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Objectives: The relationship between sedentary behaviors and elevated blood pressure remains inconclusive, and the socioeconomic mechanisms underlying the linkage are rarely discussed. Since retirement is often associated with behavioral changes that impact health, this study aims to provide evidence on changes in leisure sedentary time after the statutory retirement age on elevated blood pressure, along with the socioeconomic mechanisms.

Methods: We utilized data from five waves (2004–2015) of the China Health and Nutrition Survey (CHNS), focusing on males aged 55–65 employed in the formal sector. Leisure sedentary time, the independent variable, was measured based on self-reported data, while diastolic (DBP) and systolic (SBP) blood pressure were the dependent variables. Using statutory retirement policy as an exogenous variation, we employed a continuous difference-in-differences (DID) framework and a propensity score matching difference-in-differences (PSM-DID) approach to examine the relationship between changes in leisure sedentary time after the statutory retirement age and elevated blood pressure. The analysis was conducted using ordinary least squares (OLS). To address potential endogeneity, we applied the instrumental variable (IV) method via two-stage least squares (2SLS).

Results: Our findings indicate an increase in diastolic blood pressure after statutory retirement, attributed to increased leisure sedentary time. However, there was no significant increase in systolic blood pressure. Moreover, physical activity did not appear to offset this rise in blood pressure, while higher educational attainment and having family members employed in the medical field helped mitigate its negative effects.

Conclusion: This study highlights the potential adverse impact of increased leisure sedentary time on diastolic blood pressure among middle-aged men in the formal sector, while also exploring the socioeconomic factors that may alleviate these effects. These results provide a foundation for public health initiatives aimed at addressing the rising prevalence of sedentary behavior and its association with blood pressure issues.
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1 Introduction

Elevated blood pressure is a leading modifiable risk factor of numerous health risks and is associated with 10.8 million deaths per year worldwide (1). In China, the prevalence of elevated blood pressure has risen significantly, now affecting approximately a quarter of all adults and about half of older adults (2, 3). It is widely recognized that elevated blood pressure is related to age, with the highest incidence occurring among older adults (4).

As the population ages, the baby boomers born in the 1950s and 1960s in China are gradually retiring. Retirement marks a significant turning point in an individual’s life (5), signifying the end of employment and the onset of aging. This transition prompts people to re-plan their lives, potentially altering their behaviors and impacting their health. On the one hand, retirement can negatively affect health, as some researchers have found associations with reduced physical activity, increased sedentary behaviors (e.g., TV watching), more frequent insomnia, and increased smoking and drinking (6). On the other hand, retirement can also positively impact health through increased exercise, sufficient sleep, and healthier meal preparation (7).

The etiology of elevated blood pressure is multifaceted, influenced by both genetic predispositions and lifestyle factors. Besides age, lifestyle changes such as smoking (8), alcohol consumption (9), and dietary imbalances (10) are primary contributors. However, the relationship between sedentary behavior and elevated blood pressure is often overlooked. Adults spend an alarming 9–10 h/day sedentary (11). Accordingly, the phrase “sitting is the new smoking” has been coined by popular press to describe a current epidemic of many nations (12). Sedentary behavior increased with age, and older adults are those who spend more time on sitting (13). Retirement means more leisure time; increased leisure time post-retirement may lead to more unhealthy behaviors such as sedentary activities, especially watching TV (14). However, studies on the association between sedentary behaviors and elevated blood pressure have reported mixed findings, which highlight the limitations of previous studies, especially confounding factors and measurement error (15). For example, one study found no significant link between sedentary behaviors and elevated blood pressure (16), while others, such as Guo et al. and Chauntry et al., established connections between total sedentary behavior and elevated blood pressure (17, 18).

Given the limitations of previous studies, this paper utilizes the statutory retirement policy as an exogenous variation to examine the effect of changes in leisure sedentary time (e.g., TV watching) before and after the statutory retirement age on elevated blood pressure using a continuous difference-in-differences (DID) framework combined with propensity score matching difference-in-differences (PSM-DID) approach. Additionally, to address concerns about the endogeneity, we use instrumental variable (IV) method. We also conduct several checks to ensure the validity of our method, including sample considerations, parallel trend tests, placebo tests, and robustness checks.

The statutory retirement age in China was established in the 1950s, mandating retirement in the formal sectors such as government, public services, state-owned, and collectively owned enterprises. The retirement age is set at 60 for men, 50 for female workers, and 55 for female cadres. This study focuses on men in the formal sector as research shows that many women opt for early retirement before reaching the standard retirement age (19), while men typically retire at the mandatory age of 60. One study observed a significant increase in the proportion of retired males at age 60, but not among females at ages 50 or 55 (20). Additionally, structural adjustments in state-owned and collectively owned enterprises from the mid-1990s altered urban employment patterns, particularly for women. Women over 40 experienced a sharp decline in labor force participation, with many reporting themselves as retired or permanently withdrawn from the workforce (19). For this reason, including women in this study would not provide reliable conclusions, so we limit our analysis to men in the formal sector (20–23). Moreover, to accurately assess the influence on elevated blood pressure, we focus on males aged 55–65 as elevated blood pressure is generally believed to be related to age, encompassing 5 years before and after the statutory retirement age (21, 24).

This study contributes to the literature in several ways. First, by employing a continuous DID design, PSM-DID approach, and IV method, we offer new evidence on the relationship between leisure sedentary time and elevated blood pressure before and after retirement, filling gaps in the current literature. Second, while most existing studies focus on risk factors such as smoking, drinking, and diet, our study emphasizes the impact of sedentary behavior on blood pressure, providing new insights into this underexplored area.



2 Literature review and hypothesis development

In this section, we review and summarize existing research from two perspectives: the relationships among retirement, sedentary behaviors, and elevated blood pressure, as well as the socioeconomic mechanisms.

Research suggests that retirement consists of three stages: the near-retirement phase, the transition period, and the retirement stability period (25). In most countries, the legal retirement age is fixed, making retirement life predictable. During the pre-retirement stage, workers have expectations or concerns about retirement and make preparations and psychological adjustments for the transition (26). The transition period includes the first few years of retirement. Continuity theory implies that the lifestyle during this period is consistent with the pre-retirement stage, as it takes time to form new habits (27). For example, a study found a greater increase in television viewing time after retirement among those who had less physically demanding jobs (28). Additionally, increased leisure time post-retirement may lead to more risky behaviors such as smoking, drinking, or sedentary activities. Several studies have found that sedentary time increases during the transition period (29–31), especially television viewing (28, 32, 33). For example, one study found that total sedentary time increased by 73 min per day during the transition period, with TV viewing time increasing by 28 min per day (30).

Sedentary behaviors are associated with modern lifestyles and lead to many adverse health outcomes, including elevated blood pressure. Previous literature has documented the correlation between high levels of sedentary time and elevated blood pressure (34). Contemporary evidence shows a strong association between occupational sedentary behavior and elevated blood pressure (35). Additionally, high levels of leisure sedentary time have been linked to elevated blood pressure (36). For instance, individuals who spent more than 3 h per day watching television had a significantly higher risk of elevated blood pressure compared to those who watched television for 0–1 h per day (37). Blood pressure is categorized into diastolic and systolic blood pressure. Some studies have found that increased sedentary time is associated with higher diastolic blood pressure (18, 38), with limited association to systolic blood pressure (39). Therefore, we propose the following hypothesis:


Hypothesis 1: Prolonged sedentary time after retirement is associated with higher diastolic blood pressure but not with higher systolic blood pressure.
 

Research on the underlying mechanisms is limited and mainly focuses on biological dimensions. For example, watching television often involves prolonged periods of uninterrupted sitting, especially after dinner (40). This increases the risk of elevated blood glucose and triglyceride levels (41). High blood sugar leads to chronic inflammation and oxidative stress, further contributing to elevated blood pressure (42). However, biological mechanisms limit the possibility of intervention. From a socioeconomic perspective, some literature has documented the moderating effect of physical activity on the association between sedentary behaviors and blood pressure (43), whereas most studies distinguish between sedentary behaviors and inactivity, suggesting that physical activity is unlikely to offset the adverse effects of sedentary behaviors on blood pressure changes (44, 45). For example, one person may engage in the recommended amount of physical activity every day (not physically inactive) but still spend a lot of time sitting. Conversely, a person may sit very little but not reach the recommended level of physical activity (physically inactive). Therefore, we propose the following hypothesis:


Hypothesis 2a: Physical activity is unlikely to offset the adverse effect of sedentary behaviors on elevated blood pressure.
 

Socioeconomic status (SES), traditionally measured through levels of education, income, and occupation, is considered the most fundamental cause of health disparities (46). Although SES indicators are powerful determinants of health, they do not impact health directly but serve as proxies for other determinants (47). Educational attainment is the most important dimension. People with higher levels of education generally have better access to and understanding of health information and adopt healthier lifestyles to promote their health. For example, more education is associated with an improved diet, moderate alcohol consumption, and less sedentary behaviors (47, 48). Additionally, a good education enhances self-care capabilities and increases the likelihood of accessing higher-quality healthcare. Higher educational attainment also leads to better job opportunities, higher wages, and better living standards, facilitating superior healthcare access (49).

Furthermore, health literacy, a key channel linking SES and health outcomes, relates to individuals’ knowledge, motivation, and competencies to access, understand, appraise, and apply health information, and to make appropriate decisions relevant to health promotion, disease prevention, and self-care management (50). Individuals with inadequate health literacy are more likely to report a sedentary lifestyle (51) and elevated blood pressure (52). Medical professionals, with higher health literacy, can provide more effective medical advice to promote health for both their patients and family members. Therefore, we propose the following hypothesis:


Hypothesis 2b: Educational attainment and having family members employed as medical workers are mechanisms through which prolonged sedentary time impacts elevated blood pressure.
 



3 Data discerption and empirical strategy


3.1 Data

The data used in this paper come from the China Health and Nutrition Survey (CHNS). The CHNS is an ongoing large-scale study aimed at determining how China’s social and economic development affects the health and nutritional status of the country’s population, with 10 rounds of collected data from 1989 to 2015 (i.e., 1989, 1991, 1993, 1997, 2000, 2004, 2006, 2009, 2011, and 2015). Jointly collected by the Chinese Center for Diseases Control and Prevention and the University of North Carolina at Chapel Hill, the CHNS survey randomly selected samples from 12 provinces, covering 12,522–20,878 individuals in each round.



3.2 Variables


3.2.1 Blood pressure

We utilize diastolic blood pressure (DBP) and systolic blood pressure (SBP) as main dependent variables. The CHNS dataset encompasses diastolic blood pressure and systolic blood pressure measurements conducted by professionally trained medical staff for each individual. Specifically, the medical staff measured both the DBP and SBP three times on three consecutive days for each individual (53). We calculate the average DBP and SBP as main dependent variables. In our robustness check, we use the average DBP and SBP from the last two measurements instead of all three, considering that the first measurement might be more susceptible to measurement errors and less reflective of the individual’s “true” underlying blood pressure due to stress or anxiety (54).



3.2.2 Leisure sedentary time

While TV watching is often the most common sedentary activity, sedentary behavior includes various activities, and measuring only TV watching may underestimate total sedentary time. In our study, leisure sedentary behavior was assessed through several questions. Participants were asked, “Do you engage in these sedentary activities?” The listed activities included watching TV, watching videos, and playing video games. Additional questions were asked to determine the time spent on these activities: “How much time do you spend on these activities from Monday to Friday?” and “How much time do you spend on Saturday and Sunday?” Based on these responses, we calculate total leisure sedentary time. Using non-exercise sitting behaviors, especially screen-based activities, is common in research. These measures have demonstrated acceptable reliability and validity (55), and have been widely employed in prior studies (56, 57).

We calculate the independent variable based on equation 1 and winsorize at the 1st and 99th percentiles of their respective sample distributions. The equation is as follows:

[image: image]

According to dependent variable and independent variable, we employ the CHNS from the 2004, 2006, 2009, 2011, and 2015 waves.



3.2.3 Control variables

In our specification, we control for a rich set of individual-, household-, and macro-level characteristics. First, we include individual and household factors such as sleep duration, physical activity, use of antihypertensive drugs, body mass index (BMI), smoking status, drinking status, marital status, and log-transformed annual household income. Second, as diet is linked to elevated blood pressure, we account for key nutritional elements, including average daily intake of dietary fat, carbohydrates, and protein (g/d) (58). We also control for taste preferences (e.g., a preference for salty food) and attitudes toward the relationship between salt intake and blood pressure to reduce omitted variable bias. A strong preference for salty food, combined with the belief that salt does not affect blood pressure, suggests a high-salt diet. Third, we control for mental health and other chronic diseases such as diabetes as they are associated with elevated blood pressure (59, 60). Mental health was assessed using the CHNS dataset, which includes three questions for individuals aged 55 and older: “Do you have as much energy as you did last year?” “Are you as happy now as you were when you were younger?” and “As you age, are things better than you expected?” Each question has five possible responses, scored from 1 to 5. A higher score indicates greater agreement with the statements, and the total score was used as a mental health measure. These questions are simplified versions of indicators from the Symptom Checklist-90 (SCL-90), reflecting the mental health of individuals (61). In addition, blood pressure status is strong associated with elevated blood pressure. Hypertensive population have greater variability in blood pressure than normotensive population (62), especially taking into account sedentary behaviors (63). We also control for occupational sedentary time, as it significantly influences blood pressure (64). Furthermore, we include macro-level variables such as Urbanization, Economic, Health, and House Scores, where higher scores indicate better development. We also account for individual, household, and year fixed effects to control for confounding factors, with age effects absorbed by the fixed effects.

Genetic predisposition can also affect blood pressure (65). Since the CHNS dataset does not provide family health history, we mitigate potential omitted variable bias through three strategies: (1) controlling for individual fixed effects, which capture time-invariant factors such as genetics that could affect both sedentary time and blood pressure; (2) employing an instrumental variable (IV) method; and (3) excluding individuals and regions with a strong preference for salty foods in our robustness checks, as taste preferences tend to be stable and are correlated with elevated blood pressure.

Table 1 presents descriptive statistics for the sample. The average diastolic blood pressure is 83 mmHg, while the average systolic blood pressure is 131 mmHg, indicating that most participants are normotensive. On average, participants engage in 154 min of leisure sedentary time per day and 1,026 min of occupational sedentary time per week before retirement. On average, participants sleep 7.76 h per day and have a mean BMI of 24, with values ranging from 17 to 32. Most people do not prefer salty food and believe that salty food raises blood pressure. The proportions of individuals who exercise, have diabetes, or take antihypertensive drugs are relatively low, with average values of 0.23, 0.08, and 0.20, respectively. About half of the sample smokes or drinks alcohol, and most are married. The average mental health score is 9, ranging from 3 to 15. The average daily intake of dietary fat, carbohydrates, and protein is 85.22 g, 280.73 g, and 74.84 g, respectively, similar to findings from a previous study (66). The average annual household income is 56,016 yuan.



TABLE 1 Variables definition and descriptive statistics.
[image: Table1]

Additionally, we provide the evidence of the changes in retirement possibility and leisure sedentary time before and after retirement in Figure 1, and the changes in blood pressure before and after retirement in Figure 2. Figure 1 displays the relationships between the statutory retirement policy and retirement possibility on the left hand, and leisure sedentary time on the right hand. There is a clear positive discontinuity in both retirement possibility and leisure sedentary time before and after retirement. The fitted line in Figure 1 suggests that the discontinuity of retirement possibility is roughly 50 percentage points around the cut-off on the left hand, and the discontinuity of leisure sedentary time is roughly 40 min around the cut-off on the right hand. In sum, Figure 1 demonstrate that leisure sedentary time increases significantly after retirement.

[image: Figure 1]

FIGURE 1
 The possibility of retirement and leisure sedentary time before and after law-forced retirement policy.


[image: Figure 2]

FIGURE 2
 The changes of diastolic blood pressure and systolic blood pressure before and after law-forced retirement policy.


Figure 2 shows changes in blood pressure before and after retirement. Diastolic blood pressure increases on the right, while systolic blood pressure shows a similar increase on the left. After retirement, diastolic blood pressure tends to decline with age, while systolic blood pressure continues to rise, consistent with previous studies that found diastolic blood pressure increases with age until about 55, then declines, while systolic blood pressure continues to rise at least until age 80 (67).




3.3 Empirical strategy


3.3.1 DID framework

This paper uses the statutory retirement policy as an exogenous variation to examine the effect of changes in leisure sedentary time before and after retirement on elevated blood pressure under the continuous difference-in-differences (DID) framework, based on males aged between 55 and 65 who worked in the formal sector.

There are three common ways to define retirement (68): (1) self-reported retirement status. This is not ideal in this study because some people still work for pay after retirement. (2) The statutory retirement policy. This is not ideal because some people may manipulate their retirement status, such as those who are either unhealthy or senior cadres. The former group may retire early (69), while the latter group may delay retirement (70). Thus, we adopt the third definition using the statutory retirement policy as an exogenous variation and excluding the individuals who still work for pay after retirement, and who may manipulate their retirement status.

The regression framework of the continuous DID design is typical written as equation 2 as follows.

[image: image]

Where [image: image] is dependent variables (the average DBP and the average SBP) for individual [image: image] at wave [image: image], and [image: image] represents individual [image: image] leisure sedentary time at wave [image: image]. [image: image] is a dummy variable which equals 1 if the subject is from the treatment group, 0 if from the control group. [image: image] is a set of control variables, and [image: image], [image: image] and [image: image] represents individual fixed effect, household fixed effect, and year fixed effect. The coefficient of interest is [image: image]. If retirees who spend more leisure time on sitting elevates blood pressure, we should expect [image: image].



3.3.2 PSM-DID framework

DID estimation is most appropriate when the treatment is randomly assigned or at least when observable characteristics can be used to control for the treatment. Although the statutory retirement policy is an exogenous variation, the DID results may be biased by possible unobservable and unchangeable intergroup differences between the treatment and control groups. Therefore, a comparable control group is often constructed using matching techniques. Rosenbaum and Rubin suggest matching on the propensity score (PSM) (71). The PSM can find the most similar samples in the treatment group and the control group for comparison; after matching the samples, both groups do not differ significantly in the observable control variables. Therefore, we employ the propensity score matching difference-in-differences (PSM-DID) framework to further ensure our results’ robustness.



3.3.3 Instrumental variable method

To further improve the validity of our results, we employ instrumental variable (IV) method to address the endogenous concern of leisure sedentary time. While the fixed effect model is generally known to be effective in addressing omitted variable bias, measurement error is main endogeneity in our study, because our independent variable was collected by questionnaires, which is inevitably underestimating leisure sedentary time (72). Therefore, [image: image] will underestimate [image: image] if [image: image] is positive.

To alleviate the endogeneity problem, this paper uses external instrumental variable method and higher moment instruments approach proposed by Lewbel for further regressions (73).

For the external instrumental variable method, we use “Do you like watching TV?” as an instrumental variable. Responses ranged from “dislike very much” as 1 to “like very much” as 5, with higher scores representing greater preference. An ideal instrumental variable must satisfy the following two conditions: relevance and exogeneity (exclusion restriction). In terms of relevance, screen use preference is strongly associated with screen use time. For example, a study in China showed that the screen preference was significantly positively associated with TV viewing time (74). As for exogeneity, screen use preference is a subjective attitude unrelated to health outcomes, satisfying the exclusion restriction.

Moreover, we adopt higher moment instruments approach proposed by Lewbel to construct an internal instrumental variable as the method without relying on external factors. Lewbel suggests using the cubic relationship between independent variables and the mean value of their higher moments. This approach, originally designed for measurement error models, has proven useful in dealing with general correlated-regressor errors and multilevel models. For example, one study examining the effects of TV viewing on children’s cognitive outcomes used Lewbel’s IV to correct for measurement error bias (75). Following this framework, we take the cubic between the individual’s leisure sedentary time and the mean value of their family’s leisure sedentary time as the instrumental variable. This construction is strongly correlated with leisure sedentary time but is highly unlikely to be correlated with elevated blood pressure, thus addressing endogeneity concerns (75).



3.3.4 Moderating effect

Physical activity has been defined as “any bodily movement produced by skeletal muscles that results in energy expenditure (76).” It can be classified into three intensities: light (1.6–2.9 MET (metabolic equivalent of task), such as slow walking or household chores); moderate (3.0–6.0 MET, such as jogging, golfing, light cycling, or dancing); and vigorous (>6.0 MET, such as football, tennis, running, or boxing) (77). Based on these classifications, we explore the moderating effect of physical activity by examining both moderate physical activities (MPA), like walking, jogging, and dancing, and vigorous physical activities (VPA), like football, tennis, basketball, and badminton. Specifically, we use interaction terms between physical activity time and the independent variable to assess these moderating effects.

Socioeconomic status (SES) is defined as an individual’s or group’s position within a hierarchical social structure, reflecting social class and status (78). In this study, we focus on families with low educational attainment and family members who are not employed as medical workers for two key reasons. First, there are relatively few individuals in our dataset with high educational attainment or who work as medical professionals, which could lead to unstable results for this group (less than 5% of individuals are medical professionals). Second, these individuals likely have more accurate health perceptions, and focusing solely on them may yield insignificant findings. Instead, we aim to show that individuals with low educational attainment and families without medical workers experience more pronounced changes in blood pressure.





4 Empirical results


4.1 DID and PSM-DID framework

Table 2 presents the estimates of the effect of leisure sedentary time on elevated blood pressure. The first two columns use the continuous DID model, while the last two columns use the PSM-DID model. Columns (1) and (3) indicate significant positive effects of increased leisure sedentary time after retirement on diastolic blood pressure, passing the 1% significance tests. Specifically, the results show an average increase of 0.011 mmHg in diastolic blood pressure in column (1) and (3). A back-of-the-envelope calculation suggests that each additional hour of sedentary behavior per day significantly increase in diastolic blood pressure by 0.66 mmHg on average. Our work is similar to Lee and Wong, who found that each hour increase in self-reported sedentary behavior was associated with increase in diastolic blood pressure of 0.20 mmHg (79). In contrast, columns (2) and (4) show that increased leisure sedentary time is unlikely to affect systolic blood pressure after retirement. These findings support Hypothesis 1.



TABLE 2 The effect of leisure sedentary time on elevated blood pressure.
[image: Table2]

Additionally, two assumptions must be met when using the propensity score matching: the balance assumption and the common support assumption. The balance assumption requires that the matching variables balance the data well, meaning no significant difference exists between the treatment and control groups after matching. The common support assumption ensures sufficient overlap between the treatment and control group samples, allowing for adequate matching.

Figure 3 provides the results of these assumption tests. The balance assumption test, shown on the left, indicates that standardized biases are largely reduced, with all selection biases below 10%, suggesting effective elimination of selection bias by matching. Our balance assumption test excludes occupational sedentary time and family income, as the former is zero after retirement and the latter significantly reduces after retirement. The common support assumption test, shown on the right, demonstrates that most samples fall within the common value range, indicating minimal sample loss after matching and that the common support assumption is met.

[image: Figure 3]

FIGURE 3
 Results of the balance assumption test & results of the common assumption test.




4.2 Instrumental variable method

Possible endogeneity may arise from measurement error bias. To alleviate this issue, this paper uses three additional checks to ensure the robustness, including external instrumental variable method (by using Preference for watching TV), higher moment instruments approach (by using Lewbel’s IV), and a combination of both methods.

Table 3 presents the results from the external instrumental variable method. Column (3) shows the first-stage IV estimates, indicating a significant positive relationship between the instrument (preference for watching TV) and the endogenous independent variable (leisure sedentary time). The first-stage F-test yields an F-statistic of 14.40, which exceeds the threshold for weak instruments, as suggested by Stock and Yogo (80). Additionally, the p-value of the Kleibergen-Paap rk LM statistic is 0.00, rejecting the null hypothesis and confirming the validity of the instrument. The second-stage results, shown in columns (1) and (2), demonstrate that increased leisure sedentary time after retirement has a significant positive effect on diastolic blood pressure (column 1). The effect on systolic blood pressure (column 2), while positive, is not statistically significant. Specially, the coefficient in column (1) is larger than those in columns (1) and (3) of Table 2, suggesting a potential downward bias in the estimates when endogeneity is not addressed. Then, the positive coefficient in column (2) implies that increased leisure sedentary time also affects systolic blood pressure after adjusting for endogeneity, consistent with the trend shown in Figure 2.



TABLE 3 Endogenous test of the effect of leisure sedentary time on elevated blood pressure (preference for watching TV).
[image: Table3]

To further validate the instrumental variable’s effectiveness, we conduct a reduced form regression, following the approach of Acemoglu et al. (81). Columns (4) and (5) include both the independent variable and the instrumental variable in the model. We find that the coefficient of IV is insignificant after controlling for the independent variable, which, to some extent, supports that the IV will not directly affect dependent variable in ways other than independent variable.

Similarly, Table 4 reports the results from the higher moment instruments approach, which align with the earlier findings. Table 5 combines the external instrumental variable method with the higher moment instruments approach, and the results remain consistent. Thus, our primary conclusion—that increased leisure sedentary time raises diastolic blood pressure—is robust after addressing endogeneity.



TABLE 4 Endogenous test of the effect of leisure sedentary time on elevated blood pressure (Lewbel’s IV).
[image: Table4]



TABLE 5 Endogenous test of the effect of leisure sedentary time on elevated blood pressure (preference for watching TV + Lewbel’s IV).
[image: Table5]

Moving to column (3) of Table 5, we provide the tests regarding relevance and exogeneity. The first stage estimates show that we reject the hypothesis of the instruments are weak. Concurrently, Sargan test p-values exceed 0.1, confirming the exogeneity of the instrumental variables. Hence, our instrumental variable selection is reasonable.



4.3 Validity of DID model

We then perform a series of checks to bolster the validity of our methods. First, we address potential concerns about sample composition. We limit our analysis to white-collar male workers, identified as those in senior professional/technical, junior professional/technical, administrative/executive/managerial, or office staff roles. We also exclude individuals living in rural areas, as urban statutory retirement policies are more stringent. The first two columns of Table 6 present results for white-collar male workers, while the last two columns show results for individuals living in urban areas. Our findings remain consistent with our expectations.



TABLE 6 DID results-address the sample issue.
[image: Table6]

The identification assumption of the continuous DID method requires comparability between the treatment group and the control group. Therefore, to address a potential concern about the parallel trend assumption, we conduct an event study analysis and the empirical model (see Equation 3) used for this analysis is:

[image: image]

The results, visualized in Figure 4, show that prolonged sedentary time during the transition period of retirement elevates diastolic blood pressure. However, there is no significant effect on systolic blood pressure changes before and after retirement, supporting the parallel trend assumption.

[image: Figure 4]

FIGURE 4
 Event-study analyses of parallel trend tests.


Finally, we examine our identification assumption using placebo tests. One placebo cut-off sets the retirement age for males in the formal sectors at 55 instead of 60, and another sets the retirement age for males in the informal sectors at 60. The results in Table 7 indicate no significant blood pressure changes from leisure sedentary time among “retirees,” specifically 55-year-old males in the formal sectors and 60-year-old males in the informal sectors.



TABLE 7 DID results-placebo tests.
[image: Table7]




5 Moderating effect

We explore the mechanisms through which leisure sedentary time may lead to elevated blood pressure. First, we assess the role of physical activity. If increased physical activity effectively reduces elevated blood pressure, we would expect the interaction terms to be negative and statistically significant. However, Table 8 shows no significant moderating effect, supporting Hypothesis 2a. Our findings align with a systematic review that concluded sedentary behavior is not mediated by time spent in physical activity (82). Next, we examine the moderating effect of SES, focusing on individuals with low educational attainment and those whose family members do not work in the medical field. According to Hypothesis 2b, we predict that the effect on diastolic blood pressure in Table 9 will be greater than in Table 2. As expected, Table 9 demonstrates that educational attainment and support from medical professionals can mitigate elevated blood pressure. These findings support the view that SES is a “fundamental cause” of health (83).



TABLE 8 Moderating effect-physical activities as moderators.
[image: Table8]



TABLE 9 Moderating effect-SES as moderators.
[image: Table9]



6 Robustness checks


6.1 Subsample

One limitation of this paper is we lack the blood pressure information of agents’ family members, which may underestimate our result. To alleviate this concern, we rule out individuals who (1) live in Beijing and Shanghai (the highest hypertension prevalence provinces), and Guizhou (the lowest hypertension awareness province) (84), and Heilongjiang and Liaoning (traditional high salt intake provinces), and strongly like and like salty food; (2) are obesity (BMI over 28); (3) are diagnosed with diabetes. Table 10 reports the results of subsample. Panel A reports the findings for individuals living in the excluded provinces and those with a preference for non-salty food (first two columns). The last two columns of panel A report the results individuals who are not obese. Moving to panel B, the first two columns reveal the results of individuals who are not diagnosed with diabetes. All results are consistent with baseline model.



TABLE 10 Robustness checks.
[image: Table10]



6.2 Alternative measurement of blood pressure

We also use the average DBP and SBP in last two measurements instead of the three we have at hand. The results are shown in the last two columns of Panel B of Table 10, which in line with our baseline results.




7 Discussion

As baby boomers born in the 1950s and 1960s reach retirement age and leave the labor market, the healthcare system faces significant challenges. Elevated blood pressure is a leading cause of mortality and disease burden worldwide (85), especially among the older adults. Meanwhile, older adults, a vulnerable group, tend to spend more time sitting daily. Leading health authorities, including the World Health Organization, emphasize the importance of reducing sedentary behavior (86). The 2018 Physical Activity Guidelines Advisory Committee graded the evidence linking sedentary behavior with mortality and cardiovascular disease as strong (87) and included the recommendation to “sit less and move more” in the 2018 federal Physical Activity Guidelines (88).

This paper utilizes the statutory retirement policy as an exogenous variation and employs the continuous difference-in-differences (DID) framework, propensity score matching difference-in-differences (PSM-DID) approach and instrumental variable (IV) method to explore the relationship between post-retirement leisure sedentary time and elevated blood pressure. Our analysis yielded two main findings. First, we observed an increase in diastolic blood pressure after retirement due to increased leisure sedentary time, while no significant increase in systolic blood pressure was noted. Second, while physical activity did not mitigate the rise in blood pressure, educational attainment and having family members employed as healthcare workers appeared to reduce its negative impact.

Regarding the first finding, our results align with previous studies and support the link between increased sedentary time and higher DBP (18, 38), confirming Hypothesis 1. Previous studies have found that elevated DBP is significantly related to male sex (89–91) and unhealthy lifestyle such as sedentary behaviors (89), smoking (90), and alcohol consumption (91). In terms of magnitude, each additional hour of sedentary behavior per day results in a statistically significant but modest increase in DBP of 0.66 mmHg on average. This finding holds clinical importance, as elevated DBP is independently linked to a higher risk of heart failure and cardiovascular mortality compared to normal blood pressure (92, 93). As such, highlighting the association between prolonged leisure sedentary time and elevated DBP could help prevent these conditions. Additionally, it remains unclear, however, why significant effects were observed for DBP but not for SBP, a pattern noted in other studies (94). One study conducted between May 2019 and December 2020 found that higher sedentary behavior was linked to increased DBP and total peripheral resistance, suggesting that sedentary behavior may primarily affect vascular stress reactivity rather than cardiac stress (18).

To better inform health interventions, our study revealed two socioeconomic mechanisms. The first mechanism found that engaging in physical activities is unlikely to alleviate the increase in blood pressure (Hypothesis 2a), aligning with literature highlighting the distinction between inactivity and sedentary behavior (44, 45). Therefore, reducing sedentary behaviors, rather than merely promoting physical activities, may be more effective in counteracting the negative impact on blood pressure. The second mechanism hypothesized that educational attainment and having family members employed as medical workers might alleviate the negative impact on blood pressure (Hypothesis 2b). This aligns with studies showing that SES is inversely related to blood pressure (95) and underscores the importance of the social gradient in health (96).

Due to data limitations, we did not explore biological pathways in detail. However, previous studies have proposed several pathways. One suggests that television viewing, often linked to unhealthy eating habits, can lead to obesity and diabetes, which increase hypertension risk (97). Another pathway relates to the suppression of skeletal muscle lipoprotein lipase (LPL) activity during prolonged sitting, which can lead to elevated levels of glucose, triglycerides, and free fatty acids. This can trigger inflammation, endothelial dysfunction, and increased sympathetic activity, potentially raising blood pressure over time (98, 99). Finally, a smaller strand of the literature has suggested that leisure sedentary time may increase DBP through pathways such as increased sympathetic activity, vagal withdrawal, and vascular resistance (34, 100, 101).

Our findings suggest three policy implications. First, while physical activity alone may not counteract the negative effects of sedentary behavior, several studies show that reducing or interrupting prolonged sitting time can lower both DBP and SBP (102). For example, short breaks every 30 min have been shown to improve blood pressure (35). A 12-month workplace-based intervention targeting Australian state government workers significantly reduced SBP by 1.0 to 3.4 mmHg (p < 0.01) during the first 9 months and DBP by 4–5 mmHg over the full 12 months (p < 0.01) (103). In practice, the Chinese government held its highest-level national health conference and subsequently announced the Outline of the Healthy China 2030 Plan in 2016, including the aim of reducing sedentary. Effective promotion of this policy could contribute to achieving these goals. Additionally, local governments should also provide affordable fitness equipment to encourage reduced sedentary time and increased physical activity. For instance, the construction of urban greenways has been shown to significantly reduce sedentary time among participants (104). Second, as habits persist post-retirement, it is crucial to help individuals establish good habits before and after retirement. This includes ensuring easy access to and understanding of health information to promote a healthy lifestyle and providing more convenient community medical services. For example, an educational intervention targeting close-to-retirement employees, including health, leisure time, and financial needs, have showed that feelings of helplessness and failure and oldness and idleness significantly decreased after the educational intervention, and feelings of effort and a new direction significantly increased (105). Third, with rapid development, urbanization, and technological advancements have led to a significant increase in sedentary behavior. According to a 2021 report, Chinese employees have an average daily sitting time of 9.4 h, with 73.9% engaging in more than 8 h sitting per day. Therefore, policymakers should consider the broader social and economic costs associated with sedentary behavior and its impact on blood pressure.

However, our study has limitations. We relied on self-reported sedentary time, which may underestimate actual sedentary behavior. Although self-reported measures are commonly used and show acceptable validity, future studies should combine them with accelerometer-assessed data for a more comprehensive assessment. Additionally, due to China’s unique retirement policy, our study focuses only on males in the formal sector. Future research should include other demographic groups to provide a broader perspective.
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