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Abstract
Background
The association of workload and performance with physical functioning is recognised among the ageing public sector workforce. The characteristics of working conditions and social- and health-related factors associated with physical functioning after statutory retirement are still unknown. Also, previous studies on changes in physical functioning have not used a person-oriented approach. We examined physical functioning trajectories over statutory retirement and how social- and health-related factors are associated with them. Our aim was to identify distinct developmental trajectories of physical functioning over statutory retirement and to examine how social- (age, gender, marital status, education) and health-related (physical workload, self-reported sleep problems, alcohol consumption, smoking, fruit and vegetable (F&V) consumption, leisure-time physical activity (LTPA), and body mass index (BMI)) factors before retirement were associated with the identified trajectories.

Methods
We used data from the Helsinki Health Study cohort. Participants consisted of 2736 employees of the City of Helsinki, Finland who retired during the follow-up. Growth mixture modelling was used to identify physical functioning trajectories and multinominal regression analyses to examine associations of social- and health-related factors with them.

Results
Three distinct developmental patterns in physical functioning before and after retirement were found among ageing and retired employees. Lower educational level, sleep problems, physical inactivity, and obesity were associated with the trajectory groups of ‘fast decreasing’ and ‘slowly increasing’, compared to the ‘stable high’ trajectory.

Conclusion
The results suggest that poor social- and health-related factors are key risk factors associated with declining and lower-level physical functioning over the retirement period. Supporting healthy lifestyles among older employees might maintaining good physical functioning until retirement and beyond.

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s13690-024-01483-2.
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	Text box 1. Contributions to the literature

	• The novel contributions of this research are the examined trajectories in physical functioning after statutory retirement, and the covariates behind these identified trajectories.

	• This study shows that lower education and health-related risk factors were associated with trajectories of lower levels of physical functioning before retirement and declining physical functioning after statutory retirement.

	• Future studies could investigate whether changes in these or other social- and health-related factors during the retirement period impact the trajectories of physical functioning after retirement.




Background
Population ageing started in Europe several decades ago and is still a long-term trend which reduces the proportion of the working-age population [1]. The share of older workers in the employment force has already substantially grown, but there is still the potential for this rate to increase even further [2]. To lengthen working careers, work should be sustainably arranged, that is, health-impairing conditions should be reduced and health-promoting ones supported.

Current empirical evidence on changes in physical functioning after retirement is ambiguous [3]. Some studies suggest that physical functioning declines shortly after retirement [4–8], while other studies claim that it improves [9–13]. By far, there is a lack of evidence on how physical functioning develops after statutory retirement and whether workload and social- and health-related factors are associated with physical functioning trajectories over statutory retirement. It is known that physical functioning deteriorates along with ageing [14, 15], but it remains unclear if there are distinct developmental patterns in physical functioning around retirement. While the statutory retirement age varies little among municipal employees, it is challenging to distinguish between changes that occur due to ageing and retirement. It is suggested that future studies could focus on the issues behind the changes in functioning after retirement, for example, the mechanisms and associations between health-related factors and changing functioning after retirement [3]. This would provide new information and help evaluate the abilities to operate around retirement, and then possibly work even longer than nowadays. 
The association of workload and performance with physical functioning is recognised among the ageing public sector workforce [16, 17]. Difficulties in functioning are relatively uncommon among statutory retirees, but after the age of 75, the number of difficulties in several daily activities seems to grow significantly. Demographic differences are also recognised, such as socioeconomic and gender-related differences [18]. It is also recognised that difficulties in physical functioning after retirement are associated with social- and health-related risks [5]. The characteristics of working conditions and social- and health-related factors associated with physical functioning after statutory retirement are still unknown. Also, previous studies on changes in physical functioning have not used person-oriented approaches, which can identify latent groups of people who have rather similar pathways in how their physical functioning develops over time.

Methods
The aim of this study is to identify developmental patterns in physical functioning before and after retirement and the key covariates associated with them. To the best of our knowledge, this is the first study examining the trajectory groups of physical functioning among statutory retirees with a person-oriented approach. Our additional aim is to identify possible determinants of belonging to a certain trajectory group. The specific research questions are:	1.
What kind of developmental trajectories of physical functioning can be identified over statutory retirement?

 

	2.
How are social- and health-related factors before retirement associated with the identified physical functioning trajectories?

 




Data
We used data from the Helsinki Health Study cohort, which has examined health and its determinants of around 9000 employees of the City of Helsinki, Finland, since 2000 [19]. The baseline survey was conducted in 2000–2002 among employees aged 40, 45, 50, 55, and 60 years (n = 8960, response rate 67%). Follow-up surveys were conducted in 2007 (n = 7332, response rate 83%), 2012 (n = 6814, response rate 79%), and 2017 (n = 6832, response rate 82%). At baseline, all responders were working, and by Phase 4, 70% of the responders had retired. The follow-up surveys were mailed to all responders of the phase 1 study regardless of where they currently worked or whether they had already retired. The target population of this study was the employees who statutorily retired during the follow-up. We included only participants with information on physical functioning from at least three survey phases. The follow-up surveys included a question about the timing of retirement (year and month), and a question about the type of retirement. The participants who had missing information on the timing of retirement (n = 449) or who had unclear information on the timing of retirement (n = 7) were excluded. The final analytical sample consisted of 2736 responders (80% women, corresponding well to the target population [19]). The participant selection criteria are described in the Supplementary Fig. 1.
The data cannot be made publicly available due to strict data protection laws, but access to data can be applied from the Helsinki Health Study group upon reasonable request and following the data sharing policy and data protection laws and regulations. The study protocol has been approved by the ethics committees of the Department of Public Health, University of Helsinki, and the health authorities of the City of Helsinki.


Measures
Physical functioning
Physical functioning was measured using the RAND-36 questionnaire. The RAND-36 questionnaire is one of the most widely used survey instruments to measure health-related quality of life, consisting of 36 items with 8 dimensions of health. The dimensions are physical functioning, role limitations caused by physical health problems, role limitations caused by emotional problems, social functioning, emotional well-being, energy/fatigue, pain, and general health perceptions. We used dimension of physical functioning [20, 22]. The physical functioning subscale consists of ten items, for instance, vigorous activities (e.g., running), moderate activities (e.g., brisk walking), lifting and carrying groceries, climbing stairs, and how the health of the respondent limits these activities. Each item had three response alternatives: ‘yes, limited a lot’, ‘yes, limited a little’ and ‘no, not limited at all’. Further details are found elsewhere [20]. Physical functioning scores were derived from the dimension of physical health, range between 0–100. Higher scores indicate better functioning [21, 22].

Social- and health-related factors
Age (continuous), gender (man/woman), marital status (married/cohabiting and other), and responder’s own education, were derived from the phase 1 questionnaire. Education was classified into three groups: higher education (university degree or more), intermediate education (matriculation or college education), and basic education (primary or secondary school or less).
Physical workload, self-reported sleep problems, alcohol consumption, smoking, fruit and vegetable (F&V) consumption, leisure-time physical activity (LTPA), and body mass index (BMI) were derived from the phase prior to a respondent's retirement. Physical working conditions were inquired by a single-item question about the physical strenuousness of work. The question included four response alternatives: ‘very light’, ‘rather light’, ‘rather strenuous’ and ‘very strenuous’. To follow previous studies [23, 24], this was further classified into three groups: physically non-strenuous (very light), intermediate (rather light), and strenuous (rather strenuous/very strenuous) work. Sleep problems were measured using a 4-item version of the Jenkins questionnaire [23]. Each item includes 6 response choices varying from no sleep problems at all to having sleep problems in 22–28 nights/month.) The questionnaire evaluates the frequency of certain sleep problems: difficulty falling asleep, frequent awakenings during the night, trouble remaining asleep, and subjective feelings of fatigue and sleepiness despite receiving a typical night’s rest [25, 26]. Participants were divided into three groups: having no, occasional (any symptoms in ≤ 14 nights/month), and frequent (any symptoms in > 14 nights/month) sleep problems. For LTPA, weekly metabolic equivalent task (MET) hours were formed based on the self-reported information on the participants’ average weekly hours of LTPA within the past 12 months, including commuting to work. These were collected in four grades of intensity: walking, brisk walking, jogging and running, or their equivalent activities. LTPA was divided into three groups: vigorous activity (≥ 14 MET hours/week including the two highest intensity grades), moderate activity (≥ 14 MET hours/week including the two lowest intensity grades), and inactivity (< 14 MET hours/week) [27, 28]. Alcohol consumption was assessed by asking how often the responder drinks six or more units of alcohol on a single occasion. Frequency alternatives varied from ‘never’ to ‘daily or almost daily’. Alcohol consumption was dichotomised into having no binge drinking (once a month or less) and having binge drinking (once a week or more) behaviour. Smoking status was dichotomised into ‘no’ and ‘yes’, assessing this by asking if responders currently smoked cigarettes, cigars or pipe tobacco (‘yes’/ ‘no’). F&V consumption was derived from a 20-item food frequency questionnaire (FFQ) which assessed the frequency of consumed food items during the past four weeks. This included seven frequency alternatives from ‘not at all’ to ‘twice a day or more’. F&V consumption was dichotomised into daily (consuming both F and V daily) and non-daily consumption (F or V less than daily). BMI was computed using self-reported weight and height (kg/m2). BMI was divided into three groups: normal weight (BMI 18.5–24.9 kg/m2), overweight (BMI 25.0–29.9kg/m2), and obesity (BMI ≥ 30.0 kg/m2).
Since there was only a small number of missing values (0–6%) in most covariates, missing data were merged in these cases with ‘the most favourable’ group of a covariate, which is a conservative way of handling missing data. We completed a complete case analysis, and we also analysed missing data as its own group (data not shown). Merging missing values to the most favourable group was the most suitable option since the other analyses caused widening confidence intervals (and thus, increased uncertainty in the estimates). Additionally, complete case analyses did not essentially change the results. Consequently, we merged missing values in education (0.8%) to higher education, in marital status (0.3%) to married/cohabiting, in BMI (1.1%) to normal weight, in F&V consumption (1.4%) to daily, in alcohol consumption (2.4%) to no binge-drinking, in smoking (1.1%) to no, and in physical workload (5.7%) to non-strenuous. The proportion of missing values in sleep problems and LTPA was higher (8.8% and 9.6%, respectively), thus we kept missing values in their own groups in these covariates. Sensitivity analyses also showed that merging missing values with the most favourable groups in these two covariates biased the results and yielded widening CIs (data not shown).

Statistical analyses
Statistical methods included cross-tabulations with χ2 tests, growth mixture modelling (GMM), and multinomial logistic regression analysis. We identified physical functioning trajectories using GMM, which identifies multiple unobserved sub-populations and examines differences in change within these populations [29, 30]. We used the R package LCMM to identify the trajectories [31]. The x-axis presents the timing of retirement, showing how physical functioning develops before and after retirement, with the zero point indicating the retirement year. The follow-up period varied from 10 to 17 years, and the mean follow-up period was 11 years. We performed GMM analyses with two to four latent class solutions (Supplementary Table 1). Bayesian Information Criterion (BIC), Akaike Information Criterion (AIC), the average of posterior probabilities of group membership (> 0.7), and the size of each trajectory group (> 5% of participants or n > 100) were used as statistical criteria to select the most fitted model [32]. In addition, the interpretability of the trajectories was considered in the model selection. Each participant was assigned to the trajectory group for which they had the highest group membership probability. The statistics of model fit are presented in Supplementary Table 1. The statistical power was not sufficient for gender-stratified analyses.
We cross-tabulated the selected trajectory groups with the covariates and then performed the regression models. We first adjusted the regression model for age and gender (model 1), and then further for marital status, education, and physical workload (model 2). Finally, we added health-related factors (i.e., sleep problems, LTPA, alcohol consumption, smoking, F&V consumption, and BMI) to model 2 (model 3). We show the results from the regression analyses as odds ratios (OR) with their 95% confidence intervals (CI), and the complete results are included in the supplementary materials (Supplementary Table 2). All statistical analyses, except trajectory modelling, were conducted using IBM SPSS version 25.


Results
Descriptive statistics of the participants are shown in Supplementary Table 3. The mean age of participants at the phase prior to retirement was 60.1 years. The average physical functioning scores were higher among men than women through the follow-up. Most participants had no binge drinking behaviour (91%) and were not smokers (88%), whereas only a small number of participants did not have any sleep problems (11%).
We selected a trajectory model with three physical functioning trajectories (Fig. 1). The first trajectory group ‘fast decreasing’ included 8.5% (n = 232) of the study population, the second group ‘stable high’ 84.3% (n = 2307), and the third group ‘slowly increasing’ 7.2% (n = 197). The ‘fast decreasing’ trajectory started with high physical functioning scores but turned steeply to relatively low physical functioning scores during the follow-up. The ‘stable high’ trajectory remained relatively high during the whole follow-up. The ‘slowly increasing’ trajectory started from lower physical functioning scores than the other two trajectory groups but increased over the follow-up, slightly more steeply after than prior to retirement.[image: ]
Fig. 1Physical functioning trajectories with 95% confidence intervals and their prevalence (%), identified by growth mixture modelling


Group means and fitted lines with 95% confidence intervals are shown. Group 1 ‘fast decreasing’, group 2 ‘stable high’, group 3 ‘slowly increasing’. X-axis shows years before and after retirement, 0 indicating the retirement year.
The proportion of male employees was highest in the trajectory group ‘stable high’ compared to the other groups, while the proportional share of female employees was highest in the trajectory group ‘slowly increasing’ (Table 1). Higher education was more common in the trajectory group ‘stable high’ (34%) than in the groups ‘slowly increasing’ (16%) and ‘fast decreasing’ (22%). Physically strenuous workloads were less common in the trajectory group ‘stable high’ (29%) compared to the other two groups (‘slowly increasing’ 41%; ‘fast decreasing’ 39%). A smaller proportion reported no sleep problems in the trajectory group ‘slowly increasing’ (2%) compared to the groups ‘fast decreasing’ (5%) and ‘stable high’ (12%). Vigorous LTPA was more common in the trajectory group ‘stable high’ (22%) than in the groups ‘slowly increasing’ (7.1%) and ‘fast decreasing’ (8.2%). Obesity was less typical in the trajectory group ‘stable high’ (12%) than in the other two groups (‘fast decreasing’ 38%; ‘slowly increasing’ 36%).
Table 1Background characteristics of the study population by physical functioning trajectory groups (n, %)


	 	Group 1—fast decreasing
	Trajectory group
	Group 3—slowly increasing
	Chi-Squared test, p-value

	Group 2—stable high

	Age (mean, standard deviation)
	60.32
2.325
	60.07
2.581
	60.31
2.838
	-
-

	Gender
	 	 	 	 < 0.001

	 Women
	199 (85.8)
	1809 (78.4)
	178 (90.4)
	 
	 Men
	33 (14.2)
	498 (21.6)
	19 (9.6)
	 
	Marital status
	 	 	 	0.012

	 Married/cohabiting
	144 (62.1)
	1613 (69.9)
	125 (63.5)
	 
	 Other
	88 (37.9)
	694 (30.1)
	72 (36.5)
	 
	Educationa
	 	 	 	 < 0.001

	 Higher education
	51 (22.0)
	776 (33.6)
	32 (16.2)
	 
	 Intermediate education
	116 (50.0)
	1079 (46.8)
	108 (54.8)
	 
	 Basic education
	65 (28.0)
	452 (19.6)
	57 (28.9)
	 
	Physical workloadb
	 	 	 	 < 0.001

	 Physically non-strenuous
	60 (25.9)
	667 (28.9)
	50 (25.4)
	 
	 Intermediate (rather light)
	82 (35.3)
	966 (41.9)
	67 (34.0)
	 
	 Physically strenuous (rather strenuous/very strenuous)
	90 (38.8)
	674 (29.2)
	80 (40.6)
	 
	Sleep problemsc
	 	 	 	 < 0.001

	 No
	12 (5.2)
	273 (11.8)
	3 (1.5)
	 
	 Occasional
	156 (67.2)
	1654 (71.7)
	146 (74.1)
	 
	 Frequent
	40 (17.2)
	179 (7.8)
	31 (15.7)
	 
	 Missing
	24 (10.3)
	201 (8.7)
	17 (8.6)
	 
	Leisure-time physical activity (LTPA)d
	 	 	 	 < 0.001

	 Vigorously active
	19 (8.2)
	515 (22.3)
	14 (7.1)
	 
	 Moderately active
	53 (22.8)
	662 (28.7)
	48 (24.4)
	 
	 Inactive
	138 (59.5)
	900 (39.0)
	124 (62.9)
	 
	 Missing
	22 (9.5)
	230 (10.0)
	11 (5.6)
	 
	Alcohol consumptione
	 	 	 	0.003

	 No binge-drinking
	197 (84.9)
	2113 (91.6)
	177 (89.8)
	 
	 Binge-drinking
	35 (15.1)
	194 (8.4)
	20 (10.2)
	 
	Smokingf
	 	 	 	0.001

	 No
	186 (80.2)
	2042 (88.5)
	173 (87.8)
	 
	 Yes
	46 (19.8)
	265 (11.5)
	24 (12.2)
	 
	Fruit and vegetable consumptiong
	 	 	 	0.001

	 Daily
	119 (51.3)
	1460 (63.3)
	119 (60.4)
	 
	 Non-daily
	113 (48.7)
	847 (36.7)
	78 (39.6)
	 
	Body mass index (BMI)
	 	 	 	 < 0.001

	 Normal weight (BMI < 25 kg/m2)
	66 (28.4)
	1123 (48.7)
	48 (24.4)
	 
	 Overweight (BMI 25.0–30 kg/m2)
	77 (33.2)
	900 (39.0)
	78 (39.6)
	 
	 Obesity (BMI ≥ 30 kg/m2)
	89 (38.4)
	284 (12.3)
	71 (36.0)
	 

a Higher education = university degree or more, intermediate education = matriculation or college education, basic education = primary or secondary school or less
b Physically non-strenuous = very light, Intermediate = rather light, physically strenuous = rather strenuous/very strenuous
c Occasional = any symptoms in ≤ 14 nights/month; frequent = any symptoms in > 14 nights/month
d Vigorous activity = ≥ 14 metabolic equivalent task (MET) hours/week including the two highest intensity grades, moderate activity = ≥ 14 MET hours/week including the two lowest intensity grades, inactivity = < 14 MET hours/week
e Binge-drinking = once a week or more, no binge-drinking = once a month or less
f No = not currently smoking, yes = currently smoking
g Daily consumption = consuming both fruit and vegetables daily, non-daily consumption = consuming fruit or vegetables less than daily



The associations of the covariates with physical functioning trajectories are shown in Table 2. The ‘stable high’ trajectory group was used as a reference. Men had smaller odds of belonging to the ‘fast decreasing’ (0.60, 95% CI 0.41–0.89) or ‘slowly increasing’ (0.39, 95% CI 0.24–0.63) groups (model 1), which remained with further adjustments (model 2 and 3). Participants with basic education had an increased odds of belonging to the ‘fast decreasing’ (OR 2.10, 95% CI 1.43–3.09) and ‘slowly increasing’ trajectory groups (OR 2.89 95% CI 1.83–4.50) when adjusting the analyses for age and gender (model 1), and the associations remained after further adjustments (models 2 and 3). Those reporting occasional or frequent sleep problems had higher odds of belonging to the trajectory groups ‘fast decreasing’ (OR 2.11, 95% CI 1.15–3.84; OR 4.90, 95% CI 2.50–9.62, correspondingly) and ‘slowly increasing’ (OR 7.75, 95% CI 2.45–24.49; OR 14.76, 95% CI 4.44–49.06, correspondingly) (model 1). The associations slightly decreased but remained strong after further adjustments (models 2 and 3). Those reporting physical inactivity had higher odds of belonging to the trajectory groups ‘fast decreasing’ (OR 3.97 95% CI 2.42–6.501.86–3.85) and ‘slowly increasing’ (OR 2.45 95% CI 1.33–4.49) (model 1). The associations remained after adjusting model 1 further for marital status, education, and physical workload (model 2), but decreased after adjusting the models further for health-related factors (model 3). Participants with obesity had higher odds of belonging to the trajectory groups ‘fast decreasing’ (OR 5.44 95% CI 3.85–7.68) and ‘slowly increasing’ (OR 6.06 95% CI 4.10–8.97), and the associations only slightly decreased after further adjustments (models 2 and 3).
Table 2Associations of social- and health-related factors with physical functioning trajectories (ref. ‘stable high’ trajectory group)a


	 	Model 1b
	Model 2c
	Model 3d

	Group 1—fast decreasing
	Group 3—slowly increasing
	Group 1—fast decreasing
	Group 3—slowly increasing
	Group 1—fast decreasing
	Group 3—slowly increasing

	OR (95% CI)
	OR (95% CI)
	OR (95% CI)
	OR (95% CI)
	OR (95% CI)
	OR (95% CI)

	Age
	1.04 [0.98, 1.10]
	1.04 [0.98, 1.10]
	1.03 [0.98, 1.09]
	1.00 [0.94, 1.07]
	1.02 [0.96, 1.08]
	1.00 [0.94, 1.07]

	Men
	0.60 [0.41, 0.89]
	0.39 [0.24, 0.63]
	0.71 [0.48, 1.05]
	0.45 [0.28, 0.75]
	0.55 [0.36, 0.85]
	0.43 [0.25, 0.72]

	Marital status (ref. Married/cohabiting)

	 Other
	1.32 [0.99,1.75]
	1.19 [0.87, 1.62]
	1.29 [0.97, 1.71]
	1.15 [0.84, 1.57]
	1.18 [0.88, 1.60]
	1.14 [0.82, 1.57]

	Education (ref. Higher education)e

	 Intermediate education
	1.57 [1.11, 2.21]
	2.27 [1.51, 3.40]
	1.47 [1.03, 2.09]
	2.16 [1.42, 3.27]
	1.37 [0.95, 1.97]
	2.05 [1.34, 3.15]

	 Basic education
	2.10 [1.43, 3.09]
	2.87 [1.83, 4.50]
	1.91 [1.28, 2.86]
	2.66 [1.67, 4.25]
	1.59 [1.05, 2.43]
	2.38 [1.47, 3.85]

	Physical workload (ref. Non-strenuous)f

	 Intermediate
	0.94 [0.66, 1.33]
	0.88 [0.60, 1.30]
	0.92 [0.64, 1.30]
	0.87 [0.59, 1.28]
	1.00 [0.69, 1.45]
	0.87 [0.58, 1.31]

	 Physically strenuous
	1.41 [0.99, 2.01]
	1.39 [0.95, 2.01]
	1.19 [0.82, 1.72]
	1.10 [0.74, 1.63]
	1.32 [0.90, 1.95]
	1.11 [0.74, 1.67]

	Sleep problemsg (ref. No)

	 Occasional
	2.11 [1.15, 3.84]
	7.75 [2.45, 24.49]
	2.08 [1.14, 3.81]
	7.71 [2.43, 24.39]
	1.96 [1.06, 3.62]
	7.05 [2.21, 22.46]

	 Frequent
	4.90 [2.50, 9.62]
	14.76 [4.44, 49.06]
	4.86 [2.47, 9.55]
	14.68 [4.40, 48.90]
	2.44 [1.16, 5.10]
	6.64 [1.90, 23.27]

	 Missing
	2.60 [1.27, 5.34]
	7.17 [2.07, 24.83]
	2.47 [1.20, 5.08]
	6.75 [1.95, 23.43]
	4.27 [2.13, 8.57]
	12.61 [3.75, 42.47]

	Leisure-time physical activityh (LTPA) (ref. Vigorously active)

	 Moderately active
	2.05 [1.20, 3.52]
	4.74 [2.70, 8.35]
	2.02 [1.18, 3.46]
	2.40 [1.30, 4.41]
	1.57 [0.91, 2.73]
	1.89 [1.02, 3.51]

	 Inactive
	3.97 [2.42, 6.50]
	2.45 [1.33, 4.49]
	3.99 [2.43, 6.54]
	4.82 [2.73, 8.51]
	2.23 [1.17, 4.28]
	1.45 [0.64, 3.29]

	 Missing
	2.56 [1.36, 4.82]
	1.70 [0.76, 3.81]
	2.56 [1.35, 4.83]
	1.70 [0.76, 3.81]
	2.50 [1.50, 4.17]
	3.24 [1.81, 5.79]

	Alcohol consumptioni (ref. No binge-drinking)

	 Binge-drinking
	2.35 [1.57, 3.52]
	1.62 [0.98, 2.67]
	2.41 [1.61, 3.63]
	1.68 [1.02, 2.78]
	0.62 [0.40, 0.96]
	0.79 [0.46, 1.34]

	Smokingj (ref. No)

	 Yes
	1.98 [1.39, 2.80]
	1.13 [0.72, 1.76]
	1.84 [1.30, 2.63]
	1.04 [0.66, 1.64]
	1.84 [1.26, 2.70]
	1.08 [0.69, 1.73]

	Fruit and vegetable consumptionk (ref. Daily consumer)

	 Non-daily consumer
	1.81 [1.37, 2.40]
	1.30 [0.96, 1.76]
	1.72 [1.30, 2.27]
	1.22 [0.90, 1.66]
	1.59 [1.19, 2.14]
	1.15 [0.83, 1.58]

	Body mass index (BMI) (ref. Normal/healthy weight)

	 Overweight (BMI 25.0–29.9 kg/m2
	1.50 [1.06, 2.11]
	2.12 [1.46, 3.08]
	1.44 [1.02, 2.89]
	1.99 [1.37, 2.89]
	1.38 [0.97, 1.95]
	1.82 [1.24, 2.66]

	 Obesity (BMI ≥ 30 kg/m2)
	5.44 [3.85, 7.68]
	6.06 [4.10, 8.97]
	5.21 [3.70, 7.37]
	5.68 [3.83, 8.42]
	4.65 [3.23, 6.70]
	4.52 [3.00, 6.80]


a Results are based on multinomial logistic regression analyses. Odds ratios (OR) with 95% confidence intervals (CI) are shown
b Model 1 adjusted for age and gender
c Model 1 + marital status, education, and physical workload
d Model 2 + lifestyle-related factors and BMI
e Higher education = university degree or more, intermediate education = matriculation or college education, basic education = primary or secondary school or less
f Physically non-strenuous = very light, intermediate = rather light, physically strenuous = rather strenuous/very strenuous
g Occasional = any symptoms in ≤ 14 nights/month, frequent = any symptoms in > 14 nights/month
h Vigorously active = ≥ 14 metabolic equivalent task (MET) hours/week including the two highest intensity grades, moderately active = ≥ 14 MET hours/week including the two lowest intensity grades, inactive = < 14 MET hours/week
i Binge-drinking = once a week or more, no binge-drinking = once a month or less
j No = no current smoking, yes = current smoker
k Daily consumer = consuming both fruit and vegetables daily, non-daily consumer = consuming fruit or vegetables less than daily




Discussion
We sought to identify the developmental patterns of physical functioning before and after retirement among former Finnish municipal employees. Moreover, we examined how social- and health-related factors were associated with these physical functioning trajectories.
Distinct developmental patterns in physical functioning were found among ageing and retired public sector employees. Three distinct trajectory groups of physical functioning were selected: ‘fast decreasing’, ‘stable high’, and ‘slowly increasing’. When we regarded the time after retirement, we observed that the ‘slowly increasing’ trajectory reached the level of physical functioning with the ‘fast decreasing’ trajectory soon after retirement. Eventually, the ‘slowly increasing’ trajectory reached the level of physical functioning with the ‘stable high’ trajectory years after retirement. Lower educational level, sleep problems, and obesity were associated with the trajectory groups ‘fast decreasing’ and ‘slowly increasing’, in particular. Thus, the results suggest that these social- and health-related factors might increase the risk for declining physical functioning and lower levels of physical functioning in the baseline during the retirement period.
To the best of our knowledge, this was the first study examining physical functioning trajectories among statutory retirees, using a person-oriented approach. We were able to examine the developmental patterns of physical functioning both before and after statutory retirement. It should be noted that this study focused on statutory retirees, excluding participants in disability retirement, for example. Since the participants were able to work until statutory retirement, it indicates that the participants had, in general, decent physical functioning, and the healthy worker effect is probable. This might explain why the levels of physical functioning were relatively high in all three trajectory groups. Furthermore, the cohort was targeted to employed people and has little to say about non-employed people, who usually have poorer health [33–35].
Previous studies have suggested that lower education is associated with a risk of lower physical functioning [36–39]. This is in line with our findings since lower education was associated with both declining physical functioning and initially lower levels of physical functioning. Surprisingly, education as a socioeconomic factor did not explain the associations between health-related factors and the trajectories, even though it is known that education is associated with health-related factors [40, 41]. For example, better educated people are less likely to smoke, have high alcohol consumption, and be living with obesity compared to less educated people [40]. Then again, this study did not take into account the responders’ utilisation of preventive healthcare, resilience, psychological capital, and health literacy, which are suggested to be possible buffers against adverse socioeconomic circumstances [42, 43].
Poor health-related factors, including binge drinking, smoking, and non-daily F&V consumption, were more strongly associated with the ‘fast decreasing’ trajectory, which started with a high physical functioning level, than with the ‘slowly increasing’ trajectory, which started from a lower physical functioning level. While physical functioning generally declines with age, these findings support the fact that poor health-related factors might accelerate this process. Poor sleeping and obesity, which are both already known risk factors for poor physical functioning [16, 44], were strongly associated with the ‘fast decreasing’ and ‘slowly increasing’ trajectories. Stenholm, Leskinen & Viikari [45] suggested that, for example, removal of job strain, the possibility to increase LTPA and sleeping might result in improved functioning. They inform that previous studies have shown that the positive effects of retirement are greatest with individuals retiring from physically or mentally high job strain [46, 47]. This study did not clarify the possible corrective effect of the aforementioned associations, since for example mental workload was not considered in the analyses.
Surprisingly, working conditions were not associated with physical functioning trajectories. This might be due to the fact that this study only regarded those on statutory retirement; for example, impaired physical mobility is associated with earlier transition out of work [48]. The responders with the most adverse working conditions might have retired due to disability and thus were not considered in this study. Also, in this study, the physical working conditions were derived from the questionnaire prior to retirement. Hence, the analyses did not take into account how the physical workload through responders’ entire work career might affect physical functioning after retirement [49].
This study has a few limitations. First, the phase 1 responders were all municipal employees, hence the cohort does not represent the entire working population or general population. Due to that, the results might not be generalisable to other sectors or at the population level. Second, the covariates were measured prior to retirement. Hence, changes in social- and health-related factors during the follow-up were not considered. Third, most of the responders were women. It is likely that the trajectories and the covariates behind the trajectories would vary among women and men. However, the sample size among men was too small to analyse trajectories separately for women and men. Nevertheless, most of the employees in the Finnish municipal sector in general are women, which makes it possible to generalise the results to that population on statutory retirement. Also, like mentioned before, the healthy worker effect is possible, which can cause bias in the responses. Chronic diseases, among other health issues may force to retire earlier. Healthy workers tend to remain in the workforce. Also, workers usually remain employed because they are healthier but also have better access to healthcare [50, 51]. These factors might attenuate the results. The cohort profile of the Helsinki Health Study shows that men, those with younger age, those with poorer health, and those in lower occupational positions were less likely to respond to the baseline (2000–2002) and follow-up (2007) surveys [19]. Nevertheless, responses to our surveys in each phase were relatively good, and the previous non-response analyses indicated that the data represent satisfactorily the target population [19].
The main strength of this study is the longitudinal repeated data with four time points. This provided us the possibility to examine the trajectories of physical functioning years before and after retirement since the RAND-36 measure was repeated at each time point. Even though the physical functioning was self-reported, the RAND-36 measure is widely used and an established measure to study levels of physical functioning [52, 22]. The longitudinal data was rich including a high number of participants and included multiple covariates that are known to be risk factors for poor physical functioning. Trajectory analysis is found to be a strong tool to examine heterogeneity, discover new patterns, and connect these to covariates. However, it should be kept in mind that the identified trajectories are approximations of the actual developmental patterns [53].
We suggest that further studies should consider measuring social- and health-related factors after retirement to examine whether changes in social- and health-related factors after retirement could explain the patterns of the physical functioning trajectories years after retirement.

Conclusion
This study shows that lower education and health-related risk factors were associated with trajectories of lower levels of physical functioning before retirement and declining physical functioning after statutory retirement. In particular, physical inactivity, sleep problems, and obesity were associated with declining and lower-level physical functioning trajectories. Future studies could investigate whether changes in these or other social- and health-related factors during the retirement period impact the trajectories of physical functioning after retirement since we observed both increasing and decreasing patterns in physical functioning years after retirement.
This would provide important knowledge to plan targeted interventions for both the employees prior to their retirement, and to assess whether similar interventions are needed after retirement. Interventions which aim to support and improve healthy lifestyles among older employees, especially among those with lower education, are recommended to help the population to maintain better physical functioning and possibly lengthen their work careers.
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