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Gallstone disease is associated with arterial stiffness
progression

Kai-jing Yu1, Ji-rong Zhang2, Ying Li2,3, Xiaoyi Huang4, Tiemin Liu5, Chuanfu Li6 and Rui-tao Wang1

Gallstones have been linked to dyslipidemia, metabolic syndrome and cardiovascular disease. Arterial stiffness is an indicator of

subclinical atherosclerosis. The aim of this study was to prospectively examine the relationship between gallstone disease and

arterial stiffness progression in 347 men and 454 women. These subjects were followed for 7 years. Arterial stiffness progression

was measured based on increases in brachial-ankle pulse wave velocity. Changes in brachial-ankle pulse wave velocity during the

study period were significantly greater in patients with gallstones than in subjects without gallstones. After adjusting for multiple

risk factors, gallstone disease was found to be a significant and independent predictor of brachial-ankle pulse wave velocity

progression (β=0.189; Po0.001). In conclusion, gallstone disease is an independent predictor of arterial stiffness progression,

even after adjusting for other cardiovascular risk factors.
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INTRODUCTION

Gallstone disease is one of the most common and costly gastro-
enterological disorders in western countries. Recent reports have
shown that gallstone disease is associated with dyslipidemia,
hyperinsulinemia, metabolic syndrome, type 2 diabetes mellitus
and cardiovascular disease,1–4 all of which are related to
atherosclerosis.
Arterial stiffness caused by decreased arterial compliance is one of

the major signs of vascular aging.5 Elevated arterial stiffness, an index
of subclinical atherosclerosis, is an independent predictor of future
cardiovascular events in patients with coronary artery disease and
cardiovascular morbidity and mortality in patients with hypertension,
type 2 diabetes, end-stage renal disease and advanced age.6,7 Pulse
wave velocity (PWV) is a simple, non-invasive and highly reproducible
measure of central arterial stiffness and is widely used as an index of
arterial stiffness. Brachial-ankle PWV (baPWV) measurements are
strongly correlated with aortic PWV measurements.8 Previous reports
have shown that increased baPWV is associated with metabolic
syndrome, cardiovascular diseases, stroke and renal disease, as well
as increased overall mortality.9–12

To date, no studies have investigated the association between
gallstone disease and subclinical atherosclerosis. Therefore, the aim
of this study was to determine the relationship between gallstone
disease and arterial stiffness progression.

METHODS

Study design
This was a prospective study comprising 600 patients with gallstone disease

and 600 subjects without gallstone disease who visited the International

Physical Examination and Health Center, Harbin, China, from January 2006

to June 2007. Chinese Health Law requires all employees to undergo annual

health examinations. All participants in this study underwent annual heath

examinations at the International Physical Examination and Health Center.

Patients with gallstone disease and control subjects were randomly selected

from a computer-generated randomization list. All participants underwent

baPWV measurements as part of their routine health assessments, which

also included clinical histories, clinical examinations, 12-lead electrocardio-

grams, biochemical analyses and abdominal ultrasonography. Patients with

a history of anemia, chronic hepatic or renal disease, cancer, cystic fibrosis,

Crohn’s disease, gastrectomy, prophylactic cholecystectomy, atrial fibrilla-

tion, peripheral arterial disease (ankle-brachial index o0.95) and medical

treatment with hormone replacement therapy or lipid-lowering agents were

excluded (n= 142). We also excluded 171 participants with hypertension,

diabetes and cardiovascular diseases at baseline, as well as 34 participants

without follow-up data and 52 participants with missing covariate data.

Thus, the final study population comprised 801 participants (347 men and

454 women), who were followed-up annually for 7 years. This study was

approved by the Institutional Review Board of the Second Hospital of

Harbin Medical University. Written informed consent was obtained from

each patient.
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Clinical examination
All participants underwent a baseline evaluation and provided information
regarding their medical history, smoking history, alcohol consumption history,
physical activity level and medication history, and underwent a physical
examination, laboratory testing and gallbladder ultrasound. Alcohol consump-
tion was defined as having drunk at least 30 g of alcohol per week for 1 year or
more. Cigarette smoking was defined as having smoked at least 100 cigarettes in
a lifetime. Regular leisure-time physical activity was defined as participating in
moderate-to-vigorous activity for 30 min or more per day for 3 days or more
per week. Blood pressures were measured using a mercury column sphygmo-
manometer after 10 min of rest in the supine position. Systolic blood pressure
(SBP) and diastolic blood pressure (DBP) were measured twice during
each examination, and the mean of each measurement was used for analysis.
Body mass index (BMI) was calculated as weight (kg) divided by height
squared (m2).

Biochemical analyses
Blood specimens were collected following a 12-h fast. Total cholesterol (TC),
triglyceride (TG), high-density lipoprotein cholesterol (HDL-C), low-density
lipoprotein cholesterol (LDL-C), gamma-glutamyl transpeptidase (GGT) and
fasting plasma glucose (FPG) levels were measured with standardized laboratory
assays (Modular Analytics, Roche, Mannheim, Germany). All measurements
were performed within 2 h of sampling.

baPWV measurement
Before being tested, all subjects abstained from caffeine and fasted for at least
4 h. baPWV was measured using an automated device (model MB3000, M&B
Electronic Instruments, Beijing, China). baPWV was calculated automatically
based on the distance between two arterial recording sites divided by the transit
time, according to the formula (L/PTT), where L is the difference between the
distance from the heart to the ankle and the distance from the heart to the
brachium, and PTT is the pulse transit time between the brachial and tibial
arterial waveforms. The mean value of the right and left baPWVs was used for
analysis. All measurements were conducted by a single examiner who was
blinded to patient clinical data. The reproducibility and validity of measuring
baPWV with the above method have been demonstrated previously.13,14

Diagnostic criteria
An experienced ultrasonographer performed the abdominal ultrasounds using a
sonography machine (Voluson E8, GE, Milwaukee, WI, USA) equipped with a
3.5 MHz probe. The ultrasonographer was unaware of the objectives of the
study and was blinded to patient laboratory values. Gallstone disease was
diagnosed based on the presence of strong intraluminal echoes that were
gravity-dependent or attenuated ultrasound transmission (acoustic shadow).
Estimated glomerular filtration rates (eGFRs) were estimated based on creatinine

values via the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI)
equation as follows: eGFR=141×min (Scr/k, 1)a×max (Scr/k, 1)1.209×
0.993age ×1.018 (if female), where Scr is serum creatinine, k is 0.7 for females
and 0.9 for males, a is 0.329 for females and 0.411 for males, min indicates
the minimum of Scr/k or 1, and max indicates the maximum of
Scr/k or 1.

Statistical analysis
All data are expressed as the means± s.d. or as medians (inter quartile ranges)
or percentages. Sex, alcohol, smoking, physical activity, hypertension and
gallstones were categorized as 0 (absent) or 1 (present) and were analyzed using
a χ2-test. Age, BMI, SBP, DBP, TC, LDL-C and eGFR are continuous variables
with normally distributed data, and Student's t-test was used for comparisons of
these variables between the two groups. FPG, TG, HDL-C and GGT are
continuous variables with non-normally distributed data, and the Mann–
Whitney U-test was used for comparisons of these variables between the two
groups. Univariate analysis was performed using a linear regression model to
determine the relationships between changes in baPWV and various clinical
parameters. Variables exhibiting a P-value o0.05 in univariate analysis were
included in a multivariate linear regression model using a stepwise strategy.
Variables such as TG, HDL-C, FPG and GGT were log-transformed to reduce

the effects of a skewed data distribution. Two-sided P-values o0.05 were
considered significant. All analyses were performed using SPSS (SPSS version
22.0, SPSS, Chicago, IL, USA).

RESULTS

The baseline characteristics of the participants according to gallstones
status are shown in Table 1. Higher BMIs, as well as higher TG and
physical activity levels and lower HDL-C levels, were observed in
patients with gallstone disease than in control subjects. However, age,
SBP, DBP, baPWV and heart rate; FPG, TC, LDL-C and GGT levels;
and eGFR, sex, smoking history and alcohol history were not different
between the two groups.
The 7-year follow-up characteristics of the participants according to

gallstone status are shown in Table 2. Patients with gallstone disease
exhibited higher baPWVs and BMIs, as well as higher FPG and TG
levels and lower HDL-C levels, than control subjects. However, SBP,
DBP and heart rate; TC, LDL-C and GGT levels; and eGFR, smoking
history, alcohol history and physical activity levels were not signifi-
cantly different between the two groups.
The changes in baPWV between the baseline and final examinations

in patients with and without gallstone disease, after adjusting for
confounding covariates, are shown in Figure 1. After adjusting for age,
sex, BMI, SBP, DBP and heart rate; HDL-C, LDL-C, TG, TC, GGT
and FPG levels; and eGFR, physical activity levels, smoking history and
drinking history, the mean baPWV changes among patients with
gallstone disease and control subjects were 76.3 (63.0) and 46.0 (49.4)
cm s− 1, respectively (Po0.001).
Univariate analysis showed that sex, gallstone status, BMI and SBP;

TC, HDL-C, LDL-C, and FPG levels; and changes in BMI and eGFR
and GGT, HDL-C, TG and FPG levels were significantly associated
with changes in baPWV (Table 3). Therefore, all 14 variables were
subsequently entered into the multiple linear regression analysis model
using a stepwise strategy. The results revealed that gallstones, sex,

Table 1 Baseline characteristics of patients with gallstones and

control subjects

Variables With gallstones Without gallstones P-value

N 396 405

Age (years) 50.5 (9.1) 51.0 (9.2) 0.426

Male sex (n, %) 163 (41.2) 184 (45.4) 0.223

BMI (kg m−2) 24.7 (3.1) 24.1 (3.2) 0.003

Smoker (n, %) 92 (23.2) 86 (21.2) 0.497

Drinking (n, %) 91 (23.0) 81 (20.0) 0.305

Physical activity (n, %) 64 (16.2) 90 (22.2) 0.030

SBP (mm Hg) 124.6 (9.4) 123.8 (9.1) 0.233

DBP (mm Hg) 76.5 (6.4) 76.3 (7.3) 0.726

Heart rate (bmp) 70.4 (11.2) 69.7 (10.9) 0.355

TC (mmol l−1) 4.77 (0.94) 4.71 (0.97) 0.341

TG (mmol l−1) 2.50 (1.99–3.13) 2.19 (1.83–3.02) 0.001

HDL-C (mmol l−1) 1.37 (1.14–1.58) 1.45 (1.28–1.71) o0.001

LDL-C (mmol l−1) 2.79 (0.76) 2.75 (0.79) 0.558

FPG (mmol l−1) 4.81 (4.43–5.23) 4.73 (4.30–5.21) 0.209

GGT (U l−1) 31 (21–45) 29 (22–48) 0.321

eGFR (ml min−1 per 1.73 m2) 90.8 (23.6) 90.5 (23.3) 0.872

BaPWV (cm s−1) 1238.6 (222.2) 1226.6 (208.0) 0.433

Abbreviations: baPWV, brachial-ankle pulse wave velocity; BMI, body mass index; DBP, diastolic
blood pressure; eGFR, estimated glomerular filtration rate; FPG, fasting plasma glucose;
GGT, gamma-glutamyl transpeptidase; HDL-C, high-density lipoprotein cholesterol; LDL-C,
low-density lipoprotein cholesterol; SBP, systolic blood pressure; TC, total cholesterol;
TG, triglyceride. P-value was calculated by the student's t-test or Mann–Whitney U-test or
χ2-test. Data are expressed as means (s.d.) or median (inter quartile range) or percentage.
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baseline SBP and changes in TG, HDL-C and GGT levels were
associated with changes in baPWV (Table 4). Notably, gallstone
disease was found to be a significant determinant of increases in
baPWV (β= 0.189; Po0.001).

DISCUSSION

In this study, we found that gallstone disease is an independent and
significant determinant of changes in baPWV after adjusting for other
cardiovascular risk factors.
The mechanism underlying the effects of gallstones on baPWV

changes remain unclear. Obesity, dyslipidemia, insulin resistance and
metabolic syndrome are closely related to baPWV changes. Gallstone
disease is associated with obesity, dyslipidemia, hyperinsulinemia,
metabolic syndrome and type 2 diabetes mellitus.1–4 Obesity increases
cholesterol synthesis and secretion into bile.15 A meta-analysis
confirmed that obesity is linked to increased levels of C-reactive
protein, a marker of inflammation and a predictor of cardiovascular
risk.16 Moreover, excess adipose tissue production induced by
dysregulated adipokine production has been shown to lead to

low-grade chronic inflammation, insulin resistance and endothelial
dysfunction, all of which are related to arterial stiffness.17,18 Obesity,
dyslipidemia, insulin resistance and metabolic syndrome all frequently
co-occur in the setting of gallstone disease and are considered risk
factors for developing the disease.19 Furthermore, hepatic insulin
resistance has been shown to facilitate increases in biliary cholesterol
secretion in mice and thus represents a crucial link between metabolic
syndrome and cholesterol gallstone risk.20 An insulin-resistant

Table 2 Follow-up characteristics after 7 years in participants with

and without gallstones

Variables With gallstones Without gallstones P-value

N 396 405

BMI (kg m−2) 25.1 (3.1) 24.2 (3.3) o0.001

Smoker (n, %) 87 (22.0) 83 (20.5) 0.610

Drinking (n, %) 89 (22.5) 76 (18.8) 0.196

Physical activity (n, %) 67 (16.9) 86 (21.2) 0.120

SBP (mm Hg) 129.4 (10.4) 127.0 (9.9) 0.001

DBP (mm Hg) 78.1 (6.9) 78.1 (7.6) 0.896

Heart rate (bmp) 72.3 (11.4) 71.5 (12.1) 0.301

FPG (mmol l−1) 5.12 (4.60–5.77) 4.80 (4.47–5.39) o0.001

TC (mmol l−1) 4.82 (1.02) 4.74 (1.03) 0.319

TG (mmol l−1) 2.72 (2.27–3.28) 2.25 (1.87–3.15) o0.001

HDL-C (mmol l−1) 1.30 (1.08–1.52) 1.39 (1.21–1.67) o0.001

LDL-C (mmol l−1) 3.02 (0.76) 2.98 (0.79) 0.558

GGT (U l−1) 35 (26–51) 34 (25–50) 0.260

eGFR (ml min−1 per 1.73 m2) 86.9 (22.8) 87.2 (22.4) 0.846

BaPWV (cm s−1) 1314.6 (245.8) 1272.1 (215.3) 0.009

Abbreviations: BaPWV, brachial-ankle pulse wave velocity; BMI, body mass index; DBP, diastolic
blood pressure; eGFR, estimated glomerular filtration rate; FPG, fasting plasma glucose;
GGT, gamma-glutamyl transpeptidase; HDL-C, high-density lipoprotein cholesterol; LDL-C,
low-density lipoprotein cholesterol; SBP, systolic blood pressure; TC, total cholesterol;
TG, triglyceride.

Figure 1 baPWV progression according to the presence or absence of
gallstones. Changes in baPWV between the baseline and final examinations
according to gallstones status (bars indicate s.d.). *indicates Po0.001.
baPWV, brachial-ankle pulse wave velocity.

Table 3 Univariate linear regression analysis with the changes of

brachial-ankle pulse wave velocity (cm s−1) as the dependent variable

β P-value

Age (years) −0.002 0.946

Sex (male/female) 0.315 o0.001

BMI (kg m−2) 0.109 0.002

Smoking (yes/no) −0.001 0.998

Drinking (yes/no) 0.016 0.652

Physical activity (yes/no) −0.019 0.591

SBP (mm Hg) 0.177 o0.001

DBP (mm Hg) 0.030 0.395

Heart rate (bmp) −0.008 0.826

TC (mmol l−1) 0.124 o0.001

TG (mmol l−1) 0.034 0.333

HDL-C (mmol l−1) −0.094 0.008

LDL-C (mmol l−1) 0.143 o0.001

FPG (mmol l−1) 0.088 0.013

GGT (U l−1) −0.029 0.410

eGFR (ml min−1 per 1.73 m2) −0.065 0.068

Gallstones (yes/no) 0.268 o0.001

△BMI (kg m−2) 0.229 o0.001

△SBP (mm Hg) −0.005 0.883

△DBP (mm Hg) −0.025 0.482

△Heart rate (bmp) 0.013 0.705

△TC (mmol l−1) −0.012 0.739

△TG (mmol l−1) 0.102 0.004

△HDL-C (mmol l−1) −0.197 o0.001

△LDL-C (mmol l−1) −0.039 0.264

△FPG (mmol l−1) 0.269 o0.001

△eGFR (ml min−1 per 1.73 m2) −0.220 o0.001

△GGT (U l−1) 0.150 o0.001

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; eGFR, estimated
glomerular filtration rate; FPG, fasting plasma glucose; GGT, gamma-glutamyl transpeptidase;
HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; SBP,
systolic blood pressure; TC, total cholesterol; TG, triglyceride; β, standardized regression
coefficient. △, value at the final examination—value at the baseline examination. TG, HDL-C,
FPG and GGT were log-transformed before statistical analysis.

Table 4 Multivariate linear regression analysis with the changes of

brachial-ankle pulse wave velocity (cm s−1) as the dependent variable

β P-value

Sex (male/female) 0.269 o0.001

Gallstones (yes/no) 0.189 o0.001

△TG (mmol l−1) 0.202 o0.001

△HDL-C (mmol l−1) −0.091 0.005

△GGT (U l−1) 0.083 0.009

Baseline SBP (mm Hg) 0.080 0.011

Abbreviations: GGT, gamma-glutamyl transpeptidase; HDL-C, high-density lipoprotein
cholesterol; SBP, systolic blood pressure; TG, triglyceride; β, standardized regression coefficient.
The P-value for entry was set at 0.05, and the P-value for removal was set 0.10. Adjusted
R2=0.245, Po0.001. TG, HDL-C, FPG and GGT were log-transformed before statistical
analysis. △, value at the final examination—value at the baseline examination.
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phenotype, metabolic syndrome has been linked to increases in the
prevalence of gallstone disease,21 as more severe metabolic disease has
been shown to increase the risk of developing cholesterol gallstones.22

Insulin resistance decreases intestinal cholesterol absorption, increases
cholesterol synthesis and inhibits the expression of Cyp7a1, the
enzyme that controls the rate-limiting step of bile acid synthesis.23

Furthermore, hyperinsulinemia increases gallstone formation by
increasing hydroxyl-3-methylglutaryl-coenzyme activity and directly
stimulating bile acid-independent bile flow into the liver.24,25 Thus,
the co-existence of multiple metabolic disorders contributes to
baPWV changes and arterial stiffness development.
Our study has important clinical implications. We showed that

gallstone disease is a predictor of baPWV changes and arterial stiffness
development. Consistent with our results, a recent study demonstrated
that gallstones are associated with increased common carotid intima-
media thickness.2 Gallstones may predispose adults to developing
arterial stiffness. Clinicians must be proactive with respect to
preventing arterial stiffness in patients with gallstones.
Our study had some limitations. First, we could not obtain any

information regarding genetic contributions to cholelithiasis. Second,
this study lacked information regarding insulin resistance, which is an
important risk factor for gallstone disease. Third, this study involved
patients from one ethnic group; thus, additional studies involving
patients from the other ethnic groups are necessary. Fourth, we used
dichotomous values for alcohol history, smoking history and physical
activity in our study, which may, therefore, have obscured the
association between lifestyle risk factors and arterial stiffness, as some
previous reports have noted a J-shaped relationship between alcohol
intake and arterial stiffness progression.26,27

In conclusion, our study showed that gallstone disease was an
independent predictor of arterial stiffness progression. Additional
large-scale randomized prospective studies are warranted to confirm
this relationship.
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