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This study aimed to evaluate the correlation between mental health status and arterial stiffness. A
Symptom Checklist 90 (SCL-90) score was conducted for 10,688 employees of Kailuan Group Co.,
Ltd., of which 4936 participants received baPWV measurement. Of these, 4424 met the inclusion
criteria. Based on the SCL-90 score, the study subjects were divided into normal mental health group
(SCL-90 score <160, 3993 cases) and abnormal mental health group (SCL-90 score 2160, 431 cases).
Statistical indicators include: General information, including levels of brachial-ankle pulse wave
velocity (baPWV), age, gender, systolic blood pressure (SBP), diastolic blood pressure (DBP), mean
arterial pressure (MAP), heart rate (HR), body mass index (BMI), smoking and alcohol consumption,
daily activity levels, nature of work and educational qualifications. The proportion of males, baPWV
value, and abnormal proportion of baPWYV in normal mental health group were higher than those in
abnormal mental health group (P <0.05). The Hs-CRP in normal mental health group were lower than
that in abnormal mental health group (P <0.05). There were significant differences in activity level
and educational attainment between the two groups (P < 0.05). After adjusting for confounders, the
results of the multiple linear regression analysis showed that, Age, MAP, HR, FBG, TG were positively
correlated with baPWV; SCL-90 score, gender, BMI, educational qualification were negatively
correlated with baPWV. When the SCL-90 score of the general population increased by one point,
baPWYV decreased by 0.246 cm/s. Each such increase corresponded with a decrease in baPWYV of 0.299
cm/s for male participants in general (B= -0.299, P=0.007) and 0.412 cm/s for the male participants
in the older-age group (B = - 0.412, P=0.017). Although adverse psychological factors have a certain
impact on arterial stiffness, it does not constitute an independent risk factor.

Keywords Symptom checklist 90, Arterial stiffness, Mental health, Brachial-ankle pulse wave velocity

Arterial stiffness is a sign of vascular aging', and it is a risk factor for hard endpoints such as myocardial infarction
(MI), cerebral stroke, and all-cause mortality?. It is also a risk factor for hypertension, cognitive impairment,
and renal function decline®®. Currently, aging and hypertension are known to be the main causes of arterial
stiffness™!°. Pulse wave velocity (PWV) represents the velocity at which the pulse fluctuation caused by blood
circulation during cardiac ejection travels to the peripheral blood vessels. PWV is proportional to the stiffness of
the arterial wall and inversely proportional to the diameter of the vessel. PWV in large arteries can be used as a
marker for the detection of atherosclerosis!’. Several studies have shown that brachial-ankle pulse wave velocity
(baPWV) is a good predictor of arterial stiffness'?~*>.

Previous studies have shown that individuals with adverse psychological factors such as typical type A per-
sonality, chronic stress, anxiety or depressive behaviors have an increased risk of MI or stroke by 1.57 times, 2.67
times, 1.74 times, and 1.45 times, respectively'®". After conducting a meta-analysis involving data on 308,849
participants in a total of 148 studies with an average follow-up period of 7.5 years, Holt et al.** proved that indi-
viduals with adequate social relations had a mortality risk 0.5 times lower than those with poor social relations.
However, the reasons why adverse psychological behaviors lead to an individual’s increased cardiovascular risk
are still unclear. Chronic psychological stress contributes to the development of hypertension and hypertension
leads to arterial stiffness®!. Previous study showed that even a brief period of mild to moderate stress, might exert
significant adverse effects on arterial stiffness®'. However, the instantaneous effects on arterial stiffness were not
examined. On this basic, we assumed that adverse psychological factors increase the risk of events with adverse
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outcomes through the worsening of arterial stiffness. The Symptom Checklist 90 (SCL-90) score is one of the most
well-known global mental health tests to accurately assess an individual’s psychological symptoms and reflect
the individual’s overall mental health??. Herein, our study aimed to explore the correlation between the SCL-90
score and baPWV was examined and the correlation between mental health status and arterial stiffness analyzed.

Subject and methods
Research participants
The Kailuan study was a prospective cohort study based on a community’s population (Registration Number:
ChiCTR2000029767). The study design and procedures have been previously described in the literature?>. During
2006-2007, the first health check-up for existing and retired employees of Kailuan Group was conducted at 11
hospitals, including the Kailuan General Hospital and its subsidiary hospitals. Subsequently, the second, third,
fourth, fifth, and sixth health check-ups were performed on the same population in 2008-2009, 2010-2011,
2012-2013, 2014-2015, and 2016-2017, respectively. The contents of all six health check-ups were similar.
Beginning in 2010-2011, the baPWV of a few employees was measured during the annual health check-ups*?.
Additionally, from January to December 2016, mental health surveys were conducted for 10,688 employees of
the Tangshan, Zhaogezhuang, Fangezhuang, Linxi, Lvjiatuo, Majiagou, Tangjiazhuang, Linnancang, and Qianjiay-
ing Mines, of which 4936 participants received baPWV measurement from July 2015 to June 2018. Finally, 4424
met the inclusion criteria (Fig. 1). Based on the SCL-90 score, the study subjects were divided into normal mental
health group (SCL-90 score < 160, 3993 cases) and abnormal mental health group (SCL-90 score > 160, 431 cases).
This study was approved by the ethics committee of the Kailuan Mental Health Center (Ethical approval
number: KJK-KY-2018-05-09), and the informed consent forms were obtained from all patients. The study was
conducted in accordance with the Declaration of Helsinki.

Inclusion and exclusion criteria

Inclusion criteria

(i) Participants were between 18 and 60 years of age; (ii) All participants underwent physical examination and
completed the SCL-90 assessment in 2016; (iii) Participants’ baPWV was measured between July 2015 and June
2018; (iv) Participants agreed to participate in the study and signed an informed consent form.

Exclusion criteria
(i) Participants had a history of cancer, leukemia, and other malignancies, (ii) Participants with a variety of
mental disorders that met ICD-10 diagnostic criteria (except for alcohol and nicotine dependence). (iii) Par-
ticipants with hypertension, diabetes, diseases of respiratory system, cardiovascular diseases, or cerebrovascular
diseases. (iv) Participants who were taking hypoglycemic drugs or hypertension medicine. (v) Participant data
were incomplete.

Data collection

baPWYV measurement

The BP-203RPE III networked arterial stiffness detector (Omron Healthcare (China) Co., Ltd.) was used to
acquire the baPWV data. The temperature of the examination room was maintained at 22-25 °C (Celsius). Prior
to measurement, the participants were instructed not to smoke, to wear clothes made of a thin material, and
to rest for more than 5 min. They were then asked to remain quiet, lie down supine without a pillow, and place
both hands at the sides of their body with their palms facing up. The blood pressure cuffs for the four limbs were
placed on the upper arms and near the ankles. For the upper arms, the airbag logo of each cuff was aligned with
the brachial artery, with the lower edge of the cuff being 2-3 cm away from the cubital fossa. For the lower limbs,
the airbag logo of each cuff was aligned with the medial side of the limb, with the lower edge of the cuff being 1-2
cm away from the medial malleolus. The electrocardiogram detection devices were placed on the participants’
precordial region and clipped on the left and right wrists. Two measurements were taken for each participant,
and the larger baPWV value on the left or right side of the two measurements was taken as the final result. The
judgment standard of the American Heart Association’s Medical Scientific Statement 1993 was used as reference
to determine that baPWV > 1400 cm/s was an abnormal arterial condition and indicative of arterial stiffness.

SCL-90 assessment

The unit to which the research participants belonged would organize 200-300 employees to attend each assess-
ment session, where five professional psychiatrists were in attendance to provide on-site group guidance. After
the participants completed the questionnaire on their own, two psychiatrists used the Epidata3.1 software to
make a double entry of the data into the system. A total score of 160 was the cut-off value based on the scoring
explanation; those who scored 160 or higher and below 160 were categorized into groups with abnormal and
normal mental health, respectively?’.

Testing of biochemical indicators

The participants were instructed to fast for more than 8 h (h) before 5 ml (ml) of cubital venous blood was col-
lected between 07:00 and 09:00. The serum was separated and extracted within 4 h to detect the levels of triglyc-
erides (TG), high- and low-density lipoprotein cholesterol (HDL and LDL), fasting blood glucose (FBG), and
high-sensitivity C-reactive protein (Hs-CRP). The readings were made using the automatic biochemical analyzer
(Hitachi 7600, Hitachi Limited, Tokyo, Japan) and the operations were carried out by professional inspectors,
strictly in accordance with the reagent instructions, with a batch-wise quality control.
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Figure 1. Flow chart of patient enrollment.

Anthropometric indicators
Blood pressure (BP) was measured on the left arm using a mercury sphygmomanometer with an appropriately
sized cuff, following the standard recommended procedures. Systolic blood pressure (SBP) is the point at which
the first of two or more Korotkoff sounds is heard, and the disappearance of the Korotkoff sound indicates dias-
tolic blood pressure (DBP). At least two readings each of SBP and DBP were taken at 5-min intervals after the
participants had rested in a chair for at least 5 min. The average value of the multiple BP measures was used for
further analysis. The mean arterial pressure (MAP) calculation formula is (SDP +2 x DBP)/3.

Heart rate (HR), weight, and height were collected by licensed doctors, strictly in accordance with the meas-
urement standards, and the body mass index (BMI) was calculated as weight (kg)/height (m)?.

Definition of correlation

Age. The median age of 44 years was adopted as the cut-off value, following the World Health Organization’s
(WHO) (1982)% standards. Participants 44 years old and younger and those over 44 years old were categorized
into the low- and high-age groups, respectively.

Use of nicotine. The smoking level was an average of at least one cigarette/day over the past year.
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Use of alcohol.  Alcohol consumption was an average of at least two standard glasses/day (1 g of pure alcohol =
0.075 standard glass) over the past year.

Activity level. The activity level was defined based on participants’ average time spent seated per day: less
than 4h, between 4 and 8h, and 8h or more, which were considered as high, average, and low activity levels,
respectively.

Nature of work. Participants were divided into physical and mental labor types based on the nature of their
primary work.

Educational qualifications. Participants were divided into Junior high school and below, High school, College
and above according to their educational background.

Statistical methods

SAS v9.4 statistical software was used for the analysis. The distribution of all quantitative data was non-normal
and expressed by M (Q1-Q3). The non-parametric Wilcoxon test was used to compare the inter-group differ-
ences. A multiple linear regression model and a multiple logistic regression model were then used to analyze the
impact of the SCL-90 score on baPWV and the correlation between mental health status and arterial stiffness,
respectively.

Ethic approval

This study was approved by the ethics committee of the Kailuan Mental Health Center (Ethical approval number:
KJK-KY-2018-05-09), and the informed consent forms were obtained from all patients. The study was conducted
in accordance with the Declaration of Helsinki.

Results

Participants’ general baseline information

There were 3321 male participants, accounting for 75.07% of the total of 4424 employees. The participants’
median age at the time of the SCL-90 assessment in 2016 was 44 (37-50). The median SCL-90 score of the total
population was 106 (97-125), with the median scores of the male and female participants being 104 (96-123)
and 110 (99-132), respectively. Among the 4424 participants, there were 296 (6.69%) males and 135 (3.05%)
females with abnormal mental health.

The proportion of males, baPWV value, and abnormal proportion of baPWV in normal mental health group
were higher than those in abnormal mental health group, the difference was statistically significant (P <0.01).
There were significant differences in activity level and educational attainment between the two groups (P <0.01).
The Hs-CRP in normal mental health group were lower than that in abnormal mental health group, the differ-
ence was statistically significant (P <0.05). However, there were no statistically significant differences between
the two groups in age, SBP, DBP, MAP, BMI, HR, FBG, HDL, LDL, TG, nature of work, and use of nicotine and
alcohol (P >0.05) (Table 1).

Multiple linear regression analysis of the impact of SCL-90 score on baPWV

Considering the baPWV and the SCL-90 scores as the dependent and independent variables, respectively, step-
wise (forward) multiple linear regression analysis was performed to adjust for confounders such as gender, age,
MAP, BMI, HR, FBG, HDL, LDL, TG, Hs-CRB, activity level, nature of work, educational qualification, and use
of nicotine and alcohol. The results indicate that, Age, MAP, HR,FBG, TG were positively correlated with baPWV
(B=8.424, 6.415, 3.323, 14.024, 4.466, respectively, P <0.001,<0.001,<0.001,<0.001, 0.011, respectively), SCL-
90 score, gender, BMI, educational qualification were negatively correlated with baPWV (= —0.246,-92.379,
—2.813, — 11.040, respectively, P=0.009, <0.001, 0.006, 0.028, respectively) (Table 2). After dividing the gender
sub-groups and adjusting for confounders, when the SCL-90 score of the male participants increased by one
point, baPWV decreased by 0.299 cm/s (= —0.299, P =0.007) for male participants in general and 0.412 cm/s
(B=-0.412, P=0.017) for males in the high-age group. However, there was no effect on the female and male
participants in the low-age group (p= —0.033,-0.181, respectively, P=0.851, 0.182, respectively) (Table 3).

Logistic regression analysis of the correlation between mental health and arterial stiffness
For logistic regression analysis, the dependent variable was arterial stiffness (values of 1 and 0 were assigned
when baPWV > 1400 cm/s and < 1400 cm/s, respectively), while the independent variable was mental health status
(values of 1 and 0 were assigned when SCL-90 was > 160 and < 160, respectively). Three models were applied:

® Model 1: A single-factor model.

Model 2: Gender and age were adjusted using Model 1 as the base.

e Model 3: MAP, BMI, HR, FBG, HDL, LDL, TG, Hs-CRBP, activity level, nature of work, educational qualifica-
tion, and use of nicotine and alcohol were adjusted using Model 2 as the base.

Additionally, logistic regression analysis was performed on each sub-group based on gender and age.
For the general population, logistic regression analysis using single-factor Model 1 showed that poorer men-
tal health was a risk factor for arterial stiffness (OR 1.323, 95% CI 1.081-1.619, P=0.007). After the respective
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Mental health (SCL-90 score)
Variable Total population (4424) | Normal (3993) Abnormal (431) P
Male: 1 (%) 3321 (75.07) 3025 (75.76) 296 (68.68) 0.001
Age (years old) 44 (37-50) 44 (37-50) 43 (36-50) 0.272
SCL-90 score 106 (97-125) 103 (96-117) 194 (172-222) <0.001
SBP (mmHg) 130.00 (120.00-140.33) 130.00 (120.00-140.67) | 130.00 (119.67-140.00) 0.618
DBP (mmHg) 80.00 (72.00-87.33) 80.00 (72.33-87.33) 80.00 (71.33-88.00) 0.702
MAP (mmHg) 96.67 (88.67-104.89) 96.67 (88.78-104.78) 95.89 (87.78-105.33) 0.620
BMI (kg/m?) 25.06 (22.89-27.43) 24.98 (22.91-27.36) 25.39 (22.86-27.58) 0.103
HR (beats/min) 75 (69-84) 76 (69-84) 75 (68-82) 0.102
FBG (mmol/L) 5.30 (4.90-5.80) 5.30 (4.90-5.80) 5.25 (4.89-5.68) 0.064
HDL (mmol/L) 1.37 (1.16-1.62) 1.37 (1.16-1.63) 1.36 (1.15-1.58) 0.143
LDL (mmol/L) 2.78 (2.30-3.31) 2.78 (2.30-3.30) 2.83 (2.28-3.38) 0.255
TG (mmol/L) 1.29 (0.86-2.06) 1.27 (0.86-2.05) 1.37 (0.92-2.15) 0.065
Hs-CRP (mg/L) 0.70 (0.20-1.80) 0.69 (0.20-1.76) 0.83 (0.30-1.97) 0.012
baPWV (cm/s) 1381 (1242-1555) 1385 (1245-1558) 1359 (1209-1524) 0.001
baPWV > 1400 cm/s: n (%) 2071 (46.81) 1896 (47.48) 175 (40.60) 0.007
Activity level: n (%)
Low 230 (5.44) 218 (5.70) 12 (2.95)
Average 3080 (72.83) 2752 (72.00) 328 (80.59) <0.001
High 919 (21.73) 852 (22.29) 67 (16.46)
Nature of work: n (%)
Mental labor 899 (20.75) 809 (20.67) 90 (21.48) 0.697
Physical labor 3434 (79.25) 3105 (79.33) 329 (78.52)
Educational qualifications: n (%)
Junior high school and below 1289 (29.17) 1192 (29.88) 97 (22.56)
High school 1599 (36.18) 1458 (36.55) 141 (32.79) <0.001
College and above 1531 (34.65) 1339 (33.57) 192 (44.65)
Use of nicotine: n (%) 2009 (45.41) 1810 (45.33) 199 (46.17) 0.739
Use of alcohol: 1 (%) 2596 (58.68) 2353 (58.93) 243 (56.38) 0.308

Table 1. General information of the research participants. SCL-90 Symptom Checklist 90, SBP systolic blood
pressure, DBP diastolic blood pressure, MAP mean arterial pressure, BMI body mass index, HR heart rate, FBG
fasting blood sugar, HDL high-density lipoprotein cholesterol, LDL low-density lipoprotein cholesterol, TG
triglyceride, Hs-CRP hypersensitive C-reactive protein, baPWV brachial-ankle pulse wave velocity.

adjustments were made for Models 2 and 3, no correlation was found between mental health and arterial stiffness
(OR 1.218, 95% CI 0.932-1.592, P=0.149) (Table 4).

Similarly, no correlation was found between mental health and arterial stiffness in both male and female
population after adjustment for Models 2 and 3 (OR 1.235, 1.064, respectively, 95% CI 0.922-1.654, 0.551-2.055,
respectively, P=0.156, 0.852, respectively) (Table 4).

After stratification by gender and age, we found no correlation between mental health status and arterial
stiffness for each sub-group (OR 1.137, 1.296, 0.654, 1.534, respectively, 95% CI 0.746-1.737, 0.862-1.949,
0.246-1.738, 0.630-3.733, respectively, P=0.551, 0.213, 0.395, 0.346, respectively) (Table 5).

Discussion

In this study, we were unable to prove the hypothesis that adverse psychological factors lead to the worsening
of arterial stiffness. Although the results of the linear regression analysis showed that the adverse psychological
factors had a certain impact on the arterial stiffness, that impact did not constitute an independent risk factor.
Therefore, we think that adverse psychological factors may increase the risk of adverse outcomes through other
channels (e.g., lifestyle).

The results showed that the median SCL-90 score of the participants was 106 (97-125), which was lower
than China’s standard of 129.96 + 38.7%’. Participants with a score of 160 or higher accounted for 9.47% of the
population, which was relatively low compared to the results of previous studies (3.79-29.1%). This situation
might be because the research population was comprised entirely of employees of state-owned enterprises. These
enterprises provide various guarantee mechanisms, which enable the employees to maintain living situations that
were relatively stable. As a result, the employees face less social stress such as employment, income, and various
types of basic insurance. Therefore, the mental health of these employees would generally be good.

The median baPWYV of all participants was 1381 (1242-1555) cm/s, and those who having baPWV >1400
cm/s accounting for 46.81%. This value was lower than the 43.74-63.50%, detected during previous studies*~3
possibly due to the average age of the participants, which was relatively low, with a median age of 44 (37-50).
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Variable ‘ Degrees of freedom ‘ B ‘ Standard error ‘ t ‘ P
Model 1

Total SCL-90 score E [ 0443 [ 0120 | -371 [ <0001
Model 2

Total SCL-90 score 1 —-0.285 0.104 -2.74 0.006
Gender 1 -172.734 8.694 -19.87 <0.001
Age 1 11.589 0.438 26.44 <0.001
Model 3

Total SCL-90 score 1 —-0.246 0.095 —-2.61 0.009
Gender 1 -92.379 10.233 -9.03 <0.001
Age 1 8.424 0.446 18.90 <0.001
MAP 1 6.415 0.317 20.21 <0.001
BMI 1 -2.813 1.027 -2.74 0.006
HR 1 3.323 0.288 11.52 <0.001
FBG 1 14.024 2.145 6.54 <0.001
HDL 1 —2.885 6.910 -0.42 0.676
LDL 1 2.219 4.319 0.51 0.607
TG 1 4.466 1.747 2.56 0.011
Hs-CRP 1 2.307 1.638 1.41 0.159
Activity level 1 0.413 6.628 0.06 0.950
Nature of work 1 —-2.252 9.484 -0.24 0.812
Educational qualification | 1 —-11.040 5.015 -220 0.028
Use of nicotine 1 —0.669 7.824 -0.09 0.932
Use of alcohol 1 11.177 8.017 1.39 0.163

Table 2. Multiple linear regression results: impact of the general population’s SCL-90 score on baPWV. SCL-90
Symptom Checklist 90, MAP mean arterial pressure, BMI body mass index, HR heart rate, FBG fasting blood
sugar, HDL high-density lipoprotein cholesterol, LDL low-density lipoprotein cholesterol, TG triglyceride,
Hs-CRP hypersensitive C-reactive protein.

Group Degrees of freedom B Standard error t P

General population 1 -0.246 0.095 -261 0.009
Female population 1 -0.033 0.177 -0.19 0.851
Male population 1 -0.299 0.110 -2.70 0.007
Low-age group 1 -0.181 0.135 -1.34 0.182
High-age group 1 -0.412 0.172 -2.39 0.017

Table 3. Multiple linear regression analysis: impact of the SCL-90 score on baPWV. The models have been
adjusted for confounding factors such as gender, age, MAP, BMI, HR, FBG, HDL, LDL, TG, Hs-CRP, activity
level, nature of work, educational qualification, and use of nicotine and alcohol.

In addition, the overall level of arterial stiffness was not high may be due to the majority of the population was
engaged in heavy manual labor.

The results of previous research suggested that individuals with poor mental health were more likely to suf-
fer from cardiovascular diseases®**%. A number of previous studies®*® have showed that the worse the mental
health and the longer the duration of the condition, the more serious the cardiovascular diseases and the higher
the risk of an adverse outcomes. However, many aspects of the correlation between adverse psychological fac-
tors and the occurrence of arterial stiffness and cardiovascular diseases remain unclear. For example, Nicholson
et al.’”” conducted a meta-analysis of 54 observational studies that included a total of 146,533 samples and 6362
outcomes, the results showed that symptoms of depression had a clear impact on cardiovascular diseases. How-
ever, because screening for risk factors for these disorders involves subjective selection, they argued that the
overall adjustment effect for depression would be weak if all etiologic factors were adjusted. Thus, depression
still cannot be considered an independent risk factor for cardiovascular diseases. One the other hand, although
the studies by Steptoe et al. similarly demonstrated that depression was associated with an increased risk of car-
diovascular disease®®, and further analyzed the relationship between work stress and arterial stiffness®, studies
of this nature typically include a broader demographic and do not focus on a specific group as this study does,
such as coal miners in China. Additionally, they do not employ a specific psychological assessment tool like the
SCL-90 utilized in our research.
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95% CI limit

Group B S.E. Wald |df |P OR Lower | Upper
General population
Model 1 0.1398 | 0.0515 |7.3594 |1 0.007 |1.323 | 1.081 1.619
Model 2 0.1066 | 0.0583 |3.3455 |1 0.067 | 1.238 |0.985 1.555
Model 3 0.0986 |0.0683 |2.0842 |1 0.149 | 1.218 |0.932 1.592

Male population
Model 1 0.1043 | 0.0610 |2.9263 |1 0.087 | 1.232 |0.970 1.565
Model 2 0.1258 | 0.0649 |3.7554 |1 0.053 | 1.286 |0.997 1.659
Model 3 0.1057 |0.0745 |2.0110 |1 0.156 | 1.235 |0.922 1.654

Female population
Model 1 0.0734 | 0.1215 |0.3653 |1 0.546 | 1.158 |0.719 1.865
Model 2 0.0215 |0.1275 |0.0284 |1 0.866 |1.044 |0.633 1.721
Model 3 0.0312 | 0.1679 |0.0346 |1 0.852 | 1.064 |0.551 2.055

Table 4. Logistic regression analysis of the general population and gender sub-groups. Model 1: A single-
factor model. Model 2: Gender and age were adjusted using Model 1 as the base. Model 3: MAP, BMI, HR,
FBG, HDL, LDL, TG, Hs-CRP, activity level, nature of work, educational qualification, and use of nicotine and
alcohol were adjusted using Model 2 as the base.

95% CI limit
Group B S.E. Wald Df P OR Lower Upper
Male population
<44yo 0.0643 0.1077 0.3563 1 0.551 1.137 0.746 1.737
>44 yo 0.1296 0.1040 1.5529 1 0.213 1.296 0.862 1.949
Female population
<44yo -0.2122 0.2493 0.7248 1 0.395 0.654 0.246 1.738
>44 yo 0.2138 0.2270 0.8875 1 0.346 1.534 0.630 3.733

Table 5. Logistic regression analysis of the male and female populations by age group. All models were
adjusted for confounding factors such as gender, age, MAP, BMI, HR, FBG, HDL, LDL, TG, Hs-CRP, activity
level, nature of work, education qualification, and use of nicotine and alcohol. yo years old.

In this study, regardless of the influence of confounders, we noticed that baPW'V exhibited a gradual down-
ward trend with increasing SCL-90 scores. This was applicable to the general population but was more prominent
among the male population, especially those over 44 years old. However, the results of the logistic regression
analysis showed that it not an independent risk factor of arterial stiffness. It was similar to the Nicholson et al’
study”’.

The participants in this study were 18-60 years old, with a median age of 44 (37-50) years. The majority of
the participants were coal miners who performed heavy manual labor and would be uniquely affected by the
underground working environment. Each day, these workers were exposed to sunlight for only a short period of
time, while remaining in a dim, noisy, dusty, and vibrating environment with high temperatures and humidity for
along period of time. These conditions could easily lead to a state of depression. Most coal miners have formed
unique emotional traits and adopted a special lifestyle to relieve stress and relaxation, such as resting, inhaling
nicotine or drinking alcohol. The proportion of smokers in this study was 45.41%, that of male smokers being
58.21%. This is double the proportion of smokers in the' European region (29%) (WHO, 2019)*. The proportion
of alcohol drinkers was 58.68%, with that of male drinkers being 71.15%. This is also much higher than the 43%
of alcohol drinkers worldwide (WHO, 2018)*'.

The dietary structure of colliery workers mainly consists of foods high in fat, sugar, and calories to provide
the additional energy for engaging in physically demanding tasks, and mealtimes are often irregular. But their
eating habits would eventually become a double-edged sword. On one hand, they were able to avoid experienc-
ing poor mental states and enjoy greater psychological pleasure, leading to a greater sense of happiness and
satisfaction**~*%; on the other hand, a high burden was placed on their cardiovascular system, which would
eventually cause the worsening of arterial stiffness*>*. Of course, this hypothesis requires further analysis based
on more detailed information about their dietary structure. In addition, some people were affected by their own
cultural literacy and social class, had strong self-discipline, and would not eat high-sugar and high-oil diets
to relieve pressure, so their dietary structure had less pressure on the cardiovascular system. This was mainly
reflected in the population with college degree and above, although the proportion of these people with negative
emotions was higher (44.65%), the overall level of arterial stiffness was relatively low.
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The correlation between adverse psychological factors and arterial stiffness was mainly reflected for male
participants over 44 years old. A possible reason is that the various compensation mechanisms of the human
body are more effective at 44 years old or younger, such that the organism can better offset the impacts of the
aforementioned coping style. This style do not essentially change with age, but the functionality of the various
organs gradually declined and the compensation mechanisms slowly weakened. As one grows older, the body
will progressively lose the ability to offset the effects exerted by various factors on the cardiovascular system,
leading to more obvious abnormalities in arterial stiffness.

Opverall, the population of this study had dissimilar characteristics from other populations in terms of their
mental needs and lifestyle. In addition to improving the working environment to ameliorate workers’ adverse
emotional states, more attention should be paid to the way they cope with negative emotions. As such, they
should be guided to find alternative ways to relieve stress instead of having an unhealthy lifestyle and poor
dietary structure. Meanwhile, they should be provided with more venues, conditions, and opportunities that
would eventually allow them to form a different coping style with good adaptability. The resultant behaviors will
ensure they will be able to maintain good mental health without any adverse effects on the cardiovascular and
other systems, which is important to the overall health of this group.

There were certain limitations to this study. First, the causal relationship between mental health and arterial
stiffness could not be determined by the cross-sectional study design. Second, a more detailed stratification
between mental health and arterial stiffness could not be identified because there was no exhaustive survey on
participants’ lifestyle and perceived stress. These limitations will be addressed in a follow-up study.

Conclusion

The results of this study suggested that although adverse psychological factors have a certain impact on arterial
stiffness, it does not constitute an independent risk factor. Adverse psychological factors increase the risk of
adverse outcomes may through other ways. In addition, more places, conditions and opportunities should be
provided for people so that they can maintain good mental health to reduce the adverse effects of bad emotions
on cardiovascular and other systems.

Data availability

The data used to support the findings of this study are available from the corresponding author upon request.
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