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Joint predictability of health related quality of life
and leisure time physical activity on mortality risk
in people with diabetes
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Abstract

Background: Reduced health related quality of life (HRQOL) has been associated with increased mortality in
individuals with diabetes. In contrast, increased leisure time physical activity (LTPA) has been associated with
reduced mortality. The aim of this study was to investigate the combined relationship of HRQOL and LTPA on
mortality and whether high levels of LTPA are associated with reduced risk of mortality in adults with diabetes and
inferior HRQOL.

Methods: We analyzed data from a national sample of adults (18 years or older) with self-reported physician-
diagnosed diabetes, who participated in the 2001 National Health Interview Survey in Taiwan (N = 797). A total of
701 participants had complete Short Form 36 (SF-36) and LTPA data and were followed from 2002 to 2008.
Participants were divided into 3 groups based on their LTPA: (1) a regularly active group who reported 150 or more
min/week of moderate-intensity activity; (2) an intermediately active group who reported engaging in LTPA but did
not meet the criterion for the “regular” category; and (3) an inactive group who reported no LTPA. The physical
component summary (PCS) and mental component summary (MCS) scores were dichotomised at the median (high
vs. low) (PCS = 45.11; MCS = 47.91). Cox proportional-hazards models were used to investigate associations between
baseline characteristics and mortality.

Results: After 4,570 person-years of follow-up, 121 deaths were recorded and the crude mortality rate was 26.5 per
1,000 person-years. Both PCS scores and LTPA were significant predictors of mortality, whereas no significant
relationship was observed between MCS and mortality. After adjustment for other factors, participants with low PCS
who reported no LTPA had a hazard ratio (HR) for mortality of 4.49 (95% CI = [2.15-9.36]). However, participants with
low PCS who were active (including intermediate and regular LTPA) had a HR for mortality of 1.36 (95% CI = [0.64-
2.92]).

Conclusions: Our results show a significantly increased mortality risk of diabetes associated with reduced HRQOL in
individuals who report no LTPA. Engaging in LTPA may be associated with improved survival in participants with
diabetes with poor self-rated physical health status.
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Background
Subjective assessment of health related quality of life
(HRQOL) is an important health outcome not only
because it captures a person’s perception of their overall
health status, but also because it can inform resource
allocation decisions. Recent research demonstrates that
HRQOL is an independent predictor of mortality in
people with diabetes [1-4]. Our previous research has
also found that a self-perceived negative profile on the
physical health domains of HRQOL in people with
diabetes can predict those who are at higher risk for
hospital admission even after taking into account known
risk factors [5]. These findings highlight that the associ-
ation between reduced HRQOL and further adverse out-
comes has been understudied and that HRQOL has
great potential value as a clinical marker that could be
used to identify individuals with diabetes who are at
higher risk of adverse outcomes and who therefore re-
quire more care.
HRQOL in people living with diabetes has been shown

to be negatively influenced by diabetes-specific attributes,
including higher glycosylated haemoglobin level, the pres-
ence of diabetes complications, and the severity of
diabetes symptoms [6-10]. These diabetes-specific attri-
butes are also known to be associated with an increased
risk of mortality in people with diabetes [11-14]. Adequate
physical activity is considered to be one of the most im-
portant self-care behaviours for glycemic control and the
prevention of vascular events in people with diabetes [15].
Prior cross-sectional studies of adults with diabetes have
demonstrated that increased leisure time physical activity
(LTPA) is significantly associated with better HRQOL [16]
and increased LTPA has been linked to a lower risk of
mortality in individuals with diabetes [15,17]. However,
prior studies exploring the relationship between HRQOL
and mortality in individuals with diabetes have not con-
trolled for LTPA. It is still not clear whether the relation-
ship between reduced HRQOL and increased mortality
remains among those individuals with diabetes who en-
gage in higher levels of LTPA. Clarifying the association
between LTPA and mortality in people with diabetes who
have reduced HRQOL is particularly important because it
may help in the design of intervention strategies.
In view of these considerations, we have analyzed

data from a 7-year prospective study of a national sam-
ple of adults with diabetes in Taiwan. The aims of the
present study were two-fold. First, we investigated
whether HRQOL remained an independent predictor of
mortality in adults with diabetes after controlling for
LTPA. Second, we explored the combined associations
of HRQOL and LTPA on mortality in order to examine
whether higher levels of LTPA were associated with
reduced risk of mortality in adults with diabetes with
inferior HRQOL.
Methods
Study population
This was a prospective study involving participants in
the 2001 National Health Interview Survey (NHIS) in
Taiwan. The sample design of the NHIS has been
described in detail previously [18,19]. In brief, a repre-
sentative sample was drawn from the National Registry
Database via multistage stratified sampling. The survey
obtained ethical approval from the Institutional Review
Board of the National Health Research Institutes. All
study participants provided informed consent. The ori-
ginal sample comprising 22,121 participants (response
rate; 94.2%), can be treated as a simple random sample
(SRS). Out of 16,137 participants aged 18 years or older,
797 reported physician-diagnosed diabetes. The crude
prevalence of diabetes of adults aged 18 years or older
was therefore 4.94% (797/16137), which does not include
individuals with undiagnosed diabetes. Thus, the preva-
lence of diabetes (4.94%) is likely to be underestimated
and we may not be able to generalize our findings to
individuals with undiagnosed diabetes. The agreement
between self-reported physician-diagnosed diabetes and
confirmed diabetes was very good [18]. Of these poten-
tial participants, we excluded 93 individuals with incom-
plete data regarding their health-related quality of life or
leisure-time physical activity and 3 individuals who had
died by the end of 2001, leaving 701 eligible participants
for the analysis. The study cohort was followed until
December 31, 2008, via personal identification numbers
in the computerized data files of the National Register of
Deaths. We compared the characteristics of study parti-
cipants who were included (N = 701) versus those who
were excluded due to incomplete data (N = 93) in order
to assess the degree of respondent bias.

Measures
This study used the Taiwanese version of the SF-36, which
was validated and has been shown to have good psycho-
metric properties in a representative nationwide sample
[20]. The SF-36 questionnaire has 36 items divided into
eight dimensions (i.e., physical function, role limitations
due to physical health problems, bodily pain, general
health perceptions, vitality, social function, role limitations
due to emotional problems, and mental health). Lower
scores indicate poorer HRQOLs. The physical component
summary (PCS) and the mental component summary
(MCS) are aggregated from z-score transformations of the
eight dimensions and then standardized to a mean of 50
and a standard deviation of 10 [21].
In this study, participation in LTPA was assessed first

by asking respondents to reply “yes” or “no” to the ques-
tion: “Have you engaged in any kind of leisure activity in
the previous two weeks?” Those individuals replying
“yes” to the question were asked to categorize these



Table 1 Baseline characteristics of participants

Total Deceased Survived P-valueb

N 701 121 580

Age (years) 60.6 ± 0.44 66.2 ± 1.02 59.4 ± 0.47 <0.001

Sex (% female) 46.9 40.5 48.3 0.119

Educationa (%) 0.001

≥ 0 and < 7 years 59.7 73.6 56.7

≥ 7 years 40.3 26.4 43.3

Smoking (% current) 23.1 28.1 22.1 0.152

Body mass indexa

(kg/m2)
25.1 ± 0.16 24.2 ± 0.45 25.2 ± 0.17 0.022

Duration of
diabetesa (years)

7.4 ± 0.29 11.6 ± 0.85 6.5 ± 0.29 <0.001

Using insulina

(% yes)
14.2 21.5 12.7 0.011

Heart diseasea

(% yes)
24.9 35.8 22.5 0.002

Hypertensiona

(% yes)
44.3 57.5 41.6 0.001

Dyslipidaemiaa (%
yes)

37.9 32.4 39.0 0.204

Strokea (% yes) 6.9 18.5 4.5 <0.001

Leisure time
physical activity (%)

0.004

Inactive 43.5 56.2 40.9

Intermediate 35.7 31.4 36.6

Regular 20.8 12.4 22.6

SF-36

Physical function 75.1 ± 1.01 58.3 ± 2.76 78.6 ± 1.01 <0.001

Role: physical 59.7 ± 1.72 36.6 ± 4.19 64.5 ± 1.83 <0.001

Bodily pain index 69.3 ± 0.97 59.5 ± 2.47 71.3 ± 1.03 <0.001

General health
perceptions

48.4 ± 0.78 41.0 ± 1.93 49.9 ± 0.84 <0.001

Vitality 57.6 ± 0.83 50.1 ± 1.96 59.2 ± 0.91 <0.001

Social functioning 77.9 ± 0.91 67.7 ± 2.57 80.1 ± 0.93 <0.001

Role: emotional 65.5 ± 1.66 54.5 ± 4.30 67.8 ± 1.78 0.005

Mental health index 68.4 ± 0.76 65.2 ± 1.89 69.0 ± 0.83 0.060

Physical component
summary

40.3 ± 0.54 31.2 ± 1.45 42.2 ± 0.55 <0.001

Mental component
summary

47.2 ± 0.43 46.5 ± 1.11 47.4 ± 0.47 0.450

aThere were missing data.
bContinuous variables were compared using the Student’s t-test and shown as
means ± standard errors. Categorical variables were compared using Pearson’s
chi-square test and shown as a percentage of the total.
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activities (up to three) according to a list of predefined
typical leisure activities in this population. These activ-
ities included walking leisurely, jogging or race walking,
swimming, traditional Chinese exercise, sports, aerobics,
folk dancing, bicycling, mountain climbing, weightlifting
and walking up stairs. There was also an “other” option
where participants could report any specific activities
which were not in the list. For each activity, the respon-
dents also indicated the frequency and duration (hours
and minutes) of the activity in the 2 weeks prior to the
interview. Measures of physical activity were modified
from the Nutrition and Health Survey in Taiwan [22,23].
The internal consistency of the questions for major types
of exercise was 0.88. The Kappa for the reported fre-
quency and duration of activities ranged from 0.41 to
0.46, implying acceptable validity and reproducibility.
This measurement of LTPA has been used to examine
the relationship between LTPA and self-rated health in
Taiwanese adults with diabetes [24]. Physical activity
measures using a similar format have been shown to be
predictive of mortality in the general population and
adults with diabetes [17,25]. In this study, the number of
metabolic equivalents (METs) for each activity was
calculated based on the report by Ainsworth et al. [26].
The participants were divided into 3 groups based on
their LTPAs: (1) a regularly active group who reported
≧150 min/week of moderate-intensity activity (METs
values between 3 and 6); (2) an intermediately active
group who reported engaging in LTPA but did not meet
the criterion for the “regular” category; and (3) an in-
active group who reported no LTPA.
Basic demographic information (such as age, sex, edu-

cation, body weight and height) was obtained from the
questionnaires. Body mass index (BMI) was calculated
as weight (kilograms) divided by height squared (meters
squared). Other factors associated with mortality among
people with diabetes, including the duration of diabetes,
the use of insulin, health behaviours (including smok-
ing), and the presence of comorbidities, were also con-
sidered. The list of comorbidities included a history of
heart disease, hypertension, dyslipidaemia, or stroke. For
each disease (including diabetes), participants were
asked whether the diagnosis had been confirmed by a
medical professional. A small number of respondents
did not answer all of the questions. For example, two
participants had missing data for education. This infor-
mation is available in the form of a footnote below
Table 1.

Statistical analysis
We used the Student’s t-test or Pearson’s chi-square test
to compare baseline characteristics between surviving
and non-surviving participants. Cox proportional-hazards
models were used to investigate the associations between
baseline characteristics and mortality. The proportional
hazards assumption (tested using Schoenfeld residuals)
was not violated. Hazard ratios (HRs) and 95% confidence
intervals (95% CIs) for mortality were estimated. In order
to examine whether adults with diabetes with inferior
HRQOL, combined with higher levels of LTPA had a



Li et al. BMC Public Health 2013, 13:67 Page 4 of 10
http://www.biomedcentral.com/1471-2458/13/67
reduced risk of mortality, joint HRQOL and LTPA variables
were created. PCS and MCS scores were dichotomised
(high vs. low) at the median (PCS = 45.11; MCS = 47.91).
To study survival, Kaplan-Meier curves were plotted. We
evaluated the discriminatory ability of PCS or LTPA or both
to predict death by using the area under the receiver oper-
ating characteristic curve (C-statistics). We estimated
C-statistics with a macro using R language which was
developed based on Harrell’s C-statistics, and used these to
evaluate the Cox regression models [27]. Apart from
estimation of C-statistics, all analyses were conducted using
SAS statistical software, version 9.1 (SAS Institute, Cary,
NC), and SPSS statistical software, version 14.0 (SPSS,
Chicago, IL., USA).
Results
Of 701 participants aged 18 or older with diabetes, 121
participants died between baseline and 7-year follow-up,
giving a crude mortality rate of 17.2% (121/701). Table 1
compares baseline characteristics between survivors and
non-survivors. Surviving participants were significantly
younger, had higher education levels, had a shorter dur-
ation of diabetes, were less likely to use insulin, were less
likely to have a history of heart disease, hypertension or
stroke, were more likely to engage in LTPA, and had a
higher mean BMI, PCS, and scores for each subscale of
the SF-36 (except for the mental health index and MCS).
Table 2 Adjusted hazard ratios (HRs) and 95% confidence int
component summary (PCS) and mental component summary

N Number
of

deaths

Crude
death
rate
(%)

Age-adjusted

HR
(95% CI)

P-value C-stat

PCS 0.70

High (≥ 45.11) 351 33 9.4 Reference

Low (< 45.11) 350 88 25.1 2.19
(1.44-3.34)

<0.001

PCS quartile groups

≥ 51.92 175 17 9.7 Reference

≥ 45.11, <51.92 176 16 9.0 0.81
(0.41-1.61)

0.545

≥ 30.06, <45.11 175 24 13.7 1.16
(0.61-2.18)

0.653

<30.06 175 64 36.5 3.03
(1.69-5.41)

<0.001

MCS 0.67

High (≥ 47.91) 351 57 16.2 Reference

Low (< 47.91) 350 64 18.2 1.15
(0.80-1.64)

0.457

PCS and MCS were in separate models in all of the analyses. Model 1 was adjusted
any history of heart disease, hypertension, dyslipidaemia, or stroke. Model 2 was als
In Table 2 and Table 3, we present three models that
explore the relationships among PCS, MCS, LTPA and
mortality. Model 1 was adjusted for age, sex, education,
smoking, BMI, the duration of diabetes, insulin use, and
any history of heart disease, hypertension, dyslipidaemia
or stroke. Model 2 was additionally adjusted for either
PCS or LTPA. The adjusted HR for mortality for a low vs.
high PCS score was 2.15 (95% CI = 1.22-3.81) (Table 2,
Model 1). This association remained statistically sig-
nificant after additionally adjusting for LTPA (Table 2,
Model 2). We then further categorized PCS and MCS
scores by quartiles. After adjusting for other variables and
LTPA, the adjusted HR for mortality for the lowest quar-
tile group vs. the highest quartile group was 3.67 (95%
CI = 1.61-8.37). A low score in the MCS was not signifi-
cantly associated with increased mortality after adjusting
for the other variables and additionally adjusting for
LTPA. The adjusted HRs for mortality were 0.40 (95% CI
= 0.22-0.71) in the intermediately active participants and
0.38 (95% CI = 0.19-0.76) in the regularly active par-
ticipants compared with inactive participants (Table 3,
Model 1). These associations remained identical after add-
itionally adjusting for PCS scores (Table 3, Model 2). The
C-statistics for the models ranged from 0.675 to 0.793,
indicating good model prediction of mortality.
Table 4 compares baseline characteristics between

those with high and low PCS scores after stratifying by
level of LTPA. The results show that regardless of LTPA
ervals (95% CIs) for mortality according to SF-36 physical
(MCS) scores in Taiwanese adults with diabetes

Model 1 Model 2

istic HR
(95% CI)

P-value C-statistic HR
(95% CI)

P-value C-statistic

6 0.779 0.793

Reference Reference

2.15
(1.22-3.81)

0.008 2.17
(1.22-3.85)

0.008

Reference Reference

0.96
(0.38-2.41)

0.935 1.02
(0.41-2.56)

0.961

1.15
(0.48-2.76)

0.748 1.30
(0.54-3.10)

0.559

3.82
(1.67-8.75)

0.001 3.67
(1.61-8.37)

0.002

5 0.764 0.785

Reference Reference

1.34
(0.83-2.18)

0.236 1.23
(0.75-2.02)

0.406

for age, sex, education, smoking, BMI, the duration of diabetes, insulin use, and
o adjusted for LTPA.



Table 3 Adjusted hazard ratios (HRs) and 95% confidence intervals (95% CIs) for mortality according to levels of
leisure time physical activity in Taiwanese adults with diabetes

N Number
of

deaths

Crude
death
rate
(%)

Age-adjusted Model 1 Model 2

HR (95% CI) P-value C-statistic HR (95% CI) P-value C-statistic HR (95% CI) P-value C-statistic

LTPA 0.697 0.784 0.793

Inactive 305 68 22.2 Reference Reference Reference

Intermediate 250 38 15.2 0.60 0.011 0.40 0.002 0.40 0.002

(0.40-0.89) (0.22-0.71) (0.23-0.72)

Regular 146 15 10.2 0.41 0.002 0.38 0.006 0.38 0.006

(0.23-0.71) (0.19-0.76) (0.19-0.76)

Model 1 was adjusted for age, sex, education, smoking, BMI, the duration of diabetes, insulin use, and any history of heart disease, hypertension, dyslipidaemia, or
stroke. Model 2 was also adjusted for PCS.
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level, participants with low PCS scores were significantly
older, had lower educational levels, had a longer dur-
ation of diabetes, and had a greater prevalence of hyper-
tension than participants with high PCS scores.
Figure 1 shows the survival curves for participants

according to categories of levels of LTPA and scores for
the PCS of the SF-36. We have further classified LTPA
Table 4 Characteristics of participants according to SF-36 phy
level of leisure time physical activity

Le

Inactive

PCS PCS P

(High) (Low) (H

P-valuea

N 148 157 1

PCS

First quartile (Q1) 49.1 17.3 4

Second quartile (Q2) 52.0 28.0 5

Third quartile (Q3) 54.3 36.2 5

Age (years) 53.8 ± 0.83 65.2 ± 0.89 <0.001 59.3

Sex (% female) 39.9 54.8 0.009 5

Education <0.0001

≥ 0 and <7 years 57.5 80.3 5

≥ 7 years 42.5 19.7 4

Smoking (% current) 37.2 22.3 0.004 1

Body mass index (kg/m2) 24.9 ± 0.30 25.3 ± 0.42 0.491 25.2

Duration of diabetes (years) 5.1 ± 0.45 9.0 ± 0.71 <0.001 6.5 ±

Using insulin (% yes) 12.2 22.6 0.017 8

Heart disease (% yes) 14.6 34.7 <0.001 1

Hypertension (% yes) 34.0 51.0 0.003 3

Dyslipidaemia (% yes) 32.4 37.9 0.338 4

Stroke (% yes) 2.0 9.7 0.005 1
aContinuous variables were compared using the Student’s t-test and shown as mea
square test and shown as a percentage of the total.
into active (including intermediate and regularly active)
versus inactive groups. Table 5 shows the combined asso-
ciations of LTPA and PCS with mortality. After adjusting
for other variables, those who were inactive and had a low
PCS score had significantly higher mortality (HR = 4.49;
95% CI = [2.15-9.36]; P-value < 0.001) than those who
were active and had a high PCS score.
sical component summary scores (PCS) and stratified by

isure time physical activity

Intermediate Regular

CS PCS PCS PCS

igh) (Low) (High) (Low)

P-valuea P-valuea

24 126 79 67

9.0 21.9 50.0 23.7

1.6 31.2 52.5 32.9

4.5 38.8 54.4 40.2

± 1.03 64.1 ± 0.96 0.001 57.7 ± 1.25 63.6 ± 1.30 0.001

0.8 54.0 0.617 30.4 43.3 0.106

0.042 <0.001

1.6 64.3 27.8 59.7

8.4 35.7 72.2 40.3

9.4 14.3 0.284 22.8 17.9 0.468

± 0.37 25.1 ± 0.37 0.768 25.1 ± 0.39 25.0 ± 0.54 0.899

0.65 9.1 ± 0.74 0.008 5.6 ± 0.58 9.1 ± 1.11 0.006

.9 14.3 0.181 6.4 17.9 0.032

1.8 37.6 <0.001 19.0 31.3 0.084

3.9 57.6 <0.001 36.7 55.2 0.025

0.0 39.5 0.935 28.9 54.0 0.003

.6 16.8 <0.001 2.5 7.5 0.165

ns ± standard errors. Categorical variables were compared using Pearson’s chi-



Figure 1 Survival curves according to categories of levels of LTPA and scores for the PCS of the SF-36.
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Discussion
We demonstrated that both PCS scores and LTPA predict
mortality in individuals with diabetes over 7 years of follow
up. Furthermore, our study confirms that low PCS scores
are associated with increased mortality in adults with dia-
betes, even after controlling for LTPA and other potential
confounders. Our study further revealed that only partici-
pants who reported no LTPA with low PCS scores had
Table 5 Adjusted Hazard Ratios (HR) and 95% Confidence Int
physical activity and scores for the physical component summ
Taiwan

Variable N Number
of deaths

Crude
death rate (%)

PCS and LTPA

High PCS and Activec 203 19 9.3

High PCS and Inactive 148 14 9.4

Low PCS and Activec 193 34 17.6

Low PCS and Inactive 157 54 34.3

C-Statistic
aCox proportional hazard models were used to estimate the HR adjusted for age.
bCox proportional-hazards models were used to estimate the HR adjusted for age, s
history of heart disease, hypertension, dyslipidaemia, or stroke.
cActive group includes participants who were intermediately or regularly active.
significantly increased mortality compared to active partici-
pants with high PCS scores. Most importantly, there was
no excess mortality risk associated with low PCS scores in
participants who engaged in an intermediate or regular
amount of leisure activity. Our joint analyses broaden our
understanding of the benefits of engaging in LTPA, which
may be associated with improved survival in participants
with poor self-rated physical health status.
ervals (95% CI) for mortality by levels of leisure time
ary (PCS) of the SF-36 among people with diabetes in

Age-adjusteda Multivariate adjustedb

HR (95% CI) P-value HR (95% CI) P-value

Reference Reference

1.25 (0.62-2.50) 0.537 1.31 (0.51-3.35) 0.578

1.65 (0.94-2.91) 0.083 1.36 (0.64-2.92) 0.426

3.38 (1.98-5.75) <0.001 4.49 (2.15-9.36) <0.001

0.722 0.792

ex, education, smoking, BMI, the duration of diabetes, insulin use, and any
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In this study, participants with low PCS scores were
significantly older, had lower educational levels, had a
longer duration of diabetes, and had a higher prevalence of
hypertension than participants with high PCS scores, inde-
pendent of LTPA level (Table 4). Previous studies have
consistently shown that older people with diabetes have
considerable physical impairment [28,29]. Our recent study
has further shown that there is a gradient effect of func-
tional decline on mortality in older adults with diabetes
[30]. Glasgow et al. found that individuals diagnosed with
diabetes for a greater number of years reported lower phys-
ical functioning (as assessed by the SF-20) than those with
fewer years since diagnosis [31]. Longer diabetes duration
is associated with an increased risk of exposure to chronic
hyperglycaemia and an increased prevalence of cardiovas-
cular disease such as hypertension, dyslipidaemia, and
heart disease which may be associated with elevated mor-
tality risk [14]. In a prospective cohort study, de Visser
et al. found that a decreased score on the dimension of
physical functioning (as assessed by the RADN-36) in indi-
viduals with type 2 diabetes is associated with short-term
onset of cardiovascular disease [32]. Prior research has also
found that patients with diabetes who report more bodily
pain and poor physical functioning (as assessed by the
SF-36) and poorer self-reported overall health are more
likely to have an elevated glycosylated haemoglobin [33].
Most past research agrees that a higher glycosylated
haemoglobin level, a measure of disease control in dia-
betes, is an important risk factor for mortality in people
with diabetes. Diabetes complications such as coronary
artery disease have a significant negative impact on the
physical domains of HRQOL (as assessed by the SF-36) in
individuals with diabetes [10]. These abovementioned
research findings could explain the possible mechanisms
behind our observed association between a reduced score
on the physical aspect of HRQOL and increased mortality
in individuals with diabetes.
Prior studies agree that increased LTPA is associated

with reduced mortality in individuals with diabetes via
several mechanisms. It has been suggested that engage-
ment in regular physical activity may improve insulin sen-
sitivity, glycemic control, cardiorespiratory fitness and
physical function, as well as having favourable effects on
hypertension and serum lipid profile [15,17,34-36]. Using
a randomized controlled trial, Balducci et al. demonstrated
that even mild aerobic exercise training, such as brisk
walking, can modify the natural history of peripheral neur-
opathy in both type 1 and type 2 diabetes patients [37].
Thus, although factors such as an older age, long duration
of diabetes, hyperglycaemia, cardiovascular disease, and
diabetes complications may contribute to reduced scores
on the physical health domains of HRQOL, the benefits of
becoming physically active may translate into protective
effects against their impacts on mortality. This is supported
by our finding that in participants who engaged in inter-
mediate or regular leisure time activity, no significant
association was observed between low PCS scores and
mortality (Table 5). Further investigation is needed to
explore the underlying obstacles to engaging in LTPA and
the underlying causes of increased mortality in adults with
diabetes with inferior physical health domains of HRQOL.
Moreover, intervention studies are needed to assess
whether such individuals would benefit from interven-
tions aimed at increasing their engagement in LTPA
and improving survival.
Our finding that MCS scores did not predict increased

mortality in individuals with diabetes is consistent with
two previous studies [1,2]. In the first study carried out
in the Zwolle region of the Netherlands, no association
was observed between MCS scores and mortality in indi-
viduals with type 2 diabetes over a median follow-up
period of 5.8 years [1]. However, the same investigators
revisited the association between HRQOL and mortality
after a longer follow-up period (almost 10 years), and
found that low MCS scores were associated with higher
mortality in patients with type 2 diabetes, suggesting
that lower MCS scores only predict mortality after a
longer follow-up period [38]. These findings may help
explain why our results revealed no association between
MCS scores and mortality in individuals with diabetes
over only a 7-year follow-up period.
Our study has several limitations. Although the initial

sample of 797 individuals with self-reported diagnosed
diabetes is a nationally representative sample of adults
aged 18 years or older with diagnosed diabetes, our ana-
lytic sample could be biased due to the included partici-
pants being limited to those who had complete data for
HRQOL and LTPA. The comparison of characteristics
between respondents who were included (N = 701) and
excluded due to incomplete data (N = 93) from this
study suggests that our sample could be biased towards
individuals of younger age, with a shorter duration of
diabetes, and who are less likely to be female, not smok-
ing currently, and have a history of hypertension and
stroke. Thus, some care should be taken when generaliz-
ing our results to the whole population. In addition,
individuals with incomplete data for HRQOL or LTPA
who were excluded from this study had a significantly
higher mortality than individuals included in the study.
Therefore, the observed crude mortality rate of 26.5 per
1,000 person-years may be an underestimate and the as-
sociation of HRQOL and LTPA with mortality may also
be underestimated. As we were still able to demonstrate
a statistically significant association between HRQOL
and LTPA and mortality despite this potential underesti-
mation, it is likely that the association between HRQOL
and LTPA and risk of mortality among adults with dia-
betes is substantial.
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Our analyses focused on LTPA because it was the only
type of physical activity measure included in the 2001
NHIS and as a result, we may have underestimated the
total physical activity levels of our participants. It is pos-
sible that some participants classified into the inactive
group because they reported no LTPA, might be per-
forming other types of physical activity such as house-
work leading to misclassification. The relationships
between HRQOL and LTPA and mortality could differ
by duration of diabetes and age. However, we were un-
able to investigate the impact of these factors on the
association between HRQOL and LTPA and mortality as
the small size of our sample did not enable us to stratify
our participants by these characteristics when investigat-
ing the associations between HRQOL and LTPA and
mortality. We did not control for clinically relevant
variables such as glycated haemoglobin levels, urinary
albumin-to-creatinine ratio, systolic blood pressure,
serum creatinine, diabetes complications, and antide-
pressants. Therefore, residual confounding by these fac-
tors may have affected our results. As this study was an
observational study, we cannot confirm the causal rela-
tionship between LTPA and HRQOL and mortality. It is
very likely that the presence of severe health issues
which precluded LTPA are also leading to reduced
HRQOL and increased mortality. A sensitivity analysis
excluding deaths that occurred during the first 2 years of
follow-up would help correct for the impact of severe
health issues at the start of the study, which could have
an influence on both activity levels and HRQOL, in
addition to an influence on mortality. After excluding
deaths that occurred during the first 2 years of follow-up
from the analysis, our finding of an association between
increased LTPA and reduced mortality risk in adults
with diabetes and inferior HRQOL remained unchanged.
No data were available regarding the type of diabetes,
and it is possible that HRQOL could vary based on dia-
betes type. However, only a small proportion (<3%) of
Taiwanese patients with diabetes have type 1 diabetes,
and, therefore, it is likely that our results largely reflect
the interrelationship between HRQOL, LTPA and the
risk of mortality in patients with type 2 diabetes.
The major strength of our study is that we used a na-

tional sample of the Taiwanese population via the NHIS
data and the National Register of Deaths. As this study
was an observational study, we cannot rule out the pos-
sibility that the presence of poor self-rated HRQOL
leads to lesser or no LTPA. However, we believe that this
is unlikely to be the case in our study, because among
participants with low PCS the percentage of those who
reported regular leisure activities (19.1%; 67/350) was
not significantly different from that in participants with
high PCS (22.5%; 79/351). It is worthwhile noting that a
great proportion of participants with diabetes reported
no LTPA, regardless of either good or poor self-rated
physical health (42.2% vs. 44.9%). This result may reflect
a general undervaluing of the merits of LTPA by indivi-
duals with diabetes. Our data further suggest that health
care professionals should particularly target interven-
tions aimed at improving survival towards adults with
diabetes who are more likely to have reduced physical
HRQOL, such as those who are older, have lower educa-
tional levels, have a longer duration of diabetes, and
have a history of hypertension (Table 4).

Conclusions
To our knowledge, this is the first study to assess the
interrelationship between physical health domains of
HRQOL, LTPA and the risk of mortality in individuals
with diabetes. Our results have important practical
implications. Our finding of a C-statistic for the model
based on joint PCS scores and LTPA variables and age of
0.722 suggests that the combined use of PCS scores and
LTPA may be useful in identifying individuals with dia-
betes who are at higher risk of mortality in the absence
of laboratory and clinical indicators. Our data suggest
that health care professionals should pay careful atten-
tion to patient-reported HRQOL and levels of LTPA.
Our results also suggest that health care professionals
should be aware of the possible need for more care in
individuals who report no LTPA to reduce the mortality
risk of diabetes associated with reduced HRQOL in
these persons. There is increasing recognition of the im-
portance of patient-reported HRQOL as a part of indivi-
dualized care in adults with diabetes. More research is
needed to evaluate how HRQOL information can be used
for health care planning and to inform resource allocation
decisions. Our findings add to our understanding of the
potential benefit of LTPA, even at levels not meeting
diabetes-specific guidelines (i.e., 150 minutes of moder-
ately intense activity per week), in terms of reducing the
excess mortality associated with poor physical health. We
hope our findings will stimulate further efforts to design
and implement programs aimed at increasing LTPA, espe-
cially in individuals with diabetes who have poor self-rated
physical health.
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