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Abstract

Background
Psychological factor plays a crucial role in the development of suboptimal health status (SHS), however the mechanism behind the complex
relationship between big �ve personality traits and SHS is unclear. Identi�cation of the individuals with speci�c personality trait that is
susceptible to SHS will contribute to improving quality of life and decreasing the burdens of chronic diseases in the framework of predictive,
preventive and personalized medicine (PPPM/3PM). This study aimed to investigate the relationship between personality traits and SHS, and
whether perceived stress plays a mediating effect in the development of SHS.

Method
A nationwide cross-sectional survey based on multistage random sampling was conducted in 148 cities of China from June 20 to August 31,
2022. The personality traits, perceived stress and SHS were measured with Big Five Inventory-10 (BFI-10), Perceived Stress Scale-4 items (PSS-
4), and Short-Form Suboptimal Health Status Questionnaire (SHSQ-SF), respectively. Pearson’s correlation analysis was employed to examine
the associations between personality traits, perceived stress, and SHS. Structural equation model (SEM) was applied to explore the mediating
role played by perceived stress in the relationship between personality traits and SHS.

Result
A total of 22,897 participants were enrolled in this study, among whom the prevalence of SHS was 52.88%. SHS was negatively correlated with
three dimensions of personality traits (i.e., extraversion, agreeableness, and conscientiousness), and positively correlated with neuroticism.
Meanwhile, stress was negatively correlated with extraversion, agreeableness, conscientiousness, and openness, whereas in positive
association with neuroticism. The SEM analysis showed that, adjusted for the covariables (i.e., gender, age, BMI, educational level, current
residence, marital status, and occupational status), agreeableness (β = -0.049, P < 0.001) and conscientiousness (β = -0.103, P < 0.001) caused a
lower prevalence of SHS, while neuroticism (β = 0.130, P < 0.001) and openness (β = 0.026, P < 0.001) induced a higher prevalence of SHS.
Perceived stress played a partial mediating role in the relationship between personality traits and SHS, contributing to 41.3%, 35.9% and 32.5%
of the total effects of agreeableness, conscientiousness and neuroticism on SHS, respectively. Moreover, the mediating effect of perceived
stress was signi�cant even though extraversion had no direct effect on SHS.

Conclusion
This study revealed a high prevalence of SHS in Chinese residents. Personality traits of individuals have signi�cant effects on the occurrence of
SHS, which can be mediated by their perceived stress. From a PPPM/3PM perspective, early screening and targeted intervention for persons
with neuroticism trait, as well as stress alleviation, might contribute to health improvement and chronic diseases prevention.

Introduction
Suboptimal health status (SHS) is an intermediate condition between optimal health and illness, characterized by perception of health
complaints, general weakness and low energy, without clear disease in clinical diagnosis [1]. Even though SHS cannot be diagnosed as any of
speci�c diseases, it is predominantly associated with the development of chronic diseases among multiple populations, including in Eastern
Asians, Africans, and Australians [2, 3]. Epidemiological surveys released that approximately half of population experience SHS in China [4, 5].

SHS has been identi�ed preceding the occurrence of chronic diseases, including type 2 diabetes mellitus (T2DM) [6, 7] and cardiovascular
diseases (CVD) [4, 8], acting as a biomarker of subclinical stage of chronic diseases. Early identi�cation of SHS and its relevant determinants
will contribute to targeted prevention and personalized treatment of chronic diseases from the perspective of predictive, preventive, and
personalized medicine (PPPM/3PM) [9]. Adverse psychological factors have been widely described in the development of SHS [10], but it is not
yet clear whether personality traits play a part. Studies have presented that personality is one of important predictors of healthy behavior
patterns (e.g., reaction pattern, and movement), closely associated with health conditions [11]. The Big Five personality model explains
personality traits in �ve dimensions: extraversion, agreeableness, conscientiousness, neuroticism, and openness [12]. The diverse strength of
each personality trait can cause complex effects on the human body in a variety of aspects [13], enabling personality traits measurements of
potential roles in predicting health outcomes [14]. Extraversion [15–18], agreeableness [19, 20], conscientiousness [21], and openness [22] are
positively associated with healthy condition, while neuroticism leads to unhealthy outcomes [23].
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Recently published studies have shown that personality traits are also associated with perceived stress, which has intensive impact on health
[24]. In particular, neuroticism is positively associated with stress; whereas extraversion, agreeableness, conscientiousness, and openness are
negatively linked to stress. Furthermore, stress is well understood in its relationship with higher risk of SHS [25, 26]. These �ndings suggest a
complex relationship of personality traits and stress with SHS.

Working hypothesis in the framework of PPPM/3PM
As a reversible borderline condition between optimal health and illness, SHS has been recognized as one of major determinants of non-
communicable diseases (NCDs) [4, 7]. Screening of SHS and its relevant factors provides a window of opportunity for early prevention and
targeted intervention of NCDs in the context of PPPM/3PM. Adverse psychological condition, one of key aspects of SHS, is a target for
identi�cation of persons at high risk of chronic diseases. On the basis of framework of PPPM/3PM, identi�cation of SHS-related personality
trait will contribute to decreasing the burdens of such diseases. However, the relationship between personality traits and SHS is not yet clear.
Hereby, we conducted a nation-wide survey to seek the effect of personality traits on SHS, and to examine the mediating role played by
perceived stress in the relationship between personality traits and SHS.

Methods

Study design and study participants
This study was a nation-wide cross-sectional survey conducted in 148 cities of China [27]. A multistage random sampling method was applied
to recruit participants: 1) probability sampling at the provincial, municipal, district/county, and community/village levels, and 2) quota sampling
from community/village to individual level. The sampling ratios were established in 23 provinces, 5 autonomous areas, and 4 municipalities
based on the population proportion provided by the Seventh National Census Data of China. The research protocol was approved by the
Shaanxi Health Culture Research Center ethics review board and is currently registered in the Chinese Clinical Trial Registry (registration number
ChiCTR2200061046).

Participants who met the following criteria were included in this study: 1) age ≥ 16 years old; 2) permanent residents with Chinese nationality;
and 3) possessed the necessary skills to read and comprehend the questionnaires. The exclusion criteria were: 1) individuals with somatic
diseases currently; 2) individuals with psychiatric abnormalities or cognitive impairment currently; and 3) individuals participating in other
clinical investigations at present.

Parameter measurement
Investigators who participated in face-to-face interview were publicly recruited from local university in each city. All the investigators
participated in training courses in quality control, research tools, and sampling techniques, and then were tested in accordance with the
prede�ned training protocol. Written informed consents were obtained from all the participants.

Demographic characteristics
The demographic characteristics of the participants, including gender, age, BMI, educational level, current residence (urban/rural), marital status
and occupational status, were collected by a face-to-face interview.

Big Five Inventory-10 items (BFI-10)
BFI-10, a 5-point Likert self-reported questionnaire, was applied to measure the personality traits of the respondents. This scale included 10
items that represent 5 dimensions of personality traits, i.e., extraversion, agreeableness, conscientiousness, neuroticism, and openness. The
higher are the score of a domain of personality traits, the more signi�cant the personality belongs to. BFI-10 has shown good reliability and
validity in our investigation across China [28].

Perceived Stress Scale-4 items (PSS-4)
PSS-4 was adopted to measure the level of perceived stress of the respondents. This simpli�ed 5-point Likert-type scale consists of 4 items of 2
dimensions. The total score is between 4 to 20, and a higher score indicated a higher level of perceived stress. This scale has been proved to
show good validity and reliability in previous studies [29].

Short-Form Suboptimal Health Status Questionnaire (SHSQ-SF)
SHSQ-SF, a 5-point Likert scale with 9 items, was applied to measure the health status of the respondents. Each item is scored on scale ranging
from 0 (almost none) to 4 (almost always), and a total score ≥ 11 indicates SHS, otherwise optimal health condition was con�rmed.

Pilot study
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A total of 400 participants were enrolled in this study's three rounds of pre-investigation, which were conducted from June 5 to 8, June 10 to 13,
and June 15 to 18 in 2022. The advice and comments provided by the respondents and researchers during the pilot study were promptly
gathered and compiled. The �nal questionnaire was revised after three rounds of pre-investigation.

Statistical analysis
Descriptive statistics was used to elucidate the sociodemographic characteristics of the participants. Pearson’s correlation was applied to
examine correlations between personality traits, stress, and SHS. The reliability and validity of the measurements of personality traits, stress,
and SHS were identi�ed using Cronbach’s α and con�rmatory factor analysis (CFA). The CFA results of the hypothesized model showed good
overall model �t indices: root mean square error of approximation = 0.039 < 0.080, comparative �t index = 0.991 > 0.950, and Tucker-Lewis index 
= 0.954 > 0.950. The mediation analysis and structural equation modelling (SEM) were carried out to explore the mediating effects of stress on
the relationship between personality traits and SHS.

In the SEM model of SHS, the �ve dimensions of personality traits were independent variables, stress were prede�ned as mediator. In addition,
the effects of covariates (i.e., gender, age, BMI, educational level, current residence, marital status, and occupational status) were controlled in
the SEM analysis. The maximum-likelihood method was applied for the asymptotically unbiased, consistent, and e�cient estimators. The
signi�cance of paths was veri�ed by bias-corrected bootstrapping analysis with 5,000 replicates. Data analyses were performed using IBM
SPSS Statistics (version 26.0, Armonk, NY, USA) and MPLUS (version 8.3, Linda, Bengt, LA). All statistical tests were two-sided and the P < 0.05
was considered statistical signi�cance.

Results

Recruitment of respondents and characteristics of participants
A total of 30,505 respondents were recruited in this survey, among whom 7,608 were excluded due to the following reasons: 1) 1,182 with
chronic diseases, 2) 4,352 with unavailable SHS data, and 3) 2,074 under 16 years of age or over 60 years old. Finally, 22,897 participants were
enrolled in this analysis. The �owchart of participants recruitment was shown in Fig. 1, and the regional distribution of the participants was
shown in Fig. 2.

Regarding to characteristics of participants, 9,841 (42.98%) were men and 13,056 (57.02%) were women. Among them, 10,827 (47.29%) were
under 24 years of age, and 4,667 (20.38%) were over 45 years old. In addition, 5,662 (24.73%) participants were recruited from rural areas, and
17,235 (75.27%) were from urban areas. The details of participants characteristics were listed in Table 1.
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Table 1
Characteristics of participants

Variables   N Health

(N = 10789)

SHS

(N = 12108)

χ² P

Gender Male 9841 4971 (50.51) 4870 (49.49) 79.762 < 0.001

  Female 13056 5818 (44.56) 7238 (55.44)    

Age (years) ≤ 24 10827 4613 (42.61) 6214 (57.39) 173.470 < 0.001

  25~ 4046 2037 (50.35) 2009 (49.65)    

  35~ 3357 1688 (50.28) 1669 (49.72)    

  ≥ 45 4667 2451 (52.52) 2216 (47.48)    

BMI categories Thin 3763 1578 (41.93) 2185 (58.07) 55.823 < 0.001

  Normal 14090 6805 (48.30) 7285 (51.70)    

  Overweight 4020 1945 (48.38) 2075 (51.62)    

  Obese 1024 461 (45.02) 563 (54.98)    

Educational level Middle school and below 3493 1972 (56.46) 1521 (43.54) 159.789 < 0.001

  Senior high school 5816 2764 (47.52) 3052 (52.48)    

  College 12673 5630 (44.43) 7043 (55.57)    

  Master and above 915 423 (46.23) 492 (53.77)    

Marital status Single 12823 5531 (43.13) 7292 (56.87) 208.477 < 0.001

  Married 9651 5085 (52.69) 4566 (47.31)    

  Divorced or widowed 423 173 (40.90) 250 (59.10)    

Occupational status Student 10244 4361 (40.42) 5883 (48.59) 159.947 < 0.001

  Employed 10877 5511 (51.08) 5366 (44.32)    

  Retired 474 223 (2.07) 251 (2.07)    

  Unemployment 1302 694 (6.43) 608 (5.02)    

Place of residence Rural 5662 2654 (46.87) 3008 (53.13) 0.182 0.669

  Urban 17235 8135 (47.20) 9100 (52.80)    

SHS, suboptimal health status

The prevalence of SHS
As shown in Table 1, the prevalence of SHS was 52.88% (12,108/22,897). The prevalence was signi�cantly higher among women (55.44%;
7,238/13,056) than men (49.49%; 4,870/9,841). Compared with participants aged over 45 years old (47.48%; 2,216/4,667), those under 24 years
of age had a higher prevalence (57.39%; 6,214/10,827). In terms of marital status, divorced or widowed participants were more susceptible to
SHS (59.10%; 3250/423) than married participants (47.31%; 4,566/9,651). Participants who attained college education had a relatively high
prevalence of 55.57% (7,043/12,673). The participants were classi�ed into four groups in accordance with the Chinese criteria of body mass
index (BMI) [30]: thin (BMI < 18.5), normal (18.5 ≤ BMI < 24), overweight (24 ≤ BMI < 28) and obese ones (BM ≥ 28). The prevalence of SHS was
the highest among underweight participants (58.07%; 2,185/3,763). No signi�cant differences were observed between rural and urban
participants.

Personality traits of the participants
The standardized scores of �ve dimensions of personality traits were calculated, including extraversion, agreeableness, conscientiousness,
neuroticism and openness. As shown in Fig. 3, the score of neuroticism of SHS participants was signi�cantly higher than those in the healthy
group, while the scores of extraversion, agreeableness, and conscientiousness were lower in the SHS ones. With regard to the score of
openness, there was no signi�cant difference between the SHS and healthy groups.
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Perceived stress of the participants
As shown in Table 2, the score of PSS-4 among SHS men was 11.40 ± 2.12, which was signi�cantly higher than the healthy men (9.83 ± 2.58).
Similarly, among women, the PSS-4 score was signi�cantly high for SHS participants. These results indicated that SHS participants suffered
higher perceived stress than healthy ones.

Table 2
Strati�ed analysis of PSS-4 scores among men and women

Groups   n PSS-4

Men Health 4971 9.83 ± 2.58

  SHS 4870 11.40 ± 2.12*

Women Health 5818 9.86 ± 2.52

  SHS 7238 11.40 ± 2.34*

Total   22897 10.67 ± 2.52

PSS-4, Perceived Stress Scale-4 items; SHS, suboptimal health status; Data of continuous variables were expressed as mean ± standard
deviation; *, P < 0.001 compared with healthy group

Correlation analyses
As listed in Table 3, three dimensions of personality traits (i.e., extraversion, agreeableness, and conscientiousness) were negatively correlated
with SHS, whereas neuroticism was positively correlated with SHS. Extraversion, agreeableness, conscientiousness and openness were
negatively associated with perceived stress, while neuroticism was positively associated with stress. A signi�cant positive relationship was also
observed between perceived stress and SHS.

Table 3
Means, standard deviations, ranges, and inter-correlations of study variables

Variables M SD Range Skewness
(SE)

Kurtosis (SE) 1 2 3 4 5 6 7

1.BFI-10-
Ext

6.25 1.67 2–10 0.102(0.016) 0.112(0.032) 1            

2.BFI-10-
Agr

6.98 1.48 2–10 0.035(0.016) -0.122(0.032) 0.003 1          

3.BFI-10-
Con

6.59 1.65 2–10 0.211(0.016) -0.156(0.032) 0.189** 0.260** 1        

4.BFI-10-
Neu

5.85 1.57 2–10 -0.093(0.016) 0.436(0.032) -0.189** -0.234** -0.219** 1      

5.BFI-10-
Ope

6.64 1.56 2–10 0.169(0.016) 0.002(0.032) 0.204** 0.078** 0.024** -0.009 1    

6.PSS-4 10.67 2.52 4–20 -0.385(0.016) 0.422(0.032) -0.226** -0.268** -0.348** 0.348** -0.096** 1  

7.SHSQ-
SF

11.60 7.52 0–36 0.619(0.016) 0.378(0.032) -0.107** -0.172** -0.233** 0.253** -0.008 0.345** 1

BFI-10-Agr, Big Five Inventory-10-Agreeableness; BFI-10-Com, Big Five Inventory-10- Conscientiousness; BFI-10-Ext, Big Five Inventory-10-
Extraversion; BFI-10-Neu, Big Five Inventory-10-Neuroticism; BFI-10-Ope, Big Five Inventory-10-Openness; M, mean; PSS-4, Perceived Stress
Scale-4 items; SD, standard deviation; SHSQ-SF, Short-Form Suboptimal Health Status Questionnaire; *, P < 0.05; **, P < 0.01 (two-tailed)

Mediation analyses of stress on personality traits and SHS
As shown in Table 4, extraversion had a direct effect on stress (β = -0.126), meanwhile stress had a direct effect on SHS (β = 0.250). Moreover,
there was no signi�cant direct effect of extraversion on SHS, suggesting that stress played a total mediation effect on the relationship between
extraversion and SHS.
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Table 4
SEM pathways of big �ve personality traits, stress and SHS

Model pathways   Crude
coe�cient

95%CI P Adjust
coe�cient

95%CI P

Extraversion              

Direct effects Ext → SHS -0.011 [-0.023,
0.001]

0.068 -0.011 [-0.023,
0.001]

0.080

Indirect effects Ext → Stress -0.126 [-0.140,
-0.113]

< 
0.001

-0.126 [-0.140,
-0.113]

< 
0.001

  Stress → SHS 0.250 [0.237, 0.262] < 
0.001

0.252 [0.239, 0.266] < 
0.001

  Indirect effect/total
effect

1     1    

Agreeableness              

Direct effects Agr → SHS -0.049 [-0.063,
-0.037]

< 
0.001

-0.052 [-0.065,
-0.040]

< 
0.001

Indirect effects Agr → Stress -0.147 [-0.160,
-0.133]

< 
0.001

-0.145 [-0.158,
-0.131]

< 
0.001

  Stress → SHS 0.250 [0.237, 0.262] < 
0.001

0.252 [0.239, 0.266] < 
0.001

  Indirect effect/total
effect

0.429     0.413    

Conscientiousness              

Direct effects Con → SHS -0.103 [-0.117,
-0.091]

< 
0.001

-0.098 [-0.112,
-0.084]

< 
0.001

Indirect effects Con → Stress -0.233 [-0.246,
-0.219]

< 
0.001

-0.218 [-0.232,
-0.204]

< 
0.001

  Stress → SHS 0.250 [0.237, 0.262] < 
0.001

0.252 [0.239, 0.266] < 
0.001

  Indirect effect/total
effect

0.361     0.359    

Neuroticism              

Direct effects Neu → SHS 0.130 [0.117, 0.143] < 
0.001

0.123 [0.111, 0.136] < 
0.001

Indirect effects Neu → Stress 0.239 [0.225, 0.253] < 
0.001

0.235 [0.222, 0.249] < 
0.001

  Stress → SHS 0.250 [0.237, 0.262] < 
0.001

0.252 [0.239, 0.266] < 
0.001

  Indirect effect/total
effect

0.315     0.325    

Openness              

Direct effects Ope → SHS 0.026 [0.015, 0.038] < 
0.001

0.014 [0.001, 0.026] 0.030

Indirect effects Ope → Stress -0.051 [-0.064,
-0.037]

< 
0.001

-0.056 [-0.069,
-0.044]

< 
0.001

  Stress → SHS 0.250 [0.237, 0.262] < 
0.001

0.252 [0.239, 0.266] < 
0.001

  Indirect effect/total
effect

-     -    

Agr, Agreeableness; Con, Conscientiousness; CI, con�dence interval; Ext, Extraversion; Neu, Neuroticism; Ope, Openness; SHS, suboptimal
health status
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Similarly, agreeableness had a direct effect on stress (β = -0.147), meanwhile stress had a direct effect on SHS (β = 0.250). And agreeableness
had a signi�cant direct effect on SHS (β = -0.049). Approximately 42.9% of the total effect of agreeableness on SHS was mediated by stress.

Furthermore, conscientiousness had a direct effect on SHS (β = -0.103), and the signi�cant mediation effect of stress accounted for 36.1% of
the total effects of conscientiousness on SHS.

For neuroticism, there was signi�cant direct effect on SHS (β = 0.130), and the mediation analyses showed that 31.5% of the total effect of
neuroticism on SHS was mediated by stress.

With regard to openness, it had a direct effect on SHS (β = 0.026), and the indirect effect of openness on SHS was signi�cant (β = -0.013), which
meant that stress alleviated or masked the direct impact of openness on SHS. That is, people high in openness were less likely to perceive
stress, thereby reducing the risk of SHS. The detailed results are presented in Fig. 4.

Covariate analysis
After adjusting for the effects of sociodemographic covariates, the SEM con�rmed the robustness of the adjusted mediation model. As shown
in Table 4, �ve dimensions of personality traits had signi�cant direct effects on stress, and stress had a signi�cant in�uence on SHS. In
addition, four dimensions of the personality traits had signi�cant direct effects on SHS in the model of agreeableness (β = -0.052),
conscientiousness (β = -0.098), neuroticism (β = 0.123), and openness (β = 0.014). Moreover, the personality traits had indirectly effects on SHS
via perceived stress, contributing to 100.0%, 41.3%, 35.9%, and 32.5% of the total effect of extraversion, agreeableness, conscientiousness, and
neuroticism on SHS, respectively.

The covariate analysis indicated that age group was one of the determinants of both stress and SHS. Compared with participants aged > 45
years, other age groups had a higher level of stress (β = 0.037 ~ 0.081, P < 0.001), and less SHS (β = -0.059~ -0.026, P < 0.001). In terms of BMI,
normal BMI reduced the degree of stress (β = -0.020, P = 0.016) and had preventive effects from SHS (β = -0.045, P < 0.001). Moreover, divorced
or widowed persons were found to be negatively related to higher level of both SHS (β = 0.018, P = 0.013) and stress (β = 0.015, P = 0.017)
(Table 5).
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Table 5
SEM results of covariates on the SHS model

Covariates   SHS       Stress  

  β 95%CI P   β 95%CI P

Gender (reference: Male) 0.029 [0.017, 0.042] < 0.001   0.004 [-0.007, 0.016] 0.475

Age (reference: ≥45)              

≤ 24 -0.058 [-0.092, -0.023] 0.001   0.081 [0.052, 0.110] < 0.001

25~ -0.059 [-0.076, -0.042] < 0.001   0.064 [0.047, 0.081] < 0.001

35~ -0.026 [-0.041, -0.013] < 0.001   0.037 [0.023, 0.052] < 0.001

BMI categories (reference: Thin)              

Normal -0.045 [-0.064, -0.027] < 0.001   -0.020 [-0.038, -0.004] 0.016

Overweight -0.021 [-0.038, -0.004] 0.020   -0.016 [-0.032, 0.001] 0.062

Obese 0.001 [-0.013, 0.015] 0.860   -0.004 [-0.018, 0.010] 0.602

Educational level (reference: Middle school and below)              

Senior high school 0.040 [0.021, 0.056] < 0.001   0.017 [-0.001, 0.033] 0.054

College 0.096 [0.077, 0.115] < 0.001   -0.001 [-0.019, 0.018] 0.924

Master and above 0.062 [0.048, 0.077] < 0.001   -0.022 [-0.035, -0.009] 0.001

Place of residence (reference: Rural) -0.010 [-0.023, 0.003] 0.116   -0.033 [-0.044, -0.022] < 0.001

Marital status (reference: Single)              

Married -0.037 [-0.063, -0.011] 0.006   -0.017 [-0.039, 0.005] 0.133

Divorced/Widowed 0.018 [0.004, 0.032] 0.013   0.015 [0.003, 0.027] 0.017

Occupational status (reference: Retired)              

Student -0.046 [-0.099, 0.007] 0.085   -0.040 [-0.084, 0.008] 0.090

Employed -0.043 [-0.089, 0.003] 0.067   -0.005 [-0.046, 0.036] 0.813

Unemployment -0.039 [-0.063, -0.015] 0.002   0.012 [-0.009, 0.034] 0.295

CI, con�dence interval; SHS, suboptimal health status

Discussion
This nation-wide cross-sectional study illustrated that approximately 52.88% participants reported complaint of SHS among 22,897 Chinese
people. Two dimensions of personality traits, i.e., agreeableness and conscientiousness, might protect individuals against SHS. Persons with
neuroticism trait had a higher likelihood of developing SHS. Moreover, perceived stress played a key role in mediating the relationship between
personality traits and SHS.

Studies on SHS prevalence commonly presented inconsistent results due to the heterogeneities of respondents and SHS measurements. There
are more than �ve SHS scales that have been reported in China investigations, such as the Suboptimal Health Status Questionnaire-25 (SHSQ-
25), the Multidimensional Sub-health Questionnaire of Adolescents (MSQA), the Sub-health Measurement Scale Version 1.0 (SHMS V1.0), the
Chinese Sub-health State Evaluation Scale (CSHES), and the Sub-Health Self-Rating Scale (SSS) [31–33]. Of these scales, SHSQ-25 is the most
widely used worldwide, including Eastern Asian, African, Oceanian, and European.

Two studies conducted with SHSQ-25 scale reported a lower level of SHS in college students (20.98%) and a higher one in general adult
population (69.46%) in China [34, 35]. In the current study, we observed a prevalence of 52.88% across 148 cities of China. It is need to be noted
that we used a simpli�ed form of SHSQ-25. This may introduce heterogeneity of methodology across these studies even though SHSQ-SF has
been validated in both northern and southern populations in China. Moreover, this study included a large number of younger participants and
college students, which might lead to an underestimation compared to the measurements within middle-aged and elderly population [35].
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Psychological factors play a crucial role in the development of SHS, and psychological symptom is always one of the key dimensions of SHS
measurement [10]. Studies have identi�ed the impact of depression and anxiety on the health issues of college students [34]. Personality is also
one of the important contributors to quality of life and health conditions [36]. With regard to the direct effects of personality traits on SHS, the
current results suggested that participants with higher levels of agreeableness and conscientiousness are more likely to experience optimal
health. This �nding is consistent with a previous survey in a diverse sample, which found that agreeableness and conscientiousness were the
best predictors of health behavior [37].

It has been shown that agreeableness is negatively related to risk-taking behavior [37]. Given that agreeableness has an inverse association
with hostility [38], the �nding was in line with earlier researches that linked hostility to negative health habits [37, 39]. Negative patterns of
lifestyles increased the risk of somatic diseases among individuals with hostility trait, supporting that positive patterns of habits decrease the
risk of SHS among persons with higher agreeableness. In addition, the personality of conscientiousness improves health status through healthy
behavior management, i.e., maintaining healthy behavior patterns, and avoiding the harmful ones [40].

Our results demonstrated that participants with personality of neuroticism were more likely to develop SHS, supporting the previous �ndings
that emotional stability is a strong contributor to perceived health condition [36, 41]. Individuals with a tendency of neuroticism (i.e., low
emotional stability) experience more negative affections and poorer emotional functions [42], which lead to perceived unhealthy symptoms and
adverse outcomes [36]. Furthermore, these persons tend to adaptive dysfunction when confronted with perceived stress [36], making them more
vulnerable to poor health condition.

We did not �nd the direct effect of extraversion on SHS. Although some studies demonstrated a signi�cant relationship between extraversion
and quality of life in adult population [43], the others conducted in pediatric samples reported either non-signi�cant or weak results [41, 44].
Persons with openness have a propensity to think and behave in nonconforming ways, which may create diversity in their response to health
issues. Although the relationship between openness and perceived health condition has not been con�rmed [45, 46], we observed that
individuals with openness personality had a higher prevalence of SHS.

An individual’s susceptibility to psychological and physical disorders associated with chronic stress exposure, e.g., cardiovascular and
infectious diseases, could be predicted by their reactivity to psychosocial stressor. Personality is one of important psychological factors
associated with both stress resilience and health outcomes. An understanding of how personality traits in�uence responses to stress may shed
light upon individual differences in susceptibility to chronic stress-linked diseases. Previous studies have suggested that personality traits can
modulate responses to perceived stress due to the different effects of distinct traits on the separate components of stress response [47–49].
Stress exposure activates the production of hormonal, as well as cardiovascular and emotional responses [48]. Positive personality traits (e.g.,
extraversion, agreeableness, conscientiousness, and openness) largely protect against hormonal responses to stress, whereas negative traits
(e.g., neuroticism) inversely predict cardiovascular responses [49]. In other words, individuals with high extraversion or openness may be more
resilient to negative environmental stimuli and stress-related symptoms. For agreeableness and conscientiousness, the tendency to closely
interpersonal and social relationships may protect against excessive stress responses. In addition, combined with the current �nding that
perceived stress can positively predict the occurrence of SHS, high level of neuroticism may identify individuals at elevated risk for chronic
stress-related diseases.

Notably, we identi�ed the mediating effect of perceived stress on the relationship between personality traits and SHS. The mature personality
(i.e., extraversion, agreeableness, conscientiousness, or openness) can function as an internal resource which helps people in dealing with
various stressors and other psychological distress, thereby playing favorably into their health status. Conversely, the personality of neuroticism
may expose people to poor stress adjustment and emotional functioning, thus adversely affecting health conditions.

It is understood that women are more likely to experience psychological distress and neuropsychiatric disorders [26, 50]. Our strati�ed analysis
also revealed a higher level of SHS among women, indicating that women are more prone to both mental problems and SHS due to the
differences in physiological and psychological characteristics [51]. Furthermore, the differences in lifestyles between men and women, as well
as their pursuit of physical activities, are closely relevant to their mental and physical well-being [52, 53].

Regarding the effects of the covariates, our �nding demonstrated that age was one of the important determinants of SHS and perceived stress,
in which older participants experienced more SHS and less stress than the younger ones. Consistent with the research conducted within another
Chinese resident sample [54], the key factor is a gradual decrease in physical �tness and energy in elderly people. In term of marriage status,
being divorced or widowed was signi�cant contributor to SHS and stress. This evidenced the �ndings that poor marital status was statistically
associated with psychological distress and poor health status [55]. With regard to the BMI classi�cations, our study also showed that the risk of
SHS and stress among normal participants is lower than that among thin participants. It has been shown that an underweight status is
associated with psychiatric disorders and higher health risks[56, 57], which supports the speculation that reasonable eating habits contribute to
alleviation of health issues.
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Limitations
This study had several limitations that commonly exist in population-based cross-sectional survey. Firstly, we could not demonstrate the causal
relationship between personality traits, stress, and SHS due to the lack of chronological evidence. Secondly, all the data were collected by self-
reported questionnaires, which might lead to potential information bias. Thirdly, although the levels of stress and SHS were assessed by
standardized questionnaires, these measurements were not equal to clinical diagnoses.

To the best of our knowledge, this study is the �rst investigation on the relationship between personality traits, perceived stress, and SHS among
representative Chinese populations, by covering a broad age range and including different minorities and regions using data from a large-scale
cross-sectional survey.

Conclusion and expert recommendations
Approximately 52.88% of participants experience SHS in China. Perceived stress plays a mediating effect on the relationship of personality
traits on SHS. Personality traits and perceived stress can be employed as potential intervening targets to cope with health problems. From a
PPPM/3PM perspective, early screening and targeted intervention for persons with neuroticism trait, as well as stress alleviation, might
contribute to health improvement and chronic diseases prevention.

Predictive approach
Early screening of individuals at high-risk of SHS has been considered one of important approaches to improve health conditions in the
advanced paradigm of PPPM/3PM [58]. The present study clari�ed the relationship between personality traits and SHS, and evaluated the
mediating effect of perceived stress on the development of SHS that was attributed to personality traits.

Targeted prevention
As a subclinical stage in advance of NCDs, early detection of SHS is conducive to the timely prevention of chronic diseases. Our major �ndings
that perceived stress plays a partial mediating role in the relationship between agreeableness, conscientiousness and neuroticism traits and
SHS suggest su�cient approaches to preventing SHS among individuals with such personality traits, especially those with neuroticism trait.

Personalization of medicine services
Interventions should be tailored to one’s unique risk pro�le. Early and personalized intervention can minimize the adverse outcomes of NCDs.
For persons diagnosed with SHS, targeted intervention may reverse the disease progression since SHS is a reversable condition between
optimal health and diseases. As individuals with SHS has no pathological syndromes, early and effective diagnosis always plays a crucial role,
and contributes to application of personalized intervention and establishment of strategies from a PPPM/3PM perspective. This course of
action will hopefully reduce delayed intervention, untargeted prevention, and ineffective treatment.

Paradigm shifts from reactive medicine to PPPM/3PM and moving beyond the
state of the art
NCDs are usually treated after disease onset, which is a relatively delayed management. As SHS is a preclinical and reversible stage preceding
the onset of NCDs, early identi�cation of SHS among persons with high-risk personality traits opens a window in the targeted prevention and
personalized treatment of NCDs from the viewpoint of PPPM/3PM [9]. In order to shift from reactive medicine to PPPM/3PM, exploring the
determinants closely associated with SHS and developing new strategy models are urgently needed.
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Figures

Figure 1

Flowchart of participants recruitments
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Figure 2

Regional distribution of study participants
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Figure 3

Box plot of BFI-10 scores of healthy and SHS participants

The data were expressed as minimum, P25, median, P75, and maximum. BFI-10, Big Five Inventory-10 items; SHS, Suboptimal Health Status

Figure 4
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The mediating analysis of perceived stress on the relationship between personality traits and SHS

The effects of covariates (i.e., gender, age, BMI, educational level, current residence, marital status, and occupational status) were controlled in
the SEM analysis. All the coe�cients in the �gure were standardized. Model �t indices: RMSEA = 0.039, CFI = 0.991, TLI = 0.954. CFI,
comparative �t index; RMSEA, root mean square error of approximation; SHS, Suboptimal Health Status; TLI, Tucker-Lewis index; ***P<0.001


