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Objectives: The study aimed to estimate the role of liver fibrosis in the association between occupational physical activity (OPA) and blood pressure (BP), which is modified by lifestyle factors.

Methods: The questionnaire survey and physical examination were completed among 992 construction workers in Wuhan, China. Associations between OPA or lifestyle factors and liver fibrosis indices and blood pressure were assessed using generalized additive models. The mediation analysis was used to evaluate the role of liver fibrosis in the association between OPA and lifestyle factors and BP.

Results: Moderate/high OPA group workers had an increased risk of liver fibrosis [odds ratio (OR) = 1.69, 95% confidence intervals (CI): 1.16–2.47, P < 0.05] compared with low OPA group workers. Smoking or drinking alcohol was related to liver fibrosis (aspartate aminotransferase to platelet ratio index: OR = 2.22, 95% CI: 1.07–4.62 or OR = 2.04, 95% CI: 1.00–4.15; P < 0.05). Compared with non-drinkers, drinkers were related to a 2.35-mmHg increase in systolic blood pressure (95% CI: 0.09–4.61), and a 1.60-mmHg increase in diastolic blood pressure (95% CI: 0.08–3.13; P < 0.05). We found a significant pathway, “OPA → liver fibrosis → blood pressure elevation,” and lifestyle factors played a regulatory role in the pathway.

Conclusion: OPA or lifestyle factors were associated with liver fibrosis indices or BP in construction workers. Furthermore, the association between OPA and BP may be partially mediated by liver fibrosis; lifestyle factors strengthen the relationship between OPA and BP and the mediation role of liver fibrosis in the relationship.
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1 Introduction

In recent times, the number of people with cardiovascular diseases (CVD) worldwide has reached 520 million, and the number of deaths increased to 18.6 million in 2019 (1). Hypertension is a major risk factor for CVD and is one of the leading causes of premature death worldwide. Approximately 1.28 billion people have hypertension worldwide, of whom 245 million live in China (2). A survey of 37,856 participants from 18 cities in China showed that blue-collar workers (such as construction workers, etc.) were the most high-risk group for hypertension, with a prevalence of nearly 30% (3). Therefore, it may be of great significance to explore the risk factors for hypertension and their impact on the cardiovascular health of blue-collar workers.

In recent times, more and more studies have started to explore the association between occupational physical activity (OPA) and blood pressure (BP) in workers, but the results are controversial. Some studies have demonstrated that higher physical activity was associated with a lower risk of hypertension compared to low physical activity (4, 5). However, a Chinese cohort study (n = 9,350) found that high OPA workers had a 1.46 times higher risk of new-onset hypertension compared with low OPA workers (P < 0.05) (6). Although they both focus on the association between physical activity and hypertension in Asians, the focus in the above studies is on different aspects. First, the subjects have different occupations and workplaces. Second, there are dissimilar applications of grouping criteria for the OPA in these studies. Moreover, previous studies have provided evidence that lifestyle factors were also significantly associated with increased BP or the risk of hypertension (7, 8). A Canadian study (n = 1,177) found that individuals drinking alcohol ≥3 times weekly had approximately double the risk of hypertension compared with non-drinkers (P < 0.05) (9). A cross-sectional analysis from China (n = 1,248) found that former smokers had a 1.48 times higher risk of hypertension compared with never-smokers (P < 0.05) (10). A study conducted on South Asian Americans (n = 716) found that the relative risk of hypertension was reduced by 67% with regular intake of fruit, vegetables, and other healthy diet habits compared to people who ate fewer fruits and vegetables (11). It is important to explore the role of lifestyle factors in the association between OPA and BP among blue-collar workers. This research will carry out a mediation or moderation analysis to investigate the association between OPA and blood pressure (BP) among blue-collar workers by considering lifestyle factors.

According to the previous study, behavior, gender, and metabolic factors (obesity, blood lipids, and blood glucose) have been proposed as potential risk factors that can give rise to hypertension. Furthermore, some studies indicated that metabolic factors may play a mediating role in the development of hypertension (12, 13). In addition, epidemiological studies pointed out that metabolic factors may be related to liver fibrosis, such as blood lipids, blood glucose, and uric acid (14). Meanwhile, mechanistic studies found that the associations between liver fibrosis and BP are likely complex and bidirectional (15). On the one hand, liver fibrosis can promote systemic inflammation through damage-associated molecular patterns and altered hepatocyte profiles (16). Additionally, liver fibrosis can increase hepatic diacylglycerol, which activates protein kinase C and decreases insulin signaling, resulting in hepatic insulin resistance (17). Increased levels of inflammation and insulin resistance are two important and possible mechanisms underlying the development of hypertension. On the other hand, hypertension can increase hepatic vascular tone, aggravate the burden on the liver, and lead to architectural disturbances in the liver (including fibrosis, nodule formation, etc.) (18). More and more mechanistic evidence suggests that liver fibrosis may promote the development of hypertension (19). In addition, the early stages of liver fibrosis are usually reversible, which may be a breakthrough point in the prevention of hypertension. However, few epidemiological studies have pointed out that liver fibrosis plays a mediating role in the pathogenesis of hypertension.

Our study aims to explore the mediating effect of liver fibrosis on the association between OPA and BP in the occupational population, which is modified by lifestyle factors. This study incorporates three key lifestyle factors (smoking, drinking alcohol, and dietary habits) as moderators. Five liver fibrosis indices were used as mediators, which were calculated by blood lipid, blood glucose, and aspartate aminotransferase, among others Age, gender, seniority, and body mass index were included as covariates.



2 Methods


2.1 Study population and design

The study was conducted between June and October 2022 among construction workers in Wuhan, China. A total of 1,388 eligible individuals who were aged ≥18 years and had a seniority of ≥1 year were recruited for our study. Participants with missing data on physical examination (n = 186) or questionnaire information (n = 124) were excluded. Participants with acute upper respiratory tract infections or immune system diseases (including systemic lupus erythematosus, rheumatoid arthritis, etc.) (n = 79) were excluded. We additionally excluded participants with diagnosed cardiovascular diseases other than hypertension and infectious diseases (such as viral hepatitis) (n = 7). The remaining 992 participants were included in the cross-sectional study. We used the Monte Carlo power analysis to determine the sample size for our proposed mediation model in the application of indirect effects (20). After fitting the models, we found that statistical power was 70%−90% when the correlation coefficient was in the range of 0.10–0.25 (standard deviation = 0.50) among the independent variable, the mediator, and the dependent variable in our study.

Each participant signed an informed consent after an explanation of the research procedures. The study was approved by the Medical Research Ethics Committee of the Wuhan Prevention and Treatment Center for Occupational Diseases.



2.2 Questionnaire survey and physical examination

A total of 992 participants were invited to complete a face-to-face questionnaire. Sociodemographic data, including gender, age, educational attainment, occupational history (such as seniority, jobs, etc.), personal and family medical histories, monthly income, and lifestyle factors (such as smoking, drinking alcohol, bland diet habits, etc.), were collected from the participants. Smoking was defined as smoking ≥1 cigarette per day for more than 6 months; drinking alcohol was defined as drinking alcohol ≥1 time per month for more than 6 months; and a bland diet habit was defined as a habit of showing preference for foods that are gentle on the stomach and easy to digest, such as rice, lean meats, and vegetables (21, 22). According to the occupational health standards in China (23), the definition of OPA, based on the intensity index of physical work (calculated from the working time rate, the average energy metabolic rate of an 8-h workday, the sex-based coefficient of physical work, and the pattern coefficient of physical work), is divided into four grades: low OPA (intensity index ≤ 15), moderate OPA (intensity index >15 and intensity index ≤ 20), high OPA (intensity index >20 and intensity index ≤ 25), and extremely-high OPA (intensity index >25). In this study, we refer to the above occupational health standards in Appendix B. Through the characteristics of the occupational description, 338 workers were divided into low OPA groups (including administrative managers, accountants, chefs, storekeepers, etc.), and 654 workers were divided into moderate/high OPA groups (including painters, porters, masonry workers, etc.). In the questionnaire, we designed some questions (including “What is your job?”, “How do you perceive the level of OPA?”, “How many hours do you usually work 1 day?”, etc.). Before the field investigation, each inquirer was trained to improve his or her interrogation skills. In addition, we obtained the relevant OPA information about the different job descriptions and working durations and found that all the workers' duration of OPA was between 8 and 10 h. Additionally, none of the participants took part in any form of leisure-time physical activity. The two-way validation was performed during the questionnaire entry.

Each participant also finished the physical examination. Body weight and height were measured according to the standardized procedures. Body mass index (BMI) = body weight (kg) ÷ height (m2). BP and heart rate (HR) were measured by an automated instrument (Omron-705CP; Omron Corp., Tokyo, Japan) (24). Blood biochemistry, including alanine aminotransferase (ALT), aspartate aminotransferase (AST), total cholesterol, and albumin levels, were measured by the automatic biochemistry analyzer (TBA-FX8, Japan). The maximum reference value of AST was 40 μl. Blood routine indicators, including white blood cell count, platelet count, lymphocyte count, mean platelet volume, red blood cell distribution width, and platelet distribution width, were analyzed by an automatic blood cell analyzer (Mindray BC-6800Plus, Shenzhen, China).

According to the formulae described in detail elsewhere and classified based on the presence or absence of liver fibrosis based on cutoff values (25–27): non-alcoholic fatty liver disease fibrosis score (NFS): liver fibrosis was defined as NFS ≥-1.455; fibrosis index based on the four factors (FIB-4): liver fibrosis for participants aged ≤ 49, 50–59, 60–69, and ≥ 70 years was defined as FIB-4 >1.05, >1.24, >1.88, and >1.95, respectively; aspartate aminotransferase to platelet ratio index (APRI): liver fibrosis was defined as APRI >0.5; aspartate aminotransferase to alanine aminotransferase ratio (AAR): liver fibrosis was defined as AAR >1.5; and red blood cell distribution width to platelet ratio (RPR): liver fibrosis was defined as RPR >0.09 (25–27). Hypertension was defined as systolic blood pressure (SBP) ≥140 mmHg and/or diastolic blood pressure (DBP) ≥90 mmHg. Pre-hypertension was defined as SBP between 120 and 139 mmHg and/or DBP between 80 and 89 mmHg (24).



2.3 Statistical analysis

The questionnaire information was double-entered into Epidata 3.1. We used the Student's t-test and the chi-square test to analyze and compare the data. A generalized additive model (GAM) with natural spline was used to estimate the effects of OPA or lifestyle factors on liver fibrosis and BP. The natural spline can fit a smooth curve to better explain the non-linear relationship between OPA (low OPA = 0 and moderate/high OPA = 1), smoking (no = 0 and yes = 1), drinking alcohol (no = 0 and yes = 1), bland diet habits (no = 1 and yes = 0), liver fibrosis, and BP (28). We adjusted for age, sex, BMI, seniority, marital status, and average monthly income in the models. Judging from the Akaike information criterion value, we determined the degree of freedom of the smooth function corresponding to the preferred model.

FIB-4, APRI, AAR, and RPR were all log-nature (ln)-transformed considering their right-skewed distribution. The percentage changes in the estimated liver fibrosis were calculated according to the following equation: [exp (β) – 1] × 100%, and the regression coefficient β was obtained from the GAM. The result represented estimated changes and 95% confidence intervals (CI) of BP or HR per one-unit increase in the four liver fibrosis indices. The relationship between OPA and lifestyle factors such as liver fibrosis and hypertension was evaluated by odds ratios (OR). R software version 4.2.2 (packages of mgcv, splines, and ggplot2) and GraphPad Prism 9 (GraphPad Software Inc., San Diego, CA, USA) were used for the analysis procedures and visualization.

We hypothesized that OPA was associated with BP, which could be mediated by liver fibrosis (Supplementary Figure S1). Then, we fitted the two-step linear mixed-effect regression models with random intercepts to quantify the mediating effect of liver fibrosis indices on the association between OPA or lifestyle factors and BP (29).
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where i represents each participant and j represents the clinical visit; Mij corresponds to liver fibrosis indices, and γij corresponds to BP. βexposure refers to the OPA in exposure-mediator interactions. γMMij means liver fibrosis indices in the mediator-outcome interactions. The direct and indirect effects (i.e., mediated effects) were represented as γexposure and βexposure × γm, respectively. The proportion of the total effect mediated was calculated as the percentage of indirect effect over the sum of direct and indirect effect [i.e., (βexposure × γM)/(βexposure × γM + γexposure)]. All of the mediation analyses were conducted with the PROCESS macro in Statistical Package for the Social Sciences (SPSS) 25.0 statistical software (V2.16.3, by Andrew F. Hayes). Two-tailed P-values of < 0.05 were considered to have statistical significance.




3 Results

The baseline values of age (47.3 ± 10.2 years vs. 40.1 ± 13.5 years, P < 0.05), seniority (14.3 ± 9.1 years vs. 11.3 ± 8.5 years, P < 0.05), SBP (129.93 ± 17.85 mmHg vs. 123.88 ± 17.69 mmHg, P < 0.05), DBP (77.28 ± 11.52 mmHg vs. 74.49 ± 11.89 mmHg, P < 0.05), NFS (−2.26 ± 1.14 vs. −2.74 ± 1.24, P < 0.05), FIB-4 [1.02 (0.77–1.36) vs. 0.77 (0.50–1.10), P < 0.05], APRI [0.23 (0.19–0.30) vs. 0.22 (0.17–0.29), P < 0.05], and AAR [1.12 (0.91–1.35) vs. 0.97 (0.78–1.29), P < 0.05] of the moderate/high OPA group were higher than those of low OPA group (Table 1).


TABLE 1 Characteristics of the study population.
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Figure 1 showed that there were significant positive associations between smoking and liver fibrosis (APRI: OR = 2.22, 95% CI: 1.07–4.62; AAR: OR = 1.52, 95% CI: 1.00–2.31, both P < 0.05) and between drinking alcohol and liver fibrosis (APRI: OR = 2.04, 95% CI: 1.00–4.15, P < 0.05). Diet habit was associated with liver fibrosis (AAR: OR = 1.71, 95% CI: 1.03–2.84, P < 0.05) in all participants, and similar results were found in the moderate/high OPA group (AAR: OR = 2.34, 95% CI: 1.20–4.55, P < 0.05). Additionally, we found that the moderate/high OPA group workers had an increased risk of liver fibrosis (FIB-4: OR = 1.69, 95% CI: 1.16–2.47, P < 0.05) compared with low OPA group workers. Similar results were found when the liver fibrosis indices were continuous variables (Supplementary Figure S2).


[image: Figure 1]
FIGURE 1
 The association between occupational physical activity and lifestyle factors and liver fibrosis. A generalized additive model was used to estimate the odds ratios and 95% confidence intervals, adjusted for age, sex, body mass index, job seniority, marriage, and average monthly earnings. OPA, occupational physical activity; drinking, drinking alcohol; diet, diet habits; NFS, non-alcoholic fatty liver disease fibrosis score; FIB-4, fibrosis index based on the four factors; APRI, aspartate aminotransferase to platelet ratio index; AAR, aspartate aminotransferase to alanine aminotransferase ratio; RPR, red blood cell distribution width to platelet. *P < 0.05.


Figure 2 showed that there were significant positive associations between drinking alcohol and BP. In a stratified analysis, the association between drinking alcohol and BP was stronger in the moderate/high OPA group. Among the total number of participants, drinking alcohol was related to a 2.35-mmHg increase in SBP (95% CI: 0.09–4.61), a 1.60-mmHg increase in DBP (95% CI: 0.08–3.13), or a 1.97 time/min increase in HR (95% CI: 0.43–3.50; all P < 0.05). In the moderate/high OPA group, drinking alcohol was positively associated with SBP (2.79, 95% CI: 0.02–5.56), DBP (1.99, 95% CI: 0.17–3.82), or HR (2.70, 95% CI: 0.85–4.54; all P < 0.05). Additionally, we found that moderate/high OPA group workers had an increased risk of pre-hypertension (OR = 1.47, 95% CI: 1.09–1.98, P < 0.05) compared with low OPA group workers.


[image: Figure 2]
FIGURE 2
 The association between occupational physical activity and lifestyle factor and blood pressure. Estimated changes (95% confidence intervals) in blood pressure, heart rate, and odds ratios (95% confidence intervals) for hypertension and pre-hypertension from different occupational physical activity and lifestyle factors. The result from a generalized additive model adjusted for age, sex, body mass index, job seniority, marriage, and average monthly earnings. OPA, occupational physical activity; drinking, drinking alcohol; diet, diet habits; SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate. *P < 0.05.


The mediation analysis study suggests the significance of the pathways “OPA → liver fibrosis → blood pressure elevation.” Liver fibrosis indices (NFS and FIB-4) partially contributed to the effect of OPA on SBP (mediation proportions were 22.56 and 41.39%, both P < 0.05), and NFS partially contributed to the effect of OPA on DBP (mediation proportions were 20.33%, P < 0.05). However, we did not find evidence of the mediating effect of liver fibrosis indices on the association of OPA and lifestyle factors with HR, hypertension, or pre-hypertension (Supplementary Table S1).

Tables 2–6 show that the mediation analysis study considers lifestyle factors. In Table 2, it is shown that the indirect effect of OPA on SBP is higher in the smoking group than in the non-smoking group (β = 1.25 vs. β = 1.22, both P < 0.05). Similarly, the indirect effect of OPA on SBP is higher in the drinking alcohol group than in the non-drinker group (β = 1.62 vs. β = 1.04, both P < 0.05). In addition, the indirect effect of OPA on SBP is higher in the no-bland diet group than in the bland diet group (β = 1.24 vs. β = 1.14, both P < 0.05). Table 3 shows the significance of the pathways “OPA → liver fibrosis → blood pressure elevation” in the smoking or drinking alcohol group (P < 0.05). However, this significance was not observed in the group of non-smokers or non-drinkers of alcohol. As a result, lifestyle factors play a regulatory role in the pathways “OPA → liver fibrosis → blood pressure elevation.”


TABLE 2 The mediating effect of NFS on the association between OPA and blood pressure in different lifestyle groups.
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TABLE 3 The mediating effect of FIB-4 on the association between OPA and blood pressure in different lifestyle groups.
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TABLE 4 The mediating effect of APRI on the association between OPA and blood pressure in different lifestyle groups.
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TABLE 5 The mediating effect of AAR on the association between OPA and blood pressure in different lifestyle groups.
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TABLE 6 The mediating effect of RPR on the association between OPA and blood pressure in different lifestyle groups.
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4 Discussion

We observed a significant positive association between OPA and the risk of liver fibrosis, and OPA strengthened the association between lifestyle factors and liver fibrosis indices as well. A cross-sectional study (n = 167,000) conducted in the north of the Netherlands found that OPA was positively associated with the liver fibrosis index (P < 0.05) (30). This finding is consistent with the results of our study. Mechanistic studies have shown that high-intensity physical activity results in micro-tears or damage in the muscle fibers and leads to increased inflammatory cytokine (such as interleukin-8, interleukin-10, C-reactive protein, etc.) levels (31, 32). Not having enough time to recover after intense physical activity may lead to persistent inflammation (31), which is the prerequisite for the formation of liver fibrosis and the driving force behind its progression (33). However, a prospective study of Americans (n = 755,459) found that engaging in leisure-time physical activity was associated with a significantly lower risk of liver cancer compared with engaging in no physical activity (P < 0.05) (34). For the most part, OPA is not equal to leisure-time physical activity and may even be harmful to our health (35). First, the purpose of the two physical activities is different. Leisure-time physical activity refers to planned, repetitive activities (such as swimming and running) to maintain physical fitness (36); OPA refers to a variety of activities arising from work, including standing for long periods of time, repetitive bending over, and pushing and pulling (37). Second, the oxygen consumption is different between the two physical activities. Leisure-time physical activity generally involves shorter periods of moderate-intensity aerobic exercise, while OPA usually involves a large amount of anaerobic exercise (such as repetitive work and prolonged static posture tasks), which is often more than 40 h/week and lacks sufficient recovery time (38, 39).

Our results showed a significant positive association between lifestyle factors and liver fibrosis. A cohort study of Koreans (n = 1,070,991) found that men who smoked ≥20 pack-years had 1.29 times (95% CI: 1.18–1.42) higher incidence of liver fibrosis compared to non-smokers; women who smoked ≥10 pack-years had 1.75 times (95% CI: 1.12–2.73) increased risk of liver fibrosis compared to non-smokers (P < 0.05) (40). The results suggest that smokers have a higher risk of liver fibrosis than non-smokers. Unhealthy diet habits also play an important role in liver fibrosis. A toxicological study using male KK-Ay/TaJcl mice showed that their liver tissue sections showed an increase in the total area of hepatic fibrosis by 2% after feeding the diet containing 40 kcal% fat, 20 kcal% fructose, 2% cholesterol, and 0.5% cholic acid for 12 weeks (41). Some mechanistic studies found that an excessive high-fat diet can lead to hepatocyte injury and death through altered lipid and glucose metabolism or inflammation. Furthermore, it can induce activation of hepatic stellate cells and collagen deposition and ultimately result in liver fibrosis and even hepatocellular cancer (42, 43).

Our study found that OPA was positively associated with BP. A longitudinal study in Copenhagen (n = 104,046) found a 35% increased risk of major adverse cardiovascular events (e.g., cardiovascular death, cardiac arrest, cardiogenic shock, etc.) in the high OPA group compared to the low OPA group (44). Mechanistic studies suggest that this increase may be due to sympathetic hyperactivity as a result of high OPA and the excessive secretion of norepinephrine results in higher BP (45). In addition, studies have found that high OPA-workers have long working hours and short rest periods, which lead to fatigue, increased systemic inflammation, and elevated BP (46). Our study found a positive association between OPA and pre-hypertension, which can be considered as an indicator of hypertension risk in blue-collar workers.

Our study demonstrated that drinking alcohol was positively associated with BP, and the results were stronger in the moderate/high OPA group. A cohort study (n = 599,912) from 19 countries in Europe showed that drinking alcohol was positively associated with the risk of hypertension (OR = 1.24, 95% CI: 1.15–1.33, P < 0.05) (47). A meta-analysis of drinking alcohol and blood pressure found that the average SBP was 4.90 mmHg higher for those consuming 48 g of alcohol daily compared with no-drinking alcohol (48). The association between drinking alcohol and BP could be modified by other factors such as sex and occupation (48). This finding is consistent with our results. Mechanistic studies have shown that drinking alcohol can change the release of acetylcholine to activate sympathetic nerves and increase vascular resistance, thereby increasing the contractility of the heart muscle and leading to increased BP (49).

Our study found that liver fibrosis was positively associated with BP. This finding indicates that the liver fibrosis index contributes to the prediction of hypertension. A Framingham Heart Study (n = 3,276) found that liver fibrosis was positively associated with hypertension (OR = 1.52, P < 0.05) (50). A study of 4,164 Chinese hypertensive patients also found a positive association between liver fibrosis and cardiovascular disease (hazard ratios = 3.13) (P < 0.05) (51). A comprehensive review written by Eric P et al. summarizes some mechanisms of liver fibrosis and its role in increased BP, including oxidative stress and lipid metabolism (52). Moreover, increasing evidence indicates that liver fibrosis can worsen insulin resistance and release multiple pro-inflammatory, vasoactive, and pro-thrombotic factors. This finding may increase the likelihood of developing hypertension and other cardiovascular diseases (53).

Meanwhile, the mediation analysis suggests that liver fibrosis indices could partially mediate the association of OPA with BP, and lifestyle factors may be regarded as moderators. Mechanistic studies found that inflammation may play an important role in this pathway. After an inflammatory response in the body caused by external stimuli, liver injury can be exacerbated by triggering the activation of hepatic stellate cells, which can transform into fibroblasts and promote liver fibrosis by secreting type I collagen (42, 54). Liver fibrosis and the development of portal hypertension generate an increase in intrahepatic blood flow resistance, which puts strain on the cardiovascular system and increases the risk of CVD (55). In addition, our study found that lifestyle factors moderated the mediating effect of liver fibrosis on the relationship between OPA and BP. A perspective study (n = 504,009) conducted in China found that participants with 2–4 healthy lifestyle factors (such as smoking, drinking alcohol, and physical activity, etc.) had 12%−44% lower risks of severe liver disease, compared with those with 0–1 healthy lifestyle factor (56). At present, most studies agree that physical activity is beneficial for liver health. Our results suggest that it is important to regulate the intensity and duration of physical activity properly (57). Moreover, a cross-sectional study (n = 2,189) conducted in China found that people with high physical activity who eat < 1 egg/day were associated with a higher risk of hypertension compared with those with moderate physical activity who only eat 1 egg/day (OR = 2.9, P < 0.05) (58). This finding is consistent with our results: to reduce the incidence of hypertension, both appropriate OPA and healthy lifestyle factors are indispensable.

Taken together, OPA and unhealthy lifestyle factors were positively associated with liver fibrosis, or BP, respectively. Liver fibrosis can be used as a predictor for hypertension, providing new insights into prevention. In moderate- and high-OPA group workers, unhealthy lifestyle factors can lead to increased BP and increased cardiovascular burden. A healthy lifestyle factor and reasonable arrangements of rest breaks for different OPA are beneficial to chronic disease management in construction workers.

Our study is the first to examine the effect of behavioral factors on hypertension in Chinese blue-collar workers, which may be partially mediated by liver fibrosis. The study also contains several limitations. First, we used a cross-section study for data analysis, and the strength of the causal relationships was insufficient. In the future, we will follow up annually and analyze their longitudinal data. Second, due to the limitation of the sample size, our findings should be interpreted with caution and need to be validated with a larger sample size. Third, we did not evaluate the metabolic equivalent of the task but grouped it according to occupation and self-reported OPA, which may have some information bias. In addition, liver fibrosis levels were obtained using a formula and therefore have the potential to overestimate or underestimate the value of liver fibrosis compared to direct measures. Finally, our observational study design cannot determine the underlying mechanisms and temporality of the relationships, which may need to be explored by more mechanistic studies.
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Exposure to Mediator to Mediated effect  Direct effect Mediated

the mediator outcome (y yr) (Indirect effect, (psxposure) proportion
(Bexposure) Bexposure X ¥ M) (%)
FIB-4 Non-smoking | SBP 030 (0.23,0.38)" 7.39 (4.19,10.58)* 225 (1.16,3.57) 2.43 (~0.74, 5.60) -
DBP 030 (0.23,0.38)" 1.90 (—0.15, 3.95) 058 (—0.03, 1.35) 1.16 (—0.87, 3.18) -
Smoking SBP 022 (0.12,0.33) 10.12 (6.8, 13.35) 2.25 (115, 3.68)* 469 (1.08, 8.29)* 32.42%
DBP 022 (0.12,0.33) 5.86 (3.69, 8.05)" 130 (0.63,2.28)" 1.90 (—0.54, 4.34) -
No-drinking SBP 031(0.23,0.39)* 6.96 (4.06, 9.85)* 2.15 (1.16,3.35)* 2.90 (~0.04, 5.84) -
alcohol
DBP 031(0.23,0.39)* 2.05(0.17, 3.93)* 0.63 (0.02, 1.32)* 1.26 (~0.65, 3.16) -
Drinking SBP 0.18 (0.06, 0.29)* 1117 (7.47, 14.86)* 1.98 (0.73, 3.64)* 424 (0.22, 8.26)° 31.83%
alcohol
DBP 0.18 (0.07, 0.29)* 6.42 (3.95,8.89)" 1.14 (0.46,2.17)° 2.05 (~0.64,4.73) -
Bland diet SBP 024 (0.10,0.38)* 574 (1.19,10.29)* 136 (0.39, 3.22)* 537 (0.62, 10.11)* 2021%
DBP 024 (0.10,0.38)* 1.81 (—1.22,4.85) 0.43 (<029, 1.58) 2.56 (—0.61,5.72) -
No-bland diet | SBP 028 (0.21,0.35) 924 (6.59, 11.88)* 2.57 (1.65,3.70)* 277 (0.06, 5.49)* 48.13%
DBP 028 (0.21,0.35)* 416 (242, 5.89)* 1.16 (0.64, 1.83)* 1.21(~0.57,2.99) -

OPA, occupational physical activity; FIB-4, fibrosis index based on the four factors.
Mediator M s fibrosis index based on the four factors, Y means the dependent variable, and W represents the moderator. The results were adjusted for age, sex, body mass index, and job seniority.
*P < 0.05.
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Exposure to Mediator to Mediated effect  Direct effect Mediated

the mediator outcome (y ) (Indirect effect, (Vexposure) proportion
(Bexposure) Bexposure X ¥ M) (%)

APRI Non-smoking | SBP 0.06 (~0.01,0.12) 1.06 (~2.74,4.87) 0.06 (~0.12,0.51) 461 (1,53, 7.69) -

DBP 0.06 (~0.01,0.12) —0.77 (=3.17, 1.63) —0.04 (~0.29, 0.07) 1.78 (<0.16,3.72) -

Smoking SBP 0.03 (~0.07,0.13) 431 (0.66,7.95)* 0.12 (~0.28,0.75) 6.82 (3.15,10.49)* -

DBP 0.03 (=0.07,00.13) 269 (0.25,5.13)* 0.07 (~0.20, 0.51) 3.13(0.67, 5.59)* -

No-drinking SBP 0.07 (0.00, 0.13)* 0.90 (~2.58,4.38) 0.06 (~0.14, 0.47) 499 (2.14,7.85) -
alcohol

DBP 0.07 (0.00, 0.13)* ~0.73 (~2.96, 1.50) ~0.05 (~0.30, 0.08) 1.94 (0.1, 3.77)* -

Drinking SBP —0.02 (~0.13, 0.08) 462 (054, 8.69)* —0.10 (~0.96, 0.32) 6.32 (219, 1045)* -
alcohol

DBP —0.02 (~0.13,0.08) 3.13 (0.4, 5.82) —0.07 (~0.72,0.19) 3.25(0.53, 5.98) -

Bland diet SBP 0.05 (~0.07,0.17) 1.63 (—3.72,6.99) 0.08 (~0.19,0.93) 6.64 (1.95,11.33)* -

DBP 0.05 (~0.07,0.17) —1.44 (~4.97, 2.09) —0.08 (—0.63, 0.10) 3.06 (—0.03, 6.16) -

No-bland diet | SBP 0.04 (~0.03,0.10) 277 (~0.28,5.82) 0.10 (~0.05, 0.45) 524 (2.55,7.93)" -

DBP 0.04 (~0.03,0.10) 1.59 (~0.38, 3.55) 0.06 (~0.03,0.28) 231(0.57, 4.04)* -

OPA, occupational physical activity; APRI, aspartate aminotransferase to platelet ratio index.

Mediator M is the aspartate aminotransferase to platelet ratio index, Y means the dependent variable, and W represents the moderator. The results were adjusted for age, sex, body mass index,
and job seniority.

*P < 0.05.
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Category Low OPA  Moderate/ P-value

(n=338)  high OPA

(n'= 654)
Age (years, mean £ 40.1£13.5 47.3+10.2 <0.01*
sD)
Gender 279/59 563/91 0.14°
(man/woman, 1, %) (82.5/17.5) (86.1/13.9)
Seniority (years, 113£85 14391 <0.01°
mean = SD)
Body mass index 237433 23734 0712
(kg/m?, n, %)
Education (<9/>9 116/222 530/124 <0.01¢
years, n, %) (343/65.7) (81.0/19.0)
Married (yes/no, n, 202/136 516/138 <0.01¢
%) (59.8/40.2) (78.9/21.9)
Smoking (yes/no, n, 134/204 269/385 0.03¢
%) (39.6/60.4) (41.1/58.9)
Drinking alcohol 98/240 246/390 <001¢
(yes/no, n, %) (29.0/71.0) (40.4/59.6)
Bland diet habit 79/259 133/521 0.03¢
(yes/no, n, %) (23.4/76.6) (20.3/79.7)
Average monthly earnings (¥ [yuan, n, %) <0.01¢
<5,000 142 (42.0) 300 (45.9)
5,000-7,500 107 (31.7) 279 (42.7)
>7,500 89 (26.3) 75(11.5)
Systolic blood 12388+17.69 | 12993 17.85 <0.01*
pressure (mmHg,
mean % SD)
Diastolic blood 7449+ 1189 | 77281152 <0.01°
pressure (mmHg,
mean = SD)
Heart rate 80.37+1091 | 78391130 <0.01°
(time/min, mean %
SD)
Alanine 19.50 (13.38, 17.70 (1330, <0.05°
aminotransferase 29.15) 25.10)
(1U/L, median,
IQR)
AST (IU/L, median, 19.40 (16.30, 20.20 (16.60, 0.07
IQR) 23.50) 24.50)
Albumin (g/L, 4640 £2.73 4555 £2.55 <0.01*
mean = SD)
Fasting plasma 4.82 (451, 4.88 (4.53, 0.48°
glucose (moll/L, 5.34) 5.37)
median, IQR)
Total cholesterol 4.67 (4.17, 474 (432, <0.05®
(mmol/L, median, 5.29) 5.38)
IQR)
Triglyceride 231 (152, 231 (146, 0.09°
(mmol/L, median, 2.31) 2.31)
IQR)
White blood cell 6.06 (5.25, 5.73 (4.88, <0.01°
count (10°/L, 7.23) 6.71)
median, IQR)
Platelet count 22252 (193.75, | 221.00 (190.75, 0.17
(10°/L, median, 255.00) 247.25)
IQR)
Lymphocyte count 1.96 (1.65, 1.96 (1.62, 0.44°
(10°/L, median, 231) 2.26)
IQR)
Red blood cell 4.97 (4.62, 4.89 (4.60, <0.01°
count (10'2/L, 5.23) 5.14)
median, IQR)
Mean platelet 10.30 (9.60, 10.10 (9.50, 0.14°
volume (fl, median, 11.00) 10.90)
IQR)
Platelet distribution 16.20 (15.90, 16.10 (15.90, 051°
width (%, median, 16.40) 16.40)
IQR)
Red blood cell 12.80 (12.40, 12.80 (12.50, 013"
distribution width 13.20) 13.20)
(%, median, IQR)
NFS (mean % SD) —274+1.24 —226+ 114 <0.01°
FIB-4 (median, 0.77 (0.50, 1.02 (0.7, <0.01°
IQR) 1.10) 1.36)
APRI (median, 0.22(0.17, 0.23(0.19, <0.05
IQR) 0.29) 0.30)
AAR (median, IQR) 0.97 (078, 1.12 (091, <001
1.29) 1.35)
RPR (median, IQR) 0.06 (0.05, 0.06 (0.05, 0.11®
0.06) 0.07)

OPA, occupational physical activity; IQR, interquartile range; AST, aspartate
aminotransferase; NFS, non-alcoholic fatty liver disease fibrosis score; FIB-4, fibrosis
index based on the four factors; APRI, aspartate aminotransferase to platelet ratio index;
AAR, aspartate aminotransferase to alanine aminotransferase ratio; RPR, red blood cell
distribution width to platelet.

Student’s t-test was used for comparing the means of the continuous variables between the
two groups.

The Mann-Whitney test was used to compare differences in non-normal variable
distributions between the two groups.

©Chi-square test was used to compare categorical variables between the two groups.





OPS/images/fpubh-12-1383065-t002.jpg
Exposure to Mediator to Mediated effect  Direct effect Mediated

the mediator outcome (ym) (Indirect effect, (yexpos..,e) proportion
(ﬂsxposure) Bexposure X M) (%)
NES Non-smoking | SBP 0.49 (0.31,0.67)* 248 (1.12,3.84)* 122 (0.50,2.23)* 3.45 (035, 6.56)* 26.12%

DBP 0.49 (0.31,0.67) 075 (—0.12, 1.61) 037 (—0.03,0.92) 1.37 (~0.61, 3.35) -
Smoking SBP 0.38 (0.1, 0.65)* 329 (1.98,4.61)* 125 (0.49,2.45)* 5.68 (2.06, 9.30)* 18.04%

DBP 038 (0.11,0.65)* 1,58 (0.69, 2.47)* 061 (0.20,1.31)* 260 (0.14, 5.06) 19.00%
Non-drinking | SBP 0.46 (0.28, 0.63)* 228 (1.02,3.54)* 1.04 (0.4, 1.92)* 401 (1.14, 6.89)* 20.59%
alcohol

DBP 0.46 (0.28, 0.63)* 0.60 (—0.22,1.41) 027 (—0.07,0.73) 1.62 (—0.24,3.47) -
Drinking SBP 0.38 (0.08, 0.67) 371(232,5.10)* 1.62 (0.58, 2.96)* 4.14(0.13, 8.15)* 28.13%
alcohol

DBP 0.38 (0.08, 0.67)* 1.80 (0.85, 2.76)* 0.68 (0.20, 1.49)* 2.50(=021,5.22) -
Bland diet SBP 0.47 (0.15, 0.78)* 246 (0.4, 4.47)* 1.14(0.22,2.81)* 5.58 (0.86, 10.30)* 16.96%

DBP 0.47 (0.15, 0.78)* 0.72 (—0.62, 2.06) 034 (—0.24, 1.40) 2.65 (~0.49, 5.80)
No-bland diet | SBP 0.43 (0.26, 0.60)* 2.88 (1.80, 3.96)* 1.24 (0.68, 2.06)* 4.10 (141, 6.79) 23.22%

DBP 0.43 (0.26, 0.60)* 1.19 (0.48, 1.89)* 051 (0.20,0.93)* 1.85 (0.10, 3.60)* 21.61%

OPA, occupational physical activity; drinking, drinking alcohol; NES, non-alcohlic fatty liver disease fibrosis score.
Mediator M is a non-alcoholic fatty liver discase fibrosis score, Y means the dependent variable, and W represents the moderator. The results were adjusted for age, sex, body mass index, and
job seniority.

*P < 0.05.
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Exposure to Mediator to Mediated effect  Direct effect Mediated

the mediator outcome (y yr) (Indirect effect, (yexposure) proportion
(Bexposure) Bexposure X ¥ M) (%)
AAR Non-smoking | SBP 0.1 (0.06,0.17)* —3.03 (=7.51, 1.44) —0.34 (~0.98, 0.08) 501 (1.91,8.12) -
DBP 0.1 (0.06, 0.17) —4.60 (=7.41, —1.80) —0.52 (—1.04, —0.18) 2.25 (0.30, 4.20)° -
Smoking SBP 0.15 (0.07, 0.22)* 455(~022,933) 0.66 (0.06, 1.72)* 627 (2.53,10.02)* -
DBP 0.15(0.07, 0.22)* 471 (153,7.89)* 0.69 (021, 1.51)* 2552(0.03, 5.01)* 21.50%
No-drinking SBP 0.12(0.06, 0.17)* —2.11(=6.35,2.12) —0.25 (~0.83,0.17) 530 (2.41, 8.19) -
alcohol
DBP 0.12(0.06,0.17)* —3.02 (=572, —0.32) —0.35 (—0.83, —0.07) 224 (0.40, 4.09)* -
Drinking SBP 0.15 (0.06, 0.23)" 4.05 (~1.10,9.19) 0.60 (—0.04, 1.62) 562 (1.41,9.83) -
alcohol
DBP 0.15 (0.06, 0.23)" 3.30 (~0.09, 6.69) 0.49 (0.05, 1.22)* 2.69 (~0.08, 5.47) -
Bland diet SBP 0.10 (0.01, 0.18)" —4.47 (—12.06, 3.11) —0.44 (~1.56,0.14) 7.17 (2.43, 11.90)* -
DBP 0.10 (0.01, 0.18)* —0.58 (~5.60, 4.43) —0.06 (—0.64, 0.52) 3.05(~0.09, 6.18) -
No-bland diet | SBP 0.14 (0.09, 0.20)* 0.98 (—2.68, 4.64) 0.14 (=031, 0.65) 5.20 (2.46, 7.95)* -
DBP 0.14 (0.09, 0.20)* —0.63 (~2.99, 1.73) —0.09 (~0.46, 0.26) 245 (0.69, 4.22)* -

OPA, occupational physical activity; AAR, aspartate aminotransferase to alanine aminotransferase ratio.
Mediator M is the aspartate aminotransferase to alanine aminotransferase ratio, Y means the dependent variable, and W represents the moderator. The results were adjusted for age, sex, body
mass index, and job seniority.

*P < 0.05.
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Exposure to Mediator to Mediated effect  Direct effect Mediated

the mediator outcome (y 1) (Indirect effect, (yexpos..re) proportion
(Bexposure) Bexposure X ¥ M) (%)

RPR Non-smoking | SBP 0.03 (~0.01,0.07) —2.32(~8.91,4.28) —0.07 (~0.46, 0.10) 475 (1.67,7.82) -

DBP 0.03 (~0.01,0.07) —1.91(~6.07, 2.25) —0.06 (~0.32, 0.05) 1.79 (~0.15, 3.73) -

Smoking SBP 0.01 (~0.04,0.06) 6.92 (=0.07, 13.91) 0.09 (—0.27,0.66) 6.85 (3.17, 10.53)* -

DBP 0.01 (~0.04,0.06) 374 (—0.94, 8.43) 0.05 (—0.12,0.42) 3.15 (0.69, 5.62)* -

No-drinking SBP 0.03 (~0.01,0.07) —1.55(~7.73, 4.63) —0.05 (—0.38, 0.12) 510 (2.25,7.95)* -
alcohol

DBP 0.03 (—0.01,0.07) —1.17 (=5.13,2.78) ~0.04 (~0.25,0.07) 1.92 (0.10,3.75)* -

Drinking SBP 0.00 (—0.05, 0.06) 6.96 (—0.61, 14.53) 0.02 (—0.50,0.57) 6.20 (2.06, 10.34)" -
alcohol

DBP 0.00 (—0.05, 0.06) 3.26 (~1.75,8.26) 001 (~0.21,0.36) 3.17 (0.4, 5.91) -

Bland diet SBP 0.06 (—0.01,0.12) —0.03 (—9.93,9.87) —0.002 (—0.71,0.68) 6.73 (2.00, 11.45)* -

DBP 0.06 (~0.01,0.12) —1.48 (~8.00, 5.05) —0.09 (—0.71,0.26) 3.07 (~0.04,6.19) -

No-bland diet | SBP 0.01 (~0.03,0.04) 1.86 (—3.637.36) 0.02 (~0.06,0.28) 5.33 (2.64, 8.02)* -

DBP 0.01 (~0.03,0.04) 0.99 (—2.56,4.54) 0.01 (—0.04,0.17) 236 (0.62, 4.09)* -

OPA, occupational physical activity; RPR, red blood cell distribution width to the platelet.
Mediator M is red blood cell distribution width to platelet, Y means dependent variable, and W represents the moderator. The results were adjusted for age, sex, body mass index, and
job seniority.

*P < 0.05.
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