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Abstract

Background: Central precocious puberty (CPP) requires long-term, family-managed care; however,
existing generic instruments assessing family impact or caregiver burden do not adequately capture
CPP-specific concerns, including treatment-regimen convenience, disease knowledge, decision-making
drivers, psychosocial challenges, and financial strain. This study aimed to develop and psychometrically
evaluate CaregiverCPP, a disease-specific caregiver-reported outcome measure designed to assess
caregivers’ experiences in managing CPP.

Methodology: We conducted a multicenter, mixed-methods study at eight tertiary pediatric endocrinology
centers in China in accordance with the Consensus-Based Standards for the Selection of Health
Measurement Instruments (COSMIN) principles. Phase | involved item generation and content validation
through a literature review, caregiver interviews, two rounds of Delphi expert consultation, and cognitive
interviews. In Phase I, 1,476 primary caregivers were randomly assigned to exploratory factor analysis
(EFA) and confirmatory factor analysis (CFA) samples. Reliability was assessed in terms of internal
consistency and test-retest reliability. Item response theory and differential item functioning analyses
were used to evaluate measurement precision and preliminary measurement invariance, respectively.

Results: The final 38-item CaregiverCPP comprised six domains: treatment burden and convenience,
psychosocial and daily-life impact, disease knowledge and understanding, treatment preferences and
decision-making drivers, attitudes and economic burden, and caregiving practice. CFA supported the six-
factor structure and demonstrated good model fit (RMSEA = 0.049; CFl = 0.951). Internal consistency
was excellent for the total scale (Cronbach’s a = 0.912), and test-retest reliability was high (intraclass
correlation coefficient = 0.891). Item discrimination parameters were high (a = 1.51-2.79), indicating
good measurement precision. No meaningful differential item functioning by child sex was detected
(AR2<0.02).

Conclusions: CaregiverCPP provides initial evidence of content validity, structural validity, reliability,
measurement precision, and sex-related measurement invariance as a disease-specific caregiver-
reported outcome measure for CPP. The instrument may support the standardized assessment of CPP-
related caregiving experiences in clinical research and family-centered care. Further studies should
evaluate its convergent validity, responsiveness, interpretability, and minimal important difference.

Background

Central precocious puberty (CPP) is caused by the premature activation of the hypothalamic—pituitary—
gonadal axis, which initiates the process of puberty earlier than expected. Beyond its implications for
linear growth and final adult height, CPP poses complex clinical-management issues and profound
psychosocial implications. Recent multinational studies indicate an increased incidence of CPP, with an
evident trend of “increased diagnosis and accelerated progress” in the context of lifestyle disturbances
associated with the COVID-19 pandemic, underscoring the non-negligible public health and family-level
implications of this condition [1-6].
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From the patient and family perspective, the impact of CPP extends beyond growth velocity and the
development of secondary sexual characteristics. Existing research has shown that CPP—particularly
idiopathic CPP—is associated with reduced health-related quality of life and a higher risk of behavioral
and emotional problems in affected children. The family system and the physical and mental well-being
of caregivers are directly linked to the child’s quality of life, supporting the importance of a “family-unit”
approach for long-term management, particularly given the requirement for regular gonadotropin-
releasing hormone agonist (GnRHa) therapy [1, 7-11].

Existing quantitative methods to characterize the caregiver—patient dyad in CPP are inadequate. General
measures such as the PedsQL Family Impact Module and the Zarit Burden Interview (ZBI), although
broadly used across chronic conditions, tend to capture only generic constructs and may overlook
details specific to CPP, including disease and treatment knowledge, treatment preferences and risk—
benefit profiles, real-world management practices, and treatment-related financial burden. Moreover, the
absence of a rigorously validated, CPP-specific caregiver-reported outcome instrument hinders accurate
quantification of family burden, evaluation of interventions, and generation of interpretable findings for
clinicians and decision-maker [8, 12, 13]. Regulators and the academic community increasingly
emphasize patient- and caregiver-focused outcomes in clinical evaluation. The U.S. Food and Drug
Administration (FDA) Patient-Reported Outcome (PRO) guidance explicitly requires that measurement
instruments be supported by strong evidence of content validity and psychometric properties to support
claims of clinical benefit. The Consensus-Based Standards for the Selection of Health Measurement
Instruments (COSMIN) initiative similarly emphasizes content validity in the development and
application of PROMs, and provides transparent evidence-synthesis and reporting standards now widely
adopted internationally [14-19].

Against this background, the present study aimed to develop and validate a disease-specific instrument
for caregivers of children with CPP—the CaregiverCPP—in accordance with COSMIN guidelines. The aim
was to provide a systematic tool to capture the caregiving experience in CPP and to evaluate its
reliability, structural validity, and measurement invariance. The instrument is intended to serve as a
standardized outcome measure for clinical practice, patient education, family-centered care, and future
clinical research.

Methods
Study design

We adopted a multi-phase, mixed-methods design to develop and psychometrically evaluate the
CaregiverCPP, a disease-specific caregiver-reported outcome measure for primary caregivers of children
with CPP. The study protocol followed COSMIN guidelines and combined content validation (Phase I)
with psychometric validation (Phase Il). The study was conducted and reported in accordance with the
COSMIN reporting guideline for studies on measurement properties of patient-reported outcome
measures (version 2.0) [17] and additionally referenced the STROBE checklist where relevant.
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Participants and eligibility

Primary caregivers were defined as family members (parents or grandparents) bearing major
responsibility for the child’s daily care and medical decision-making. A multicenter cross-sectional
design was used to maximize representativeness and generalizability, recruiting participants across
eight tertiary-level pediatric endocrinology centers in different geographical regions of China. Inclusion
criteria were: (i) children with a confirmed clinical diagnosis of CPP; (ii) children aged 2-16 years; (iii)
caregivers = 18 years of age with adequate Chinese functional literacy; and (iv) voluntary participation
with informed consent. Exclusion criteria were: (i) children with severe chronic illness, significant
neurological disorders, or other conditions likely to substantially influence the caregiving experience; and
(ii) caregivers with diagnosed intellectual impairment, significant mental health problems, or any other
condition that would prevent independent completion of the questionnaire.

Scale development and content validity

Content validity was established using a three-step COSMIN-guided process: item-pool generation,
expert consultation, and cognitive interviews. First, an initial item pool was generated by integrating a
systematic literature review, semi-structured caregiver interviews, and clinical expert input, organized
around a conceptual framework of five domains—illness perception, treatment attitude, care practices,
psychological impact, and financial burden—rated on a five-point Likert scale. Two rounds of Delphi
consultation were then performed with a multidisciplinary expert panel (pediatric endocrinology, nursing,
and psychology), with items evaluated on importance and clarity to derive a pilot version. Finally,
cognitive interviews using a think-aloud technique were conducted with caregivers of varying
educational backgrounds to evaluate comprehensibility and response processes, ensuring the
appropriateness of the instrument for the target population.

Statistical analysis

After content validity was established, psychometric properties were evaluated using a cross-sectional,
multicenter sample. In accordance with COSMIN recommendations for evaluation of structural validity,
the full sample was randomly split into two independent subsamples stratified by age and sex: Sample A
for item analysis and exploratory factor analysis (EFA), and Sample B for confirmatory factor analysis
(CFA). ltem analysis included evaluation of distributional properties, discrimination, and item-total
correlations, integrated with prior content validity evidence.

Structural validity was evaluated using an exploration—verification approach. EFA was performed on
Sample A to identify the latent factor structure, allowing for inter-factor correlations; CFA on Sample B
was used to test and compare competing models. Internal consistency was assessed using Cronbach'’s
a and McDonald’s w. Item response theory (IRT) analyses using a graded response model (GRM) were
used to estimate item discrimination and information functions. Differential item functioning (DIF)
analyses tested measurement invariance across major subgroups. Test-retest reliability was evaluated
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in a subsample of caregivers (target n = 80—120) reassessed approximately two weeks after baseline,
assuming no substantial clinical change in the interval; intraclass correlation coefficients (ICCs) were
estimated for total and subscale scores. All analyses were performed in R version 4.4.1 and Python
version 3.10.

Results

Scale development and content validity

The initial item pool comprised 57 candidate items. Two rounds of Delphi consultation (n = 10 experts)
screened and refined items to achieve the predefined Item-Content Validity Index (I-CVI) threshold of >
0.78. In Round 1, items containing technical language or referring to the diagnostic phase were identified
as ambiguous. In Round 2, structural improvements were made—notably the decomposition of
compound constructs, unification of first-person voice (“I”), and refinement of the financial-burden
wording. Subsequent cognitive interviews revealed variability in interpretation of medical terminology
(“bone age”) and frequency qualifiers (“frequently”). After incorporating glossarial annotations and
explicit time-frame references, the pilot version of the CaregiverCPP comprised 38 core items (Additional
file 7).

Characteristics of the study population

Following age-range screening (2-16 years), 1,476 primary caregivers were retained for analysis. The
sample was randomly split into two equal subsamples for EFA and CFA (n = 738 each). Most caregivers
were mothers, with the majority aged 30—39 years, and more than half holding a university degree or
above. Most patients were girls and were receiving standard treatment at the time of survey
administration (Table 1). The two subsamples were well balanced on key continuous variables (child
age, caregiver age, total scale score), with no statistically significant differences (all P > 0.05; Table 1).
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Table 1

Baseline characteristics and assessment of comparability between subsamples (N = 1,476)

Characteristic

Caregiver relationship, n (%)
Mother

Father

Othert

Caregiver age group, n (%)
<30 years

30-39 years

40-49 years

> 50 years

Education level, n (%)
Middle school or below

High school / vocational
school

Junior college (associate
degree)

Undergraduate (bachelor’s)
Master’s or above

Monthly household income
(CNY), n (%)

< 5,000
5,001-10,000
10,001-20,000
20,001-30,000
>30,000

Child sex, n (%)

Total (N =
1,476)

919 (62.3)
439 (29.7)
118 (8.0)

52 (3.5)
863 (58.5)
489 (33.1)
72 (4.9)

106 (7.2)
175 (11.9)

308 (20.9)

746 (50.5)
141 (9.6)

204 (13.8)
503 (34.1)
447 (30.3)
190 (12.9)
132 (8.9)

Sample A: EFA

(n=738)

454 (61.5)
220 (29.8)
64 (8.7)

26 (3.5)
429 (58.1)
246 (33.3)
37 (5.0)

54 (7.3)
84 (11.4)

155 (21.0)

372 (50.4)
73(9.9)

105 (14.2)
245 (33.2)
227 (30.8)
91 (12.3)
70 (9.5)

Sample B: CFA

(n=738)

465 (63.0)
219 (29.7)
54 (7.3)

26 (3.5)
434 (58.8)
243 (32.9)
35 (4.7)

52 (7.0)
91 (12.3)

153 (20.7)

374 (50.7)
68 (9.2)

99 (13.4)
258 (35.0)
220 (29.8)
99 (13.4)
62 (8.4)

P value

0.72

0.98

0.96

0.61

0.34

Note. Data are presented as n (%) or mean + SD. Comparisons used the x2 or Fisher exact test for
categorical variables and the independent-samples t test or Wilcoxon rank-sum test for continuous
variables. All tests were two-sided; P < 0.05 indicates statistical significance. T “Other” includes
grandparents and other legal primary caregivers. CFA, confirmatory factor analysis; EFA, exploratory
factor analysis; SD, standard deviation.
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Characteristic Total (N = Sample A: EFA Sample B: CFA P value
1,476) (n=738) (n=738)

Female 1,069 (72.4) 542 (73.5) 527 (71.4)

Male 407 (27.6) 196 (26.5) 211 (28.6)

Currently receiving 0.22

treatment, n (%)

Yes 1,190 (80.6) 586 (79.4) 604 (81.9)

No 286 (19.4) 152 (20.6) 134 (18.1)

Child age (years), mean + SD 9.49+2.11 9.48+2.13 9.50+2.09 0.86

Age at diagnosis (years), 8.42+1.86 8.41+1.77 8.42+1.95 0.91

mean * SD

Easrggiver age (years), mean 38.60+5.77 38.31+5.84 38.89+5.69 0.09

Total scale score, mean * SD 114.66 +21.5 114.63+21.7 114.70+21.3 0.93

Note. Data are presented as n (%) or mean + SD. Comparisons used the X2 or Fisher exact test for
categorical variables and the independent-samples t test or Wilcoxon rank-sum test for continuous
variables. All tests were two-sided; P < 0.05 indicates statistical significance. T “Other” includes
grandparents and other legal primary caregivers. CFA, confirmatory factor analysis; EFA, exploratory
factor analysis; SD, standard deviation.

Item analysis and exploratory factor analysis (Sample A)

In Sample A (n = 738), item analysis demonstrated well-balanced response distributions and strong
discrimination without notable floor or ceiling effects (Additional file 1, Tables S2-S3). Parallel analysis
showed that the observed eigenvalues for the first six factors exceeded the 95th-percentile eigenvalues
from random permutations; consistent with this, the scree plot identified the sixth factor as the structural
inflection point, supporting a six-factor solution (Fig. 1). With Promax oblique rotation, most items
showed substantial primary loadings on their assigned factors (typically = 0.40), with negligible cross-
loading, supporting structural specificity. ltem 17 showed a suboptimal primary loading and was retained
within its content domain pending confirmatory evaluation. The factor assignments and primary
loadings are summarized in Table 2; the full factor-loading matrix and communalities are provided in
Additional file 1, Table S2.
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Table 2

Exploratory factor analysis of the CaregiverCPP: primary factor assignments and loadings (Sample A, n

= 738)

No.

10

11

12

13

14

Item description

Understanding of the potential causes of CPP
Understanding of the diagnostic process for CPP
Understanding of the role of “bone age” in

diagnosis and treatment

Understanding of the primary goal of GnRHa
(“suppression shot”) therapy

Awareness of potential impacts on future
psychological health, beyond height outcomes

Knowledge that the main difference between
formulations (e.g., monthly vs. 3-monthly) lies in
frequency and convenience

Awareness of common, mild side effects during
treatment (e.g., local redness or pain)

Knowledge of appropriate management for mild
local reactions following injection

Belief that GnRHa therapy is necessary for
children with CPP

Concern regarding potentially unknown risks of
the medication

Belief that therapy is critical for improving final
adult height

Perceived stress related to routine management
tasks (e.g., timely injections, follow-ups)

Regular monitoring and recording of growth
indicators in the past month

Active information seeking regarding CPP via
internet or books in the past month

Factor domain

F3 Disease perception &
information

F3 Disease perception &
information

F3 Disease perception &
information

F3 Disease perception &
information

F3 Disease perception &
information

F3 Disease perception &
information

F3 Disease perception &
information

F3 Disease perception &
information

F5 Treatment attitude &
financial burden

F5 Treatment attitude &
financial burden

F5 Treatment attitude &
financial burden

F5 Treatment attitude &
financial burden

F6 Caregiving practices &

active management

F6 Caregiving practices &

active management

Loading
0.54

0.73

0.67

0.61

0.6

0.65

0.73

0.67

0.67

0.57

0.66

0.59

0.55

0.63

Note. Primary factor loadings derived from EFA using Promax oblique rotation. The complete factor-
loading matrix and communalities are provided in Additional file 1, Table S2. t Item 17 showed a
primary loading of 0.28, below conventional thresholds, but was the only item directly assessing
caregivers’ management of and coping with fear during GnRHa injections. Given its unique content
coverage and clear clinical relevance confirmed by expert review, the item was retained to preserve
content validity. CPP, central precocious puberty; GnRHa, gonadotropin-releasing hormone agonist.
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No.

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

Item description

Attempting to discuss the condition and
treatment with the child in an age-appropriate
manner

Strict adherence to the doctor’s schedule to
ensure every treatment session in the past month
Perceived challenge in helping the child overcome
fear of injections in the past month

Feeling depressed or anxious due to the child’s
condition in the past month

Engaging in deep conversations with others
regarding the condition in the past month

Feeling that family life was disrupted by the
child’s condition in the past month

Significant worry about suboptimal final height
due to the condition in the past month

Significant worry about unknown long-term side
effects of treatment in the past month

Significant worry about the child being bullied or
isolated at school due to early development

Significant worry that the child is psychologically
unprepared for early development

Perception of examination fees (e.g., ultrasound,
bone age, labs, MRI) as a major household
expense

Financial strain caused by transportation and
accommodation costs for frequent hospital visits

Perception that total treatment costs exceed the
family’s financial capacity

Effectiveness in controlling sexual development

Maximizing improvement in future adult height

Factor domain

F6 Caregiving practices &

active management

F4 Treatment
preferences & decision
drivers

F2 Psychosocial & daily-
life impact

F2 Psychosocial & daily-
life impact

F2 Psychosocial & daily-
life impact

F2 Psychosocial & daily-
life impact

F2 Psychosocial & daily-
life impact

F2 Psychosocial & daily-
life impact

F2 Psychosocial & daily-
life impact

F2 Psychosocial & daily-
life impact

F5 Treatment attitude &
financial burden

F5 Treatment attitude &
financial burden

F5 Treatment attitude &
financial burden

F4 Treatment
preferences & decision
drivers

F4 Treatment
preferences & decision
drivers

Loading
0.63

0.61

0.281

0.8

0.48

0.67

0.82

0.86

0.73

0.82

0.47

0.47

0.4

0.65

0.65

Note. Primary factor loadings derived from EFA using Promax oblique rotation. The complete factor-
loading matrix and communalities are provided in Additional file 1, Table S2. t Item 17 showed a
primary loading of 0.28, below conventional thresholds, but was the only item directly assessing
caregivers’ management of and coping with fear during GnRHa injections. Given its unique content
coverage and clear clinical relevance confirmed by expert review, the item was retained to preserve
content validity. CPP, central precocious puberty; GnRHa, gonadotropin-releasing hormone agonist.
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30

31

32

33

34

35

36

37

38

No.

Item description

Probability of treatment-induced weight gain

Type and probability of potential side effects (e.g.,
local reactions)

Minimizing hospital visits

Minimal interference with school, sports, and
daily activities

Lower injection frequency (e.g., 3-monthly vs.
monthly)

The child’s level of fear regarding different
injection methods

Lower cost of the treatment regimen

Professional recommendation from the doctor

Alignment between injection frequency and
follow-up frequency

Factor domain

F1 Treatment burden &
convenience

F1 Treatment burden &
convenience

F1 Treatment burden &
convenience

F1 Treatment burden &
convenience

F1 Treatment burden &
convenience

F1 Treatment burden &
convenience

F1 Treatment burden &
convenience

F4 Treatment
preferences & decision
drivers

F4 Treatment
preferences & decision
drivers

Loading
0.55

0.71

0.76

0.71

0.8

0.74

0.65

0.66

0.48

Note. Primary factor loadings derived from EFA using Promax oblique rotation. The complete factor-
loading matrix and communalities are provided in Additional file 1, Table S2. T Item 17 showed a
primary loading of 0.28, below conventional thresholds, but was the only item directly assessing
caregivers’ management of and coping with fear during GnRHa injections. Given its unique content
coverage and clear clinical relevance confirmed by expert review, the item was retained to preserve
content validity. CPP, central precocious puberty; GnRHa, gonadotropin-releasing hormone agonist.

Confirmatory factor analysis (Sample B)

The six-factor structure derived from Sample A was confirmed in Sample B (n = 738). Standardized
loadings ranged from 0.38 to 0.86, with all items loading on their hypothesized factors (Table 3). The
measurement model demonstrated good fit: x2/df =2.778, RMSEA = 0.049, CFl = 0.951, and TLI=0.947
(Table 3). The standardized path coefficients and factor inter-correlations are illustrated in Fig. 2.
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Table 3

Six-factor structure and confirmatory factor analysis (CFA) model-fit indices of the CaregiverCPP
(Samples A and B)

Factor / fit index Items / observed  EFA loadings (Sample CFA loadings (Sample

value A) / Criterion B) / Result

Panel A. Factor structure
F1 Treatment burden & g30—-q36 0.55-0.80 0.65-0.80
convenience
F2 Psychosocial & daily- q17-q24 0.28-0.86 0.51-0.86
life impact
F3 Disease knowledge & g1-qg8 0.54-0.73 0.61-0.73
understanding
F4 Preference & decision q16,q28—-q29, 0.48-0.66 0.48-0.66
drivers g37-q38
F5 Attitudes & economic q9-q12, q25- 0.40-0.67 0.38-0.67
burden q27
F6 Caregiving practice g13-q15 0.55-0.63 0.74-0.76
Panel B. CFA model-fit indices
x2/df 2.778 < 5 acceptable; < 3 Good

good
RMSEA 0.049 < 0.08 acceptable; < Good

0.06 good
CFI 0.951 >0.90 acceptable; > Good

0.95 good
TLI 0.947 >0.90 acceptable; > Acceptable

0.95 good

Note. Panel A shows the range of primary loadings from EFA (Sample A, n = 738) and the
standardized loadings from CFA (Sample B, n = 738; see also Fig. 2). Panel B presents the CFA
model-fit indices. Cut-offs follow established guidelines for structural equation modeling [20-22].
CFl, comparative fit index; df, degrees of freedom; RMSEA, root mean square error of approximation;
TLI, Tucker—Lewis index; x?, chi-square.

Internal consistency and reliability

In the full sample (N = 1,476), the CaregiverCPP showed excellent internal consistency, with Cronbach’s
a=0.912. Subscale reliability was also strong (Cronbach’'s a = 0.796-0.878; McDonald’s w = 0.772-
0.883; Table 4). Test-retest reliability, evaluated in a convenience subsample of 100 caregivers
reassessed approximately two weeks after baseline, was excellent for the total scale (ICC =0.891) and
good to excellent for the subscales (ICC = 0.778-0.876). These results support the construct reliability

of both the total scale and its subscales.
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Table 4
Internal consistency and test—retest reliability of the CaregiverCPP (N = 1,476)

Factor Domain No. of Cronbach’s a McDonald's w ICC (test-
items retest)

Total Total scale 38 0.912 - 0.891

F1 Treatment burden & 7 0.873 0.873 0.852
convenience

F2 Psychosocial & daily-life 8 0.878 0.883 0.876
impact

F3 Disease knowledge & 8 0.851 0.856 0.821
understanding

F4 Preference & decision 5 0.847 0.856 0.803
drivers

F5 Attitudes & economic 7 0.799 0.772 0.785
burden

F6 Caregiving practice 3 0.796 0.798 0.778

Note. Internal consistency (Cronbach’s a and McDonald’s w) was estimated on the aggregate sample
(N =1,476). Test-retest reliability was estimated on a subsample (n = 100) reassessed
approximately two weeks after baseline, using a two-way random-effects ICC model with absolute
agreement for single ratings. ICC values > 0.75 are considered good and > 0.90 excellent [23-25].
ICC, intraclass correlation coefficient.

Item characteristics and measurement precision

To evaluate item-level measurement precision, a GRM under the IRT framework was fitted to the final
sample. ltem discrimination (a) parameters and threshold (b) parameters were estimated, and the test-
and item-information functions were plotted to characterize the instrument'’s precision (Additional file 1,
Table S3 and Figures S2-S7). Discrimination parameters ranged from 1.51 to 2.79, indicating strong
item discrimination with respect to the latent trait. The information functions concentrated maximum
precision around the mid-range of the latent trait dimension, indicating that the scale is most informative
for moderate levels of caregiving burden, disease understanding, and treatment preferences (Additional
file 1, Table S3 and Figures S2-S7).

Measurement invariance across key subgroups

To evaluate fairness across subgroups, we conducted DIF analyses for child sex. A nested ordinal
logistic regression approach was used to test both uniform and non-uniform DIF, with a conservative cut-
off of AR2MHNEN = 0.020 [26, 27]. AR? values for all items were well below this threshold (maximum 0.017;
Additional file 1, Table S4 and Figure S8), supporting measurement invariance across child sex and
indicating that between-group differences in scale scores reflect genuine differences rather than
measurement artifacts.
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Discussion
Principal findings

Using a large multicenter real-world dataset, we developed and validated the CaregiverCPP—a disease-
specific instrument for caregivers of children with CPP. The instrument demonstrates a robust six-
dimensional structure that spans the spectrum of caregiving experience from burden to proactive
management, with strong construct validity, internal consistency, and test-retest reliability. To our
knowledge, this work fills a notable gap in pediatric endocrinology: the absence of a disease-specific
caregiver-reported outcome measure capable of quantifying the chronic, context-dependent demands of
CPP management.

Comparison with previous studies

In terms of disease context, recent epidemiological work, including studies during and after the COVID-
19 pandemic, has documented increased CPP incidence and care-utilization, making rigorous
measurement of family caregiving burden not only a methodological priority but a pressing practical
need [28, 29]. Systematic reviews highlight regional heterogeneity in pandemic-era CPP epidemiology
and underscore the need for granular assessment of family and caregiving experience to explain such
heterogeneity. High-quality reviews also emphasize that decision-making in CPP care involves complex
trade-offs among height gain, psychosocial impact, treatment regimens, and follow-up—features that
generic instruments are not designed to capture [1, 27].

From a measurement-tools perspective, currently used instruments are largely generic. The PedsQL™
Family Impact Module (FIM) captures the effect of pediatric chronic illness on parental health-related
quality of life and family functioning; although valuable for cross-condition comparison, its domains
center on “general functioning and emotional consequences,” leaving CPP-specific themes such as the
convenience of injections and visits, preferences and decision drivers, and disease-specific knowledge
under-addressed [30]. The ZBI has long served as a standard for caregiver burden, with extensive
evidence on its validity and short forms; however, its primary use has been in geriatric and long-term-
care contexts, and direct adaptation to pediatric endocrinology risks measurement gaps because it
captures generic stress while overlooking the disease-management processes and decisional conflicts
characteristic of CPP [31-33].

Mechanisms and innovation

A key innovation of this study is the development of the first disease-specific assessment framework for
the CPP caregiving experience. The CaregiverCPP operationalizes a continuous process model linking
“objective burden” to “subjective appraisal” and ultimately to “behavioral adaptation,” providing a
mechanistic lens on how caregivers experience and respond to CPP care demands. First, the treatment-
convenience and economic-attitude domains capture friction costs inherent to the healthcare system:
the long follow-up periods and injection regimens generate cumulative stress, and this medical friction is
often an underlying driver of variable adherence. Second, the disease-knowledge and decision-driver
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domains reflect the specific challenges of CPP treatment and empirically support the health-literacy—
decision-conflict model, illustrating the additional cognitive load that uncertainty places on caregivers.
Third, the psychosocial-impact and proactive-management domains capture broader social dimensions
of the disease: CPP can be understood not only as an endocrine condition but as a social phenomenon
entangled with peer pressure and psychosomatic interactions [34—-36]. Together, these domains
describe a transition from passive to proactive management—that is, toward active resource
mobilization—which may attenuate psychological strain. This process-and-mechanism framework offers
a novel theoretical perspective on family adaptability in pediatric chronic care.

Clinical and research implications

Clinically, the CaregiverCPP supports precision in caregiver-centered nursing. A profile of “high treatment
burden” combined with “low disease understanding” functions as an alert prompting clinicians to
optimize care pathways and decision support, whereas a “high psychosocial impact” profile indicates a
need for multidisciplinary psychological support. For research, the instrument provides a relevant
secondary endpoint for trials, observational studies, and real-world evidence, enabling investigators to
evaluate how different treatment regimens or educational programs affect not only physiological
outcomes (e.g., bone-age progression, growth velocity) but also the spillover impact on family quality of
life. The instrument also aligns with the U.S. FDA Patient-Focused Drug Development initiative by
enabling a two-tier “patient—caregiver” outcome-evaluation framework.

Strengths and limitations

The study has several methodological strengths. A multicenter collaborative design involving eight major
hospitals across geographically and economically diverse regions of China, combined with a large
sample (N = 1,476), enhances representativeness across health-care payment systems, socioeconomic
contexts, and cultural backgrounds, and provides statistical power for advanced psychometric analyses
(including DIF). The real-world—based development pathway supports ecological content validity, and the
large-sample exploratory—confirmatory design strengthens the robustness of the resulting structure.

Several limitations should be noted. First, recruitment from tertiary hospitals may have over-sampled
caregivers with higher educational attainment and better access to healthcare resources, introducing
potential socioeconomic selection bias and limiting generalizability to primary-care or community
populations. Second, because the sample was drawn from a single cultural context, cross-cultural
applicability requires further measurement-invariance testing in populations with different healthcare
systems and languages. Third, as a cross-sectional study, longitudinal responsiveness, causal
relationships with treatment-related changes, and the minimal clinically important difference (MCID)
require evaluation in future cohort studies. Finally, additional analyses of concurrent validity against
widely used instruments (e.g., FIM, ZBI) are needed to quantify the incremental explanatory value of this
disease-specific measure beyond generic tools.

Conclusions
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The CaregiverCPP is a reliable and practical instrument for quantifying the complex caregiving burden
experienced by families of children with CPP. By extending outcome assessment beyond biological
indicators, it supports a comprehensive biopsychosocial perspective in pediatric endocrinology. Future
work should apply the CaregiverCPP in intervention research to inform and optimize supportive-care
strategies in pediatric endocrine disorders.
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Parallel analysis and scree plot supporting the six-factor structure of the CaregiverCPP (Sample A, n =
738). (A) Parallel analysis: the blue line indicates observed eigenvalues; the orange line indicates the
95th-percentile eigenvalues from randomly permuted data. The first six factors exceed the random
benchmark. (B) Scree plot showing an inflection at the sixth factor. Both analyses support a six-factor

structure.
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Figure 2

Path diagram of the confirmatory factor analysis (CFA) for the CaregiverCPP (Sample B, n = 738).
Latent variables (F1-F6) are represented by circles; observed indicators (q1-q38) by rectangles. Single-
headed arrows denote standardized factor loadings, all significant at P < 0.001. Curved double-headed
arrows represent correlations between latent factors.
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