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1 | INTRODUCTION

* |

Background: Low bone mineral density (BMD) and left ventricular (LV) diastolic function are
associated with heart failure. However, little is known about the association between BMD
and LV diastolic function.

Hypothesis: BMD is independently related to LV diastolic function in women.

Methods: We conducted a cross-sectional study of 432 women. Brachial-ankle pulse wave
velocity (baPWV) and BMD measurements were performed. LV diastolic function and structure
were assessed by echocardiographic examination.

Results: BaPWV and the percentage of LV diastolic dysfunction increased with progressive
bone loss. Moreover, partial correlation analysis demonstrated that BMD at spine L2-4 and at
femoral neck were correlated with baPWV and LV diastolic function parameters after adjusting
covariates. Multivariate logistic regression analysis revealed that osteoporosis was independ-
ently associated with LV diastolic dysfunction in women.

Conclusions: Osteoporosis is independently associated with LV diastolic dysfunction in women.

A prospective study is needed to elucidate the effects of BMD on cardiac function in women.
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Diastolic dysfunction is linked with occurrence of heart failure

and is a predictor of cardiovascular morbidity and mortality.® Several

Osteoporosis has been suggested as an independent risk factor for
cardiovascular disease (CVD).! Low bone mineral density (BMD) is
associated with increased cardiovascular mortality.> Moreover, indivi-
duals with CVD have a higher risk of bone loss and fracture.® Cur-
rently, there is growing evidence that vascular calcification and bone
mineralization share a number of anatomical and pathophysiological
common features.®> Some proteins, such as bone morphogenetic
protein, alkaline phosphatase, and osteopontin, play key roles in bone
and calcified vascular tissue.*>

studies have documented that left ventricular (LV) diastolic dysfunc-
tion could be found in a variety of conditions, including aging,
obesity, metabolic syndrome, nonalcoholic fatty liver disease,
diabetes mellitus (DM), and hypertension.” 10

More recently, literature has emerged that shows the relationship
between BMD and cardiac function. A study reported that BMD is
associated with left ventricular function.!* Another study found that
BMD is an independent determinant of left ventricular mass index

(LVMI) in general subjects.’? In addition, low BMD predicts incident
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heart failure in healthy individuals.'®> On the basis of these observa-
tions, we hypothesized that low BMD might be independently associ-
ated with LV diastolic dysfunction. However, little research has been
conducted to investigate the relationship.

The purpose of this investigation is to explore the relationship

between BMD and LV diastolic function in women.

2 | METHODS

2.1 | Participants

Between January 2013 to December 2013, we enrolled into our
study 432 women who received a general health examination. The
exclusion criteria were thyroid disease, cancer, chronic obstructive
pulmonary disease, chronic renal failure, autoimmune diseases,
chronic heart failure, fractures, coronary heart disease, stroke, atrial
fibrillation, and medical treatment with glucocorticoids, estrogen,
bisphosphonates, vitamin D, or calcium. The study protocol was
approved by our institutional ethics committee, and written informed

consent was obtained from all women before participation.

2.2 | Clinical Examination

Trained interviewers used a standardized questionnaire to obtain
information about medical history and lifestyle. All the study subjects
underwent physical examination, which included anthropometric and
blood pressure measurements. The anthropometric measurements
comprised height and body weight, and the body mass index (BMI)
was calculated as weight/height? (kg/m?). Blood pressure was meas-
ured using a mercury-gravity sphygmomanometer in the sitting posi-
tion after a 15-minute rest. Systolic and diastolic blood pressures
were determined twice, with a 10-minute interval, and mean values
were used. Cigarette smoking was defined as having smoked 2100
cigarettes in one’s lifetime. Alcohol drinking was defined as the con-
sumption of 230 g of alcohol per week for =1 year. Regular leisure-
time physical activity was defined as participation in moderate or

vigorous activity for 230 minutes per day, 23 days a week.

2.3 | Biochemical Analyses

After overnight fasting, blood samples were taken for total choles-
terol (TC), triglycerides (TG), high-density lipoprotein cholesterol
(HDL-C), low-density lipoprotein cholesterol (LDL-C), and fasting
plasma glucose (FPG). All assays were performed at the Laboratory of
Analytical Biochemistry at the Second Hospital of Harbin Medical
University using a biochemical analyzer (Modular Analytics; Roche
Diagnostics, Mannheim, Germany). All measurements were con-

ducted within 2 hours of sampling.
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BMD at the lumbar spine (L2-L4) and femoral neck (FN) was meas-

BMD Measurement

ured using dual-energy X-ray absorptiometry (GE Lunar DPX-MD;
GE, Madison, WI). BMD was expressed as g/cm2 and as T-score.

Subjects were categorized as having osteoporosis (T-score < -2.5),

osteopenia (T-score between -1.0 and -2.5), or normal BMD
(T-score > -1.0) by using the lowest reported T-score. The method

was validated in a previous report.**

2.5 | Measurement of BaPWV

Before the subjects were tested, they abstained from caffeine and
fasted for >4 hours. Brachial-ankle pulse wave velocity (baPWV) was
determined using an automatic device (model MB3000; M&B Elec-
tronic Instruments, Beijing, China). The baPWV was automatically
calculated according to the following formula: baPWV = (Lb - La)/PTT,
where La and Lb are defined as the distance from the aortic valve to
the elbow and to the ankle, respectively, and PTT was defined as pulse
transit time between the brachial and tibial arterial waveforms. The
mean of the right and left baPWV was obtained for analysis. All mea-
surements were conducted by a single examiner who was blinded to
the clinical data. The reproducibility and validity of the baPWV meas-

urement using this method have been previously reported.®

2.6 | Echocardiographic Examination

Echocardiography was performed by standardized procedures with
Philips iE33 (Philips Ultrasound, Bothell, WA). LV linear dimensions
were measured according to American Society of Echocardiography
recommendations.’® LV mass was calculated with a validated formula
and indexed for height to the 2.7 power.)” LV ejection fraction was
calculated by the modified Simpson biplane rule. The peak early dias-
tolic transmitral flow velocity (E), peak late diastolic transmitral flow
velocity (A), and E/A ratio were measured using pulsed-wave Doppler
imaging of the mitral valve inflow from the apical 4-chamber view.
Peak early diastolic mitral annular velocity (¢') was measured in the
septal position using tissue Doppler imaging. The € wave velocities
from the septal and lateral walls were averaged and the E/ €’ ratio was
calculated as an indicator of LV filling pressure. Diastolic dysfunction
was defined as: (1) E/A < 0.7 (impaired relaxation, grade 1); (2) 0.7 < E/
A < 1.5and € < 7 cm/s (pseudo-normalized pattern, grade Il); or (3) E/

A > 1.5and € < 7 cm/s (restrictive pattern, grade 11).18

2.7 | Statistical Analysis

All data were expressed as mean £ SD or median (interquartile range)
for continuous variables and percentages of the number for categori-
cal variables. The y? statistical test was used for categorical variables,
and 1-way ANOVA or the Kruskal-Wallis H was used for continuous
variables. Categories of the participants comprised the following: nor-
mal, osteopenia, and osteoporosis. Partial correlation coefficients
were used to determine the relationship between BMD and LV dias-
tolic function parameters after adjustment for several confounding
factors. The independence of the associations of variables with LV
diastolic dysfunction, included as the dependent variable, were
assessed by multivariate logistic regression analyses and expressed as
odds ratios (OR). P values < 0.05 (2-tailed) were considered statisti-
cally significant. Statistical analyses were performed using the SPSS

software package, version 22.0 (IBM Corp., Armonk, NY).
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TABLE 1 Clinical characteristics of the participants
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Variable Control Osteopenia Osteoporosis P Value
N 157 146 129 —
Age, y 67.9 (8.8) 67.7 (9.1) 68.4(8.2) 0.825
Smoker, n (%) 7 (4.5) 3(2.1) 4(3.1) 0.507
Drinking, n (%) 58 (36.9) 50 (34.2) 3 (41.1) 0.501
Physical activity, n (%) 33(21.0) 28(19.2) 3(17.8) 0.791
BMI, kg/m? 25.2(3.1) 25.4 (2.8) 25.0(3.2) 0.464
SBP, mm Hg 132.9 (8.4) 134.9 (8.1) 135.7 (8.0) 0.009
DBP, mm Hg 73.9 (6.4) 77.5 (7.4) 77.6 (7.7) <0.001
TC, mmol/L 4.86 (0.90) 497 (1.11) 5.19 (1.09) 0.024
TG, mmol/L 3.98 (3.35-4.62) 4.05 (3.51-4.65) 4.68 (3.47-5.09) 0.008
HDL-C, mmol/L 1.37 (1.07-1.52) 1.33(1.16-1.46) 1.31(1.18-1.43) 0.950
LDL-C, mmol/L 2.50 (0.77) 2.77 (0.84) 3.02 (1.02) <0.001
FPG, mmol/L 5.52 (5.08-5.98) 5.60 (5.06-6.22) 5.79 (5.45-6.30) <0.001
Heart rate, bpm 76.2 (13.3) 77.9 (14.0) 77.5(11.2) 0.493
L2-4 BMD, g/cm2 1.127 (0.169) 0.996 (0.277) 0.892 (0.165) <0.001
T-score L2-4 (SD) -0.274 (0.411) -1.395 (0.683) -2.471 (0.796) <0.001
FN BMD, g/cm? 0.806 (0.205) 0.756 (0.198) 0.523 (0.169) <0.001
T-score FN (SD) -0.403 (0.321) -1.449 (0.778) -2.802 (0.807) <0.001
BaPWV, cm/s 1388.5 (145.2) 1421.5 (162.5) 1446.4 (171.6) 0.009
eGFR, mL/min/1.73 m? 73.6 (15.7) 72.3 (14.5) 69.5 (13.4) 0.051
HTN (n, %) 39 (24.8) 45 (30.8) 53 (41.1) 0.013
Type 2 DM (n, %) 34 (21.7) 37 (25.3) 42 (32.6) 0.109
Statins (n, %) 44 (28.0) 42 (28.8) 37(28.7) 0.988
LV diastolic dysfunction grade

Normal 92 (58.6) 82 (56.2) 5 (42.6) 0.017
| 55 (35.0) 52 (35.6) 9 (38.0) 0.865
1] 10 (6.4) 11(7.5) 3 (17. 8) 0.003
I 0(0.0) 1.0 (0.7) 0 (1.6 0.291

Abbreviations: ANOVA, analysis of variance; baPWYV, brachial-ankle pulse wave velocity; BMD, bone mineral density; BMI, body mass index; DBP, dias-
tolic blood pressure; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; FN, femoral neck; FPG, fasting plasma glucose; HDL-C, high-
density lipoprotein cholesterol; HTN, hypertension; IQR, interquartile range; LDL-C, low-density lipoprotein cholesterol; LV, left ventricular; SBP, systolic
blood pressure; SD, standard deviation; T2DM, type 2 diabetes; TC, total cholesterol; TG, triglycerides.

Data are presented as mean (SD), median (IQR), or n (%). P values calculated by 1-way ANOVA test, Kruskal-Wallis H, or X2 test.

3 | RESULTS

The baseline characteristics of participants stratified by BMD status
are shown in Table 1. Mean systolic blood pressure (SBP), diastolic
blood pressure (DBP), TC, TG, LDL-C, FPG, baPWYV, and the percent-
age of hypertension increased as BMD decreased. L2-4 BMD,
T-score L2-4, FN BMD, and T-score FN decreased as BMD reduced.
However, age, BMI, HDL-C, estimated glomerular filtration rate
(eGFR), heart rate, and the percentage of smokers, drinking, physical
activity, type 2 DM and the proportion using statins had no differ-
ence. The mean baPWV values in the control group, osteopenia
group, and osteoporosis group were 1388.5 (145.2), 1421.5 (162.5),
and 1446.4 (171.6) cm/s, respectively (P = 0.009).

The echocardiographic parameters of the subjects are shown in
Table 2. In terms of cardiac structure, interventricular septal diameter,
LV posterior wall thickness, LV wall thickness, LV relative wall thick-
ness, LV mass, LVMI, and LA diameter increased gradually as BMD
reduced. However, LV diameter in end-diastole, LV diameter in end-

systole, and LV ejection fraction were not significantly different. In

terms of LV diastolic function, the E’ and E/A ratio decreased gradu-
ally and A velocity and E/E’ ratio increased gradually as BMD
reduced.

The prevalence of LV diastolic dysfunction is calculated in sub-
jects with normal BMD, osteopenia, and osteoporosis (Figure 1). LV
diastolic dysfunction was present in 21.8% of the normal BMD group,
in 33.6% of the osteopenia group, and in 46.1% of the osteoporosis
group (P < 0.001). The results indicated that the prevalence of LV
diastolic dysfunction increased as BMD reduced.

Table 3 shows the partial correlation between BMD and baPWV
and LV diastolic function parameters. Both L2-4 BMD and FN BMD
were correlated with baPWV, peak E’, E/A ratio, and E/E’ ratio even
after adjusting for age, BMI, drinking, smoking status, physical activ-
ity, SBP, DBP, FPG, TC, TG, HDL-C, LDL-C, eGFR, heart rate, and use
of statins.

In multivariate logistic regression analysis (Table 4), there was
a significant association between osteoporosis and LV diastolic
dysfunction after adjustment for age, BMI, drinking, smoking

status, and physical activity (model 1). The association between
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TABLE 2 Echocardiographic features of the subjects
Variable Control Osteopenia Osteoporosis P Value
N 157 146 129 —
Cardiac structure
LVEDD, mm 48.6 + 5.4 491 + 5.8 494 + 5.5 0472
LVESD, mm 271+ 47 273 £5.0 278 £ 4.5 0.497
IVSD, mm 94 +1.2 95+ 1.2 102 + 1.1 <0.001
LVPWT, mm 92+ 11 9.3+ 11 102 + 1.2 <0.001
LVWT, mm 18.6 + 1.7 18.7 + 1.6 204 + 1.9 <0.001
LVRWT 0.39 + 0.06 0.39 + 0.06 0.42 + 0.06 <0.001
LV mass, g 162.8 + 35.3 167.6 +£ 37.1 189.7 £ 43.0 <0.001
LV mass index, g/m>’ 457 £ 123 46.7 + 12.8 51.6 £ 14.7 <0.001
LA diameter, mm 33.6 £ 4.3 33.6 £ 4.6 36.0 £ 4.5 <0.001
LVEF, % 624 +4.1 62.5 + 34 63.0 +£ 4.1 0.418
LV diastolic function
E velocity, cm/s 63.1 + 11.6 520 + 9.8 53.7 £ 115 0.406
A velocity, cm/s 54.6 + 10.8 723 +£ 122 80.0 + 16.3 <0.001
E/A ratio 1.15 + 0.15 0.89 + 0.10 0.84 + 0.18 <0.001
E', cm/s 7.6 £ 1.6 74 + 1.6 71+13 0.016
E/E' ratio 8.6 +£ 2.5 88 + 1.8 94 +22 0.004

Abbreviations: A, peak late diastolic transmitral flow velocity; E, peak early diastolic transmitral flow velocity; E’, peak early diastolic mitral annular veloc-
ity; IVSD, interventricular septal diameter; LA, left atrial; LV, left ventricular; LVEDD, left ventricular end-diastolic diameter; LVEF, left ventricular ejection
fraction; LVESD, left ventricular end-systolic diameter; LVPWT, left ventricular posterior wall thickness; LVRWT, left ventricular relative wall thickness;

LVWT, left ventricular wall thickness.

50
45
40
35F
30 F
25+
20
15 F
10
5 -
0 L L )

Control

P <0.001

dysfunction (%)

Prevalence rate of LV diastolic

Osteopenia Osteoporosis

FIGURE 1 The association between BMD and prevalence rate of LV
diastolic dysfunction (%). Participants were stratified into 3 groups:
normal, osteopenia, and osteoporosis. Abbreviations: BMD, bone
mineral density; LV, left ventricular.

TABLE 3 Partial correlation coefficient (r) for BMD in relation to
baPWV and LV diastolic function parameters

L2-4 BMD FN BMD
r P Value r P Value
E/A ratio 0.178 <0.001 0.302 <0.001
Peak E’ 0.058 0.240 0.117 0.017
E/ E' ratio -0.126 0.010 -0.120 0.014
BaPWV -0.114 0.020 -0.157 0.001

Abbreviations: A, peak late diastolic transmitral flow velocity; baPWV,
brachial-ankle pulse wave velocity; BMD, bone mineral density; BMI,
body mass index; DBP, diastolic blood pressure; E, peak early diastolic
transmitral flow velocity; E’, peak early diastolic mitral annular velocity;
eGFR, estimated glomerular filtration rate; FN, femoral neck; FPG, fasting
plasma glucose; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-
density lipoprotein cholesterol; LV, left ventricular; SBP, systolic blood
pressure; TC, total cholesterol; TG, triglycerides.

Adjusted for age, BMI, drinking, smoking status, physical activity, SBP,
DBP, FPG, TC, TG, HDL-C, LDL-C, eGFR, heart rate, and use of statins.

Variables such as TG, HDL-C, and FPG were logarithmically transformed
before statistical analysis.

TABLE 4 Multivariate logistic regression analysis for the risk of
diastolic dysfunction

B OR (95% CI) P Value
Model 1
Control Ref = =
Osteopenia 0.101 1.107 (0.700-1.750) 0.664
Osteoporosis 0.607 1.836 (1.144-2.946) 0.012
Model 2
Control Ref = =
Osteopenia 0.292 1.339 (0.818-2.193) 0.246
Osteoporosis 1.000 2.718 (1.579-4.679) <0.001
Model 3
Control Ref — —
Osteopenia 0.332 1.394 (0.843-2.304) 0.195
Osteoporosis 1.044 2.841 (1.626-4.963) <0.001

Abbreviations: BMI, body mass index; Cl, confidence interval; DBP, dias-
tolic blood pressure; DM, diabetes mellitus; eGFR, estimated glomerular
filtration rate; FPG, fasting plasma glucose; HDL-C, high-density lipopro-
tein cholesterol; HTN, hypertension; LDL-C, low-density lipoprotein cho-
lesterol; OR, odds ratio; Ref, reference; SBP, systolic blood pressure; TC,
total cholesterol; TG, triglycerides.

Model 1: adjusted for age, BMI, drinking, smoking status, and physical
activity. Model 2: adjusted for age, BMI, drinking, smoking status, physical
activity, SBP, DBP, FPG, TC, TG, HDL-C, and LDL-C. Model 3: adjusted
for age, BMI, drinking, smoking status, physical activity, SBP, DBP, FPG,
TC, TG, HDL-C, LDL-C, eGFR, heart rate, type 2 DM, HTN, and use of
statins.

osteoporosis and LV diastolic dysfunction was little affected after
further adjustment for SBP, DBP, FPG, TC, TG, HDL-C, and LDL-C
(model 2). The results did not substantially change after exclusion
of eGFR, heart rate, type 2 DM, hypertension, and use of statins
(model 3).
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4 | DISCUSSION

In this study, we found that baPWV and the percentage of LV dias-
tolic dysfunction increased with progressive bone loss. Moreover,
partial correlation analysis demonstrated that BMD at spine L2-4
and at the FN were correlated with baPWV and LV diastolic function
parameters after adjusting covariates. Multivariable logistic regression
analysis revealed that osteoporosis was independently associated
with LV diastolic dysfunction in women.

The biological mechanisms by which reduced BMD could con-
tribute to LV diastolic dysfunction are still poorly known. First, grow-
ing evidence indicates the existence of a correlation between CVD
and osteoporosis. The calcification of the arterial tissue resembles the
process of osteogenesis, involving various cells, proteins, and cyto-
kines that result in tissue mineralization.!” Other involved mechan-
isms included oxidative stress, inflammation, free radicals, and lipids
metabolism.®> Furthermore, some medications, such as statins and
bisphosphonates, are effective in both osteoporosis and CVD, sug-
gesting a common pathophysiological basis.®> Second, the association
is related to abnormal ventricular-vascular coupling due to arterial
stiffness.?° Brachial-ankle pulse wave velocity is a technique to assess
arterial stiffness. Recent reports documented interplay between
reduced BMD, elevated arterial stiffness, and LV diastolic dysfunc-
tion.?2"23 Increased arterial stiffness raises the LV afterload by elevat-
ing the SBP and alters the coronary perfusion.?* In accordance with
the results, we found that baPWYV is increased and correlated with
BMD. Third, estrogen deficiency is responsible for bone loss in
women. The decline in production of estrogen causes secretion of
pro-inflammatory cytokines such as interleukin-1, interleukin-6, and
tumor necrosis factor-a. In addition, estrogen protects against cardiac
remodeling and diastolic dysfunction in women by regulating the
cardiac renin-angiotensin-aldosterone and nitric oxide synthase
system.25

Our study has important clinical implications. Osteoporosis is an
independent risk factor for CVD. Moreover, chronic heart failure was
associated with an increased risk for osteoporotic fractures.? Recently,
a study confirmed that bisphosphonates, widely used as treatment of
osteoporosis, also inhibit the atherosclerotic process.?” Our results
revealed that BMD was correlated to arterial stiffness and independ-
ently associated with LV diastolic dysfunction. In agreement with our
results, Russo et al showed that LV diastolic function abnormalities are
associated with arterial stiffness and wave reflection.?® Moreover, Lim
et al found that reduced BMD was associated with LVMI.12 LV dias-
tolic dysfunction represents the earliest preclinical manifestation of
heart failure. Therefore, early intervention may reduce the risk of LV
diastolic dysfunction in patients with osteoporosis.

4.1 | Study Limitations

The limitations of our study deserve comment. Firstly, a cross-
sectional study design tends to leave uncertainty regarding to infer-
ring the causal relationship. Secondly, the findings were based on a
sample of Chinese women. Thus, the results may not generalize to
other ethnicities. Thirdly, it is not known whether baPWYV is associ-

ated with well-established indices of central arterial stiffness. Further
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study is needed to clarify the association. Fourthly, comparison of
bone mineral density between patients’ groups with varying degrees
of diastolic dysfunction, might provide additional information about

the relationship between the parameters.

5 | CONCLUSION

The present study showed that osteoporosis is independently associ-
ated with LV diastolic dysfunction. A prospective study is needed to
elucidate the effects of BMD on cardiac function in women.
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