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Abstract

Objectives. Gender differences in caregiving may determine social and/or health inequali-
ties among family caregivers (FCs). This study aimed to analyse gender specific differences
of burden and quality of life (QoL) in FCs belonging to ten different rare diseases (RD).
Methods. Burden levels and QoL data, derived from a sample of 210 FCs of RD pa-
tients, were analysed by student t-test, Anova and Kruskal-Wallis followed by multiple
comparisons and evaluation of factors, including sex, by correlation and multiple regres-
sion analyses.

Results. FCs caring for Prader Willi, X-fragile, mucopolysaccharidosis and epidermoly-
sis bullosa patients showed significant higher levels of burden as compared to other RDs.
Burden is related to FC’s QoL and can be down modulated by the reduction of the
number of hours/week devoted to care and by the improvement of patient’s QoL. No
gender-specific burden differences were observed among all FCs. However, female FCs
devoted to care significant more numerous hours/week than men and perceived more
emotional/physical burden and poorer psychological health than males. Women, who
are more frequently early retired from work, not occupied or homemakers than men,
suffered more burden as compared to men in the same conditions.

Conclusions. This study showed gender specific differences in RD caregiving, which are
important for planning personalized health prevention policies.
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INTRODUCTION

ress of genetic research (https://globalgenes.org/rare-

Family caregivers (FCs) typically are the unpaid care
providers for a not self-sufficient family member. In Ita-
ly, it is estimated that the number of FCs is about three
million people (Italian National Institute of Statistics,
Istituto Nazionale di Statistica, 2018). Most FCs are
women, 45-55 aged, 60% of which have given up their
job to devote themselves full time to the care.

The Italian Orphanet website has estimated two mil-
lion of rare disease (RD) patients, 70% of which are
pediatric. Based on the National Rare Disease Registry
(NRDR) of the Italian National Health Institute (Is-
tituto Superiore di Sanita, ISS), 20 cases per 10,000
inhabitants are estimated and about 19,000 new cases
are reported each year by more than 200 health care
centers (www.malattierare.gov.it).

The number of RDs fluctuates between 7,000 and
8,000, but this is a number that grows with the prog-

list).

In the last two decades, many studies have shown a
relation between FCs’ mental and physical health and
caregiving activity, being health negatively influenced
by high levels of chronic stress [1-4]. Accordingly, it has
been reported that FCs may develop depression, anxi-
ety, worse sleep quality and poor physical health, more
frequently than the general population [5-7]. However,
few studies exist on FCs of RD patients, probably due
to the low number of recruitable FCs as compared to
other conditions.

RDs may contribute to enhance caregiver burden as
compared to more common disorders, likely because of
the additional challenges involved in the RD condition,
such as complexity of clinical management, emotional
impact on patients, long lasting wait to receive an ac-
curate diagnosis, lack of information, uncertainty of the
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future and tension in the hope of a cure not yet avail-
able [8, 9].

Although no curative treatments are available for ap-
proximately 95% of the identified RDs, much can be
done to improve patients’ QoL, alleviation of physical
suffering, preservation of individual autonomy, dignity,
and support for caregivers [10].

Few studies to date have addressed gender focus
among FCs, even if this should be a main research ques-
tion for planning targeted interventions for a population,
which is itself exposed to socio-cultural influences. Some
studies have shown that gender differences in depression
and physical health are indeed larger than those found
in the general adult population, being in part explained
by gender differences in facing caregiving stressors [11].
In particular, high levels of stressors and low levels of so-
cial resources accounted for elevated gender differences
in burden [12]. Recently, the Health Related Quality of
Life (HRQoL) score was reported useful for explaining
health gender specific differences in population studies
[13] and HRQoL resulted inversely correlated with bur-
den in RDs caregivers [14]. Moreover, mothers of RDs’
patients, as compared to fathers, were significantly more
impaired in their QoL and mental health [15]. At the
best of our knowledge, this study is the first looking for
gender specific burden and HRQoL differences in FCs
of patients with ten different RDs.

METHODS

This study analyses data from a cross-sectional study
carried out in 2012 [16] coordinated by the Italian Na-
tional Center for Rare Diseases in collaboration with
Italian rare disease federations and patients’ organiza-
tions in the framework of BURQoL-RD project, fund-
ed by the European Commission. The survey was fully
anonymous. Data were collected via on-line question-
naires completed by FCs and included socio demo-
graphic characteristics (sex and age of the patients, sex
and age of FCs, relationship with the care recipient,
marital and occupational status), HRQoL of both pa-
tients and FCs, burden, number of hours/week devoted
to care by the principal FC and by a secondary care-
giver where present.

Rare diseases: we selected FCs of individuals with the
following 10 RDs: 1. Prader Willi syndrome (PWS); 2.
hemophilia (Hem); 3. Duchenne muscular dystrophy
(DMD); 4. scleroderma (Scl); 5. cystic fibrosis (CF);
6. fragile X syndrome (FXS); 7. histiocytosis (His); 8.
mucopolysaccharidosis (MPS); 9. juvenile idiopathic
arthritis (JIA); 10. epidermolysis bullosa (EB). The RDs
selected differ in terms of genetic origin, age at onset
during adulthood or childhood, physical impairment
and/or mental impairment, availability of effective ther-
apies, and represent a wide range of effective examples
of RDs for our analysis.

Study’s instruments/tools: the HRQoL was measured
with the EuroQoL 5-domain questionnaire (EQ-
5D) for both patients and FCs. The EQ-5D includes
six items and measures generic HRQoL with regards
to 5 dimensions: mobility, self-care, usual activities,
pain/discomfort and anxiety/depression [17]. It also
includes a Visual Analogue Scale (VAS) that patients

and their caregivers use to rate their health status be-
tween O (“worst health”) and 100 (“best health”). Sub-
jective burden was measured with the 22-items version
of the Zarit [18]. Each item is a statement which the
caregiver is asked to respond to, using a five-point scale
with options ranging from 0 (never) to 4 (nearly always)
(burden scores: <21, little or no burden; 21-40, mild
to moderate burden; 41-60, moderate to severe bur-
den; >61, severe burden). Barthel index measures the
patient’s ability to perform ten basic activities of daily
living, providing a quantitative estimate of the depen-
dence degree [19]; it is recommended for measuring
physical disability (scores: 90-99, mild dependence; 61-
89, moderate dependence. 21-60, severe dependence;
<20, complete dependence).

Statistical analysis: the analyses were performed on
data from the FCs of the survey (n=210). Qualitative
data are summarised by absolute and percent frequen-
cies, while quantitative data by mean + standard devia-
tion (SD), median, range (minimum-maximum).

Patients and FCs were grouped according to patients’
characteristics (rare diseases: 10 groups; age group:
child vs adult) and FCs’ characteristics (sex: male vs
female; age class: up to 39, 40-54, 55 years and over;
work condition: occupied vs retired »s homemaker vs
other). Differences among subgroups with respect to
categorical variables were analysed by chi-square test,
or Fisher's exact probability test when appropriate. For
the analysis of the quantitative variables, that is Zarit
index, Barthel index, EQ-5D-VAS for both patients and
FCs and the number of hours/week devoted to care, we
used parametric analysis of variance (ANOVA) or non-
parametric Kruskal-Wallis test. Multiple comparisons
were performed by Tukey test. Since results were in ac-
cordance, only nonparametric analyses are reported.

Association between quantitative variables was as-
sessed by Pearson linear correlation coefficient. Mul-
tiple linear regression analysis was performed to assess
the effect of selected quantitative and/or categorical
variables on the quantitative outcomes burden and FCs’
HRQoL. Two regression models were applied, including
different sets of potential explanatory variables. Model
A included FCs' sex, patient’s HRQoL, Barthel index,
principal and support caregiver’s number of hours/week
devoted to care, and burden (the latter when assessing
the effect of variables on FCs’ HRQoL). Model B in-
cluded Barthel index, patient’s age, kind of pathology.
For the latter, DMD was chosen as the reference level
being the pathology with the more numerous FCs. The
variance inflation factor (VIF) was calculated to test
for multicollinearity among the independent variables,
which was excluded for VIF values lower than 5. All VIF
values were actually lower than 1.5.

The statistical analyses were then repeated on the
subsample of FCs who were parents of the patients
(n=182),

In particular, to assess the hypothesis that FCs are
more frequently females than males we analyzed data
on the subset of RDs patients living with both parents,
using the Binomial test to assess if the proportion of
female FCs in the parental couples was significantly dif-
ferent from the chance level of 50%.
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All the analyses were performed using STATA release
16.0.

Limits of this study were: convenience samples, low
number of caregivers and too few male FCs; no data
on disease severity or phenotypic classification was col-
lected by the questionnaire.

RESULTS
Family caregivers’ characteristics and sex/gender
differences

As reported in Table 1a, FCs showed significant sex/
gender specific differences of the number of hours/
week devoted to care with women dedicating a high-
er number of hours (53.7+34.1) as compared to men
(41.8+32.7). Differently, no significant sex/gender-spe-
cific differences were detected for burden or HRQoL..

However, on regard to burden, we detected significant
differences between males and females in the answers to
Zarit single items. Specifically, to the question “do you
feel fear for the future” 68.5% of women vs 43.4% of men
answered “always” or “very often”. Similarly, 54.7% of
men s 31.5% of women answered “never” to the ques-
tion “do you believe that taking care of your family mem-
ber has adversely affected your health” (Tables 1aS and
1bS available online as Supplementary Material).

Since the significant sex/gender specific differences in
the caregiver’s age and employment status, we analysed
burden in FCs grouped by sex (males vs females), age
groups (up to 39 years, 40-54 years, over 55 years), and
working condition (occupied vs retired »s homemaker vs
others) (see Table 2S available online as Supplementary
Material). Our results indicate that: a) in the 40-54 age

Table 1a
Socio-demographic characteristics of family caregivers by sex
Characteristics Males Females Total Significance level p
n n n Mann-Whitney U test
mean (SD) mean (SD) mean (SD)
median (min-max) median (min-max) median (min-max)
Age 56 152 208 <0.001***
512(11.2) 44.0(9.1) 457 (10.2)
50 (28-78) 43 (25-82) 45 (25-82)
Zarit tot 53 146 199 0.185
25.6 (12.6) 28.1 (12.6) 274 (12.5)
22 (0-60) 27 (6-59) 25 (0-60)
EQ5D-VAS 49 144 193 0.563
789 (17.5) 787 (14.5) 787 (15.3)
80 (30-100) 80 (30-100) 80 (30-100)
FC n hours/week 57 153 210 0.023*
41.8(32.7) 53.7 (34.1) 50.5 (34.1)
36.8 (0-112) 47.7 (0-112) 46.7 (0-112)
n (%) n (%) n (%) Fisher’s exact
probability test
Marital status 56 150 206 0.600
Single + widow 4 (7.1%) 17 (11.3%) 21 (10.2%)
Divorced + Separated 2 (3.6%) 9 (6.0%) 11 (5.3%)
Married 50 (89.3%) 124 (83.7%) 174 (84.5%)
Occupational status 57 153 210 <0.0071***
Employed 42 (73.7%) 76 (49.6%) 118 (56.2%)
Retired 9 (15.8%) 16 (10.5%) 25 (11.9%)
Homemakers 3(5.3%) 45 (29.4%) 48 (22.9%)
Other 3(5.3%) 16 (10.5%) 19 (9.0%)

FC: family caregiver; Other: never occupied or forced to leave job.

SD: standard deviation; min-max: minimum-maximum; p: significance levels of the Fisher's exact probability test or of the Mann-Whitney U test: * p<0.05;

# n20,001,

Table 1b
Married/cohabiting family caregivers grouped by sex and age

Married/cohabiting FCs <39 age n (%)

p<0.001***
Males 5 (11.1%)
Females 40 (88.9%)
Total 45 (100.0%)

FC: family caregiver.
p: significance level with binomial test: *** p<0.001.

40-54 age n (%)
p<0.007***

5 (27.5%)

66 (72.5%)

91 (100.0%)

>55 age n (%) Total n (%)
p=0.315
7 (41.0%)
10 (59.0%)

17 (100.0%)

37 (24.1%)
116 (75.8%)
153 (100.0%)
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group, commonly representing the working age, 9% of
women were already retired and reported moderate lev-
els of burden, whereas no man was retired in the same
age group. The occupied women were less numerous
than men and female homemakers were more numer-
ous than males with burden levels double than men; b)
not considering age, women never occupied or forced
to leave work (named as others), suffered higher levels
of burden as compared to men; c) female FCs, under
39 years of age and occupied, reported more burden
than males of the same age group, likely for the pres-
ence of additional stressors, such as reconciling time
for family care with work outside home. Despite the
not significant differences found between the different
groups, due to the small sample size, the above data
suggest that gender specific burden differences can be
associated with FCs’ age and working status conditions.

Among the 179 FCs respondents to the marital sta-
tus item, we selected the 153 cohabiting/married FCs,
assuming that they are one of the two members of a pa-
rental couple with a rare disease patient in a home care
context. We stratified them by sex and age in order to
investigate if an equal sex/gender distribution of the care
activity might exist between the two members of a pa-
rental couple. Results, shown in Table 1b, indicate that
there is a significant sex/gender difference of the care ac-
tivity in the age groups under 39 and 40-54 years of age
with women representing 88.9 and 72.5% respectively
(p<0.001 in both groups when compared to the 50% ex-
pected in case of parity). Only in the over 55 years age
group, the percentage of females dropped, being only
slightly over the 50% expected parity frequency (p=0.31).

We also stratified FCs by patient’s age, child »s adult.
We did not observe significant differences in burden,
HRQoL or number of hours/week between FCs who
care for children or adults patients. We indeed observed
a significant difference in the answers to the EQ-5D
item, asking caregivers to refer their actual pain and
discomfort. FCs caring for adults showed pain and dis-
comfort more frequently (63% vs 37%; Table 3S avail-
able online as Supplementary Material) and with high
intensity as compared to those caring for child patients.
Specifically for those caring children the median was
positioned in the answer “no pain and discomfort”,
while for those caring adults the median was positioned
in the answer “mild pain and discomfort”.

Family caregivers grouped by the 10 RDs

Table 2 reports the characteristics of FCs grouped ac-
cording to the 10 RDs. Sex distribution of FCs among
RDs was not so much different, being females more
than 62% in all RDs, except for Scl with 58.8% males.
This exception can be explained by the fact that Scl
patients are mainly adult females and their FCs are
primarily their partners. FCs age was significantly dif-
ferent among 10 RDs with a mean value of 45.9+10.2.
Multiple paired comparisons showed that FCs of Scl
patients were significantly older than FCs of PWS,
DMD, CF and FXS patients, due to the fact that Scl
arises in adulthood, while other pathologies mostly
arise in pediatric age (although can also occur in ado-
lescence/adulthood).

Burden levels, as measured by the total Zarit score,
showed large significant differences among RDs with
an overall mean value of 27.4+12.5. We classified RDs
in two subgroups, based on the mean FCs’ burden level,
above or below the overall mean: FCs of PWS, FXS, EB
and MPS patients reported moderate levels of burden,
while FCs of Hem, JIA, CF, DMD and Scl patients
reported light/mild levels of burden. Due to the pres-
ence of only 6 FCs of His patients, the statistical power
of the comparisons involving His is too low to make
results of such comparisons reliable. Multiple paired
comparisons stated that PWS specific burden is signifi-
cantly heavier than that of Hem, JIA, CF and DMD;
FXS heavier than that of Hem and JIA, while EB and
MPS higher than that of Hem.

No HRQoL significant differences were observed
among the 10 selected RDs.

The overall mean number of hours/week devoted to
care was 50.5+34.1, with significant differences among
10 RDs. We distinguished three different FCs groups:
MPS, EB and PWS requiring the highest number of
hours/week devoted by FCs, DMD, FXS and CF the
intermediate number and Hem, Scl and JIA the low-
est number. The quite large SDs, within any disease
group, suggest that the kind of pathology is only one of
the factors determining the number of hours/week that
are necessary to patient’s care. As consequence of this
high variability, no paired comparison was statistically
significant.

Patients’ characteristics

Out of the 683 RD patients of the BURQoL survey,
we selected the 210 of them that reported to be assisted
by a FC. About the rest, the information was lacking or
patients were cared by a formal caregiver [16].

A description of the 210 RD patients’ characteris-
tics is shown in Table 3a. Patients were 67.6% males vs
32.4% females, being sex distribution significant differ-
ent among RDs: all males in Hem and DMD; mostly
males in CF, FXS, MPS and JIA; mostly females in
PWS and Scl and the same percentage of males and
females in His and EB.

The mean value of patient’s age was 17.3+16.5 and
Scl patients were significantly older than all the other
RD patients.

Patients showed a Barthel index mean value of
66.9+32.4, which is in the range of moderate depen-
dence. DMD and MPS patients reported severe depen-
dence while PWS, Scl, FXS and EB moderate depen-
dence and Hem, CF and JIA mild dependence.

Patient’s HRQoL mean value was 60.7+20.6. Better
HRQoL was observed in JIA, CF and Hem patients,
in agreement with their good levels of self-sufficiency.
FXS patients reported a similar better HRQoL, even
if they are more dependent than JIA, CF or Hem pa-
tients. PWS and DMD patients showed an intermedi-
ate HRQoL score. The worst scores were reported by
EB, MPS and Scl patients.

Interestingly, we observed a very large HRQoL dif-
ference between child and adult patients, with adults
showing a worse HRQoL than children, and a smaller
Barthel difference between the two groups (Table 3b).
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Table 2
Characteristics of family caregivers grouped by 10 rare diseases
Rare Family caregivers
diseases o, pjects Sex Age Zarit EQ5D-VAS n hours/week
n n (%) n n n n
mean (SD) mean (SD) mean (SD) mean (SD)
median (min-max) median (min-max) median (min-max) median (min-max)
p=0.061 p=0.005%* p<0.001*** p=0.826 p=0.020*
1. PWS 24 M: 4 (16.7) 24 23 22 24
F:20(83.3) 443 (9.7) 36.7 (12.9) 76.8 (16.0) 58.2 (36.4)
43 (28-66) 37 (16-60) 80 (50-95) 61.5(0.0-112.0)
2.Hem 14 M: 2 (14.3) 14 14 14 14
F: 12 (85.7) 453 (11.0) 164 (5.7) 82.1(15.3) 36.0 (41.2)
42 (33-70) 16 (9-28) 85 (60-100) 16.3 (0.0-112.0)
3.DMD 51 M: 18 (35.3) 51 50 49 51
F:33 (64.7) 46.8 (8.8) 254 (10.3) 794 (14.2) 52.3(29.6)
46 (28-66) 26 (0-50) 80 (50-100) 46.7 (64-112.0)
4. Scl 17 M: 10 (58.8) 16 16 14 17
F:7(41.2) 56.5(12.6) 26.1(10.8) 714 (20.6) 349 (26.6)
57 (31-78) 23.5 (11-46) 75 (40-100) 26.5 (0.0-102.0)
5.CF 43 M: 11 (25.6) 43 40 39 43
F:32 (74.4) 42.7 (8.0) 24.6 (9.8) 824 (12.1) 46.7 (33.7)
43 (25-57) 24 (6-53) 85 (50-100) 38.5(0.6-112.0)
6. FXS 12 M: 2 (16.7) 12 12 12 12
F:10(83.3) 446 (13.5) 34.6(12.7) 76.7 (11.3) 499 (27.1)
40 (31-76) 36 (15-59) 77.5 (60-95) 442 (22.0-102.1)
7. His 6 M: 0 (0.0) 6 6 6 6
F: 6 (100.0) 38.7 (3.5) 33.0(20.9) 775 (17.3) 54.1 (27.7)
37.5 (35-43) 33.5 (6-56) 80 (50-95) 64.3 (0.0-76.0)
8. MPS 19 M:3(15.8) 18 16 16 19
F: 16 (84.2) 483 (11.0) 32.1(12.3) 76.1 (19.5) 66.0 (41.8)
46 (36-82) 29.5 (17-56) 77.5 (30-100) 56.0 (0.0-112.0)
9.JIA 8 M: 3 (37.5) 8 8 8 8
F:5(62.5) 448 (7.0) 16.9 (7.0) 794 (18.0) 27.8(28.3)
42 (38-58) 14 (11-32) 87.5 (45-100) 21.9(0.0-63.5)
10. EB 16 M: 4 (25.0) 16 14 13 16
F: 12 (75.0) 46.3 (10.0) 324(14.7) 78.1 (16.7) 64.2 (33.6)
45 (29-64) 30 (11-52) 80 (30-95) 61.6(0.0-112.0)
Total 210 M: 57 (27.1) 208 199 193 210
F: 153 (72.9) 459 (10.2) 274 (12.5) 78.7 (15.3) 50.5 (34.1)
45 (25-82) 25 (0-60) 80 (30-100) 46.7 (0.0-112.0)

1. PWS: Prader Willi syndrome; 2. Hem: hemophilia; 3. DMD: Duchenne muscular dystrophy; 4. Scl: scleroderma; 5. CF: cystic fibrosis; 6. FXS: fragile X syndrome; 7.
His: histiocytosis; 8. MPS: mucopolysaccharidosis; 9. JIA: juvenile idiopathic arthritis; 10. EB: epidermolysis bullosa.

M: males; F: females.

SD: standard deviation; min-max: minimum-maximum; p: significance level of the Chi-squared test comparing ten rare diseases with respect to sex distribution
and of the Kruskal-Wallis test comparing ten rare diseases with respect to age, Zarit, EQ5D-VAS and n of hours/week values:
*p<0.05; ** p<0.01; *** p<0.001. n: number of respondent subjects, when n is lower it means that not all subjects answered to that item.

The worst HRQoL of the Scl patients is in agreement
with their older age as compared to other RDs. How-
ever, older age is not the only variable playing a role
in worsening patient’s HRQoL because MPS and EB
patients are younger and more dependent than Scl pa-
tients and yet they have similar bad HRQoL.

Factors influencing family caregivers’ burden
Correlation analyses between the quantitative vari-
ables, patients’ HRQoL and Barthel index, Zarit, FCs'’
HRQoL, principal or support FCs’ number of hours/
week, are shown in Table 4. Our results indicate that
burden is inversely associated with FCs’ HRQoL and,
at lesser extent, with patient’s HRQoL, while directly
to the number of hours/week devoted to care by the

principal FC. FCs’ HRQoL is directly associated with
patient’s HRQoL. Finally, the number of hours/week
devoted to care by the principal FC are inversely as-
sociated with the Barthel index and directly with the
number of hours/week devoted to care by a support FC.
As for the principal FC, also the number of hours/week
devoted to care by a support FC is inversely associated
with the Barthel index.

Multiple linear regression analyses are reported in Ta-
ble 5. Considering Model A, burden resulted negative-
ly affected by patient’s HRQoL and positively by the
number of hours/week devoted to care by the principal
FC. Considering Model B, burden levels were affected
by the kind of pathology, and not by patient’ age or de-
pendence level, with significantly higher levels in PWS,
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Table 3a
Characteristics of patients grouped by 10 rare diseases
Rare Patients
diseases Subjects Sex Age Barthel index EQ5D -VAS
n n (%) n n n
mean (SD) mean (SD) mean (SD)
median (min-max) median (min-max) median (min-max)
P<0.007*** p<0.007*** P<0.007*** p<0.007***
1. PWS 24 M:11 (45.8) 24 19 19
F:13(54.2) 114 (8.0) 70.5 (25.2) 60.0 (15.3)
10 (1-29) 75 (10-100) 55 (35-90)
2. Hem 14 M:14 (100.0) 14 10 10
F:0 (0.0) 23.2 (22.4) 89.5 (14.0) 65.5 (26.5)
9 (2-64) 95 (65-100) 65 (30-100)
3.DMD 51 M:51 (100.0) 51 46 46
F:0 (0.0) 14.0 (8.0) 432 (30.2) 60.7 (21.5)
12 (1-35) 40 (0-100) 60 (10-100)
4. Scl 17 M:3 (17.6) 17 17 16
F:14 (82.4) 56.5 (14.0) 75.9(19.0) 434 (18.5)
59 (20-75) 80 (20-95) 42.5 (5-80)
5.CF 43 M:26 (60.5) 43 28 28
F:17 (39.5) 10.9 (9.0) 90.5 (25.8) 69.8 (17.9)
10 (0-41) 100 (0-100) 70 (20-100)
6. FXS 12 M:9 (75.0) 12 11 I
F:3(25.0) 14.7 (11.3) 70.9 (29.7) 714 (16.6)
12 (5-46) 80 (5-95) 70 (30-95)
7. His 6 M:3 (50.0) 6 1 1
F:3 (50.0) 4229 90 50
3(3-10) 90 50
8. MPS 19 M:12 (63.2) 19 16 15
F:7 (36.8) 18.6 (14.9) 456 (37.9) 50.7 (20.5)
13 (1-55) 47.5 (0-100) 50 (10-90)
9.JIA 8 M:5 (62.5) 8 6 6
F:3(37.5) 8.3 (4.0) 97.5(6.1) 75.0 (8.9)
8(2-13) 100 (85-100) 72.5 (65-90)
10. EB 16 M:8 (50.0) 16 12 12
F:8 (50.0) 16.3 (12.5) 729 (13.6) 554 (16.8)
14.5 (0-42) 70 (55-90) 52.5 (30-90)
Total 210 M:142 (67.6%) 210 166 164
F:68 (32.4%) 17.3 (16.5) 66.9 (32.4) 60.7 (20.6)
12 (0-75) 75 (0-100) 60 (5-100)

1. PWS: Prader Willi syndrome; 2. Hem: hemophilia; 3. DMD: Duchenne muscular dystrophy; 4. Scl: scleroderma; 5. CF: cystic fibrosis; 6. FXS: fragile X syndrome; 7.
His: histiocytosis; 8. MPS: mucopolysaccharidosis; 9. JIA: juvenile idiopathic arthritis; 10. EB: epidermolysis bullosa.

M: males; F: females.

SD: standard deviation; min-max: minimum-maximum,; p: significance level of the Chi-squared test comparing ten rare diseases with respect to sex distribution and
of the Kruskal-Wallis test comparing ten rare diseases with respect to age, Barthel index and EQ5D-VAS values: *** p<0.001.
n: number of respondent subjects, when n is lower it means that not all subjects answered to that item.

FXS and MPS compared to DMD, and lower levels in
Hem. On the contrary, the kind of pathology did not
affect FC's HRQoL.

DISCUSSION

The study of sex/gender-specific health differences in
FCs is of considerable importance in order to address
precision medicine. FC population may present some
health risk factors associated to home care activity, im-
pacting males and females differently [1]. A recent study
on RD patients reported that female FCs perceived the
condition of their child to be highly symptomatic and re-
quiring disease control, with negative consequences. By
contrast, male FCs had stronger perceptions regarding
the negative effects of the disease on the child’s QoL.

This sex/gender discrepancy of illness perception may
contribute to female higher levels of stress and depres-
sive symptoms than males [20]. In addition, mothers of
RD patients were significantly more impaired in their
QoL and mental health, as compared to fathers [15].
Indeed, not only the care activity itself but also the so-
cio-cultural influencing factors may impact FCs’ health
in a gender specific way. At this regard, a recent study,
about caregiving experiences of fathers and mothers of
RD children in Italy, showed that gender differences
emerged in the social support experienced, in the dif-
ferent challenges to be faced and in the narratives about
the specific experience of the caregiving impact on job
and, more in general, on worries [21]. Moreover, the
enhanced cost of informal care, other than resulting in
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Table 3b
Characteristics of patients with rare diseases grouped by age: children vs adults
Group
Subjects Sex
n n (%)
p=0.038*
Child 145 M: 105 (72.4)
F: 40 (27.6)
Adult 65 M: 37 (56.9)
F: 28 (43.1)
Total 210 M: 142 (67.6)
F: 68 (32.4)

EQS5D-VAS: EuroQol-5 dimensions Visual Analogue Scale.

Patients
Barthel index EQ5D -VAS
n n
mean (SD) mean (SD)
median (min-max) median (min-max)
p=0.025* p<0.00%**
101 100
71.0(30.3) 66.8 (19.2)
80 (0-100) 70 (10-100)
65 64
60.5 (34.6) 51.0 (19.0)
70 (0-100) 50 (5-90)
166 164
66.9 (32.4) 60.7 (20.6)
75 (0-100) 60 (5-100)

SD: standard deviation; min-max: minimum-maximum; p: significance level of the Chi-squared test comparing child versus adult patients with respect to sex
distribution and of the Kruskal-Wallis test comparing child vs adult patients with respect to Barthel index and EQ5D-VAS: * p<0.05; *** p<0.001.
M: males; F: females. n: number of respondent subjects, when n is lower it means that not all subjects answered to that item.

Table 4
Pearson’s pairwise correlation coefficients
Patients Barthel
EQ5D-VAS

Patients' EQ5D-VAS 0.290%**
Barthel 0.290***
Zarit -0.236** -0.074
FCs'EQ5D-VAS 0.347%%% 0.010
Principal FCs' -0.188* -0.318***
n hours/week
Support care -0.138 -0.397%**

n hours/week

FC: family caregiver.

Zarit FCs’ Principal FCs’ Support care
EQ5D-VAS n hours/week n hours/week
-0.236%* 0.347%** -0.188* -0.138
-0.074 0.010 -0.318*** -0.397%**
-0.282%** 0.229%** 0.115
-0.282%** -0.105 -0.090
0.229%** -0.105 0.468***
0.115 -0.090 0.468***

The significance levels of the Pearson correlation coefficients r reported in the table are denoted as: * p<0.05; ** p<0.01; *** p<0.001. The number of subjects was

ranging from 144 to 203.

a better patient’s QoL, involves a loss of the produc-
tivity, as reported in FCs who care for child patients
with haemophilia, because of early retirement or loss of
working days [22]. Nazco and coauthors recently pub-
lished an article on burden and HRQoL from FCs of
RD patients from six European countries based on the
2012 BURQoL survey. They showed that higher levels
of burden are associated with lower caregiver’s HRQoL.
However, their study did not look at gender-specific dif-
ferences [13].

Our study showed a significant difference in the
number of hours/week devoted to care by women as
compared to men FCs. This data is important for the
prevention of women’s health, considering that a high
number of weekly hours of informal caregiving, as op-
posed to few weekly hours, is associated with a higher
risk of cardiovascular disease [23]. Indeed, as the num-
ber of hours/week devoted to care resulted directly as-
sociated with burden, we suggest that women are at
higher risk for burden than men. At this regard, we
showed significant gender differences in two Zarit sin-
gle item answers, reported more frequently by women

and consisting in “a strong feeling of fear for the future”
and “the belief that the care activity has harmed their
own health”. It is possible that larger sex/gender associ-
ated differences may exist but could be hidden due to
the numerical limit of our sample with few male FCs.
The higher numerosity of men, mostly husbands, taking
care of Scl patients, due to the prevalence of female
adult patients (Scl F/M ratio 3:1) [24], makes Scl a use-
ful model for future studies with the aim to verify the
true nature of burden and/or HRQoL differences be-
tween men and women.

Interestingly, we also detected some sex/gender-
specific burden differences according to FCs' socio
demographic characteristics, albeit not statistically sig-
nificant due to the small number of caregivers stratified
by sex/gender and occupation: women that have diffi-
culty in keeping their occupation outside home or in
reconciling the time necessary for family care with work
outside home, showed higher burden levels than men,
suggesting that burden levels of female FCs can be
influenced by their occupation status. In addition, we
observed that care activities are not equally distributed
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Table 5

Regression analysis

Model A - Zarit
Independent coeff 95% Cl P
variables lower; upper
FCs'sex 1.352 -3.083; 5.786 0.548
patient’ QoL -0.121 -0.221;-0.021 0.018*
Barthel index 0.032 -0.035;0.098 0.349
FCs’n hours/week 0.082 0.009; 0.154 0.028*
Support care n hours/  0.031 -0.045;0.107 0426
week

Model A - FC's EQ5D-VAS
Independent coeff 95% ClI p
variables lower; upper
FCs'sex -1.643 -7.080; 3.794 0.551
Zarit -0.296 -0.494; -0.098 0.004**
patient’ EQ5DVAS 0.214 0.091; 0.336 <0.007***
Barthel index -0.072 -0.154; 0.009 0.081
FCs'n hours/week -0.063 -0.153; 0.027 0.170
Support care n hours/  -0.030 -0.123; 0.063 0.522

week

FC: family caregiver; coeff: regression coefficient; 95% Cl: 95% Confidence
Interval;
p: significance levels: * p<0.05; ** p<0.01; *** p<0.001.

Model B - Zarit
Independent coeff 95% CI p
variables lower; upper
Barthel index -0.004 -0.076; 0.068 0.906
Patient’s age -0.042 -0.220;0.136 0.643
Rare disease (vs DMD)
PWS 11.624 5.029; 18.219 <0.0017***
Hem -8425 -17.706; 0.857 0.075
Scl 2435 -8.082;12.953 0.648
CF 0.259 -6.236; 6.754 0.937
FXS 10.559  2.680; 18.438 0.009%*
His -11.500  -34.644; 11.644 0.328
MPS 7.755 0.544; 14.966 0.035*
JIA -7.134 -17.685; 3416 0.183
EB 2974 -5.333;11.280 0480

PWS: Prader Willi syndrome; Hem: hemophilia; DMD: Duchenne muscular
dystrophy;

Scl: scleroderma; CF: cystic fibrosis; FXS: fragile X syndrome; His: histiocytosis;
MPS: mucopolysaccharidosis; JIA: juvenile idiopathic arthritis; EB: epidermolysis
bullosa;

Reference group: Duchenne muscular dystrophy. coeff: regression coefficient;
95% Cl: 95% Confidence Interval; p: significance levels: * p<0.05; ** p<0.01;

#% 520,001,

between mothers and fathers of the parental couples,
with mothers being prevalent. As consequence, women
may undergo to social and health inequality because of
sex and gender differences [25, 26].

Moreover, our results showed that there are signifi-
cant burden differences among FCs, depending on the

kind of rare disease: FCs of patients with PWS, FXS,
MPS and EB are those reporting the highest levels
of burden. We suggest that PWS, FXS, MPS and EB
patients may have specific challenges, independently
from dependence, that can be more stressful for their
FCs, as for example: hyperphagia and obesity in PWS;
developmental delay and autism in FXS; progressive
damage which affects patient’s appearance, physical
abilities, organ function and mental development in
MPS patients; only palliative treatment available and
reduced life expectancy in EB patients [27-30]. On the
contrary, the good levels of self-sufficiency and better
HRQoL, reported in Hem, JIA and CF patients, may
be responsible for the lowest burden levels. The highest
number of hours/week devoted to care by PWS, MPS
and EB caregivers, suggests that this can be one of the
factors enhancing their burden. In MPS and EB pa-
tients, it is possible that their reported worst HRQoL
can contribute to increase burden too, while it is not in
PWS and FXS patients that reported a better HRQoL.
In addition, those FCs showing more burden than oth-
ers could be at higher risk for their health. However, we
need further research to identify the specific RD chal-
lenges involved in health risks, for example comparing
burden with both patient’s clinical diagnosis and mental
and physical health data derived from their FCs. Sur-
prisingly, the enhanced burden in PWS, FXS, MPS and
EB was not accompanied by a poorer FC’s HRQoL, as
expected. We suggest that it may depend both on the
peculiarities of our Italian sample compared to other
European countries [14] and/or on the limit of the
EQ-5D tool. In fact, the EQ-5D is a generic tool more
suitable for patients with physical disability and depen-
dency [17] than for the generally not dependent FCs.
However, we observed a significant HRQoL difference
in the answers to one of the five EQ-5D items, asking
caregivers to refer their actual pain and discomfort: FCs
caring for adults showed more frequently pain and dis-
comfort and with higher intensity, as compared to those
caring for child patients, suggesting that physical health
is more frequently impaired in FCs of adult rather than
child patients.

The UN Resolution “Addressing the challenges of
persons living with a rare disease and their families” re-
cently approved by the United Nations General Assem-
bly [31] affirms the need to achieve gender equality, also
taking into account “that women and girls undertake
a disproportionate share of unpaid care and domestic
work when a member of their household or family lives
with a rare disease, and that women face more barriers
in accessing decent work”. Hence, the UN Resolution
“Encourages Member States to adopt gender-sensitive
national strategies, action plans and legislation, to con-
tribute to the well-being of persons living with a RD and
their families, including on the protection and enjoy-
ment of their human rights, consistent with their obliga-
tions under international law” [32]. Notably this Reso-
lution contributes to the UN Agenda 2030 Sustainable
Development Goals (SDG) and it fits for persons living
with a RD patient. Women are disproportionately dis-
criminated in society, either as patients or as mothers
of RD patients (SDG5 “Gender inequality”). Families
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with a member living with a RD are at greater risk of
impoverishment, as they have more expenses and less
income (SDG1 “No poverty”) [33]. The informal care
is a major challenge and it is likely to become even more
important in the field of RDs. Informal care is often
seen as a cost-effective way of preventing institution-
alization and enabling patients to remain at home. In
Italy, the family had traditionally a strong role, probably
due to largely underdeveloped formal care systems at
national level. The findings suggest that formalising in-
formal care through cash payments, legal rights, social
security, and training opportunities can have important
beneficial effects on informal careers and the patients
that they care for.

In conclusion, the significant gender disparity of the
number of hours/week devoted to care by female FCs,
who have also a social disadvantage in the occupation
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