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Abstract
Background  This longitudinal study analyzed the association between informal caregiving inside and caregiving 
outside the household with changes in grip strength, and whether these associations varied based on caregivers’ 
gender and age among adults in Europe.

Methods  Data from the longitudinal Survey of Health, Ageing and Retirement in Europe (SHARE) was used, including 
participants aged ≥ 40 years from 10 European countries (pooled over five waves; 2004–2015). Grip strength was 
measured as maximum grip strength of both hands, informal caregiving as transitions in status as caregiver inside 
or outside the household. Fixed Effects regression analysis was used, adjusted for health, body mass index and 
sociodemographic background and additional analyses were conducted with age and gender as moderators.

Results  Higher grip strength was found among those who transitioned into caregiving outside the household. With 
higher age, the association between caregiving outside the household and grip strength was stronger, and more 
pronounced among men. The transition into caregiving inside the household was associated with lower grip strength 
at older age.

Conclusions  The location of caregiving, and caregiver’s age and gender play an important role for changes in grip 
strength. The findings suggest that caregiving outside the household might be helpful for grip strength, in particular 
for older and male adults. Older caregivers inside the household, however, seem to need more support to prevent 
further decline in grip strength.
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Background
Among adults aged 50 years and older in Europe, up to 
25% provide informal care, i.e. unpaid care for relatives 
or friends [1]. In research up to date, findings on physi-
cal health outcomes are inconclusive [2–5]. The results 
vary with the health indicator studied, which suggests 
that caregiving affects only specific aspects of health [4, 
6]. One factor that could be of relevance in this context is 
grip strength.

Grip strength is an objective, easily measured indica-
tor of health status [7] and associated with morbidity [7], 
frailty [8, 9] and mortality [10]. Findings on the associa-
tion between caregiving and grip strength would extend 
our understanding of antecedents of grip strength and 
would provide an easily measured early warning signal of 
future health threats among caregivers.

However, grip strength has not received much atten-
tion in research on informal caregiving. Two studies 
analyzed female caregivers aged 65 years and older from 
a follow-up study before 2000 [11] and between 1999 
and 2004 [12] in the US. One found higher grip strength 
among low-frequency caregivers compared to non-care-
givers [11], while the other found best physical func-
tioning (including grip strength) among high-intensity 
caregivers [12]. A cross-sectional study from Japan found 
lower grip strength among female but not among male 
caregivers [13]. Further research indicated that multiple 
roles throughout life (e.g., work and family roles) are ben-
eficial for grip strength in later life in Europe [14]. These 
few and inconclusive findings are based mostly on older 
data from outside Europe and include only two longi-
tudinal data analyses. Further research in Europe with 
longitudinal data that allows to analyze changes in grip 
strength in association with the change in caregiver sta-
tus are thus needed. Moreover, longitudinal research is 
needed that applies methods that reduce the danger of 
bias in observational data due to unobserved heteroge-
neity. Fixed effects (FE) regression have an advantage in 
this compared to previously used methods (e.g., Mixed 
Effects, [12]), and will be described in further detail in 
Statistics [15].

There are also some studies on the physical phenotype 
of frailty, including grip strength as indicator of weakness 
[9]. These studies were all from Europe and found mostly 
higher frailty among caregivers [16–19]. Two studies 
used data from the Survey of Health, Ageing and Retire-
ment in Europe (SHARE), which will also be used in our 
study. The cross-sectional study focused only on caregiv-
ing inside the household [18], the longitudinal study only 
on spousal caregiving inside the household [19]. Both 
found a higher risk of frailty among caregivers. How-
ever, the index measure does not provide information on 
the individual indicators of frailty, such as grip strength. 
Caregiving is not associated with all indicators of health 

[4, 6], thus, for a comprehensive understanding of care-
giving and its association with health and to develop 
measures focused on the aspects of health that are most 
affected, research needs to analyze different health indi-
cators separately. Up to date, the findings provide no 
clear indication of the change in grip strength among 
adults transitioning into caregiving. Moreover, previ-
ous research focused only on specific subgroups, thus, 
research is needed that analyzes whether the association 
depends on specific aspects of the caregiving situation.

Theoretical frame and hypotheses
According to stress theories, a situation that is perceived 
as threatening due to insufficiently available resources 
activates physical and psychological stress responses, 
which can affect wellbeing and health negatively [20, 21]. 
Informal caregiving, being a potentially stressful situa-
tion, is therefore expected to be associated with a lower 
grip strength once individuals have begun providing care 
(i.e. transitioned into caregiving).

However, informal caregiving can be physically 
demanding, since it involves a wide range of care tasks, 
from household activities to personal care. Due to this, 
caregiving could improve grip strength similar to other 
physical activities [22]. This is in line with the healthy 
caregiver hypothesis [12, 23], that has been supported by 
previous research. According to this, caregivers may ben-
efit in their physical fitness from caregiving or invest in 
maintaining their health to be able to continue providing 
care.

Contextual and individual factors may influence the 
association between caregiving and grip strength, in line 
with stress theories [20, 21]. We propose that the context 
of caregiving, in terms of providing care inside or outside 
one’s household and individual factors in terms of age 
and gender of the caregiver are of importance.

Providing care inside the household (CGIH) can dif-
fer from caregiving outside the household (CGOH). For 
example, co-residents are more often spouses and care 
intensity is higher among co-residing caregivers [24]. 
Also, co-residing caregivers, i.e. CGIH, care for individu-
als with more limitations in activities of daily living [25]. 
Adding to this, CGIH are often older and include more 
men than CGOH [25, 26].

Previous findings indicated that CGIH is associated 
with worse health than CGOH and non-caregiving [27]. 
Moreover, higher age increases the risk for higher care-
giver burden [28] and female compared to male gender 
is associated with poorer mental health [2]. Interactions 
of age and gender regarding associations of caregiving 
and health have been found as well [29]. Adding to this, 
strong evidence points to gender and age differences in 
grip strength [30]. On average, women have lower lev-
els of grip strength (around 20  kg) than men [30]. Grip 
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strength is also associated with age, peaking at around 40 
years, and declining thereafter, more so in men than in 
women [30, 31].

Thus, both CGIH and CGOH are two different forms of 
care that need to be analyzed separately in their associa-
tion with health outcomes and regarding gender and age 
differences. Based on previous findings, we expect dif-
ferent associations between caregiving and grip strength 
among CGIH and CGOH. Also, we expect a larger 
change of grip strength among men and with increas-
ing age– either in terms of worsening or improving grip 
strength. This study will be the first to explore these asso-
ciations with a large European sample of female and male 
adults aged 40 years and older, using a longitudinal study 
design.

Methods
Design, setting and sample
Data from the longitudinal Survey of Health, Ageing and 
Retirement in Europe (SHARE, release 8.0.0) [32, 33] was 
used, which collects data from people aged 50 + years 
and their partners (regardless of age), living in the same 
household with probability sampling [32, 34, 35]. We 
included all participants from the age of 40 years, since 
caregivers are primarily found in this age group [26], 
thus, including also adults who had been sampled as 
partners. The data included was from waves 1, 2, 4, 5 and 
6 (2004 to 2015). Wave 3, 7 and 8 were excluded due to 
differences in the survey and data unavailability. We used 
data from participants from Austria, Germany, Sweden, 
Netherlands, Spain, Italy, France, Denmark, Switzer-
land, and Belgium, who had participated in all included 
waves. This resulted in 171,848 observations (see Fig. 1, 
Supplementary Material). We analyzed changes over 
time, therefore only those individuals who experienced 
changes in the analyzed variables were used for the esti-
mation of the regression coefficients. For example, 4,165 
transitions were found into caregiving inside the house-
hold (more details in Statistics). The first four waves were 
approved by the Ethics Committee of the University of 
Mannheim and the continuation of the project by the 
Ethics Council of the Max Planck Society (detailed infor-
mation at ​h​t​t​p​​s​:​/​​/​s​h​a​​r​e​​-​e​r​​i​c​.​​e​u​/​d​​a​t​​a​/​f​a​q​s​-​s​u​p​p​o​r​t); ​p​a​r​t​i​c​
i​p​a​n​t​s gave informed consent.

Variables
Outcome. Grip strength was measured with a handheld 
dynamometer (Smedley, S Dynamometer, TTM, Tokyo, 
100 kg) by a trained interviewer. Participants stood or sat 
with their elbow at ninety degrees and their upper arm 
tight against their trunk with the dynamometer adjusted 
to their hand and squeezed as hard as possible [36]. The 
values range between 1 and 99 kg. All participants with 
values above or below this range were excluded. Valid 

measures included at least two measures with one hand 
or two measures for both hands. In total, 8.15% had no 
valid measures in the pooled sample, which was the 
basis of our analysis. A maximum grip value was calcu-
lated, which provides the maximum measurement based 
on either all measurements of both hands or of both 
measurements of one hand. While one grip strength 
measurement may not provide sufficient information, 
analyzing changes in grip strength over time and in asso-
ciation with major events, such as caregiving, can provide 
a useful indicator of health and longevity [7–9].

Main predictors. Informal caregiving was defined as 
providing help for a family member, a friend, or a neigh-
bor outside the household within the last twelve months 
(no, yes). Help could include any combination of personal 
care (e.g., dressing, bathing or showering, eating, getting 
in or out of bed, using the toilet), practical household 
help (e.g., with home repairs, gardening, transportation, 
shopping, household chores), or help with paperwork 
(e.g., filling out forms, settling financial or legal mat-
ters), and could occur in frequency from daily to less than 
monthly. Informal caregiving inside the household was 
measured in a different way, by asking whether a person 
provided help on a regular basis (daily or almost daily) for 
someone in the same household with personal care (e.g., 
washing, dressing; no, yes) during the last twelve months. 
Only participants with more than one person in their 
household were asked this.

Covariates. Measured sociodemographic variables 
included gender, age, education, marital and employment 
status. Additional health variables, which were used as 
covariates, included body mass index (based on height 
and weight), self-rated health (single item of the SF-36 
questionnaire [37], Range: 1 excellent to 5 poor health) 
and the number of chronic diseases (sum score of a list 
of self-reported chronic diseases, which had been diag-
nosed by a physician including: heart attack, high blood 
pressure or hypertension, high blood cholesterol, stroke, 
diabetes or high blood sugar, chronic lung disease, 
asthma, arthritis, osteoporosis, cancer, stomach or duo-
denal ulcer, peptic ulcer, Parkinson disease, cataracts, and 
hip fracture or femoral fracture, Range: 0–14). Also, vari-
ables measuring the engagement in activities requiring a 
moderate level of energy and sports or activities that are 
vigorous were measured (rated on 4-point scale from 
hardly ever/never to more than once a week).

Statistical analysis
Linear FE regression analyses were conducted [15]. Lon-
gitudinal data has the advantage of being able to differen-
tiate between time-constant and time-varying errors. FE 
regression analysis uses this advantage by controlling all 
time-constant observed and unobserved variables. Due 
to this, time-constant unobserved variables which may 

https://share-eric.eu/data/faqs-support
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be associated with the analyzed variables cannot bias the 
estimates, such as genetic disposition [38]. Thus, if time-
varying heterogeneity is controlled, consistent param-
eters can be estimated with this method. Therefore, this 
method is ideally suited to test whether two variables 
are associated, while reducing the danger of bias signifi-
cantly. In line with theoretical considerations and previ-
ous findings [14, 39], all models were adjusted for health 
and sociodemographic factors. Gender and education 
were already controlled due to them being time-constant 
variables and therefore not added. Moderator analyses 
were conducted with gender and age as moderators. To 
account for clusters within the data due to inclusion of 
different countries and multiple waves, we calculated 
cluster-robust standard errors [40]. Additional analyses 
were conducted to test the robustness of the findings (see 
Supplementary Material). The main analyses for both 
CGIH and CGOH were stratified by age groups (40 to 59, 
60 to 79, 80 and older; Table A2). Asymmetric FE regres-
sion analysis was used to test transitioning into (begin-
ning) and out of (ending) caregiving in addition (Table 
A3 and A4). For CGOH we repeated the analysis with 
frequency of CGOH (measured as 1 daily, 2 weekly, 3 
monthly, 4 less than monthly for at least one person with 
care needs) as main predictor (Table A5).

The majority of the variables had low levels of missing 
values (Table A1, Supplementary Material), thus, listwise 
deletion was used in line with literature recommenda-
tions [41, 42]. Moreover, FE regression analyses further 
reduces the danger of bias due to selection, panel attri-
tion and missing values, since it controls for all (observed 
and unobserved) time-constant variables [15, 43]. The 
level of significance was set at α = 0.05 and analyses were 
conducted with Stata 16.1 (Stata Corp., College Station 
Texas).

Results
Descriptive results
The selection process is illustrated in Fig.  1 (Supple-
mental file). In Table 1 the complete sample pooled over 
all five waves and the two groups providing care inside 
(7.47% of those not living alone) and outside the house-
hold (26.18%) are described. The CGOH were on average 
62.89 (SD = ± 8.83) years and 56.48% were female. They 
provided care for parents, stepparents or parents-in-
laws (32.79%), other relatives (33.76%) or non-relatives 
(30.52%); only 2.87% provided care for their partner. 
CGIH were older (M = 67.75, SD = ± 10.85) and included 
more women (58.28%). The majority provided care for 
their partner (64.46%), their parents (14.81%), or other 
relatives (11.13%). The data contained 9,667 transitions 
into caregiving outside the household. Among all who 
were not living alone, 4,165 transitions into caregiving 
inside the household were found. The maximum grip 

strength among CGIH was 32.01  kg (SD = ± 11.80) and 
36.23 kg (SD = ± 11.75) among CGOH.

Results of regression analyses
Transitioning into CGOH was associated with increased 
grip strength (b = 0.19, CI[0.11; 0.27], p < 0.001) in 
adjusted FE regression analyses (Table  2, model 1). 
Moderator analyses (Table  2) indicated statistically sig-
nificant interaction effects between CGOH and age 
(b = 0.02, CI[0.01; 0.03], p < 0.001, model 2), and gender 
(b=-0.34, CI[-0.51; -0.18], p < 0.001, model 3). The asso-
ciation between transitioning into CGOH and increased 
grip strength was stronger with higher age and stronger 
among men compared to women. The three-way inter-
action between transitioning into CGOH, age, and gen-
der was statistically significant (b=-0.03, CI[-0.05; -0.01], 
p < 0.01, Table  2, model 4). With increasing age, tran-
sitioning into CGOH was associated with a larger grip 
strength, which was significantly stronger among men.

Transitioning into CGIH was not associated with 
changes in grip strength (b=-0.01, CI[-0.16, 0.14], 
Table 3, model 1). Gender did not moderate this (model 
3), however, a statistically significant interaction effect 
between CGIH and age was found (b=-0.02, CI[-0.04; 
-0.01], p < 0.01, model 2). With increasing age, transition-
ing into CGIH was associated with lower grip strength. 
The three-way interaction was not significant (model 4).

After stratifying the main analysis by different age 
groups (Table A2), the significant association between 
caregiving and grip strength was only found for age 
group 1 (40 to 59; b = 0.20, p < 05) and age group 2 (60 to 
79; b = 0.16, p < 0.01).

Additional asymmetric FE (Table A3) for CGOH indi-
cated beginning (b = 0.34, p < 0.001) and ending CGOH 
were associated with higher grip strength (b = 0.13, 
p < 0.05). The three-way interaction was significant 
(b = 0.04, p < 0.01) only for ending caregiving, with 
women showing more grip strength with increasing age 
than men in association with ending care. Among CGIH 
(Table A4) neither beginning (b=-0.05, p = 0.634) nor 
ending CGIH (b=-0.17, p = 0.155) was significantly asso-
ciated with grip strength. Three-way interaction for both 
beginning (b = 0.06, p < 0.01) and ending CGIH (b = 0.05, 
p < 0.05) were both significant, indicating women to have 
higher grip strength with older age in association with 
ending care. Last, frequency of CGOH was not signifi-
cantly associated with grip strength and did not interact 
with either age or gender (Table A5).

Discussion
This study analyzed whether transitions in two differ-
ent forms of caregiving (inside or outside the household) 
were associated with changes in grip strength and what 
role the caregiver’s age and gender played. Our findings 
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Table 1  Description of the analytical sample(s) pooled over waves 1, 2, 4, 5 and 6 (2004 to 2015) of the SHARE data
N(%) Complete Sample (N = 171,848)
Caregiving …inside the household1 …outside the household
- Yes 10,148 (7.47) 44,998 (26.18)
- No 124,505 (91.62) 99,915 (58.14)
- Transitions into… (Frequencies) 4,165 9,667
Who is cared for…2

- Partner/spouse 6,541 (64.46) 1,290 (2.87)
- Parents/ Stepparents/ Parents-in-law 1,503 (14.81) 14,754 (32.79)
- Other relatives 1,129 (11.13) 15,193 (33.76)
- Non-relatives 154 (1.52) 13,732 (30.52)
N(%)/M(SD) Complete sample Caregivers inside the 

household1
Caregivers outside the 
household

Age 66.27 (10.47)  
[Range: 40–105]

67.75 (10.85)  
[Range: 40–100]

62.89 (8.83)  
[Range: 40–103]

Age groups
- 40 to 59 54,682 (31.82) 2,837 (27.96) 19,026 (42.28)
- 60 to 70 96,911 (56.39) 5,750 (56.66) 24,058 (53.46)
- 80 and older 20,255 (11.79) 1,561 (15.38) 1,914 (4.25)
Gender
- Male 76,842 (44.72) 4,234 (41.72) 19,584 (43.52)
- Female 95,006 (55.28) 5,914 (58.28) 25,414 (56.48)
Education (ISCED 1997)
- None/ still in school /other 9,660 (5.62) 868 (8.55) 1,040 (2.31)
- Primary education (Code 1) 35,772 (20.82) 2,659 (26.20) 5,895 (13.10)
- Lower secondary education (Code 2) 29,156 (16.97) 1,798 (17.72) 7,221 (16.05)
- Upper secondary education (Code 3) 51,519 (29.98) 2,707 (26.68) 15,338 (34.09)
- Post-secondary non-tertiary education (Code 4) 5,294 (3.08) 233 (2.30) 1,712 (3.80)
- First stage of tertiary education (Code 5) 36,691 (21.35) 1,663 (16.39) 13,038 (28.97)
- Second stage of tertiary education (Code 6) 1,437 (0.84) 71 (0.70) 419 (0.93)
BMI 26.42 (4.49) 26.80 (4.65) 26.20 (4.36)
Marital status
- Married and living together with spouse/ partner 118,614 (69.02) 8,489 (83.65) 30,329 (67.40)
- Registered partnership 2,876 (1.67) 174 (1.71) 893 (1.98)
- Married, living separated from spouse/ partner 1,935 (1.13) 68 (0.67) 625 (1.39)
- Never married 10,133 (5.90) 434 (4.28) 3,033 (6.74)
- Divorced 13,603 (7.92) 291 (2.87) 5,096 (11.32)
- Widowed 23,475 (13.66) 626 (6.17) 4,854 (10.79)
Current employment status
- Retired 89,286 (51.96) 5,569 (54.88) 20,327 (45.17)
- Employed or self-employed 48,103 (27.99) 2,041 (20.11) 16,899 (37.56)
- Unemployed 4,892 (2.85) 271 (2.67) 1,554 (3.45)
- Permanently sick or disabled 5,679 (3.30) 448 (4.41) 1,412 (3.14)
- Homemaker 19,225 (11.19) 1,636 (16.12) 4,063 (9.03)
- Other 2,275 (1.32) 157 (1.55) 609 (1.35)
Self-rated health 3.02 (1.07) 3.31 (1.08) 2.76 (1.03)
Number of chronic diseases 1.08 (1.18) 1.28 (1.28) 0.92 (1.07)
Activities requiring a moderate level of energy 3.40 (1.04) 3.23 (1.18) 3.66 (0.76)
Sports or activities that are vigorous 2.39 (1.35) 10,143 (2.23) 2.73 (1.31)
Hand grip strength 34.04 (11.97) 32.01 (11.80) 36.23 (11.75)
Note. Pooled dataset based on data from waves 1, 2, 4, 5 and 6 (2004 to 2015) from the following countries were included: Austria, Germany, Sweden, Netherlands, 
Spain, Italy, France, Denmark, Switzerland, and Belgium
1 only those who were not living alone were asked if they were providing care inside the house; 10.28% of those having missing information on caregiving were 
living alone and therefore not asked if they provided care for anyone inside their household
2 for caregivers outside the house, information on who is cared for is only provided for the care recipient mentioned first (main care recipient)
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highlight the importance of distinguishing between 
GCIH and CGOH when exploring indicators of physical 
health. They substantially add to the sparse and incon-
clusive results that have addressed grip strength among 
informal caregivers previously and are the first to employ 
an FE approach.

CGIH was not related to changes in caregivers’ grip 
strength. CGIH comprised mainly partner care. A dif-
ferent level of burden and expectation to provide care is 
associated with selecting into this form of care, further 
supporting the entanglement of the location of care and 
care relationship and their connection with health indi-
cators among caregivers [24, 25, 44, 45].

However, CGOH was related to grip strength, with a 
transition into this form of caregiving being associated 
with higher levels of grip strength. The magnitude of the 
changes was small, but nonetheless significant. Addi-
tional analyses confirmed higher grip strength associated 
with beginning and ending caregiving. This partially sup-
ports the healthy caregiver hypothesis [12, 23] and aligns 
with the differences characterizing CGOH compared to 
CGIH. CGOH were younger, healthier, fewer were mar-
ried, and more were self-employed than CGIH, and they 
mostly cared for relatives and non-relatives, but only few 
for a partner. Thus, individuals who were more fit and 

flexible in their time-management may have selected 
into this caregiving and caregiving performance itself 
may have a strengthening effect on this group. This adds 
to previous findings on positive effects of caregiving [46] 
and to findings from the US with older data sets, which 
focused only on older, female caregivers [11, 12]. How-
ever, considering ending care was also associated with a 
significant higher level of grip strength, this could also 
hint at a recovering effect after care provision. Future 
longitudinal analysis tracking changes over the caregiving 
period from beginning to end could provide further clues 
about the development of grip strength throughout the 
caregiving period.

Further findings indicate that the associations partially 
vary with age and gender. Among CGOH the associa-
tion between caregiving and grip strength was stronger 
with higher age and among men. CGOH may mitigate 
the usual decline of grip strength in the second half of life 
[30] among older caregivers and thus reduce the risk to 
health and longevity for which it is a predictive factor [7, 
27, 47]. However, this may not be the case for those aged 
80 years and older, according to additional analyses. Add-
ing to this, asymmetric analyses showed only a significant 
interaction between age, gender and CGOH among those 
ending care. With increasing old age, ending care was 

Table 3  Fixed effects regression analysis with the complete sample (model 1), moderator analysis with age (model 2) and gender 
(model 3) and three-way interaction between caregiving, gender and age (mode 4) for the main predictor caregiving inside the 
household

(1) (2) (3) (4)
Main analysis Moderator age Moderator gender Moderators age and 

gender
VARIABLES b Ro-

bust 
SE

CI b Ro-
bust 
SE

CI b Ro-
bust 
SE

CI b Ro-
bust 
SE

CI

Caregiving inside the household (ref. No) -0.01 (0.08) -0.16–
0.14

1.48** (0.50) 0.50–
2.47

-0.08 (0.13) -0.35–
0.18

2.49** (0.88) 0.77–
4.22

Age at interview (in years) -0.39*** (0.01) -0.40 
- -0.38

-0.39*** (0.01) -0.40 
- -0.37

-0.39*** (0.01) -0.40 
- -0.38

-0.50*** (0.01) -0.52 
- -0.48

Caregiving inside the household (ref. No) x 
Age at interview (in years)

-0.02** (0.01) -0.04 
- -0.01

-0.04** (0.01) -0.06 
- -0.01

Gender (ref. male) - - - -
Caregiving inside the household (ref. No) x 
Gender (ref. male)

0.13 (0.16) -0.19–
0.45

-1.60 (1.06) -3.68–
0.47

Gender (ref. male) x Age at interview (in 
years)

0.23*** (0.01) 0.21–
0.25

Caregiving inside the household (ref. No) 
x Gender (ref. Male) x Age at interview (in 
years)

0.02 (0.02) -0.01–
0.05

Constant 56.27*** (0.57) 55.16–
57.39

56.15*** (0.57) 55.03–
57.27

56.27*** (0.57) 55.15–
57.39

56.37*** (0.57) 55.26–
57.49

Observations 121,804 121,804 121,804 121,804
N 56,760 56,760 56,760 56,760
R² 0.10 0.10 0.10 0.11
Note. Unstandardized regression coefficients of Fixed Effects regression analysis with robust standard errors in parentheses. All models are adjusted for age, marital 
status, current employment status, body mass index, activities requiring a moderate level of energy and sports or activities that are vigorous, and self-perceived 
health and number of chronic diseases. Level of significance: *** p < 0.001, ** p < 0.01, * p < 0.05, + p < 0.10
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associated with higher grip strength among women end-
ing care, further highlighting a possible recovery effect 
found in this group. Based on the correlational nature of 
the analysis, selecting into CGOH may also be the result 
of a slower decline of grip strength and older women 
with stronger grip strength may be more inclined to end 
caregiving.

Adding to this, older male CGOH had the strongest 
grip strength. On average, men have greater grip strength 
than women, but it decreases more strongly with age 
[30]. Our findings suggest that (older) men experience 
this association between CGOH and grip strength more 
than (younger) female caregivers. Since men usually have 
lower life expectancy than women [48], CGOH may be 
helpful to mitigate negative effects of aging, support-
ing their health and life expectancy. It is also possible 
that older men with higher levels of grip strength are 
more likely to select into CGOH, while women provide 
care irrespective of this physical health indicator. The 
magnitude of the association was small and additional 
asymmetric effects could not detect a significant inter-
action for beginning with care. Further research on the 
underlying mechanisms of this gender difference is thus 
recommended.

Age also moderated the non-significant association 
between caregiving and grip strength. With increasing 
age, beginning and end of CGIH was associated with 
reduced grip strength. This extends our initial findings 
and may be explained by changing intensity of caregiving, 
although previous findings on the relevance of caregiv-
ing intensity are inconclusive [11, 12]. However, our data 
does not entail information on care intensity inside the 
household, thus, future research is recommended to ana-
lyze this in further detail. While stratifying by age group 
revealed no further insights, asymmetric analysis found 
an interaction between age, CGIH and gender. With 
increasing age, women beginning or ending CGIH had 
stronger grip strength than men. Once again this high-
lights the different characters of CGIH and CGOH.

Last, our findings further highlight that frailty and 
grip strength should be analyzed separately. Findings on 
frailty all indicated a detrimental effect of informal care-
giving [16–19]. However, frailty is an index based on vari-
ous indicators of physical functioning and different forms 
of caregiving seem to be associated with these indicators 
in a different way, as has also been indicated by previous 
findings [4, 6, 16].

Limiting our study’s findings is the possibility of a 
selection bias due to panel attrition and non-response 
[49]. However, previous analyses on bias by demographic 
or health variables have shown these biases to be either 
very small or non-existent [32]. Reverse causality is pos-
sible as well as bias due to unobserved time-variant het-
erogeneity. However, random or mixed effects models as 

well as structural equation models are also faced by these 
dangers in addition to the bias due to unobserved time-
constant heterogeneity [15, 43]. In contrast to these, FE 
regression has the advantage of reducing the danger of 
bias due to time-constant variables by controlling for all 
observed and unobserved time-constant variables [15, 
43]. This is of great advantage when working with obser-
vational data [50]. Additional research employing meth-
ods, such as instrumental variable estimation could add 
to our research in testing causal associations but this 
relies heavily on carefully choosing appropriate instru-
mental variables [50].

Adding to this, the gap between the waves was 2 to 4 
years. Caregivers could have transitioned into caregiving 
at the beginning or end of this period, which could result 
in different experiences. The danger of this possible bias 
is larger for those transitioning between the two waves 
that are 4 years apart and they may be affected differently, 
due to, for example, having been caregivers for a longer 
period at the subsequent wave than other participants. 
It is a danger that all longitudinal designs collecting 
data with large gaps between assessment times are faced 
with, since the danger of this bias needs to be weighed 
against the burden for participants due to more frequent 
questioning.

Findings refer to the population of adults in middle age 
(40 years and older) in Europe. Younger caregivers may 
have different experiences, since grip strength changes 
with age, and is primarily increasing up to the age of 40 
[30, 31]. Thus, further analyses with younger caregiver 
cohorts are needed to provide more detailed information 
on the generalizability of our results on these groups.

Conclusion
In summary, the findings add new evidence with a large 
population-based sample from Europe. They indicate that 
caregiving outside the household is associated with better 
grip strength, and this effect was stronger with increas-
ing age, especially among male caregivers. This may add 
to other positive effects of caregiving such as providing a 
new purpose in life [46, 51]. Outside-the-household care-
giving could thus contribute to better health and success-
ful aging [52], especially among older and male adults.

In contrast, caregiving inside the household was asso-
ciated with worsening grip strength with increasing age. 
Thus, caregivers inside the household may benefit from 
more support to prevent a worsening of grip strength and 
associated health outcomes [7].

Changes in grip strength could be used as an eas-
ily measured early warning signal of burden [53]. This 
is mainly important among older CGIH, according to 
our results. Caregivers inside the household, primarily 
spouses, are often hidden and do not ask for help [54, 
55], although they provide more intensive care [44], have 
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less opportunities for respite, and more negative health 
effects of caregiving than other caregivers [27]. Grip 
strength measurements could be used, for example by 
general practitioners in regular check-ups, as an indicator 
and opportunity to enquire about caregiving responsibili-
ties and needs in one’s household to be able to identify 
and effectively support caregivers inside the household.
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