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Abstract

Objective: To assess the association of dyslipidaemia with osteoporosis in postmenopausal

women.

Methods: Data from 160 postmenopausal women with newly diagnosed osteoporosis (osteo-

porosis group) and 156 healthy controls (control group) were retrospectively reviewed from

2016 to 2020. The primary outcomes were laboratory values assessed by a multivariate binary

logistic regression model.

Results: Factors that greatly increased the risk of being in the osteoporosis group included high

low-density lipoprotein (LDL) and low high-density lipoprotein (HDL) levels. The osteoporosis

group had lower HDL and higher LDL levels than the control group. A multivariate binary logistic

regression model showed that lower HDL and higher LDL levels were the only variables that

were significantly associated with osteoporosis (odds ratio 1.86, 95% confidence interval: 3.66–

4.25 and odds ratio 1.47, 95% confidence interval: 1.25–2.74, respectively).

Conclusion: Low HDL and high LDL levels may be associated with the occurrence of osteo-

porosis in postmenopausal women.
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Introduction

Increasing laboratory evidence suggests
that dyslipidaemia contributes to the risk
of osteoporosis by upregulating osteoclast
gene expression, which initiates a cycle of
osteolysis that results in low bone mineral
density (BMD).1–3 Osteoporosis is consid-
ered to be a result of an osteoblast synthesis
disorder and abnormally active osteo-
clasts;3 however, there is no robust evidence
to confirm this hypothesis.4 Limited stud-
ies5,6 have shown that diabetes in elderly
patients tends to be a risk factor for osteo-
porosis. Additionally, elderly patients with
dyslipidaemia and diabetes still suffer from
osteoporosis, despite having normal blood
glucose levels for more than 2 years while
taking hypoglycaemic drugs,7–9 suggesting
an association between dyslipidaemia and
osteoporosis.

Whether dyslipidaemia and osteoporosis
are positively correlated is controver-
sial.10,11 Oestrogen is regarded as a major
regulator of osteocyte homeostasis, and its
paucity due to cessation of menstruation
for at least 1 year is one factor associated
with low BMD or osteoporosis.12,13 In this
study, we investigated the relationship
between dyslipidaemia and osteoporosis in
postmenopausal women.

Materials and methods

Study population

The study was approved by the institutional
ethics review board of The Affiliated

Hospital of Hebei University, Baoding (28
February 2020, IRB-20-193) and we
obtained the patients’ written consent for
treatment. We have de-identified all
patients’ details. This retrospective study
followed the relevant Equator network
guideline (https://www.equator-network.
org/). Between January 2016 and January
2020, data from 214 consecutive postmeno-
pausal women (cessation of menstruation
occurred at least 1 year previously) with
newly diagnosed osteoporosis were
reviewed retrospectively. Measurement of
BMD and the sites of selected bones were
based on previous reports.2,4 The diagnosis
of osteoporosis was in accordance with a
previous description.2 Classification of dys-
lipidaemia was consistent with the guide-
lines of the 2004 Update of the National
Cholesterol Education Program14 (triglyc-
eride [TG] levels �8.3mmol/L, high-
density lipoprotein [HDL] levels
�2.2mmol/L, and low-density lipoprotein
[LDL] levels �8.9mmol/L). Eligibility was
restricted to all postmenopausal women.
Only individuals meeting the criteria for
newly diagnosed osteoporosis were includ-
ed in the osteoporosis group. The main
exclusion criteria were as follows: lack of
study data, disorders leading to amenor-
rhoea, viral hepatitis, intestinal diseases
affecting cholesterol metabolism (e.g.,
ulcerative colitis), any condition affecting
bone and liver function (e.g., dysostosis
and hepatocirrhosis), hyperthyroidism,
malignant tumours, anorexia nervosa,
severe clotting disorder (e.g., haemophilia),
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alcoholism, use of lipid-lowering drugs
(e.g., atorvastatin), glucocorticoid-induced
osteoporosis, and long-term smoking (>10
years). Postmenopausal women without
osteoporosis (controls) were identified
from the physical examination centre of
our institution. The primary outcomes
were laboratory data, including blood
levels of total cholesterol (TC), LDL,
HDL, TGs, apolipoprotein A1 (Apo-A1),
apolipoprotein B (Apo-B), and apolipopro-
tein E4 (ApoE4), and serum leptin and adi-
ponectin levels. The blood sample
collection procedure was consistent with
that described previously.15

Statistical analysis

Nonparametric comparisons were per-
formed for TG, HDL, TC, leptin, and adi-
ponectin levels. Normality analysis was also
performed. Categorical variables were com-
pared with the chi-square test, and contin-
uous variables were compared with the
Student’s t-test (for normally distributed
variables) and the Mann–Whitney U test
(for non-normally distributed variables). A
multivariate binary logistic regression
model was used to assess which variables
were superior for predicting outcomes.
Because TC consists of TGs, LDL, and
HDL, TC failed to be regarded as a risk
factor. Statistical analysis was performed
using IBM SPSS 26.0 (IBM Corp.,
Armonk, NY, USA). A two-sided p value
<0.05 was considered significant.

Results

A total of 160 elderly patients with newly
diagnosed osteoporosis were included in
the final analysis (osteoporosis group)
(Figure 1). One hundred fifty-six individuals
were included in the control group. The
median age was 66.42 years (61–71 years)
in the osteoporosis group and 66.88 years
(61–72 years) in the control group

(p¼ 0.067) The osteoporosis and control
groups were similar regarding age, educa-
tion, smoking, major medical diseases (e.g.,
nephrotic syndrome and arrhythmia), and
major comorbidities (e.g., chronic obstruc-
tive lung disease and bronchiectasis)
(Table 1). Levels of TC, LDL, and TGs
were significantly higher in the osteoporosis
group than in the control group (all
p< 0.001). HDL levels were significantly
lower in the osteoporosis group than in the
control group (p< 0.001). The percentage of
ApoE4 carriers was significantly lower in the
osteoporosis group than in the control group,
and the ApoE genotype was significantly dif-
ferent between the groups (both p< 0.001).

Table 2 shows the prediction of out-
comes, which were analysed using a multi-
variate binary logistic regression model.
Age was not involved because of a lack of
difference in baseline age between the
groups, although age is considered an inde-
pendent predictive factor for osteoporosis.
Lower HDL and higher LDL levels were
associated with an increased risk of osteo-
porosis (odds ratio 1.86, 95% CI: 3.66–4.25,
p< 0.001 and odds ratio 1.47, 95% CI:
1.25–2.74, p< 0.001, respectively) (TC was
not regarded as a risk factor). Other varia-
bles were not associated with osteoporosis
in the current analysis.

Discussion

This retrospective review provides evidence
that high LDL and low HDL levels may be
associated with the occurrence of osteopo-
rosis in postmenopausal women. To the
best of our knowledge, the present analysis
is the largest study on the association of
dyslipidaemia with osteoporosis in post-
menopausal women.

Low HDL levels appear to indicate a
high risk of osteoporosis, while high LDL
levels appear to be a risk factor of osteopo-
rosis. Postmenopausal women frequently
have high serum lipid levels, including TC,
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LDL, Apo-A1, Apo-B, and ApoE4. In the
present study, a multivariate binary logistic
regression model showed that low HDL
and high LDL levels were strong predictors
of osteoporosis in postmenopausal women
with cessation of menstruation for at least 1
year. Consistent with prior reports,11,16

other variables (e.g., TC, TGs, Apo-A1,
Apo-B, and ApoE4) did not appear to be
predictors of osteoporosis. Sage et al.17

showed that hyperlipidaemia inhibited pro-
liferation of osteoblasts in mice.
Accumulation of oxidised lipids in micro-
vessels promotes the release of inflammato-
ry factors, which in turn triggers changes in
the microenvironment of the bone and ulti-
mately leads to osteogenic disorders.
Osteoporosis is associated with BMD, and
BMD is associated with serum lipid pro-
files.18 Therefore, there appears to be an

Figure 1. Flow diagram showing selection of a cohort of postmenopausal women with newly diagnosed
osteoporosis and reasons for exclusion.
OS, osteoporosis.
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association between osteoporosis and
dyslipidaemia.

Limited studies15,16,19 have assessed the
effect of dyslipidaemia on osteoporosis

and have shown that hydroxy-

methylglutaryl-coenzyme A reductase

inhibitors substantially reduce the incidence

of osteoporosis. To date, there have been

Table 2. Multivariate binary logistic analysis of factors associated with osteoporosis in a cohort of post-
menopausal women with newly diagnosed osteoporosis.

Factors b SE OR 95% CI v2 p value

BMI 1.105 0.216 1.44 0.23–2.40 6.31 0.129

Leptin 1.563 0.241 1.34 0.54–1.58 10.25 0.139

Adiponectin 1.103 0.342 1.52 0.87–3.49 7.07 0.435

HDL 1.87 0.107 1.86 3.66–425 3.14 <0.001

LDL 1.53 0.226 1.47 1.25–2.74 3.76 <0.001

TGs 1.231 0.435 1.41 0.83–2.45 11.08 0.362

Apo-A1 2.218 4.302 2.11 0.63–4.71 6.06 0.135

Apo-B 1.402 2.135 1.25 0.27–3.93 12.33 0.176

ApoE4 carrier 1.613 4.386 1.13 0.45–2.15 4.79 0.143

ApoE genotype 2.041 3.293 2.12 0.28–3.10 3.82 0.186

SE, standard error; OR, odds ratio; CI, confidence interval; BMI, body mass index; HDL, high-density lipoprotein; LDL, low-

density lipoprotein; TGs, triglycerides; Apo-A1, apolipoprotein A1; Apo-B, apolipoprotein B; ApoE4, apolipoprotein E4.

Table 1. Patients’ demographics and outcomes.

Factor Osteoporosis (n¼ 160) Control (n¼ 156) p value

Age, years 66.42� 5.31 66.88� 5.65 0.067

Education, years 14.26� 9.82 14.53� 8.87 0.103

Smoking 7.34� 6.55 7.38� 5.79 0.322

BMI, kg/m2 24.01� 8.55 24.12� 7.36 0.271

Leptin, ng/mL 12.05� 9.73 12.16� 8.73 0.149

Adiponectin, lg/mL 16.45� 8.53 8.79� 7.82 <0.001

TC, mmol/L 4.74� 0.82 4.11� 0.57 <0.001

HDL, mmol/L 2.12� 0.36 3.87� 0.43 <0.001

LDL, mmol/L 12.67� 0.86 7.51� 0.49 <0.001

TGs, mmol/L 10.32� 0.75 8.53� 0.88 <0.001

Apo-A1, mg/mL 1.00� 0.18 1.02� 0.18 0.182

Apo-B, mg/mL 0.57� 0.12 0.58� 0.14 0.112

ApoE4 carrier, % 60.2 39.4 <0.001

ApoE genotype, % <0.001

E2/2 3.6 4.2

E2/3 7.4 13.8

E2/4 2.5 6.5

E3/3 44.6 40.4

E3/4 38.2 32.2

E4/4 3.7 2.9

Data are mean � standard deviation or %.

OS, osteoporosis; BMI, body mass index; TC, total cholesterol; HDL, high-density lipoprotein; LDL, low-density lipo-

protein; TGs, triglycerides; Apo-A1, apolipoprotein A1; Apo-B, apolipoprotein B; ApoE4, apolipoprotein E4.
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few previous studies13,16 regarding dyslipi-
daemia associated with osteoporosis in
postmenopausal women. Alay et al.16 per-
formed a case–control study involving 452
postmenopausal women and showed that
hyperlipidaemia may be associated with
osteoporosis. Whether serum lipid profiles
are related to osteoporosis has received a
great deal of attention.3 Cabrera et al.15

performed a pilot study involving 96 men-
opausal women aged 55 to 70 years and
identified associations between lipid metab-
olism and osteoporosis. Based on similar
scenarios, numerous reports4,5 have shown
that serum lipid profiles are involved in ini-
tiating the occurrence of osteoporosis and
that the onset of osteoporosis is related to
the duration and extent of dyslipidaemia.

Female patients who experience cessa-
tion of menstruation for 1 year have low
BMD.13 Dyslipidaemia is associated with
pathological circumstances involving low
BMD and bone loss, where signalling path-
ways tend to be disturbed or suppressed.9

The stability of osteoblasts versus serum
lipids involves signalling pathways.1

Initiation of any factor or blocking of sig-
nalling pathways triggers disturbance of the
balance, which ultimately leads to low
BMD or osteoporosis.20 Dyslipidaemia
plays a major role in this balance.21 This
is mainly attributed to the fact that dyslipi-
daemia can not only directly trigger imbal-
ance in this chain, but can also promote
massive release of cytokines through the
immune response, ultimately disrupting
this balance.22 Osteoclasts and osteoblasts
are the leading regulators of osteocyte
homeostasis.10 Graham et al.23 highlighted
an important role of the immune system,
principally by means of activation-induced
T lymphocyte production.

There are several limitations to this
study. The retrospective nature of the cur-
rent study and the adopted inclusion crite-
ria reduced the ability to draw reliable
conclusions. Additionally, the sample

collection time was not constant, which

may have had an effect on the results.

Additionally, potential comorbidities were

not completely considered in the cohorts

included in the present analysis.

Individuals who tend to have a high-fat

and polysaccharide diet were not consid-

ered, which might have restricted our evi-

dence level and eventually resulted in

deviations. Our results are not able to be

generalized because the current population

was limited to postmenopausal women. The

final limitation that cannot be overlooked is

that, although general principles were

obeyed, laboratory measurements may

have been constrained by potential human

factors.
In conclusion, our study shows that low

HDL and high LDL levels may be associ-

ated with the occurrence of osteoporosis in

postmenopausal women. This finding

implies that dyslipidaemia is substantially

related to osteoporosis in female patients

without intervention of oestrogen, which

might be a baseline confounding variable.

Large-sample control studies are necessary

to further clarify this relationship.
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