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Abstract

Objective To determine the relationship between baseline

overall HRQOL as well as domain-specific HRQOL and

incident cardiovascular (CV) events over 10 years of fol-

low-up in a Chinese general population.

Methods We examined the above link using data from a

prospective cohort study, conducted between 2002 and

2012 in 11 villages of Beijing. HRQOL was assessed using

Chinese 35-item quality of life instrument, and CV risk

factors were recorded in either 2002 or 2005. Subjects were

followed through the end of the study period, or until they

were censored due to an incident CV event [including

myocardial infarction (MI) and stroke] or loss to follow-up.

Results A total of 1739 participants were eligible to be

included in the current study [female 64.2 %, age 57.7

(8.4) years]. There were a total of 190 CV events during the

follow-up (14,364 total person-years). Participants in the

bottom 20 % had 85 % increase in risk of CV event

[hazard ratio (HR) 1.85; 95 % CI 1.14–3.02] compared to

those in top 20 % of overall HRQOL, after adjusting for

sex, age, education, marital status, smoking, alcohol con-

sumption, being physically active, hypertension, diabetes,

high cholesterol, and obesity. Among the six HRQOL

domains, the independence domain had the largest effect

size (fully adjusted HR 2.91; 95 % CI 1.67–5.07), followed

by physical domain (HR 1.66; 95 % CI 1.03–2.67). Other

domains did not predict the incidence CV events in this

cohort.

Conclusions While overall lower HRQOL predicts sub-

sequent risk of stroke and MI events, this appeared to be

driven mainly by the independence domain.
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Introduction

Cardiovascular diseases (CVD) account for the largest

fraction of deaths related to non-communicable diseases

globally [1]. About 80 % risk of CVD could be predicted

by known CVD risk factors [2], i.e., older age, male sex,

high systolic blood pressure, high serum total cholesterol,

high body mass index, current smoking status, and diabetes

mellitus in China [2] and in the USA [3]. It is still unknown

what the major determinants are for the remaining 20 %

risk in CVD.

Health-related quality of life (HRQOL) has been defined

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 [4]. Traditionally, quality of life has been con-

sidered as a major outcome of CVD [5, 6]. Relatively fewer

studies explore whether lower HRQOL is a risk factor of

CVD. A small prospective study of 416 middle-aged blue-

collar workers followed for 3 years showed that impaired

quality of life was related to high prevalence of overt

cardiovascular disease [7]. Recently, Muñoz et al. [8]

found that Physical Health assessed by SF-12 was signifi-

cantly associated with CV events 3724 individuals during

6.3-year follow-up in a Spain Community-based cohort.

Myint et al. [9] have also shown physical component

summary score of SF-36 predicted incidence of CVD in a

6.5 years of follow-up in EPIC-Norfolk, a large popula-

tion-based study in UK. However, it is not well known that

early impaired total HRQOL influence later CVD event in

longer-term follow-up in non-European populations, and if

so which domains of HRQOL serves as the best predictor

of such a risk.

The primary objective of this study was to explore

whether impaired HRQOL influence 10-year CV events

independently of known CV risk factors in a large Chinese

general population sample. The secondary objective was to

examine the relationship with individual domains of the

HRQOL.

Methods

Study population

The current study sample was drawn from the original cohort

of the People’s Republic of China-United States of America

(PRC-USA) Collaborative Study of Cardiovascular and

Cardiopulmonary Epidemiology which has been published

elsewhere [10, 11]. Briefly, a clustered random sample of

2313 participants was selected from all 11 villages of the

Shijingshan district of Beijing in autumn 1993 and autumn

1994. Of the 2313 participants, 39 participants died, 71 were

excluded because of a previous history of CHD and/or

stroke, and the remaining 2203 participants were invited for

health-related quality of life assessment in either 2002 or

2005. Of the total 2203 eligible participants, 1815 individ-

uals (1356 included in 2002 and 459 included in 2005;

response rate 82 %, 662men and 1153 women) consented to

participate in the HRQOL study and underwent baseline

HRQOL measurements (see Supplement A in File S1).

Baseline health-related quality of life (HRQOL)

measurement

Health-related quality of life was assessed using self-re-

ported Chinese 35-item quality of life instrument (QOL-

35) [11, 12]. The reliability and validity of the QOL-35 has

been previously reported [13]. The 35 items in the QOL-35

were classified into six domains and then the additional

item of HRQOL transition based on our previous research

(Supplement B in File S1). HRQOL scores for each item,

domain, and total HRQOL score were scaled to range from

0 to 100 (Supplement C in File S1).

Measurement of baseline risk factors

At the baseline, all major conventional cardiovascular risk

factors were measured using the standard protocols of the

PRC-USA study [14]. Date of birth, sex, educational level,

marital status, smoking, alcohol consumption, and medi-

cation used were collected using a standard questionnaire.

Based on self-reported data, current smoking was defined as

having smoked at least one cigarette per day for at least the

past year. Former smoker was defined as having stopped

smoking for at least the past month. Alcohol consumption

was defined as yes for those drinking alcohol at least once

per week. Being physically active was defined as playing

sports (walk, run, ride bike, dance, swim, play balls, etc.) at

least half an hour each day for at least the past year.

Hypertension was defined as mean systolic blood pressure

(SBP) C 140 mm Hg and/or mean diastolic blood pressure

(DBP) C 90 mm Hg (based on 3 measurements), or the use

of antihypertensive drugs in the past 2 weeks. Diabetes

mellitus (DM) was defined as a fasting blood glucose

C126 mg/dL or current use of insulin or oral hypoglycemic

medication. Body mass index (BMI) was calculated as kg/

m2, and obesity was defined as BMI C 28 kg/m2 according

to the threshold for Chinese population [15]. High choles-

terol was defined as fasting serum cholesterol C200 mg/dL.
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Follow-up and definition of cardiovascular events

Follow-up data on deaths and cardiovascular events (in-

cluding myocardial infarction and stroke) were obtained

by re-surveying the cohort in 2005, 2007, 2010, and 2012

according to a standardized protocol. The follow-up data

for MI and stroke events were first collected by investi-

gators using a standardized form at each follow-up survey

via face-to-face interviews (80.3 %) or telephone inter-

views (19.7 %). The standardized form for MI collected

information on the date of acute occurrence, name of

hospital, symptoms, ECG diagnosis, serum myocardial

enzymes levels, co-morbid clinical conditions, treatments,

survival status at 28 days, autopsy if available and

applicable. The form for stroke collected the information

on the date of occurrence, name of hospital, symptoms

and duration, co-morbid clinical conditions, CT scan, type

of stroke, treatments, survival status at 28 days, autopsy if

available and applicable. Suspected events were further

investigated with a repeat visit of a doctor to the patient

or family or the hospital if applicable to collect clinical

data to confirm the diagnosis (including symptoms, per-

sonal history, ECG, brain CT scan or autopsy findings).

The final diagnosis was made by independent adjudica-

tion committee which reviewed the medical history and

death certificates using pre-specified criteria from the

MONICA Project [16] and the PRC-USA Collaborative

Study [14].

Only the first non-fatal or fatal myocardial infarction

(MI) and stroke during the follow-up were used for anal-

ysis. Criteria used to define MI were adapted from diag-

nostic criteria developed by the PRC-USA Collaborative

Study and have been described in detail elsewhere. MI was

defined as having had clinical diagnosis of fatal or non-

fatal MI with severe chest pain for at least half an hour with

supporting evidence (ECG, cardiac enzymes) as per stan-

dardized data collection form. Non-fatal or fatal stroke was

defined using the WHO MONICA criteria 10: rapidly

developing signs of focal or global disturbance of cerebral

function lasting [24 h (unless interrupted by surgery or

death) with no apparent non-vascular cause. The definition

of stroke included cerebral thrombosis, cerebral embolism,

intracerebral hemorrhage, and subarachnoid hemorrhage.

Those cerebral events associated with transient ischemic

attacks and silent brain infarctions (cases without obvious

clinical symptoms or signs), trauma, hematological disor-

der or malignancy were not included. All of the stroke

cases underwent brain CT scans.

The CV event was defined as the composite of MIs and

stroke events. If an individual had both MI and stroke,

only one CVD event, whichever occurred first was

included.

Statistical analysis

For descriptive purpose, means or medians were calculated

to present continuous variables depending on sample dis-

tribution and were compared by t tests or appropriate

nonparametric tests between those with and without CV

events during the follow-up. Categorical variables were

presented as number (percentage) and differences between

groups were tested by Pearson Chi-squared analysis. The

cardiovascular events rate was calculated as the number of

CV events per 1000 person-years of follow-up. Cox pro-

portional hazards regression models were fitted to cardio-

vascular events data to calculate hazard ratios (HR) and

corresponding 95 % confidence intervals (CI). Model 1

fitted an age- and sex-adjusted Cox model regressing car-

diovascular events on Total HRQOL score (highest quin-

tiles as the reference category). Model 2 fitted a

multivariable Cox model to account for confounding

variables, including sex, age, education level, marital sta-

tus, smoking, alcohol consumption, being physically

active, hypertension, diabetes, high cholesterol and obesity.

Both models were then constructed for individual six

HRQOL domains and HRQOL transition. To eliminate the

impact of reverse causality, analyses were repeated after

exclusion of early event occurring within the first 2 years

of follow-up. We also constructed used Cox regression

models to analyze the prospective relationship between

HRQOL and incidence of myocardial infarction and stroke,

respectively. Similar sensitivity analyses were carried out

for these two outcomes after excluding early events

occurring within 2 years of follow-up to rule out reverse

causality. The C-statistics on area under the receiver

operating characteristic curve (ROC) was used to check

whether the addition of total HRQOL scores or indepen-

dence domain improve the predictive ability of the classic

Chinese prediction model [2] based on this current Chinese

data. All p values were two sided, and values\0.05 were

considered significant. All analyses were performed using

SAS 9.2 (SAS Institute Inc, Cary, NC, USA).

Results

A total of the 1739 participants (622 men and 1117 women)

were included in this report. The mean age of the cohort was

57.7 (SD 8.4) years at the baseline. During the follow-up

period (median 10.1 years, range 0.2–10.2 years), there

were a total of 190 CV events and 109 people were lost to

follow-up. During the 14,364 total person-years of follow-

up, the incidence of CV events was 13.23 events per 1000

person-years. Participants who developed CV events during

the follow-up tended to be older, single/widowed, had no
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school education, more likely to be cigarette smokers, had

higher prevalence of risk factors such as hypertension and

diabetes, had lower total HRQOL score and lower score for

physical domain at the baseline (p\ 0.05) (Table 1).

The incidence of CV events decreased from 18.43 per

1000 person-years in people with lowest total HRQOL

score (quintile 1) to 8.88 per 1000 person-years in top

quintile (quintile 5). Model 1 showed that, compared to

those with the highest quintile HRQOL score (quintile 5),

the adjusted HR increased from 1.23 (95 % CI 0.74–2.03)

in the quintile 4 group to 1.86 (95 % CI 1.15–3.01) in the

quintile 1 group (p for trend\0.05). The similar trend was

observed in fully adjusted model (Model 2): HR increased

from 1.19 (95 % CI 0.72–1.97) in the quintile 4 group to

1.85 (95 % CI 1.14–3.02) in the quintile 1 group (p for

trend\0.05) (Table 2).

Domain-specific analyses showed that the Independence

domain had the strongest prospective association with

future CV events (quintile 1 vs. quintile 5, HR 3.09; 95 %

CI 1.79–5.53) (p for trend\0.05), which was followed by

the physical domain (HR 1.67; 95 % CI 1.04–2.69) (p for

trend \0.05). The remaining Psychological, General,

Social, Environmental, and the HRQOL transition item did

not show any statistically significant relationship with the

future CV events over 10 years of follow-up. Similar

results were observed in fully adjusted models albeit with

mild attenuation in effect size (Table 3).

Then we did receiver operating characteristic curve

(ROC) analyses. The area under curve (AUC) increased

from 0.6982 (95 % CI 0.6528–0.7436) for the classic

Chinese prediction model [2] to 0.7174 (0.6719–0.7629)

(p = 0.0029 using C-statistics) as total HRQOL score was

added, and to 0.7257 (0.6805–0.7710) (p = 0.0005 using

C-statistics) as independence domain was added. The

addition of other domains did not improve the predictive

ability.

We furthered to analyze the association of HRQOL with

MI and stroke events, respectively. Fully adjusted Cox

regression models showed that lower total HRQOL score

was significantly associated with MI event (quintile 1 vs.

quintile 5, HR 5.37; 95 % CI 1.50–5.53), while the asso-

ciation with stroke events was weaker and not significant

(HR 1.62; 95 % CI 0.95–2.76) (Supplement D in File S1).

Of six individual domains, Physical and Independent

domains were significantly associated with incident MI

events, while only Independent domain was significantly

associated with incident stroke events. Overall, the HRs

were higher for MI than for stroke.

In order to eliminate the potential influence of subclin-

ical CVD (prior to CV events) impacting on the HRQOL

(i.e., reversed causality issue), we performed sensitivity

analyses after excluding 55 early events occurring within

the first 2 years of follow-up. This did not alter the results

(Supplement E in File S1).

Discussion

Our results demonstrate that early impaired total HRQOL

score at middle age (mean age * 58 years) is associated

with higher incidence of 10-year CV events in a commu-

nity-based Chinese population. The relationship depends

on the degree of impaired total HRQOL score, but inde-

pendent of other known personal risk factors such as age,

sex, education level, marital status, being physically active,

alcohol consumption, and other classical CVD risk factors

(smoking, hypertension, diabetes, high cholesterol, and

obesity). Among domains of HRQOL, independence and

physical domains were two strongest predictors of subse-

quent CVD incidence. Indeed, adding total HRQOL score

or independence domain has improved the predictive

power of traditional model of CVD risk prediction in this

population.

Since Framingham study, over the past few decades it

was established that approximately 80 % of cardiovascular

events could be attributed by five modifiable major risk

factors (smoking, hypertension, diabetes, high cholesterol,

and obesity) in addition to non-modifiable risk factors, age

and sex [3]. A large cohort study in China has also shown

that about 80 % of cardiovascular events could be pre-

dicted by same risk factors [2]. Therefore, our finding that

impaired baseline HRQOL predicts subsequent CV events

independently of traditional risk factors in the present

study is an important contribution and provide deeper

insight and better understanding of new and novel CV risk

factors.

HRQOL used in this study (Chinese QOL-35 item) is a

complex subjective indicator that self-reported by partici-

pants based on own perception of their position in life in

relation to their goals, expectations, standards, and con-

cerns [4]. Our findings suggest that in clinical and pre-

ventive practice of cardiovascular medicine, clinicians

should pay more attention on patients’ quality of life in

addition to focus on traditional risk factors. A randomized

controlled trial showed that incorporating standardized

HRQOL assessments in daily clinical oncology practice

facilitates the discussion of HRQOL issues and can

heighten physicians’ awareness of their patients’ HRQOL

[17]. Our finding suggest that it may be useful to include

quality of life assessment using validated questionnaire in

assessment of CV risk, which may be particularly useful in

early identification of those who are at risk of CVD.

Identifying these high-risk individuals could increase the

efficacy of CVD treatment and prevention strategies.
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Table 1 Baseline characteristics of participants with and without a CV event over 10-year follow-up

Variables Without CV events (n = 1549) With CV events (n = 190) Overall (n = 1739) p values

Female (%) 1001 (64.6) 116 (61.1) 1117 (64.2) 0.3330

Age, mean (SD) 57.3 ± 8.4 60.8 ± 7.8 57.7 ± 8.4 \.0001

Educational level

No school education 464 (30.0) 74 (38.9) 538 (30.9) 0.0050

Primary school 335 (21.6) 50 (26.3) 385 (22.1)

Primary middle school 655 (42.3) 59 (31.1) 714 (41.1)

High school or higher 95 (6.1) 7 (3.7) 102 (5.9)

Have spouse (%) 1358 (87.7) 157 (82.6) 1515 (87.1) 0.0500

Cigarette smoking (%)

Never 861 (55.6) 80 (42.1) 941 (54.1) 0.0010

Current 459 (29.6) 68 (35.8) 527 (30.3)

Former 229 (14.8) 42 (22.1) 271 (15.6)

Alcohol drinker (%) 435 (28.1) 56 (29.5) 491 (28.2) 0.6880

Physical actives (%) 673 (43.4) 93 (48.9) 766 (44.0) 0.1500

Hypertension (%) 839 (54.2) 141 (74.2) 980 (56.4) \.0001

Diabetes (%) 213 (13.8) 38 (20.0) 251 (14.4) 0.0210

High cholesterol (%) 771 (49.8) 107 (56.3) 878 (50.5) 0.0890

Obesity (%) 443 (28.6) 47 (24.7) 490 (28.2) 0.2640

Total HRQOL scores, mean (SD) 77.6 ± 11.6 74.8 ± 11.9 77.3 ± 11.7 0.0015

Domains

General 60.3 ± 16.7 58.8 ± 16.6 60.2 ± 16.7 0.2463

Physical 85.8 ± 14.2 80.9 ± 17.4 85.3 ± 14.7 \.0001

Independence 77.2 ± 17.8 74.9 ± 18.4 77 ± 17.9 0.0892

Psychological 70 ± 16.5 68.1 ± 16.8 69.8 ± 16.5 0.1330

Social 74 ± 15.9 72.5 ± 16 73.8 ± 15.9 0.2134

Environmental 64.5 ± 19.9 65.6 ± 18.9 64.6 ± 19.8 0.4602

QOL transition item 43.7 ± 31.6 45.6 ± 33.4 43.9 ± 31.8 0.4306

Data presented are mean (SD) for continuous variables and number (%) for categorical variables

CV event cardiovascular event including myocardial infarction (MI) and stroke, HRQOL quality of life, SD standard deviation

Table 2 Crude incidence rates of CV events and adjusted hazard ratios by baseline total quality of life scores in our study

Total HRQOL score Total person-years

(incidence of CV events, %)a
Age–sex-adjusted model Fully adjusted model

HR 95 % CI HR 95 % CI

Quintile 1 2659 (18.43) 1.86 1.15, 3.01 1.85 1.14, 3.02

Quintile 2 2815 (15.28) 1.56 0.96, 2.54 1.56 0.96, 2.56

Quintile 3 2853 (12.62) 1.37 0.83, 2.25 1.33 0.80, 2.20

Quintile 4 2996 (11.68) 1.23 0.74, 2.03 1.19 0.72, 1.97

Quintile 5 3041 (8.88) 1.00 Reference 1.00 Reference

p for trend 0.0063 0.0057

Model 1: adjusted sex, and age

Model 2: adjusted sex, age, education level, marital status, smoking, alcohol consumption, physical active, hypertension, diabetes, high

cholesterol, and obesity

CV event cardiovascular event including myocardial infarction (MI) and stroke, HRQOL health-related quality of life, CI confidence interval, HR

hazard ratios
a Incident rates were calculated as the number of CV events per 1000 person-years of follow-up
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Table 3 Adjusted hazard ratios

of CV events by baseline six

HRQOL domains and one

HRQOL transition item

Baseline six HRQOL domains Age–sex-adjusted model Fully adjusted modela

HR 95 % CI HR 95 % CI

General

Quintile 1 1.31 0.85, 2.02 1.36 0.88, 2.12

Quintile 2 0.56 0.13, 2.35 0.57 0.14, 2.41

Quintile 3 1.14 0.69, 1.87 1.11 0.67, 1.84

Quintile 4 1.09 0.67, 1.79 1.09 0.66, 1.79

Quintile 5 1.00 Reference 1.00 Reference

p for trend 0.1953 0.1308

Independence

Quintile 1 3.09 1.79, 5.35 2.91 1.67, 5.07

Quintile 2 2.17 1.24, 3.81 2.1 1.19, 3.71

Quintile 3 1.96 1.11, 3.47 1.96 1.1, 3.46

Quintile 4 2.29 1.31, 4.01 2.25 1.28, 3.94

Quintile 5 1.00 Reference 1.00 Reference

p for trend 0.0004 0.0012

Physical

Quintile 1 1.67 1.04, 2.69 1.66 1.03, 2.67

Quintile 2 1.42 0.87, 2.31 1.5 0.92, 2.46

Quintile 3 1.38 0.84, 2.24 1.38 0.85, 2.26

Quintile 4 1.37 0.85, 2.21 1.4 0.87, 2.27

Quintile 5 1.00 Reference 1.00 Reference

p for trend 0.0519 0.0510

Psychological

Quintile 1 1.41 0.86, 2.31 1.37 0.83, 2.26

Quintile 2 1.38 0.85, 2.25 1.39 0.85, 2.27

Quintile 3 1.48 0.92, 2.4 1.43 0.88, 2.32

Quintile 4 1.24 0.75, 2.06 1.19 0.71, 1.97

Quintile 5 1.00 Reference 1.00 Reference

p for trend 0.1780 0.1730

Social

Quintile 1 1.20 0.77, 1.87 1.27 0.81, 1.99

Quintile 2 1.10 0.7, 1.73 1.08 0.69, 1.71

Quintile 3 0.68 0.41, 1.12 0.68 0.41, 1.13

Quintile 4 1.01 0.65, 1.59 0.98 0.62, 1.53

Quintile 5 1.00 Reference 1.00 Reference

p for trend 0.3510 0.2343

Environmental

Quintile 1 0.97 0.52, 1.81 0.99 0.53, 1.88

Quintile 2 0.97 0.52, 1.81 0.99 0.53, 1.88

Quintile 3 1.08 0.71, 1.65 1.09 0.71, 1.68

Quintile 4 1.4 0.91, 2.15 1.38 0.89, 2.13

Quintile 5 1.00 Reference 1.00 Reference

p for trend 0.6877 0.7532

HRQOL transition item

Quintile 1 0.85 0.51, 1.40 0.88 0.50, 1.55

Quintile 2 0.82 0.50, 1.36 0.84 0.49, 1.43

Quintile 3 0.82 0.50, 1.36 0.84 0.49, 1.43

Quintile 4 0.75 0.48, 1.17 0.79 0.50, 1.24

Quintile 5 1.00 Reference 1.00 Reference
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Of the six domains of QOL-35 item score, the inde-

pendence domain was the strongest predictor of subsequent

CVD incidence. Myint et al. [9] have also shown similar

association although they examined the prediction of CVD

risk using physical functioning using physical component

summary score (PCS) of Short-Form 36 (SF-36), and their

study was confined to cardiovascular outcome only.

However, Myint et al. [18] also noted the similar link

between PCS and stroke risk in a separate paper. Intu-

itively, it is plausible that people with better ability of

physical activities are more likely to be independent.

Indeed, the presence or absence of difficulty in performing

physical activities is among the items that constitute

Independent domain, along with other items which assess

the daily need for medicines or treatment, and satisfaction

in independent living ability. This information reflects the

health status in the facet of ability of independent activity

which cannot be measured by traditional risk factors, such

as hypertension, diabetes, obesity, etc. Further, the asso-

ciations between Independent domain and these risk factors

namely hypertension, obesity, dyslipidemia, and high glu-

cose were generally weak (range of age–sex-adjusted cor-

relation coefficient was from -0.085 to 0.014)

(Supplement F in File S1). Thus, the association of Inde-

pendent Domain of HRQOL with future incidence of CV

events was independent of traditional risk factors. This

finding is consistent with our previous finding that the

strongest domain associated with all-cause mortality was

independence domain [11].

In the present study, the second strongest domain

associated with CV events was physical domain which

included 5 items comprising bodily pain, pain interfered

with normal life, appetite, difficulties in sleeping, and

fatigue. These items mainly reflect the bodily physiological

health determined by others unmeasured factors in the

traditional risk calculations but perceived by individuals,

which cannot also be determined by traditional indicators

such as blood pressure, serum glucose, serum cholesterol,

etc. [19]. Thus its association with CV events was also

independent of traditional risk factors. In some short

quality of life questionnaires, both independent and

physical domains were often combined as one Physical

Health domain. Recently, Muñoz et al. [8] found that

Physical Health assessed by SF-12 was significantly asso-

ciated with CV events in a population sample of 3724

individuals in Spain.

Compared to the strong link observed with independent

and physical domains and CVD event, the associations

between Psychological, Social, Environmental, and Gen-

eral domain and subsequent CV events were weaker and

statistically not significant. This is consistent with our

previous finding that associations of these domains with

all-cause mortality were weaker than independent and

physical domain [11]. This may be due to the fact that these

domains are indirect indicators (markers) that reflect

physical health rather than a predictor of future CV events.

In the QOL-35, there was a item on HRQOL transition

in the past 1 year which asked the participants the fol-

lowing question: ‘‘Compared to a year ago, how would you

rate your quality of life now?’’ [11]. The association of

HRQOL transition with CV events was weak and not sig-

nificant. It may be due to the fact this item may not a

sensitive item. In other words, it may have larger mini-

mally clinically significant effect size and change in

HRQOL over a short period of time may not able to ade-

quately capture the subsequent CV risk independently of

point estimate/self-report current HRQOL.

There are some limitations in our study. First, the 76

(4.2 %) study participants who were excluded likely have a

higher overall risk of CV events (i.e., older age, lower

HRQOL scores) [11]. However, this will only introduce

bias toward the null hypothesis and attenuated the observed

prospective association between HRQOL and CV events.

Another limitation in our study is the statistical power

might be relatively low due to low CVD event rates (13.23

events per 1000 person-years of follow-up) as the popu-

lation is middle-aged population. In addition, we used

HRQOL and other risk factors measured at baseline, and as

such, were unable to account for changes in HRQOL or

other time-varying confounders, in estimating CV events

during the study period. The study was based on data from

those without known cardiovascular disease, and the results

Table 3 continued
Baseline six HRQOL domains Age–sex-adjusted model Fully adjusted modela

HR 95 % CI HR 95 % CI

p for trend 0.8617 0.9009

HRQOL health-related quality of life, CI confidence interval, HR hazard ratios, CV event cardiovascular

event including myocardial infarction (MI) and stroke
a Adjusted for sex, age, education level, marital status, smoking, alcohol consumption, physical active,

hypertension, diabetes, high cholesterol, and obesity
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should not be directly applied to those with known car-

diovascular disease. Because the outcome events in the

present study did not encompass other CV events such as

angina pectoris or claudication, the observed association

between HRQOL and CV events is likely to be attenuation

of the actual association between HRQOL and any coro-

nary heart disease (CHD) events. As an observational

study, while causality could not be implied, we robustly

adjusted for confounders and the relationship observed was

also prospective with well-defined case ascertainment

approach. Further, repeating the analyses after excluding

early event within first 2 years of follow-up did not alter

the results, suggesting reverse causality (i.e., low HRQOL

due to subclinical illness) is very unlikely.

Conclusions

Our findings from a population-based, prospective cohort

study of Chinese population provide evidence that

impaired health-related quality of life, especially the per-

ception of the subjects on inability to live independently

and poor physical function, increases the CVD risk, which

is independent of other known classical risk factors.

Assessment of HRQOL in people with heightened CV risk

may help in correctly identifying people at the highest risk

of future CV events and may help to employ appropriate

preventative strategy. This may have impact on overall

global burden of major CVDs.
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