
Quality of Life Research
https://doi.org/10.1007/s11136-024-03784-z

2 diabetes mellitus, chronic renal diseases, cardiovascular 
diseases, and all-cause mortality underscores its signifi-
cant impact on overall health [1–3]. The burden of meta-
bolic diseases is substantial, with obesity contributing to the 
highest number of deaths in 2019 (5.0 million), followed 

Introduction

Metabolic syndrome (MetS), characterized by a constella-
tion of metabolic disorders, is currently a formidable global 
health concern. Its association with increased risks of type 
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Abstract
Purpose Both metabolic syndrome (MetS) and cognitive dysfunction impair health-related quality of life (HRQOL). This 
study aims to determine whether individuals experiencing both MetS and cognitive dysfunction have lower HRQOL. 
Methods This cross-sectional study enrolled 567 participants who attended outpatient clinics at a medical center in northern 
Taiwan. MetS was diagnosed according to the modified criteria for the Asian population. Cognitive function was categorized 
as normal, mild cognitive dysfunction, and advanced cognitive dysfunction according to the score of the Montreal Cogni-
tive Assessment, Taiwanese version. HRQOL was assessed using the SF-36v2® Health Survey (SF-36v2). The associations 
of the comorbidity status of MetS and cognitive dysfunction with HRQOL were analyzed using linear regression models, 
adjusting for age, sex, marital status, education level, income groups, and activities of daily living. 
Results Out of 567 participants, 33 (5.8%) had MetS with mild cognitive dysfunction, and 34 (6.0%) had MetS with advanced 
cognitive dysfunction. Participants with both MetS and advanced cognitive dysfunction exhibited the lowest scores in the 
physical component summary and almost all scales of HRQOL. MetS exacerbated the inverse association between mild 
cognitive dysfunction and the mental component summary. For those with MetS, the scores on scales of role physical, bodily 
pain, vitality, and social functioning worsened as cognitive function deteriorated (all Ptrend<0.05).
Conclusion As the severity of comorbidity between MetS and cognitive dysfunction varies, patients exhibited poorer per-
formance in different aspects of HRQOL. Future research is needed to find solutions to improve HRQOL for patients with 
both MetS and cognitive dysfunction.
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by hyperlipidemia (4.3 million), type 2 diabetes mellitus 
(1.4 million), and hypertension (1.1 million) [4]. Moreover, 
MetS has been linked to an increased incidence of mild cog-
nitive impairment and the development of dementia [5].

MetS and cognitive dysfunction are closely related. 
Many studies have found that MetS accelerates the rate of 
cognitive decline, and the affected domains include global 
cognition, memory, executive functions, and attention [6]. 
Patients with MetS are more likely to experience cognitive 
impairment due to systemic inflammation and neurodegen-
eration [7–9]. MetS component, such as hyperglycemia, can 
lead to neurological damage in the brain [10], was found 
to be associated with amnestic mild cognitive impairment 
[11]. Additionally, MetS patients are prone to atheroscle-
rosis, leading to cerebral hypoperfusion, which further 
contributes to cognitive dysfunction [8]. On the flip side, 
cognitive dysfunction can lead to overeating due to altered 
neural responses to food, impaired memory, and executive 
function [12]. This overeating can prompt weight gain and 
worsen MetS. Therefore, experiencing both MetS and cog-
nitive dysfunction can exacerbate each condition individu-
ally (Fig. 1) and potentially worsen other health indicators 
associated with each disease.

Cognitive dysfunction is a broad term referring to abnor-
malities in cognitive function, ranging from mild cogni-
tive impairment to dementia. It includes different domains 
of cognitive impairment and various etiologies. Cognitive 
impairment in learning, memory, attention, language, motor 
speed, executive functions, and visuospatial processing can 

significantly impact an individual’s social functioning and 
roles [13]. Cognitive dysfunction also causes limitations in 
physical function, affecting activities of daily living (ADL) 
and instrumental activities of daily living (IADL) [14, 15]. 
The correlation between cognitive dysfunction and lower 
health-related quality of life (HRQOL) is evident. Older 
adults experiencing cognitive dysfunction more likely to 
report pain, discomfort, anxiety, and depression [16]. Stud-
ies by Stites et al. also highlight a connection between cog-
nitive dysfunction and lower quality of life, including lower 
satisfaction in physical well-being, family, marital status, 
living, and financial situation [17].

In addition to cognitive dysfunction, MetS is correlated 
with compromised HRQOL in both physical and mental 
domains [18]. A persistent MetS status has been found to 
adversely affect mental HRQOL, particularly in vitality and 
mental health [19]. Individuals with MetS are also more 
susceptible to limited mobility and depressive symptoms 
[20, 21]. Furthermore, those with mild cognitive impair-
ment exhibit limited physical performance compared to 
those with normal cognition [14]. Depression is common in 
cognitive dysfunction [22]. Together with the close associa-
tion between MetS and cognitive dysfunction, we hypothe-
size that the convergence of MetS and cognitive dysfunction 
poses a dual threat to HRQOL through impaired physical 
function and mental health (Fig. 1). However, research 
investigating the association of the coexistence of MetS and 
cognitive dysfunction with HRQOL remains scarce.

Fig. 1 Conceptual framework of the study hypotheses. Metabolic syn-
drome and cognitive dysfunction are closely related and affect each 
other. Thus, the coexistence of metabolic syndrome and cognitive dys-

function is possibly associated with a poorer health-related quality of 
life through impaired physical and mental health
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This cross-sectional study aims to fill this research gap 
by examining the association of the comorbidity status of 
MetS and cognitive dysfunction with HRQOL. We infer that 
individuals with both MetS and cognitive dysfunction will 
experience the poorer HRQOL than those with MetS alone 
or cognitive dysfunction alone. To the best of our knowl-
edge, no study has explored the association of MetS and 
cognitive dysfunction with HRQOL. Understanding this 
crucial issue can empower healthcare providers to adopt 
a holistic perspective in caring for these patients, enabling 
them to deliver more compassionate and comprehensive 
care.

Methods

Study design and study population

This study was a cross-sectional study. Participants were 
recruited from the health examinations and outpatient clin-
ics of the Taipei Veterans General Hospital, Taipei, Tai-
wan during 2020–2023. Community-dwelling adults aged 
50 and above, with the capacity for independent behavior, 
were invited to participate in this study. Exclusion criteria 
included severe cognitive dysfunction (inability to compre-
hend the contents of the informed consent form or diagnosed 
with moderate to severe dementia) and residency in institu-
tions (Fig. 2). Eligible individuals who agreed to participate 
in this study needed to sign a written informed consent. The 
study received approval from the Research Ethics Commit-
tee of Taipei Veterans General Hospital, Taipei, Taiwan, on 
May 9, 2022 (Protocol Code: 2020-06-001 A). The design 
and execution of this study fully comply with relevant regu-
lations. For estimating the sample size, we set the effect size 

to 0.02 (indicating a small effect size), with α = 0.05 and 
power = 0.90, resulting in a minimum sample size of 528.

During the interview, research assistants guided partici-
pants in completing a questionnaire to collect the necessary 
information for the study. This information includes details 
such as age, sex, marital status, education level, income 
level, religion, smoking, alcohol consumption, past medical 
history, medication use, ADL, IADL, as well as assessments 
of cognitive function and HRQOL. The basic physical 
function was evaluated using the Barthel Index [23]. The 
Barthel Index comprises 10 items, including feeding, bath-
ing, grooming, dressing, bowel and bladder function, toilet 
use, transfers, mobility, and stair climbing. The total ADL 
score ranges from 0 to 100. The Lawton IADL scale is the 
most commonly used instrument for assessing IADL [24]. 
In this study, a slightly adapted Chinese version was used 
to evaluate 8 domains [25]. These domains include ability 
to use telephone, shopping, food preparation, housekeep-
ing, laundry, mode of transportation, responsibility for own 
medications, and ability to handle finances. The total IADL 
score ranges from 0 to 24, allowing for a more detailed dif-
ferentiation of the ability to live independently. Details of 
the questionnaire are provided in the supplements.

Definition of metabolic syndrome

The diagnostic criteria used to identify MetS adhered to the 
guidelines outlined in the National Cholesterol Education 
Program Adult Treatment Panel III (ATP III) [26]. MetS was 
diagnosed based on the presence of three or more than three 
of the following components: (1) abdominal obesity, defined 
as a waist circumference of ≥ 90 cm in men and ≥ 80 cm in 
women for the Asian population [26]; (2) hypertriglyceri-
demia, indicated by a serum triglyceride level ≥ 150 mg/dl 
or undergoing drug treatment; (3) low serum high-density 

Fig. 2 The flowchart of recruit-
ment of the study population
 

1 3



Quality of Life Research

information regarding the scoring procedures can be found 
in the user’s manual for the SF-36 [30].

In a previous study involving 1,180 Chinese participants, 
the reliability and validity of the SF-36 were analyzed. The 
study found that the practice factor loadings for the eight 
scales of the SF-36 performed well on a single factor, with 
loadings ranging from 0.66 to 0.80 for the physical compo-
nent summary (PCS) and from 0.71 to 0.86 for the mental 
component summary (MCS). However, the scale of social 
functioning had factor loadings of 0.61 for PCS and 0.60 
for MCS, indicating a moderate correlation with both fac-
tors. Reliability analysis showed that the overall Cronbach’s 
alpha coefficient of the SF-36 questionnaire was 0.82, and 
the Cronbach’s alpha coefficients for all eight domains were 
greater than 0.70 [31].

Grouping

Through the combinations of MetS status and cognitive 
function level, we created a variable with the following six 
groups: no MetS and normal cognitive function, no MetS 
with mild cognitive dysfunction, no MetS with advanced 
cognitive dysfunction, MetS and normal cognitive func-
tion, MetS with mild cognitive dysfunction, and MetS with 
advanced cognitive dysfunction. The main analysis used 
individuals without MetS and with normal cognitive func-
tion as the reference group, comparing the HRQOL with the 
other five groups.

We further conducted trend tests to determine if the eight 
scales of the SF-36 changed with the progression of cogni-
tive dysfunction in patients with and without MetS [32]. In 
the subgroup analyses, participants with MetS were com-
pared across normal cognitive function, mild cognitive dys-
function, and advanced cognitive dysfunction. Similarly, 
participants without MetS were compared across these three 
levels of cognitive function. In both analyses, participants 
with normal cognitive function were used as the control 
group.

Statistical analyses

For the univariate analysis, categorical variables were 
assessed using Chi-square tests and Fisher’s exact tests, 
while continuous variables were examined through the 
Mann-Whitney U tests and Kruskal-Wallis tests. We calcu-
lated Cronbach’s α for reliability measures of scales used 
in this study, including ADL, IADL, and SF-36. Multivari-
able linear regression models were used to investigate the 
association of the comorbidity status of MetS and cognitive 
dysfunction with HRQOL, adjusting for age, sex, marital 
status, educational level, income level, and ADL. The analy-
sis of outcomes includes PCS, MCS, and the eight scales of 

lipoprotein cholesterol (HDL-C), with HDL-C < 40 mg/
dL for men or < 50 mg/dL for women, or undergoing drug 
treatment; (4) hypertension, characterized by blood pres-
sure ≥ 130/85 mmHg or undergoing drug treatment; and 
(5) hyperglycemia, indicated by a serum fasting glucose 
level ≥ 100 mg/dl or undergoing drug treatment.

The waist circumference was measured by experienced 
nurses at the midpoint between the inferior margin of the 
ribs and the superior border of the iliac crest at the end of 
expiration. The biochemical analyses, including serum glu-
cose, triglyceride, and HDL-C, were conducted using the 
automatic chemistry analyzer in the central laboratory of 
Taipei Veterans General Hospital.

Global cognition assessment

The assessment of global cognitive function was conducted 
using the Montreal Cognitive Assessment, Taiwanese ver-
sion (MoCA-T), version 7.0. The MoCA-T evaluates the fol-
lowing domains: visuospatial/executive functions, naming, 
verbal memory, attention, language, abstraction, delayed 
verbal memory, and orientation. The form and administra-
tion instructions of the MoCA-T test are available from the 
official MoCA website at http://www.mocatest.org.

The cut-off points for mild cognitive dysfunction and 
advanced cognitive dysfunction in this study were deter-
mined based on Tsai et al.‘s validated research of the 
MoCA-T in Taiwanese populations [27]. The cut-off values 
were set at 23/24 and 21/22 for mild cognitive dysfunction 
and advanced cognitive dysfunction, respectively. Accord-
ing to Tsai’s report, these cut-off values yield a sensitivity 
and specificity of 92% and 78% for mild cognitive dysfunc-
tion, and 98% and 95% for advanced cognitive dysfunction.

Evaluation of health-related quality of life

The Short Form Health Survey (SF-36) is a widely used 
instrument for quality of life assessment [28]. In this study, 
we used Taiwanese version of SF-36v2® [29]. The SF-36 
questionnaires consist of eleven major sections to investi-
gate the physical and mental health status of the participants. 
The responses from these sections can be transformed with 
different degrees of weighting and direction, constituting 
scores for eight scales, including physical functioning, role 
participation with physical health problems (role-physical), 
bodily pain, general health, vitality, social functioning, role 
participation with emotional health problems (role-emo-
tional), and mental health domains. The eight scales then go 
through a standardization process, where they’ll be multi-
plied by specific coefficients and then computed to produce 
scores for both physical and mental components. Detailed 

1 3

http://www.mocatest.org


Quality of Life Research

six groups in religion, smoking, alcohol consumption, and 
history of malignancy.

Table 2 displays the association of the comorbidity sta-
tus of MetS and cognitive dysfunction with the PCS and 
MCS of HRQOL. Compared to participants with no MetS 
and normal cognitive function, those with MetS and nor-
mal cognitive function had a lower PCS score [mean score 
(95% CI) = -1.12 (-2.14, -0.09)]. However, when MetS was 
combined with advanced cognitive dysfunction, the PCS 
score was even worse [mean score (95% CI) = -4.84 (-6.73, 
-2.94)].

Similar convergence effects were observed in the MCS. 
Participants with mild cognitive dysfunction and no MetS 
had a lower MCS score compared to those with no MetS and 
normal cognitive function [mean score (95% CI) = -2.07 
(-3.51, -0.64)]. However, when mild cognitive dysfunction 
coexisted with MetS, the MCS score was even worse [mean 
score (95% CI) = -2.58 (-4.43, -0.74)].

In Fig. 3, the group with both MetS and advanced cogni-
tive dysfunction represents the most severe comorbid con-
dition. Compared to participants with no MetS and normal 
cognitive function, this group had the poorest scores across 
most scales (except for role emotional and mental health) 
and also fared worse than those with only MetS or only mild 
cognitive dysfunction in the graphical distributions. The 
graphical representation reveals that among patients with 
MetS, cognitive function deterioration exacerbates trends 
in certain domains. The stratified analysis for MetS showed 
that worsening cognitive dysfunction is associated with 
declining scores in role physical, bodily pain, vitality, and 
social functioning among participants with MetS (Table 3, 
Ptrend <0.05). However, these four scales did not show a 
worsening trend with the progression of cognitive dysfunc-
tion in individuals without MetS. The full regression results 
of Fig. 3 and Table 3 are shown in Supplementary Tables 1 
to 6.

In sensitivity analyses (Table 4), when incorporating past 
history of ischemic heart disease, stroke, and malignancy 
into the statistical models, the associations between differ-
ent statuses of MetS and cognitive dysfunction and HRQOL 
were similar to those in the main analysis. Compared to those 
without MetS and with normal cognitive function, individu-
als with MetS and normal cognitive function and those with 
MetS and advanced cognitive dysfunction had lower PCS 
scores [β (95% CI) = -1.10 (-2.12, -0.08) and − 5.03 (-6.91, 
-3.14), respectively]. Participants with mild cognitive dys-
function exhibited poorer performance on MCS, and the 
presence of MetS exacerbated the association [β (95% CI) = 
-2.14 (-3.58, -0.71) and − 2.67 (-4.52, -0.83) for mild cogni-
tive dysfunction without and with MetS, respectively]. Isch-
emic heart disease and malignancy showed no significant 
association with PCS or MCS. Stroke was slightly inversely 

the SF-36. All analyses were performed using SAS version 
9.4 (SAS Institute Inc., Cary, NC, USA). Statistical signifi-
cance was defined as a two-tailed p-value < 0.05.

Sensitivity analyses

Comorbidity is a possible confounder that may affect 
HRQOL. We further adjusted for a history of ischemic heart 
disease, stroke, and malignancy for sensitivity analysis.

Results

There were 567 adults eligible for the study. Out of 567 eli-
gible adults, 8 participants had incomplete blood data, but 
these items were not included as analytic variables in this 
study. Therefore, 567 eligible participants entered the analy-
sis (Fig. 2). The reliability measures showed high internal 
reliability for ADL, IADL, and most dimensions of SF-36, 
(data not showing in table; Cronbach’s α = 0.89, 0.93, 0.99, 
0.99, 0.86, 0.85, 0.83, and 0.79 for ADL, IADL, role physi-
cal, role emotional, physical functioning, bodily pain, vital-
ity, and mental health of SF-36, respectively), and poorer 
results for social functioning and general health on SF-36 
(Cronbach’s α = 0.65 and 0.56, respectively). Additionally, 
the Pearson correlation coefficient between ADL and PCS 
is 0.22 (p < 0.001), and between ADL and MCS is 0.09 
(p = 0.02).

Table 1 shows the demographic characteristics of the 
study population. There were 267 participants (47.1%) who 
did not have MetS and had normal cognitive function. Fol-
lowing this, 127 participants (22.4%) had only MetS. Addi-
tionally, 60 participants (10.6%) had only mild cognitive 
dysfunction, while 46 (8.1%) had only advanced cognitive 
dysfunction. Participants with both MetS and mild cogni-
tive dysfunction numbered 33 (5.8%), and those with both 
MetS and advanced cognitive dysfunction accounted for 
34 (6.0%). The median age of participants was 66.3 years. 
Males accounted for 39.3% of the participants. Participants 
with MetS and advanced cognitive dysfunction were likely 
to be older (median age 75.7 vs. 64.7–70.5 in other groups) 
and had lower proportions of being married (61.8% vs. 
65.2–78.7% in other groups). They were also more likely to 
have lower scores in ADL, IADL, and SF-36. Participants 
with mild and advanced cognitive dysfunction had higher 
proportions of depression compared to those with normal 
cognitive function (15.0% and 17.4% in participants with-
out MetS but with mild and advanced cognitive dysfunction, 
and 12.1% and 17.7% in participants with MetS and mild 
and advanced cognitive dysfunction vs. 3.8% and 5.6% in 
participants with normal cognitive function with and with-
out MetS). There were no significant differences among the 
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Total No MetS and 
normal cogni-
tive function

No MetS 
and mild 
cognitive 
dysfunction

No MetS and 
advanced 
cognitive 
dysfunction

MetS and 
normal 
cognitive 
function

MetS 
and mild 
cognitive 
dysfunction

MetS and 
advanced 
cognitive 
dysfunction

p

n = 567 267 (47.1%) 60 (10.6%) 46 (8.1%) 127 (22.4%) 33 (5.8%) 34 (6.0%)
Age, n (%)
 50–64 244 (43.0) 134 (50.2) 25 (41.7) 13 (28.3) 51 (40.2) 16 (48.5) 5 (14.7) < 0.001
 65–74 248 (43.7) 116 (43.5) 27 (45.0) 20 (43.5) 64 (50.4) 11 (33.3) 10 (29.4)
 >=75 75 (13.2) 17 (6.4) 8 (13.3) 13 (28.3) 12 (9.5) 6 (18.2) 19 (55.9)
 Median (min, max) 66.3 (50.1, 

96.5)
64.7 (50.1, 
84.1)

67.0 (50.6, 
81.8)

70.5 (53.7, 
96.5)

66.6 (50.1, 
85.3)

65.8 (52.3, 
91.8)

75.7 (50.8, 
93.6)

< 0.001

Male, n (%) 223 (39.3) 114 (42.7) 19 (31.7) 11 (23.9) 56 (44.1) 15 (45.5) 8 (23.5) 0.027
Marital Status, n (%)
 Married 415 (73.3) 210 (78.7) 40 (66.7) 30 (65.2) 90 (71.4) 24 (72.73) 21 (61.8) < 0.001
 Single, widowed, 
divorced, and other

151 (26.7) 57 (21.4) 20 (33.3) 16 (34.8) 36 (28.6) 9 (27.3) 13 (38.2)

Education level, n (%)
 Below high school 256 (45.2) 73 (27.3) 37 (61.7) 40 (87.0) 56 (44.1) 23 (69.7) 27 (79.4) < 0.001
 College and graduate 
school

311 (54.8) 194 (72.7) 23 (38.3) 6 (13.0) 71 (55.9) 10 (30.3) 7 (20.6)

Religion, n (%)
 None 157 (27.9) 73 (27.7) 20 (33.3) 13 (28.3) 34 (27.0) 9 (27.3) 8 (23.5) 0.390
 Buddhism and Taoism 251 (44.6) 111 (42.1) 24 (40.0) 30 (65.2) 55 (43.7) 15 (45.5) 16 (47.1)
 Catholicism and 
Christianity

84 (14.9) 46 (17.4) 8 (13.3) 1 (2.2) 20 (15.9) 5 (15.2) 4 (11.8)

 Others 71 (12.6) 34 (12.9) 8 (13.3) 2 (4.4) 17 (13.5) 4 (12.1) 6 (17.7)
Monthly income (New 
Taiwanese Dollars), n (%)
 < 19,999 366 (64.7) 168 (62.9) 38 (63.3) 35 (76.1) 77 (61.1) 19 (57.6) 29 (85.3) 0.009
 20,000–39,999 91 (16.1) 35 (13.1) 13 (21.7) 9 (19.6) 22 (17.5) 7 (21.2) 5 (14.7)
 > 40,000 109 (19.3) 64 (24.0) 9 (15.0) 2 (4.4) 27 (21.4) 7 (21.2) 0
Smoking, n (%)
 No 490 (86.6) 230 (86.1) 52 (86.7) 43 (93.5) 106 (84.1) 28 (84.9) 31 (91.2) 0.190
 Current smoker 34 (6.0) 16 (6.0) 7 (11.7) 2 (4.4) 5 (4.0) 2 (6.1) 2 (5.9)
 Ex-smoker 42 (7.4) 21 (7.9) 1 (1.7) 1 (2.2) 15 (11.9) 3 (9.1) 1 (2.9)
Alcohol, n (%)
 No/Ex-drinker 462 (81.6) 210 (78.7) 48 (80.0) 43 (93.5) 106 (84.1) 28 (84.9) 27 (79.4) 0.232
 Current drinker 104 (18.4) 57 (21.4) 12 (20.0) 3 (6.5) 20 (15.9) 5 (15.2) 7 (20.6)
Activities of daily living, 
median (min, max)

100 (40, 
100)

100 (90, 100) 100 (85, 100) 100 (60, 100) 100 (95, 100) 100 (95, 
100)

100 (40, 100) < 0.001

Instrumental activities of 
daily living, median (min, 
max)

24 (1, 24) 24 (23, 24) 24 (15, 24) 24 (5, 24) 24 (17, 24) 24 (17, 24) 24 (1, 24) < 0.001

Past history, n (%)
 Hypertension 160 (28.3) 48 (18.0) 13 (21.7) 10 (21.7) 56 (44.4) 16 (48.5) 17 (50.0) < 0.001
 Diabetes Mellitus 30 (5.3) 3 (1.1) 1 (1.7) 0 18 (14.3) 3 (9.1) 5 (14.7) < 0.001
 Dyslipidemia 146 (25.8) 48 (18.0) 15 (25.0) 6 (13.0) 51 (40.5) 14 (42.4) 12 (35.3) < 0.001
 Ischemic heart disease 8 (1.4) 3 (1.1) 1 (1.7) 2 (4.4) 2 (1.6) 0 0 0.006
 Stroke 6 (1.1) 2 (0.8) 0 2 (4.4) 1 (0.8) 1 (3.0) 0 0.003
 Malignancy 72 (12.7) 34 (12.7) 5 (8.3) 6 (13.0) 19 (15.1) 4 (12.1) 4 (11.8) 0.887
 Depression 44 (7.8) 10 (3.8) 9 (15.0) 8 (17.4) 7 (5.6) 4 (12.1) 6 (17.7) < 0.001
 Dementia 64 (11.3) 19 (7.1) 10 (16.7) 10 (21.7) 10 (7.9) 6 (18.2) 9 (26.5) < 0.001
SF-36, median (min, max)
 Physical component 
summary

52.9 (33.0, 
61.6)

53.9 (35.0, 
61.2)

53.5 (33.0, 
58.7)

52.1 (35.6, 
58.2)

52.8 (34.2, 
60.2)

53.3 (38.7, 
61.6)

47.7 (33.8, 
58.3)

< 0.001

 Mental component 
summary

50.9 (29.6, 
68.7)

51.3 (29.6, 
68.7)

49.4 (35.1, 
57.0)

51.3 (40.0, 
68.0)

51.3 (31.4, 
59.5)

48.5 (39.2, 
56.7)

49.4 (35.2, 
56.3)

0.003

Table 1 Demographic characteristics of study population stratified by the comorbidity status of MetS and cognitive dysfunction
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Table 2 The associations of the comorbidity status of MetS and cognitive dysfunction with physical and mental component summary of SF-36
Physical component summary Mental component summary
β (95% CI) p β (95% CI) p

Age -0.03 (-0.09, 0.03) 0.304 0.05 (-0.02, 0.11) 0.151
Sex
 Female ref. ref.
 Male 1.47 (0.62, 2.33) < 0.001 1.01 (0.12, 1.90) 0.027
Marital Status
 Married ref. ref.
 Single, widowed, divorced, and other -0.48 (-1.40, 0.45) 0.314 0.24 (-0.73, 1.21) 0.628
Education level
 Below high school ref. ref.
 College and graduate school -0.29 (-1.18, 0.61) 0.532 0.43 (-0.50, 1.37) 0.364
Income (New Taiwanese Dollars)
 < 19,999 ref. ref.
 20,000–39,999 -1.36 (-2.66, -0.06) 0.041 -0.64 (-2.00, 0.72) 0.356
 > 40,000 -0.27 (-1.51, 0.97) 0.671 0.16 (-1.12, 1.45) 0.803
Activities of daily living 0.25 (0.13, 0.37) < 0.001 0.13 (0.01, 0.26) 0.032
Status of MetS and cognitive function
 No MetS and normal cognitive function ref. ref.
 No MetS and mild cognitive dysfunction -0.52 (-1.90, 0.86) 0.459 -2.07 (-3.51, -0.64) 0.005
 No MetS and advanced cognitive dysfunction -1.10 (-2.74, 0.53) 0.186 0.06 (-1.65, 1.77) 0.945
 MetS and normal cognitive function -1.12 (-2.14, -0.09) 0.033 -0.60 (-1.67, 0.47) 0.275
 MetS and mild cognitive dysfunction -0.96 (-2.73, 0.81) 0.288 -2.58 (-4.43, -0.74) 0.006
 MetS and advanced cognitive dysfunction -4.84 (-6.73, -2.94) < 0.001 -1.90 (-3.87, 0.08) 0.060
Statistics were performed by multivariable linear regression models

Total No MetS and 
normal cogni-
tive function

No MetS 
and mild 
cognitive 
dysfunction

No MetS and 
advanced 
cognitive 
dysfunction

MetS and 
normal 
cognitive 
function

MetS 
and mild 
cognitive 
dysfunction

MetS and 
advanced 
cognitive 
dysfunction

p

n = 567 267 (47.1%) 60 (10.6%) 46 (8.1%) 127 (22.4%) 33 (5.8%) 34 (6.0%)
 Physical functioning 55.0 (29.9, 

57.1)
57.1 (36.2, 
57.1)

55.0 (34.1, 
57.1)

55.0 (29.9, 
57.1)

55.0 (34.1, 
57.1)

55.0 (29.9, 
57.1)

48.8 (29.9, 
57.1)

< 0.001

 Role physical 49.2 (28.0, 
56.2)

49.2 (35.0, 
56.2)

49.2 (35.0, 
56.2)

49.2 (33.3, 
50.9)

49.2 (35.0, 
56.2)

49.2 (35.0, 
49.2)

42.1 (28.0, 
56.2)

< 0.001

 Bodily pain 55.9 (24.2, 
62.7)

55.9 (28.5, 
62.7)

52.5 (24.2, 
62.7)

55.9 (24.2, 
62.7)

55.9 (32.8, 
62.7)

50.8 (37.5, 
62.7)

49.9 (24.2, 
62.7)

0.027

 General health 48.5 (19.5, 
64.0)

48.5 (24.2, 
64.0)

46.2 (24.2, 
53.2)

48.5 (26.5, 
57.0)

48.5 (19.5, 
57.9)

48.5 (38.2, 
54.6)

46.2 (26.5, 
54.6)

0.002

 Vitality 58.5 (31.9, 
76.3)

58.5 (31.9, 
76.3)

58.5 (34.9, 
73.3)

64.4 (40.8, 
76.3)

58.5 (40.8, 
76.3)

58.5 (40.8, 
64.4)

55.6 (40.8, 
64.4)

0.002

 Social functioning 51.7 (24.6, 
57.1)

51.7 (24.6, 
57.1)

51.7 (35.4, 
57.1)

51.7 (30.0, 
57.1)

51.7 (24.6, 
57.1)

51.7 (35.4, 
57.1)

51.7 (24.6, 
51.7)

< 0.001

 Role emotional 47.4 (31.6, 
55.3)

47.4 (31.6, 
55.3)

47.4 (31.6, 
55.3)

47.4 (31.6, 
55.3)

47.4 (31.6, 
55.3)

47.4 (31.6, 
47.4)

47.4 (31.6, 
55.3)

< 0.001

 Mental health 52.7 (18.6, 
69.8)

52.7 (30.0, 
69.8)

49.9 (32.8, 
69.8)

52.7 (38.5, 
66.9)

52.7 (24.3, 
61.2)

49.9 (27.2, 
55.6)

51.3 (18.6, 
55.6)

0.003

Categorical variables were analyzed by Chi-square tests and Fisher’s exact tests. Continuous variables were analyzed by Kruskal-Wallis tests

Table 1 (continued) 
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Table 3 The trend test for cognitive function and eight scales of SF-36, stratified by metabolic syndrome status
Normal cognitive function Mild cognitive dysfunction Advanced cognitive dysfunction Ptrend

†

β (95% CI) β (95% CI)
Participants with MetS (n = 194)
Physical functioning ref. -0.0004 (-2.24, 2.24) -2.79 (-5.29, -0.28) 0.057
Role physical ref. -0.47 (-2.18, 1.23) -2.61 (-4.51, -0.70) 0.012
Bodily pain ref. -1.41 (-4.64, 1.83) -4.52 (-8.13, -0.92) 0.016
General health ref. 1.65 (-0.71, 4.01) -3.58 (-6.21, -0.94) 0.063
Vitality ref. -0.23 (-2.76, 2.30) -3.42 (-6.24, -0.60) 0.033
Social functioning ref. -1.60 (-3.52, 0.32) -1.98 (-4.12, 0.16) 0.036
Role emotional ref. -1.49 (-3.10, 0.12) -0.90 (-2.70, 0.89) 0.153
Mental health ref. -2.13 (-4.67, 0.41) -1.23 (-4.07, 1.60) 0.209
Participants without MetS (n = 373)
Physical functioning ref. -0.90 (-2.28, 0.47) -1.49 (-3.18, 0.21) 0.059
Role physical ref. -0.18 (-1.31, 0.96) -0.65 (-2.04, 0.75) 0.383
Bodily pain ref. -0.83 (-3.09, 1.42) -0.02 (-2.80, 2.77) 0.801
General health ref. -2.38 (-3.91, -0.86) -1.13 (-3.01, 0.75) 0.045
Vitality ref. -2.11 (-4.06, -0.16) -0.04 (-2.44, 2.37) 0.467
Social functioning ref. -0.58 (-1.70, 0.53) -1.17 (-2.55, 0.21) 0.080
Role emotional ref. -1.19 (-2.39, 0.01) -0.38 (-1.87, 1.10) 0.285
Mental health ref. -2.64 (-4.50, -0.79) -0.25 (-2.54, 2.03) 0.270
†The trend tests were performed to access the trend of estimates (β) across normal cognitive function, mild cognitive dysfunction, and advanced 
cognitive dysfunction groups
The statistics were analyzed by multivariable linear regression models adjusting for age, sex, marital status, education level, income groups, 
and activities of daily living. The details of the regression results are shown in Supplementary Tables 3 to 6

Fig. 3 The associations of the comorbidity status of metabolic syn-
drome and cognitive function with eight scales of SF-36 (β coefficient 
and 95% confidence interval). The statistics were analyzed by multi-
variable linear regression models adjusting for age, sex, marital sta-

tus, education level, income groups, and activities of daily living. The 
details of the regression results are shown in Supplementary Tables 1 
and 2
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instance, Wu et al. identified a 22.2% prevalence of cogni-
tive impairment in the elderly population in Taiwan [34], 
while Kitamura et al. reported a 21.5% prevalence of cogni-
tive impairment in the Japanese elder population [35]. In 
these studies, cognitive impairment was diagnosed using the 
Mini-Mental State Examination (MMSE). In contrast, our 
study employed the MoCA-T for diagnosis, a more sensi-
tive tool than the MMSE, and resulting in a higher observed 
prevalence of cognitive impairment [36]. The prevalence 
rate of cognitive dysfunction varies when using different 
diagnostic tools.

In this study, participants with MetS and advanced cog-
nitive dysfunction exhibited the poorest HRQOL, except 
in the MCS and scales measuring role emotional and men-
tal health. Previous literature has reported that individuals 
with advanced cognitive impairment often demonstrate 
limited abilities in emotional perception and comprehen-
sion [37, 38]. Therefore, participants with advanced cog-
nitive dysfunction in this study may struggle to accurately 
identify various emotions, potentially affecting the scoring 
in the domains of role emotional and mental health. This 
inference is supported by the lower performance in MCS 
and the scales of role emotional and mental health among 

associated with PCS [β (95% CI) = -3.86 (-7.71, -0.01)] but 
had no significant association with MCS.

Discussions

This study discovered the association of the comorbidity 
status of MetS and cognitive dysfunction with HRQOL. 
We found that individuals with MetS and advanced cogni-
tive dysfunction had the worst HRQOL, including PCS and 
almost all scales except role emotional and mental health. 
MetS exacerbates the inverse association of mild cognitive 
dysfunction on MCS. Moreover, in individuals with MetS, 
as the severity of cognitive dysfunction increases, deterio-
rating trends are observed in HRQOL scales such as role 
physical, bodily pain, vitality, and social functioning.

The study focused on middle-aged and older adults, 
revealing a MetS prevalence of 34.2%. A prior epidemio-
logical study on MetS in Taiwan showed that in the 60–69 
age group, the prevalence was 25.2% for males and 38.3% 
for females [33], aligning with the findings of our study. 
The prevalence of cognitive dysfunction in our research was 
30.5%, exceeding rates reported in other Asian studies. For 

Table 4 Sensitivity analyses- associations of the comorbidity status of MetS and cognitive function with physical and mental component summary 
of SF-36, further adjusting for comorbidities

Physical component summary Mental component summary
β (95% CI) p β (95% CI) p

Age -0.02 (-0.08, 0.04) 0.477 0.05 (-0.01, 0.12) 0.106
Sex
 Female ref. ref.
 Male 1.38 (0.53, 2.24) 0.002 0.95 (0.05, 1.84) 0.038
Marital Status
 Married ref. ref.
 Single, widowed, divorced, and other -0.50 (-1.43, 0.42) 0.287 0.28 (-0.69, 1.25) 0.569
Education level
 Below high school ref. ref.
 College and graduate school -0.30 (-1.19, 0.60) 0.517 0.37 (-0.56, 1.31) 0.438
Monthly income (New Taiwanese Dollars)
 < 19,999 ref. ref.
 20,000–39,999 -1.41 (-2.70, -0.12) 0.033 -0.68 (-2.03, 0.68) 0.326
 > 40,000 -0.27 (-1.50, 0.96) 0.666 0.18 (-1.10, 1.46) 0.784
Activities of daily living 0.25 (0.14, 0.37) < 0.001 0.14 (0.02, 0.26) 0.026
Ischemic heart disease -2.2 (-5.53, 1.14) 0.196 -2.32 (-5.81, 1.17) 0.192
Stroke -3.86 (-7.71, -0.01) 0.0497 0.53 (-3.50, 4.56) 0.797
Malignancy -0.93 (-2.12, 0.26) 0.124 -0.95 (-2.19, 0.30) 0.135
Status of MetS and cognitive function
 No MetS and normal cognitive function ref. ref.
 No MetS and mild cognitive dysfunction -0.61 (-1.98, 0.76) 0.382 -2.14 (-3.58, -0.71) 0.003
 No MetS and advanced cognitive dysfunction -0.99 (-2.62, 0.65) 0.237 0.03 (-1.68, 1.74) 0.975
 MetS and normal cognitive function -1.10 (-2.12, -0.08) 0.034 -0.59 (-1.65, 0.48) 0.281
 MetS and mild cognitive dysfunction -0.94 (-2.70, 0.83) 0.299 -2.67 (-4.52, -0.83) 0.005
 MetS and advanced cognitive dysfunction -5.03 (-6.91, -3.14) < 0.001 -2.03 (-4.00, -0.05) 0.044
Statistics were performed by multivariable linear regression models
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ADL and SF-36 show a very low correlation. Our results 
showed that even after controlling for ADL, poorer HRQOL 
was still observed for individuals with MetS and cogni-
tive dysfunction. This suggests a more nuanced association 
beyond basic physical function.

The choice of confounders adjusted in the statistical 
models included important demographic factors (age, sex) 
and factors that showed differences among the groups clas-
sified by the comorbidity status of MetS and cognitive dys-
function (ADL, marital status, education level, and income 
level). We further conducted sensitivity analyses adjusting 
for comorbidities including ischemic heart disease, stroke, 
and malignancy. Hypertension, diabetes mellitus, and dys-
lipidemia were the diagnostic criteria for MetS, so we did 
not adjust for them. Depression, which may be an important 
mediator of the association between MetS, cognitive dys-
function, and HRQOL, was also not included in the sensi-
tivity analyses. The results of the sensitivity analyses were 
similar to our main analyses. For establishing a parsimo-
nious model, these comorbidities were not adjusted in the 
final models.

This study had some limitations. First, the cross-sectional 
design does not allow us to interpret the causal inference 
between the comorbidity status of MetS and cognitive dys-
function and impaired HRQOL. Further longitudinal studies 
are warranted to elucidate the causal relationship. Second, 
the role of physical activity and dietary patterns were not 
analyzed in this study. However, physical activity and 
dietary patterns were highly associated with socioeconomic 
status, and we adjusted for important demographic and 
socioeconomic confounding factors [49]. Third, the study 
population was mainly recruited from adults who attended 
health examinations at a medical center in the capital of 
Taiwan. This study population may be healthier and may 
have a higher socioeconomic status than the general popu-
lation, which may lead to a participation bias. However, a 
higher socioeconomic level and better health status tend to 
be related to a good HRQOL [50], thus the participation bias 
is more likely to underestimate the effect. Additionally, the 
internal reliability of social functioning and general health 
in this study showed poor levels, which may lead to results 
that do not accurately reflect the participants’ true states, 
potentially resulting in misleading conclusions. Although 
the SF-36 has been previously validated in the literature, 
further research is needed to validate it specifically in the 
Taiwanese population. Finally, the study was conducted in 
a single institution, thus the representativeness of the study 
population and the generalizability of our results may be 
limited. Future research should include different popula-
tions to validate the findings in this study.

Despite these limitations, the association between the 
comorbidity status of MetS and cognitive dysfunction and 

participants with mild cognitive dysfunction compared to 
those with normal cognition.

This study found that mild cognitive dysfunction was 
inversely correlated with MCS in HRQOL, and MetS fur-
ther exacerbates the inverse correlation. Older adults with 
mild cognitive impairment tend to report greater depres-
sion, increased subjective stress, and more limitations in 
IADL [17]. MetS also lead to depressive symptoms through 
inflammatory cytokines and impaired circulation in the 
brain [39, 40]. There is a bidirectional relationship between 
MetS and depression [41]. Furthermore, MetS increased 
the incidences of limitations in mobility, ADL, and IADL 
[20]. Depression and functional impairment are key factors 
impacting quality of life among individuals with cognitive 
impairment [42]. Therefore, MetS may have an additive 
effect on the impaired HRQOL of MCS caused by mild cog-
nitive dysfunction.

This study identified trends in how cognitive dysfunc-
tion affects certain HRQOL scales among individuals with 
MetS, such as role physical, bodily pain, vitality, and social 
functioning. A study from Greece that utilized SF-36 to 
assess HRQOL found that individuals with MetS scored 
lower on various scales, such as role physical, vitality, and 
social functioning [43]. As cognitive dysfunction worsens, 
physical function is likely to be affected [44], potentially 
involving related aspects of HRQOL, such as role physical 
and vitality. Kotwal et al. reported that as cognitive function 
transitions from normal to mild cognitive impairment and 
dementia, individuals’ social resources and social engage-
ment tend to decrease accordingly [45]. Additionally, cogni-
tive impairment is linked to bodily pain, particularly in areas 
such as low back pain, waist pain, sciatica, and pain experi-
enced in more than two locations [46]. This study found that 
the comorbidity status of MetS and cognitive dysfunction 
was inversely associated with these scales of HRQOL. It 
may be because MetS-related inflammatory cytokines and 
impaired microcirculation mediate painful perception [47, 
48]. Furthermore, MetS increases the likelihood of physi-
cal limitation and depression [20, 42], thereby exacerbating 
the inverse association between cognitive dysfunction and 
scales such as role physical, vitality, and social functioning.

In our conceptual framework of the study hypotheses 
(Fig. 1), MetS and cognitive dysfunction may affect HRQOL 
through impaired physical function. Logically, this physi-
cal function impairment should first affect IADL, which 
requires a higher level of executive functioning. Therefore, 
we adjusted ADL rather than IADL. Some questions in the 
SF-36 partially overlapped with the ADL scale. However, 
ADL primarily assesses physical function, whereas the 
SF-36 was designed to assess the impact of both physi-
cal and mental health on HRQOL. Therefore, they are not 
entirely equivalent, and the correlation coefficient between 
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HRQOL have seldom been discussed before. In addition to 
the inverse association, we further observed that as cogni-
tive dysfunction becomes more severe, several HRQOL 
scales in MetS patients deteriorate accordingly. This serves 
as a reminder to healthcare providers that when dealing 
with patients having both MetS and cognitive dysfunction, 
as the condition worsens, patients may experience increased 
suffering. Identifying possible solutions is a crucial issue. 
Beyond treating the diseases, can a more comprehensive 
long-term care system, increased active social engagement, 
or other social welfare resolutions mitigate the inverse 
associations between MetS and cognitive dysfunction and 
HRQOL? More relevant research is warranted in the future 
to address this question.

Conclusion

We found that the comorbidity status of MetS and cognitive 
dysfunction was inversely associated with HRQOL in both 
PCS and MCS. Worsening trends related to the comorbid-
ity status were also observed in scales such as role physi-
cal, bodily pain, vitality, and social functioning. Individuals 
with both MetS and cognitive dysfunction face greater chal-
lenges in their HRQOL. Future research needs to discover 
solutions to alleviate the inverse association.
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