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A B S T R A C T

Objectives: Retirement is a significant life event involving removal of work stress and changes in other psycho
logical factors. These changes may induce physiological responses in the body, such as changes in levels of the 
stress hormone cortisol, but no previous studies exist on the topic. The aim of this study was to examine changes 
in hair cortisol concentration and the associated work-related factors during the retirement transition.
Methods: One hundred and ninety-nine workers from the Finnish Retirement and Aging study participated in 
annual hair sampling before and after the retirement transition. Hair cortisol concentration was measured using 
mass spectrometry. Work-related factors were examined through survey measures. Latent trajectory analysis was 
used to investigate the heterogeneity of the changes in hair cortisol concentration during the retirement 
transition.
Results: The study population had a mean age of 63.1 (SD 1.1) years and 92 % were women. Three trajectory 
groups for hair cortisol changes were identified: ”stable low” (79 %), “fluctuating” (6 %) and “post-retirement 
increase” (15 %). ”Post-retirement increase” group consisted of older participants compared to the “stable low” 
and “fluctuating” groups. No significant differences in exposure to work-related stressors were found between the 
groups.
Conclusion: For the majority of the participants, the levels of hair cortisol remained relatively low and stable 
during the retirement transition, but for subgroups of individuals annual fluctuation and post-retirement increase 
in levels of hair cortisol were observed. Work-related stressors were not found to explain the variability, thus 
further research on changes in hair cortisol changes during retirement is warranted.

1. Introduction

Moving into retirement is a major transitional phase in late middle 
age concerning most people. Retirement is often accompanied by 
changes in various aspects of life due to changes in time use, social 
connections, and daily activities [1]. Many people find retirement to be 
a positive life event to look forward to. Retirement brings freedom and 
increases spare time in one’s life when the hours tied to work and 
work-related stress are removed. People have more time to focus on 
family, hobbies, and other enjoyable activities after retirement. On the 
other hand, prior to retirement, employment usually provides structure, 

meaning, higher level of stable income, social contacts, and fulfillment 
in a person’s life. Hence, retirement can also be a stressful event 
financially, socially, and emotionally as for example income and social 
relationships may change [2].

Work-related stressors naturally decrease after retirement, but social 
and other cumulative stressors may have longer and more lasting effects 
on mental health. Previous studies have shown that retirement may have 
many beneficial effects, especially on perceived health. These include a 
decrease in psychological stress [3], mental and physical fatigue, 
depression symptoms [4,5], and sleep difficulties [6] as well as 
improved self-rated health [7], quality of life and a feeling of autonomy 
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[4]. Moreover, changes in more objective health indicators have also 
been reported, including a decrease in antidepressant use [8] and 
beneficial changes in awake ambulatory blood pressure [9], though no 
change in the risk of major chronic diseases has been observed [5]. 
However, the effects of retirement may vary depending on work char
acteristics and life circumstances, which are therefore important to 
consider [10]. Indeed, work stress as indicated by, for example high 
physical and psychological job demands and low job satisfaction during 
the later years of work have been shown to be associated with a steep 
increase in suboptimal health and poor sleep before retirement and 
greater benefits from retirement [7,11]. Until now, changes in stress and 
stress responses have mainly been assessed with questionnaires and 
interviews portraying a self-reported viewpoint on pre-retirement stress 
factors and how people react to retirement, and therefore there is a lack 
of research examining changes with physiological measures.

The activity of the Hypothalamic-Pituitary-Adrenal (HPA) axis has 
been a key subject in stress research. The axis’ end product, cortisol, is a 
glucocorticoid hormone synthesized in the adrenal cortex. Cortisol 
secretion is regulated downstream by the hypothalamic secreted 
corticotropin-releasing hormone (CRH) and the pituitary secreted ad
renocorticotropic hormone (ACTH). Cortisol is released in response to 
physical and/or emotional stress thus it has also been called “the stress 
hormone” [12]. Cortisol can be traditionally measured from urine, 
serum, and saliva. The measured levels fluctuate during the day 
following the circadian rhythm and reacting to stress [13]. The HPA axis 
is a complex system and both hyper-an hypoactivity of the HPA axis has 
been reported in long-term stress and adversity [14,15]. Measurement of 
hair cortisol concentrations (HCC) is a relatively recent method to assess 
longer-term cumulative activity of the HPA axis. Elevated HCC has been 
associated with chronic stress especially if the stress is ongoing during 
the sampling. Meanwhile decreased HCC has also been found in people 
with generalized anxiety disorder and post-traumatic stress disorder. 
However, HCC is not viewed as a simple, direct way to quantify stress or 
stress exposure. It only captures one aspect of the endocrine activity of 
the HPA axis [16]. Despite increasing use of HCC as a stress-related 
biomarker in population-based studies, there is a scarcity of studies 
examining HCC and its changes in relation to work status or work 
stressors in a longitudinal setting. Most of the longitudinal studies with 
repeated HCC measurements have been conducted among maternal and 
children samples [17–24].

To the best of our knowledge, only three previous studies have 
examined work-related stressors and changes in HCC in a longitudinal 
setting [18,25,26]. Among a sample of 229 Chinese fishermen (mean 
age 35.2 [SD 11.0]), significantly lower levels of HCC were observed 
over the past month at sea compared to the period of preparation [25]. It 
should be noted that this study used only one hair sample, divided into 
segments representing the time spent preparing for a fishing season on 
the sea compared to the time over the past one month at sea. The second 
study assessed HCC based on hair samples taken every fourth month 
among relatively young people starting their medical internships (n =
74) (mean age 27.4 [SD 2.4]). HCC was observed to increase sharply at 
the beginning of the internship, then decrease as the internship 
continued, and increase again at the end of the internship year. HCC did 
not correlate with depressive symptoms, hours worked, hours slept, or 
self-reported stress [18]. The third study by Herr et al. [26], which 
included forty male factory workers (mean age 47.9 [SD 6.3]), found an 
increase in work stress, measured by Effort-Reward-Imbalance, model to 
be associated with an increase in HCC during a one-year follow-up.

Work-related stressors are a part of employment for many em
ployees. They differ in incidence and intensity between individuals, and 
they can trigger various physiological and psychological responses [27]. 
As work-related stressors are naturally withdrawn after transitioning 
into retirement, it could be hypothesized that work-related stressors 
prior to retirement could be associated with pre- and post-retirement 
levels of HCC. To the best of our knowledge, there are no previous 
studies examining longitudinal changes in HCC in older adults during 

the retirement transition.
To provide further insight into HPA axis activity and stress during the 

transition to retirement, the aim of this study was, for the first time, to 
examine changes in HCC during the retirement transition by utilizing 
annual repeated measurements of HCC before and after the retirement 
transition. In addition, the work-related factors associated with the 
observed HCC changes were examined. This study was designed to in
crease our understanding of the changes in physiological biomarkers, 
and underlying factors during the shift from employment to retirement.

2. Methods

2.1. Study design and participants

The Finnish Retirement and Aging Study (FIREA) (n = 6783) is an 
ongoing longitudinal cohort study established in 2013 consisting of 
public sector workers who have been followed up from the final years of 
employment through the retirement transition and to post-retirement 
years. Details of the design and implementation of the FIREA study 
have been reported elsewhere [28]. Shortly, FIREA cohort participants 
received the first questionnaire 18 months prior to the estimated 
retirement age. After responding to the questionnaire, Finnish-speaking 
participants with an estimated retirement date between 2017 and 2019, 
who lived in Southwest Finland and were still working, were invited to 
participate in a clinical sub-study (n = 773). Of them, 290 agreed to 
participate. Thereafter, the study participants were followed up with 
annual measurements including, for example, hair and blood samples, 
cognitive function tests, cardiovascular function tests, and question
naires. To determine the timing of retirement, the actual retirement day 
was quired during each phase of the data collection, and this informa
tion was used to determine pre- and post-retirement measurements. The 
annual data points were named to represent the time before retirement 
(− 2 and − 1) and time after retirement (+1 and + 2) with the actual 
retirement date falling between the data points of − 1 and +1. Every 
measure was conducted by the same practice at each data point.

For the current study, we included clinical sub-study participants (n 
= 199), who had provided at least one hair sample before and at least 
one after the transition to full-time statutory retirement. The number of 
HCC measures ranged from 2 to 4 per participant. The majority of par
ticipants provided three samples (n = 157), 14 participants provided the 
maximum amount of four samples, 28 participants provided two 
samples.

FIREA study was conducted according to the Declaration of Helsinki 
and approved by the Ethics Committee of the Hospital District of 
Southwest Finland.

2.2. Assessment of hair cortisol concentration

Hair samples and hair treatment related information were collected 
during the clinical visit by a study nurse. The visits were conducted al
ways at the same time of the year to reduce the possibility of seasonal 
changes in HCC due to UV light exposure [29]. A 3-cm segment of 
proximal hair was cut from a standardized area of the posterior vertex as 
close as the scalp as possible. After collecting the hair was protected 
from light and moisture with foil. Hair cortisol concentrations were 
analyzed using method of LC-MS/MS mass spectrometry in Technical 
University of Dresden, Germany [30]. Each sampling and analysis were 
done using the same method.

The participants also filled in a survey regarding hair treatments, 
hair characteristics, and hormonal medications each time when the 
sampling was conducted. Hair treatment such as the hair washing fre
quency has previously been associated with hair cortisol [16]. After 
examination, there was no association with hair treatments, hair char
acteristics, or hormonal medications with the trajectory groups. Hair 
washing frequency variable was dichotomized (0–3 times per week and 
4+ times per week).
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2.3. Assessment of work-related factors

Occupational status was obtained from the register of the pension 
institute Keva. Occupations were coded in line with the International 
Standard Classification of Occupations (ISCO) and categorized into two 
groups: high – intermediate (ISCO classification 1–4, managers, pro
fessionals, office workers) and low (ISCO classification 5–9, manual and 
service workers) [31,34].

Information on work-related stressors (job strain, shift work, and 
work time control) was collected with a survey questionnaire. For the 
analyses, we used information from the last survey available before 
retirement.

Job strain was assessed with the Job Content Questionnaire [32]. 
Nine items of job control and five items of job demands were scaled on a 
five-step scale to represent individual levels of job demands and job 
control. The participants were categorized as high vs. low demands and 
high vs. low control based on median scores in the sample (3.40 for 
demands and 3.76 for control). Using the demand-control model, par
ticipants who had both high demands and low control were included in 
the high strain group, while the other participants were included in the 
low strain group [33,34].

Work time control was assessed by asking participants to rate, on a 
scale from 1 (very little) to 5 (very much), how much they could influ
ence the following aspects of their workday: length of a workday, the 
starting and ending times of a workday, the taking of breaks during the 
workday, the handling of private matters during the workday, the 
scheduling of work shifts, the scheduling of vacations and paid days off, 
and the taking of unpaid leave [35]. Participants whose combined scores 
placed within the lowest quartile were classified as having low work 
time control, while those in the remaining three quartiles were catego
rized as high work time control. This divide has been used in previous 
FIREA studies [36].

Shift work was determined by asking the participants to describe 
their typical work time mode. Participants were categorized into no shift 
work (regular daytime work) and shift work (shift work without night 
shifts, shiftwork with night shifts, regular nighttime work, and other 
irregular work).

Work related stressors tend to cluster on the same individuals [37]. 
Hence, we formed a summary variable indicating the number of 
work-related stressors (high job strain, low work time control, shift 
work) the participants were exposed to. The participants were catego
rized into having any work-related stressor or none.

2.4. Assessment of other factors

Sex and date of birth were obtained from the register of the pension 
institute Keva. Other characteristics were obtained from the last ques
tionnaires preceding the transition to retirement. Marital status was 
dichotomized as married/cohabitating and never married/divorced/ 
separated/widowed. Self-reported health was dichotomized into good 
(good/rather good) and suboptimal (average/rather poor/poor) as in 
previous studies [38]. The Body-Mass Index was derived from measured 
weight and height during the study visits.

Alcohol consumption and smoking status were obtained from the 
survey data. Alcohol risk usage (no vs yes; >24 units for men and >16 
units for women) [39] and smoking status (no vs yes) were dichoto
mized. Alcohol risk usage has been shown to associate with HPA axis 
dysregulation [40] and smoking with the activity of HPA axis [41]. After 
examinations in our data, only a small number of participants reported 
current smoking (5 %) or alcohol risk use (3 %), and they were not 
associated with HCC trajectories. Therefore, alcohol use and smoking 
were not included in the main analysis.

2.5. Statistical analysis

Because of the skewed distribution of HCC, natural logarithm (ln) 

conversion was performed, and they were used in the analysis. Because 
extreme values of HCC are quite common, we conducted careful ex
amination of potential outliers by each study wave separately. There 
were 8 sporadic values exceeding three standard deviations (SD) above 
the mean and these values were excluded from the analysis, but other 
observations from the participants were included in the analysis.

Descriptive information on participant characteristics of the total 
study population and by the trajectory groups are presented using means 
and standard deviations for continuous variables and frequencies and 
percentages for categorical variables.

To illustrate changes in HCC at the population level during the 
retirement transition, we used linear regression analyses with general
ized estimating equations (GEEs). The results are shown as mean values 
and 95 % confidence intervals (CI).

To investigate the heterogeneity of the changes in HCC during the 
retirement transition, latent trajectory analysis (PROC TRAJ in SAS 9.4) 
was used. We used Nagin’s 2-step procedure to determine the optimal 
number trajectories and chose the number and order of regression pa
rameters [42]. In the first step, we fitted an increasing number of tra
jectory models with curvilinear polynomial shape for HCC until no 
improvement in model fit was observed. Assessment of model fit was 
based on Bayesian information criterion (BIC) values, Akaike informa
tion criterion (AIC) values, Log-likelihood, and posterior probabilities. 
In the second step, we tested models with quadratic and linear trajec
tories for the selected models chosen in the first step. The best-fitting 
trajectory model was chosen and used as a grouping variable in the 
following analytical stage. The model fit statistics of the latent trajectory 
analyses from polynomial models with 1–4 trajectories for hair cortisol 
concentrations can be found in the Supplementary Table 1.

A multinomial logistic regression analysis was used to examine the 
associations between categorical sociodemographic, work- and health- 
related factors and probability of being classified into a particular tra
jectory group. The analyses were first adjusted for age and sex (Model 
1), and thereafter additionally for self-reported health, hair washing 
frequency and occupational status (Model 2).

The analyses were conducted using SAS 9.4 software [SAS institute, 
Cary NC].

3. Results

The characteristics of study participants before retirement (study 
wave − 1) are presented in Table 1. Mean age of participants was 62.2 
(SD 1.1) years and majority were women (92 %). Regarding work- 
related factors, one third (32 %) worked in manual or service occupa
tions, and about one fifth reported high job strain (22 %) and low work 
time control (22 %). In addition, 28 % did shift work. Half of the study 
population had at least one work-related stressor (50 %) and 17 % had a 
clustering of two or three stressors.

The characteristics of the final study sample compared to the entire 
clinical substudy sample, and the survey study sample are presented in 
Supplementary Table 2. Compared to the entire clinical substudy sam
ple, the final study sample consisted of more women. This was due to the 
difficulties of hair sampling due to very short hair in some male par
ticipants. Compared to the survey study sample, the final study sample 
also presented slightly better self-reported health, and better Work-Time 
Control. Regarding age, occupational status, marital status, alcohol use 
and other work-related stressors the different samples were very similar.

First, we examined the population mean levels of HCC during the 
years before and after retirement transition (Fig. 1). The average HCC 
level stayed relatively low and constant during the entire follow-up 
period and no marked change was observed during the retirement 
transition years. Mean levels of hair cortisol in original units (picogram/ 
milligram) are shown in Supplemental Fig. 2.

Next, we examined heterogeneity in the HCC changes during the 
retirement transition by using latent trajectory analysis. Three different 
trajectories were identified, and they are shown in Fig. 2. The largest 
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Table 1 
Descriptive characteristics of the participants by the hair cortisol concentration trajectory groups.

Total study population n = 199 Stable low n = 159 Fluctuating n = 11 Post-retirement increase n = 29

​ Mean (SD) Mean (SD) Mean (SD) Mean (SD) p-value

Age, years 63.2 (1.1) 63.1 (1.1) 63.0 (0.8) 63.7 (1.0) 0.03
Body Mass Index, kg/m2 26.3 (4.8) 26.2 (5.0) 26.9 (3.9) 26.5 (4.3) 0.87

​ n (%) n (%) n (%) n (%) p-value

Sex ​ ​ ​ ​ 0.60
Male 15 (9) 13 (8) 0 (0) 2 (7) ​
Female 184 (92) 146 (92) 11 (100) 27 (93) ​
Occupational status ​ ​ ​ ​ 0.60
High and intermediate 136 (68) 107 (67) 9 (82) 20 (69) ​
Low 63 (32) 52 (33) 2 (18) 9 (31) ​
Marital status ​ ​ ​ ​ 0.04
Married or cohabitant 132 (66) 99 (62) 8 (73) 25 (86) ​
Single, divorced or widow 58 (29) 52 (33) 3 (27) 3 (10) ​
Missing 9 (5) 8 (5) 0 (0) 1 (3) ​
Self reported health ​ ​ ​ ​ 0.22
Good 152 (76) 125 (79) 8 (73) 19 (66) ​
Suboptimal 40 (20) 28 (18) 3 (27) 9 (31) ​
Missing 7 (4) 6 (4) 0 (0) 1 (3) ​
Smoking ​ ​ ​ ​ 0.36
No 181 (91) 115 (72) 6 (55) 17 (59) ​
Yes 9 (5) 37 (23) 5 (45) 12 (41) ​
Missing 9 (5) 9 (5) 0 (0) 0 (0) ​
Alcohol riskuse ​ ​ ​ ​ 0.27
No 188 (94) 149 (94) 10 (91) 29 (100) ​
Yes 5 (3) 4 (3) 1 (9) 0 (0) ​
Missing 6 (3) 6 (3) 0 (0) 0 (0) ​
Job strain ​ ​ ​ ​ 0.51
Low strain 151 (76) 118 (74) 10 (91) 23 (79) ​
High strain 44 (22) 37 (23) 1 (9) 6 (21) ​
Missing 4 (2) 4 (3) 0 (0) 0 (0) ​
Work Time control ​ ​ ​ ​ 0.82
High control 144 (72) 113 (71) 9 (82) 22 (76) ​
Low control 41 (21) 34 (21) 2 (18) 5 (17) ​
Missing 14 (7) 12 (8) 0 (0) 2 (7) ​
Shift work ​ ​ ​ ​ 0.34
No 140 (70) 109 (69) 10 (91) 21 (72) ​
Yes 55 (28) 46 (29) 1 (9) 8 (28) ​
Missing 4 (2) 4 (3) 0 (0) 0 (0) ​
Any Work-Related Stressor ​ ​ ​ ​ 0.28
No 96 (48) 74 (47) 8 (72) 14 (48) ​
Yes 99 (50) 81 (51) 3 (27) 15 (52) ​
Missing 4 (2) 4 (3) 0 (0) 0 (0) ​

Notes: SD = Standard Deviation.

Fig. 1. Mean Levels of Hair Cortisol Concentration During Retirement Transi
tion. Shaded blue area represents the 95 % Confidence Interval. The grey area 
represents the period during which the retirement date occurred.

Fig. 2. Trajectories of Hair Cortisol Concentration During Retirement Transi
tion. Shaded colored area represents the 95 % Confidence Interval. The grey 
area represents the period during which the retirement date occurred.
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trajectory was “stable low” (79 %) showing low HCC before and after 
retirement. A slight increase in HCC occurred between study waves − 1 
and +1 (HCC 2.05 [95 %CI 1.85–2.25] vs. 2.26 [95 %CI 2.05–2.47]). 
The second-largest trajectory was “post-retirement increase” (15 %) 
showing a noticeable increase (HCC 3.43 [95 %CI 2.68–4.19) vs. 6.82 
[95 %CI 5.07–8.58] in HCC during the post-retirement years (study 
waves +1 and + 2). The level of HCC was also higher compared to the 
“stable low” group. The third and smallest trajectory was “fluctuating” 
(6 %) in which the HCC level presented a decrease before retirement 
(study waves − 2 to − 1) (HCC 5.67 [95 %CI 4.37–6.96] vs. 4.26 [95 %CI 
2.74–5.79]), increase during retirement transition (study waves − 1 and 
+1) (4.26 [95 %CI 2.74–5.79] vs. 6.08 [95 %CI 4.84–7.31]) and again 
decrease post-retirement (study waves +1 to +2) (HCC 6.08 [95 %CI 
4.84–7.31] vs. 3.92 [95 %CI 2.21–5.63]). The level was also higher than 
the “stable low” groups. Predicted probabilities of trajectory group 
membership ranged from 0.80 to 0.96.

Table 1 presents the characteristics of the three different trajectory 
groups. The “post-retirement increase” group had a slightly higher mean 
age, and marriage or cohabitation was more common than in the “stable 
low” group. There was no statistically significant difference in sex, 
occupational status group or health-related indicators between the tra
jectory groups. Job strain and shift work tended to be more common in 
the “stable low” and “post-retirement increase” groups than in the 
“fluctuating” group, but work-time control was similar across the 
groups.

Finally, we examined the associations between pre-retirement work- 
related factors and HCC trajectory groups (Table 2). There was a ten
dency towards lower odds for low occupational status, high job strain, 
low work time control, and shift work in “fluctuating” group compared 
to the reference group “stable low”. However, none of the factors 
reached statistical significance in either of the models. “Post-retirement 

increase” group showed no difference to “stable low” group in terms of 
the work-related factors.

4. Discussion

In this longitudinal study, we examined changes in HCC among 
Finnish public sector employees during the surrounding years of 
retirement. Overall, no marked change was observed in HCC during the 
follow-up, when examining the average values in the study population. 
However, when applying latent trajectory analysis, we identified three 
different trajectory groups for HCC. Most of the participants (79 %) were 
assigned to the group presenting stable and low levels of HCC both 
before and after retirement. The second largest group (15 %) showed 
higher levels of HCC before and after retirement, and was characterized 
by a sharp increase in HCC after retirement. The smallest group (6 %) 
presented fluctuating levels of HCC, with decreasing levels before and 
after retirement, but increasing levels during the retirement transition. 
We found no associations between work-related stressors measured 
before retirement and the trajectory groups.

To our knowledge, this is the first study examining HCC longitudi
nally during the surrounding years of retirement. Although the majority 
of the participants showed stable and low levels of HCC during the 
transition, an interesting finding was that about a fifth of the partici
pants showed either fluctuation or post-retirement increase in HCC. This 
corroborates earlier findings about heterogeneity in individuals’ re
sponses and adaptation to retirement [3,38].

As it has been previously shown that retirement decreases the risk of 
depression [43], decreases psychological stress [3] and increases the 
feeling of autonomy [4], we hypothesized that this would also be 
observed in physiological biomarkers such as HCC. We also hypothe
sized that the removal of work-related stressors, particularly the clus
tering of work-related stressors, would result in a decrease in HCC 
following retirement. However, we found no trajectory with a constant 
decrease in HCC following retirement. In addition, work-related 
stressors tended to be less common in the trajectory groups presenting 
higher levels and more fluctuation of HCC. Despite the tendency, there 
were no significant differences between the groups regarding 
work-related stressors, which may be partly due to the small sample size 
and should be further studied in larger study populations.

However, our findings are in line with a previous cross-sectional 
study on older adults (mean age 68.1 [SD 5.3]) from England, which 
also found no association with HCC and employment status and 
perceived stress [44]. On the other hand, in another cross-sectional 
study from the United States among participants with cardiovascular 
disease from various occupations (mean age 55.5 [SD 13.5]) an associ
ation between work-related factors, namely regarding more support 
from co-workers or supervisors and better work-life balance, and lower 
HCC was found [45].

We are aware of only three previous longitudinal studies examining 
work-related factors and HCC [18,25,26]. Study by Herr et al. [26] 
conducted among middle-aged male factory workers observed concur
rent changes in work-related stress and HCC. Studies by Wu et al. [25] 
and Mayer et al. [18] found an increase in HCC sharply after the stressor 
onset or even before the onset possibly due to the anticipation of the 
stressor. The anticipation of retirement might be portrayed as the 
pre-retirement increase of HCC in the “Fluctuating” trajectory group, 
but this phenomenon was not observed in other trajectory groups. These 
findings are somewhat in contrast to our findings, because we did not 
observe an association between work-related stressors and HCC trajec
tory groups. However, direct comparison of our results to previous 
studies is difficult due to differences in study populations, study designs, 
and occupations.

When interpreting the findings, it is also important to consider 
physiological age-related changes in cortisol concentration. A recent 
study from 20- to 90-year-old volunteers from the Baltimore Longitu
dinal Study of Aging reported that urinary free cortisol excretion 

Table 2 
Association of work-related stressors with hair cortisol concentration trajectory 
groups.

Stable low 
(Ref)

Fluctuating Post-retirement 
increase

Odds Ratio Odds Ratio 95 % CI Odds 
Ratio

95 % CI

Occupational status (Low vs. High/Intermediate)
Model 

1
1 0.41 0.08–1.99 1.05 0.43–2.54

Model 
2

1 0.46 0.09–2.34 0.95 0.36–2.43

Job strain (High vs Low)
Model 

1
1 0.32 0.04–2.58 0.70 0.24–2.01

Model 
2

1 0.34 0.04–2.94 0.67 0.22–2.02

Work Time Control (Low vs High)
Model 

1
1 0.66 0.14–3.23 0.86 0.29–2.53

Model 
2

1 0.79 0.15–4.05 0.81 0.26–2.52

Shift work (Yes vs No)
Model 

1
1 0.22 0.03–1.78 0.96 0.39–2.41

Model 
2

1 0.26 0.03–2.17 0.94 0.35–2.48

Any Work-related stressor (Yes vs No)
Model 

1
1 0.30 0.08–1.21 1.11 0.49–2.52

Model 
2

1 aNot 
estimable

Not 
estimable

0.61 0.17–2.17

Notes: Model 1 adjusted for age and sex. Model 2 adjusted additionally for self- 
reported health, body mass index, hair washing frequency and occupational 
status. CI = Confidence Interval.

a The regression model did not provide a reliable estimate due to small sample 
size (infinite confidence intervals).
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exhibits a U-shaped pattern during adulthood [46]. Cortisol secretion 
somewhat increases after the age of 50, and the increase persists into the 
early 60s, which represents the age group of our study. When the overall 
pattern of cortisol secretion is increasing with age, this could explain 
why we could not find trajectories with decreasing HCC, even though 
the hypothetical stress-relieving transition to retirement occurred. 
Aging can also result in HPA axis dysregulation manifesting as a flatter 
diurnal cortisol pattern [47]. The dysregulation may cause attenuated 
physiological responses even though the life transition itself is mean
ingful and potentially stressful or stress relieving.

In addition to the age-related changes, the intrinsic negative feed
back and central “top-down” regulation of the HPA axis continually act 
to stabilize cortisol secretion within restricted limits, preserving reac
tivity to novel stimuli while diminishing responses to recurrent or 
familiar stressors [12]. It is possible that retirement might be more 
familiar stressor than we anticipated, or the possible activity of the HPA 
axis was regulated rapidly, and our timing of the hair samples did not 
record it.

A major strength of this study was the repeated annual measure
ments of HCC in a unique setting before and after retirement. We 
collected each yearly hair sample individually and did not use different 
segments of one hair sample. We had a broad representation of occu
pations from each class of International Standard Classification of Oc
cupations, which broadens the generalizability compared to studies 
focusing on one occupation. We also had a wide range of information 
regarding the characteristics of individuals’ work and work-related 
stressors. We were able to analyze whether the removal of these fac
tors would be associated with the changes in HCC while controlling for 
various confounders.

The main limitation of this study was a relatively small sample size, 
which is however comparable to previous studies on HCC changes in 
different occupation groups. The identified trajectory groups were 
small, but still distinct from each other as suggested by the model fit 
statistics. The small sample may also limit the power to identify asso
ciations between work-related stressors and trajectory groups. The 
generalizability of our findings may be limited, as the participants were 
mainly women and relatively healthy public sector employees of Euro
pean origin in a Nordic welfare state. The analysis comparing the final 
study sample to the substudy sample and the survey study sample 
strengthens the generalizability. High work stress was uncommon, as 
almost half (48 %) of the population was not exposed to any of the 
stressors examined. The work-related stressors were obtained from the 
last questionnaire completed before retirement and did not represent the 
possible accumulation of stress during the whole career. Further 
research is needed to examine whether similar findings are found in 
other labor market sectors, countries, and cultures. Larger sample sizes 
should be incorporated to reach more statistical power. Longer follow- 
up periods could help to understand how HCC changes in the long 
term during post-retirement. Standardized timing of the hair sampling in 
relation to the actual retirement date could better capture the possible 
changes in HCC. Examining other possible factors (e.g., coping methods, 
resilience, support from family and friends) associated with HPA axis 
activity could help explain the changes in HCC during the retirement 
period. Other physiological markers of stress e.g., C-reactive protein or 
catecholamines could be utilized [48]. In addition, the allostatic load 
model combining multiple physiological markers could be used [49].

In conclusion, HCC remains relatively stable for a large majority of 
participants undergoing retirement transition in Finland. In addition, for 
some participants, HCC shows a temporal increase during retirement or 
an increase during the post-retirement years. Work-related stressors did 
not explain differences in HCC changes, and thus, further research on the 
potential factors predicting HCC changes is warranted.
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