symptoms

Introduction
The World Health Organization (WHO) Mental Health Action Plan 2013–2030 emphasizes that the promotion of mental 
health and the prevention of mental disorders have become core global public health priorities. Through multisectoral 
collaboration, including the education sector, mental health promotion and prevention strategies are being implemented 
in schools and higher education institutions to address risk factors such as examination pressure and academic burden. In 
the context of highly competitive higher vocational education, intensive clinical practice, and frequent examinations, test 
anxiety has become a common psychological stress response and is particularly prominent among nursing students. 
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Previous reports indicate a relatively high prevalence of test anxiety among nursing college students in China, especially 
before clinical skill assessments, theoretical examinations, and the National Nurse Licensing Examination. Compared 
with students from many other academic disciplines, nursing students are exposed to a unique combination of academic, 
clinical, and professional demands. In addition to preparing for theoretical examinations, they must complete clinical 
placements, competency-based skill assessments, and licensure examination preparation while adapting to patient-care 
responsibilities. These concurrent demands may increase psychological stress, disrupt sleep patterns, and heighten 
vulnerability to examination-related anxiety.

Test anxiety is characterized by excessive worry, physiological arousal, and cognitive interference before or during 
examinations. It not only impairs academic performance and professional adaptation but may also lead to long-term 
mental health consequences such as chronic stress, sleep disturbances, and reduced quality of life. Among the multiple 
factors influencing test anxiety, the interaction between physiological processes and psychological mechanisms has 
received increasing attention. Hormonal fluctuations across the menstrual cycle in female individuals may alter emotional 
regulation and cognitive functioning, thereby modifying stress response patterns.

Previous studies have shown that nursing students with premenstrual syndrome (PMS) report significantly higher 
anxiety levels than those without PMS (OR = 1.094, p < 0.001), and that higher PMS severity is associated with 
increased anxiety risk.1 Although the direct association between PMS and test anxiety has been established, the 
underlying mechanisms remain unclear. Sleep, as a fundamental biological basis of emotional regulation, may play 
a key mediating role between PMS and anxiety. Multiple cross-sectional studies among nursing students have demon
strated a significant negative association between PMS symptom severity and sleep quality.2–4 Poor sleep quality may 
further weaken self-regulatory capacity and increase the likelihood of bedtime procrastination. As a typical form of sleep- 
related self-regulation failure, bedtime procrastination exacerbates insufficient sleep and negatively affects cognitive 
functioning, including attentional deficits and reduced working memory capacity.5

Impaired attentional function is considered a core cognitive mechanism underlying test anxiety. Individuals with high 
test anxiety tend to exhibit attentional bias toward threat-related information, showing a preference for negative cues 
associated with examination failure and difficulty disengaging from such information, which contributes to persistent 
worry cycles.6 In addition, bedtime procrastination may further amplify anxiety responses through cumulative sleep 
deprivation and impaired emotion regulation capacity. Longitudinal evidence also supports stable associations among 
procrastination, poor sleep quality, and test anxiety.7

The Theory of Unpleasant Symptoms (TOUS) provides the theoretical framework for this study. Developed by Lenz 
and colleagues, TOUS posits that unpleasant symptoms (e.g, physical discomfort and emotional distress) are jointly 
determined by physiological, psychological, and situational factors. These symptoms do not occur in isolation but 
influence functional performance—including physiological function, cognitive performance, and social role function
ing—through multiple direct and indirect pathways.8 Specifically, within the symptom–performance framework of 
TOUS, PMS as a cluster of menstrual-related unpleasant symptoms—characterized by hormonal fluctuations leading 
to emotional irritability and fatigue—may interact with high-stress academic contexts such as examinations. This 
interaction may reduce behavioral self-regulation, increase bedtime procrastination, contribute to chronic sleep insuffi
ciency, and subsequently impair attentional functioning, thereby forming a potential serial pathway associated with 
higher levels of test anxiety as a negative functional outcome.

Although previous research has confirmed the direct association between PMS and test anxiety as well as the single 
mediating role of sleep quality, most studies are limited to cross-sectional designs or single-variable analyses. Few have 
explored mechanisms specific to nursing students experiencing dual pressures from clinical practice and academic 
examinations. This study, therefore, innovatively applies the TOUS framework to examine the serial mediating roles 
of attention and bedtime procrastination in the relationship between PMS and test anxiety.

The theoretical contribution of this study lies in extending and validating the applicability of TOUS in explaining the 
interaction between physiological symptoms and psychological stress among nursing students. It systematically eluci
dates how physiological symptoms are transformed into academic stress outcomes through dual mediating pathways 
involving modifiable behavioral self-regulation and cognitive functioning, providing a novel theoretical perspective for 
the development of symptom management frameworks. From a practical perspective, the findings provide actionable 
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implications for nursing education institutions. Targeted interventions focusing on attention training and improvement of 
sleep-related behaviors among students with PMS may effectively reduce test anxiety, improve sleep quality and 
academic performance, and enhance clinical adaptability and future occupational psychological resilience. 
Furthermore, such interventions may help reduce the risk of impaired clinical decision-making and burnout associated 
with examination-related anxiety, thereby mitigating the health burden caused by physiological–psychological interac
tions in nursing students at the source.

Materials and Methods
Study Design and Participants
This study was a multicenter cross-sectional survey. Data were collected using a questionnaire administered by 
trained researchers. A convenience sampling method was used to recruit nursing students from eight medical and 
health vocational colleges in China between March 2026 and April 2026. All participants were expected to 
graduate in June 2026. Inclusion criteria were as follows: full-time nursing junior college students; aged ≥18 
years; female; able to understand and independently complete the questionnaire; and willing to participate and 
provide written informed consent. Exclusion criteria included: diagnosis of severe psychiatric disorders or 
cognitive impairment; current use of hormonal therapy or presence of severe gynecological organic diseases; 
and use of medications affecting mood, sleep, or attention within the past three months. Elimination criteria were 
defined as: completion time <5 minutes or >20 minutes; incomplete questionnaires; or responses with obvious 
logical inconsistencies.

This study was approved by the Ethics Review Committee of the Affiliated Hospital of Nantong University (Approval 
No. 2023-K164-01). A standardized instruction was provided to explain the study purpose, significance, procedures, and 
questionnaire completion requirements in detail. After providing written informed consent, participants completed the 
questionnaire independently in a quiet and isolated classroom environment to minimize external interference and ensure 
data authenticity. Upon completion, questionnaires were collected immediately by the researchers, and invalid responses 
were excluded after screening. Clinical trial number: not applicable.

Sample size was estimated using the rule proposed by Kendall,9 which suggests that the required sample size should 
be 5–10 times the number of independent variables, with an additional 20% allowance for non-response or invalid 
questionnaires. The sample size was calculated as: N = [number of independent variables × (5–10)] × (1 + 20%). Based 
on 23 independent variables, the required sample size ranged from 138 to 276 participants. Ultimately, a total of 791 
nursing students were included in this study.

Research Tools
General Information Questionnaire
The General Information Questionnaire was developed by the researchers and included demographic information, 
menstrual-related factors, lifestyle factors, and internship-related characteristics. Demographic variables included body 
mass index (BMI), place of residence, and only-child status. Menstrual-related variables included age at menarche, 
menstrual cycle regularity, menstrual flow, menstrual duration, history of chronic disease, and dysmenorrhea history. 
Lifestyle-related variables included alcohol use frequency, exercise frequency, and smoking frequency. Internship-related 
variables included total duration of clinical internship and night shift frequency.

Premenstrual Syndrome Scale (PSS)
Premenstrual syndrome was assessed using the PSS. This is a unidimensional scale developed based on the diagnostic 
criteria of premenstrual syndrome proposed by John Bancroft. The scale consists of 12 items. Participants were asked to 
report whether they experienced related symptoms during the 14 days prior to their most recent menstruation, with 
responses scored on a 0–3 Likert scale according to symptom severity. The total score is calculated by summing all item 
scores, with a score >6 indicating the presence of premenstrual syndrome.10 Previous studies have demonstrated good 
reliability and validity of this scale among Chinese student populations.11 In the present study, Cronbach’s α was 0.902.

Psychology Research and Behavior Management 2026:19                                                                    https://doi.org/10.2147/PRBM.S620453                                                                                                                                                                                                                                                                                                                                                                                                       3

Li et al

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



Bedtime Procrastination Scale (BPS)
Bedtime procrastination behavior was measured using the BPS, developed by Kroese et al in 2014 to assess the tendency 
to voluntarily delay bedtime without external constraints.12 The scale consists of a single-factor structure with 9 items, 
including 4 reverse-scored items, rated on a 5-point Likert scale. Total scores range from 9 to 45, with higher scores 
indicating more severe bedtime procrastination. The scale has demonstrated good reliability and validity in Chinese 
student populations.13 In this study, Cronbach’s α was 0.806.

Multi-Dimensional Attention Rating Scale (MARS)
Attention was assessed using the MARS, developed and preliminarily validated by Zhang X.Y. et al.14 This scale quantitatively 
evaluates attention across multiple dimensions in daily life and academic contexts and sensitively captures both overall attention 
level and domain-specific impairments. It contains 6 dimensions and 12 items, scored on a 5-point Likert scale, with total scores 
ranging from 12 to 60. Higher scores indicate better attentional function. Previous studies have shown good reliability and 
validity in highly educated populations.14 In the present study, Cronbach’s α was 0.640. To further evaluate its construct validity 
in the current sample, exploratory factor analysis was conducted after confirming sampling adequacy (KMO = 0.891) and 
Bartlett’s test of sphericity (χ2 = 4135.114, P < 0.001). The results showed that most items loaded strongly on a single factor 
(factor loadings: 0.520–0.764), supporting a unidimensional structure. Therefore, the total MARS score was used as a global 
indicator in subsequent analyses and included in the serial mediation model to improve measurement stability and interpretability.

Test Anxiety Scale (TAS)
Test anxiety was measured using the TAS, revised by Sarason in 1978. The scale assesses individuals’ anxiety responses in 
examination situations, including worry, tension, physiological arousal, and cognitive interference, and reflects anxiety across 
pre-exam, during-exam, and post-exam stages. The scale has a unidimensional structure and consists of 37 dichotomous items 
(yes/no), with total scores ranging from 0 to 37. Higher scores indicate more severe test anxiety.15 Previous research has 
demonstrated good reliability and validity in Chinese student populations.16 In this study, Cronbach’s α was 0.890.

Statistical Analysis
All data were analyzed using SPSS 29.0, RStudio, and AMOS 29.0. Normality tests were performed for demographic variables 
and all scale scores. Continuous variables that followed a normal distribution were presented as mean ± standard deviation, while 
categorical variables were described as frequencies and percentages. Independent-samples t-tests and one-way analysis of 
variance (one-way ANOVA) were used to compare differences in test anxiety scores across groups, and boxplots were used to 
visually display group differences. Pearson correlation analysis was conducted to examine the relationships among the total 
scores and dimensions of premenstrual syndrome, test anxiety, multidimensional attention, and sleep procrastination. Scatter plot 
matrices were used to visually present the correlation results. Variables that showed statistical significance in the univariate 
analysis were entered into a multiple linear regression model to identify factors influencing test anxiety. The results were 
visualized using a forest plot. Furthermore, bootstrap analysis was performed to examine the serial mediating effect of sleep 
procrastination and attention on the relationship between premenstrual syndrome and test anxiety. All statistical tests were two- 
tailed, with a significance level set at α = 0.05. A P value < 0.05 was considered statistically significant.

Results
Descriptive Statistics and Normality Assessment of the Main Study Variables
This study used SPSS software to perform descriptive statistics and normality testing for all scale scores. As shown in Table 1, 
the scores of PSS, MARS, TAS, and BPS were 6.26 ± 4.85, 35.91 ± 4.47, 18.42 ± 7.96, and 27.38 ± 6.022, respectively. The 
skewness values were 0.51, 0.23, 0.17, and 0.264, and the kurtosis values were −0.24, 0.69, −1.08, and 0.33, respectively. 
According to Kline’s criteria, when the absolute values of skewness are less than 3 and the absolute values of kurtosis are less 
than 10, the data can be considered approximately normally distributed in statistical terms.17 Therefore, all study variables 
satisfied the assumption of normality and could be directly used for subsequent statistical analyses and structural equation 
modeling.
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Univariate Analysis of Test Anxiety
The univariate analysis results (Table 2) showed that, among demographic factors, only-child students had significantly 
higher test anxiety scores than non-only-child students (t = 2.646, P = 0.008). Regarding health-related factors, students 
with a history of chronic disease reported significantly higher test anxiety scores than those without such history (t = 

Table 1 Descriptive Statistics and Normality Assessment of the Main Study 
Variables

Variable Minimum Maximum Mean SD Skewness Kurtosis

PSS 0 24 6.26 4.85 0.51 −0.24

MARS 20 50 35.91 4.47 0.23 0.69

TAS 3 36 18.42 7.96 0.17 −1.08
BPS 9 45 27.38 6.022 0.264 0.33

Table 2 Univariate Analysis of Test Anxiety

Items Numbers 
(%)

TAS Score 
[Mean ± SD]

F/t P

Residence −0.665 0.506
Urban 412(52.09) 18.24±8.115

Countryside 379(47.91) 18.61±7.797

BMI (kg/m2) 1.192 0.312
<18.5 179(22.63) 17.73±7.454

18.5–23.9 490(61.95) 18.46±8.030

24.0–27.9 93(11.76) 18.90±8.526
≥28.0 29(3.67) 20.45±7.890

Chronic disease history −2.032 0.043

No 753(95.20) 18.29±7.992
Yes 38(4.80) 20.97±6.942

Only-child status 2.646 0.008

Yes 143(18.08) 20.01±7.980
No 648(81.92) 18.07±7.921

Night shift frequency 0.637 0.636

Almost none 68(8.60) 18.52±7.902
1–3 times per month 219(27.69) 18.01±8.217

4–6 times per month 308(38.94) 18.40±8.081

7–9 times per month 127(16.06) 18.52±7.902
≥10 times per month 69(8.72) 18.01±8.217

Total duration of clinical internship 0.245 0.783

8–9 months 609(76.99) 18.52±7.902
10–11 months 147(18.58) 18.01±8.217

≥12 months 35(4.43) 18.40±8.081

Extraversion/Introversion personality type −2.903 0.004
Extraversion (E) 407(51.45) 17.62±7.792

Introversion (I) 384(48.55) 19.26±8.063

Sensing/Intuition personality type −0.603 0.547
Sensing (S) 584(73.83) 18.32±7.918

Intuition (N) 207(26.17) 18.71±8.095

Thinking/Feeling personality type −3.977 <0.001
Thinking (T) 451(57.02) 17.45±7.999

Feeling (F) 340(42.98) 19.70±7.739

(Continued)
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Table 2 (Continued). 

Items Numbers 
(%)

TAS Score 
[Mean ± SD]

F/t P

Judging/Perceiving personality type −1.599 0.11
Judging (J) 495(62.58) 18.07±8.050

Perceiving (P) 296(37.42) 19.00±7.790

Age at menarche 0.712 0.491
<12 31(3.92) 18.97±8.765

12-15 687(86.85) 18.50±7.922

>15 73(9.23) 17.40±8.020
Menstrual cycle (days) 4.242 0.006

<21 85(10.75) 17.00±7.161

21-35 531(67.13) 18.09±7.881
>35 19(2.4) 18.26±8.061

Irregular 156(19.72) 20.33±8.378

Menstrual duration (days) 1.145 0.319
<3 36(4.55) 20.28±8.624

3-7 738(93.3) 18.35±7.897

>7 17(2.15) 17.41±9.220
Menstrual bleeding volume 2.700 0.045

Low 70(8.85) 19.16±7.901

Normal 661(83.56) 18.17±7.823
Moderate 49(6.19) 21.20±8.799

Heavy 11(1.39) 16.27±10.715
Dysmenorrhea 4.486 0.004

Never 82(10.37) 17.10±7.814

Mild 329(41.59) 17.57±7.418
Moderate 311(39.32) 19.64±8.353

Severe 69(8.72) 18.51±8.235

Alcohol use frequency 2.812 0.025
Never 575(72.59) 18.19±7.803

<1 time per month 161(20.35) 18.96±8.388

1–2 times per month 46(5.82) 19.80±7.745
1–2 times per week 5(0.63) 22.60±10.738

≥3 times per week 4(0.51) 7.75±1.258

Smoking frequency 0.339 0.852
Never 720(91.02) 18.42±7.868

Former smoker 30(3.79) 18.70±8.453

Monthly 9(1.14) 15.89±6.314
Weekly 6(0.76) 20.50±7.969

Daily 26(3.29) 18.50±10.520

Exercise frequency 3.194 0.013
Rarely 152(19.22) 19.68±7.905

1–3 times per month 321(40.58) 17.83±7.387

1–2 times per week 210(26.55) 19.11±8.328
3–4 times per week 63(7.96) 18.02±8.682

≥5 times per week 45(5.69) 15.69±8.541

Bottled drink intake frequency 8.098 <0.001
Rarely 78(9.86) 15.08±8.327

1–3 times per month 334(42.22) 17.93±7.820

1–2 times per week 260(32.87) 18.72±7.476
3–5 times per week 83(10.49) 21.25±7.776

Daily 36(4.55) 21.50±9.189
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−2.032, P = 0.043). In terms of personality traits, introverted (I-type) students had significantly higher test anxiety scores 
than extroverted (E-type) students (t = −2.903, P = 0.004), while thinking-type (T-type) students had significantly lower 
TAS scores than feeling-type (F-type) students (t = −3.977, P < 0.001). For menstrual-related factors, significant 
differences in test anxiety scores were observed across menstrual cycle regularity groups (F = 4.242, P = 0.006), with 
the highest scores observed in students with irregular cycles. Significant group differences were also found in menstrual 
flow (F = 2.700, P = 0.045), with higher scores in those reporting heavier menstrual flow. Dysmenorrhea severity was 
also significantly associated with test anxiety (F = 4.486, P = 0.004), with the highest scores observed in the moderate 
pain group. Regarding lifestyle factors, alcohol use frequency was significantly associated with test anxiety (F = 2.812, 
P = 0.025). Exercise frequency also showed significant differences (F = 3.194, P = 0.013), with higher scores observed 
among students who rarely exercised or exercised 1–2 times per week, while the lowest scores were found in those 
exercising ≥5 times per week. Bottled drink intake frequency showed the strongest association with test anxiety scores (F 
= 8.098, P < 0.001), with daily consumers reporting significantly higher scores than those who rarely consumed bottled 
beverages. Overall, only-child status, history of chronic disease, introverted (I-type) personality, feeling-type (F-type) 
personality, irregular menstrual cycles, heavier menstrual flow, dysmenorrhea, higher alcohol use, lower physical activity, 
and higher beverage consumption were significantly associated with test anxiety (P < 0.05), and were therefore included 
as potential predictors in subsequent multiple linear regression analysis. Variables including place of residence, BMI, 
night shift frequency, total internship duration, age at menarche, duration of menstruation, smoking frequency, and other 
personality type were not significantly associated with test anxiety (P > 0.05). The above results are further visualized in 
Figures 1–4.

Pearson Correlation Analysis Among PSS, MARS, BPS, and TAS
Pearson correlation analysis showed that PSS was negatively correlated with MARS (r = −0.173, P < 0.001), and 
positively correlated with BPS (r = 0.351, P < 0.001) and TAS (r = 0.321, P < 0.001). MARS was negatively correlated 

Figure 1 Boxplot of analysis of variance (ANOVA) for test anxiety.
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with BPS (r = −0.226, P < 0.001) and TAS (r = −0.306, P < 0.001). BPS was positively correlated with TAS (r = 0.303, 
P < 0.001). These correlations are visually presented in Figure 5.

Multiple Linear Regression Analysis of Test Anxiety
Using the total score of test anxiety (TAS) as the dependent variable, variables with statistical significance (P < 0.05) 
identified in the univariate analysis, along with the primary study variables, were included as independent variables. 
A multiple linear regression analysis was conducted using a stepwise selection method. The results showed that the 
overall model was statistically significant (F = 17.486, P < 0.001), and the included independent variables jointly 

Figure 2 Boxplot of analysis of variance (ANOVA) for test anxiety (continued).

Figure 3 Boxplot of independent-samples t-test for test anxiety.
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explained 21.3% of the variance in test anxiety among nursing students (R2 = 0.226, adjusted R2 = 0.213). The Durbin– 
Watson statistic was 1.992, indicating that the assumption of independent residuals was satisfied. Multicollinearity 
diagnostics showed that all variance inflation factor (VIF) values were below 5, suggesting no evidence of multi
collinearity among the independent variables. Further analysis indicated that bottled drink intake frequency, menstrual 
cycle regularity, thinking/feeling personality type, only-child status, premenstrual syndrome, sleep procrastination, and 
attention were significant predictors of test anxiety among nursing students (Table 3). In addition, a forest plot (Figure 6) 
was constructed to visually display the regression coefficients and their 95% confidence intervals from the multiple linear 
regression analysis.

Figure 4 Boxplot of independent-samples t-test for test anxiety (continued).

Figure 5 Scatter plots of Pearson correlations among PSS, Tas, BPS, and Mars.
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Structural Equation Model of the Chain Mediation of Test Anxiety
A structural equation model was constructed with premenstrual syndrome as the independent variable, test anxiety as the 
dependent variable, and sleep procrastination and attention as mediating variables, as shown in Figure 7.

Because the proposed mediation model was a just-identified model (df = 0), traditional global fit indices (e.g, χ2/df, 
CFI, TLI, IFI, and RMSEA) were not informative, as such models reproduce the observed covariance matrix perfectly by 

Table 3 Multiple Linear Regression Analysis of Test Anxiety

Variable B SE Beta t P Tolerance VIF

Constant 20.610 3.710 5.556 <0.001
Exercise frequency −0.092 0.243 −0.012 −0.378 0.706 0.951 1.052

Bottled drink intake frequency 0.827 0.273 0.100 3.030 0.003 0.916 1.092

Menstrual cycle 0.621 0.281 0.071 2.212 0.027 0.972 1.029
Menstrual blood volume −0.186 0.573 −0.011 −0.324 0.746 0.931 1.075

Dysmenorrhea history 0.004 0.341 0 0.010 0.992 0.860 1.163

Alcohol use frequency −0.586 0.389 −0.049 −1.506 0.133 0.936 1.069
Thinking/Feeling personality type 1.162 0.518 0.072 2.243 0.025 0.958 1.044

Extraversion/Introversion 
personality type

0.067 0.520 0.004 0.129 0.897 0.935 1.070

Chronic disease history 1.850 1.199 0.050 1.544 0.123 0.959 1.043

Only-child status −1.655 0.663 −0.080 −2.497 0.013 0.968 1.033
PSS 0.365 0.059 0.223 6.239 <0.001 0.781 1.280

BPS 0.197 0.047 0.149 4.213 <0.001 0.797 1.255

MARS −0.355 0.060 −0.199 −5.945 <0.001 0.887 1.127

Figure 6 Forest plot of multiple linear regression analysis for test anxiety. * P < 0.05; ** P < 0.01; *** P < 0.001.
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definition. Therefore, model evaluation was primarily based on the significance and direction of the estimated path 
coefficients and the bootstrap confidence intervals of the indirect effects.

Structural Equation Model Path Analysis
The results of the structural equation model path analysis are presented in Table 4. The findings indicated that 
premenstrual syndrome had a significant positive effect on bedtime procrastination (β = 0.435, P < 0.001). Bedtime 
procrastination was significantly negatively associated with attention (β = −0.140, P < 0.001). In addition, premenstrual 
syndrome was negatively associated with attention (β = −0.099, P = 0.004). Attention showed a significant negative 
effect on test anxiety (β = −0.408, P < 0.001). Meanwhile, premenstrual syndrome had a significant positive effect on test 
anxiety (β = 0.361, P < 0.001), and bedtime procrastination also showed a significant positive association with test 
anxiety (β = 0.230, P < 0.001). Overall, premenstrual syndrome, bedtime procrastination, and attention jointly con
tributed to explaining variations in test anxiety through direct and indirect pathways.

Serial Mediation Effects in the Association Between Premenstrual Syndrome and Test 
Anxiety
The serial mediation analysis of bedtime procrastination and attention in the relationship between premenstrual syndrome 
and test anxiety is presented in Table 5. The results showed that premenstrual syndrome had a significant indirect effect 
on test anxiety through bedtime procrastination (β = 0.08, 95% Boot CI: 0.03-0.14, P < 0.05), accounting for 25.0% of 
the total effect. A significant indirect effect was also observed through attention (β = 0.05, 95% Boot CI: 0.01-0.10, P < 
0.05), accounting for 15.6% of the total effect. In addition, a significant chain mediating effect was identified through 

BPS

PSS

MARS

TAS

e1 e2

e3

0.12

-0.19

0.17

0.06

-0.23

0.19

0.22

-0.11

0.35

Figure 7 Structural equation model.

Table 4 Structural Equation Model Path Analysis

Path Estimate S.E. C.R. P

BPS←PSS 0.435 0.041 10.524 <0.001

MARS←BPS −0.140 0.027 −5.111 <0.001

MARS←PSS −0.099 0.034 −2.910 0.004
TAS←MARS −0.408 0.059 −6.945 <0.001

TAS←PSS 0.361 0.056 6.414 <0.001

TAS←BPS 0.230 0.046 5.010 <0.001

Notes: The symbol “←” indicates that the variable on the left is 
regressed on (predicted by) the variable on the right.
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bedtime procrastination and attention (β = 0.03, 95% Boot CI: 0.01-0.06, P < 0.05), accounting for 9.4% of the total 
effect. The total indirect effect was significant (β = 0.16, 95% Boot CI: 0.10-0.22, P < 0.05), accounting for 50.0% of the 
total effect, while the direct effect of premenstrual syndrome on test anxiety remained significant (β = 0.20, 95% Boot CI: 
0.12-0.28, P < 0.05), accounting for the remaining 50.0%.

Discussion
Main Findings
This study, grounded in the TOUS, examined the relationship between PMS and test anxiety among nursing college 
students and explored the serial mediating roles of bedtime procrastination behavior and attention. The results showed 
that PMS was significantly associated with test anxiety. This association was not only explained by a direct effect but also 
partially mediated through behavioral and cognitive pathways. Specifically, bedtime procrastination and attention 
independently mediated the relationship between PMS and test anxiety and further formed a significant serial mediation 
pathway, suggesting that they serve as key bridging mechanisms linking physiological symptoms to emotional outcomes. 
In addition, regression analyses indicated that bottled drink intake frequency, menstrual cycle characteristics, thinking/ 
feeling personality type, and only-child status were also significantly associated with test anxiety. Overall, this study 
elucidates a multi-level mechanism underlying the effect of PMS on test anxiety from both behavioral and cognitive 
perspectives, supporting a theoretical framework in which physiological symptoms influence emotional outcomes 
through a behavioral–cognitive cascade process.

Factors Influencing Test Anxiety
The study identified bottled drink intake frequency, menstrual cycle characteristics, thinking/feeling personality traits, 
and only-child status as independent factors associated with test anxiety.

From a behavioral perspective, higher frequency of bottled drink intake was significantly associated with increased 
test anxiety. Previous studies have shown that excessive intake of sugar-sweetened or caffeine-containing beverages is 
positively correlated with anxiety symptoms, with risk increasing alongside consumption frequency.18 Further evidence 
suggests that such beverages may indirectly influence anxiety by impairing sleep quality, and that beverage intake and 
sleep quality may interactively predict anxiety symptoms.19 In addition, systematic reviews have highlighted the broad 
association between sugar-sweetened beverage consumption and multiple mental health outcomes.20 The present findings 
are consistent with these results, suggesting that unhealthy dietary behaviors may exacerbate test anxiety by disrupting 
sleep regulation and emotional regulation processes.

From a physiological perspective, menstrual cycle irregularities were significantly associated with test anxiety. Prior 
research indicates that fluctuations in estrogen and progesterone during the luteal phase are associated with increased 
emotional instability and anxiety symptoms in women.21 Mechanistic evidence further suggests that hormonal changes 
may influence neurosteroid systems and emotion regulation pathways, thereby enhancing emotional reactivity.22 The 
present findings are consistent with these reports and further support the important role of menstrual-related physiological 
fluctuations in academic stress contexts. However, some studies have reported no significant association between 

Table 5 Serial Mediation of Bedtime Procrastination and Attention in the 
Relationship Between Premenstrual Syndrome and Test Anxiety

Path β Boot 
LLCI

Boot 
ULCI

P Effect Proportion

PMS → BPS → TAS 0.08 0.03 0.14 <0.05 25%

PMS → MARS → TAS 0.05 0.01 0.10 <0.05 15.6%
PMS → BPS → MARS → TAS 0.03 0.01 0.06 <0.05 9.4%

Total indirect effect 0.16 0.10 0.22 <0.05 50%

Direct effect 0.20 0.12 0.28 <0.05 50%

Notes: The symbol “→” indicates the direction of the mediation pathway from one variable to another.
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menstrual cycle and anxiety levels.23 This discrepancy may be attributed to individual differences in sensitivity to 
hormonal fluctuations and contextual factors, with high-stress environments potentially amplifying the emotional effects 
of physiological changes.

From a personality trait perspective, thinking/feeling personality type were also significantly associated with test 
anxiety. Individuals with a feeling-oriented tendency are more likely to engage in emotion-based information processing 
and exhibit greater sensitivity to negative evaluation and failure outcomes, thereby increasing vulnerability to anxiety 
responses.24,25 In contrast, thinking-oriented individuals tend to rely more on logical analysis and problem-solving 
strategies, which may confer stronger cognitive regulation under exam-related stress. The present findings are consistent 
with this evidence, suggesting that personality traits may indirectly influence test anxiety through cognitive appraisal 
styles and emotion regulation strategies.

From a social background perspective, only-child status was also significantly associated with test anxiety. Previous 
research suggests that only children often experience more concentrated parental expectations and academic demands 
during development, which may intensify academic pressure and weaken coping and emotional regulation abilities, 
thereby increasing vulnerability to anxiety in examination contexts.26 The present findings are consistent with these 
results and suggest that only children may be more likely to closely link academic outcomes with self-worth, thereby 
amplifying psychological stress related to failure expectations. However, He J. et al found that after controlling for 
socioeconomic status and other background variables, the association between only-child status and mental health 
outcomes was substantially attenuated or became non-significant.27 Moreover, meta-analytic evidence suggests that 
differences in mental health between only children and non-only children are generally small and inconsistent.28 These 
inconsistencies may indicate that the association between only-child status and anxiety is context-dependent and may be 
amplified under specific family expectation structures and academic pressure environments.

Overall, this study highlights the multifactorial nature of test anxiety, emphasizing the interactive effects of behavioral 
habits, menstrual characteristics, personality traits, and social background. These findings suggest that interventions 
targeting test anxiety should not be limited to a single dimension but instead adopt a multi-level integrated approach to 
achieve more effective mental health promotion.

Mechanisms Linking Premenstrual Syndrome and Test Anxiety: A Serial Mediation of 
Bedtime Procrastination Behavior and Attention
This study was grounded in the TOUS and developed and tested a serial mediation model to examine the relationship 
between PMS and test anxiety. The results demonstrated a significant pathway from PMS to test anxiety through bedtime 
procrastination and attention, indicating that this mechanism is not a single psychological process but rather a sequential 
cascade spanning behavioral and cognitive domains. These findings are consistent with prior literature on the association 
between PMS and mental health outcomes. Previous studies have shown that PMS is closely associated with sleep- 
related problems, and that symptom severity can significantly predict levels of anxiety and depression.1 Similarly, 
evidence suggests a stable association between PMS and reduced sleep quality, with sleep disturbance serving as an 
important mediator linking physiological symptoms to psychological outcomes.2 However, most existing research has 
focused on sleep quality as a single mediator, with limited attention to the sequential pathway from behavioral self- 
regulation failure to cognitive impairment. The present study extends this framework by identifying bedtime procrastina
tion as a key behavioral mediator. Prior evidence indicates that bedtime procrastination is significantly associated with 
increased perceived stress, insufficient sleep, and psychological distress.4,7 Mechanistically, bedtime procrastination 
reflects deficits in executive control and is characterized by voluntary delay of bedtime in the absence of external 
constraints, thereby reducing sleep duration and impairing sleep quality.29 Executive function, as a core cognitive 
foundation of attentional control, is typically manifested in reduced cognitive control capacity and inefficient allocation 
of attentional resources when impaired.30 Furthermore, accumulating evidence indicates that sleep insufficiency sig
nificantly impairs executive function and is associated with reduced sustained attention and decreased cognitive 
processing efficiency.31,32 On this basis, the present study further demonstrates that attentional impairment is not only 
a downstream consequence of sleep-related behavioral dysregulation but also a critical bridge linking behavioral 
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dysfunction to emotional outcomes. Consistent with the Theory of Unpleasant Symptoms, the findings support a multi- 
level model of “physiological symptoms–behavioral dysregulation–cognitive impairment–emotional response,” whereby 
PMS may be associated with reduced behavioral self-regulation, which may be related to increased bedtime procrastina
tion, which in turn disrupts sleep recovery and impairs attentional functioning. Subsequently, reduced attentional capacity 
weakens selective processing and cognitive control over exam-related information, increases vulnerability to threat- 
related bias, and promotes negative interpretations of failure, ultimately exacerbating test anxiety.

Innovativeness and Limitations
The innovations of this study are reflected in four main aspects. First, grounded in the TOUS, this study developed 
a novel multi-path integrated model to explain the relationship between PMS and test anxiety. This model systematically 
elucidates the underlying mechanisms from a multi-level “physiological–behavioral–cognitive–emotional” perspective. 
Second, unlike previous studies that predominantly relied on single mediation models, this study identified and validated 
a serial mediation pathway involving bedtime procrastination behavior and attention. This finding reveals a cascading 
mechanism in which physiological symptoms contribute to psychological stress by first disrupting behavioral self- 
regulation, subsequently impairing cognitive functioning, and ultimately amplifying emotional responses. Third, this 
study integrated bedtime procrastination (behavioral level) and attention (cognitive level) within a unified analytical 
framework, clarifying a continuous behavioral–cognitive pathway and addressing the fragmentation in previous research 
that separately examined behavioral and cognitive factors. Fourth, based on multicenter and large-sample data, this study 
focused on nursing college students as a specific high-stress population, extending the application of TOUS to an 
academic stress context. This provides new empirical evidence for the interaction between menstrual-related symptoms 
and educational psychological health and offers a solid foundation for future intervention research.

This study has several limitations. First, the cross-sectional design precludes the determination of causal relationships 
among variables. Future research should employ longitudinal follow-up or interventional studies to further validate the 
temporal sequence and causal directions among PMS, bedtime procrastination, attention, and test anxiety. Second, the 
use of convenience sampling may have introduced selection bias. In addition, some subgroup categories contained 
relatively small numbers of participants, which may have reduced the stability of certain subgroup comparisons and 
limited the generalizability of the findings. Future studies could adopt random sampling or multi-center stratified 
sampling methods to enhance the representativeness of the sample and the external validity of the findings. Third, the 
Cronbach’s α coefficient of the MARS used in this study was 0.640, indicating relatively low internal consistency. This 
may have affected the measurement stability of attention and the precision of the mediation effect estimates. Future 
research is recommended to use attention assessment tools with higher reliability or to combine them with objective 
cognitive neuropsychological tests for multi-method assessment, thereby improving the reliability of measurements and 
the robustness of the results. Fourth, this study did not include certain potentially important confounding factors, such as 
depressive symptoms, actual sleep duration, academic performance, and coping strategies. Future studies should 
incorporate more relevant confounding factors and adopt stricter sampling methods along with more reliable measure
ment instruments to further improve the internal and external validity of the research.

Conclusion
This study was grounded in the TOUS and developed a multi-path integrated model to explain the relationship between 
PMS and test anxiety. The findings demonstrated that PMS was positively associated with test anxiety and that bedtime 
procrastination and attention were significant mediators of this association. These results suggest a cascading mechanism 
whereby physiological symptoms may be associated with heightened psychological stress by first disrupting behavioral 
self-regulation and subsequently impairing cognitive functioning.

From a theoretical standpoint, this study extends the TOUS framework by embedding PMS within a dynamic 
“physiological–behavioral–cognitive–emotional” interaction system. This advances previous single-domain explanations 
and provides a more integrated account of the complex pathways linking menstrual-related symptoms to psychological 
outcomes in female populations.
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From a practical perspective, the identification of bedtime procrastination behavior and attention as modifiable 
mediators highlights potential intervention targets beyond symptom management alone. Interventions focusing on sleep- 
related behavioral regulation and attentional control may therefore offer greater feasibility and sustained effectiveness. 
Future research should further explore multi-level intervention strategies aimed at improving sleep behaviors and 
attentional functioning, thereby mitigating the adverse impact of PMS on test anxiety and enhancing mental health 
outcomes among nursing students.
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