The role of loneliness in the development of depressive symptoms among partnered dementia caregivers: Evidence from the English Longitudinal Study of Ageing

J. P. Saadi*1, E. Carr*2,3, M. Fleischmann4, E. Murray2, J. Head2, A. Steptoe1,2, R. A. Hackett1,5, B. Xue2, D. Cadar1
1 Department of Behavioural Science and Health, University College London, UK
2 Department of Epidemiology and Public Health, University College London, London, UK
3 Department of Biostatistics and Health Informatics, Institute of Psychiatry, Psychology & Neuroscience, King’s College London, London, UK
4 Faculty of Science, Methodology and Applied Biostatistics, University of Amsterdam, the Netherlands
5 Department of Psychology, King’s College London, London, UK
* Joint first authors. Both authors contributed equally to this work.

Address correspondence to: 
Dorina Cadar
Department of Behavioural Science and Health
University College London, UK.
1-19 Torrington Place
WC1E 7HB
E-mail: d.cadar@ucl.ac.uk

Keywords: Loneliness, depression, and dementia care

Abstract
Background. Depressive symptoms are highly prevalent among partnered dementia caregivers, but the mechanisms are unclear. This study examined the mediating role of loneliness in the association between dementia care on subsequent depressive symptoms.
[bookmark: _heading=h.gjdgxs]Method. Prospective data from partnered caregivers were drawn from the English Longitudinal Study of Ageing. The sample consisted of 4,672 partnered adults aged 50-70 living in England and Wales, followed up between 2006-07 and 2014-15. Caregiving was assessed across waves 3 (2006-07), 4 (2008-09) and 5 (2010-11), loneliness at wave 6 (2012-13), and subsequent depressive symptoms at wave 7 (2014-15). Multivariable logistic regression models were used to assess the association between dementia and other types of caregiving (e.g. diabetes, CHD, cancer, and stroke) on depressive symptoms. Binary mediation analysis was used to estimate the indirect effects of caregiving on depressive symptoms via loneliness. 
Results. Care for a partner with dementia was associated with higher odds of depressive symptoms at follow-up compared to those not caring for a partner at all (Odds Ratio (OR)=2.6, 95% Confidence Intervals (CI): 1.4, 5.1). This association was partially mediated by loneliness (34%). Care for a partner with other conditions was also associated with higher odds of depressive symptoms compared to non-caregiving partners (OR=1.7, 95% CI: 1.2, 2.5); but there was no evidence of an indirect pathway via loneliness.
Conclusion. Loneliness represents an important contributor to the relationship between dementia caregiving and subsequent depressive symptoms; therefore, interventions to reduce loneliness among partnered dementia caregivers should be considered. Keywords: dementia caregiving, dementia, loneliness, depressive symptoms

Key points
· Partner dementia caregiving was associated with increased odds of depressive symptoms at follow-up.
· The relationship between dementia caregiving and depressive symptoms was partially mediated by caregiver loneliness.
· [bookmark: _Hlk63017200]These findings highlight the importance of loneliness associated with caring for a partner with dementia on the subsequent mental health of carers, emphasising the need to consider the role of loneliness in interventions aimed to support dementia caregivers.


[bookmark: _heading=h.g3gfwqdmmm8i]Introduction
Caring for an individual with dementia has been associated with poor mental health outcomes, but the mechanisms are less understood [1, 2]. Given the increasing number of dementia caregivers globally and potential negative impact on their mental wellbeing [3], identifying modifiable mechanisms that can be targeted through cost-effective interventions is important [4].
A meta-analysis of 84 studies found that caregivers were more likely to report depressive symptoms compared to non-caregivers [5]. The incidence of depressive symptoms depends on the characteristics of both the caregiver and recipient [6]. Recipient characteristics such as younger age (i.e. <65 years old compared to ≥ 85), lower education, Hispanic ancestry, higher levels of disability, and the presence of challenging behaviours have all been associated with higher depressive symptoms among caregivers [6]. Being the spouse of a care recipient (especially the wife) is also a risk factor for depression compared to other types of caregiver roles, such as caring for grandchildren [6].
[bookmark: _heading=h.30j0zll][bookmark: _Hlk63008092]Caring for an individual with dementia involves both physical and neurological symptomatology, as well as behavioural and cognitive impairments, which may explain why dementia care incurs a greater burden compared to caring for an individual with only physical (but not neural) impairments [7]. The demands of dementia care could also lead to loneliness among the caregiver, and it is well documented that loneliness is linked with reduced mental wellbeing as well as physical morbidity and increased mortality [8]. A UK-based prevalence study indicated that over two-thirds of dementia caregivers reported feeling lonely [9]. The study found that greater social isolation and caregiver stress were associated with higher loneliness, while caregiver-recipient relationship quality was protective.
The relationship between loneliness and depression is well established, but few studies have examined this in relation to dementia caregiving. Loneliness was a strong predictor of depressive symptoms among 242 spousal dementia caregivers in the USA [10], and a cross-sectional study of 49 spousal dementia caregivers found loneliness to explain 49% of the variance depressive symptoms [11]. Caregiver loneliness might increase in parallel with the increasing severity of dementia, which could elevate the risk of adverse mental health among caregivers over time. However, most previous studies have relied on cross-sectional data and have not addressed potential mechanistic relationships between caregiving and depressive symptoms. 
This study considered whether the higher risk of depressive symptoms among those caring for a partner with dementia (compared to non-caregiving partners) could be explained by loneliness. We tested the following hypotheses:
1. [bookmark: _Hlk63017387]Individuals providing care for a partner with dementia (‘dementia caregiving’) would have increased odds of depressive symptoms at follow-up compared to individuals not providing care for their partner (irrespective of partner dementia diagnosis).
2. Individuals caring for a partner with dementia would report higher levels of loneliness compared to other partnered caregivers.
3. Loneliness would mediate the relationship between dementia caregiving and subsequent depressive symptoms.
Method
Design, setting and participants
[bookmark: _Hlk62835566]Data were drawn from the English Longitudinal Study of Ageing (ELSA), an ongoing nationally representative sample of approximately 11,000 individuals aged 50 and over living in England [12]. Participants were initially recruited in 2002-03. Refreshment samples of new participants were recruited in 2006-07, 2008-09, 2010-11, 2012-13, and 2014-15. All waves took place biennially consisting primarily of self-completed questionnaires and face-to-face interviews. Only waves 3-7 were used in this analysis due to the lack of caregiving data prior to wave 3. We included in our analysis refreshment samples introduced at waves 3 and 4. We selected 10,813 individuals who had provided care to their partner between wave 3 (2006-07) and wave 5 (2010-11) and had available data on loneliness at wave 6 (2012-13) and depressive symptoms at wave 7 (2014-15). Participants were only eligible if they had a partner.
Measurements
Caregiving. Caregiving status was assessed by self-report questions at waves 3, 4, and 5 where participants were asked: “Did you look after anyone in the last week (including your partner or other people in your household)?” Participants responding “No” were classified as ‘non-caregiving partners’. Those responding “Yes” were then asked what their relation to the care recipient was (e.g. partner, child). Those not providing care to a partner were excluded from the final analytic sample. Individuals who provided care for a partner at least once across waves 3, 4, or 5 were classified as a caregiver. Functional impairments were assessed at waves 3, 4 and 5, by asking whether household members required support with Activities of Daily Living (ADLs; bathing or showering, walking across a room, dressing, getting in/out of bed, eating, using the toilet) or Instrumental Activities of Daily Living (IADLs; preparing a hot meal, doing house/garden work, using a map in unknown places, grocery shopping, taking medication, making telephone calls, managing money) [13]. Dementia status was assessed based on self-reported physician-confirmed diagnoses of dementia at waves 3, 4 and 5.
Based on this information, we derived a four-level caregiving measure: 0=‘Non-caregiving partners’, the reference category; 1=‘Care for partner with dementia’; 2=‘Care for partner with functional impairments (but no diagnosis of dementia)’; and 3=‘Care for partner with other conditions’. For mediation analyses, we created binary dummy variables representing each caregiving category.
Depressive symptoms Self-reported depressive symptoms were assessed at wave 7 (2014/15) using the eight-item version of the Center for Epidemiologic Studies Depression Scale (CES-D) [15], see Table S1. This measure had good internal reliability across waves (α=0.84) and comparable psychometric properties to the full 20-item scale [16, 17]. All items were coded as “Yes” or “No”. The item addressing loneliness was removed to ensure that this item did not overlap with the mediating effect of loneliness [18]. The remaining seven items were summed and dichotomised, such that participants with scores of ≥3 were considered with elevated depressive symptoms) [19-20].
Potential mediator. Loneliness was measured using the three-item short form of the revised University of California, Los Angeles (UCLA) Loneliness Scale, which has been shown to have acceptable internal reliability (α=0.78) [21]. Three questions assessed the frequency that an individual had felt a lack of companionship, left out, or isolated from others, over the past week. Answers were scored on a three-point scale ranging from 1 (“Hardly ever or never”) to 3 (“Often”) and summed to create a continuous total score ranging 3-9. Higher scores indicated increased loneliness [22].
Covariates. Analyses were adjusted for covariates measured at the first non-missing interview between waves 3 and 5. Adjustments were made for gender, age, household wealth, marital status, ethnicity, highest educational qualification, employment status, presence of limiting long-standing illness, and poor self-rated health.
[bookmark: _Hlk63016514]To reduce possible confounding, all fully adjusted models were estimated with adjustment for baseline depressive symptoms (CES-D score of ≥3 at wave 3; or wave 4, if missing at wave 3). Please see supplementary material for more information on how and why these covariates were chosen/derived.
Statistical analysis
	χ2 and Kruskal-Wallis tests were used to investigate baseline demographic differences between the four caregiving categories, as well as differences in depressive symptoms at follow-up. The association between caregiving and depressive symptoms was assessed using logistic regression models. Three models were estimated (1) unadjusted, (2) adjusted for age, gender, education level, household wealth, marital status, ethnicity, employment status and (3) additionally adjusted for the presence of long-standing limiting illness, self-rated health, and baseline depressive symptoms. All models were estimated in the overall sample and separately for men and women. We reported the Odds Ratios (OR) and 95% Confidence Intervals (CI).
Mediation was assessed by fitting a series of linear regression models for continuous variables (loneliness) and logistic regression models for binary variables (depressive symptoms) using the ‘medeff’ statistical package in Stata 14 [23, 24]. Due to differences in sample size across these groups, the sample sizes for assessing mediation vary slightly. The manuscript was written following STROBE guidelines [25], see Table S2.
Sensitivity analyses
To reduce possible confounding, all models were reestimated after excluding participants meeting criteria for clinically significant depressive symptoms at baseline (7-items CES-D score of ≥3 at wave 3 or wave 4 if missing at wave 3). A second sensitivity analysis was conducted on the main sample using the 8-item CES-D with a threshold of ≥ 4 at wave 3 or wave 4, if missing at wave 3, instead of the ≥ 3 threshold used in the main analysis
Results
Sample characteristics
The analytical sample included 4,672 participants after removal of those with missing information on caregiving status (n=1), covariates (n=739), mediators (n=74) or depressive symptoms (n=928) (Figure 1).
<Figure 1>
[bookmark: _heading=h.26in1rg]Compared to the main sample, excluded participants were older (64.8 vs. 61.9 years), more likely to be female (59% vs. 51%), similar in terms of non-white ethnicity (4% vs. 3%), had a higher incidence of long-standing limiting illnesses (37% vs. 26%), were less likely to have completed any formal education (minimum of O-level award or junior/middle high school diploma) (67% vs. 80%), were more likely to be in the lowest quintile of household wealth (25% vs. 8%) and were less likely to be employed (35% vs. 46%).
Table 1 presents the demographic characteristics of the analytical sample stratified by caregiving status. Compared to non-caregiving partners, those caring for a partner were more likely to be female than male (59% vs. 51%), older (63.5 vs. 61.8 years), to be in the lowest quintile of household wealth (18% vs. 9%), less likely to be employed (30% vs. 48%) and more likely to report long-standing limiting illnesses (35% vs. 25%). However, non-caregivers at baseline were less likely to report depressive symptoms (9% vs. 13%) and slightly lower levels of loneliness (mean of 3.8 vs. 4.0) compared to caregivers. All differences were statistically significant at p<0.005 except for differences in ethnicity (p=0.413).
Dementia caregivers tended to be older (68.0 vs. 61.8 years; p<0.001), female (69% vs. 51%; p<0.007) and unemployed (10% vs. 48%; p<0.001), compared to partners not providing any care. The proportion of dementia caregivers reporting depressive symptoms was higher compared to non-caregiving partners (at baseline: 21% vs. 9%; p<0.001; at follow-up: 27% vs. 13%; p<0.001) and when compared to those caring for a partner with functional impairments (baseline: 21% vs. 11%; p=0.03; follow-up: 38% vs. 20%; p<0.01). Dementia caregivers were also more likely to report depressive symptoms at follow-up (27% vs. 22%; p<0.01) compared to those caring for a partner with other conditions, but this difference did not reach statistical significance at baseline (21% vs. 13%; p=0.09). Dementia caregivers were more likely to report long-standing limiting illnesses at baseline (44% vs. 25%; p<0.005).
<Table 1>
The relationship between caregiving status and subsequent depressive symptoms at follow-up
In the overall sample (n=4,672), individuals caring for their partner had higher odds of developing depressive symptoms compared with those not caring for their partners. This was especially the case among those providing care to a partner with dementia (Table 2). In unadjusted analyses, caregiving for a partner with dementia (OR=3.99, 95% CI: 2.21, 7.20), functional impairments (OR=1.68, 95% CI: 1.16, 2.45), or other conditions (OR=1.82, 95% CI: 1.28, 2.60) was associated with increased levels of depressive symptoms. This relationship was attenuated after full adjustment and remained statistically significant only for those caring for a partner with dementia or other conditions. Preliminary analyses found no gender differences between various types of caregiving within those with depressive symptoms at follow-up (χ2 = 5.73, p = 0.13).
<Table 2>
The mediating role of loneliness (wave 6) on the association between caregiving (waves 3-5) and depressive symptoms (wave 7)
Caring for a partner with dementia was positively associated with loneliness (β=0.31, 95% CI: 0.15, 0.47), and loneliness was positively associated with depressive symptoms at follow-up (OR = 1.11, 95% CI: 0.92, 1.30). Moreover, caring for a partner with dementia was indirectly related to depressive symptoms via loneliness (β=0.04, Bias corrected (Bc) CI: 0.02, 0.07), which explained 34% of the total effect.
<Figure 2>
Caring for a partner with other conditions was not significantly associated with loneliness (β=-0.004, 95% CI: -0.07, 0.06), and although loneliness was positively related to depressive symptoms (OR=1.13, 95% CI: 0.94, 1.32), there was no evidence of an indirect effect via loneliness (β=-0.001, Bc CI: -0.008, 0.008). Since caring for a partner with functional impairments was not associated with depressive symptoms after full adjustment (i.e. no ‘Total effect’), this model was not tested for mediation.
<Figure 3>
Sensitivity analyses
We conducted two sensitivity analyses. Firstly, we excluded all participants who met the criteria for baseline depressive symptoms (N=423), see Tables S3. In the second analysis, we reestimated all models using the original CES-D scale (with a cut-off of ≥4), see Tables S4. The new results did not substantially alter the strength of the initial associations found between caregiving types and depressive symptoms at follow-up compared to our main analyses.
Moreover, the indirect effect of caregiving on depressive symptoms via loneliness remained statistically significant among dementia caregivers and non-significant among those in the “other care” category in both sensitivity analyses (see Figures S1 to S4).
Discussion
We found that caring for a partner with dementia was associated with higher odds of depressive symptoms at follow-up compared to non-caregiving partners and that loneliness significantly mediated this association. A similar association was observed for those caring for other conditions than dementia, but the increased odds of depressive symptoms was lower than for those caring for a partner with dementia. We did not find evidence to suggest loneliness mediates the association between care for a partner with other conditions and subsequent depressive symptoms.
Consistent with our first hypothesis, the odds of depressive symptoms were higher among dementia caregivers when compared to non-caregiving partners. This is in line with previous research [5, 6] and may reflect the caregiving burden associated with increased psychological and mental demands, as well as the physical and behavioural challenges that can present in patients with dementia and the strain these can place on the couple [7]. However, we did not find evidence of gender differences in the relationships between caregiving and depressive symptoms, consistent with one other previous study [28]. Caring for individuals with dementia requires ongoing care that may impose withdrawal from paid work, which is another determinant of poor mental health [26, 27]. While some partners may embrace the caregiving role, some report feelings of ‘role captivity’ which is likely to feed into the development of depressive symptoms [29]. Role captivity refers to a sense of being trapped in a specific social role which limits the individual’s freedom. This might partly be responsible for feelings of loneliness and depressive symptomatology.
[bookmark: _Hlk63013376][bookmark: _Hlk63017505]Our findings might support the idea that caring for a partner with both mental and functional impairments (i.e. dementia) is more strenuous than caring for a partner with only functional impairments or physical disability [7]. Although we did not make an active comparison between these groups, this was inferred from the larger odds ratio in the dementia care group compared to the functional impairments group. Notably, caring for a partner with only physical, rather than both mental and physical impairments as in the case of dementia, was not found to be associated with subsequent higher odds of depressive symptoms. This is thought-provoking because it suggests that caring for partners with physical impairments only is not necessarily linked to poorer mental health. It is also possible that greater support is available to carers for partners with only functional impairments, or that those caring for a partner with dementia have less time and opportunities for social support, and therefore more vulnerable to an increased risk of depressive symptoms. Ultimately, it may be that it is the addition of psychological/behavioural impairments that tips the association towards significance.
Consistent with our second hypothesis, loneliness was highest among dementia caregivers compared to non-caregiving partners. A possible explanation for this is the shift from partnership to the caregiver-patient role, and thus the loss of a previously meaningful relationship. This is consistent with qualitative findings describing the caregiving experience as one of ‘relational deprivation’ [30]. The burden of caregiving activities may increase loneliness by reducing the opportunities to engage with a wider social circle [10]. Similarly, the progressive deterioration in cognitive functioning among those with dementia often also results in personality changes, that may precipitate a significant emotional loss in the form of anticipatory grief [31-33]. Both of these factors may contribute to increased loneliness.
[bookmark: _Hlk63013440]Consistent with our third hypothesis, we found evidence of indirect effects of dementia caregiving on depressive symptoms via loneliness, highlighting the importance of considering loneliness when supporting such individuals. Interestingly, there was a direct effect of caring for other conditions on depressive symptoms; however, we did not find any indirect effect via loneliness. This suggests that policies and/or therapeutic interventions need to be tailored to the specific needs of the couple. Future research could attempt to uncover what are the specific mediating factors of the ‘other care’ category.
Strengths and limitations
[bookmark: _Hlk63017626]Our analysis represents a longitudinal investigation of dementia caregivers living in their community and their subsequent level of loneliness and mental health, using a representative sample of the English population. This is a significant benefit since many studies of caregivers are based on the recruitment of participants who have self-identified as distressed caregivers, a factor likely to inflate the findings and reduce ecological validity [34]. We also used a superior design compared to past studies where comparison groups have contained both partnered and un-partnered non-caregivers. Being married or having a partner is usually protective of mental health [35], but previous studies may have underestimated the effect of caregiving on depressive symptoms. Furthermore, we used a prospective longitudinal data that allowed us to test potential causal inferences regarding the impact of partner caregiving on subsequent loneliness and depressive symptoms.
[bookmark: _Hlk62836129][bookmark: _Hlk63018177][bookmark: _Hlk63013170]However, several potential limitations have been identified. Firstly, caregiving was based on a self-reported measure, and no consideration was given to the intensity of care provided or the duration of the caregiving role (due to sample size limitations). Moreover, our measurement of caregiving did not allow variations in caregiving intensity or transitions in/out of a caregiving role, which previous studies have identified as important for mental health outcomes [36]. By not considering the potential transitions in caring roles may have introduced some bias into our findings. However, we assumed that once an individual becomes a carer for a partner with dementia, their role as caregiver is likely to continue for some time (either until the partner dies, or becomes institutionalised). Furthermore, we assumed that even if caregivers transitioned out of the role between waves 3 and 5, the influence on their mental health would be expected to continue to some degree. This would be in line with the relational deprivation hypothesis, which suggests that it is partly the meaning attributed to the caregiving role (i.e. that it acts as a kind of loss of the partner once known) that mediates depressive symptoms (rather than solely the requirements of the role itself).
[bookmark: _Hlk62835173][bookmark: _Hlk63016619]Secondly, it is also worth noting that although dementia diagnoses were made by a physician, it was still a self-reported physician-based diagnosis reported by either the participant themselves or their carers. This, however, may raise some questions around the reliability of the diagnosis for these analyses, although it is unlikely that such reports will be false positives. In fact, it is estimated that dementia remains undetected in almost 30 to 50% of primary care patients in the UK [37]. Furthermore, it is possible that care-recipients relevant to the “functional impairments” category had dementia during the exposure period but had not yet received a diagnosis by a physician. This may have attenuated differences between each group.
Thirdly, we had no means of knowing whether caregivers were receiving psychological support and the number of individuals with dementia was small, both of which could have affected the results. Similarly, excluding participants with missing data could have diluted the reported effect sizes. For example, based on their characteristics (see results section), excluded participants might be more at risk of depressive symptoms compared to those without missing data. While the reasons for attrition among ELSA participants have been previously explored, it is unclear whether the caregiving role had any influence on this attrition, and what the impact on the results was [36].
[bookmark: _Hlk63017898]Fourthly, to maximise the use of available data, our measurement of caregiving captured caring roles at either wave 3, 4, or 5. We took this approach because if an individual entered a caregiving role at waves 4 or 5, we wanted to avoid classifying them as “Not caring” based on wave 3 alone. As discussed above, a caregiving role at any single wave may still be associated with subsequent depressive symptoms. This measurement of caregiving across multiple waves introduced a further limitation whereby for a small minority (less than 5% of the analytical sample) caregiving status and covariates were measured at different waves. However, for most of our covariates with the exception of age, we did not expect a real change over time.
Finally, although we found evidence of an indirect effect of dementia caregiving on depressive symptoms via loneliness, it was unclear whether it was due to the caregiving itself or the death of the care-recipient, for example. Having said that, the specific causes of loneliness are likely to vary between individuals, and this would be explored as part of any therapeutic intervention.

Conclusion
[bookmark: _Hlk63017725]Our findings indicate that partner dementia caregiving is indirectly associated with depressive symptoms via feelings of loneliness. The mental health of dementia caregivers is arguably an essential psychiatric priority, given that it could seriously influence the quality of care provided to their partner, and thus impact the rate of care-recipient institutionalisation [34, 39].
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Table 1. Demographic characteristics of the analytic sample (n=4,672)
	
	Non-caregiving partners 
(n= 4,251)
	Partner caregivers (n= 421)

	
	
	All caregivers 
(n= 421)
	Care for partner with dementia
(n = 48)a
	Care for partner with functional impairments
(n = 178)
	Other types of partner care 
(n= 195)

	Baseline covariates 
	
	
	
	
	

	
	Age (year), mean (SD)
	61.8 (7.5)
	63.5 (8.0)
	68.0 (7.7)
	63.6 (8.1)
	62.3 (7.7)

	
	Gender (female), n (%)
	2,145 (50.5)
	248 (58.9)
	33 (68.8)
	91 (51.1)
	124 (63.6)

	
	Ethnicity (White), n (%)
	4,131 (97.3)
	412 (97.9)
	46 (95.8)
	176 (88.0)
	190 (97.4)

	
	Household wealth, n (%)
	
	
	
	
	

	
	
	1st  (Lowest)
	320 (7.5)
	74 (17.6)
	9 (18.8)
	40 (22.5)
	25 (12.8)

	
	
	2nd 
	631 (14.8)
	78 (18.5)
	9 (18.8)
	42 (23.6)
	27 (13.9)

	
	
	3rd
	863 (20.3)
	72 (17.1)
	8 (16.7)
	27 (15.2)
	37 (19.0)

	
	
	4th
	1,079 (25.4)
	103 (24.5)
	11 (22.9)
	38 (21.4)
	54 (27.7)

	
	
	5th  (Highest)
	1,358 (31.9)
	94 (22.3)
	11 (22.9)
	31 (17.4)
	52 (26.7)

	
	Education level, n (%)
	
	
	
	
	

	
	
	No qualification (elementary school diploma)
	847 (19.9)
	100 (23.8)
	13 (27.1)
	48 (27.0)
	39 (20.0)

	
	
	Up to GCE O-level (middle or junior high school diploma)
	1,010 (23.8)
	110 (26.1)
	10 (20.8)
	60 (33.7)
	40 (20.5)

	
	
	Up to A-level/ Equivalent (high school or senior high school diploma)
	666 (15.7)
	67 (15.9)
	13 (27.1)
	 22 (12.4)
	32 (16.4)

	
	
	Lower than degree
	771 (18.1)
	68 (16.2)
	4 (8.3)
	25 (14.0)
	39 (20.0)

	
	
	Degree (university undergraduate certificate)
	957 (22.5)
	76 (18.1)
	8 (16.7)
	 23 (12.9)
	45 (23.1)

	
	Employed, n (%)
	2,036 (47.9)
	124 (29.5)
	5 (10.4)
	49 (16.3)
	70 (35.9)

	
	Married, n (%)
	3,949 (92.9)
	399 (94.8)
	46 (95.8)
	168 (94.4)
	185 (94.8)

	
	Self-rated health (1-5), mean (SD)
	2.57 (1.0)
	2.77 (1.1)
	2.83 (1.1)
	2.92 (1.2)
	2.61 (1.0)

	
	Long-standing limiting illness, n (%)
	1,075 (25.3)
	148 (35.2)
	21 (43.8)
	71 (39.9)
	56 (28.7)

	Mediator
	
	
	
	
	

	
	UCLA Loneliness scale score, mean (SD)
	3.93 (1.4)
	4.31 (1.6)
	5.08 (1.7)
	4.43 (1.6)
	4.00 (1.4)

	Follow-up
	
	
	
	
	

	
	CES-D depressive symptoms scale score (≥3), n (%)
	556 (13.1)
	96 (22.8)
	18 (37.5)
	36 (20.2)
	42 (21.5)
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Note. SD = standard deviation; n = sample size
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Table 2. The odds ratios of depressive symptomatology (wave 7) among caregivers (waves 3-5) in the full analytic sample (N=4,672)
	
	Full sample (n=4,672)
	Males (n=2,279)
	Females (n=2,393)

	
	Model 1
	Model 2
	Model 3
	Model 4
	Model 5
	Model 6
	Model 7
	Model 8
	Model 9

	
	OR
(95% CI)a
	OR
(95% CI)b
	OR
(95% CI)c
	OR
(95% CI)a
	OR
(95% CI)b
	OR
(95% CI)c
	OR
(95% CI)a
	OR
(95% CI)b
	OR
(95% CI)c

	Caregiving group
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	Non-caregiving partners
	Ref.
	Ref.
	Ref.

	
	
	
	
	
	
	
	
	
	

	Care for partner with dementia 
	3.99** 
(2.21, 7.20)
	2.70**
(1.46, 4.98)
	2.64** (1.36, 5.10)
	4.16* 
(1.41, 12.28)
	3.17* (1.03, 9.72)
	2.64 
(0.84, 8.29)
	3.58** 
(1.76, 7.26)
	2.65* 
(1.27, 5.53)
	3.16** (1.45, 6.90)

	Care for partner with functional impairments
	1.68* 
(1.16, 2.45)
	1.24 
(0.84, 1.82)
	1.15 
(0.76, 1.75)
	1.73 
(0.98, 3.07)
	1.18 
(0.65, 2.15)
	1.15 
(0.61, 2.17)
	1.65 
(0.99, 2.72)
	1.33 
(0.79, 2.23)
	1.17 
(0.66, 2.06)

	
	
	
	
	
	
	
	
	
	

	Other types of partner care
	1.82** 
(1.28, 2.60)
	1.64** (1.14, 2.36)
	1.71* 
(1.16, 2.51)
	1.36 
(0.69, 2.70)
	1.37 
(0.68, 2.77)
	1.39 
(0.66, 2.94)
	1.93** 
(1.26, 2.91)
	1.87** (1.21, 2.88)
	1.93*** (1.23, 3.05)



Note. CI: confidence interval; OR = odds ratio
a = unadjusted model
b = model adjusted for demographic factors (age, marital status, ethnicity, socioeconomic status, employment and education)
c = model adjusted for demographic factors and health-related factors (presence of long-standing limiting illnesses, self-rated health, and baseline depressive symptoms); each caregiving measure was tested in a separate model
* =p < 0.05, ** =p < 0.005, *** =p < 0.001
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Figure 1. Participant flowchart for the analytical sample
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Figure 2. Mediation analysis of the association between dementia care (waves 3/4/5) on depressive symptoms (wave 7) via loneliness (wave 6) (n = 4,229)
Note. *=p<0.05
All models were adjusted for demographics (age, marital status, ethnicity, socioeconomic status, employment and education) and health-related (presence of long-standing limiting illnesses, self-rated health, and baseline depressive symptoms) factors. A bias-corrected bootstrap using 1000 iterations was applied to all models. Each caregiving measure was tested in a separate model.
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Figure 3. Mediation analysis of the association between ‘care for a partner with other conditions’ (waves 3/4/5) on depressive symptoms (wave 7) via loneliness (wave 6) (n = 4,446)
Note. *=p<0.05
All models were adjusted for demographics (age, marital status, ethnicity, socioeconomic status, employment and education) and health-related (presence of long-standing limiting illnesses and self-rated health) factors. A bias-corrected bootstrap with 1000 iterations was applied to all models (see supplementary materials for details).
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[bookmark: _heading=h.c4wj6osxxh4u]Supplementary Table S1. The 8-item version of the Center of Epidemiological Studies-Depression Scale (Radloff, 1975)
	The 8-items of the Center of Epidemiological Studies-Depression Scale
	Score

	1
	 Whether felt depressed much of the time during the past week
	
yes/no -  1/0

	2
	 Whatever felt everything they did during the past week was an effort
	
yes/no -  1/0

	3
	 Whatever felt their sleep was restless during the past week
	
yes/no -  1/0

	4
	 Whatever was happy much of the time during the past week
	
yes/no -  0/1

	5
	Whatever felt lonely much of the time during the past week
	
yes/no -  1/0

	6
	Whatever enjoyed life much of the time during the past week
	
yes/no -  0/1

	7
	Whatever felt sad much of the time during the past week
	
yes/no -  1/0

	8
	Whatever could not get going much of the time during the past week
	
yes/no -  1/0
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Supplementary Table S2. STROBE Statement—Checklist of items that should be included in reports of cohort studies

	Item Number
	Recommendation

	Title and abstract
	1
	(a) Indicate the study’s design with a commonly used term in the title or the abstract

	
	
	(b) Provide in the abstract an informative and balanced summary of what was done and what was found

	Introduction

	Background/rationale
	2
	Explain the scientific background and rationale for the investigation being reported

	Objectives
	3
	State specific objectives, including any prespecified hypotheses

	Methods

	Study design
	4
	Present key elements of study design early in the paper

	Setting
	5
	Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data collection

	Participants
	6
	(a) Give the eligibility criteria and the sources and methods of selection of participants. Describe methods of follow-up

	
	
	(b) For matched studies, give matching criteria and number of exposed and unexposed

	Variables
	7
	Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic criteria, if applicable

	Data sources/ measurement
	8*
	 For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe comparability of assessment methods if there is more than one group

	Bias
	9
	Describe any efforts to address potential sources of bias

	Study size
	10
	Explain how the study size was arrived at

	Quantitative variables
	11
	Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen and why

	Statistical methods
	12
	(a) Describe all statistical methods, including those used to control for confounding

	
	
	(b) Describe any methods used to examine subgroups and interactions

	
	
	(c) Explain how missing data were addressed

	
	
	(d) If applicable, explain how loss to follow-up was addressed

	
	
	(e) Describe any sensitivity analyses

	Results

	Participants
	13*
	(a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for eligibility, confirmed eligible, included in the study, completing follow-up, and analysed

	
	
	(b) Give reasons for non-participation at each stage

	
	
	(c) Consider use of a flow diagram

	Descriptive data
	14*
	(a) Give characteristics of study participants (e.g. demographic, clinical, social) and information on exposures and potential confounders

	
	
	(b) Indicate number of participants with missing data for each variable of interest

	
	
	(c) Summarise follow-up time (e.g., average and total amount)

	Outcome data
	15*
	Report numbers of outcome events or summary measures over time

	Main results
	16
	(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (e.g. 95% confidence interval). Make clear which confounders were adjusted for and why they were included

	
	
	(b) Report category boundaries when continuous variables were categorized

	
	
	(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period

	Other analyses
	17
	Report other analyses done—e.g. analyses of subgroups and interactions, and sensitivity analyses

	Discussion

	Key results
	18
	Summarise key results with reference to study objectives

	Limitations
	19
	Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss both direction and magnitude of any potential bias

	Interpretation
	20
	Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results from similar studies, and other relevant evidence

	Generalisability
	21
	Discuss the generalisability (external validity) of the study results

	Other information

	Funding
	22
	Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on which the present article is based


 
*Give information separately for exposed and unexposed groups.
Note: An Explanation and Elaboration article discusses each checklist item and gives a methodological background and published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at http://www.strobe-statement.org.


Sensitivity Analyses

The association between dementia care and loneliness remained statistically significant after exclusion of those with baseline depressive symptoms (β=0.36, 95% CI: 0.18, 0.53), and using the higher CES-D cut-off score (β=0.31, 95% CI: 0.15, 0.47) (figures S1 and S2). Similarly, the association between loneliness and depressive symptoms remained significant in both analyses (after exclusion of those with baseline depressive symptoms: OR = 1.20, 95% CI: 0.99, 1.42; using higher CES-D cut-off score: OR = 1.46, 95% CI: 1.22, 1.69), as did the indirect effect of dementia care on the development of depressive symptoms via loneliness (after exclusion of those with baseline depressive symptoms: β=0.05, Bias corrected (Bc) CI: 0.02, 0.09; using higher CES-D cut-off score: β=0.04, Bias corrected (Bc) CI: 0.02, 0.07). The proportion of the total effect mediated by loneliness among these caregivers remained at 34% after excluding those with baseline depressive symptoms but increased to 46% when using the higher CES-D cut-off score.
The association between caring for a partner with other conditions and loneliness remained statistically non-significant after exclusion of those with baseline depressive symptoms (β=0.-0.01, 95% CI: -0.08, 0.05), and using the higher CES-D cut-off score (β=-0.004, 95% CI: -0.066, 0.057) (figures S3 and S4). Similarly, the association between loneliness and depressive symptoms remained significant in both analyses (after exclusion of those with baseline depressive symptoms: OR = 1.24, 95% CI: 1.02, 1.46; using higher CES-D cut-off score: OR = 1.42, 95% CI: 1.21, 1.64), as did the indirect effect of dementia care on the development of depressive symptoms via loneliness (after exclusion of those with baseline depressive symptoms: β=-0.002, Bias corrected (Bc) CI: -0.102, 0.007; using higher CES-D cut-off score: β=-0.001, Bias corrected (Bc) CI: -0.007, 0.006).

Supplementary Table S3. Logistic regression models of depressive symptomatology (wave 7) on caregiving (waves 3/4/5) after exclusion of those with baseline depressive symptoms

	
	Full sample (n=4,249)
	Males (n=2,123)
	Females (n=2,126)

	
	Model 1
	Model 2
	Model 3
	Model 4
	Model 5
	Model 6
	Model 7
	Model 8
	Model 9

	
	OR
(95% CI)a
	OR
(95% CI)b
	OR
(95% CI)c
	OR
(95% CI)a
	OR
(95% CI)b
	OR
(95% CI)c
	OR
(95% CI)a
	OR
(95% CI)b
	OR
(95% CI)c

	Caregiving group
	
	
	
	
	
	
	
	
	

	Non-caregiving partners
	Ref.
	Ref.
	Ref.

	Care for partner with dementia 
	4.57*** (2.32, 9.00)
	3.10**(1.54, 6.23)
	3.32** (1.61, 6.85)
	8.79***(2.66, 29.12)
	6.00** (1.74, 20.72)
	4.88* (1.38, 17.22)
	3.14* (1.36, 7.25)
	2.46* (1.03, 5.86)
	2.92* (1.21, 7.09)

	Care for partner with functional impairments
	1.80* (1.17, 2.75)
	1.40 (0.91, 2.18)
	1.23 (0.78, 1.94)
	2.14* (1.18, 3.88)
	1.44 (0.78, 2.68)
	1.25 (0.65, 2.41)
	1.54 (0.83, 2.83)
	1.39 (0.74, 2.60)
	1.20 (0.62, 2.31)

	Other types of partner care
	1.97** (1.32, 2.95)
	1.77* (1.17, 2.67)
	1.86** (1.21, 2.84)
	1.27 (0.57, 2.83)
	1.26 (0.56, 2.84)
	1.30 (0.57, 3.01)
	2.24** (1.39, 3.60)
	2.20** (1.35, 3. 60)
	2.30** (1.39, 3.81)



Note. CI: confidence interval; OR = odds ratio. 
a = unadjusted model
b = model adjusted for demographic factors (age, marital status, ethnicity, socioeconomic status, employment and education)
c = model adjusted for demographic factors and health-related factors (presence of long-standing limiting illnesses, and self-rated health); each caregiving measure was tested in a separate model
* p < 0.05, ** p < 0.005, *** p < 0.001


Supplementary material Table S4. Logistic regression models of depressive symptomatology (wave 7) on caregiving (waves 3/4/5) using the original CES-D scale
	 
	Full sample (n=4,672)
	Males (n=2,279)
	Females (n=2,393)

	 
	Model 1
	Model 2
	Model 3
	Model 4
	Model 5
	Model 6
	Model 7
	Model 8
	Model 9

	 
	OR
(95% CI)a
	OR
(95% CI)b
	OR
(95% CI)c
	OR
(95% CI)a
	OR
(95% CI)b
	OR
(95% CI)c
	OR
(95% CI)a
	OR
(95% CI)b
	OR
(95% CI)c

	Caregiving group
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Non-caregiving partners
	Ref.
	Ref.
	Ref.

	Care for partner with dementia
	3.87*** (2.03, 7.39)
	2.52* (1.29, 4.95)
	2.46* (1.19, 5.06)
	5.19* (1.63, 16.50)
	4.05* (1.21, 13.49)
	3.00
(0.87, 10.35)
	3.06* (1.41, 6.67)
	2.21
(0.98, 4.99)
	2.49* (1.03, 6.02)

	Care for partner with functional impairments
	2.11*** (1.41, 3.17)
	1.54* (1.01, 2.35)
	1.50
(0.95, 2.36)
	2.28* (1.21, 4.30)
	1.59
(0.82, 3.08)
	1.64
(0.82, 3.26)
	2.01* (1.12, 3.43)
	1.57
(0.90, 2.73)
	1.42
(0.78, 2.60)

	Other types of partner care
	1.68* (1.10, 2.55)
	1.45
(0.94, 2.24)
	1.52
(0.96, 2.40)
	1.56
(0.70, 3.47)
	1.57
(0.69, 3.56)
	1.62
(0.68, 3.88)
	1.57
(0.96, 2.58)
	1.51
(0.90, 2.51)
	1.55
(0.91, 2.65)


Note. CI: confidence interval; OR = odds ratio.
a = unadjusted model
b = model adjusted for demographic factors (age, marital status, ethnicity, socioeconomic status, employment and education)
c = model adjusted for demographic factors and health-related factors (presence of longstanding limiting illnesses, self-rated health, and baseline depressive symptoms); each caregiving measure was tested in a separate model.
* p < 0.05, ** p < 0.005, *** p < 0.001
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Figure S1. Mediation analysis of the association between dementia care (waves 3/4/5) on depressive symptoms (wave 7) via loneliness (wave 6) after exclusion of those with baseline depressive symptoms (n = 3, 921).
Note. *=p<0.05
All models were adjusted for demographics (age, marital status, ethnicity, socioeconomic status, employment and education) and health-related (presence of longstanding limiting illnesses, and self-rated health) factors. A bias-corrected bootstrap using 1000 iterations was applied to all models. Each caregiving measure was tested in a separate model.
[image: ]
Figure S2. Mediation analysis of the association between dementia care (waves 3/4/5) on depressive symptoms (wave 7) via loneliness (wave 6), using original CES-D scale (waves 3/4/5) (n = 4,229)
Note. *=p<0.05
All models were adjusted for demographics (age, marital status, ethnicity, socioeconomic status, employment and education) and health-related (presence of longstanding limiting illnesses and self-rated health) factors. A bias-corrected bootstrap using 1000 iterations was applied to all models.
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Figure S3. Mediation analysis of the association between ‘care for a partner with other conditions’ (waves 3/4/5) on depressive symptoms (wave 7) via loneliness (wave 6) (n = 4,052) after excluding those with baseline depressive symptoms (waves 3/4/5) 
[bookmark: _heading=h.i299p5qwg29s]Note. *=p<0.05
All models were adjusted for demographics (age, marital status, ethnicity, socioeconomic status, employment and education) and health-related (presence of longstanding limiting illnesses and self-rated health) factors. A bias-corrected bootstrap with 1000 iterations was applied to all models.
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Figure S4. Mediation analysis of the association between ‘care for a partner with other conditions’ (waves 3/4/5) on depressive symptoms (wave 7) via loneliness (wave 6) (n = 4,446) using original CES-D scale (waves 3/4/5)
Note. *=p<0.05
All models were adjusted for demographics (age, marital status, ethnicity, socioeconomic status, employment and education) and health-related (presence of longstanding limiting illnesses, self-rated health, and baseline depression) factors. A bias-corrected bootstrap with 1000 iterations was applied to all models.
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