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Abstract
Background Vascular risk factors such as hypertension and
obesity have been associated with physical limitations among
older adults.
Purpose The purpose of this study is to examine whether
individual and aggregated vascular risk factors (VRFs) are
associated with functional dependence and to what extent
carotid atherosclerosis (CAS) or peripheral artery disease
(PAD) may mediate the possible associations of aggregated
VRFs with functional dependence.
Method This cross-sectional study included 1,451 community-
living participants aged ≥60 years in the Confucius Hometown
Aging Project of China. Data on demographic features, hyper-
tension, high total cholesterol, obesity, smoking, physical inac-
tivity, diabetes, CAS, PAD, and cardiovascular diseases
(CVDs) were collected through an interview, a clinical exam-
ination, and laboratory tests. Functional dependence was

defined as being dependent in at least one activity in the
personal or instrumental activities of daily living. Data were
analyzed using multiple logistic models controlling for poten-
tial confounders. We used the mediation model to explore the
potential mediating effect of CAS and PAD on the associations
of aggregated VRFs with functional dependence.
Results Of the 1,451 participants, 222 (15.3 %) had functional
dependence. The likelihood of functional dependence in-
creased linearly with increasing number of VRFs (hyperten-
sion, high total cholesterol, abdominal obesity, and physical
inactivity) (p for trend <0.002). Mediation analysis showed
that controlling for demographics and CVDs up to 11 % of the
total association of functional dependence with clustering
VRFs was mediated by CAS and PAD.
Conclusion Aggregation of multiple VRFs is associated with
an increased likelihood of functional dependence among
Chinese older adults; the association is partially mediated
by carotid and peripheral artery atherosclerosis independently
of CVDs.

Keywords Aging . Cardiovascular risk factors .

Atherosclerosis . Functional dependence . Population-based
study . China

Introduction

Maintenance of physical functional independence in late life is
of the utmost importance for elderly individuals and their
family, as well as for aging societies. Thus, understanding
the influential factors and the pathway to the development of
physical limitations and functional dependence has become a
critical issue. Lifestyle- and metabolic-related vascular risk
factors (VRFs), such as smoking, hypertension, hypercholes-
terolemia, diabetes mellitus, obesity, and physical inactivity
are considered major risk factors for cardiovascular diseases
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(CVDs), including cerebrovascular disease [1–3]. In addition,
several epidemiological studies have found VRFs to be inde-
pendent predictors of physical limitations in older adults
[4–8]. Most previous studies that have examined the associa-
tion of VRFs with physical limitations have focused on indi-
vidual factors [4–6, 8]. However, in a recent study of Swedish
older people, we found that an increasing number of VRFs
was linearly associated with an increased likelihood of mobil-
ity limitation [7]. This association persisted even after con-
trolling for cardiovascular and cerebrovascular diseases,
suggesting that the association of VRFs with physical limita-
tion is independent of CVDs [7].

Carotid plaques and increased carotid intima-media thick-
ness (cIMT), as markers of carotid atherosclerosis (CAS),
have been associatedwith an increased risk of CVDs, mobility
limitations, and functional dependence [9–11]. In addition,
peripheral artery disease (PAD), as an atherosclerotic occlu-
sive disease of the lower extremities, has been associated
with CVDs, physical limitations, and functional depen-
dence [12, 13]. CAS and PAD share common risk
factors with CVDs [14, 15].

The association of VRFs with physical limitations may
partly be explained by CVDs because VRFs cause CVDs,
and physical limitations may be clinical manifestations of
cardiovascular and cerebrovascular diseases [16, 17]. In addi-
tion, it has been suggested that VRFs may contribute to
common geriatric syndromes, such as impaired cognitive
and physical function, by causing cerebrovascular lesions
through atherosclerosis [18].

On the basis of previous research, we hypothesize that
VRFs play a role in the development of functional dependence
partly through its impact on atherosclerosis and CVDs includ-
ing cerebrovascular disease. In this population-based study of
rural Chinese older adults, we seek to test this hypothesis by
examining (1) whether individual and aggregated VRFs are
associated with functional dependence and (2) to what extent
CAS or PAD may mediate the possible associations of aggre-
gated VRFs with functional dependence. To our knowledge,
no studies have examined the association of VRF burden with
functional dependence in Asian populations. Since most
VRFs are amenable to intervention or management, an in-
creased understanding of the vascular involvement in func-
tional dependence may provide an opportunity for prevention
of late-life functional dependence.

Methods

Study Participants

This is a population-based cross-sectional study. We used the
data from the Confucius Hometown Aging Project (CHAP)
[19]. The CHAP participants included all people who were

aged ≥60 years and registered in the Xing Long Zhuang
community in June 2010. The community is located approx-
imately 20 km from Qufu (the hometown of Confucius) in
Shandong, China. The primary aim of CHAP is to investigate
health in aging by focusing on VRFs and atherosclerotic
mechanisms in brain aging and dysfunction. The baseline data
collection was conducted during June 2010–July 2011. Of all
eligible subjects in the community (n =1,743), 205 declined
participation, lost contact, or died before the examination, and
1,539 (88.3 %) participated in the baseline examination. We
excluded 88 persons with missing information on demo-
graphics, VRFs, functional status, CAS, and PAD, leaving
1,451 subjects for the current analyses. There were no signif-
icant differences in age (mean age±SD, 68.6±4.9 years vs.
68.7±5.0, p =0.412), gender (women: 59.0 % vs. 61.4 %, p =
0.661), or education (for people with no formal education:
32.2 % vs. 30.9 %, p =0.808) between the analytical sample
and the excluded subjects.

The CHAP study was approved by the Ethics Committee at
Jining First People's Hospital of Jining Medical University,
Shandong, China. Written informed consent was obtained
directly from participants or, in case of cognitively impaired
persons, from a proxy (usually the next of kin or guardian).
Research within CHAP was conducted according to the prin-
ciples expressed in the Declaration of Helsinki.

Data Collection and Definitions

In this cross-sectional study, data was collected through face-
to-face interviews, clinical examinations, and laboratory tests
by trained nurses, physicians, and technicians from the local
Xing Long Zhuang Coal Mine Hospital that provides routine
medical and health care services to residents of the local
community. Before the baseline examination, the research
staff of CHAP was trained by senior researchers and special-
ists from the Aging Research Center of Karolinska Institutet,
Stockholm, Sweden. Epidemiological data was collected via a
questionnaire that was developed by integrating the World
Health Organization STEPwise approach to Surveillance
(STEPS) and the Study on Global Ageing and Adult Health
(SAGE) [19, 20]. We collected data on demographics (age,
gender, and education), VRFs (e.g., smoking, hypertension,
high total cholesterol, diabetes, obesity, and physical inactiv-
ity), CVDs (e.g., stroke and coronary heart disease), and use of
medications (e.g., antihypertensive and blood glucose-
lowering agents). Education was measured as the highest level
of formal education and was categorized as no formal school,
primary school, middle school, and high school or above.

Functional Dependence

Functional status was evaluated using personal and instrumen-
tal activities of daily living (P-ADL and I-ADL). Functional
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dependence was defined as being dependent in one or more of
the following P-ADLs or I-ADLs: bathing, dressing, toileting,
transferring/moving, feeding/eating, shopping, cooking,
housework, washing clothes, and transportation [21, 22].

Assessments of Vascular Risk Factors and Cardiovascular
Disease

Arterial blood pressure (systolic Korotkoff phase I and dia-
stolic phase V) was measured twice on the right arm using a
sphygmomanometer in the sitting position after at least a 5-
min rest. The mean of the two readings was used in defining
hypertension status, which was categorized as normotension
(<120/80 mmHg, reference), prehypertension (120–139/80–
89 mmHg), stage 1 hypertension (140–159/90–99 mmHg),
and stage 2 hypertension (≥160/100 mmHg or current use of
antihypertensive agents) [23].

High cholesterol was defined as a total serum cholesterol
level ≥6.22 mmol/L [24].

Smoking status was categorized into never, former, or
current smoking.

Abdominal obesity was defined as waist-to-height ratio (a
ratio of waist circumference to body height in centimeters)
≥0.61, which was equivalent to the 75th percentile of the total
sample [25]. Abdominal obesity was used in this study be-
cause a high waist-to-height ratio has been suggested to be
superior to waist circumference and body mass index in
defining cardiometabolic risk in both men and women of
various ethnicities including Chinese adults [25, 26].

Leisure time physical exercise was assessed by two ques-
tions: (1) “How often do you currently exercise with moderate
intensity (e.g. brisk walking, bike rides, volleyball games)?”
and (2) “How often do you currently exercise more intensive-
ly?” Physical inactivity was defined as less than weekly
participation in moderate or intensive physical exercise [27].

Diabetes was ascertained based on current use of oral
glucose-lowering agents, insulin injection, or having a fasting
blood glucose level ≥7.0 mmol/L or a non-fasting glucose
level ≥11.0 mmol/L [28].

Coronary heart disease was ascertained based on self-
reported history of the disease or abnormal electrocardiogram.
Stroke was defined based on self-reported history of stroke.

Assessments of Atherosclerosis

CAS The carotid arteries were examined with a color Doppler
ultrasonography (Vivid 7 ultrasound system and a 7- to 10-
MHz transducer) following a standardized protocol [29]. All
participants were examined by one clinical sonographer alone.
The cIMT was measured on the internal carotid arteries of
each side and recorded to the nearest 0.1 mm. The average of
three measurements for each side was used in the analysis, and
the higher cIMTof the two sides was reported and used in the

analysis. Carotid plaque was defined as focal encroachment of
the common carotid artery walls in either side of the carotid
artery. CAS was defined as the presence of a carotid arterial
plaque or cIMT ≥1.81 mm in either side [9].

PAD Systolic pressures at ankle and brachial arteries were
measured using a Doppler ultrasonic device (8 MHz, Model
L500VA, Vista AVSTM, USA) following a standardized pro-
tocol [30]. The ankle brachial index (ABI) for each side was
calculated by dividing the systolic blood pressure at the ankle
by the systolic blood pressure in the arm. The lower ABI of
the two sides was reported. PAD was defined as ABI ≤0.90 in
either side [30].

Data Analysis

Descriptive analysis was performed to show the distribution of
demographic and clinical characteristics of the study partici-
pants by functional status. Statistical differences were exam-
ined using chi-square test or t test. Logistic regression analy-
ses were conducted to estimate the odds ratio (OR) and 95 %
confidence interval (CI) of functional dependence associated
with individual and clustering of VRFs. We reported the
results for individual VRFs and CVDs from two models: In
model 1, individual VRFs and CVDs were analyzed separate-
ly, adjusting for demographics (age, gender, and education). In
model 2, all VRFs and CVDs were included in the same
model, along with demographic variables. The burden of
VRFs was assessed by counting the number of those individ-
ual VRFs that were potentially associated with an increased
OR of functional dependence in any model (p value ≤0.20);
we hypothesized that the combination of these factors would
increase the likelihood of functional dependence [7].

Results for the associations of functional dependence with
aggregated VRFs were reported from four models: Model 1
was adjusted for demographics, model 2 included demo-
graphics and CVDs, in model 3, an additional adjustment
was made for CAS, and in model 4, an additional adjustment
was made for PAD. We used the mediation modeling analysis
to explore the potential mediating effect of CAS and PAD on
the associations of aggregated VRFs with functional depen-
dence [31]. The mediation modeling provides estimates of the
total effect, average mediation effect, direct effect, and the
percentage of the total effect that is mediated by simulating
predicted values of the mediator/outcome variable. The per-
centage of the total effect that is mediated may slightly differ
from the result of dividing the average mediation effect by the
total effect because simulations are used in the calculations
[31]. Statistical interactions were tested by including the inde-
pendent variables and their cross-product variables in the
same model simultaneously. The p value <0.05 was consid-
ered as statistically significant. The STATA 12 software
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(StataCorp, 2011. College Station, TX: StataCorp LP) was
used for all analyses.

Results

Of the 1,451 participants, 222 (15.3 %) had functional depen-
dence. Among those with functional dependence, 101
(45.5 %) were dependent in 1 P-ADL or I-ADL activity, 64
(28.8 %) in 2 P-ADL or I-ADL activities, and 57 (25.7 %)
were dependent in 3 or more P-ADL or I-ADL activities. The
proportions of subjects who were dependent in each specific
activity were 12.2 % for bathing, 4.5 % for dressing, 2.7 % for
toileting, 1.8 % for transferring/moving, 0.9 % for feeding/
eating, 73.9 % for shopping, 54.5 % for cooking, 9.0 % for
housework, 17.6 % for washing clothes, and 28.8 % for
transportation. Subjects with functional dependence were
older, more often women, less educated, more likely to have
CAS, stage 2 hypertension, high total cholesterol, abdominal
obesity, stroke, and to be physically inactive (Table 1).

Table 2 shows the associations of individual VRFs and
CVDs with functional dependence. Controlling for demo-
graphics (model 1), abdominal obesity, physical inactivity,
stroke, and CAS were each significantly associated with an
increased odds ratio of functional dependence. In model 2,
when controlling for all VRFs, along with demographic and
CVD variables, the associations of abdominal obesity and
CAS with functional dependence were attenuated and no
longer statistically significant. In model 1, four of those VRFs
were either significantly (abdominal obesity, physical inactiv-
ity; p <0.05) or potentially (stage 2 hypertension, high
cholesterol; p <0.20) associated with an increased like-
lihood of functional dependence. Therefore, in subse-
quent analyses, these four factors were aggregated to
assess the burden of VRFs.

Controlling for demographics, the likelihood of functional
dependence was linearly associated with an increasing num-
ber of VRFs (Table 3). The association of aggregated VRFs
with functional dependence was attenuated but remained
statistically significant when CVDs, CAS, and PAD,
respectively, were further included in the model (Table 3,
models 2, 3, and 4).

Table 4 shows the association of CAS and PAD with the
burden of VRFs: controlling for demographics and CVDs, the
likelihood of CAS and PAD was increased linearly with an
increasing number of VRFs (p for linear trend <0.01). Be-
cause there was only one subject with PAD in the reference
group of people with no VRF, in the additional analysis, we
combined people with no VRF and those with one VRF as
reference category. Compared with this reference category, the
likelihood of PADwas 1.44 (95 %CI 0.97–2.13) when having
two VRFs and 2.25 (95%CI 1.46–3.45) when having three or
more VRFs (p for linear trend=0.02).

The mediation modeling analysis showed that CAS had a
statistically significant (p <0.05) or marginal effect (0.05<p <
0.10) in mediating the association of functional dependence
with burden of VRFs, whereas the average mediation effect of
PAD was statistically non-significant (p >0.05) (Table 5). The
proportion of average mediation effect over the total effect on
the association of functional dependence with burden of VRFs
was approximately 6–11 % for CAS and 9–11 % for PAD (p <
0.05 or p <0.10). In addition, the direct association of aggre-
gated VRFs with functional dependence remains statistically
marginal when the mediation effects of PAD and CAS were
taken into account (Table 5).

We found no statistical interaction of aggregated VRFs
with age or gender on functional dependence.

Discussion

In this population-based cross-sectional study of rural Chinese
older adults, we found that an increasing number of VRFs

Table 1 Characteristics of the study participants by functional status
(N =1,451)

Characteristics Functional dependence p value

No (n =1,229) Yes (n =222)

Age (years), mean (SD) 68.0 (4.7) 71.5 (5.1) <0.001

Female, n (%) 708 (57.6) 148 (66.7) 0.012

Educational level, n (%)

No formal school 335 (27.3) 114 (51.4) <0.001
Primary school 598 (48.7) 84 (37.8)

Middle school 191 (15.5) 19 (8.6)

High school or above 105 (8.5) 5 (2.3)

Hypertension status, n (%)

Nomotension 78 (6.4) 8 (3.6) 0.004
Prehypertension 226 (18.4) 35 (15.8)

Stage 1 hypertension 213 (17.3) 23 (10.4)

Stage 2 hypertension 712 (57.9) 156 (70.3)

High total cholesterol, n (%) 203 (16.5) 52 (23.4) 0.013

Abdominal obesity, n (%) 300 (24.4) 76 (34.2) 0.002

Smoking status, n (%)

Never 840 (68.6) 160 (72.7) 0.306
Former 204 (16.7) 36 (16.4)

Current 180 (14.7) 24 (10.9)

Physical inactivity, n (%) 924 (75.2) 206 (92.8) <0.001

Diabetes, n (%) 302 (24.7) 55 (24.9) 0.971

Carotid atherosclerosis, n (%) 757 (61.6) 162 (73.0) 0.001

Peripheral artery disease, n (%) 51 (4.2) 15 (6.8) 0.086

Coronary heart disease, n (%) 409 (33.3) 79 (35.6) 0.503

Stroke, n (%) 59 (4.8) 39 (17.6) <0.001
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(stage 2 hypertension, high total cholesterol, abdominal obe-
sity, and physical inactivity) was linearly associated with an
increased likelihood of functional dependence and that the
association was partially mediated by CAS and PAD inde-
pendently of CVDs. These results support the hypothe-
sis that vascular pathways may be involved in late-life
functional dependence.

For individual VRFs, we found that abdominal obesity was
associated with functional dependence when adjusting for
demographics. This is consistent with a previous study that
found a high waist-to-height ratio at baseline to be associated
with functional dependence 9 years later among middle-aged
and older persons [8]. Obesity may lead to osteoarthritis due to
joint wear, reduced exercise capacity, high levels of inflam-
mation, and CVDs, which may partly explain its association

with functional dependence. In addition, abdominal obesity
has been a correlate of CAS [32]. We found that physical
inactivity was associated with functional dependence, but this
has to be interpreted with caution because of the potential
reverse causality of physical inactivity with functional depen-
dence in the cross-sectional design, i.e., although physical
inactivity may contribute to functional dependence, people
with functional dependence are also more likely to be physi-
cally inactive. Physical inactivity, as an important VRF, has
been associated with an increased risk of CAS [33, 34].

For the aggregated VRFs, we found that the likelihood of
functional dependence was increased linearly with increasing
number of VRFs. This is in line with our previous study of
Swedish elderly people, in which an aggregation of multiple
VRFs was associated with an increased likelihood of mobility

Table 2 Odds ratio (95 % confi-
dence interval) of functional de-
pendence associated with vascu-
lar risk factors and atherosclerotic
disorders (N=1,451)

a In model 1, individual vascular
risk factor was analyzed sepa-
rately, adjusting for demo-
graphics, and in model 2, all vas-
cular risk factors were included in
the same model, along with ad-
justment for demographics and
cardiovascular diseases

Vascular risk factors and
atherosclerotic disorders

Odds ratio (95 % confidence interval)

Model 1a p Model 2a p

Hypertension status

Nomotension 1.00 (reference) 1.00 (reference)

Prehypertension 1.40 (0.61–3.24) 0.431 1.28 (0.55–3.00) 0.569

Stage 1 hypertension 0.85 (0.35–2.04) 0.713 0.82 (0.34–2.00) 0.664

Stage 2 hypertension 1.66 (0.77–3.61) 0.198 1.30 (0.59–2.87) 0.517

High total cholesterol 1.38 (0.96–2.00) 0.085 1.40 (0.95–2.05) 0.087

Abdominal obesity 1.48 (1.06–2.06) 0.021 1.37 (0.97–1.94) 0.071

Smoking status

Never 1.00 (reference) 1.00 (reference)

Former 1.04 (0.65–1.65) 0.878 1.04 (0.64–1.69) 0.871

Current 0.81 (0.49–1.34) 0.416 0.85 (0.50–1.45) 0.553

Physical inactivity 3.15 (1.83–5.41) <0.001 2.89 (1.67–5.02) <0.001

Diabetes 1.01 (0.72–1.43) 0.942 0.80 (0.55–1.15) 0.229

Coronary heart disease 1.00 (0.73–1.37) 0.999 0.92 (0.66–1.28) 0.633

Stroke 4.55 (2.84–7.30) <0.001 4.26 (2.61–6.96) <0.001

Carotid atherosclerosis 1.49 (1.04–2.13) 0.029 1.35 (0.94–1.94) 0.100

Peripheral artery disease 1.29 (0.68–2.45) 0.432 1.08 (0.55–2.12) 0.827

Table 3 Odds ratio (95 % confidence interval) of functional dependence associated with burden of vascular risk factors (N=1451)

No. of vascular risk factorsa No. of subjects No. of cases Odds ratio (95 % confidence interval)

Model 1b Model 2b Model 3b Model 4b

0 117 4 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

1 417 44 2.82 (0.97–8.17) 2.74 (0.94–7.96) 2.70 (0.93–7.86) 2.74 (0.94–7.96)

2 590 95 3.94 (1.39–11.15) 3.46 (1.22–9.84) 3.33 (1.17–9.51) 3.45 (1.21–9.83)

≥3 327 79 6.20 (2.15–17.89) 5.45 (1.88–15.82) 5.25 (1.80–15.29) 5.43 (1.87–15.80)

p for linear trend <0.001 0.002 0.003 0.002

aVascular risk factors included stage 2 hypertension, abdominal obesity, high total cholesterol, and physical inactivity
bModel 1 was adjusted for demographics, model 2 included demographics and cardiovascular diseases, in model 3, an additional adjustment was made
for carotid atherosclerosis, and in model 4, a further adjustment was made for peripheral artery disease
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limitation defined as slow walking speed [7]. These studies
indicate that an increased burden of VRFs may contribute
both to the initial physical limitation defined as mobility
limitation and to the progression from physical limitation to
dependence in daily activities. Furthermore, the finding that
an increasing number of VRFs is linearly associated with an
increased likelihood of CAS and PAD is consistent with
existing literature [14, 15].

Our results extend previous finding of the association of
increased vascular risk burden with functional dependence
among elderly persons by demonstrating that CAS and PAD
play partial mediation effects on this association. The size of
the mediating effects (up to 11 %) may be considered as a
medium effect [35], but the effects are present independent of
CVDs. One explanation for this finding may be that persons
with more severe atherosclerosis are likely to have more

microvascular injuries in the brain [36]. Previous studies have
demonstrated that microvascular brain injuries are associated
with physical limitations [37] and that the association of
certain VRFs (e.g., hypertension) with physical limitation is
mediated by the brain injuries [38]. Finally, PAD may also
contribute to functional dependence through disabling leg
pain, impaired muscle strength, and balance dependence [13].

A major strength of this study is that the study population
consisted of older people living in a geographically defined
rural area in China, largely representing the general older pop-
ulation in this region. Moreover, the participation rate was high,
and those excluded subjects did not differ significantly from the
participants in terms of age, gender, or education, and thus
minimizes the selection bias. Finally, a broad range of VRFs
were assessed using a standard and comprehensive approach
such as face-to-face interviews, clinical examinations, and

Table 4 Odds ratio (95 % confidence interval; CI) of carotid atherosclerosis and peripheral artery disease associated with the number of vascular risk
factors (N =1,451)

No. of vascular risk factorsa Carotid atherosclerosis Peripheral artery disease

No. of cases Odds ratiob (95 % CI) No. of cases Odds ratiob (95 % CI)

0 (n =117) 61 1.00 (reference) 1 1.00 (reference)

1 (n =417) 241 1.53 (0.99–2.36) 7 2.09 (0.25–17.32)

2 (n =590) 404 2.47 (1.60–3.81) 30 6.23 (0.83–47.02)

≥3 (n =327) 213 2.42 (1.50–3.89) 28 10.53 (1.37–81.07)

p for linear trend 0.006 0.003

aVascular risk factors included stage 2 hypertension, abdominal obesity, high total cholesterol, and physical inactivity
b The analyses were adjusted for demographics and cardiovascular diseases

Table 5 Association of function-
al dependence with the burden of
vascular risk factors and the me-
diating effects of carotid athero-
sclerosis (CAS) and peripheral
arterial disease (PAD) on the as-
sociation (N=1,451)

*p <0.10; **p <0.05
a Vascular risk factors included
stage 2 hypertension, abdominal
obesity, high total cholesterol,
and physical inactivity
b The analyses were adjusted for
demographics and cardiovascular
diseases

Number of vascular risk factorsa CAS as a mediator PAD as a mediator
β (95 % CI)b β (95 % CI)b

0 0 (reference) 0 (reference)

1

Total effect (association) 0.15 (0.00 to 0.30)** 0.11 (0.00 to 0.22)**

Average mediation effect 0.02 (0.00 to 0.04)** 0.01 (−0.01 to 0.06)

Average direct effect 0.13 (0.00 to 0.27)* 0.10 (0.00 to 0.19)*

% of total effect mediated 10.5* 10.7**

2

Total effect (association) 0.32 (0.00 to 0.62)** 0.28 (0.01 to 0.60)**

Average mediation effect 0.03 (0.00 to 0.06)* 0.03 (−0.01 to 0.13)

Average direct effect 0.29 (0.00 to 0.58)* 0.25 (0.00 to 0.51)*

% of total effect mediated 8.1** 10.7*

≥3
Total effect (association) 0.47 (0.00 to 0.77)** 0.46 (0.01 to 0.85)**

Average mediation effect 0.03 (0.00 to 0.06)* 0.04 (−0.01 to 0.15)

Average direct effect 0.44 (−0.01 to 0.73)* 0.42 (0.00 to 0.78)*

% of total effect mediated 6.0** 9.0**

602 Int.J. Behav. Med. (2014) 21:597–604



laboratory tests. Limitations of the study include the cross-
sectional design, which restricts us from determining the direc-
tion of the observed associations. Moreover, possible selective
survival bias due to the cross-sectional design may have led to
underestimations of the association of VRFs with functional
dependence. The study cohort is currently being followed, and
the follow-up data may help to further clarify the associations of
VRFs with late-life functional dependence.

In conclusion, this study provides evidence that the aggre-
gation of multiple VRFs is associated with an increased like-
lihood of functional dependence in old age; both CAS and
PAD may have partial mediating effects independent of
CVDs. These results support the hypothesis that vascular
pathways may be involved in late-life functional dependence.
Although the study participants were from a rural area of
China, the results are generally consistent with our previous
study on Swedish elderly people living in central Stockholm.
Given that China has the largest aging population in the world,
identifying potentially manageable behavioral and metabolic
factors that are associated with late-life functional dependence
may have significant implications for public health as well as
for sustainable development of China's economy and society.
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