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ABSTRACT
Population aging has developed into a signiﬁcant area of concern in developed countries, especially in relation to the
preservation of functional independence and the quality of life (QoL). However, information on the contribution of
sex differences in quality of life and cognitive function is scarce. Therefore, this study aimed to investigate potential
differences in cognitive function and QoL between males and females. For this study, we recruited 382 healthy subjects aged 19–79 years from communities in Southern Taiwan. Cognitive function and QoL were assessed using the
UCSD Performance-based Skills Assessment, Brief Version (UPSA-B) and World Health Organization Quality of
Life Instruments (WHOQOL-BREF), respectively. The effects of sex, age groups, and interaction of sex and age
on the UPSA-B and WHOQOL-BREF scores were examined. We found that the ﬁnancial and communication
domains of the UPSA-B showed declining trends with age in both sexes, although these trends were more obvious
in females than in males. In the domain of Physical Capacity, QoL showed an age-increased trend in males, while
QoL in the Environment domain showed an age-increased trend in females. Regarding the relationships between
cognitive function and QoL, we found that the ﬁnancial skill and communication skill of UPSA-B was positively
correlated to the psychological well-being domain of WHOQOL-BREF, in males of age <40 years. In conclusion,
our ﬁndings demonstrate differential relationships between cognitive function and QoL between males and females,
which could serve as a basis for further study between cognitive function and quality of life in communities.
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1 Introduction
Over the past few decades, population aging has become a global phenomenon, with several countries
having already become super-aged societies (with individuals aged 65 and above representing more than
20% of the population) [1]. Taiwan became an aged society in 2018 and is expected to become a superaged society in 2025 [2]. As life expectancy increases, the preservation of functional independence will
play an important role in quality of late-life and medical expenditures [3]. During the aging process, the
severity of cognitive impairment may affect one’s capacity to accomplish daily routines and to live
independently [4]. Therefore, a growing number of studies have been focusing on the relationship
between cognitive function and biological and psychosocial factors [5–7].
Compelling evidence has shown that females are at a higher risk of cognitive disorders (e.g.,
Alzheimer’s disease) than males [8], which may be due to the longer life expectancy of females [9]. A
large-scale cohort study in the U.S. suggested that women may have greater cognitive reserve but faster
cognitive decline than men, which may contribute to sex differences in late-life dementia [10]. Our
previous study, it demonstrated that the correlation between neurosteroids and cognitive function and
psychological well-being may differ with sex [11]. Therefore, the uncertain mechanisms of the sexspeciﬁc effect on cognition and quality of life warrant further clariﬁcation. To collect more data about
how cognitive function affects the performance of human beings, we chose the UCSD Performance-based
Skills Assessment, Brief Version (UPSA-B) as our assessment tool [12]. This modiﬁed brief version of
UPSA, which was developed to assess daily functioning in individuals with mental disorders.
In addition to cognitive function, we adopted QoL scales to measure quality of life in later life. The World
Health Organization (WHO) deﬁnes quality of life as an individual’s perception of their position in life in the
context of the culture and value systems in which they live and in relation to their goals, expectations, standards,
and concerns [13]. Previous research has shown differences between QoL and sex, as well as ages, and these
results are supposed to reﬂect the discrepancy between each group of people [13–15]. We herein chose World
Health Organization Quality of Life Instruments (WHOQOL-BREF) assessment, which divides QoL into
physical, psychological, social, and environmental domains [13], to evaluate the biological factors,
behavioral factors, and socioeconomic inequities existing between populations.
Therefore, we hypothesize that cognitive function and QoL exhibit differential trends between males and
females along with age. The aims of this study were to examine trends of cognitive function and QoL trends
along with age between sex; as well as to investigate whether there are differential relationships exist between
cognitive function and QoL between males and females.
2 Methods
2.1 Study Participants
This cross-sectional study was conducted in Chang Gung Memorial Hospital, and was approved by the
respective Institutional Review Board (IRB No: 103-6849C). The participants consisted of healthy
individuals recruited from the staff of Kaohsiung Chang Gung Memorial Hospital and Keelung Chang
Gung Memorial Hospital, and from community volunteers in Kaohsiung City and Keelung City, Taiwan.
The recruitment criteria were: (1) age ≥18 years; (2) without a history of major psychiatric disorders (e.g.,
psychosis, bipolar disorder, major depressive disorder, organic mental disorders, and substance use
disorder) conﬁrmed using the Diagnostic and Statistical Manual of Mental Disorders, fourth edition
(DSM-IV) criteria and the Chinese Version of the Mini International Neuropsychiatric Interview (MINI)
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[16,17]; (3) without any known systemic or neurological diseases that would inﬂuence cognitive
performance; and (4) capacity to speak Mandarin read Chinese and give informed consent. In total, we
recruited 382 healthy subjects aged 19–79 years (mean age: 48.0 ± 16.7 years; 47.6% male; education
level: 52.6% were college or above).
2.2 Cognitive Assessment
The UPSA-B, a brief modiﬁed brief version of UPSA, was developed to assess daily functioning in
individuals with mental disorders [12]. The UPSA-B is made up of two subtests: the ﬁnancial portion and
the communication domain. In the ﬁnancial portion, participants are required to count out speciﬁc amounts
of real currency, make change, and request a bank check to pay a bill. Meanwhile, the communication
domain asks participants to correctly call directory assistance to obtain a telephone number to reschedule an
appointment in a hospital. Three sub-scores are derived from the UPSA-B: ﬁnancial skill 1 (counting
money and making change), ﬁnancial skill 2 (paying a bill), and communication skill (dialing a telephone
number and calling to reschedule an appointment) [18]. The validity of the Chinese version of the UPSA-B
has been established in Mandarin-speaking patients with mental illnesses [19,20].
2.3 Quality of Life Assessment
The WHOQOL-BREF, a self-administered questionnaire by respondents, is a 26-item version of the
WHOQOL-100 assessment tool. All items were rated on a 5-point scale with a higher score indicating a
higher quality of life. The WHOQOL-BREF has proven useful in surveys of general and speciﬁc
populations, as well as in differentiating the health beneﬁts produced by a wide range of different
treatments [21]. It was scored over four domains: Physical Capacity (7 items), Psychological Well-being
(6 items), Social Relationship (4 items), and Environment (9 items). The Physical Capacity domain
consists of such items as energy, pain, sleep, mobility, and daily functional activities. The Psychological
Well-being domain covers self-image, self-esteem and attitudes, memory concentration, learning ability,
religion, and mental status. The Social Relationship domain measures questions related to personal
relationships, social support, and sex life. The Environment domain includes issues related to safety,
health and social services, living physical environment, opportunities to acquire new skills and
knowledge, ﬁnancial resources, recreation, and transportation [22]. The WHOQOL-BREF has been
reported to have good test-retest reliability and content validity in Taiwan [23].
2.4 Statistical Analyses
Data were analyzed using the statistical software package SPSS (Version 21.0; SPSS Inc., Chicago, IL, USA).
The variables are shown as either mean (±SD) or frequency (%). Categorical variables among age groups were
compared using the chi-square test. In a two-tailed test, a p-value < 0.05 was considered statistically signiﬁcant.
We then stratiﬁed our normative sample was stratiﬁed into three age groups (<40 years; 40–59 years; and
≥60 years) [24] and sex groups. Two-way analysis of covariance (ANCOVA) was adopted to evaluate the
potential effects of sex and age group on UPSA-B and WHOQOL scores, controlling for education levels
(covariate). The raw scores from UPSA-B (two domains) and WHOQOL (four domains) were set as
dependent variables in each model. We used post-hoc tests with LSD to examine the differences in
UPSA-B or WHOQOL between speciﬁc age groups. Effect sizes were demonstrated using the partial etasquared (η2). Finally, partial correlation was used to examine the relationships between UPSA-B and
WHOQOL variables, controlling for the effects of education levels.
3 Results
A total of 182 male (mean age: 47.8 ± 16.9 years) and 200 female (mean age: 48.0 ± 16.5 years)
participants were recruited in this study. The distributions of sex, age groups, and educational levels of
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the participants are summarized in Table 1. Of males, 36.3%, 31.9% and 31.9% were aged <40 years, 40–
59 years, and ≥60 years, respectively. Of females, 35%, 36%, and 29% were aged <40 years, 40–59 years,
and ≥60 years, respectively. We found no signiﬁcant differences in distribution of age groups and educational
levels between males and females were found.
Table 1: Sample characteristics
Variables

Males
N = 182

Females
N = 200

Statistics

Age
<40 years
40–59 years
≥60 years
Education
Junior high school or lower
Senior high school
College or above

n (%)
66 (36.3)
58 (31.9)
58 (31.9)
n (%)
30 (16.5)
52 (28.6)
100 (54.9)

n (%)
70 (35.0)
72 (36.0)
58 (29.0)
n (%)
46 (23.0)
53 (26.5)
101 (50.5)

X2 = 0.779
P = 0.677

X2 = 2.540
P = 0.281

The UPSA-B performance of the three age groups in males and females are demonstrated in Fig. 1. We
found that the ﬁnancial domain of the UPSA-B (Fig. 1A) showed age-declined trends both in males (F(2,
182) = 4.638, η2 = 0.050, p = 0.011) and females (F(2, 200) = 14.463, η2 = 0.13, p < 0.001). The agedeclining trends were more obvious in females than in males. The post-hoc tests showed that in males,
the ﬁnancial skills among those aged ≥60 years were signiﬁcantly lower than those aged <40 years (mean
difference = −1.58, p < 0.001) or 40–59 years (mean difference = −1.60, p < 0.001), respectively. In
females, the same skills among those aged ≥60 years were signiﬁcantly lower than those aged <40 years
(mean difference = −2.92, p < 0.001) or 40–59 years (mean difference = −2.39, p < 0.001), respectively.
Furthermore, the ﬁnancial skills among those aged 40–59 years were signiﬁcantly lower than those aged
<40 years (mean difference = −0.53, p = 0.031).
UPSA-B Financial skill

(A)
15

***
***

*

(B)

***

UPSA-B Communication skill

12

***

**

**

***
***

Scores

Scores

9
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6

5
3
0

0
<40 40-59 t 6 0

<40 40-59 t 6 0

<40 40-59 t 6 0

<40 40-59 t 6 0

Male

Female

Male

Female

Figure 1: The two domains (ﬁnancial skill and communication skill) of the UCSD Performance-based Skills
Assessment, Brief Version (UPSA-B) across three age groups (<40 years; 40–59 years; and ≥60 years) in
males and females. (A) UPSA-B ﬁnancial skill: assessing daily functioning in individuals’ ﬁnancial skill;
the higher scores represent better performance (B) UPSA-B communication skill: assessing daily
functioning in individuals’ communication skill; the higher scores represent better performance. *p <
0.05, **p < 0.01, ***p < 0.001 of between group comparisons
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For the communication domain of the UPSA-B (Fig. 1B), females (F(2, 200) = 8.503, η2 = 0.080, p <
0.001) exhibited age-declined trends. No signiﬁcant age-declining trend was observed in males (F(2,
182) = 2.017, η2 = 0.022, p = 0.136). In males, the communication skills among those aged ≥60 years
were signiﬁcantly lower than those aged <40 years (mean difference = −0.90, p = 0.001) or 40–59 years
(mean difference = −0.87, p = 0.001), respectively. In females, the communication skills among those
aged ≥60 years were signiﬁcantly lower than those aged <40 years (mean difference = −2.14, p < 0.001)
or 40–59 years (mean difference = −1.77, p < 0.001), respectively.
The distribution of WHOQOL (Physical Capacity, Psychological Well-being, Social Relationship, and
Environment) across the three age groups in males and females are illustrated in Fig. 2. We found that the
QoL in Physical Capacity (Fig. 2A) showed an age-increased trend in males only (F(2, 182) = 4.034,
η2 = 0.044, p = 0.019). In males, the Physical Capacity among those aged <40 years were signiﬁcantly
lower than those aged 40–59 years (mean difference = −1.25, p = 0.010) and aged ≥60 years (mean
difference = −1.28, p = 0.008), respectively. No signiﬁcant age-changed trends were observed in the
Psychological Well-being (Fig. 2B) domain among males. For the Social Relationship domain (Fig. 2C),
those aged <40 years were signiﬁcantly lower than those aged 40–59 years (mean difference = −0.76,
p = 0.043). For the Environment domain (Fig. 2D), those aged <40 years were signiﬁcantly lower than
those aged ≥60 years (mean difference = −1.70, p = 0.027).
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Figure 2: The four domains of WHOQOL (Physical Capacity, Psychological Well-being, Social Relationship,
and Environment) across three age groups (<40 years; 40–59 years; and ≥60 years) in males and females. (A)
The Physical Capacity domain contains items on energy, pain, sleep, mobility, and daily functional activities.
(B) The Psychological Well-being domain covers includes self-image, self-esteem and attitudes, memory
concentration, learning ability, religion, and the mental status. (C) The Social Relationship domain measures
questions on personal relationships, social support, and sex life. (D) The Environment domain includes
covers issues related to safety, health and social services, living physical environment, opportunities to
acquire new skills and knowledge, ﬁnancial resources, recreation, and transportation. The higher scores
represent better quality of life. *p < 0.05, **p < 0.01 of between group comparisons
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In females, the QoL in the Environment domain (Fig. 2D) showed an age-increased trend in females only
(F(2, 200) = 4.333, η2 = 0.043, p = 0.014). The Environment scores among those aged <40 years were
signiﬁcantly lower than those aged 40–59 years (mean difference = −2.25, p = 0.006) and aged ≥60 years
(mean difference = −1.85, p = 0.032) in females, respectively. No signiﬁcant age-changed trends were
observed in Physical Capacity, Psychological Well-being, or Social Relationship domains among females.
For the relationships between cognitive function and QoL, we found the ﬁnancial skills (r = 0.251, p = 0.044)
and communication skills (r = 0.350, p = 0.004) of UPSA-B were positively correlated to Psychological Wellbeing of WHOQOL in males with age <40 years. However, we observed no signiﬁcant correlation between the
performance of UPSA-B and any domains of WHOQOL (Physical Capacity, Psychological Well-being, Social
Relationship, and Environment) in females or in the other age groups of males.
4 Discussion
The main ﬁndings in this study are listed below. First, the age-declining trends of both the ﬁnancial and
the communication domain of the UPSA-B were more obvious in females than in males. Second, the QoL in
Physical Capacity showed age-increased trend in males only, while the QoL in the Environment domain
showed age-increased trend in only females. Third, for the relationships between cognitive function and
QoL, we found that the ﬁnancial skills and communication skills of UPSA-B were positively correlated
to Psychological Well-being of WHOQOL in males with age <40 years, while the ﬁnancial skills of
UPSA-B were positively correlated to only the Environment domain of WHOQOL in females.
The ﬁnding of declining scores of ﬁnancial and communication domains of the UPSA-B related to aging is
not surprising, as it conﬁrms what previous researchers have discovered about normal aging [5,6].
Nevertheless, our results showed that both of the age-declining trends were more obvious in females than in
males. We supposed that educational level might play a role in cognitive function. In previous research,
compared to patients of dementia without formal education, patients with formal education seem to have
less frequent disability status [25]. In Taiwan, women have traditionally had fewer educational opportunities
than men during the past several decades, that is, until the implementation of nine-year compulsory
education in 1968. The historical disparities in access to education between men and women may produce
cohort effects [26]. Therefore, we adjusted for education levels in the analyses. Nevertheless, sex-different
age-declining trends in cognition were still observed among our study population. With regard to the
biological aspect, a previous study revealed that the serum levels of preg–nenolone levels were positively
correlated with cognitive function among men [11]. In women, cognitive alterations in a number of
domains after menopause, including attention and processing speed [27], as well as decline of estradiol after
menopause, represented a signiﬁcant factor along with age in women [28,29].
The QoL in Physical Capacity showed an age-increased trend in males only, and the QoL in the
Environment domain showed an age-increased trend in females. Generally, in Chinese culture, people are
more reluctant to express or discuss their feelings than those in Western countries [30]. Instead,
expression of multiple medically unexplained somatic symptoms, including fatigue, insomnia, loss of
appetite and gastro-intestinal problems, is more acceptable in Chinese culture [30,31], and these
presentations are corresponded to the questionnaire within the QoL in Physical Capacity. Therefore, any
of the above reasons may lead to responder bias and may ultimately inﬂuence our results.
Regarding employment distribution, the rates of being employed among the three age groups (<40 years,
40–59 years and ≥60 years) among our study population were 89%, 73.8%, and 14.7%, respectively
(Table S1). Furthermore, the groups aged <40 years and 40–59 years were still the breadwinners of their
families, while the group aged >60 years had started to enjoy retirement. During the 1960s to the 1980s,
Taiwan experienced economic development, followed by the Feminism movement. Women with age
>60 years may have had more chances to notice the improvements to their environment in their later lives.
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Both the ﬁnancial skills and communication skills of UPSA-B were positively correlated to
Psychological Well-being of WHOQOL in males with age <40 years. Since the opportunity to receive
education and improve circumstances may be unequal between different age and sex groups, education
levels were adjusted in our analyses. In most research, cognitive function is now considered to have a
positive correlation with quality of life in most of the research [32,33] and many more studies are also
trying to determine the relationship between quality of life and diseases with cognitive dysfunction, as
well as normal aging [33–35]. However, cognitive function may still decline during aging [36], which
may explain why the ﬁnancial skills and communication skills of UPSA-B had no correlation with
Psychological Well-being of WHOQOL in the participants in the other two groups.
Our approach has several limitations of our approach. First, this study was conducted with a crosssectional design. The age-trends of cognition and QoL were not veriﬁed through prospective observation.
Second, the diagnosis of minor neurocognitive disorders was included in DSM-5, but screening through
DSM-IV may not distinguish people with minor neurocognitive disorders from our sample. Third, the
economic status and social environment in Taiwan has progressed rapidly in recent decades [37]. The
opportunity to receive an education and improve circumstance might be unequal among different age and
sex groups. Fourth, cognitive function was only assessed using the UPSA-B, which is designed for
evaluating ﬁnancial and communication function for individuals with mental disorders [12], and it may
be not sensitive enough to detect tiny differences in functional capacity among healthy subjects.
Therefore, this study may not have captured comprehensive cognitive proﬁles among healthy populations
in the real world.
Despite its limitations, the results of this study demonstrate differential relationships between cognitive
function and QoL between males and females. The ﬁndings of our study can serve as a reference for the
relationship between cognitive function and quality of life. In the future, sex speciﬁc strategies should be
considered to enhance psychological wellbeing for sex-speciﬁc groups in community populations.
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Supplementary Table 1: Distribution of employment status among the three age groups
Variables

Students
Unemployed or retired
Employed

<40 years
N = 136

40–59 years
N = 130

≥60 years
N = 116

Statistics

n (%)
8 (5.9)
7 (5.1)
121 (89.0)

n (%)
0 (0)
34 (26.2)
96 (73.8)

n (%)
0 (0)
99 (85.3)
17 (14.7)

X2 = 191.80
P < 0.001

