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A B S T R A C T   

Background: We examined individual and dual trajectories of insomnia symptoms and body mass index (BMI) 
before and after retirement, and their associations with changes in subjective cognitive functioning after 
retirement. 
Methods: We used the Helsinki Health Study’s (n = 2360, 79% women, aged 40–60 at baseline, Finland) repeated 
surveys to identify the developmental patterns of insomnia symptoms and BMI (2000–2017) and changes in 
subjective cognitive functioning (2017–2022). We analysed the data using latent group-based dual trajectory 
modelling and logistic regression analysis. 
Results: Three latent groups were identified for insomnia symptoms (stable low, decreasing and increasing 
symptoms) and BMI (stable healthy weight, stable overweight and stable obesity). Insomnia symptoms were 
associated with declining subjective cognitive functioning and largely explained the effects in the dual models. 
Conclusion: 
The association between dual trajectories of insomnia symptoms and BMI with subjective cognitive decline is 
dominated by insomnia symptoms.   

1. Introduction 

The rapid ageing of the population continues to challenge the ca
pacity of health and social care services (Mitchell and Walker, 2020). 
Cognitive decline and dementia become more common with advancing 
age, leading to an increased need for health and social care services 
(Nandi et al., 2022; Knapp et al., 2013). Both insomnia symptoms and 
high body mass index (BMI) have been associated with subjective 
cognitive decline (SCD) (Wen et al., 2021; Hao et al., 2019). Epidemi
ological, longitudinal and biomarker studies have found increasing ev
idence that SCD might be a potential first symptom of dementia 

(Mitchell et al., 2014; Verlinden et al., 2016; Eliassen et al., 2017; Jessen 
et al., 2020). The progression of Alzheimer’s disease is slow and the first 
symptoms may appear decades before mild cognitive impairment (MCI) 
(Jack et al., 2013; Jack et al., 2018). As no curative treatments for 
memory disorders exist (Cummings et al., 2019), the prevention, and 
postponement of cognitive decline are essential (Kulmala et al., 2018). 

In our previous study using a person-oriented approach persistent 
insomnia symptoms were associated with declined subjective cognitive 
functioning after retirement (Etholén et al., 2022). Another study 
combining two cohorts of older adults showed that early SCD with sleep 
problems increased the risk of severe cognitive decline (Tsapanou et al., 
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2019). A cross-sectional cohort study in the Netherlands found an as
sociation between subjective sleep problems and self-reported cognitive 
decline (Exalto et al., 2022). Several longitudinal studies using objec
tively measured cognitive functioning have found that sleep distur
bances may be associated with cognition in older adults (Nebes et al., 
2009; Blackwell et al., 2014). A British follow-up study of over 50 year- 
olds found that short sleep in midlife was associated with cognitive 
decline in later life (Sabia et al., 2021), whereas a US follow-up study 
among over 42 year-olds found no association (Zitser et al., 2020). 

High BMI and obesity comorbidities in midlife have also been asso
ciated with cognitive decline in later life (Whitmer et al., 2005a; Morys 
et al., 2021; Whitmer et al., 2005b). However, the evidence is incon
sistent (Albanese et al., 2015; Albanese et al., 2012). Moreover, two 
follow-up studies using data from the Korean Longitudinal Study of 
Ageing have suggested that high BMI in later life might even protect 
against cognitive decline (Kim et al., 2016; Kim et al., 2020a). Reverse 
causality is also a possibility, as weight loss has been linked to dementia 
and may precede the onset of cognitive symptoms (Johnson et al., 2006). 
In a British study, obesity in midlife was associated with a risk of de
mentia later life (Singh-Manoux et al., 2018). A large study comprising 
39 cohorts with individual-level data on 1.3 million participants, found 
that high BMI was a risk factor for dementia in the longer run but that it 
could be a protective factor in the short term (Kivimäki et al., 2018). 

Some studies have shown poor sleep quality to be associated with the 
risk of obesity (Rao et al., 2009; Rahe et al., 2015). There is also evidence 
of a bidirectional relationship between BMI and sleep (Koolhaas et al., 
2019). 

In sum, insomnia symptoms and high BMI are separately associated 
with poorer cognitive functioning. However, little is known about their 
dual associations with changes in subjective cognitive functioning. 
Additionally, previous research has mainly been variable-oriented 
ignoring the developmental patterns where latent new risk groups 
could be identified. The aim of our study was, using a person-oriented 
approach, to examine the dual development of insomnia symptoms 
and BMI and then to investigate the associations between the identified 

latent groups and changes in subjective cognitive functioning, adjusting 
for social and health-related covariates. 

2. Method 

2.1. Data 

We used survey data from the Helsinki Health Study (Fig. 1) 
(Lahelma et al., 2013), Finland. The phase 1 survey was conducted 
among 40- to 60-year-old employees of the City of Helsinki in 
2000–2002 (response rate 67%, n = 8960) and the follow-up surveys 
were collected in 2007 (Phase 2), 2012 (Phase 3), 2017 (Phase 4) and 
2022 (Phase 5). The response rates of the follow-ups were 83%, 79%, 
82%, and 75%, respectively. In Phase 4, 54% of the respondents had 
retired. We excluded disability retirees (7%), and those who had left 
employment for other reasons (6%). Insomnia symptoms and BMI were 
included from Phases 1–4. The inclusion criteria were participation in at 
least phases 1, 4 and 5. Therefore, our final analytic sample included 
2360 statutory retirees, who were aged 62 to 82 years in Phase 5 (79% 
women). 

The Helsinki Health Study has received ethical approval from the 
City of Helsinki authorities, and the ethics committee of the Department 
of Public Health, University of Helsinki. 

2.2. Measurement 

2.2.1. Outcome: subjective cognitive functioning 
Three variables measuring subjective cognitive functioning were 

introduced in Phase 4 and were repeated using identical questions in 
Phase 5 (Etholén et al., 2022; Kouvonen et al., 2022). Almost 99% of the 
participants responded to these questions in both phases. We asked the 
participants to assess the following aspects: ‘How well my memory 
works’, ‘How well embracing and learning new things goes for me’, 
‘Normally I can concentrate on something’. These items were used to 
define three different aspects of cognitive functioning: self-rated 

Fig. 1. Phases of the Helsinki Health Study cohort and outcome (subjective cognitive functioning) and exposure (insomnia symptoms and body mass index) variables 
used in different phases of the study. 
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memory, self-rated learning, and self-rated concentration, respectively. 
The participants rated themselves on a five-point scale (‘very poorly’, 
‘poorly’, ‘satisfactorily’, ‘well’, ‘very well’). The scales were re- 
categorised as good (including ‘well’ and ‘very well’) and poor 
(including ‘satisfactorily’, ‘very poorly’ and ‘poorly’). From these, we 
formed the following variable that described the changes between 
Phases 4 and 5: stable good (good → good), declining (good → poor), 
improving (poor → good) and stable poor (poor → poor). 

2.2.2. Explanatory variables: insomnia symptoms and body mass index 
Insomnia symptoms were measured in Phases 1–4 asking how often 

in the past month the participants did 1) ‘have trouble falling asleep?’, 
2) ‘wake up several times per night?’, 3) ‘have trouble staying asleep 
(including waking far too early)?’, ‘4) wake up after their usual amount 
of sleep feeling tired and worn out?’. Scores ranged from 0 to 5, corre
sponding responses ‘not at all’, ‘1–3 days’, ‘4–7 days’, ‘8–14 days’, 
‘15–21 days’, ‘22–28 days’) which were summed up to a total score 
(range 0–20). Cronbach’s alpha was 0.84 indicating good internal 
consistency. 

Body weight and height were also derived from Phases 1–4. BMI was 
calculated from self-reported weight in kilograms (kg) divided by self- 
reported height in square meters (m2) (World Health Organization 
Regional Office for Europe, 2021). Self-reported BMI highly correlates 
with directly measured BMI (Elgar and Stewart, 2008), and thus can be 
used to categorise individuals at the higher end of the BMI scale, such as 
those with obesity (Chernenko et al., 2019). BMI was used as a contin
uous variable in the trajectory modelling. Additionally, we used a cat
egorical variable: healthy weight (BMI range 18.5–24.9 kg/m2), 
overweight (25–29.9 kg/m2), and obesity (30+ kg/m2). Underweight 
was defined as BMI below 18.5 kg/m2. 

2.2.3. Covariates 
Covariates were mostly derived from Phase 4. Of sociodemographic 

factors we included gender, age and retirement age (as continuous 
variables), marital status, education, and occupational class. Of health- 
related factors we included smoking, alcohol consumption, consumption 
of fruit and vegetables, leisure-time and commuting physical activity. In 
addition, current pain status and the following physician-diagnosed 
chronic diseases were included as health-related covariates: cardiovas
cular risk diseases, pulmonary diseases, sleep apnoea, and psychiatric 
diseases. Covariates were selected based on their known associations 
with sleep, BMI, and cognitive functioning (Carroll and Turkheimer, 
2018; Wen et al., 2021; Smagula et al., 2016). For a more detailed 
description of the covariates, see Appendix A. 

2.3. Statistical analyses 

We used χ2 tests to analyse the differences between the health and 
other covariates among men and women (Table 1). 

As missing covariate data were rare, the missing values were 
included in the reference groups in line with previous procedures 
(Etholén et al., 2022). Moreover, we did not identify any bias in the 
descriptive tables of the missing data (data not shown). 

Data analyses were conducted using the R program, version 4.2.1 (R 
Core Team, 2021). The number of men was relatively low (n = 486), and 
the sizes of the subgroups were insufficient to conduct gender-stratified 
analyses. Thus, the analysis was run in gender-pooled data. 

We used latent group-based dual trajectory modelling to investigate 
the multidimensional and dynamic associations between insomnia 
symptoms and BMI using the R program approximation of the SAS/Stata 
procedure traj (Nagin et al., 2018; Jones and Nagin, 2013). Firstly, the 
univariate trajectories of both insomnia symptoms and BMI were formed 
separately. We used the total score of insomnia symptoms and BMI as an 
outcome of the function over time periods. We used and tested the third- 
degree polynomial model in different numbers of groups from 1 to 4 to 
explore the best-fitting model (Supplementary Figs. S1 and S2). We 

applied censored normal distribution, and used time as a random effect. 
On the time axis the retirement age was defined as the zero-time point. 
The time axis also showed the years before and after retirement, which 
highlight the behaviour of the curves during ageing. We chose the best 
model on the basis of visual inspection, interpretation of the results 
according to the best understanding of the phenomenon, the highest 
value of the Bayesian information criteria (BIC), the Akaike Information 
Criteria (AIC), average posterior probability of assignment criteria 
(APPA) of >0.7, the odds of correct classification criteria (OCC), and the 
size of the classes being at least 5% (Supplementary Table S1) (Nagin 
and Odgers, 2010). The participants were assigned into a trajectory class 
on the basis of the highest probability of these latent classes. The model 
indicated good fit and high average group membership probability, and 
we concluded that the trajectory analysis assigned the distinct groups 
very well. Secondly, we used the number of groups in the best models of 
insomnia symptoms and BMI as the initial parameters in the dual tra
jectory modelling (Nagin and Tremblay, 2001). Thirdly, the in
terrelationships of these variables were presented as the joint 
probabilities of trajectory group membership for both insomnia symp
toms and BMI. 

The associations between the distinct dual trajectory groups, uni
variate trajectories, and the change in subjective cognitive functioning 
were analysed using cross-tabulations and χ2. Next, we examined the 
associations between the dual trajectory groups and changes in subjec
tive cognitive functioning using logistic regression models. We fitted 
three different models: Model 1 = adjusted for age and gender, Model 2 
= adjusted for Model 1 + other socio-demographic covariates, and 
Model 3 = full model adjusted for Model 2 + health-related covariates. 
The results were presented as odds ratios (OR) and their 95% confidence 
intervals (CI). 

3. Results 

Of the participants, 25% were classified as having a stable poor 
memory, 43% stable poor learning, and 21% stable poor concentration 
(Table 1). Forty-six per cent of the participants reported that they had 
insomnia symptoms <4 nights/month, 28% 4–14 nights/month, and 
26% >14 nights/month. Forty-one per cent of the participants had a 
healthy weight, 39% were with overweight and 18% were with obesity. 

We selected a dual trajectory model with three latent trajectory 
groups (based on statistical and other criteria, Supplementary Table S1) 
of insomnia symptoms and BMI over the follow-up period (Fig. 2). The 
insomnia symptom groups were defined as having stable low (62%), 
decreasing (20%), and increasing (19%) symptoms. The BMI groups 
were defined as having stable healthy weight (43%), stable overweight 
(40%), and stable obesity (17%). Supplementary Table S2 shows the 
associations between the insomnia symptoms and BMI latent groups. 
Fig. 3 shows the 100% scaled percentages of the BMI trajectory groups 
within each insomnia symptom trajectory group. In the increasing 
insomnia symptoms group, 20% had obesity, whereas the corresponding 
figures were 18% and 15% in the decreasing insomnia symptoms group 
and the stable low insomnia symptoms group, respectively. Stable 
healthy weight was more common in the stable low insomnia symptoms 
group. 

Supplementary Table S3 shows the associations between the dual 
trajectories of insomnia symptoms and BMI. Supplementary Table S4 
presents the odds ratios of the three different models to compare the 
associations between the individual (Fig. 4) and dual (Fig. 5) latent 
trajectory groups and subjective cognitive functioning. In the age- and 
gender-adjusted models, those with increasing insomnia symptoms were 
more likely to report poor memory (OR 2.3, 95% CI 1.8–3.0), poor 
learning (OR 2.9, 95% CI 2.2–3.7), and poor concentration (OR 3.2, 95% 
CI 2.4–4.1) than those with stable low insomnia symptoms. Those with 
decreasing insomnia symptoms were more likely to report poor memory 
(OR 2.1, 95% CI 1.6–2.7), poor learning (OR 2.2, 95% CI 1.7–2.8), and 
poor concentration (OR 2.7, 95% CI 2.0–3.5) than those with stable low 
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Table 1 
Background characteristics of the study population based on survey data from the Helsinki Health Study follow-up 2000–2022. The baseline study population consisted of 40- to 60-year-old employees of the City of 
Helsinki, Finland.  

Statutory retirees Gender (phase I) Changes in memory (phases IV → V) Changes in learning (phases IV → V) Changes in concentration (phases IV → V) 

Male Female  Stable 
good 

Improving Declining Stable 
poor  

Stable 
good 

Improving Declining Stable 
poor  

Stable 
good 

Improving Declining Stable 
poor  

(N = 2360) (N =
486) 

(N =
1874)  

(N =
1349) 

(N = 180) (N = 246) (N =
585)  

(N =
873) 

(N = 211) (N = 268) (N =
1008)  

(N =
1399) 

(N = 198) (N = 277) (N =
486)  

Explanatory variables 
Body mass index (phase IV)   0.0013     0.7446     0.0022     0.1856 

Underweight − 18.5 - 26 (1.4%)  17 (1.3%) - - -  - - - -  13 (0.9%) - - -  
Recommended healthy 
weight 18.5–24.9 

191 
(39.3%) 

788 
(42%)  

563 
(41.7%) 

75 (41.7%) 97 
(39.4%) 

244 
(41.7%)  

375 
(43%) 

91 (43.1%) 100 
(37.3%) 

413 
(41%)  

580 
(41.5%) 

70 (35.4%) 123 
(44.4%) 

206 
(42.4%)  

Overweight 25–29.9 223 
(45.9%) 

702 
(37.5%)  

521 
(38.6%) 

70 (38.9%) 92 
(37.4%) 

242 
(41.4%)  

320 
(36.7%) 

86 (40.8%) 96 
(35.8%) 

423 
(42%)  

553 
(39.5%) 

73 (36.9%) 104 
(37.5%) 

195 
(40.1%)  

Obesity 30+ 71 
(14.6%) 

351 
(18.7%)  

245 
(18.2%) 

33 (18.3%) 53 
(21.5%) 

91 
(15.6%)  

164 
(18.8%) 

29 (13.7%) 65 
(24.3%) 

164 
(16.3%)  

249 
(17.8%) 

49 (24.7%) 45 
(16.2%) 

79 
(16.3%)  

No answer 0 (0%) -  - 0 (0%) - -  - 0 (0%) 0 (0%) -  - - 0 (0%) -  
Insomnia symptoms (phase 

IV)   
0.1603     <0.001     <0.001     <0.001 

<4 nights/month 239 
(49.2%) 

836 
(44.6%)  

700 
(51.9%) 

64 (35.6%) 112 
(45.5%) 

199 
(34%)  

503 
(57.6%) 

73 (34.6%) 131 
(48.9%) 

368 
(36.5%)  

719 
(51.4%) 

84 (42.4%) 127 
(45.8%) 

145 
(29.8%)  

4–14 nights/month 125 
(25.7%) 

527 
(28.1%)  

355 
(26.3%) 

54 (30%) 65 
(26.4%) 

178 
(30.4%)  

207 
(23.7%) 

61 (28.9%) 71 
(26.5%) 

313 
(31.1%)  

374 
(26.7%) 

50 (25.3%) 79 
(28.5%) 

149 
(30.7%)  

>14 nights/month 121 
(24.9%) 

495 
(26.4%)  

286 
(21.2%) 

61 (33.9%) 68 
(27.6%) 

201 
(34.4%)  

161 
(18.4%) 

75 (35.5%) 64 
(23.9%) 

316 
(31.3%)  

301 
(21.5%) 

61 (30.8%) 69 
(24.9%) 

185 
(38.1%)  

No answer  16 (0.9%)       - - - 11 
(1.1%)  

- - - -   

Sociodemographic - covariates 
Retirement age (SD) 63.1 (3) 63.1 (2.7)  63.2 (2.4) 63 (2.7) 63 (2.6) 62.8 

(3.5)  
63.2 
(2.4) 

63 (2.3) 63.2 (2.3) 62.9 
(3.3)  

63.1 (2.5) 63.2 (2.1) 63 (2.6) 62.9 
(3.7)  

Age at follow-up (phase IV) 
(SD) 

70.1 (4) 69.7 (3.9)  69.2 (3.7) 70.3 (4) 70.5 (3.9) 71 (3.9)  68.8 
(3.7) 

69.4 (4) 70 (4) 70.7 
(3.8)  

69.3 (3.8) 70.1 (4.2) 70.5 (3.6) 70.9 
(3.9)  

Retirement period years 
(phase IV) (SD) 

7 (4.9) 6.7 (4.8)  6 (4.5) 7.2 (4.8) 7.5 (4.8) 8.1 (5.4)  5.6 (4.3) 6.4 (4.7) 6.8 (4.8) 7.9 (5.1)  6.1 (4.5) 6.9 (4.6) 7.6 (4.6) 8 (5.6)  

Gender (phase I)   <0.001     <0.001     0.1841     0.1342 
Men 486 

(100%) 
0 (0%)  232 

(17.2%) 
57 (31.7%) 51 

(20.7%) 
146 
(25%)  

161 
(18.4%) 

50 (23.7%) 54 
(20.1%) 

221 
(21.9%)  

271 
(19.4%) 

51 (25.8%) 64 
(23.1%) 

100 
(20.6%)  

Women 0 (0%) 1874 
(100%)  

1117 
(82.8%) 

123 
(68.3%) 

195 
(79.3%) 

439 
(75%)  

712 
(81.6%) 

161 
(76.3%) 

214 
(79.9%) 

787 
(78.1%)  

1128 
(80.6%) 

147 
(74.2%) 

213 
(76.9%) 

386 
(79.4%)  

Education (phase I)   <0.001     0.0053     <0.001     <0.001 
Basic 170 

(35%) 
776 
(41.4%)  

499 
(37%) 

75 (41.7%) 106 
(43.1%) 

266 
(45.5%)  

303 
(34.7%) 

85 (40.3%) 99 
(36.9%) 

459 
(45.5%)  

498 
(35.6%) 

89 (44.9%) 110 
(39.7%) 

249 
(51.2%)  

Secondary 112 
(23%) 

525 
(28%)  

370 
(27.4%) 

46 (25.6%) 75 
(30.5%) 

146 
(25%)  

233 
(26.7%) 

63 (29.9%) 80 
(29.9%) 

261 
(25.9%)  

388 
(27.7%) 

57 (28.8%) 87 
(31.4%) 

105 
(21.6%)  

Higher 204 
(42%) 

573 
(30.6%)  

480 
(35.6%) 

59 (32.8%) 65 
(26.4%) 

173 
(29.6%)  

337 
(38.6%) 

63 (29.9%) 89 
(33.2%) 

288 
(28.6%)  

513 
(36.7%) 

52 (26.3%) 80 
(28.9%) 

132 
(27.2%)  

Occupational class (phase 
I)   

<0.001     0.1074     0.0011     <0.001 

Managers and 
professionals 

267 
(54.9%) 

660 
(35.2%)  

557 
(41.3%) 

67 (37.2%) 90 
(36.6%) 

213 
(36.4%)  

380 
(43.5%) 

83 (39.3%) 108 
(40.3%) 

356 
(35.3%)  

600 
(42.9%) 

66 (33.3%) 105 
(37.9%) 

156 
(32.1%)  

Semi-professionals 92 
(18.9%) 

301 
(16.1%)  

225 
(16.7%) 

35 (19.4%) 41 
(16.7%) 

92 
(15.7%)  

154 
(17.6%) 

36 (17.1%) 43 (16%) 160 
(15.9%)  

237 
(16.9%) 

35 (17.7%) 49 
(17.7%) 

72 
(14.8%)  

(continued on next page) 
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Table 1 (continued ) 

Statutory retirees Gender (phase I) Changes in memory (phases IV → V) Changes in learning (phases IV → V) Changes in concentration (phases IV → V) 

Male Female  Stable 
good 

Improving Declining Stable 
poor  

Stable 
good 

Improving Declining Stable 
poor  

Stable 
good 

Improving Declining Stable 
poor  

(N = 2360) (N =
486) 

(N =
1874)  

(N =
1349) 

(N = 180) (N = 246) (N =
585)  

(N =
873) 

(N = 211) (N = 268) (N =
1008)  

(N =
1399) 

(N = 198) (N = 277) (N =
486)  

Routine non-manual 
workers 

31 
(6.4%) 

723 
(38.6%)  

426 
(31.6%) 

59 (32.8%) 79 
(32.1%) 

190 
(32.5%)  

262 
(30%) 

63 (29.9%) 89 
(33.2%) 

340 
(33.7%)  

433 
(31%) 

65 (32.8%) 78 
(28.2%) 

178 
(36.6%)  

Manual workers/no 
answer 

96 
(19.8%) 

190 
(10.1%)  

141 
(10.5%) 

19 (10.6%) 36 
(14.6%) 

90 
(15.4%)  

77 
(8.8%) 

29 (13.7%) 28 
(10.4%) 

152 
(15.1%)  

129 
(9.2%) 

32 (16.2%) 45 
(16.2%) 

80 
(16.5%)  

Marital status (phase IV)   <0.001     0.7482     0.9592     0.0044 
Other/no answer 81 

(16.7%) 
772 
(41.2%)  

481 
(35.7%) 

61 (33.9%) 94 
(38.2%) 

217 
(37.1%)  

313 
(35.9%) 

76 (36%) 94 
(35.1%) 

370 
(36.7%)  

471 
(33.7%) 

73 (36.9%) 101 
(36.5%) 

208 
(42.8%)  

Co-habiting/married 405 
(83.3%) 

1102 
(58.8%)  

868 
(64.3%) 

119 
(66.1%) 

152 
(61.8%) 

368 
(62.9%)  

560 
(64.1%) 

135 (64%) 174 
(64.9%) 

638 
(63.3%)  

928 
(66.3%) 

125 
(63.1%) 

176 
(63.5%) 

278 
(57.2%)   

Health-related behaviors - covariates 
Smoking (phase IV)   <0.001     0.6234     0.7795     0.2762 

Never smoker 220 
(45.3%) 

1135 
(60.6%)  

777 
(57.6%) 

99 (55%) 150 (61%) 329 
(56.2%)  

505 
(57.8%) 

120 
(56.9%) 

153 
(57.1%) 

577 
(57.2%)  

830 
(59.3%) 

106 
(53.5%) 

160 
(57.8%) 

259 
(53.3%)  

Ex-smoker 163 
(33.5%) 

399 
(21.3%)  

318 
(23.6%) 

47 (26.1%) 60 
(24.4%) 

137 
(23.4%)  

208 
(23.8%) 

43 (20.4%) 66 
(24.6%) 

245 
(24.3%)  

319 
(22.8%) 

49 (24.7%) 69 
(24.9%) 

125 
(25.7%)  

Current smoker 103 
(21.2%) 

340 
(18.1%)  

254 
(18.8%) 

34 (18.9%) 36 
(14.6%) 

119 
(20.3%)  

160 
(18.3%) 

48 (22.7%) 49 
(18.3%) 

186 
(18.5%)  

250 
(17.9%) 

43 (21.7%) 48 
(17.3%) 

102 
(21%)  

Alcohol consumption 
(phase IV)   

<0.001     0.1217     0.0555     0.6154 

No consumption 50 
(10.3%) 

282 
(15%)  

175 
(13%) 

24 (13.3%) 42 
(17.1%) 

91 
(15.6%)  

113 
(12.9%) 

25 (11.8%) 42 
(15.7%) 

152 
(15.1%)  

183 
(13.1%) 

33 (16.7%) 42 
(15.2%) 

74 
(15.2%)  

Moderate consumption 286 
(58.8%) 

1369 
(73.1%)  

956 
(70.9%) 

124 
(68.9%) 

166 
(67.5%) 

409 
(69.9%)  

634 
(72.6%) 

147 
(69.7%) 

183 
(68.3%) 

691 
(68.6%)  

1005 
(71.8%) 

131 
(66.2%) 

187 
(67.5%) 

332 
(68.3%)  

High consumption 47 
(9.7%) 

130 
(6.9%)  

115 
(8.5%) 

10 (5.6%) 19 (7.7%) 33 
(5.6%)  

74 
(8.5%) 

18 (8.5%) 20 (7.5%) 65 
(6.4%)  

104 
(7.4%) 

18 (9.1%) 21 (7.6%) 34 (7%)  

High risk consumption 103 
(21.2%) 

93 (5%)  103 
(7.6%) 

22 (12.2%) 19 (7.7%) 52 
(8.9%)  

52 (6%) 21 (10%) 23 (8.6%) 100 
(9.9%)  

107 
(7.6%) 

16 (8.1%) 27 (9.7%) 46 
(9.5%)  

Fruit and vegetable 
consumption (phase IV)   

<0.001     <0.001     0.1444     0.0425 

Daily consumer both 224 
(46.1%) 

1144 
(61%)  

829 
(61.5%) 

87 (48.3%) 143 
(58.1%) 

309 
(52.8%)  

541 
(62%) 

122 
(57.8%) 

159 
(59.3%) 

546 
(54.2%)  

852 
(60.9%) 

99 (50%) 161 
(58.1%) 

256 
(52.7%)  

Daily consumer of either 123 
(25.3%) 

438 
(23.4%)  

287 
(21.3%) 

55 (30.6%) 62 
(25.2%) 

157 
(26.8%)  

191 
(21.9%) 

46 (21.8%) 63 
(23.5%) 

261 
(25.9%)  

316 
(22.6%) 

51 (25.8%) 65 
(23.5%) 

129 
(26.5%)  

Non-daily consumer 135 
(27.8%) 

273 
(14.6%)  

220 
(16.3%) 

38 (21.1%) 41 
(16.7%) 

109 
(18.6%)  

132 
(15.1%) 

41 (19.4%) 44 
(16.4%) 

191 
(18.9%)  

219 
(15.7%) 

45 (22.7%) 48 
(17.3%) 

96 
(19.8%)  

No answer 4 (0.8%) 19 (1%)  13 (1%) 0 (0%) 0 (0%) 10 
(1.7%)  

- - - 10 (1%)  12 (0.9%) - - -  

Physical activity (phase IV)   0.7214     <0.001     <0.001     <0.001 
Inactive (MET<14) 103 

(21.2%) 
381 
(20.3%)  

231 
(17.1%) 

54 (30%) 61 
(24.8%) 

138 
(23.6%)  

146 
(16.7%) 

37 (17.5%) 54 
(20.1%) 

247 
(24.5%)  

246 
(17.6%) 

52 (26.3%) 57 
(20.6%) 

129 
(26.5%)  

Active (MET≥ 14)/no 
answer 

383 
(78.8%) 

1493 
(79.7%)  

1118 
(82.9%) 

126 (70%) 185 
(75.2%) 

447 
(76.4%)  

727 
(83.3%) 

174 
(82.5%) 

214 
(79.9%) 

761 
(75.5%)  

1153 
(82.4%) 

146 
(73.7%) 

220 
(79.4%) 

357 
(73.5%)   

Health factors - covariates 
Current pain (phase IV) 146 

(30%) 
722 
(38.5%) 

0.0023 447 
(33.1%) 

67 (37.2%) 98 
(39.8%) 

256 
(43.8%) 

<0.001 286 
(32.8%) 

74 (35.1%) 90 
(33.6%) 

418 
(41.5%) 

<0.001 475 
(34%) 

76 (38.4%) 100 
(36.1%) 

217 
(44.7%) 

<0.001 

Cardiovascular risk disease 
(phase IV) 

304 
(62.6%) 

1143 
(61%) 

0.3052 787 
(58.3%) 

109 
(60.6%) 

158 
(64.2%) 

393 
(67.2%) 

0.0018 495 
(56.7%) 

129 
(61.1%) 

153 
(57.1%) 

670 
(66.5%)  

821 
(58.7%) 

117 
(59.1%) 

173 
(62.5%) 

336 
(69.1%) 

<0.001 

(continued on next page) 
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insomnia symptoms. In the fully adjusted model, no statistically signif
icant associations with the BMI trajectory groups were detected. 

In dual trajectories, there were no statistically significant differences 
between the different BMI trajectories with changes in subjective 
cognitive functioning among those with stable low insomnia symptoms. 
In the fully adjusted model, those with increasing insomnia symptoms 
and overweight were more likely to report poor memory (OR 2.0, 95% 
CI 1.3–3.0), poor learning (OR 2.3, 95% CI 1.5–3.6), and poor concen
tration (OR 2.4, 95% CI 1.5–3.8) than those with stable low insomnia 
symptoms and healthy weight. Those with increasing insomnia symp
toms and healthy weight were more likely to report poor memory (OR 
2.3, 95% CI 1.5–3.5), poor learning (OR 3.3, 95% CI 2.2–5.0), and poor 
concentration (OR 3.2, 95% CI 2.1–4.8). Those with decreasing 
insomnia symptoms and overweight more often reported poor memory 
(OR 1.5, 95% CI 1.0–2.2), poor learning (OR 2.2, 95% CI 1.4–3.2), and 
poor concentration (OR 2.2, 95% CI 1.4–3.4). Finally, those with 
decreasing insomnia symptoms and healthy weight were more likely to 
report poor memory (OR 1.9 95% CI 1.3–2.9), poor learning (OR 1.7 
95% CI 1.1–2.5), and poor concentration (OR 2.1 95% CI 1.4–3.3). In the 
obesity dual trajectories, none of the studied associations were statisti
cally significant. 

4. Discussion 

4.1. Main findings 

We sought to identify the individual and dual trajectories of 
insomnia symptoms and BMI before and after statutory retirement and 
to investigate their associations with changes in subjective cognitive 
functioning post-retirement across a 20- to 22-year follow-up. We 
selected a model with three latent group trajectories of insomnia 
symptoms (stable low, decreasing and increasing symptoms) and BMI 
(stable healthy weight, stable overweight, and stable obesity) over the 
follow-up period. 

Our main finding was that belonging to the trajectory of increasing 
or decreasing insomnia symptoms was associated with poor subjective 
cognitive functioning after retirement. In the dual models, the accu
mulation of insomnia symptoms explained most of the effect on the poor 
subjective cognitive functioning at all levels of BMI, whereas the effect 
of BMI was negligible. 

4.2. Interpretation 

SCD is common (ranging from 20% to 35%) in ageing populations 
(Minett et al., 2008; van Harten et al., 2018) The development of SCD 
varies according to the background mechanism: reversible SCD might be 
caused by depression, some medications or insomnia symptoms; slightly 
declined but stable SCD might be caused by normal ageing; and pro
gressive SCD may be due to neurodegenerative diseases that cause de
mentia (Jessen et al., 2020). The associations between sleep, BMI and 
cognitive functioning is highly complex. This study enables us to spec
ulate on some of the mechanisms behind these associations. 

The accumulation of insomnia symptoms was associated with 
declined subjective cognitive functioning. As discussed earlier, the effect 
on cognition can be reversible and the explanation might be factors that 
impair the effective functioning of the hippocampus, such as depression, 
insomnia symptoms and pain (Elcombe et al., 2015; Ezzati et al., 2019; 
Saletin et al., 2016). However, it is also possible that the mechanism is 
irreversible and can lead to Alzheimer’s disease or to other types of 
dementia. In sleep, the brain cleans away β-amyloid (Lucey et al., 2018). 
When a person has sleep problems, β-amyloid accumulates in the brain, 
which might accelerate the formation of β-amyloid plaques associated 
with Alzheimer’s disease (Lucey et al., 2018; Fenton et al., 2021). 
During sleep deprivation, the levels of tau protein increase in the brain 
and this might lead to the formation of neurofibrillary tangles related to 
Alzheimer’s disease (Holth et al., 2019). However, the association may Ta
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be bidirectional, and sleeping problems may also be a predisposing sign 
or preclinical symptom of Alzheimer’s disease (Nedelec et al., 2022). 

Obesity can independently affect cognitive functioning for many 
reasons, for example neuroinflammation, insulin, ghrelin, leptin, and 

gut microbiome (Cholerton et al., 2013; Willmann et al., 2020; Spyridaki 
et al., 2016; Lauridsen et al., 2017; Samara et al., 2020; Ghosh-Swaby 
et al., 2022; Kim et al., 2020b; Macaluso et al., 2022). However, in our 
22-year follow-up we found no association with changes in subjective 

Fig. 2. Selected dual trajectories of insomnia symptoms and body mass index to show development pattern years before and after retirement in group-based tra
jectory modelling. Total sample size N = 2360. 

Fig. 3. Cross tabulation between latent insomnia symptoms (stable low, decreasing and increasing symptoms) and body mass index (stable healthy weight, stable 
overweight, and stable obesity) trajectory groups showing 100% scaled percentages of BMI trajectory groups within each insomnia symptom trajectory. Total sample 
size N = 2360. 
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cognitive functioning in our univariate BMI trajectories. This could be 
because our study population consisted of mainly young- old adults 
(mean age 75 years in Phase 5). Another reason could be that for those 
aged over 65, the recommended normal healthy weight is 23–29 kg/m2 

and a slightly higher weight may actually be a protective factor (Kim 
et al., 2020a). 

In our dual models, insomnia symptoms explained most of the effect 
on poor subjective cognitive functioning. The explanation for this might 
be that insomnia affects subjective cognitive functioning so strongly in 
comparison to BMI that it hinders this joint effect. Obesity caused by 
unhealthy nutrition affects memory and the function of the hippocam
pus, but the effect might be different for subjective cognitive functioning 
(Akbaraly et al., 2018; Taylor et al., 2021; Lee and Yau, 2020). However, 
even short sleep deprivation has been shown to affect memory and 
learning (Cullen et al., 2019). 

In clinical practice, decreased subjective cognitive functioning may 
lead a physician to initiate wider-ranging memory tests such as the 
MMSE (Mini-Mental State Examination) or the CERAD (Consortium to 
Establish a Registry for Alzheimer’s Disease), etc. (Folstein et al., 1975; 

Moms et al., 1989) SCD adversely affects the quality of life (Hill et al., 
2017). Subjective cognitive complaints might be influenced by depres
sive symptoms and unawareness of cognitive symptoms due to ano
sognosia (Crumley et al., 2014; Brailean et al., 2019). Affective 
symptoms and negative perceptions are also related to cognitive com
plaints (McWhirter et al., 2020). Objective measures might more accu
rately detect memory disorders such as MCI, Alzheimer’s disease, 
vascular dementia, or other types of dementia. However, measuring 
subjective cognitive functioning is inexpensive and more practical, 
particularly in large population studies. In addition, increasing evidence 
suggests that subjective cognitive difficulties might be a potential first 
symptom of dementia and may begin years before the disease onset. 
However, the majority of SCD cases do not progress to dementia (Jessen 
et al., 2020). Early treatment is critical, and more treatment options will 
be available in the future. 

4.3. Limitations and strengths of the study 

Our study had some limitations. First, we showed in our attrition 

Fig. 4. Multinomial logistic regression full model (adjusted for age, gender, other socio-demographic and healthrelated covariates) to compare associations between 
individual latent insomnia symptoms and body mass index trajectory groups and changes in subjective cognitive functioning in the domains of memory, learning and 
concentration. OR = odds ratios. CI = confidence interval. Ref = reference group. Total sample size N = 2360? 

Fig. 5. Multinomial logistic regression full model (adjusted for age, gender, other socio-demographic and health-related covariates) to compare associations between 
dual latent insomnia symptoms with body mass index trajectory groups and changes in subjective cognitive functioning in the domains of memory, learning and 
concentration. OR = odds ratios. CI = 95% confidence interval. Ref = reference group. Total sample size N = 2360. 
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analysis (Supplementary Table S5) that those who had poorer subjective 
cognitive functioning in Phase 4 were more likely to drop out in Phase 5. 
However, this also indicates that we did not underestimate our results. 
Second, cognitive functioning was assessed using self-reports and 
therefore no interpretations of the association between insomnia 
symptoms, BMI and clinically diagnosed dementia can be made on the 
basis of our findings. Third, we only asked about insomnia symptoms in 
the last four weeks. A three-month period would have been better syn
chronized with the definition of insomnia (American Psychiatric Asso
ciation, 2013). Moreover, this score is not specific to insomnia; for 
example, daytime effects were not included, and normal night-time 
waking cannot be ruled out. Fourth, Insomnia and body mass index 
measurements were based on self-report and the classification (mea
surement) error cannot be totally ruled out. Fifth, Although the regres
sion analyses were adjusted for multiple confounders, residual 
confounding remains always a possibility in an observational study. 
Sixth, We were not able to consider the effects of medications to changes 
in cognitive functioning, sleep and BMI in this study. Seventh, the cohort 
was limited to employees of the City of Helsinki at baseline. Thus, our 
results cannot be generalised to the entire ageing population. In addi
tion, person-oriented approach in a different population would likely 
produce different latent groups, and therefore caution is warranted in 
comparisons with other studies. 

Despite these limitations, our study also had significant strengths. 
First, our over 20-year follow-up had moderate to excellent response 
rates in all five phases, and we also conducted thorough non-response 
analyses showing that the data fairly represented the target population 
(Lahelma et al., 2013). Second, the response rates for the surveyed 
outcome variables were extremely high. Third, we used a person- 
orientated approach. The advantage of this approach is that it enables 
the identification of latent groups without a priori assumptions. More
over, the person-oriented approach better takes into account the 
developmental pattern of the individuals over time than the traditional 
variable-based methods, which may be open to bias caused by pre
defined cut-points. Fourth, the questions on insomnia symptoms and 
BMI were identical in all four phases. Fifth, our data included many 
covariates (sociodemographic, health-related behaviors, health factors), 
which enabled proper adjustment in the analysis. 

5. Conclusions 

We found that insomnia symptoms cumulatively increased the risk of 
cognitive problems after retirement, whereas BMI played a smaller role. 
Although insomnia symptoms and BMI can develop together, this study 
suggests that the higher likelihood of declined memory, concentration, 
and learning ability is explained by insomnia symptoms at all BMI levels. 

A potential intervention point to prevent or postpone cognitive 
decline in later life usually starts years or even decades before retire
ment, when risk factors emerge or start to increase. Further research 
could examine the neurological changes that can occur years before 
changes in cognition. Longer follow-up times and more detailed and 
objective measures of cognitive functioning are also needed. 
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