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Objective To describe the poorly understood burden of pulmonary exacerbations experienced by primary care-
givers of children (aged 2-17 years) with cystic fibrosis (CF), who frequently require prolonged hospitalizations for
treatment of pulmonary exacerbations with intravenous (IV) antibiotics.
Study design In this prospective observational study, 88 caregivers in Germany, Ireland, the United Kingdom,
and the US completed a survey during pulmonary exacerbation–related hospitalizations (T1) and after return to a
“well state” of health (T2). The impact of pulmonary exacerbations on caregiver-reported productivity, mental/phys-
ical health, and social/family/emotional functioning was quantified.
Results Primary caregivers of children with CF reported significantly increased burden during pulmonary exacer-
bations, as measured by the 12-item Short-Form Health Survey mental health component and the Work Productiv-
ity and Activity Impairment: Specific Health Problem absenteeism, presenteeism, work productivity loss, and
activity impairment component scores. Compared to the "well state," during pulmonary exacerbations-related hos-
pitalization caregivers reported lower physical health scores on the Child Health Questionnaire–Parent Form 28.
Quality-of-life scores on the Caregiver Quality of Life Cystic Fibrosis scale and total support score on the Multidi-
mensional Scale of Perceived Social Support did not differ significantly between T1 and T2. More caregivers re-
ported a negative impact on family/social/emotional functioning during pulmonary exacerbations than during the
“well state.”
Conclusions Pulmonary exacerbations necessitating hospitalization impose a significant burden on pri-
mary caregivers of children with CF. Preventing pulmonary exacerbations may substantially reduce this
burden. (J Pediatr 2019;215:164-71).
P
atients with cystic fibrosis (CF) experience recurrent pulmonary exacerbations and episodic worsening of health char-
acterized by increased cough and sputum production, dyspnea, acute decline in lung function, and weight loss.1 Pul-
monary exacerbations are associated with adverse outcomes, including long-term loss of lung function, decreased

health-related quality of life, and increased risk of lung transplantation and death,2-4 and often require hospitalization and
treatment with intravenous (IV) antibiotics.5

Given the multiorgan presentation of CF and the associated symptomatic burden and complexity of treatment regimens,
children with CF rely on parental caregivers for management of CF treatment regimens and facilitation of health care engage-
ment. There is currently a lack of understanding of the overall burden of this chronic disease on caregivers of children with CF,
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CHQ-PF28 Child Health Questionnaire–Parent Form 28

CQOLCF Caregiver Quality of Life Cystic Fibrosis

IV Intravenous

MCID Minimal clinically important difference

MSPSS Multidimensional Scale of Perceived Social Support

ppFEV1 Percent predicted forced expiratory volume in 1 second

SF-12 12-item Short-Form Health Survey

WPAI:SHP Work Productivity and Activity Impairment: Specific Health Problem
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The objective of this study was to quantify the mental/
physical health, social/emotional, and productivity burden
experienced by primary caregivers of children with CF during
a pulmonary exacerbation event necessitating hospitalization
and treatment with IV antibiotics, compared with a period of
“well state” following recovery from a pulmonary exacerba-
tion.

Methods

This investigation was a prospective observational interna-
tional cohort study of primary caregivers of children with
CF conducted at 10 sites in 4 countries—Germany (3 sites),
Ireland (1 site), United Kingdom (3 sites), and the US (3
sites)—from August 2015 to November 2016. The study con-
sisted of a self-reported survey (5 validated instruments and
additional questions) at 2 time points: the first (T1) during
hospitalization for a pulmonary exacerbation and the second
(T2) at a time point ³4 weeks after completion of IV antibi-
otics and following caregiver-reported return of the child to a
“well state” of health for ³1 week. Surveys were administered
on paper in Germany, Ireland, and the United Kingdom and
electronically in the US. All study sites had ethics review
approval, and informed consent was obtained from all
participants.

Primary caregivers were defined as individuals who self-
identified as the primary person caring for the child with
CF; they had to be aged ³19 years. Only 1 primary caregiver
per patient was enrolled. Caregivers were recruited to the
study during the child’s hospitalization for a pulmonary ex-
acerbations and consented to participate in surveys at T1 and
T2. Eligible children had a confirmed diagnosis of CF and
were aged 2-17 years. The children were required to be hos-
pitalized for a minimum of 1 night due to a pulmonary exac-
erbation and to have initiated IV antibiotic treatment in the
hospital with completion of treatment in either the hospital
or at home.

The study excluded primary caregivers with a diagnosis of
CF or who were unable to read and write in English
(Ireland/United Kingdom/US) or German (Germany), as
well as those who were unable or unwilling to provide
informed consent. The study also excluded primary care-
givers of children with CF treated with cystic fibrosis trans-
membrane conductance regulator (CFTR) modulators
(ivacaftor or lumacaftor/ivacaftor) at the time of recruit-
ment (owing to a significant reduction in the number of
pulmonary exacerbation events observed in trials for
CFTR modulators), those with a child with CF treated pro-
phylactically with IV antibiotics for prevention of pulmo-
nary exacerbations in the 3 months before recruitment,
and those with a child with CF who had previously under-
gone lung transplantation. Primary caregivers of children
with CF experiencing a pulmonary exacerbation necessi-
tating hospitalization for the first time were also excluded,
because it was hypothesized that the first hospitalized pul-
monary exacerbation event may impose a greater burden
on the caregivers than subsequent events.
Demographic and clinical characteristics of children with
CF were collected by surveying their caregivers at the time
of pulmonary exacerbation–related hospitalization (T1).
Clinical percent predicted forced expiratory volume in 1 sec-
ond (ppFEV1) was extracted from medical records. When
clinical FEV1 was recorded only in liters, Global Lung Func-
tion Initiative reference equations were applied to convert to
ppFEV1.
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Validated Instruments
Five validated self-report instruments were administered at
T1 and T2. A description of each instrument and the instru-
ment’s scoring scheme follows, with further details on instru-
ment subscales provided in Table I.
The 12-Item Short Form Survey (SF-12) is a generic in-

strument that assesses general health status; it measures
both mental and physical health components over the previ-
ous 4 weeks, with each component including 4 subdomains
(Table I).9 The SF-12 is scored from 0 to 100, with higher
scores indicating better health status.
The Work Productivity and Activity Impairment: Specific

Health Problem V2.0 (WPAI:SHP) questionnaire can be
adapted by investigators to focus on a specific health problem
(in this case, CF) by inserting the specific health problem’s
name throughout the survey as instructed by survey pub-
lishers; thus, it can be applied to caregivers of patients with
CF following adaptation.10 WPAI:SHP generates percentages
to quantify absenteeism, presenteeism, work productivity
loss, and activity impairment associated with caring for a
child with CF, using a recall time of the past 7 days. Absen-
teeism is defined as the percentage of additional hours missed
fromwork; presenteeism, as the percentage of additional pro-
ductivity loss while at work; work productivity loss, as the
percentage of usual productivity lost due to both absenteeism
and presenteeism; and activity impairment, as the percentage
of additional impairment in daily activities due to caregiving
activities for a child with CF. Absenteeism, presenteeism, and
work productivity loss data were collected only from primary
caregivers who were employed, and activity impairment data
were collected from all participants. The instrument is scored
from 0% to 100%, with lower scores representing lower
impact.
The Caregiver Quality of Life Cystic Fibrosis (CQOLCF)

scale is a disease-specific instrument for caregivers of patients
with CF, focusing on physical, emotional, family, and social
functioning over the past 7 days from the time of administra-
tion.11 The instrument is scored from 0 to 140, with lower
scores indicating better functioning of caregivers of children
with CF.
The Multidimensional Scale of Perceived Social Support

(MSPSS) is a generic instrument that assesses perceived social
support offered by family, friends, or a significant other and
quantifies the adequacy of that support.12 The MSPSS is
scored from 1 to 7, with higher scores representing a percep-
tion of greater support from social networks.13

The Child Health Questionnaire–Parent Form 28 (CHQ-
PF28) is a generic instrument that assesses a child’s physical
165



Table I. Scoring elements and scoring of validated instruments

Instrument Scoring elements Scoring Recall period

SF-12 � Mental health-related domains
B Vitality
B Social functioning
B Role limitation
B Mental health perception

� Physical health-related domains
B Physical functioning
B Role limitation
B Bodily pain
B General health

0-100 (higher scores indicate better health status) 4 weeks

WPAI:SHP � Work productivity loss
B Absenteeism
B Presenteeism

� Activity impairment

0%-100% (lower scores indicate reduced impairment) 7 days

CQOLCF � Total 0-140 (lower scores indicate better health status) 7 days

MSPSS � Total support
B Family support
B Friend support
B Significant other support

1-7 (higher scores indicate greater availability of support) 0 days (same day)

CHQ-PF28 � Child-specific components
B Physical health component
B Psychosocial health component

� Parent/family-specific scores
B Parental impact–emotional

score
B Parental impact–time
B Family activities
B Family cohesion

0-100 (higher scores indicate better health status and
family functioning)

4 weeks
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and psychological well-being from the perspective of a
parent/guardian (child-specific components). It evaluates
the effect of the child’s health on the caregiver (eg, the impact
of worry/concern and limitation of time available for per-
sonal needs) and the effect of the child’s physical and
emotional well-being on family functioning (parent/family-
specific scores), using a recall period of 4 weeks.14 The
CHQ-PF28 is scored from 0 to 100, with higher scores indi-
cating that the caregiver perceives the child’s well-being and
family functioning as being in a better state.

Additional Questions
Additional questions were posed to caregivers to capture in-
formation about caregiver burden related to the complexities
of caring for a child with CF. A 9-member panel consisting of
5 caregivers of children with CF, 3 adult patients with CF, and
1 spouse of a patient with CF was consulted in developing
these questions. The complete list of questions is presented
in the Appendix (available at www.jpeds.com). Broadly,
the additional questions examined caregiver burden related
to employment and work life; social, emotional, and family
life; treatment and caregiving responsibilities; personal
finances; and direct/indirect economic burden. Recall
periods for these additional questions ranged from 2 weeks
to 12 months.

Statistical Analyses
Data were summarized using descriptive statistics. Values
were compared between T1 and T2 using paired t tests for
continuous variables and the McNemar test for binary vari-
ables. All statistical tests were 2-sided. Only paired responses
at T1 and T2 were used to make comparisons between the 2
time points. P values were not adjusted for multiple testing
and results were considered statistically significant at
P < .05. Summary statistics, paired t tests, andMcNemar tests
166
were performed using SAS version 9.3 (SAS Institute, Cary,
North Carolina).

Results

A total of 88 self-identified primary caregivers of children
with CF participated in this study at T1 (during hospitaliza-
tion due to a pulmonary exacerbation; Germany, n = 11;
Ireland, n = 7; United Kingdom, n = 14; US, n = 56). Subse-
quently, 82 of the 88 primary caregivers (93%) completed the
survey at T2 (during the caregiver-reported “well state” of
their child with CF; Germany, n = 11; Ireland, n = 6; United
Kingdom, n = 13; US, n = 52). The mean (SD) number of
days between T1 and T2 survey completion was 60.8 (31.5)
(range, 25-195 days).
Characteristics of primary caregivers, characteristics of chil-

dren with CF, and details of CF-related care and pulmonary
exacerbation-related hospitalizations are presented in Table II.
Most caregivers were female (85%), and the caregivers’ mean
(SD) age at T1 was 40.8 (8.4) years. Most caregivers (77%)
were cohabitating with partners (married, 68%; living with
partner, 9%), and 15% of caregivers were divorced, 6% were
single, and 2% were widowed.
The mean (SD) age of children at T1 was 11.9 (3.9) years,

with 56% aged 2-12 years and 44% aged 13-17 years; 59%
were female. Themean (SD) number of pulmonary exacerba-
tions requiring IV antibiotics during the preceding 2 years
was 2.5 (2.8).

Validated Instruments
Primary caregivers of children with CF reported a signifi-
cantly increased burden during pulmonary exacerbations
from a number of instruments (Figure 1). The SF-12
mental health composite score showed that caregivers’
Suthoff et al
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Table II. Characteristics of primary caregivers of
children with CF and children with CF, and details of
CF-related care and pulmonary exacerbations-related
hospitalization

Characteristics Values

Primary caregivers of children
with CF (N = 88)

Age, y, mean (SD; range) 40.8 (8.4; 26.0-68.0)
Female sex, n (%) 74 (85)

Race/ethnicity, n (%)
Caucasian 67 (92)
African American 2 (3)
Hispanic 2 (3)
Asian or Pacific Islander 1 (1)
Other 1 (1)

Education level, n (%)*
High school or less/general

educational
development diploma

34 (39)

Vocational school 8 (9)
Some college 17 (20)
College degree 23 (27)
Postcollege degree 4 (5)

Marital status, n (%)*
Single 5 (6)
Living with a partner 8 (9)
Married 59 (68)
Divorced/separated 13 (15)
Widowed 2 (2)

Number of children,
mean (SD; range)

2 (1; 1-6)

Number of children with CF,
mean (SD; range)

1 (1; 1-3)

Employment status, n (%)*
Employed full-time 28 (33)
Employed part-time 18 (21)
Unable to work due to child’s CF 9 (10)
Unemployed 30 (35)
Self-employed 1 (1)

Caregiver self-reported
depression, n (%)

21 (24)

Physician visits for caregiver in the
past 12 months, mean (SD; range)

2.3 (2.9; 0.0-12.0)

Children with CF (N = 88)

Age, y, mean (SD; range) 11.9 (3.9; 2.8-17.9)
2-12 years, n (%) 49 (56)
13-17 years, n (%) 39 (44)

Female sex, n (%) 51 (59)
F508del homozygous, n (%) 58 (67)
Number of pulmonary exacerbations
experienced in last 2 y,
mean (SD; range)†

2.5 (2.8; 0.0-12.0)

Number of courses of IV antibiotics
in the past 12 mo, mean (SD; range)

2.3 (2.3; 0.0-15.0)

Number of visits to CF physician in
past 12 mo, mean (SD; range)

6.9 (4.6; 0.0-20.0)

ppFEV1, mean (SD; range)
T1 74.2 (19.6; 26.0-105.8)
T2‡ 83.9 (19.7; 36.0-124.0)

Number of caregiver-reported
comorbidities, n (%)§

0 15 (17)
1 19 (22)
2 16 (18)
³3 38 (43)

(continued )

Details of CF-related care and pulmonary
exacerbation-related hospitalization

Distance to CF clinic, miles,
mean (SD; range)

67.4 (133.0; 1.2-900)

Distance to CF urgent care, miles,
mean (SD; range)

21.2 (28.1; 0-170)

Distance to emergency department/hospital,
miles, mean (SD; range)

45.2 (111.8; 1.0-900)

Hospitalization for this pulmonary
exacerbations, n (%)

Planned 39 (44)
Unplanned 49 (56)

Hospital length of stay, d,
mean (SD; range)

11.3 (6.3; 2.0-43.0)

Location of IV antibiotic-treatment
completion, n (%){

Hospital 50 (62)
Home 30 (38)

Days of IV antibiotic treatment at
home, mean (SD; range)

10.0 (3.7; 1.0-21.0)

With the exception of age, genotype information, and ppFEV1, all children’s characteristics in
this table were provided by caregivers.
*Missing data: education level (n = 86), marital status (n = 87), employment status (n = 86).
†Excluding current pulmonary exacerbations.
‡ppFEV1 values from children of 82 caregivers who completed the survey at T2.
§Comorbidities included in the survey: pancreatic insufficiency (60%), anxiety (27%), gastro-
esophageal reflux disease (27%), asthma (24%), CF-related diabetes (19%), nasal polyps
(19%), bronchiectasis (15%), liver damage (11%), hemoptysis (5%), and other (20%).
{Location of IV antibiotic-treatment completion (n = 80). Data for location of IV antibiotic treat-
ment completion are missing in 8 children.

Table II. Continued
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mental health was significantly affected by pulmonary
exacerbation-related hospitalization events; the mean (SD)
score was 39.8 (10.9) at T1 vs 42.5 (10.4) at T2 (P < .001).
SF-12 physical health composite scores did not change
between T1 and T2 (P = .326; Figure 1).
Caregivers reported a significant increase in burden due to

caring for a child with CF in the previous 7 days in the absen-
teeism (mean [SD] increase, 30.1% [28.8%]; P < .001) and
presenteeism (22.2% [34.6%]; P = .003) components of the
WPAI:SHP questionnaire at T1 vs T2, leading to a mean
(SD) work productivity loss of 32.8% (37.8%) (P < .001)
among employed caregivers. The mean (SD) increase in activ-
ity impairment across all caregivers at T1 vs T2 was 23.6%
(37.3%) (P < .001; Figure 1). Employed caregivers reported
an increase in missed hours at work, with a mean (SD) of
16.7 (14.7) missed hours per week at T1 vs 3.5 (6.7) at T2
(P < .001). Caregiver-reported quality of life, as measured by
the CQOLCF scale, did not change significantly between T1
and T2 (Figure 1). Primary caregivers reported that social
support, as measured by the MSPSS, was high regardless of
the child’s health status; however, family support was
significantly increased at T1 relative to T2 (Figure 1).
Caregiver-assessed physical health of the child with CF

as measured using the CHQ-PF28 was significantly lower
at T1 vs T2 (Figure 1). The psychosocial health of
children with CF as assessed by caregivers did not change
significantly between T1 and T2. As measured by CHQ-
PF28 parent/family-specific scales, caregivers reported a
ith Cystic Fibrosis 167
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Figure 1. Results of validated instruments. The direction of the arrow indicates whether ascending or descending scores
represent a positive change.
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significantly greater impact on emotional worry/concern,
greater limitation in time available for personal needs
due to the child’s physical health and emotional well-
being, and greater interruption in family activities at T1
vs T2. Caregivers reported no change in the family’s
ability to get along with one another between the 2 time
points.

Additional Questions
Based on data collected at T1, the majority of caregivers re-
ported reducing or ceasing employment due to their child’s
CF, including 61% who reported changing from full-time
to part-time work or reduced hours and 61% reporting cessa-
tion of employment altogether due to their child’s CF (non-
mutually exclusive categories). Overall, 75% of caregivers
reported ever reducing working hours or quitting their jobs
due to their child’s CF. A total of 61% of caregivers altered
their career path or career choice, and 36% felt afraid of
losing their job because of their child’s CF (Figure 2,
available at www.jpeds.com).

Caregivers reported a high burden of their child’s CF on
social, emotional, and family life at both time points,
although the proportion reporting a burden was significantly
greater at T1. The proportion of caregivers reporting that
their ability to look after other children in their care was
affected by their child with CF was 85% at T1 vs 47% at T2
(P < .001); a similar pattern was reported in caregivers’ ability
to look after other family members at T1 compared with T2
(69% vs 48%; P = .002). The proportion of caregivers report-
ing an impact of CF on participation in social activities was
higher at T1 compared with T2 (79% vs 58%; P < .001); simi-
larly, a higher proportion of caregivers reported an impact on
planning family outings and travel at T1 compared with T2
(79% vs 63%; P = .018). In addition, caregivers reported a
significant decrease in their ability to spend quality time
with partners during their child’s pulmonary exacerbation–
related hospitalization at T1 compared with T2 (88% vs
68%; P = .001), as well as a more significant burden related
to their ability to take care of their own heath during T1
(77% vs 62%; P = .004) (Figure 2).

Caregivers reported similar combined direct and indirect
hours per day spent caring for the child with CF (including
activities such as managing nonmedication treatment,
driving to the hospital/clinic, speaking with the clinician,
and managing appointments) at T1 and T2 (mean [SD],
6.1 [7.3] hours vs 4.7 [5.8] hours; P = .132) (Figure 2).

Pulmonary exacerbations were associated with a signif-
icant increase in both paid and unpaid assistance from
friends and family as well as from childcare and health
care providers. The total mean (SD) hours of assistance
in the previous 2 weeks across categories was 25.1
(69.2) at T1 vs 6.1 (16.7) at T2 (P = .023), with the ma-
jority of those hours composed of unpaid assistance from
family members (mean [SD], 20.1 [53.7] at T1 vs 3.7
[12.4] at T2; P = .010) (Figure 2).
Caregiver Burden Due to Pulmonary Exacerbations in Patients w
Respondents in theUSwere asked to quantify the estimated
out-of-pocket costs associatedwith their child’s CFduring the
previous year. Mean (SD) estimated costs were USD 2126
(4747) (median, USD 525; range, USD 0-28 400), and the
main estimated contributors to mean cost were professional
childcare (mean, USD 818), out-of-pocket costs for CF
medications (mean, USD 627), and travel to the clinic
(mean, USD 303).

Discussion

The negative impact of pulmonary exacerbations on phys-
ical health and quality of life in both adults and children
with CF have been studied previously.2-4 However, there re-
mains limited understanding of the wide-ranging psycho-
logical and social impacts of pulmonary exacerbations in
children with CF on their primary caregivers. This study
specifically evaluated the family/social/emotional burden
of pulmonary exacerbations on caregivers of children with
CF. We found that the burden on a primary caregiver is
substantially higher during a pulmonary exacerbation-
related hospitalization than in a “well state” of health.
This increase in burden during a pulmonary
exacerbation–related hospitalization compared with the ex-
isting burden associated with caring for a child with CF
demonstrates that the impact of pulmonary exacerbations
events is considerable for caregivers.
Our results are generally consistent with the few previous

studies of caregiver burden in CF. The burden of care during
“well state” in our cohort is similar to that recently reported
by Fitzgerald et al6 in an Irish cohort. Similarly, the voca-
tional impact of CF on caregivers, collected from adolescents
and their parents at 19 Italian CF referral centers, was sub-
stantial .15

The findings of this study are also similar to those of
studies assessing caregiver burden in other chronic illnesses.
Although the studies used different instruments to assess
caregiver burden, substantial levels of burden were reported
among those caring for children with general chronic dis-
eases,16 hemophilia,17 cerebral palsy,18 autism,19 feeding/
swallowing problems,20 and cancer,21 as well as among those
caring for adults with Parkinson disease22 and various types
of cancer.23-25 In addition, the levels of burden reported us-
ing the WPAI:SHP questionnaire in our study during the
“well state” are similar in magnitude to those reported in
studies using WPAI:SHP among caregivers of children with
uncontrolled asthma26 and among caregivers of adults with
poststroke spasticity,27 with schizophrenia,28 and undergoing
cancer treatment.29 The 2- to 4-fold increase in WPAI:SHP
scores in our study during a pulmonary exacerbation–
related hospitalization relative to the “well state” suggest
that this markedly increased burden is meaningful.
The minimal clinically important difference (MCID) for a

patient-reported outcome indicates the smallest change that
a patient would identify as meaningful. The MCID for the
ith Cystic Fibrosis 169
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SF-12 has been established in other disease states; the values
range from at the low end 3 points in the mental component
composite score in Parkinson disease30 to at the high end 13
points in the physical component composite score for pain
after spinal surgery.31 Although an MCID for patients with
CF or their caregivers has not been determined, this study re-
ported a difference of 3.2 points between T1 and T2 for the
SF-12 mental health composite score, which could indicate
a meaningful change. Moreover, MCIDs for the other vali-
dated instruments in this study (WPAI:SHP, CQOLCF,
MSPSS, SF-12, and CHQ-PF28) have not been determined
in CF. Therefore, future studies aimed at evaluating the
MCID for these validated health-related quality of life instru-
ments in patients with CF would be of value.

Some of the validated instruments (eg, the CHQ-PF28 and
SF-12) have reference values for the US population that are
useful for benchmarking CF caregivers’ reported values.14,32

The CHQ-PF28 and SF-12 have an established mean refer-
ence value of 50 with a SD of 10 for the US population.14,30,32

Caregivers in this study reported lower scores for the CHQ-
PF28 physical and psychosocial health of their children with
CF at both time points relative to the US population.
Furthermore, compared with parents of school-age children
with chronic conditions such as asthma, headaches, and
hearing problems, in this study, caregivers of children with
CF reported lower scores on the CHQ-PF28 physical and psy-
chosocial health components for their children, and for
parental impact–emotional score, parental impact–time,
and family activities scales during the “well state”. However,
the results for family cohesion were similar for caregivers of
children with CF and parents of school-age children with
other chronic conditions.14 The caregivers of children with
CF in this study reported a lower SF-12 mental health com-
posite score at both time points relative to the US population.
These findings suggest that the burden on caregivers in CF,
although markedly increased during pulmonary exacerba-
tions, may also be substantial during the “well state”.

In addition, caregivers reported a substantial impact on
many aspects of their lives, including career, family life, social
activities, and level of emotional burden. The impact on care-
givers’ careers is pronounced; a majority of participants
(mostly mothers) reported changing jobs or altering their
career choice because of their child’s CF, and one-third of
caregivers reported a fear of losing their job. During pulmo-
nary exacerbation–related hospitalization, and compared
with the “well state,” almost twice as many caregivers re-
ported that their ability to care for their other children and
family members was reduced. Hours of unpaid assistance
from family, friends, and neighbors increased markedly,
and direct and indirect hours of care (including hours spent
managing the medication of their child with CF) also were
increased during a pulmonary exacerbation-related
hospitalization.

This study has several strengths, including its examination
of burden with a variety of instruments both during and after
170
a pulmonary exacerbation. The sample size is reasonable for a
longitudinal study in a relatively rare disease such as CF, and
the results come directly from primary caregivers. Despite
these strengths, however, the study has several limitations.
It evaluates the burden only on the primary caregiver, and
not on any other members of the family. Consequently, the
results do not address the burden experienced by the entire
family unit. The primary caregivers composing the study
population were overwhelmingly female (85%); although
this may reflect a real-world division of sex in the role of care-
giver, caution should be exercised when applying the results
of the study, and its implications, to male caregivers, who
may have different employment and caregiving patterns.
We also did not enroll participants on CFTRmodulator ther-
apy, so our results are not generalizable to this population. It
will be important to evaluate the burden of pulmonary exac-
erbations on caregivers of patients with CF who are pre-
scribed highly effective modulators in the future. The recall
periods for the validated instruments and additional ques-
tions that composed the study were between 0 days and
4 weeks, which might affect the validity of the results due
to recall bias. Because this study included a sample of medical
centers and may have included a particularly engaged popu-
lation of caregivers willing to complete the surveys, the results
might not be generalizable to the wider population. Further-
more, the intent of this study was to identify the domains of
increased caregiver burden during periods of hospitalization
using validated and other questionnaires, and thus we did not
perform multivariable modeling to adjust for disease severity
or other potential confounding factors. Finally, differences
may exist across patient and caregiver populations and insur-
ance groups and socioeconomic status; however, the limited
sample size did not allow for stratified analyses by different
subgroups. Stratified analyses of caregivers by countries (Eu-
ropean cohort of this study) and by insurance type in the US
cohort (commercial/Medicaid) reported similar trends in
results.33,34

In conclusion, we found that during pulmonary
exacerbation–related hospitalization of a child with CF, pri-
mary caregivers report significant work productivity loss
and social activity impairment and lower mental health sta-
tus. They also report increased limitations in family func-
tioning, reduced physical health status of the child with CF
in their care, and high level of support from family and social
networks. Preventing pulmonary exacerbations in children
with CF may substantially reduce the burden on their
primary caregivers. n
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Figure 2. Categories for impact on caregiver career are not mutually exclusive. Social/emotional impact of CF at T1 and T2 is
depicted by combining the categories of little/somewhat/great deal of burden, and excluding the category of no burden.
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