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Abstract

Objective To examine the psychometric characteristics of
the brief version of the World Health Organization Quality
of Life (WHOQOL-BREF) questionnaire in rural-com-
munity-dwelling older people in Taiwan using Rasch
analysis.

Methods This is a cross-sectional study. A total of 1200
subjects aged >65 years were recruited to complete the
26-item WHOQOL-BREF. Scale dimensionality, item
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difficulty, scale reliability and separation, item targeting,
item-person map, and differential item functioning (DIF)
were examined.

Results The four WHOQOL-BREF scales (physical
capacity, psychological well-being, social relationships,
and environment) were found to be unidimensional and
reliable. The item—person map for each domain indicated
that the spread of the item thresholds sufficiently covered
the latent trait continuum being measured. However, gaps
in content coverage were identified in the social domain.
Analyses of the DIF revealed that one psychological item
(body image) exhibited DIF across the two age groups
(old—old vs. young—old) and that two social items (sexual
activity and friends’ support) displayed DIF across genders
and the two age groups.

Conclusions Rasch analysis is a comprehensive method
of psychometric evaluation of the WHOQOL-BREF and
identifies areas for improvements. Three items displaying
age-related DIF (body image, sexual activity, and friends’
support) may potentially cause biased health-related QOL
assessments, and their impacts on scores should be care-
fully examined.

Keywords Health-related quality of life -
Item response theory - Older people - Rasch model -
WHOQOL-BREF

Abbreviations

CTT Classical test theory

DIF Differential item functioning

HRQL Health-related quality of life

IRT Item response theory

WHOQOL-BREF  World Health Organization Quality of
Life-BREF
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Introduction

With the increasing acceptability of the concept of health-
related quality of life (HRQL) as a measure of healthcare
outcomes over the past two decades, many HRQL instru-
ments have been developed and refined [1, 2]. In 1990s, the
World Health Organization (WHO) initiated a worldwide
15-country project to develop a brief version of the WHO’s
quality of life instruments (WHOQOL-BREF) [3, 4]. The
WHOQOL-BREF, a generic HRQL instrument designed
for healthy people and patients, has been rapidly introduced
and utilized as an outcome measure in many countries and
cultures [5-10]. It has shown excellent psychometric and
clinimetric properties, such as test-retest reliability, inter-
nal consistency, discriminant validity, construct validity,
and responsiveness to community-dwelling older people,
primarily based on the principles of classical test theory
(CTT) [11].

Item response theory (IRT), originally developed in the
fields of education and psychology, has proven to be a
powerful tool for health outcome assessment [12, 13]. This
tool comprises a set of statistical models suitable for ana-
lyzing a scale or survey instrument with multiple items that
measure the same construct (e.g., physical functioning). An
IRT model specifies how both person—trait level and item
characteristics are related to a person’s item responses.
This is different from the CTT approach in which items and
the person latent trait being measured are considered
separately and, therefore, cannot be meaningfully and
systematically compared [14, 15]. Unlike the manner in
which the trait level is estimated in the context of an IRT
model, in the CTT method, true score estimates are typi-
cally obtained by summing responses across items. In CTT,
the two assumptions made to support the summed scores
(each item within the same construct is valued equally ,and
the score difference between the two adjacent response
scales is uniform) do not hold in most situations [16].
These limitations can be solved rationally using IRT
modeling even though IRT also makes assumptions, such
as unidimensionality and local independence. Many useful
statistics, such as the reliability and separation index, can
be calculated directly from the IRT model, and differential
item functioning (DIF) or item bias can be examined for
measurement invariance [14, 15].

The WHOQOL-BREF is a generic measure, and this
enables it to be used in different cultures and disease
groups. It can be an effective tool for assessing HRQL in
the context of a cost-effectiveness evaluation and health
intervention in a large-scale study, such as insurance pol-
icies for different diseases and welfare policies for different
age groups among older people [17, 18]. However, two
aspects of the measurement need to be considered when
applying a generic HRQL measure to older people. First,
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the items and domains in a HRQL measure should take into
account the aspects of life (access to health services and
environmental safety) identified as important by older
people [19]. Although the HRQL aspects considered by
older people be relevant and important to health may be
similar to those of young people, the relative importance
and definition of each domain or facet (e.g., role func-
tioning may be defined in terms of roles other than work)
may differ substantially [20, 21]. Second, extreme low or
high scores on HRQL measures may appear to be common
among older people if these measures are directly used
without proper adaptation. Floor effects can potentially
reduce the ability to detect distinguishing features, such as
those between ill and very ill people, for example, and may
also reduce the ability to detect changes in HRQL scores
over time or after a health intervention [22]. In addition, it
is important for physicians and healthcare decision-makers
to be aware of potential biases in the instruments being
used. For example, some response instability may have to
do with the aging process when the study group comprises
older subjects [23]. An accurate and precise scoring of the
WHOQOL-BREF can lead to a more efficient allocation
of healthcare resources or to more efficient screening of
patients for specialized geriatric care. Since findings of
previous WHOQOL-BREF studies were subject to the
limitations of CTT methods, we have applied the Rasch
model to examine psychometric properties of the WHO-
QOL-BREF among community-dwelling older people in
rural Taiwan. This is a population subgroup that has to date
not received as much attention as urban-dwelling elders
with regard to HRQL.

Methods
Study subjects and procedures

This was a cross-sectional study. Elderly subjects aged 65
and older were recruited from six of 15 villages of the
Shin-Sher Township of Taichung County in west—central
Taiwan. These villages were selected according to the
order of the magnitude of populations of the Shin-Sher
Township and were found to be representative of rural
community-dwelling older people in Taiwan [I11]. A
postcard describing the aim of the study and the schedule
of interviews was mailed to all eligible residents in the six
villages. During a 2-week interview period, 1200 of the
2072 eligible subjects signed informed consent forms to
participate and completed the WHOQOL-BREF. Of the
872 eligible elderly who did not participate, 24 had died, 59
were hospitalized or bed-ridden, 252 had moved out of the
area, 323 were not at home during the assessment period,
and 214 declined to be interviewed. The respondents had
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similar distributions in gender and educational level, but
tended to be younger (P = 0.073) when compared with
non-respondents [11].

Each interviewer completed a 4-h training session to
ensure that they followed standardized procedures in con-
ducting the face-to-face interviews. Each enrolled
participant was interviewed by a trained interviewer using
the structured questions from the WHOQOL-BREF, which
included questions related to demographic characteristics,
life habits, and medical history.

The WHOQOL-BREF

The standard WHOQOL-BREF contains 26 items: two
items from the overall QOL and general health facet and
one item from each of the remaining 24 health-related
facets [24]. The Taiwanese version of the WHOQOL-
BREF (see Appendix) was developed in compliance with
the WHO guidelines on translation procedures as well as
the design and selection of appropriate items [25]. The 28
items of the Taiwanese WHOQOL-BREF include two
general items (i.e., G1: overall QOL; G4: general health),
24 items universally adopted for WHOQOL-BREF to
cover four domains (namely, physical, psychological,
social, and environment), plus two national items that were
more specific for the culture of people of Taiwan (i.e.,
being respected/accepted among people, and eating what
one loves to eat). This translated version showed good
reliabilities (including internal consistencies of 0.70-0.77
and test-retest reliabilities of 0.76-0.80) and validities
(including content, criterion, discriminant, predictive, and
construct validities) [26-28]. Each domain score was cal-
culated by multiplying the mean of all facet scores in the
same domain by a factor of four, with a higher scoring
indicating a better QOL (range 4-20). We used abbrevia-
tions, with a single letter representing each of the four
domains to denote items for ease of reference in this paper:
P for physical, Y for psychological, S for social, and E for
environmental. The number attached to the letter indicated
the item number in the questionnaire. For example, S21
(satisfaction with sexual life) indicates item 21, which
belongs to the social domain.

Rasch analysis
Partial credit model

We used the partial credit model, an extension of the
dichotomous Rasch model, as it is suitable for an ordered
polytomous response scale used in the WHOQOL-BREF
[29]. As modeled, an item with five response categories
would have four threshold parameters. At each threshold, a
person has a 50/50 chance of choosing one category over

another [16]. For example, for a 5-point Likert scale (1:
strongly dissatisfied, 2: dissatisfied, 3: moderately satisfied,
4: satisfied, 5: strongly satisfied), the first threshold is
modeled as the value at which the probability of choosing a
response of 2 (dissatisfied) over a response of 1 (strongly
dissatisfied) is equal to 50%. The item difficulty estimates
within each domain were standardized with a mean of 0
and a standard deviation of 1 (in logit units) [30].

Unidimensionality

In the Rasch model, item difficulty and a person’s latent
trait are modeled to share the same scale with a single unit
of logit, i.e., the unidimensionality of the scale [31, 32].
Confirmatory factor analysis was used to assess the prop-
erty of unidimensionality using LISREL 8.72 (Scientific
Software International, Lincolnwood, IL) [33]. Unidimen-
sionality, the measurement of one underlying construct,
was determined by the magnitude of factor loadings, with a
value >0.3 indicative of importance, and three model fit
indices—goodness-of-fit index (GFI), comparative fit index
(CFI), Bentler-Bonett normed fit index (NFI)—with an
index >0.9 indicative of good fit [34, 35]. We also applied
a two-index presentation strategy suggested by Hu and
Bentler [36], using the indices standardized root mean
square residual (SRMR) <0.08 and CFI >0.95 to confirm
the model fit. After unidimensionality was established by
confirmatory factor analysis (CFA), the Rasch model
analysis was employed and the item infit statistic was used
to further evaluate item-level model fit. An item with an
infit statistic >1.4 or <0.6 was used to indicate the lack of
fit in unidimensionality [37]. Specifically, an infit value
>1.4 indicates that the item does not contribute to the same
underlying construct or differs from other items in the same
scale in its ability to discriminate among persons. An infit
value <0.6 indicates that the item is muted or often has
interdependence with other items in the same scale and
may occur when several items are similar or highly cor-
related or when one item is dependent on another [38].

Reliability and separation

Person reliability, another fit statistic of the Rasch model,
was used to test the internal consistency among items at the
domain level. Similar to Cronbach’s «, a value close to 1
indicates high internal consistency and a value <0.7 indi-
cates model misfitting [16, 39]. The person separation is a
measure of the ability of items to discriminate subjects and
was used to assess the ability of items to spread the elderly
subjects along the HRQL continuum being measured in
this study. Person separation statistics ranging between 1.5
and 2.0 were considered to be acceptable, 2.0-3.0 to be
good, and >3.0 to be excellent [39].
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Other aspects regarding item difficulty and personal ability

Targeting: Perfect targeting is defined as the equivalence of
the average personal trait and the mean item difficulty. A
targeting index, the average of personal ability, was used to
examine whether the level of difficulty of each WHOQOL-
BREF domain was appropriate for our sample. A targeting
index >0 indicates that the subjects tend to give ‘positive’
responses (e.g., ‘satisfied’), and a value <0 indicates that
the subjects tend to give ‘negative’ responses (e.g., ‘dis-
satisfied’). Values of between 0.5 and 1.0 or between —1.0
and —0.5 are considered to be slight mis-targeting, and
those >1 and <—1 are considered to be substantially mis-
targeting [39, 40].

Range and gap: The range between the highest and
lowest threshold values of all items within a domain is
considered to be good when it covers at least 95% of the
levels of personal ability [41]. A gap is defined as the
difference in two adjacent item difficulties which are >1
logit [42], and it implies that the item calibrations for a
particular domain of the WHOQOL-BREF are not evenly
spread or the number of items within the domain is not
sufficient.

Ceiling and floor effects: The percentages of ceiling
(highest) or floor (lowest) values among all subjects for
each WHOQOL-BREF domain were used to assess the
extent to which the latent HRQL trait of a subject is not
reliably discriminated at both extremes. The ceiling effect
for a particular WHOQOL-BREF domain is defined as the
number of people with a level of personal latent trait
greater than the highest (i.e., the fourth) threshold, and the
floor effect as the number of people with a level of a
personal latent trait less than the lowest (i.e., the first)
threshold [41].

Item-person map: The relationship between item diffi-
culties and personal latent traits for each domain was also
examined by plotting the item difficulties and person
measures together along the same line, referred to as an
item-person map in the Rasch model analysis. The distri-
bution of item difficulties allowed us to identify regions
along the latent continuum that may be lacking items for
reliable assessment.

Differential item functioning (DIF)

Differential item functioning refers to an item lacking
measurement equivalence in different groups or settings
[16]. In this study, sets of item difficulties were compared
between genders (males vs. females) and between two age
groups (young—old: 65-74 years vs. old—old: >75 years) to
detect DIF. Due to our large sample size and the different
facets in each domain of the WHOQOL-BRETF, the results
may be more sensitive to statistical testing to show a
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significant difference in score comparisons. We therefore
employed the same methodological approach as those used
in other similar studies [7]. A criterion of 0.5 logits
between item difficulties in different groups was applied to
determine whether an item exhibited DIF [7, 43]. All Rasch
analyses were performed using Winsteps software ver. 3.47
[30].

Results

Table 1 shows the demographic characteristics of the study
sample. This study cohort (n = 1200) consisted of elderly
subjects aged between 65 and 103 years (mean 73.4 years);
59% (n = 709) were male, 86% (n = 1032) had an ele-
mentary school of education or less, 66% (n = 792) lived
with their spouse, 68% (n = 821) had been diagnosed with

Table 1 Demographic characteristics of the study sample (n = 1200
community-dwelling older people)

Variable n Percentage
Age 73.4 (6.04) 65-103°
Gender

Male 709 59.08

Female 491 40.92
Education

Elementary school or below 1032 86.00

Higher than elementary school 168 14.00
Living with spouse

Yes 792 66.00

No 408 34.00
Number of physician-diagnosed chronic conditions

1 353 43

2 225 27

>3 243 30
Depression

No 1135 94.74

Yes (GDS score > 10) 63 5.26
Cognitive impairment

No 980 81.67

Yes (MMSE score > 18) 220 18.33
WHOQOL-BREF domain score

Physical 13.31 (2.25)* 0.77¢

Psychological 12.76 (2.14)* 0.79°

Social 13.16 (1.92)* 0.73¢

Environmental 13.08 (1.99)* 0.79¢

GDS Geriatric depression scale, MMSE mini-mental state examina-
tion, WHOQOL-BREF World Health Organization Quality of Life-
BREF

* Mean, with the standard deviation given in parenthesis
b Range
¢ Cronbach’s o
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at least one chronic disease (353 with one; 225 with two;
243 with three or more), and 5% (n = 63) had suffered
from depression. All of the four domains of the WHOQOL-
BREF showed good reliability, with all Cronbach’s « val-
ues >0.7. The mean QOL scores were 13.3 for the physical,
12.8 for the psychological, 13.2 for the social, and 13.1 for
the environmental domain.

Unidimensionality

Domain-specific CFA results showed that the three indices
for the two domains, psychological (GFI 0.98, CFI 0.97,
NFI 0.96) and social (GFI 1.00, CFI 1.00, NFI 1.00), were
>0.95. The SRMR were 0.03 and 0.01 for each of these
two domains, respectively. The three indices for the other
two domains, physical (GFI 0.98, CFI 0.97, NFI 0.97) and
environmental (GFI 0.97, CFI 0.95, NFI 0.93), increased
to >0.95 when one or two pairs of error covariance were

added separately for each of the two domains; the SRMR
were 0.04 and 0.04, respectively. The standardized factor
loading for each item in its respective domain, namely
physical (0.28-0.83), psychological (0.44-0.76), social
(0.47-0.80), and environmental (0.45-0.65), was >0.4 with
one exception. Item ‘P4 dependence on medication or
treatment’ had the lowest factor loading of 0.28. When the
item P4 was excluded in the analysis, only negligible
changes in GFI, CFI, and NFI statistics were found, indi-
cating that the assumption of unidimensionality of each
WHOQOL-BREF domain was confirmed.

Infit statistics and item difficulties

Table 2 shows the model fit index, item difficulty esti-
mates, and their standard errors as well as the person
reliability and separation indices for each domain. All of
the infit statistics fell in the 0.7-1.4 ranges, thereby

Table 2 Results of the Rasch

analysis of the four WHOQOL- Domain/Item ‘Inﬁt Item difficulty Reliabil?ty
BREF domains index (SE) (separation)
Physical domain 0.76 (1.79)
P3 Pain and discomfort 1.05 —1.1 (0.04)
P4 Dependence on medication or treatment 1.35 —0.6 (0.04)
P16 Sleep and rest 1.20 0.16 (0.05)
P17 Activities of daily living 0.72 0.21 (0.05)
P15 Mobility 0.90 0.42 (0.04)
P18 Working capacity 0.83 0.42 (0.05)
P10 Energy and fatigue 0.93 0.48 (0.05)
Psychological domain 0.77 (1.83)
Y26 Negative feeling 1.38 —1.19 (0.05)
Y19 Self-satisfaction 0.97 —0.61 (0.06)
Y11 Body image and appearance 0.95 —0.52 (0.06)
Y6 Spirituality, religion and personal beliefs 0.82 0.37 (0.06)
Y7 Thinking, learning, memory, and concentration 0.95 0.67 (0.05)
Y5 Enjoyment of life 0.87 1.29 (0.05)
Social domain 0.68 (1.45)
S22 Friends’ support 0.81 —0.77 (0.07)
S20 Personal relationship 0.84 —0.71 (0.07)
S27 Esteem and respect 1.24 0.31 (0.07)
S21 Sexual activity 1.04 1.17 (0.08)
Environmental domain 0.78 (1.86)
E28 Eating food 1.17 —1.08 (0.05)
E9 Physical environment 1.14 —0.63 (0.05)
E23 Home environment 0.80 —0.56 (0.05)
E25 Transportation 0.96 —0.03 (0.05)
E24 Health and social care: availability and quality 0.96 0.01 (0.05)
E8 Physical safety and security 0.99 0.1 (0.04)
E13 Opportunities 0.86 0.29 (0.05)
P physica, Y psychologica, S E12 Financial environment 1.00 0.94 (0.04)
social, E environmental, SE E14 Participation and support of leisure activities 1.15 0.96 (0.04)

standard error
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satisfying the unidimensionality assumption of the IRT
model. The items in each domain are listed in Table 2 in
ascending order of their difficulty estimates. For example,
the item ‘P10 energy and fatigue’ was the most difficult
item in the physical domain. The ranges of the average
difficulty estimates of the physical, psychological, social,
and environmental categories were —1.10-0.48, —1.19-
1.29, —0.77-0.17, and —1.08-0.96, respectively. Four
items in the social domain had relatively large standard
errors, with item ‘S21 satisfaction with sex life’ having the
largest standard error of 0.08.

Reliability and separation

As shown in Table 2, the person reliability for each of the
WHOQOL-BREF domain was acceptable, with reliability
coefficients ranging from 0.68 (social domain) to 0.78
(environmental domain). Separation indices for the physi-
cal, psychological, social, and environmental domains were
1.79, 1.83, 1.45, and 1.86, respectively, suggesting that all
but the social domains had acceptable separation properties.

Item-person map

Figures 1, 2, 3, and 4 show the four item—person maps
depicting the person latent trait estimates (upper panel) and
sets of threshold parameter estimates (represented by the
numbers 1-4 for each item in the lower panel) jointly
located along the same °‘logit‘ scale. For example, the
fourth threshold of the item ‘P3 pain and discomfort’
shown in Fig. 1 had a lower logit value (1.23) than the
fourth threshold of the item ‘P10 energy and fatigue’ with a

higher logit value (5.30). This indicates that a subject with
a latent trait level of between 1.23 and 5.3 logits is more
likely to choose the fifth response category for item ‘P3
pain and discomfort’ and the fourth response category for
item ‘P10 energy and fatigue’. Furthermore, the sequences
of the four threshold parameters for each item were all in
order from less (category 1) to more (category 4). When
the data do not fit the model, the thresholds may be out of
order (e.g., 1, 2, 4, and 3). It should be noted that the mean
of the threshold parameters for each item is the item dif-
ficulty estimate listed in Table 2.

The average values of person traits (i.e., the targeting
indices) were 0.57, 0.44, 1.02, and 0.36 for the physical,
psychological, social, and environmental domains, respec-
tively, indicating that the study population had a higher
tendency to select more ‘positive’ response categories in
each domain. However, very few subjects had a HRQL score
greater than the highest threshold (0.5, 0.33, 0.17, and 0.5%
for the physical, psychological, social, and environmental
domains, respectively) or less than the lowest threshold
(0.33, 0.00, 0.08, and 0.25 for the physical, psychological,
social, and environmental domains, respectively), suggest-
ing that there was no significant ceiling or floor effect for any
of the four domains. In addition, the ranges of the thresholds
in each domain (—3.9-5.3 for physical, —6.7-6.8 for psy-
chological, —8.4-9.7 for social, and —3.7-4.8 for
environmental) covered at least 95% of subjects’ traits
(whichranged from —1.5to0 3.3, from —2.4 to 3.3, from —3.3
to 5.2, and from —1.6 to 2.4 for the physical, psychological,
social, and environmental domains, respectively), indicating
that the WHOQOL-BREF provided a satisfactory estimate
for most subjects in this study.

Fig. 1 Item-person map on the (%) 40
logit scale for the physical
domain of the World Health 30
Organization Quality of Life- Person QOL .,
BREF (WHOQOL-BREF). Distribution . .
Logit values for the four 10 Unit:Logit
thresholds (7, 2, 3, 4, "bad" "good"
respectively) and the mean item 0 T T T
difficulty (m) are given Locationof ltem  -10 8 -6 8 10
threshold : "e&sy" "hard"
Pain and discomfort 1 2m 3 4 Unit: Logit
Dependence on medication 1 2 m 2 4
Energy and fatigue 1 2 m 3 4
Mobility 12 m3 4
Sleep and rest 1 2 m 3 4
Activities of daily living 1 2 m 3 4
Working capacity 1 2 m 3 4
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Fig. 2 Item-person map on the (%) 40

logit scale for the psychological

domain of the WHOQOL- 0

BREF. Logit values for the four Person QOL 0 F

thresholds (7, 2, 3, 4, Distribution ) )

. . I Unit:Logit
respectively) and the mean item 10, bad" oo
difficulty (m) are given 0 2 €00

Location of Item  -10 -8 6 4 2 0 2z 4 6 &8 10
threshold #: "easy" "hard"
Unit: Logit
Enjoyment of life 1 2 m 3 4 &
Personal beliefs 1 2 m 3 4
Memory & concentration 1 2 m 3 4
Body image 2 m 3 4
Self-satisfaction 1 2 m 3 4
Negative feeling 1 2 m 3 4
Fig. 3 Item-person map on the (%) 40
logit scale for the social domain 0
of the WHOQOL-BREF. Logit Person QOL
values for the four thresholds (7, . . 20
. Distribution . .
2, 3, 4, respectively) and the 10 Unit:Logit
mean item dlfﬁculty (m) are -Ilbadll " gDOd"
given 0 T T T T T
Location of tem  -10 -8 -6 -4 -2 0 2 4 6 8 10
threshold# : " easy" Thard"
Unit: Logit
Personal relationship 2 m 3 4
Sexual activity 1 2 m 3 4
Friends’ support 1 2 m 3 4
Esteered and respected 1 2 m 3 4

Examination of DIF based on gender and age

Figure 5 shows that no DIF items were found across gen-
ders, with the exception of two items in the social domain.
Item S21 (Satisfaction with sex life) located at the bottom
right of the DIF plot indicated that it was the most difficult
item for males but the least difficult one for females. Item
S22 (Satisfaction with friends’ support) was the least dif-
ficult item for males but the most difficult one for females.
The DIF plot, shown in Fig. 6, indicated that three items
(Y11, S21, and S22) displayed DIF across the two age

groups. Item ‘Y11 Bodily image and appearance’ was more
difficult for the young—old group but less difficult for the
old—old group. We further examined items ‘S21 Satisfac-
tion with sex life’ and ‘S22 Satisfaction with friends’
support’ as they both exhibited DIF across genders and
across age groups. In Fig. 7, there were three DIF items
(i.e., ‘S21 Satisfaction with sex life’, ‘S22 Satisfaction with
friends’ support’, and ‘S20 Personal relationships’) in the
young—old group but no significant DIF item in the old—old
group, despite two borderline DIF items of ‘S22 Satisfac-
tion with friends’ support’ and ‘S27 Esteem and respect’.
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Fig. 4 Item-person map on the

@40

logit scale for the environmental 0+
domain of the WHOQOL- Person QOL 0 |
BREF. Logit values for the four Distribution Unit:Logit
thresholds (/, 2, 3, 4, 0 "had" "good"
respectively) and the mean item 0 — — T ——
difficulty (m) are given Location of ltem i 8 6 4 6 2 10
ﬂl.resholdﬁ: 1 N L ) L L L L L L 1 L L 1 L L I"h e
e &S}i’" &Id
Physical ervvironments 12 mi 4 Unit: Logit
Financial ervironment 12 m 4
Physical ervironment 1 2 m 3 4
Opportunities 1 2 m 3 4
Participation 1 2 m3 4
Home ervironrment 12 m 3 4
Health & social care 1 2 m 3 4
Transportation 1 2 m 3 4
Eating food 1 2 m 3 4

Discussion

The aim of the first part of our analysis was to confirm the
model fit. Each item of the WHOQOL-BREF in its
respective domain had properly ordered threshold param-
eters and also showed a good fit to the unidimensionality
specification. The person reliability indices were moder-
ately high, with the exception of the social domain, which
is similar to those found in Hwang et al. [11]. As IRT
focuses more on item properties, such as difficulty, order-
ing, and number of items in each domain, this type of
analysis provides results for a more comprehensive item
evaluation.

Unlike the traditional CTT analysis, which often impo-
ses continuous level assumptions on ordered response, the
model in IRT analysis treats the response categories as
ordinal levels of data [44]. The person reliability index is
the proportion of observed variance that is explained by the
Rasch model, while Cronbach’s coefficient « is based on
the covariance structure of the items within the scale. Both
statistics are conceptually similar and are the percentage of
observed response variance that is reproducible. Cron-
bach’s coefficient o is constant for all scale scores,
meaning that it assumes that measurement error is dis-
tributed normally and equally for all score levels; in
contrast, the measure of precision for the person reliability
index is estimated separately for each score level or
response pattern, thereby controlling for the characteristics
(e.g., difficulty) of the items in the scale. Therefore, one of
the main differences between Cronbach’s coefficient o and
the person reliability index occurs when there are extreme
scores. In such a case, Cronbach’s coefficient o increases,

@ Springer

but the person reliability decreases—and the latter is with a
higher precision of measurement [16, 45, 46].

In addition, person reliability is computationally related
to the person separation statistic, which is used to indicate
the number of statistically different performance strata that
can be identified in the sample (i.e., person separation of
two indicates two strata can be identified) [16, 39]. The
overall item performance also allowed us to evaluate the
properties of each item in greater detail by examining their
thresholds and corresponding person latent traits, which is
not possible with the traditional CTT-based analysis [43,
44, 47]. For example, a person with a latent trait of three
logits in the social domain is more likely to choose
response category 4 (satisfied) for item ‘S22 Personal
relationships’, 3 (moderately satisfied) for item ‘S21 Sex-
ual activity’, 4 (satisfied) for item ‘S22 friends’ Support’,
and 4 (satisfied) for item ‘S27 Esteemed and respected’
(see Fig. 3).

The item—person map explicitly reveals the relationship
between person latent trait estimates and item difficulty
parameters. The positive mean values (targeting indices) of
person traits for each of the four domains indicate that the
average item difficulty was relatively low for the elderly,
with the social domain in particular showing substantial
mis-targeting, with a targeting index of 1.02. Those items
tended to be scored as ‘satisfied’, perhaps because very
elderly people may respond that they are satisfied, even
though they are unsure how to answer questions about
sexual life and friendship. The addition of items to the
social domain that are more appropriate for the elderly
would be desirable to enhance the content relevance and
scale performance. It may also be worthwhile to include
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Fig. 5 Differential item functioning plot by gender and the WHOQOL-BREF domain

items in order to obtain an even distribution of thresholds
on the scale of the social domain, with the aim of
increasing the precision of estimates in the full range, as
there were no threshold values in the intervals of —2-1 and
4-6 for the social domain [43, 47].

In the second part of our analysis, we applied DIF
analysis to examine the invariance of item parameters
across different subgroups and to explore influential issues
within each specific construct domain. Item ‘S21 Satis-
faction with sexual activity’ performed quite differently
between males and females in young—old people, but there
were only negligible differences in old—old people. This

phenomenon may be attributed to the physiological dif-
ferences of the aging process between males and females
[48-51]. For example, females tend to have a distinct cli-
macteric in the aging process, with apparent physiological
and psychic changes as well as an end of the reproductive
capacity and onset of menopause [52], while the climac-
teric in males is less clear, with a less-pronounced loss of
libido and retained fertility [S3]. However, sexual desire in
both genders diminishes considerably as they age, as evi-
denced by the result that item ‘S21 Satisfaction with sexual
activity’ was the least difficult item for both males and
females in the old—old group.
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Fig. 6 Differential item functioning plot by age group and the WHOQOL-BREF domain
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Another interesting item exhibiting DIF was item ‘S22
Satisfaction with friends’ support’, which was a relatively
easy item for males but the most difficult one for females, as
shown in Fig. 5. Further DIF analysis across genders,
stratified by different age groups as shown in Fig. 7, sup-
ported the concept that ‘S22 Satisfaction with friends’
support’ was still a relatively difficult one for female.
However, for males, ‘S22 Satisfaction with friends’ sup-
port’ was a relatively easy item for young—old males but
was the most difficult one for old—old males. The finding
that females had a relatively low satisfaction with friends’
support may have been due to the fact that our study sub-
jects lived in a rural area and were more socially isolated
and socially conservative. Another possible explanation is
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that the social circles of married women become smaller as
they age and are often confined primarily to their husband
and his relatives. Moreover, women often have a longer life
expectancy than men and become widowed (e.g., in the
study, the spouses of 16.8% of males and 39.5% of females
had died). Previous studies have also found that elderly
females residing in rural areas had a poor quality of social
life, likely due to low levels of social contact support, high
levels of isolation, being widowed, or living alone [54].

Another finding is that the item-difficulty locations of

two items ‘S21 Satisfaction with sex life’ and ‘S22 Satis-
faction with friends’ support’ for males were calibrated in
the two opposite extremes separately in the young—old and
old—old groups. A noticeable movement of these two items
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in their relative locations was observed between the
young—old and the old—old groups, as shown in Fig. 7. The
violation of item parameter invariance for items S21 and
S22 is potentially a consequence of getting older. Older
people need to adjust to the aging process, such as the
natural decrease in sexual activity that occurs with
increased age and the greater social isolation as friends
move away, become sick, or die. The relative importance
of these two items in our study in the older male subjects
changed, whereas the order of ‘difficulty’ for some other
items was quite stable. For example, in both age groups,
self-care tasks were easier to perform than household
activities, and walking a short distance was easier to per-
form than stair climbing; however, items S21 and S22 did
not maintain the expected order among latent traits with
increasing age. The impact of DIF on older male subjects
can be further investigated by examining its influence on
domain scores of the WHOQOL-BREF, especially by
comparing the magnitudes of scale-level differences in the
social domain between the young—old and old—old groups.

There are some limitations in the study worth noting.
First, the response rate of each of the 26 WHOQOL-BREF
items was higher than 97.5%, with the exception of item
‘21 Sexual life’ (83.5%). However, this limitation can be
adequately mitigated by the Winstep program for the Rasch
model as it can handle missing item response data. Second,
the study cohort may not be representative of the general
elderly population in Taiwan as compared with the general
population in Taiwan, the study subjects had a lower
education level and there was a higher percentage of males.
The study subjects were also from a conservative rural

area, and certain factors, such as the role of women in the
family and job status before retirement, would be affected
differently than were the subjects from urban areas. The
reason why we chose this specific population group is
because HRQL in rural-dwelling elderly people is less well
understood and this group is in greater need of health
promotion, including HRQL. Lastly, very sick older people
were not available for this study; therefore, our findings
may only reflect the QOL among older people who are
relatively healthy.

Conclusions

Health-related quality of life has become an increasingly
important measure in the clinical evaluation of the treat-
ment and cost-effectiveness of health policies [12, 55]. As
the WHOQOL-BREF expands its use as a generic HRQL
instrument, it is of great importance to evaluate its psy-
chometric properties and suitability in specific populations.
Using Rasch analysis, we conducted a systematic evalua-
tion of the WHOQOL-BREEF in rural community-dwelling
older people in Taiwan. While the results confirmed the
suitability of the WHOQOL-BREEF for this elderly popu-
lation, they also identified areas for improvements,
especially for items in the social domain. Differential item
functioning analysis detected certain items, such as body
image, sexual activity, and friends’ support, as performing
differently with increasing age. Researchers and clinicians
need to be aware that the results for certain items, such as
friends’ support and sexual life, may depend on aging and
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gender. If one ignores the age effect in the evaluation of a
health promotion program, for example, the benefit of the
program among the older elderly may be under-estimated
due to their lower satisfaction with certain age- and gender-
sensitive items, such as friends’ support among older male
individuals. Therefore, it is essential to conduct the anal-
ysis with and without these age- and gender-sensitive items
to confirm consistency or with a stratified method by age
and gender to avoid problems caused by DIF. We also
suggest that both domain and item scores be used if there
are DIF differences in order to obtain a more comprehen-
sive understanding of HRQL in elderly populations. A
particular scoring strategy is also suggested if we want to

Table 3 The WHOQOL-BREF

compare the HRQL by using this measure among old—old
and old—young elderly Taiwanese in rural areas.
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Appendix

See Table 3.

Code Item statement

Response choices

- How would you rate your quality of life?
- How satisfied are you with your health?

P3 To what extent do you feel that physical pain prevents you from

doing what you need to do?

P4 How much do you need any medical treatment to function in
your daily life?

Y5 How much do you enjoy life?
Y6 To what extent do you feel your life to be meaningful?
Y7 How well are you able to concentrate?

E8 How safe do you feel in your daily life?

E9 How healthy is your physical environment?
P10 Do you have enough energy for everyday life?
Y11 Are you able to accept your bodily appearance?
E12 Have you enough money to meet your needs?

E14  To what extent do you have the opportunity for leisure activities?

P15 How well are you able to get around?

P16  How satisfied are you with your sleep?

P17  How satisfied are you with your ability to perform your daily
living activities?

P18  How satisfied are you with your capacity for work?

Y19 How satisfied are you with yourself?

S20  How satisfied are you with your personal relationships?

S21  How satisfied are you with your sex life?

S22 How satisfied are you with the support you get from your
friends?

E23  How satisfied are you with the conditions of your living place?

E24  How satisfied are you with your access to health services?
E25 How satisfied are you with your transport?

Y26 How often do you have negative feelings such as blue mood,
despair, anxiety, depression?

S27 Do you feel respected by others?

E28  Are you usually able to get the things you like to eat?

1. Very poor 2. Poor 3. Neither poor nor good 4. Good 5. Very good

1. Very dissatisfied 2. Dissatisfied 3. Neither satisfied nor dissatisfied
4. Satisfied 5. Very satisfied

1. Not at all 2. A little 3. A moderate amount 4. Very much 5. An
extreme amount

As above

As above
As above

1. Not at all 2. A little 3. A moderate amount 4. Very much
5. Extremely

As above

As above

1. Not at all 2. A little 3. Moderately 4. Mostly 5. Completely

As above

As above

As above

1. Very poor 2. Poor 3. Neither poor nor good 4. Good 5. Very good

1. Very dissatisfied 2. Dissatisfied 3. Neither satisfied nor dissatisfied
4. Satisfied 5. Very satisfied

As above

As above
As above
As above
As above

As above

As above
As above
As above
1. Never 2. Seldem 3. Quite often 4. Very often 5. Always

1. Not at all 2. A little 3. A moderate amount 4. Very much 5. An
extreme amount

1. Never 2. Seldem 3. Quite often 4. Very often 5. Always
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