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Abstract

Introduction: The objective was to develop and refine a version of the Prolonged-Loss

Grief-12 (PG-12) specific to caregivers of people living with dementia. Confirmatory

factor analysis (CFA) was performed to test the fit of the data from the caregivers and

to assess the factor structure of the PG-12 in order to evaluate pre-loss grief accu-

rately by identifying relevant items and eliminating items that are not appropriate for

caregivers of persons with dementia.

Methods: A total of 699 eligible caregivers of persons living with dementia (PLWDs)

were recruited through relevant dementia associations and organizations. The e-mail

for recruitment provided potential participants with information about the study and

detailed instructions on how to participate by following a link to the online survey.

Secondary analysis was based on the survey data. CFA was conducted via the Full

InformationMaximumLikelihood estimationmethod to test the unidimensionalmodel

of PG-12 in the study population. Standard procedures were used to establish the

parameters in the factor loading, factor variance-covariance, and uniquenessmatrices.

Results: The initial model was modified to develop a better fitting model and to

detect misfitting parameters in the PG-12 by deleting irrelevant items for the PLWD’s

caregiver. The adjusted dementia-specific 10-item version (PG-10-D) had significantly

improved fit indices. An overall assessment of fit indicated that the model adequately

approximated the data. Factor loadings ranged from 0.53 to 0.85.

Discussion:We found that the dementia-specific, unidimensional PG-10-D, modifying

the original PG-12, may be useful and parsimonious in assessing and quantifying pre-

loss grief in dementia caregivers. Future studies are needed to further test its validity

and reliability.
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Highlights

∙ First study to evaluate a dementia-specific 10-item version (PG-10-D) of the

Prolonged-Loss Grief-12 (PG-12).
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∙ PG-10-D is useful in assessing and quantifying pre-loss grief in caregivers.

∙ PG-10-D could be an early identifier of caregivers at risk for pre-loss grief.

∙ PG-10-D could be the standardmeasure for effective intervention for caregivers.

1 BACKGROUND

Pre-loss grief, also called pre-death grief, is the emotional reaction by

family caregivers as they grieve for psychologically, emotionally, and/or

functionally absent patients with terminal conditions and anticipate

their death.1 This grief is frequently prevalent among caregivers of

family members living with dementia.2 Family members of persons

living with dementia (PLWDs) experience multiple losses during the

course of illness, including loss of PWLD’s personhood, loss of compan-

ionship, loss at the time of nursing home admission, and loss at the time

of death. The primary grief is experienced as the loss of the PLWD’s

personhood before the actual bodily death.3 Pre-loss grief is generally

associated with caregiver stress and burden,4 caregiver depression,5

and social isolation, all potentially leading to the caregiver’s desire to

admit the person with dementia to a long-term care facility.6 Care-

givers with higher levels of pre-loss grief also have a greater risk of

health complications for themselves after the loss.1,7 Caregivers with

pre-loss grief show emotional and physical responses in reacting to the

perceived psychological loss over the course of the disease prior to the

death of the care recipient.8

The literature9,10 indicates that early screening and assessment

of caregivers with pre-loss grief and appropriate treatment may

reduce the severity of burden and prevent long-term complicated grief.

Although several studies on post-loss grief have been conducted, rel-

atively little research has examined the assessment and treatment of

caregivers with pre-loss grief.8 In particular, there are few validated

instruments tomeasure pre-loss grief in family caregivers of PLWDs.

Research on pre-loss grief in the context of dementia caregiving has

thus far not been specifically operationalized. The current literature

reports use of Prolonged Grief-12 (PG-12)11 as a valid screening tool

for measuring pre-loss grief.

1.1 Theoretical framework

The Dementia Grief Model (DGM)1 defines dementia grief as a nor-

mal grief process and experiencewith unique properties. TheDGMcan

be used to understand how caregiver grief influences caregiver bur-

den and stress. The DGM was built on the theory of ambiguous loss

to present a framework for understanding how caregivers of PLWDs

cope with loss across the spectrum of disease. In this model, grief has

three states: (1) separation, (2) liminality, and (3) re-emergence. Each

state is associated with a specific psychological symptom and has a

dynamic mechanism through the grief process. In the separation state,

acknowledging loss is the dynamic mechanism that moves one into the

liminal state, in which one is confronted with ambiguity and difficult

feelings. In the liminal state, the dynamic mechanism of tolerating neg-

ative emotions allows the caregiver’s experience to clarify into a state

of re-emergence in which the caregiver canmake behavioral adaptions

to a new environment. Re-emergence can be thus achieved through

adapting to this new environment. The grief model provides opportu-

nity for therapeutic interventions through the dynamic mechanisms of

acknowledging loss in separation, tolerating difficult feelings in limi-

nality, and in adapting in re-emergence. The DGM involves changing

emotional states in response to losses as the disease progresses in the

person with dementia. The DGM highlights the patterns that are par-

ticular to the unique experience of grief in caregivers of PLWDs. An

improved ability of caregivers to cope with the stressors and burnout

of caregiving by gaining competency inmanaging the grief processmay

lead to better health outcomes, both before and after the physical

death of the PLWDs.1

1.2 Purpose of the study

The purpose of the current study was to assess the ability of the

PG-1211 to be used with family caregivers of PLWDs to identify rel-

evant items for the population, and to determine whether the PG-12

has a similar factor structure across caregivers of care recipients with

specific types of dementia, including Alzheimer’s disease (AD), demen-

tia with Lewy bodies (DLB), Parkinson’s disease dementia (PDD), and

other types of dementia. The PG-12 was not designed specifically

for pre-loss grief for caregivers of PLWDs. This study was completed

through the investigation of the PG-12 factor structure based on

scores from caregivers of PLWD. It was proposed that the PG-12 could

be revised to a shorter version for ease of administration and accu-

rate assessment of the caregivers. This modified version of the PG-12

was designed to target specific questions that best distinguish pre-loss

grief of caregivers. Abrief versionof thePG-12 scale for caregiverswas

appropriate in this study to minimize response burden in caregivers

who provide constant care for the PLWDs.

We examined the usefulness of the PG-12 in a sample of caregivers

of PLWDs by evaluating and validating the factor structure of the PG-

12 and determining which of the existing items might be eliminated

from the 12-item version of the PG while improving or maintaining

reliability and goodness of fit.

2 METHODS

2.1 Design

A cross-sectional online survey was conducted, followed by

applied secondary analysis. The study was approved by the
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New York University Institutional Review Board as an exempt

protocol because data were collected without personal identifiers so

that no informed consent was required.

2.2 Sample size

A sample>200 is acceptable formostmodels.12,13 In the current study,

699 caregivers completed the survey, which was deemed sufficient for

factor analysis of the PG-12.

2.3 Participants

The criterion for eligibility was a current caregiver of a PWLD diag-

nosed with AD, DLB, PDD, or other dementias. Eligible caregivers

were recruited through the Lewy Body Dementia Association, the

Alzheimer’s Foundation of America, the National Family Caregiver

Alliance, and other relevant organizations.

2.4 Measures

2.4.1 Sociodemographic variables

The sociodemographic variables were social and demographic char-

acteristics of the caregivers and frequency and severity of dementia-

related symptoms.

2.4.2 The Prolonged Grief Disorder Questionnaire
(PG-12)

The PG-12 is a 12-item self-report questionnaire assessing a care-

giver’s prolonged grief arising from the impending death of a care

recipient. The PG-12 is a valid screening instrument applied to diag-

nose prolonged grief disorder. The PG-12 was adapted from the

PG-1314 and designed to assess grief experiences associated with the

illness rather than the death of the care recipient. The PG-12 can be

used for caregivers of terminal disease patients, including terminally ill

cancer patients15 and patients living with dementia.16

The PG-12 asks respondents (caregivers) how often they experi-

enced distressing grief symptoms related to yearning, bitterness, or

interpersonal disengagement. It assesses the risk of prolonged grief

by scoring 11 symptoms that have occurred in the previous month.3

The scale describes thepresence and frequencyof commongrief symp-

toms. Respondents are asked to rate eachona5-point Likert-type scale

(1= almost never to 5= always). The scale includes the sum of the score

for each of the 11 grief symptoms, ranging from 11 to 55, with higher

scores indicating a greater level of pre-loss grief. The final question asks

whether the caregiver has had a reduction in social, occupational, or

other important areas of functioning.3 The PG-12 has been found to

have good internal consistency, with a Cronbach’s alpha of 0.88.17 The

internal consistency in the current study was 0.89, showing moderate

to high reliability.17

RESEARCH INCONTEXT

1. Systematic Review: The authors reviewed the litera-

ture focusing on articles using electronic databases (e.g.,

Medline & Web of Science) that described caregivers of

persons living with dementia (PLWDs) and pre-loss grief

among the caregivers. Early screening and assessment

of caregivers with pre-loss grief and appropriate treat-

ment may reduce the severity of the burden and prevent

long-term complicated grief. However, there are few reli-

able screening tools to measure pre-loss grief in family

caregivers of PLWDs exclusively.

2. Interpretation: The study findings support that the

dementia-specific, unidimensional dementia-specific 10-

item version (PG-10-D), modifying the original Pre-Loss

Grief-12 (PG-12), can be used to measure pre-loss grief

specific to PLWD caregivers accurately.

3. Future Directions: The PG-10-D has the potential to

be a useful measure in quantifying, characterizing, and

understanding pre-loss grief in caregivers of PLWD. Fur-

ther research is required to establish the psychometric

properties, including factorial validity and reliability, par-

ticularly factorial invariance analysis and further factor

analysis.

2.5 Study procedure

The criterion for eligibility was a caregiver of a PLWD, including AD,

DLB, PDD, or other dementia. The survey was available online for

3 months, using SurveyMonkey (www.surveymonkey.com, Palo Alto,

CA). The study information was disseminated to persons on the care-

giver e-mail lists of the selected organizations and listed on social

media and selected webpages. The e-mail for recruitment provided

potential participants with information about the study and detailed

instructions on how to participate by following a link to the online sur-

vey. The current study used a secondary analysis based on the survey

data. Personal health information was kept confidential, and the data

were de-identified during data analyses.

2.6 Data analysis

Descriptive statistics were calculated to describe the respondents’

demographic characteristics using SPSS 28.0 (SPSS, Chicago, IL). The

data were entered into SPSS and applied to the AMOS software (SPSS

Inc., Chicago, IL) for confirmatory factor analysis (CFA). CFA was per-

formed to test the fit of the data from the caregivers and to assess

the factor structure of the PG-12 in order to eliminate items that

were not appropriate to assess pre-loss grief accurately in caregivers

of PLWDs.

http://www.surveymonkey.com
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CFA was conducted via the Full Information Maximum Likelihood

estimation method to test the unidimensional model of the PG-12

in the study population. Standard procedures were used to establish

the parameters in the factor loading, factor variance-covariance, and

uniqueness matrices. The sample covariance matrix was used as input

and a maximum likelihood solution was sought. CFA was utilized to

estimate a measurement model in order to confirm that the observed

variables linked to the underlying latent construct of the PG-12. Sec-

ond, a full structural model was specified to test the hypothesis. The

full model included both the latent factor and the observed variables,

and all coefficients were estimated simultaneously.

Goodness of model fit was evaluated with the χ2 test, the com-

parative fit index (CFI), the Tucker Lewis index (TLI), the root mean

square error of approximation (RMSEA), the goodness-of-fit index

(GFI), and the Root Mean Square Residual (RMR). Multiple fit indices

were constructed todeterminehowwell themodel fit, followingKline’s

recommendation on cutoff scores. According to Kline,13 model fit was

assessed with the χ2 test and p-value indicating a good fit, at p ≥ .005.

A significant χ2 is sensitive to discrepancies in model fit in a large

sample.13 For the CFI and the TLI, a value of ≥0.90 indicates adequate

fit; for the RMSEA, a value of ≤0.08 is considered to indicate good

fit.13,18

3 RESULTS

3.1 Sample characteristics

A total of 699 caregivers of PLWDs (460DLB, 80AD, 76PDD, 62 other

dementias, and21not reporting a specific typeof dementia) completed

an online survey on pre-loss grief. Table 1 presents the characteristics

of the respondent caregivers. The mean age of the family caregivers

was 60.2 years (SD = 10.7), ranging from 23 to 89 years. Of the total

of 699 caregivers, 620were female (88.7%) and 76weremale (10.9%);

three did not report gender. The majority of caregivers (95.3%, n =

666) were non-Hispanic White and married (74.1%, n = 557). Regard-

ing the relationship to the care recipient, more than half reported that

the care recipient was a spouse (56.5% n = 395) and 65.2% (n = 456)

were currently living with the care recipient. More than half of the

caregivers (54.4%, n = 380) rated physical health as good and 50%

(n = 350) reported mental health as good. The psychometric sensitiv-

ity of the PG-12 was evaluated through the item-total correlation and

Cronbach’s alpha (Table 2). In addition, the assessment of normality

of variables was conducted including minimum, maximum, mean (SD),

skew, and kurtosis of the PG-12 (Table 3).

3.2 Facture structure

A one-factor model of the PG-12 was tested. The 12 items of the PG-

12 items showed a high internal consistency, with a Cronbach’s alpha

of 0.885. Among the observed variables, Item 5 and Item 11weremost

positively correlated (r=0.704). All constructs presentedgood internal

TABLE 1 Demographic characteristics of the participants

Characteristic and category N %

Caregiver demographic characteristics

Age Mean 60.2 years (SD= 10.749),

range 23 to 89 years

Gender Female 620 88.7

Male 76 10.9

Race Non-HispanicWhite 666 95.3

African American 10 1.4

Asian 4 0.6

Native American 3 0.4

Pacific Islander 2 0.3

Marital status Married 557 79.7

Divorced 46 6.6

Widowed 18 2.6

Single/never

married

69 9.8

Separated 5 0.7

Relationship to care

recipients

Spouse 395 56.5

Adult child 257 36.8

Other family 20 2.9

Non-family 23 3.3

Highest level of

education

Post college 244 34.9

College 233 31.9

Partial college 159 22.7

High school 63 9.0

Partial high school 5 0.7

Less than 7 years 2 0.3

Living with the care

recipient

Yes 456 65.2

No 236 33.8

Physical health Excellent 114 16.3

Good 380 54.4

Fair 170 24.3

Poor 19 2.7

Mental health Excellent 87 12.4

Good 350 50.1

Fair 198 28.3

Poor 45 6.4

Care recipients’ demographic characteristics

Age Mean 75.2 years (SD= 9.393),

range 47–97 years

Type of dementia Dementia with Lewy

bodies

460 65.8

Alzheimer’s disease 80 11.4

Parkinson’s disease

dementia

76 10.9

Other dementias 62 8.9

Missing 21 3.0

Stage of dementia Mild 47 6.7

Moderate 387 55.4

Severe 242 34.6
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TABLE 2 Reliability of the PG-12

Item

Item-total

correlation

Cronbach’s alpha

if item deleted

1. In the past month, how often have you felt yourself longing or yearning for your loved one

to be healthy again?

0.598 0.875

2. In the past month, how often have you had intense feelings of emotional pain, sorrow, or

pangs of grief related to your loved one’s illness?

0.681 0.870

3. In the past month, how often have you tried to avoid reminders that your loved one is ill? 0.607 0.875

4. In the past month, how often have you felt stunned, shocked or dazed by your loved one’s

illness

0.628 0.873

5. Confusion about your role in life or a diminished sense of self (feel that part of yourself

died when your loved one became sick)?

0.734 0.867

6. Have you had trouble accepting your loved one’s illness? 0.620 0.874

7. Has it been hard for you to trust others since your loved one’s illness? 0.533 0.879

8. Do you feel bitter over your loved one’s illness? 0.639 0.873

9. Do you feel that moving on (making new friends, pursuing new interests) would be difficult

for you now?

0.506 0.881

10. Do you feel emotionally numb since your loved one’s illness? 0.703 0.869

11. Do you feel that life is unfulfilling, empty, or meaningless since your loved one’s illness? 0.726 0.867

12. Have you experienced a significant reduction in your social, occupational or other

important areas of functioning?

-0.372 0.901

TABLE 3 Assessment of normality

Observed variable Min Max Mean SD Skew Kurtosis

PG 1 1.000 5.000 3.32 1.257 −0.240 −1.013

PG 2 1.000 5.000 3.19 1.280 −0.059 −1.135

PG 3 1.000 5.000 2.06 1.374 0.914 −0.629

PG 4 1.000 5.000 2.44 1.314 0.524 −0.853

PG 5 1.000 5.000 2.54 1.290 0.336 −1.001

PG 6 1.000 5.000 2.41 1.181 0.474 −0.753

PG 7 1.000 5.000 1.81 1.082 1.135 0.249

PG 8 1.000 5.000 2.29 1.283 0.692 −0.657

PG 9 1.000 5.000 2.94 1.385 −0.032 −1.247

PG 10 1.000 5.000 2.61 1.338 0.345 −1.073

PG 11 1.000 5.000 2.23 1.366 0.717 −0.810

PG 12 1.000 5.000 1.24 .428 1.214 −0.526

consistency. The results providedevidence for the instrument’s validity

and reliability; however, further investigation is recommended.

The model for the one-factor model of the PG-12 was a poor fit

based on the following fit indices: RMSEA = 0.118, CFI = 0.863, TLI

= 0.832, and GFI = 0.858 (χ2 = 114.961 and df = 71). As depicted in

Figure 1, the model was modified to develop a better fitting model and

detect misfitting parameters in the PG-12 by correlating the pairing

error in Items 1 and 2, 2 and 4, 1 and 4, and 4 and 11 and deleting Items

3 and 12 (Figure 2).

In the adjusted model (Figure 2), Item 3 (In the past month, how often

have you tried to avoid reminders that your loved one is ill?) was deleted

because there were high values in a standardized residual covariance

matrix in Item 3 and other items (e.g., covariance Item 3 and Item

9 = 2.138). This covariance is not well reproduced by the estimated

parameters, resulting in a model implied covariance of −2.138. The

relationship between the two observed variables was underestimated

in the original mode. Item 12 (Do you feel that life is unfulfilling, empty or

meaningless since your loved one’s illness?)wasdeletedbecause it showed

negative low correlation, that is, not related to pre-loss grief.

This adjusted model (PG-10-D) was more specific for describing

pre-loss grief in caregivers of PLWDs and had significantly improved

fit indices. An overall assessment of fit indicated that the model
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F IGURE 1 Confirmatory factor analysis of Prolonged Grief 12 (PG-12). A one-factor model of the PG-12was tested. The 12 items of the
PG-12 items showed a high internal consistency, with a Cronbach’s alpha of 0.885. All constructs presented good internal consistency; however,
the one-factor model of the PG-12was a poor fit based on the following fit indices: RMSEA= 0.118, CFI= 0.863, TLI= 0.832, and GFI= 0.858 (χ2
= 114.961 and df= 71). These findings led to the development and testing of an adjustedmodel for caregivers of persons living with dementia.
Ovals represent latent variables, whereas boxes represent observed variables. (See text for additional details.)

adequately approximated the data. The specified model is presented

in Figure 2 with factor loadings and factor correlations. The fit indices

were within good ranges, χ2 = 105.810, df = 31, p < .0005. Although

there was a statistically significant p-value, significance is sensitive

to discrepancies in model fit in a large sample size.13 The following

fit indices were reported, based on recommendations by Brown18:

RMSEA= 0.064, CFI= 0.972, TLI= 0.960, and GFI= 0.963. Themodel

was respecified based on the indices to identify the best fit model. The

final sample size for the CFA was 582, after deleting 117 cases with

missing values. Goodness of fit indicated poor fit of the original model

for most indices. In the adjusted model, all observed variables on the

PG-10-D ranged from 0.53 to 0.85. Item 1 was the weakest observed

variable, followed by Item 7; the strongest observed variable was Item

11, followed by Item 10. The fit indices of the initial model and the

adjusted model are reported in Table 4. The PG-10-D items showed a

slightly higher internal consistency, with a Cronbach’s alpha of 0.893,

compared to the internal consistency of the PG-12 with Cronbach’s α
0.885.

4 DISCUSSION

This study examined the factor structure of the PG-12 to determine

whether the PG-12 was appropriate for caregivers of PLWDs. The

PG-12 demonstrated high internal consistency in this study sample

of caregivers of persons with dementia. However, the initial model
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F IGURE 2 Adjusted confirmatory factor analysis model of modified Prolonged Grief 10-Dementia (PG-10-D). The original model was
modified to develop a better fittingmodel and detect misfitting parameters in the PG-12 by correlating the pairing error in Items 1 and 2, 2 and 4, 1
and 4, and 4 and 11 and deleting Items 3 and 12. This adjustedmodel (PG-10-D) wasmore specific for describing pre-loss grief in caregivers of
persons living with dementia and had significantly improved fit indices (χ2 = 105.810, df= 31, p< .0005, RMSEA= 0.064, CFI= 0.972, TLI= 0.960,
and GFI= 0.963). The PG-10-D items showed a slightly higher internal consistency, with a Cronbach’s alpha of 0.893, compared to the internal
consistency of the PG-12with a Cronbach’s alpha of 0.885. The ovals represent latent variables, whereas boxes represent observed variables. (See
text for additional details.)

TABLE 4 Fit indices of models

Indices

Initial model

(PG-12)

Modifiedmodel

(PG-10-D)

χ2/df 9.03 3.41

CFI 0.863 0.972

TLI 0.832 0.960

RMSEA 0.118 0.064

GFI 0.858 0.963

MECVI 0.925 0.266

Sample size= 582.

Abbreviations: CFI, confirmatory factor analysis; GFI, goodness of fit index;

MECVI, modified expected cross-variation analysis; RMSEA, root mean

square error of approximation; TLI, Tucker Lewis index.

from CFA did not show satisfactory indices; thus, the initial model was

modified to develop a better fitting model and to detect misfitting

parameters in the PG-12 by deleting Items 3 and 12. The results of

CFA indicated that the modified model for the PG-10-D had a good fit.

Item 1 was the weakest observed variable: In the past month, how often

have you felt yourself longing or yearning for your loved one to be healthy

again? Most of the PLWDs (90%, n = 629) had a moderate or severe

stage of dementia that required the caregiver’s substantial assistance

and support. It appeared that the caregivers did not expect the PLWDs

to become healthy again due to the degenerative nature of the dis-

ease. Dementia is a degenerative disease that cannot be cured with

usual treatment techniques.19 Thus, Item 1 was the least relevant to

caregivers of PLWDs but could become more relevant in the advent

of new disease-modifying medications. Item 7 was the second weak-

est variable: Has it been hard for you to trust others since your loved one’s

illness? This item does not seem to be associated with the caregiver’s

pre-loss grief. Because the caregivers of PLWDs may have been tak-

ing care of PLWDs during the long-term course of the disease, they

developed long-lasting relationships and built trust with their health

care providers, other caregivers’ network, or social agencies.20,21 The

strongest variable was Item 11: Do you feel that life is unfulfilling,

empty, or meaningless since your loved one’s illness? The responses to

this item showed that the caregivers were emotional and had negative
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perspectives about their lives. The second strongest variablewas I item

10:Do you feel emotionally numb since your loved one’s illness?Many care-

givers often feel emotionally numb from caregiving burden and stress.

Based on the factor loadings, pre-loss grief was related to the care-

giver’s emotional distress and lack of emotional support. The findings

suggest that the dementia-specific, unidimensional PG-10-D, which

modified the original PG-12 with the deletion of Items 3 and 12, is

the best-fitting model and can be useful in capturing and quantifying

pre-loss grief in caregivers of PLWD.

5 LIMITATIONS AND IMPLICATIONS

It is important to measure pre-loss grief in caregivers of PLWDs accu-

rately to provide the most effective interventions. The PG-10-D could

be the standard measure for early identification of family caregivers

who are at risk for pre-loss grief.

Several methodological limitations are acknowledged. First, the PG-

12 is a unidimensional structure, although factor analyses provide

stronger support for the model with two or three factors, as compared

to a unidimensional model of prolonged grief.22 A unidimensional mea-

sure may lead to a narrow construct focus and could be misleading,

given that multidimensional constructs are the norm.23 Second, the

findings may not be generalizable to the population due to the conve-

nience sampling method. The use of self-reported data derived from

the online-based surveymay lead to validity issues due to participants’

eligibility, although the caregivers were recruited through dementia

associations and relevant caregiver organizations. Further psychome-

tric tests of the modified PG-10-D in other settings are recommended.

Although this 10-item scale requires further validation, including tests

of reliability and validity in future studies, health care providers may

consider using the shorter version in health care settings to provide

better assessment and treatment for caregivers of PLWDs who are

experiencing pre-loss grief. This study addresses the gap in knowl-

edge about pre-loss grief in caregivers of PLWDs. Results showed that

the PG-10-D has the potential to be a useful measure in quantify-

ing, characterizing, and understanding pre-loss grief in caregivers of

PLWDs. Further research is required to establish psychometric prop-

erties, including factorial validity and reliability, particularly factorial

invariance analysis and further factor analysis.
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