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Background
The longitudinal course of late-life depression remains under-
studied.

Aims
To describe transitions along the depression continuum in old
age and to identify factors associated with specific transition
patterns.

Method
We analysed 15-year longitudinal data on 2745 dementia-free
persons aged 60+ from the population-based Swedish National
Study on Aging and Care in Kungsholmen. Depression (minor and
major) was diagnosed according to the Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition, Text Revision; sub-
syndromal depression (SSD) was operationalised as the pres-
ence of ≥2 symptoms without depression. Multistate survival
models were used to map depression transitions, including
death, and to examine the association of psychosocial (social
network, connection and support), lifestyle (smoking, alcohol
consumption and physical activity) and clinical (somatic disease
count) factors with transition patterns.

Results
Over the follow-up, 19.1% had ≥1 transitions across depressive
states, while 6.5% had ≥2. Each additional somatic disease was
associated with a higher hazard of progression from no
depression (No Dep) to SSD (hazard ratio 1.09; 1.07–1.10) and
depression (Dep) (hazard ratio 1.06; 1.04–1.08), but also with a
lower recovery (HRSSD−No Dep 0.95; 0.93–0.97 [where ‘HR’ refers
to ‘hazard ratio’]; HRDep−No Dep 0.96; 0.93–0.99). Physical activity

was associated with an increased hazard of recovery to no
depression from SSD (hazard ratio 1.49; 1.28–1.73) and
depression (hazard ratio 1.20; 1.00–1.44), while a richer social
network was associated with both higher recovery from
(HRSSD−No Dep 1.44; 1.26–1.66; HRDep−No Dep 1.51; 1.34–1.71)
and lower progression hazards to a worse depressive state
(HRNo Dep−SSD 0.81; 0.70–0.94; HRNo Dep−Dep 0.58; 0.46–0.73;
HRSSD−Dep 0.66; 0.44–0.98).

Conclusions
Older people may present with heterogeneous depressive tra-
jectories. Targeting the accumulation of somatic diseases and
enhancing social interactions may be appropriate for both
depression prevention and burden reduction, while promoting
physical activity may primarily benefit recovery from depressive
disorders.
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Depression in older people represents a multifaceted condition
associated with high individual burden and societal costs.1

Besides its impact on quality of life and well-being, depression
in old age, including both its milder and more severe clinical pre-
sentations, has been linked with accelerated biological ageing,
disability and premature mortality.1,2 Similar to other geriatric
syndromes, such as sarcopenia and frailty, depression can be
viewed as a multifactorial and potentially reversible condition
with heterogeneous clinical trajectories.3–5 While identifying
individuals at risk of developing more severe depression is key
for prevention, characterising those more likely to revert from
depression to milder states or non-depression may also be
important for planning and implementing effective interventions
in those already affected by the disorder.

The natural course of late-life depression has been described as
highly heterogeneous, with recurrence rates ranging from 25 to 44%
and remission rates from 13 to 23%.6–9 Such evidence stems from
studies based on observations of initially depressed people from
primary or psychiatric care services7,8 or population-based
cohorts.6,9 Fewer studies have investigated the transitions along dif-
ferent depressive states within population-based cohorts, capturing
both the development of symptoms in non-depressed individuals
and their potential remission in those with depression.10 As depres-
sion can be conceptualised as a continuum of severity that spans

from absence of clinical symptoms to milder and more severe
forms, describing how older people transition across different sever-
ity states may improve our understanding of this syndrome
throughout the ageing process.

In addition to describing diverse trajectories of depression in
older adults, it is crucial to identify potentially modifiable factors
that are differentially associated with specific patterns of transition,
such as progressing to more severe states or recovering from severe
states to milder ones. This is particularly critical given the concern
for potentially lower efficacy and higher risk of pharmacological
treatment side-effects in frail older adults. The modifiable risk
and protective factors implicated in depression in late life are
diverse, span multiple life stages and overlap with factors linked
to the ageing process.11–14 For instance, factors such as the
burden of somatic diseases, the extent and quality of social relation-
ships and physical activity engagement have been associated with
the ageing process, as well as depression in old age.15–17 However,
the contribution of these factors to the likelihood of transitioning
across the spectrum of depressive states remains unclear.
Importantly, these factors can themselves change considerably
with ageing. Accounting for such longitudinal variation both in
outcome transitions and in their associated factors is essential for
providing a comprehensive description of depression occurrence
in old age, which could reinforce clinical guidelines already
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recommending psychosocial intervention for individuals with
depression and complex health needs.18

Within a population-based cohort of older adults, we aimed
to map 15-year transitions across depressive states (i.e. no
depression, subsyndromal depression and depression) and to
examine the association of time-varying psychosocial, behav-
ioural and clinical factors with different transition patterns. We
hypothesised that the course of old-age depression would be
characterised by considerable heterogeneity, and that the afore-
mentioned factors would be differentially associated with specific
transition patterns.

Method

Study population

This study used longitudinal data from the Swedish National Study
onAging andCare in Kungsholmen (SNAC-K, http://www.snac-k.se/).
SNAC-K is an ongoing population-based study initiated in 2001
examining people aged 60+ residing in the urban district of
Kungsholmen in Stockholm, Sweden. Out of the 5111 randomly
sampled individuals within specific age cohorts (i.e. 60, 66, 72, 78,
81, 84, 87, 90, 93, 96 and 99+ years) from the Kungsholmen popula-
tion, 3363 (73% participation rate) agreed to participate in the baseline
examination (2001–2004). It comprised a comprehensive and stan-
dardised health assessment, which was carried out by healthcare pro-
fessionals, and was repeated every 3 (for age cohorts 78+ years) or
6 years (age cohorts 60–72 years). The present work considers data
from baseline (2001–2004) to wave 6 (2016–2019), for a 15-year
follow-up. Participants were linked through their personal identifica-
tion numbers to the SwedishNational Patient and Cause of Death reg-
isters to trace their health histories and survival status over the follow-
up. In this study, from the total sample initially enrolled, participants
with a baseline diagnosis of dementia (n = 240) or intellectual disabil-
ity (n = 1) were excluded, alongwith those who refused to undergo the
medical examination (n = 10). Participants who dropped out of the
study before their first follow-up were excluded (n = 367), resulting
in the analytical sample of 2745 individuals (see Supplementary
Table 1 available at https://doi.org/10.1192/bjp.2024.84 for compari-
son of descriptive characteristics).

SNAC-K has been authorised by the Karolinska Institutet Ethics
Committee and the Regional Ethical Review Board in Stockholm
in accordance with the Helsinki Declaration of 1975 and its sub-
sequent modifications. The approval numbers for the study are:
01–114, 04–929/3, Ö26–2007, 2009/595–32, 2010/447–31/2, 2013/
828–31/3 and 2016/730–31/1. All participants gave written informed
consent at each examination, either personally or through their next of
kin for those with cognitive impairment.

Depressive status

Trained physicians assessed depressive symptoms using the
Comprehensive Psychopathological Rating Scale (CPRS) at baseline
and follow-up examinations. CPRS is an interview-based tool to rate
the presence and severity of psychiatric symptoms and behaviours.
Following a previously described algorithm, specific CPRS items
were employed to ascertain the nine diagnostic criteria for depres-
sion according to the Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition, Text Revision (DSM-IV-TR).19 The
depressive status of each participant was classified based on the
number and combination of diagnostic criteria: (a) depression,
defined as major or minor depression (presence of at least two diag-
nostic criteria, with one being either low mood or loss of interest);
(b) subsyndromal symptomatic depression (SSD), defined by the
presence of at least two diagnostic criteria in the absence of major

or minor depression;20 and (c) no depression in case of absence of
the aforementioned conditions.

Predictors of depressive transitions
Psychosocial factors: index of social network

At each examination, a composite index was computed to evaluate
the size and quality of social networks by combining the domains of
social connection and social support. Social connection was assessed
through the number of relationships, marital status, living situation,
social network size and frequency of direct or remote contact. Social
support incorporated information on the perceived level of support,
satisfaction with relationships, and the sense of affinity and belong-
ing to a social circle (please see Triolo et al21 for a comprehensive
description of all items included in the social connections and
support measures). For each study wave, we first standardised indi-
vidual indicators based on the baselinemean and standard deviation
values, averaged the resulting z-scores separately within the connec-
tion and support domains, and subsequently combined the two
domain scores into a composite index of social network (mean cor-
relation between social connections and support across all waves:
0.60). In the analysis, social network was used as a continuous vari-
able (z-score range across all waves: −2.17 to 1.27). In secondary
analysis, the continuous indices of social connections and social
support were used separately to disentangle the effect of social net-
work’s subcomponents.

Behavioural factors: lifestyle behaviours

Lifestyle behaviours were captured at each examination through ques-
tionnaires administered by trained nurses. Smoking was classified as
current versus non-current smoker. Alcohol consumption was
defined as none or occasional (none up to three drinks/month)
versus moderate-to-heavy use (at least one drink/week). Physical activ-
ity was defined in accordance with the World Health Organization
recommendations and was dichotomised as active (engagement in
light and/or moderate-to-intense exercise several times a week)
versus inactive (engagement in such activities ≤3 times per month).22

Clinical factors: somatic disease burden

Somatic disease burden was operationalised as the count of somatic
diseases, which were ascertained and updated at each examination
through a combination of different sources, including the SNAC-
K clinical assessment performed by physicians, medications, labora-
tory testing, and out-patient and in-patient diagnoses retrieved from
the Swedish National Patient Register.23 Following previous studies
from our group,2 we used a list of 54 somatic diseases with clinical
relevance for older people, excluding psychiatric conditions and
dementia (Supplementary Table 2 for disease list with prevalence;
we refer to Calderón-Larrañaga et al23 for the complete description
of information sources and list of codes from the International
Classification of Diseases – 10th Revision (ICD-10). In the analyses,
somatic disease count was used as a continuous variable (baseline
range 0–16).

Covariates

Sociodemographic information on age, gender and formal educa-
tional attainment (operationalised as high school and below versus
university) was collected at baseline during the nurse interview.
Antidepressant use (yes versus no) was assessed at each examin-
ation through the medication list provided by the participant,
which was reviewed by the physician and coded according to the
Anatomical Therapeutic Chemical (ATC drug classes N06A)
system. History of depression before baseline was examined
during the medical interview through self-report and was
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operationalised as presence or absence. Gait speed was used as a
proxy of frailty and was measured at each study wave over 6 m,
or 2.4 m if the person reported walking slowly or the assessment
was carried out in limited space. A cut-off of 0.8 m/s was adopted
based on its association with mortality in community-dwelling older
adults.24 For descriptive reasons, the Mini Mental State Examination
(MMSE) was used as a global measure of cognition at baseline.

Statistical analysis

The characteristics of the analytical sample were tabulated and com-
pared across baseline depressive states with Student’s t-test and χ2 test
as appropriate. The flow of individuals through depressive states over
the 15-year follow-up, along with study exits due to drop-out or
mortality, were graphically represented with an alluvial plot.
Markov multistate survival modelling was used (see Supplementary
Figure 1 for the specified model), incorporating three depressive
states (no depression, subsyndromal symptomatic depression (SSD)
and depression) and death as an absorbing state, resulting in three
progression transitions, three recovery transitions and three transi-
tions to death.25 Given the episodic nature of depression, individuals
were allowed to move to and revert from non-adjacent states (e.g.
from no depression to depression). In Supplementary Table 4 we
present baseline characteristics of individuals exhibiting different
transition patterns, tabulated according to transition type (i.e. no
transition, progression or recovery) and frequency.

For each transition, we explored the association of psychosocial
(social network), behavioural (physical activity, alcohol consump-
tion and smoking) and clinical (somatic disease burden) factors in
models further adjusted for age, gender and education. All main
exposures were entered as time-varying variables, updated at the
wave preceding the transition. Age was adopted as the timescale,
with participants contributing from study entry until loss-to-
follow-up, death or study end. To limit missing data on depression
and explanatory factors in participants who otherwise attended the
study visits, multiple imputation by chained equations was per-
formed. At each examination, variables with missing values (pro-
portion missing over the total population ranged from 0.004 to
19%) were imputed into 20 datasets employing all predictors and
outcomes used in the model. We also added the full range of 60
chronic conditions, which had no missing information, as auxiliary
information in the imputation model to improve prediction.23 A
multistate survival model was computed in each imputed data-set,
and hazard ratios with 95% confidence intervals were pooled to esti-
mate the association between each factor and different transitions
using Rubin’s rule. All analyses were performed with STATA 17
for Windows (StataCorp, College Station, TX) and R for
Windows (R Foundation for Statistical Computing, version 4.3.0).

Sensitivity analysis

To account for the influence of depression vulnerability and treat-
ment in the association between depressive transitions and their
correlates, the analyses were repeated with additional adjustment
for the history of depression and the use of antidepressant medica-
tion (the latter was entered as time-varying). Further time-varying
adjustment for gait speed was also performed as a measure of frailty.

Results

The analytical sample included 2745 individuals, whose baseline
characteristics according to depressive status at study entry are
reported in Table 1.

Up to 10% of the analytical sample presented with any depres-
sive state at baseline, of which 4% with SSD and 6% with depression
(major or minor). Compared with those with no depression, indivi-
duals with any depressive state were more likely to be older, female,
less educated, current smokers and with higher somatic burden.
Further, they were less physically active, had poorer social networks
and were less likely to be heavy drinkers. Last, they were more likely
to report a history of depression and current antidepressant use.
Compared with individuals with SSD, those with depression
tended to be current smokers, physically inactive and with a
poorer social network, while presenting with higher education
and slightly fewer somatic diseases.

The flow of individuals across depressive states over a 15-year
follow-up is visually presented in Fig. 1, while the total number of
underlying transitions is reported in Supplementary Table 3.
Among participants with at least one repeated measurement over
the follow-up, the majority (75.6%) did not experience any depres-
sive state (at either baseline or over the follow-up), while 4.5% with
any depressive state at baseline either maintained their depressive
status (28.1%) or died before the first follow-up (71.9%)
(Supplementary Table 4). Conversely, 19.9% of study participants
experienced at least one transition across depressive states during
the follow-up, while 6.5% had two or more transitions.

Participants’ baseline characteristics based on the type of transi-
tions experienced over the follow-up (i.e. no transition, progression
to a worse depressive state or recovery to a better state) are pre-
sented in Supplementary Table 4. Of those individuals who experi-
enced at least one progression to a worse state, those reaching
depression as their worst outcome were more likely to have
higher smoking levels, poorer social networks, a prior history of
depression and antidepressant use, compared with those who
reached SSD as their worst state (Supplementary Table 4). Of
those who had at least one recovery, there were no differences in

Table 1 Baseline characteristics of the study sample according to baseline depression status

Total No depression Subsyndromal depression Depressiona Missing

P-valueN = 2745 n = 2454, 89% n = 112, 4% n = 154, 6% n = 25, 1%

Age, mean (s.d.) 73.8 (10.7) 73.1 (10.5) 79.9 (10.2) 78.3 (11.8) 84.6 (10.4) <0.001
Gender (women), n (%) 1737 (63.3%) 1537 (62.6%) 80 (71.4%) 103 (66.9%) 17 (68.0%) 0.19
Education (university), n (%) 942 (34.4%) 881 (36.0%) 19 (17.0%) 38 (24.7%) 4 (18.2%) <0.001
Alcohol (moderate-to-heavy use), n (%) 1805 (66.2%) 1671 (68.4%) 54 (48.6%) 73 (48.3%) 7 (36.8%) <0.001
Smoking (current), n (%) 388 (14.3%) 330 (13.5%) 21 (19.1%) 35 (23.0%) 2 (10.5%) 0.005
Physical activity (active), n (%) 1817 (76.9%) 1697 (78.3%) 49 (66.2%) 61 (56.0%) 10 (76.9%) <0.001
Social network index,b mean (s.d.) 0.0 (0.5) 0.1 (0.5) −0.2 (0.6) −0.4 (0.6) −0.3 (0.7) <0.001
History of depression, n (%) 356 (13.2%) 287 (11.8%) 21 (18.9%) 46 (31.9%) 2 (10.0%) <0.001
Somatic disease count, mean (s.d.) 3.8 (2.4) 3.7 (2.3) 5.3 (2.8) 4.8 (2.6) 4.8 (3.2) <0.001
MMSE, mean (s.d.) 28.5 (2.2) 28.7 (1.8) 27.4 (3.4) 26.9 (3.6) 23.3 (8.2) <0.001
Antidepressant use, n (%) 230 (8.4%) 164 (6.7%) 20 (17.9%) 43 (27.9%) 3 (12.0%) <0.001

MMSE, Mini Mental State Examination.
a. Depression refers to the presence of either major or minor depression according to Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text Revision.
b. Z-score of multiple quantitative and qualitative measures of social relationships; see methods for details.
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baseline characteristics between those who reached SSD, compared
with those who fully recovered to no depression. Of note, more of
those who reached SSD as their best recovery state had at least
two transitions (across both progression and recovery directions)
than those who had reached no depression.

The association between individual factors and transitions
across depressive states are reported in Fig. 2 (Supplementary
Table 5 for all estimates).

In multi-adjusted models, for each additional somatic disease,
there was an increased hazard of progression from no depression
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to both SSD and depression (hazard ratio 1.09; 95% CI 1.07–1.10;
and hazard ratio 1.06; 95% CI 1.04–1.08, respectively). Further,
smoking was associated with a higher transition hazard from no
depression to SSD (hazard ratio 1.31; 95%CI 1.11–1.54) and depres-
sion (hazard ratio 1.39; 95% CI 1.20–1.62), while moderate-to-
heavy alcohol use was predictive of reduced transition hazard
from no depression to SSD (hazard ratio 0.85; 95% CI 0.72–1.00).
Conversely, a richer social network was associated with a decreased
hazard of transitioning from no depression to both SSD (hazard
ratio 0.81; 95% CI 0.70–0.94) and depression (hazard ratio 0.58;
95% CI 0.46–0.73), as well as from SSD to depression (hazard
ratio 0.66; 95% CI 0.44–0.98). Of note, higher levels of social
support were associated with a decreased likelihood of progression
from no depression to SSD (hazard ratio 0.81; 95% CI 0.70–0.95)
and depression (hazard ratio 0.67; 95% CI 0.55–0.82), while this
pattern was not observed for social connections (Supplementary
Table 6).

A higher number of somatic diseases was associated with a
lower transition hazard from both SSD (hazard ratio 0.95; 95% CI
0.93–0.97) and depression (hazard ratio 0.96; 95% CI 0.93–0.99)
to no depression. Further, engagement in physical activity was asso-
ciated with an increased hazard of moving from SSD (hazard ratio
1.49; 95% CI 1.28–1.73) and depression (hazard ratio 1.20; 95% CI
1.00–1.44) to no depression, as was alcohol consumption (hazard
ratio 1.22; 95% CI 1.05–1.42; and hazard ratio 1.35; 95% CI 1.15–
1.58, respectively). Last, a higher transition hazard from both SSD
(hazard ratio 1.44; 95% CI 1.26–1.66) and depression (hazard
ratio 1.51; 95% CI 1.34–1.71) to no depression was observed for par-
ticipants with richer social network. This association was present for
both social support (hazard ratio 1.18; 95% CI 0.99–1.39 (SSD–no
depression); hazard ratio 1.40; 95% CI 1.22–1.60 (depression–no
depression)) and social connections (hazard ratio 1.32; 95% CI
1.15–1.52) (SSD–no depression)), although for the latter, the asso-
ciation with the depression–no depression transition was attenuated
(hazard ratio 1.14; 95% CI 0.96–1.35) (Supplementary Table 6).

Sensitivity analysis

Additional adjustment for history of depression, antidepressant use
and gait speed (as a measure of frailty) did not alter the trend of the
results beyond a loss of statistical significance for the estimates on
physical activity (see Supplementary Table 7 for detailed
information).

Discussion

In this longitudinal study, we described how older community-
dwellers transitioned across depressive spectrum states over 15
years, and identified factors associated with changes in depressive
status. Our findings suggested that a considerable proportion of par-
ticipants exhibited diverse patterns of transitions, involving both
progression and recovery transitions. Further, clinical, lifestyle
and psychosocial predictors were associated with different transi-
tions, reinforcing the notion that the longitudinal course of depres-
sive states in old age is a product of factors across multiple domains.

Depression transitions during ageing

We found that the majority of the participants (75.6%) did not
experience any depression at either baseline or during the
15-year follow-up. A previous multi-cohort study exploring the
stability of depressive symptoms found 85% of older participants
to be free of depression during the study period.10 The slight
discrepancy with our findings may be due to multiple reasons,
including the different lengths of follow-ups (4–11 years) and

the study designs of the cohorts included. Further, the methods
of depression ascertainment may play a role, as our assessment
included an intermediate state of subsyndromal depression,
which could also account for the lower share of ever-depression-
free persons in our data.10 Importantly, our findings suggest that
up to 24.4% of older adults may experience any depression state
during ageing, with 19.1% experiencing at least one change in
depressive state over time. This underlines how depression occur-
rence in old age is characterised by a degree of variability, similar
to that observed in other geriatric syndromes such as sarcopenia
and frailty.4,5 These findings emphasise the importance of
regular and comprehensive monitoring in old age to ensure appro-
priate interventions are implemented.

Depressive transitions and associated factors

As for the predictors of progression, we found somatic disease
burden and smoking to be associated with a higher hazard of tran-
sitioning from no depression to more severe states, while higher
levels of social support (but not connections) and higher alcohol
consumption were predictive of reduced progression hazards.
Conversely, for recovery, richer social network, higher physical
activity levels and alcohol use were associated with increased prob-
abilities of transitioning from more to less severe depression states,
while higher somatic burden was associated with reduced recovery
probabilities.

Somatic disease burden

Multiple studies have observed a link between a higher burden of
chronic diseases and the development and recurrence of depres-
sion in late life, although fewer studies have examined depression
remission.16 In the study by de la Torre-Luque et al (2019), greater
multimorbidity was associated with development and persistence
of depression, but also with remission.10 We observed that a
higher count of somatic diseases was associated with a higher
hazard of transitioning from no depression to both SSD and
depression, but not with progression from SSD to depression.
Further, a higher number of diseases was associated with a lower
hazard of recovery, that is, transitioning from any depression
state to no depression. Overall, these results are in line with previ-
ous evidence suggesting that the number of chronic diseases is
associated with increased progression across the entire depressive
continuum, including subsyndromal states.9 It can be hypothe-
sised that the accumulation of multiple chronic diseases, captured
here through its variation over time, may diminish the resilience
levels of older people with depression, thereby reducing recovery
and increasing progression rates.26 Several pathways may
explain why individuals with high disease burden are more likely
to progress along the depressive spectrum, including an increased
biological, psychological and care-related burden.27 The number
of diseases is a useful yet crude measure to detect vulnerability
to depression, and further research to identify specific disease pat-
terns implicated in the progression of depression may help
uncover underlying mechanisms and provide a more precise char-
acterisation of individuals at risk.

Social network

We found that a richer social network was associated with a
decreased likelihood of depression progression and an increased
likelihood of recovery. Interestingly, the negative progression
hazards appeared to be mainly driven by the social support compo-
nent, which was a novel finding. Emotional and instrumental
support have been suggested as the axes through which social rela-
tionships affect psychological health,28 and future studies may
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examine these aspects in greater detail. By considering time-varying
measures of social network, we were able to capture the potential
changes in social relationships that oftentimes occur alongside
other age-related events. While the influence of social relationships
on the development of late-life depression has been extensively
studied,15 we simultaneously highlighted how a richer social
network was associated with a reduced hazard of transitioning
from no depression to SSD, as well as with a subsequent progression
from SSD to depression.9 Given the increased risk of unfavourable
depressive outcomes for older individuals with subsyndromal
depression,6,9 preventing its occurrence and progression to more
severe depression states through social integration could be critical.
Further, our results showed how higher social network levels in
individuals with any depressive states were predictive of recovering
to more favourable ones. These findings are in line with previous
studies suggesting how different structural and functional compo-
nents of social interactions are associated with both remission and
symptom decrease in middle- to old-aged people with depres-
sion.29,30 This reinforces the view that social relationships play an
important role in the course of depression in older people, poten-
tially constituting a target for interventions in the stepped care for
depression in individuals with physical health issues as reported
in the clinical recommendations from the National Institute for
Health and Care Excellence (NICE).18,31

Lifestyle behaviours

Last, we observed that lifestyle behaviours were differentially asso-
ciated with depression transitions in old age. Although we did not
find evidence of a reduced likelihood of transitioning from no
depression to any depressive state, physical activity was associated
with recovery from any depressive state to no depression. This
finding aligns with the growing evidence supporting physical activ-
ity as an effective intervention for people with depression.32 As for
smoking, we observed that individuals who were current smokers
had an increased likelihood of progressing from no depression to
both SSD and depression. This finding is consistent with previous
literature reporting detrimental effects of smoking on depression
risk, as well as progression from subsyndromal to major depression
in old age.9,11 Last, moderate-to-heavy alcohol consumption was
linked to a higher likelihood of transitioning to no depression
from any depressive states, and lower likelihood to transition
from no depression to SSD. While this may be counterintuitive
given the overall negative influence of alcohol drinking on health,
mixed results have been reported in relation to late-life depres-
sion,8,9,11 which may be due to the healthy survivor effects in longi-
tudinal cohort studies. Overall, these results show that a complex
pattern of lifestyle behaviours influences depression transitions,
which may provide insights for the design and implementation of
interventions to effectively prevent and/or reduce the burden of
depression in old age.

Strengths and limitations

This study contains several strengths and points of originality: (a)
the population-based setting with 15-year follow-up with a rela-
tively high participation rate, (b) the wide spectrum of depressive
states ranging from no depression to different severity levels of
depression, derived through clinical examinations, and (c) the
detailed information on somatic health, lifestyle behaviours and
social interactions assessed at each wave by trained physicians
and nurses, which was modelled as time-varying to account for
their potential changes throughout ageing.

This study presents several limitations that require acknowl-
edgement. First, we aggregated the diagnoses of major and minor
depression into a combined outcome due to a low occurrence of

major depression. Further, we did not consider bipolar disorder,
given the low number of cases. While this may be linked to the
relatively better overall health of this population-based cohort,
we recognise that including minor depression as a separate
state, as well as considering depressive episodes in the context
of bipolar disorder, could have improved the understanding of
the depressive continuum in old age. Second, the relatively
long time interval between assessments may conceal some of
the depressive transitions, and studies with more frequent
follow-ups should replicate our findings. Third, participant
drop-out may have affected the associations towards an under-
estimation, although accounting for mortality by including
death as an additional state should have minimised this effect.
Fourth, the somatic disease burden measure did not account
for severity of single diseases, which can influence depression
transitions. The crude count of diseases can, however, capture
the cumulative burden of diseases and be easily obtained in
research and clinical settings. Fifth, missing data reached up to
19% on some predictors, which we dealt with using multiple
imputation. Sixth, intervention studies are warranted to
provide specific recommendations for physical and social inter-
ventions in people with different levels of depression severity.
Last, the external validity of the findings should be carefully
appraised, given the relatively high socioeconomic status and
the homogeneous ethnic composition (predominantly Nordic)
of the SNAC-K study sample.

Conclusions

In conclusion, this population-based study contributes to our
understanding of depression in old age by examining transitions
across depressive states over a 15-year period and identifying
factors associated with these transitions. We observed that a
higher burden of somatic diseases was linked to progression
toward more severe depressive states, while having a rich social
life and engaging in physical activity were associated with an
increased recovery toward less severe states. These results emphasise
depression in late life as a condition with heterogenous trajectories
and underscore the importance of interventions aimed at preserving
somatic health and fostering social integration and physical activity
to enhance the prevention and management of depression in older
adults.
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