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Abstract 

Background: Caregivers health is often at risk due to the detrimental effects of caregiver burden. It is therefore vital 
to identify strategies and resources, which ensure the safeguarding of caregivers’ health, whilst also enabling caregiv-
ers to continue providing high quality long-term care to care-receivers. The objective of this study is therefore to 
examine the moderating and mediating role of different social relationship constructs (social networks, social support, 
relationship quality, and loneliness) in the relationship between subjective caregiver burden and health, by exploring 
different coping models of the stress process paradigm, namely the stress buffering, social deterioration and counterac-
tive models.

Methods: Longitudinal survey data from 133 couples of caregiving romantic partners and persons with spinal cord 
injury, living in Switzerland were used. We employed multivariable regression analysis with the inclusion of interaction 
terms to explore moderation effects of social relationships (i.e. stress buffering model), and path analysis to explore 
mediation effects (i.e. social deterioration vs. counteractive model) of social relationships on the association between 
subjective caregiver burden and health. Health was operationalised using the following outcomes: mental health, 
vitality, bodily pain and general health.

Results: Social support and relationship quality were found to buffer the negative effects of subjective caregiver bur-
den on mental health. Mediating effects of social relationships were observed for mental health (indirect effect -0.25, 
-0.42- -0.08) and vitality (indirect effect -0.20, -0.37- -0.03), providing support for the deterioration model. Loneliness 
was found to be a particularly important construct on the pathway from caregiver burden to health.

Conclusion: Our study highlights the potential of social support and relationship quality to override the negative 
consequences of caregiver burden on mental health and vitality. Our evidence thus supports the advance of inter-
ventions that seek to improve qualitative aspects of social relationships, especially in caregivers experiencing a high 
subjective caregiver burden.
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Background
Informal caregivers who appraise their situation as emo-
tionally and psychologically stressful are often vulnerable 
to subjective caregiver burden, which may have detri-
mental effects on physical and mental health [1–3]. Infor-
mal care describes the non-professional and unpaid care 
provided to persons with long-term care needs by family 
members, friends, neighbours, or other persons [4], and 
often covers a large proportion of the caregiving needs of 
the care-receiver [5, 6]. Ensuring that the burden of car-
egiving is reduced in this population is of upmost impor-
tance; primarily for the negative impact which subjective 
burden has on caregivers’ health, but also for the wide-
ranging individual and societal benefits resulting from 
the long-term care provided by informal caregivers. The 
individual benefit refers to the continuous high-quality 
and personalised care provided by informal caregivers [7] 
and societal benefits mainly concern the contributions in 
terms of reduced costs for the health care system [8, 9]. 
It is therefore vital to identify strategies and resources, 
which protect caregivers’ health.

Social relationships are potentially modifiable 
resources that can promote caregivers health [10, 11] 
and may protect informal caregivers from the harmful 
effects of caregiver burden on physical and mental health 
[12–15]. More specifically, a study in informal caregivers 
of persons with traumatic brain injury showed that social 
support moderated the harmful effect of psychological 
distress on family functioning [12]. Another study in the 
context of Alzheimer’s disease found that provisioning od 
social support to caregivers moderated the association 
between caregiver distress and resilience, indicating that 
the negative effect of caregiver distress on resilience was 
reduced in caregivers with high social support [14]. This 
conclusion was supported by research in informal car-
egivers of persons with early-stage dementia [15].

Broadly speaking, social relationships describe any 
interpersonal interaction within a social network. Social 
relationships include quantitative aspects, such as fre-
quency of social contact or network size, and qualitative 
aspects, such as perceived social support or the quality 
and utility of social contacts [16]. In this study, quantita-
tive aspects were captured with social network inclusion, 
i.e., marital status, participation in church or commu-
nity organizations, and the number of close friends and 
relatives. Qualitative measures used in this study include 
availability and quality of emotional and tangible social 
support would be available in case needed, the partner 
relationship quality in terms of its supportiveness and 

depth, and the frequency of feelings of loneliness. Yet, 
putative and observed associations of social relationships 
with caregiver health typically involve complex chains of 
direct and indirect effects, which may obscure potential 
targets of intervention. Previous research has identified 
the link between social relationships and caregiver bur-
den [17–19], and social relationships and health [10], 
but few have connected these pathways together. An 
empirical evaluation of these pathways is warranted as 
to provide further insight into the potential leverage and 
thereby optimal targeting of social support interventions. 
…

The present empirical study considers the three lead-
ing contemporary theoretical models for describing the 
role of social relationships in the association between 
caregiver burden and health (see Fig.  1). Firstly, and 
most prominently, the buffering model proposes the 
moderating effect of social relationships on the nega-
tive association between caregiver burden and health. 
There is as yet, no evidence supporting this model, 
however several studies have demonstrated how social 
support buffers the negative effects of objective car-
egiver burden (i.e. the time invested in caregiving) 
on subjective burden, and on caregiver distress and 
depression [12, 15, 20–23]. It is thought that social 
support and good quality relationships, signified as 
trusting, reciprocal and supportive, provide resources 
which aid caregivers to appraise their situation as 
less stressful, but also provide practical assistance to 
alleviate the caregiving burden and facilitate healthy 
behaviours [13, 24, 25]. Although there is evidence 
suggesting that social support protects caregivers from 
experiencing caregiver burden [22, 26], it remains 
unclear whether social support, or social relation-
ships more broadly, can impede the negative effects of 
subjective caregiver burden on health. Secondly, the 
deterioration model proposes that the subjective car-
egiver burden has a damaging effect on relationships 
and therefore additionally negatively affects health. For 
example, evidence suggests that the additional role of 
caregiving in a partner relationship results in strain 
and tension leading to the degradation of the relation-
ship quality [27, 28]. Thirdly, the counteractive model 
presents a contrasting hypothesis to the deterioration 
model and suggests that stressful situations cause indi-
viduals to utilise available resources from their existing 
social networks [29]. Applied to the case of caregiver 
burden, it supposes that the caregiving situation 
may motivate individuals to mobilise their existing 
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resources, resulting in a higher level of perceived and 
received social support leading to beneficial effects on 
health. However, evidence for the counteractive model 
in the caregiving setting is unavailable yet.

In order to better understand the associations 
between stressors (i.e., subjective caregiver burden), 
resources (i.e., social relationships) and caregiver 
health, this study explores the presented models in the 
context of the caregiving romantic partners of persons 
with spinal cord injury (SCI). SCI offers an informa-
tive case in point, not only as it often leads to depend-
ency on informal caregivers but also as it is a condition, 
which can occur at any point in life. Caregiving roman-
tic partners of persons with SCI are often of employ-
able age, which is in contrast to the vast majority of 
caregiving research mainly focusing on elderly popula-
tions [12, 14, 15]. In this study, we include couples who 

indicated being in a romantic partnership, irrespective 
of marital status or whether living together or not, and 
in which one partner takes over any informal caregiv-
ing activities. The objective of this study is therefore 
to examine the moderating or mediating role of differ-
ent social relationship constructs (quantitative aspects: 
social networks; qualitative aspects: emotional and 
tangible social support, partner relationship quality, 
and feelings of loneliness) in the relationship between 
subjective caregiver burden and health in caregiving 
romantic partners of persons with SCI by evaluating 
and comparing the empirical support provided by our 
data for three coping models of the stress process para-
digm (Fig. 1). The specific aims are 1) to test the buffer-
ing model by testing whether social relationships buffer 
or moderate the negative effects of subjective caregiver 
burden on caregiver health and 2) to test the two con-
trasting models of the social deterioration and the 
counteractive model by evaluating the mediating role of 
social relationships in the relationship between subjec-
tive caregiver burden and caregiver health.

Methods
Study design
Pro-WELL is a longitudinal community survey with three 
measurement waves (baseline; month 6; month 12) with 
the main objective to investigate the psychosocial deter-
minants of wellbeing in persons with SCI and their car-
egiving romantic partners who are involved in caregiving 
duties. The survey has informed several studies on car-
egiver health, and on the social determinants of health 
and wellbeing in couples coping with disability and this 
paper is therefore one of a series. This analysis utilized 
longitudinal data from caregiving romantic partners of 
persons with SCI (n = 133). The baseline assessment was 
carried out between May 2015 and January 2016, and 
data were collected by means of standardized telephone 
interviews, paper–pencil or online questionnaires [30]. 
The study protocol and all measurements were approved 
by the Ethical Committee of Northwest and Central 
Switzerland (document EKNZ 2014–285). Regulations 
concerning informed consent and data protection were 
strictly observed and all participants signed an informed 
consent form. The study was conducted in accordance 
with the declaration of Helsinki.

Sampling frame and participants
The pro-WELL study is a nested study that collected 
new data among participants of the first community 
survey of the Swiss Spinal Cord Injury Cohort Study 
(SwiSCI) [30]. This sampling frame included a represent-
ative population of 1922 persons aged over 16 years with 
traumatic or non-traumatic SCI living in Switzerland. 

Fig. 1 Coping models of the stress process paradigm
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Of the 1922 SwiSCI participants, 676 persons were eli-
gible for the pro-WELL study. The pro-WELL study only 
included couples in a romantic partnership consisting 
of a person with SCI who indicated having a roman-
tic partner which takes part in caregiving duties. The 
civil status in the partnership was not defined as inclu-
sion or exclusion criterion and legally married as well 
as engaged or unmarried couples were included, and 
the romantic partner status was self-defined. A total 
number of 133 persons with SCI and their caregiving 
romantic partners participated in the baseline assess-
ment, implying an overall response rate of 19.7%. Non-
response bias, assessed by comparing the distribution of 
key sociodemographic and injury characteristic variables 
of the SCI participant in pro-WELL to the those of the 
SwiSCI source population, was shown to be negligible 
[30]. Finally, longitudinal study adherence of pro-WELL 
was respectable at 92% (123 couples) at 6  months, and 
89% (119 couples) at 12  months (see Fig.  2). Further 
details on inclusion criteria, recruitment outcomes, 

participation rates, and non-response are reported in the 
pro-WELL cohort profile [30].

Measures
Predictor: caregiver burden
Subjective caregiver burden was assessed using the 
12-item Zarit Burden Interview (ZBI) short form, which 
captures personal feelings of strain resulting from the 
caregiving role [31, 32]. For example, participants were 
asked whether they experienced feelings of anger or 
strain, and whether the caregiving role had impinged on 
other areas of their lives. The five-point response scale 
includes the options never; rarely; sometimes; frequently; 
or nearly always. A sum score ranging from 0–48 was 
calculated.

Potential mediators/moderators: social relationships
The three coping models of the stress process para-
digm (Fig.  1) imply a mediating or moderating role of 
social relationships. The Buffering Model (I) foresees a 

Fig. 2 Source population and participation status of eligible persons



Page 5 of 14Tough et al. BMC Public Health         (2022) 22:1737  

moderating role, that is, social relationships influence 
the relationship between caregiver burden and caregiver 
health, but are not as such on the causal pathway. In con-
trast, the Deterioration Model (II) and the Counteractive 
Model (III) postulate a mediating role, presuming that 
social relationships are on the causal pathway between 
caregiver burden and caregiver health. When considering 
the social relationships, mediation may emerge as full, if 
no remaining direct effect between caregiver burden and 
caregiver health is detectable, or rather partial, in case an 
direct as well as indirect effect materialize.

Quantitative
Social networks were measured using five items from the 
Social Network Index (SNI) [33]. The SNI is a composite 
measure of four types of social connection: marital status 
(married = 1; not married = 0); church group member-
ship (yes = 1; no = 0); membership in other community 
organisations (yes = 1; no = 0), and sociability (high = 1; 
low = 0). The latter concept included two items assessing 
the number of close friends and relatives. Persons indi-
cating having at least three friends or relatives with which 
they were closely in touch were coded as 1, whereas per-
sons indicating a lower number were coded as 0. In sum-
mary, each of the four types of social connection was 
scored with either 0 or 1 to signify whether an individual 
had access to this type of social connection or not and a 
sum score ranging from 0–4 was built.

Qualitative
Social support
Emotional and tangible aspects of perceived social sup-
port were measured with items from the Swiss Health 
Survey 2012. Emotional support was assessed using the 
question “Among the people you are close to, do you have 
somebody who you can always talk to about personal 
problems?”, response options included: none, one per-
son, or more persons [5]. Tangible support was assessed 
in the following areas: housework, health issues, financial 
issues, activities of daily living (in persons with SCI only), 
and caregiving (in caregiving romantic partners only). 
Response options for each area were: none, one person, 
or more persons. Scales for emotional and tangible sup-
port were added together for this study in order to give 
an overall sum score ranging from 0–10.

Relationship quality
Quality of partner relationship was assessed using items 
from the social support and depth subscales of the Qual-
ity of Relationship Inventory (QRI) which evaluated the 
meaningfulness and the positive role of the partnership, 
the extent to which one could turn to one’s partner for 
support, and the responsibility or need one felt for their 

partner.). The eight items were rated on a 4-point Likert 
scale, resulting in a sum score ranging from 0–24 [34].

Loneliness
Three items from the Revised UCLA loneliness scale [35] 
were used to capture the frequency of subjective feelings 
of loneliness (0 = almost never; 1 = sometimes; 2 = often), 
with a score ranging from 0–6. Due to the skewed dis-
tribution of responses, we dichotomised the score in 
order to discriminate persons who sometimes or often 
felt lonely from persons who never felt lonely (0 = never 
lonely; 1–6 = sometimes or often lonely).

Outcome: caregiver health
In order explore different dimensions of health, five 
items of the SF-12 were utilised as indicators of caregiver 
health, namely items relating to mental health, vital-
ity, bodily pain and general health. The SF-12 is the 12 
item version of the previously developed 36-item version 
SF-36 and is widely used as a brief, time-saving version 
for health surveys [36]. The SF-36 was initially devel-
oped and validated as a generic instrument for measuring 
health status in the Medical Outcomes Study and consists 
of the eight domains including physical functioning; role 
restrictions due to physical health; bodily pain; general 
health; vitality; social functioning; role restrictions due to 
mental health; and mental health [37]. The SF-12 exploits 
substantially fewer items to effectively represent the same 
domains as evidenced by the very high correlation of its 
summary physical and mental health scores with those of 
the SF-36 [36, 38]. General health was assessed with one 
SF-12 item asking participants how they would rate their 
general health (0 = very poor, 4 = very good). The SF-12 
measures mental health with two items on the frequency 
of mood states during the past 4 weeks, and vitality with 
one item on the frequency of feeling energetic during 
the past four weeks (response options for both, men-
tal health and vitality: 0 = never, 5 = always). Pain was 
assessed with one SF-12 item on how much bodily pain 
was experienced during the  past four weeks (0 = not at 
all, 5 = extreme). In line with SF-36 scoring recommen-
dations, each subscale was transformed to a 0–100 scale, 
and then standardised to be comparable to a sample from 
the general population in order to complete the "norm-
based scoring" [39].

Confounders and colliders
The identification of potential confounders was informed 
by current evidence and by directed acyclic graphs 
(DAGs; www. dagit ty. net) [3, 5, 12, 14, 15]. Utilising DAGs 
enables the identification of ‘true’ confounders which can 
subsequently be tested and validated in bivariable analy-
sis [40]. Age, gender, financial hardship, employment 

http://www.dagitty.net


Page 6 of 14Tough et al. BMC Public Health         (2022) 22:1737 

status (having paid work vs. not having paid work), lesion 
severity of the care-receiver (para/tetraplegic, incom-
plete/complete lesion) and length of caregiving in years 
were identified as relevant confounders and were there-
fore included into multivariate models. Financial hard-
ship was assessed with an item asking participants how 
they evaluate the availability of financial resources on a 
5-point scale ranging from ‘very scarce’ to ‘lasts very well’.

We identified survey response mode (via telephone 
interview, paper–pencil or online) as a potential col-
lider variable, as likely determined by both the predictor 
variable (subjective caregiver burden) and the outcome 
variable (caregiver health). To avoid biased inference 
regarding the association between caregiver burden and 
caregiver health, we thus refrained from controlling for 
questionnaire response mode in statistical analyses.

Statistical analysis
Analyses were conducted using STATA version 16.1 
for Windows (College Station, TX, USA). Distribu-
tion of predictor, mediator, moderator and outcome 
variables were described and dyadic concordance was 
assessed using multi-level models to compute within- 
and between-dyad variation. Intra-class correlations 
(ICCs) were evaluated to investigate how similar differ-
ent variables were within dyads, with values closer to 1 
indicating higher correlation within the dyad. Those 
descriptive analyses were performed with crude baseline 
data, excluding all cases with missing values. In order to 
explore moderation and mediation models, longitudinal 
data was utilised. As caregiver burden was only measured 
at baseline, we utilised data from specific time points. 
Measures of subjective caregiver burden and measures 
of confounders were taken at baseline (T0), social rela-
tionships at baseline (T0) for moderation analysis and 
at 6  months (T1) for mediation analysis and caregiver 
health at 12 months (T2).

Moderation analysis
To explore interaction effects of social relationship con-
structs and caregiver burden in predicting caregiver 
health, we computed a series of hierarchical regression 
models. The moderator and predictor variables were 
mean-centered prior to analysis as to minimize the risk 
of multicollinearity. In each regression model, one of the 
caregiver health indicators was utilised as the dependant 
variable and the mean-centered predictor and modera-
tor variables were entered first alone and then with their 
corresponding interaction term. Each potential mod-
erator variable (i.e. social relationship construct) was 
introduced independently of the other potential mod-
erator variables. Therefore, Model 1 represents an unad-
justed analysis of the main effects of both, predictors and 

potential moderators. In Model 2, we entered the interac-
tion terms as a third independent variable and in Model 
3 in order to address potential confounding, the con-
founders age, sex, language region, lesion severity of the 
care-receiver, caregiving duration in years, employment 
status and financial hardship were also entered. Interac-
tion terms were evaluated by testing the coefficient of the 
product term itself, and interaction terms with p < 0.05 
were further graphically examined to support the inter-
pretation of results. To visualize interaction terms over 
the observed range of the interdependent variables, mar-
ginal predictions of the regression model were derived 
and plotted using a two-by-two contour plot. To account 
for potential non-response bias resulting from item non-
response in predictor and control variables, multiply 
imputed data that were derived by multiple imputation 
using chained equations (MICE) were used for regression 
models, unimputed data was used for descriptive analy-
sis (results in Table  1), giving a complete case analysis 
sample size of 94[41]. Item missingness was assumed to 
be missing completely at random and therefore the mul-
tiple imputation should effectively assist to reduce non-
response bias. Selection bias due to unit non-response 
has been shown to be negligible and was therefore not 
accounted for in data analysis [30].

Mediation analysis
Mediation was addressed using path analysis, which is 
a specific type of structural equation modelling (SEM). 
Social relationship constructs were included as potential 
mediators in the association between caregiver burden 
and caregiver health. Individual models were created for 
each caregiver health indicator and all potential media-
tors were entered into each model, with the addition of 
co-variances between all of the social relationship con-
structs. Bias-corrected and accelerated bootstrapping 
with 5000 replications with replacements was computed 
in order to deal with sample size and non-normality 
issues. Bias-corrected and accelerated bootstrapping 
adjusts for both bias and skewness  in the bootstrap dis-
tribution. The bootstrapping technique is a technique 
to reduce sampling bias when variables involved in the 
analysis have a non-normal distribution. This also ena-
bled the estimation of asymmetrical confidence intervals 
(CI) for the indirect effects in mediation analysis and for 
multiple mediation models, statistical support for media-
tion was gained if the CIs did not cross 0 [42]. In order 
to explore whether the deterioration or the counteractive 
model was empirically supported, the directionality of 
the paths was assessed. If the majority of paths indicated 
a negative relationship between subjective caregiver 
burden and social relationships (i.e. increased loneli-
ness, decreased social support, relationship quality and 
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Table 1 Characteristics of the pro-WELL sample (N = 266)

Abbreviations: ADL Activities of daily living, CI Confidence interval, CHF Swiss Francs, IADL Instrumental activities of daily living, ICC Intra-class correlation, IQR 
Interquartile range, QRI Quality of relationship inventory, SCI Spinal cord injury, SD Standard deviation, SNI Social network index

Caregiving romantic partners (N = 133) Care-receivers, persons with SCI 
(N = 133)

ICC (95% CI)

Characteristic [n missing values 
caregiving romantic partners, 
care-receivers]

n (%) Mean (SD); Median (IQR) n (%) Mean (SD); Median (IQR) Within-dyad comparison

Baseline Sociodemographic characteristics

 Age (in years) [0,0] 50.2 (10.1); 52.0 (16.0) 51.7 (9.4); 53.0 (16.0) 0.79 (0.72, 0.84)

 Female gender [0,0] 98 (73.7) 35 (26.3) -

 Education (in years) [2, 7] 14.0 (3.1); 13.5 (4.0) 13.9 (3.2); 13.0 (4.0) 0.27 (0.14, 0.46)

 Financial hardship 39 (33.1) 38 (31.9) 0.55 (0.32, 0.76)

 Paid employment [0,0] 94 (70.7) 79 (59.4) 0.27 (0.09, 0.57)

Lesion characteristics

 Lesion severity [2]

  Incomplete paraplegia - - 45 (34.4) - -

  Complete paraplegia - - 49 (37.4) - -

  Incomplete tetraplegia - - 24 (18.3) - -

  Complete tetraplegia - - 13 (9.9) - -

 Aetiology [3]

  Traumatic 109 (83.8)

  Non-traumatic 21 (16.2)

Objective caregiver burden

 Duration of daily care (in 
hours) [8]

1.7 (3.3); 1.0 (2.0) - - - -

 Duration of caregiving (in 
years) [7]

17.9 (10.9); 15.5 (17.0) - - - -

 Number of ADL tasks (range 
0–12) [11]

2.0 (2.8); 1.0 (3.0) - - - -

 Number of IADL tasks (range 
0–10) [10]

3.6 (2.8); 3.0 (4.0) - - - -

Subjective caregiver burden

 Zarit Burden Interview (range 
0–48) [1]

6.6 (7.0); 4.0 (9.0) - - - -

Social relationships

 Loneliness (UCLA-SF) (range 
0–6) [4,0]

0.8 (1.3); 0.0 (1.0) 1.2 (1.4); 1.0 (2.0) 0.14 (0.03, 0.42)

 Relationship quality (QRI) 
(range 0–24) [1]

20.2 (3.5); 21.0 (4.0) 20.9 (3.0); 22.0 (3.0) 0.39 (0.25, 0.55)

 Social support (range 0–10) 
[2, 5]

6.6 (2.1); 6.0 (3.0) 7.0 (1.7); 7.0 (2.0) 0.09 (0.01, 0.48)

 Social network (SNI) [3] 3.7 (1.1); 4.0 (1.5) 4.1 (1.0); 4.0 (2.0) 0.40 (0.27, 0.56)

6 Months Social relationships

 Loneliness (UCLA-SF) (range 
0–6) [4,0]

0.9 (1.4); 0.0 (2.0) 1.2 (1.4); 1.0 (2.0) 0.10 (0.01, 0.46)

 Relationship quality (QRI) 
(range 0–24) [1, 3]

20.7 (3.3); 21.0 (3.0) 20.9 (3.0); 22.0 (3.0) 0.29 (0.16, 0.47)

 Social support (range 0–10) 
[2, 10]

5.2 (1.7); 5.0 (1.0) 7.0 (1.7); 7.0 (2.0) 0.00 (0.00, 0.00)

 Social network (SNI) [3] 3.7 (1.1); 4.0 (1.5) 4.1 (1.0); 4.0 (2.0) 0.40 (0.27, 0.56)

12 Months Health outcomes (SF-12) (range 0–100)

 Mental health [4, 6] 70.8 (14.8); 70.0 (20.0) 69.3 (18.5); 70.0 (20.0) 0.24 (0.11, 0.45)

 Vitality [4] 60.5 (20.1); 60.0 (40.0) 56.0 (22.6); 60.0 (40.0) 0.13 (0.03, 0.42)

 Bodily pain intensity [4] 40.6 (31.2); 40.0 (60.0) 52.4 (29.1); 60.0 (40.0) 0.00 (0.00, 0.00)

 General health [4] 57.1 (18.8); 60.0 (20.0) 48.6 (18.9); 60.0 (20.0) 0.00 (0.00, 0.00)
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reduced social network) then the deterioration model 
was supported, if the paths indicated a positive relation-
ship between subjective caregiver burden and social rela-
tionships then the counteractive model was supported. 
Adequate model fit was assessed by a χ2 test (threshold 
p > 0.05; vulnerable to sample size), a comparative fit 
index (CFI) > 0.95, and the root mean square error of 
approximation (RMSEA) < 0.06. We report standardized 
regression coefficients and 95% CIs. Our sample sufficed 
the minimal recommended sample size [43]. Path analy-
ses were conducted on non-imputed data using full infor-
mation maximum likelihood (FIML) estimation, which 
adequately accounts for missing data [44]. Again, here 
the FIML estimation was utilised in an attempt to reduce 
bias resulting from item non-response. The proportion of 
explained variance in caregiver health was reported with 
the R-squared statistics.

Results
A baseline description of the study population can be 
found in Table 1. The large majority of caregiving roman-
tic partners were female (74%), with a mean age of 
50.2  years, and about 70% being involved in paid work 
on top of their caregiving duties. In care-receivers, 60% 
were in paid work. Around one third of the total sample 
reported financial hardship. Caregiving romantic part-
ners and care-receivers had been in formal educations 
for on average 14 years. In general, caregiving romantic 
partners provided 1.7 h a day of informal care, reported 
an average subjective caregiver burden score of 6.6 (range 
0–48), and were on average almost 18  years in the car-
egiving role for their partners. Although caregiving 
romantic partners reported less loneliness than care-
receivers (0.8 vs. 1.2), all other aspects of social relation-
ships were reported to be of lower quality or quantity, 
mean social support in caregiving romantic partners 
was 5.2, whereas in care-receivers it was 7.0 at 6 months. 
Although mental health and vitality were similar within 
partnerships, care-receivers reported worse bodily 
pain and lower general health than caregiving romantic 
partners.

Moderation analyses
Supplementary Table  1 shows results from unadjusted 
and adjusted analyses of the association between social 
relationships, subjective caregiver burden and health 
indicators, including main effects and interaction terms 
to test the possible moderation effect of social relation-
ships in the caregiver burden – health association. In 
terms of main effects, loneliness and subjective caregiver 
burden showed pronounced and consistent associations 
with all health indicators. Relationship quality and social 
support decreased the negative associations of subjective 

caregiver burden on mental health, thus supporting the 
buffering model of the stress process paradigm. However, 
no effect moderation between caregiver burden and the 
health outcomes vitality, pain and general health were 
observed.

To illustrate the support for the buffering model of the 
stress process paradigm, marginal predictions for men-
tal health in relation to relevant interaction terms are 
depicted in Figs.  3 and 4. At low levels of relationship 
quality or social support, mental health is largely defined 
by variation in subjective caregiver burden, whereas this 
association is progressively alleviated with an increase 
in relationship quality and social support. This is par-
ticularly evident in the case of social support, as mental 
health was essentially independent of subjective caregiver 
burden among caregivers reporting high social support 
(i.e. a value of seven or higher; Fig. 4).

Mediation analyses
Figure 5 presents the path analyses testing the mediation 
effects of social relationships on the pathway between 
caregiver burden and health by assessing the indirect 
effect and the corresponding bias corrected and acceler-
ated CIs. Mediating effects of social relationships were 
supported for mental health (indirect effect -0.25, CI 
-0.42- -0.08) and vitality (indirect effect -0.20, CI -0.37- 
-0.03; (Fig. 5a and b), where the proportion of mediated 
effect was 52% and 40% respectively. Models suggest that 
the mediating effects were exerted through caregiver 
burden’s positive association with loneliness, and subse-
quently loneliness’s detrimental effect on mental health 
and vitality. In the majority of models, the direction of 
the paths indicated a negative association between car-
egiver burden and social relationships, lending therefore 
support for the deterioration model of the stress process 
paradigm.

Discussion
Our study is the first to untangle the relationships 
between caregiver burden, different social relationship 
concepts and caregiver health by testing different mod-
els of the stress process paradigm. Our findings provide 
support for the buffering model, as social support and 
partner relationship quality were found to modify the 
negative association of caregiver burden with mental 
health, however this did not hold true for other health 
indicators. The deterioration model was supported for 
mental health and vitality due to the negative associa-
tion between caregiver burden and social relationships. 
In particular loneliness played an important role as high 
levels of burden were associated with high levels of lone-
liness, and subsequently there was a strong association 
between loneliness and poor mental health and vitality. 
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While we observed consistent findings supporting the 
buffering and deterioration models concerning mental 
health, this did not hold true for indicators of physical or 
general health.

Although there is a vast amount of research exploring 
the determinants of caregiver burden [45], and how the 
stressors of caregiving impact upon health [1, 3, 46], 
there is relatively little research exploring how different 
psychosocial resources can enable caregivers to pro-
tect their health [14, 47]. Our study findings corrobo-
rate the results of classical stress buffering studies [11, 
13, 48], as we find evidence to support the assumption 
that the detrimental physiological and emotional stress 
reactions to high subjective caregiver burden [2, 3] are 
reduced, i.e. buffered, if the caregiver perceives their 
relationship to the care-receiver as high quality and 
supportive. Although our study cannot provide causal 
evidence for the buffering effects of social relationships, 

our results suggest a level of effect modification by rela-
tionship quality and social support. Our study therefore 
highlights the potential of social support and relation-
ship quality to override the negative consequences 
of caregiver burden on mental health and therefore 
provides evidence for the targeting of the qualitative 
aspects of social relationships by interventions address-
ing caregiver health. These results suggest that if car-
egivers are able to enhance the quality and supportive 
nature of their relationships to a certain desired level, 
in the case of our results a value of over seven for social 
support, the negative effects of caregiver burden dimin-
ish considerably. In line with current literature [10, 49], 
this study therefore highlights the importance of the 
qualitative aspects of social relationships in protecting 
caregiver’s mental health. In comparison quantitative 
aspects, such as social network size was weakly related 
to caregiver health indicators, and had no interaction 

Fig. 3 Contour plot showing the moderating effect of social support on the association between caregiver burden and mental health. Y-axis: 
values for predictor subjective caregiver burden. X-axis: values for moderator social support. Marginal predictions of the outcome mental health are 
displayed with the coloured distribution indexed on the right. To provide face validity for the marginal predictions, means and standard deviations 
(SD) of reported mental health are indicated in boxes. Two-by-two grouping of crude data was median-based (for social support score 5.5; for 
subjective caregiver burden 17.5)
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effects with subjective burden. This finding might be 
explained by the fact that quantitative characteristics of 
social relationships (i.e. membership in clubs, number 
of close persons) are not decisive for coping with adver-
sity. It is rather the resources provided by these rela-
tionships, which may enable an individual to cope with 
stress by facilitating reappraisal of a stressful situation, 
providing practical solutions, or directly influencing 
the psychological or physiological stress processes, 
which are detrimental to health [48].

In addition to the findings on the buffering effects of 
functional aspects of social relationships, we also found 
evidence to support the deterioration model of the stress 
process paradigm. Our study found that increased car-
egiver burden was linked to the deterioration of social 
relationships, as those with higher levels of burden 
at baseline reported lower levels of relationship qual-
ity and social support, and higher levels of loneliness 

at 6 months. Caregiver burden is often thought to be a 
consequence of poor access to social resources, however 
it is also plausible that the caregiver role is damaging to 
social relationships [17, 18]. The care-receiver/caregiver 
relationship can suffer as a result of caregiving duties, 
the emotional and psychological strain of receiving and 
providing care, and the unequal balance of emotional 
and instrumental support provided in the relationship 
[50]. This may also be extended to a wider social network 
if caregiving activities restrict the participation in, and 
maintenance of, other social relationships. Therefore, 
the detrimental effect of burden on social relationships 
had a further knock-on effect on health, this is in addi-
tion to the already harmful direct effect which caregiver 
burden has on health [2].

It is somewhat surprising that no mediation or mod-
eration effects of social relationships in relation to gen-
eral health and bodily pain were detected, especially as 

Fig. 4 Contour plot showing the moderating effect of relationship quality on the association between caregiver burden and mental health. Y-axis: 
values for predictor subjective caregiver burden. X-axis: values for moderator relationship quality. Marginal predictions of the outcome mental 
health are displayed with the coloured distribution indexed on the right. To provide face validity for the marginal predictions, means and standard 
deviations (SD) of reported mental health are indicated in boxes. Two-by-two grouping of crude data was median-based (for relationship quality 
score 16.5; for subjective caregiver burden 17.5)
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subjective caregiver burden had a relevant main effect 
on general health and bodily pain, comparable to the 
main effects of mental health and vitality. We do how-
ever see some evidence that loneliness may lie on the 
pathway between caregiver burden and general health, 
and loneliness does indeed have main effects on all 
health outcomes and has been seen to play a promi-
nent role in determining health [51]. It is also conceiv-
able that health conditions that are often associated 
with physiological stress responses, such as cardio-
vascular disease, have a long disease progression. This 
may not have been captured, as we have no informa-
tion on the chronicity of stressful caregiver burden.

Strengths and limitations
This study is the first to test three theoretical models of 
the stress process paradigm and the strong theoretical 
basis of the models tested presents a major strength of 
this study. Furthermore, we were able to investigate dif-
ferent quantitative and qualitative aspects of social rela-
tionships and their associations with multiple health 
indicators. All associations were tested using multi-
variate models, which considered relevant confounders, 

and contemporary techniques were applied to test 
mediation and moderation models using longitudinal 
data. Furthermore, the pro-WELL study was nested 
in a large cohort study, showing good representation 
of the source population of care-receivers in terms of 
basic characteristics [30] indicating that gender, lesion 
characteristics (severity, etiology), and general well-
being was not systematically different in source study 
and nested study participants [30]. However, pro-
WELL participants were more likely to be involved in 
paid work than in the source population and we cannot 
exclude that this overrepresentation has an impact on 
constructs included in this study and on the generalis-
ability of results.

Yet, a possible limitation includes volunteer bias with 
respect to caregiver burden or associated health status, as 
the couples least burdened by the caregiver situation may 
have been more likely to participate than couples with 
high caregiver burden. Moreover, the self-report nature 
of variables may have been subject to recall bias and 
social desirability, especially variables concerning part-
nership quality as both members of the couples partici-
pated. In addition, although we used longitudinal data we 

Fig. 5 Path analyses testing mediation effects of social resources on the relationship between caregiver burden and caregiver health, showing 
standardised path coefficients. Bias-corrected and accelerated confidence intervals for indirect/mediation effects. Numbers on the paths indicate 
standardised path coefficients and dotted lines show paths where the confidence interval crosses 0 and full lines show paths where the confidence 
interval does not cross 0, therefore providing statistical support for the relevance of the path
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were prohibited from carrying out a more sophisticated 
analysis due to the fact the caregiver burden was only 
measured at baseline and we could therefore not fac-
tor in the dynamic nature of burden over time. In addi-
tion, longitudinal inference following regression analysis 
may have been subject to bias due to unmeasured con-
founding, particularly due to unmeasured personal and 
psychological characteristics of respondents. Moreover, 
the limited sample of the study may challenge the inter-
nal validity of the study, as limiting the power to identify 
underlying associations as well as measurement preci-
sion. Furthermore, due to our relatively limited sample 
size, sophisticated modelling techniques which assess the 
competing effects of moderation and mediation in one 
model were not possible. This therefore prevented the 
testing of mediated moderation, or moderated media-
tion. This also means that our results on moderating 
effect do not rule out the possibility of mediation, and 
vice versa. Further, we cannot evaluate whether the use 
of different response modes had an impact on response 
behaviour. In addition, in order to reduce complexity in 
our models’ potential confounders were only introduced 
at baseline. It is presumed that many of the associations 
tested are reciprocal in nature and therefore a causal 
effect cannot be specifically stated. We would therefore 
encourage the use of life course data on the caregiver 
experience in order to unravel complex phenomenon 
over time. Finally, inherent to the use of self-reported 
data, regression-based inference of associations may have 
been induced by latent psychological personal factors 
that were not accounted for, despite the multivariable 
adjustment employed in the present study.

Practical implications
This study highlights the potential of social support 
and relationship quality to override the negative con-
sequences of caregiver burden on mental health, indi-
cating that interventions targeting qualitative aspects 
of social relationships present a promising strategy to 
support mental health of highly burdened caregivers. 
Several studies demonstrated that caregivers express 
a wish for more interaction with others, either to 
directly address issues of social isolation, or to ben-
efit from training or education from service provid-
ers. This could be offered in the form of peer support, 
whereby both factual information and emotional sup-
port could be shared [45, 52, 53]. This could present a 
good opportunity to not only address issues concerning 
burden and strain, but also the often associated issues 
of partner relationship quality, mutuality and social 
support. Social support interventions are often criti-
cized for encouraging or manufacturing, "synthetic" 

support [11], but in this case interventions may provide 
an opportunity to strengthening existing relationships, 
whilst also working on relationship issues which are 
a direct result of the caregiving dynamic [54]. Cogni-
tive behavioural therapy has been shown to improve 
perceived social support [55] and is described as a 
promising approach to intervene on maladaptive social 
cognitions in relation to feelings of loneliness or low 
belongingness which may be a direct result of caregiv-
ing [56]. Therefore, interventions, which are aimed at 
improving the dyadic relationship between caregiver 
and care-receiver, whilst also addressing practical ele-
ments of the caregiving dynamic, and providing addi-
tional emotional and tangible support, would have the 
potential to improve relationships, reduce burden and 
have the additive effect of improving caregiver’s health.

Conclusions
Our findings provide support for the buffering and dete-
rioration models of the stress process paradigm, whereby 
social support and relationship quality were found to 
modify the negative associations of caregiver burden with 
mental health, and social relationships were found to 
deteriorate with ever greater caregiver burden. Our study 
highlights the potential of social support and relation-
ship quality to override the negative consequences of car-
egiver burden on mental health, and therefore provides 
evidence to support the targeting of qualitative aspects of 
social relationships by interventions addressing caregiver 
health. Interventions, which are aimed at improving the 
dyadic relationship between caregiver and care-receiver, 
whilst also addressing practical elements of the caregiv-
ing dynamic, would have the potential to improve rela-
tionships, increase perceived social support and have the 
additive effect of improving caregiver’s health, especially 
in those individuals where caregiver burden is high.
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