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Abstract 

Objective: Antibody response to vaccination is a powerful paradigm for studying the effects 

of chronic stress on immune function.  In the present study, we used this paradigm to 

examine the interaction between caregiving (as a type of chronic stress) and sex on the 

antibody response to a single dose of a COVID-19 vaccination; recent research has called for 

examination of sex differences on health outcomes among family caregivers. A three-way 

interaction between caregiving, sex and psychological distress was also examined.  

Methods: COVID-19 antibody data was extracted from 165 caregivers (98 females) and 386 

non-caregivers (244 females) from the UK’s Understanding Society COVID-19 study.  

Relevant socio-demographics, health and lifestyle, and distress variables were gathered as 

potential covariates. 

Results: In a 2 x 2 ANOVA we found the interaction between caregiving and sex was 

significant; male caregivers had a lower antibody response to the vaccine compared to female 

caregivers F (1,547), =24.82, p <.001, η2  = .043. Following adjustment, male caregivers had 

the lowest antibody response relative to all other groups. The three-way interaction model, 

controlling for covariates was also significant, R2 = .013, p = .049; the conditional effects for 

the three-way interaction revealed that male caregivers, compared to the other groups had a 

lower antibody response at both low and medium levels of psychological distress. 

Conclusion: This study found evidence of a three-way interaction between caregiving, sex 

and distress on antibody response. Male caregivers had poorer antibody response to a single 

shot of the COVID-19 vaccination than female caregivers and male and female non-

caregivers and this was evident at low and medium levels of distress. Our findings will be 

discussed in relation to the caregiver-and sex interactions during the pandemic.   

Keywords: Antibody response; Caregiving; COVID-19; Gender; Psychological Distress; Sex 
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1. Introduction  

    Informal family caregiving, i.e., caring for a sick or disabled relative or friend, is a well-

established model for examining the effects of chronic stress on immunity (1-3). To date, this 

work has confirmed in most cases, but not all (4, 5), that caregivers tend to have higher levels 

of inflammation (6), allostatic load (7), accelerated immunological aging (8)  and poorer 

adaptive immunity (9). One aspect of adaptive immunity, the specialised and targeted arm of 

the immune system, that is influenced by caregiving is antibody response to vaccination. For 

example, studies have found that older spousal caregivers of people with dementia have a 

lower antibody response to both viral, i.e., thymus-dependent (10) and bacterial vaccines, i.e., 

thymus-independent (11), and similar effects have been observed for younger carers, i.e. 

parents caring for children with disabilities (12, 13). Thymus-dependent vaccines are where 

the immunogens can stimulate B cells to make antibodies with help from T cells (as in the 

case of thymus-dependent antigens) whereas thymus-independent vaccines do not require T 

cell help (14). Although the negative effects of ‘age’ on antibody responses are well-

established (15, 16), it seems from the studies above that where the stress of caregiving is 

reported to be high, younger and older caregivers are both affected, implying that other 

caregiving factors and not immunesenescence per se is what matters for caregiver health. 

However, another demographic factor, which also significantly influences antibody response 

but is often overlooked in this context is sex/gender. This is despite studies demonstrating 

differences among male and female caregivers on health outcomes (17). As such, this will be 

the focus of the present study.    

    It is important to examine the impact of sex in this context because as a biological variable 

it has been found to be associated with immunological responses including antibody response 

to vaccination (18, 19); generally, females tend to have a higher vaccine efficacy compared to 

males. While sex refers to the biological, gender reflects the behavioural and societal 

activities shaped by culture, and both have been found to influence immune responses (18).  

Historically, caregiving is heavily gendered, with women more likely to take on these caring 

roles, give up work, and take on more personal caring tasks (20-23).  This inequity of care is 

a likely consequence of the socialization of gender roles where there are norms and cultural 

expectations around women taking on the family caring role contrasting with men as 

providers. However, contemporary caregiver research has found that the proportion of men 

who provide care has been increasing (24). Moreover, in terms of health and sex differences 
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among caregivers, two systematic reviews have found that females tend to report higher 

caregiver burden, depression and have poorer health relative to males (17, 24), albeit these 

effects were noted to be small. While females are more likely to be caregivers and report 

poorer health, it is not unusual to find the opposite, with male caregivers of people with 

dementia reporting greater negative affect compared to their female counterparts (25). In 

addition, one recent longitudinal study from the Netherlands found that women, compared to 

men, were more likely to have stopped and reduced caregiving duties during the pandemic 

and that caregiver burden decreased in women and increased in men so that it was more 

equally distributed among men and women (26). Another study looking at the effect of 

caregiving during COVID-19 from the United States, found that among parental caregivers, 

fathers were more likely to report higher stress and depression compared to mothers (27).  

       From a biological perspective, female caregivers had lower numbers of T-helper cells 

and fewer natural kill cells than males (28). However, in the Whitehall II cohort study, 

informal male caregivers but not female caregivers displayed a blunted cortisol awakening 

response (29), implying a negative effect of caring on this stress hormone. In addition, 

elevated levels of D-dimer and inflammatory cytokine IL-6 have been found in male 

caregivers relative to females (30). Other work has also suggested that male caregivers may 

be more immunologically vulnerable with lowered CD4 counts in comparison to male 

controls, with caregiving men displaying alterations in lymphocyte beta-receptor sensitivity 

(31). Despite this, a recent meta-analysis has noted that few studies have specifically 

examined sex effects, with the majority not accounting for potential confounds, highlighting 

the need for further research to examine any sex-specific effects of caregiving and health 

(17). In fact, in the context of caregiving and the antibody response to vaccination, few 

studies have examined sex effects (4, 10, 12, 13, 32, 33), supporting the rationale for seeking 

further clarity on sex differences in antibody responses among caregivers. 

        In this study, we examined the antibody response to a single shot of COVID-19, i.e., 

thymus-dependent vaccine, which has been recently shown to be influenced by psychosocial 

stress (34). The analysis of the single shot is an indicator of a primary immune response, 

which allows us to investigate the response mounted to the novel antigen, i.e., SARS-Co-V2. 

Further, a recent review has found that females tend to have a higher response to the COVID-

19 vaccines (35), while another study showed that the sex/gender differences in mortality 

from COVID-19 varied not necessarily by biological factors but rather by socio-contextual 

and behavioural factors (36). Given the importance of socio-contextual factors for explaining 
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antibody response variation we included a measure of psychological distress as this may 

provide some insights into the psychosocial pathways behind any observation. Recent 

research has found that female caregivers reported higher levels of psychological distress 

during the COVID-19 compared to their male counterparts (37, 38). In addition, 

psychological distress has been found to influence antibody responses to vaccination(39) 

including the COVID-19 vaccine (40).  Taken together, and based on the above research, this 

study aims to examine the interaction between sex and caregiving on the antibody response to 

vaccination. We hypothesise that female caregivers would have a lower antibody response 

compared to male caregivers and non-caregivers. In addition, exploratory analysis also tested 

the three-way interaction among gender, caregiving, and distress.  

2. Methods   

2.1. Study design and participants  

    Participant data was extracted from two waves (January 2021 and March 2021) of the 

Understanding Society UK Household Longitudinal Study (UKHLS) COVID-19 study (41). 

The Understanding Society is a large population level study (around 40,000 UK households) 

that started in 2009 with data collected every two years and it explores how life in the UK is 

changing from a social, economic, behavioural and health perspective. The data is freely 

available from the UK Data Service and during the COVID-19 pandemic they instigated an 

online survey rather than face-to-face as had been previously. For our analysis we used this 

COVID-19 dataset, and we needed a sample size of 351, this was based on two groups, 6 

covariates, and a power of .80, and an effect size of .15. Socio-demographics and health 

behaviour data were extracted from the January 2021 dataset as these are likely confounders 

(42). In January of 2021 participants were asked if they would provide a blood sample for 

detection of COVID-19 antibodies, and in March 2021, 6,600 participants provided a blood 

sample to detect COVID-19 antibodies in response to natural infection or vaccination. This 

March survey also asked if they had COVID-19, and if they had the vaccination; here we 

focus on vaccination data only. After sample weighting and excluding those not receiving a 

vaccine, we were left with a sample of 552 (See Table 1) who reported receiving a single shot 

of a COVID-19 vaccine and who did not report a prior infection. This prior infection would 

indicate a secondary immune response (14) and as such was not the focus of the current 

study. Caregiving status was ascertained in the March survey only from the questions: “Is 

there anyone in your own home who is sick, disabled or elderly whom you look after or give 

special help to” which had a Yes/No format. A similar question was asked for those caring 
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outside the home; those answering Yes to both were pooled together to create a single 

caregiver group; see Table 1 for socio-demographic characteristics of both caregivers and 

controls. As an index of caregiver burden, caregivers were also asked how many hours they 

care per week, ranging from 1= 0-4 hours, 2 =5-9 hours, 3 =10-19 hours, 4 = 20-34 hours and 

5= 35-49 hours, 6 =50-99+ hours).  Sex was ascertained by endorsing male, female or prefer 

not to say. The latter category was endorsed in our sample. All participants gave informed 

consent and ethical approval was obtained by the University of Essex, UK from NHS Health 

Research Authority, London – City & East Research Ethics Committee, reference: 

21/HRA/0644.  

2.2. Psychological Distress    

     Distress was measured by the 12-item General Health Questionnaire (GHQ) (43) in the 

January 2021 survey only. These items (e.g., lost sleep over worry, losing confidence in self) 

assess the severity of depressive symptoms over the past few weeks using a 4-point scale 

(from 0 to 3). This generated a total score ranging from 0 to 36, with higher scores indicating 

higher symptoms. The scale has been previously used to capture psychological distress in 

caregivers (44) and an excellent Cronbach’s alpha (.89) was observed here.  

2.3. Covariates 

    From the January 2021 dataset, we were able to consider the influence of participants 

reporting a chronic health condition (yes/no), and health behaviours including smoking 

(yes/no), portions of fruit/veg intake per day and alcohol taken in the previous month, 1= yes, 

and 2  = no.  The number of days walking for 30 minutes or more per week was also 

included.  These are potential confounding factors and accounting for these is in line with 

other vaccine studies and theoretical papers (12, 14, 45, 46).  

2.4. Vaccine, Blood Sampling and Antibody Analysis  

     Although there was no data available in the dataset as to what make of vaccine was used, 

we do know the Pfizer vaccine was administered in the UK just before January 2021, and it 

was the Oxford/AstraZeneca vaccine was the main vaccine given after this period and for this 

particular age group (see age group in Table 1). The main period covered for this vaccine 

administration was from January 2021 onwards as such it is most likely to be a primary 

vaccination as the follow-up was 4-12 weeks period.  For antibody assessment, participants 
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received via post a labelled home COVID-19 testing kit (via Royal Mail); an information 

sheet and a link to a YouTube video on how to collect the blood sample (0.5ml) was also 

provided. They were instructed to take a finger prick blood sample as soon as possible, i.e. 

within a few days (1-week max) and these were returned to the laboratory, Thriva, 

(https://thriva.co/). While there was no detail provided in the dataset on the assays employed 

for detection of COVID-19 specific antibodies, the sampling kit insert which is available 

from the Thriva website notes that the assay uses a recombinant protein representing the 

nucleocapsid antigen in a double-antigen sandwich assay for detection of the IgG spike 

protein. A value of 0.8 U/ml needed for a positive vaccination response. Thus, the final 

sample for the primary antibody response outcome was N = 551 (165 caregivers).   

2.5. Data reduction and analysis 

    Our analysis was conducted using version 27 of the Statistical Package for Social Sciences 

(SPSS; IBM).  Following sample weighting for the UKHLS COVID-19 (see (47) for 

weighting details and checking for data skewness), antibody titers were skewed and therefore 

subjected to log10 transformation for parametric testing. Sample weights were applied to 

allow more accurate population estimates and to ensure that hard to reach groups like family 

caregivers are represented. Initial analyses focused on descriptive statistics, and tests of 

differences, including F-tests for interval and chi-squared for nominal data, across the socio-

demographic, health, and lifestyle variables and distress measure. Analyses then focused on 

the main hypotheses, and a 2×2 (caregiver group x sex) analysis of covariance (ANCOVA) 

was conducted on log10 antibody response, with potential confounders (e.g. age, relationship 

status, ethnicity and smoking) as covariates. Where appropriate, post-hoc tests were 

undertaken using simple effect tests. A similar set of analyses was undertaken on the distress 

measure. To model the three-way interaction between caregiving, sex and distress on 

antibody response we used PROCESS model 2 (48) to examine the interaction and for these 

we also accounted for the above covariates. Partial eta-squared (η2
p) was reported as a 

measure of effect size.  Minor variations in degrees of freedom reflect missing data on some 

variables.  

 

3. Results 

3.1 Sample characteristics and descriptive statistics  

https://thriva.co/
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      As can be seen in Table 1, caregivers and controls were similar on age, relationship 

status, ethnicity, annual income and health status. However, there were more females in the 

caregiver groups, and caregivers were more likely to be smokers and reported higher levels of 

distress relative than non-caregiver controls, η2
p = .014 effect size. There were no other 

differences on health behaviours. In Table 2, we report sex differences and as can be seen, 

males were older, more likely to be living with a partner and non-white but also be a smoker 

and reported less psychological distress. Given these sex differences we controlled for these 

factors in our main analyses. Further, there were no differences among our male (4.6 + 2.14) 

and female (4.5 + 1.96) caregivers on hours caring, p =.73.  

[Insert Table 1 About Here] 

3.2 Antibody Response 

     In a 2x2 (caregiver group x sex) factorial ANCOVA, controlling for smoking status, there 

was no main effect of caregiver status, F (1,550) = 1.97, p = .18, η2
p = .003 on antibody 

response. However, there was a main effect for sex, F (1,550) = 24.28, p <.001, η2
p = .043), 

In addition, the interaction between caregiver status and sex was significant, F (3,544) = 9.58, 

p = .002, η2
p =.017); here, following simple effect analysis with Bonferroni correction there 

were no sex differences between male and female non-caregivers. However, male caregivers 

had a lower antibody response compared to female caregivers, and both male and female 

non-caregivers.  We re-ran this analysis, controlling for sex differences on age, relationships 

status, ethnicity, smoking status, and distress our results above remained unchanged, F 

(8,545) = 7.91, p = .005, η2
p =.014).  

3.3. Three-way interaction 

        We tested if there was a caregiver, sex and psychological distress interaction on 

antibody response using Process (model 2). In this analysis, caregiver status was significant, 

b = -.51, t= -2.347, p = .019, 95% CI [-.93, -.08], as was the sex effect, b = .11, t= 1.986, p 

=.047, 95% CI [.001, .22]. We also confirmed the two-way interaction by caregiver X sex 

found above, R2 = .010, p = .032, but not the caregiver X distress interaction, R2 = .002, p 

= .271.  However, the three-way interaction was significant, R2 = .013, p = .049. Further, 

conditional effects showed that a lower antibody response was found for male caregivers 

compared to male-non-carers at both low and moderate (the mean) levels of distress and for 

female carers and female non-carers at all distress levels, b = -.22, t= -2.12, p = .032, 95% CI 

[-.42, -.02] (See Figure 1).  
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[Insert Figure 1 About Here] 

 

4. Discussion  

      To our knowledge, this is the first study to demonstrate that male caregivers have a poorer 

antibody response to vaccination compared to their female counterparts and male and female 

non-caregivers. In addition, when we factored levels of psychological distress into this 

equation and examined the interactions, male caregivers who reported low and mean levels of 

psychological distress had the lowest antibody response relative to the other groups.  

Moreover, these effects were robust enough to withstand adjustment for several potential 

confounding factors (e.g. relationships status, ethnicity, and smoking). Taken together, our 

study suggests that the effects of sex on the caregiver-health relationship are worthy of 

investigation and that male caregivers, especially in the context of immunity and the COVID-

19 pandemic were more vulnerable.  

   Our study is consistent with several other studies that have examined the influence of 

antibody response to several vaccination types, including exposure to novel antigens as well 

as primary and secondary immune responses to these vaccines (14, 49-51). It also supports 

the recent theoretical paper suggesting that these factors may hold relevance for the antibody 

response to COVID-19 vaccines (52). In fact, a recent study demonstrated that more group 

based social factors are influential for antibody response to these vaccines (34), but here we 

show it at a more individual level.  More specifically, our caregiver findings are also 

consistent with several other studies that have found a poorer response among caregivers. For 

example, a lower response to a thymus-independent bacterial vaccine (e.g., pneumococcal) 

was found in older spousal caregivers of dementia patients relative to controls (11). A similar 

pattern of results has been found for thymus-dependent vaccines (e.g., influenza) (10). 

Elsewhere this negative impact of caregiving on antibody response to both vaccine types 

simultaneously has also been demonstrated in a younger sample of family caregivers (12, 13). 

However, here we extend on these studies, and demonstrate this effect is more evident in 

male caregivers, and for a novel antigen vaccine, the COVID-19 vaccination. In terms of 

implications, given the ongoing public health impact of the virus and the emergence of other 

COVID-19 strains the implications become clear; those with lower antibody levels have been 

found to have poorer clinical outcomes and more severe disease (53). Moreover, we have 

shown that beyond well-established predictive factors such as age, health conditions, and 
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other contextual factors such as the interactions between chronic (di)stress and sex do matter 

(46, 54).   

      Importantly, in trying to understand why male caregivers are more vulnerable from a 

biological perspective, sex hormones, in particular estrogen, are thought to underlie the 

higher antibody response in females (19) due to increasing levels of circulating antibodies 

potentially through anti-inflammatory signaling pathways and also the regulation of T-helper 

cells (Harding & Heaton, 2022). In contrast, testosterone is thought be associated with lower 

antibody responses to the influenza vaccine in men (55) but the evidence is mixed (Trumble 

et al., 2016). The precise sex-dependent mechanisms that modulate the antibody response are 

not well understood (56). Further, although sex differences were observed here, this does not 

explain the interaction with caregiving status and psychological distress evident in this study. 

Although other caregiving and immune-related studies have also found male caregivers to be 

more vulnerable (30), this was explained by poorer sleep in these male caregivers relative to 

female caregivers. However, from a psychological perspective, we found that male caregivers 

were characterized by higher levels of psychological distress compared to male non-

caregivers, and in our three-way interaction model, we found that distress in male caregivers 

had a negative effect on antibody response compared to the other groups. In addition, it is 

worth noting that depression is a well-established risk factor for poor immunity (57, 58) 

including antibody responses (52). As such, this suggests that perhaps it is not necessarily 

biological sex per se driving this but rather gender differences among caregiving experiences 

that is likely responsible.  

      While in general female caregivers are found to report higher distress relative to male 

caregivers (20, 38), here we found that during the COVID-19 pandemic, male caregivers 

were more psychologically vulnerable and reported high levels of distress. This may relate to 

findings from studies showing that male and female caregivers differ in how they attend to 

their emotional reactions but also in their socialisation of using different coping styles (59) 

with male caregivers being less likely to experience social support (60). Similarly, others 

have found that male caregivers tend toward a managerial approach, whereas female 

caregivers generally adopt a relational approach and seek out emotional support from others 

(61) and these social support factors are associated with reduced distress and better biological 

health in family caregivers (62, 63) and antibody responses generally (49). Thus, although we 

did not assess social support, it might be that this lack of support during the pandemic was 

putting males at greater risk of high distress, a finding captured by recent work on caregivers 
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from the UK and Ireland (64). It is worth noting an increase in online social support for 

family caregivers during the pandemic (65), but if male caregivers are less likely to seek 

emotional support they remain more isolated and distressed. In addition, while studies on 

gender differences and caregiving during the pandemic are limited, one study found that 

caregiver burden increased for male caregivers and reduced in female caregivers during the 

pandemic  (26) which may echo some of what we are finding in the present study.  In another 

study, increasing caregiving intensity due to the pandemic was associated with higher 

caregiver burden for male caregivers but not female caregivers (66), again implying gender-

specific effects during the pandemic. Elsewhere, others have found a higher increase in 

distress symptoms among males as compared to females during the pandemic (67) leading  

some authors to suggest that there may have been greater resilience and coping among female 

caregivers during the pandemic (66). As such, the patterns observed here may be pandemic-

specific and while they may not be generalisable it does suggest further research is needed. In 

fact, our findings support the notion that researchers should look at sex-specific aspects of 

caregiving experiences to help unpack sex/gender differences in health (17). In addition, it 

also adds to the research on the caregiver-control model of chronic stress which argues that 

the caregiver context is important for understanding the caregiver-health associations (2, 7, 

12).  

      Although our study has many strengths (e.g., population level study, exclusion of those 

with prior infection), using questions capturing caregiver status as in other research (68, 69), 

they did not assess care recipients’ illness/disability condition types (e.g., dementia, autism) 

and studies have found this matters for caregiver health (70, 71) including antibody responses 

(4, 10). Similarly, other caring-related variables such as length of time caregiving, how 

chronic or acute the condition is, and the number of people cared for are also important in this 

context (69, 72-74). Also, we only examined the primary antibody response to a thymus-

dependent vaccine, as such we cannot generalize to the thymus-independent vaccines or to 

secondary immune responses, i.e., antibody levels following a second vaccine shot. However, 

this would be a fruitful line of enquiry for future research. Further, within the datasets there 

was no information on the type of COVID-19 vaccine participants had, nor how long since 

they had received it, i.e., the mean number of days between taking the blood sample and 

analysis, which might potentially affect antibody responses (75, 76).  However, participants 

did have to return their samples within one week or taking the blood sample. Further, while 

we cannot know for certain what type of vaccine participants had, the Pfizer-BioNTech 
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mRNA vaccine was first administered in the UK from December 2020 onwards, it was only 

given to those over the age of 65, and the Oxford/AstraZeneca viral vector vaccine was the 

main vaccine administered in the UK to those under this age, at this time, and given the mean 

age of our participants this is the most likely vaccine for the majority. It is also worth noting 

that research has found that caregivers are vulnerable to several vaccine types (14). Further, 

traditionally in stress and vaccine studies, a 1-month follow up is the usual time period to 

assess peak IgG response (14) but unfortunately we do not have details on how many days 

post-vaccination blood sampling was or whether this varied by sex.  However, given that 

most of the sample were of similar age, they are likely to have received the vaccine around 

the same window of time through the coordination of the UK vaccination programme. 

Finally, although we took account of age, and ethnicity, and checked to see whether distress 

was driving the between group differences, there are other important factors such as body 

mass index, sleep, stress, and personality that may be influencing the sex interaction on 

caregivers’ antibody response and might be explored in other datasets.  

     In summary, our study extends the previous caregiving and antibody response research by 

showing that male caregivers may be particularly vulnerable immunologically. This finding is 

also interesting, as by its nature caregiving is heavily gendered, with females more likely to 

be in caring roles. As such understanding why male caregivers may be more biologically and 

psychologically vulnerable in this context is worthy of further investigation. Further, our 

study also confirms that psychosocial factors, i.e. chronic stress of caregiving, are influential 

for the antibody response to the COVID-19 vaccine (46). Importantly, however, it also 

suggests that psychosocial interventions for family caregivers, which have positive effects on 

antibody responses (77), may need to be tailored accordingly for different sexes. 

 

Funding Sources: The authors report no funding source. However, the COVID-19 serology 
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 Table 1. Socio-demographics, health, and outcome variables across caregiver groups  

Variable 
Non-carers 

(N=378) 
Carers (N=168) 

Test of difference  

Age  59.17(19.06) 60.82(16.46) F (1,542) = 0.922, p =.33 

Living with partner (yes) % 84.7 87.5 χ2 (1) = 0.672, p < .41 

Sex (female) % 51.3 61.5 χ2 (1) = 21.00, p < .001 

Ethnicity % (White) 97.4 97.3 χ2 (1) = 0.006, p = .93 

Income (Annual £) 14,216 (54,954) 14,775 (26,812) F (1,386) = .015, p = .90 

Health Condition % (yes) 63.0 65.1 χ2 (1) = 0.21, p =.64 

Smoker %(yes) 4.6 9.2 χ2 (1) = 4.09, p =.043 

Alcohol intake last month % (yes)  73.2 69.7 χ2 (1) =0.68, p =.40 

Fruit (portions) per day  2.37 (1.23) 2.54(1.30) F (1,542) = 2.21, p = .14 

Vegetable (portions) per day 2.89 (1.18) 2.89(1.41) F (1,535) = .003, p = .95 

Days Walking (0-7 days) 4.95(2.14)  5.10(2.11)  F (1,504) = .512, p = .47 

GHQ-12 10.99 (4.79) 12.04(5.44) F (1,542) = 7.53, p = .006 

Tests of differences include ANOVA (F-tests) and Chi-squared (χ2 ) 

Table 2. Socio-demographics, health and outcome variables across males and females   

Variable Males (N=230)  Females (N=316) Test of difference  

Age  64.75 (19.42) 55.64(18.41) F (1,542) = 24.60, p < .001 

Living with partner (yes) % 73.4 60.9 χ2 (1) = 11.27, p < .001 

Ethnicity % (White) 91.9 96.9 χ2 (1) = 6.95, p = .008 

Income (Annual £) 23,795 (77,786) 17,485 (31,604) F (1,386) = 1.32, p = .25 

Health Condition % (yes) 69.2 61.5 χ2 (1) =.059, p =.80 

Smoker %(yes) 0.7 9.99 χ2 (1) = 23.01, p < .001 

Alcohol intake last month %(yes) 72.3 71.7 χ2 (1) =0.82 p = .36 

Fruit (portions) per day  3.17 (0.71) 3.09(0.95) F (1,538) = 0.54, p = .46 

Vegetable (portions) per day 2.95 (1.56) 2.90(1.15) F (1,530) = .19, p = .65 

Days Walking (0-7 days) 5.04(2.20)  4.96(2.06)  F (1,494) = 0.70, p = .78 

GHQ-12 10.93 (5.00) 11.91(4.92) F (1,539 = 5.89, p = .016 

Tests of differences include ANOVA (F-tests) and Chi-squared (χ2 ) 
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Figure 1 Caption: Interaction between caregiver status X sex X distress on antibody response 

showing that male caregivers had the lowest responses at both low and mean levels of depression 

compared to other groups. Error bars are standard errors. 
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