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An Cross-Sectional Analysis

Background: Dyslipidemia has been found to contribute to increased risk of osteoporosis
and its association with bone mineral density (BMD) remains controversial. We determined
whether blood lipid levels are linked with change of BMD.

Methods: In a large sample from the MIDUS II study, we sought to evaluate the relationship
between blood lipid levels and BMD. Multivariate linear regression models and smooth
curve analysis were constructed by controlling a great range of confounding factors.
Results: The median age of them was 52.5 years, and the number of males was 176 (40%).
Univariate analysis showed that blood high-density lipoprotein-cholesterol (HDL-C) level
was negatively related to lunar total femur (r = —0.266, P < 0.001), lunar radius ultradistal
(UD) (r=-0.297, P < 0.001), lunar radius 1/3 (r = —0.307, P = 0.001) and femoral neck (r =
—0.172, P = 0.001). In multivariate linear analysis, except for blood triglyceride, total
cholesterol and low-density lipoprotein cholesterol (LDL-C), we found that blood HDL-C
level was still negatively related to lunar total femur [B = —0.002, B 95% CI (—0.002,
—0.001), P < 0.001], lunar radius UD [B = —0.001, 95% CI (-0.001, 0), P = 0.002], lunar
radius 1/3 [B = —-0.001, 95% CI (-0.001, 0), P = 0.003] and femoral neck [B = —0.001, 95%
CI (-0.002, 0), P = 0.039] after adjustments of demographic characteristics, lifestyle, disease
history were made. Furthermore, we found that age, sex, and body mass index (BMI) had
modifying effects on this negative association.

Conclusion: This study confirmed the negative association between HDL-C and BMD in
the observational analysis from (MIDUS) study and provides high-quality evidence that age,
sex and BMI had modifying effects on this negative association.

Keywords: blood lipid, bone mineral density, osteoporosis, MIDUS 1II study

Introduction
Atherosclerosis and osteoporosis are important causes of cardiovascular death and
complications.'? Emerging studies have shown a positive association of coronary
artery disease with osteoporosis. Importantly, abnormal lipid metabolism is
involved in the pathological progression of these two diseases.” Low-density
lipoprotein cholesterol (LDL-C) is an important and known factor for promoting
atherosclerosis-related diseases. Several recent studies reported a negative causal
association between LDL-C level and bone mineral density (BMD).*”’ Lipid-
lowering agents increase BMD, showing a protective action on bone.”
Interestingly, many previous studies have investigated the association between
LDL-C and BMD, but their results are inconsistent. The associations between LDL-
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C and BMD were positive,” inverse®’ and null.® Inconsistent results were also

confirmed on the relationship between coronary artery disease and BMD.
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that
decreased BMD in the general population contributed to

A previous meta-analysis has also suggested
higher risk of developing coronary artery disease.'® Yet,
another study demonstrated that one standard deviation
(SD) increase of BMD contributed to an increased risk
of 5% for developing coronary artery disease.'' Moreover,
the subset analyses of the NHANES database showed that
high-density lipoprotein cholesterol (HDL-C) is negatively
correlated with BMD, suggesting that HDL-C may have
potential predictive for bone loss.” In addition, the causal
relationship blood lipid and BMD is still largely unknown.
These inconsistent findings may come from the inclusion
for population with different age, gender, physiological
state and accompanying diseases, laboratory measure-
ments and questionnaires, and different correction method
of confounding factors such as body mass index (BMI)
and lifestyles.

Given the previous inconsistent results, in this study
we further evaluated the association between blood lipid,
including LDL-C, high-density lipoprotein cholesterol
(HDL-C), total cholesterol and triglyceride, and BMD in
an independent observational cohort from the Midlife in
the United States (MIDUS) study. Then, we further eval-
uvated whether the age, gender, BMI have a modifying
effect on these associations between blood lipid and BMD.

Materials and Methods

Our data were obtained from MIDUS study that had
already begun to implement in 1995 with more than
seven thousands of non-hospitalized adults aged 25 to 75
years.'> The MIDUS 2 is first follow-up between 2004 and
2006 with about four thousands of participants'® and 1255
participants of them participated in a biomarker study.'*
Each included subject in the Biomarker Project was
invited and then volunteered to attend clinical research
centers (University of Wisconsin, University of California-
Los Angeles and Georgetown University). The traveling
expenses were covered, and participation was remunerated
$200 for each participant. Trained medical staff in the
clinical research centers collected biological specimens,
conducted a thorough physical exam and recorded medical
history.'* Therefore, we have sufficient sample size includ-
ing biochemical markers and BMD to analyze. For
research purposes, we selected the BMD of femur (lunar
total femur, lunar radius UD, lunar radius 1/3 and femoral
neck) to evaluate the bone condition of each participant.
Blood samples were collected and tested for many bio-
chemical indicators, levels

including blood lipid

(triglycerides, total cholesterol, HDL-C and LDL-C).
Except for the participants with missing data including
blood lipid, BMD and other important covariates, remain-
ing 440 participants were included in our study. Other
details of the MIDUS study biomarker protocol are avail-
able elsewhere.'® According to the Declaration of
Helsinki, this study was granted full ethical approval as
part of the biomarker study of MIDUS 2. The data used
within this study are publicly available through the Inter-
University Consortium for Political and Social Research
(ICPSR). All analyses were conducted in accordance with
the preregistration.

Confounding Variables

These variables in our study were considered as covariates
that were measured at clinic visit of biomarkers: age, sex
(male, female), smoking (current smoker versus non-current
smoker), drinking (regular drinking versus non-regular
drinking), exercise (regular exercise versus non-regular
exercise) and history of chronic diseases [heart disease,
hypertension, transient ischemic attack (TIA) or stroke, ane-
mia or blood disease, diabetes, emphysema/chronic obstruc-
tive pulmonary disease (COPD) and cancer].

Statistical Analysis
All statistical analyses in our study were conducted using
EmpowerStats 3.0 and SPSS 26.0. Linear regression model
was performed to estimate the association of blood levels of
triglycerides, total cholesterol, HDL-C and LDL-C with
BMD of femur [lunar total femur, lunar radius ultradistal
(UD), lunar radius 1/3 and femoral neck], respectively. All
confidence intervals (CI) are reporting 95% thresholds.
A base-10 logarithm transformation was performed on the
4 blood lipid variables to reduce skewed distributions. Each
independent variable was defined as a predictor of risk of
BMD reduction. Model 1 tested the effects of age and
gender collectively for BMD reduction. Model 2 included
sociodemographic factors and lifestyle (age, gender, status
of smoke, drink and exercise). Model 3 further included
health-related confounders (disease history of heart disease,
hypertension, TIA/stroke, anemia/other blood disease, dia-
betes, emphysema/COPD and cancer).

To further evaluate the independent association
between blood lipid levels and BMD, we excluded the
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effect of “age”, “gender” and “BMI” by stratified analysis.
Additionally, we also analyzed the association between
blood lipid levels and T-score (lunar total femur, lunar

femur neck and lunar radius 1/3).
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Results
Epidemiological Characteristics in All

Included Participants

The epidemiological characteristics of these included par-
ticipants are shown in Table 1. The median age of them
was 52.5 years, and the number of males was 176 (40%).
The blood median levels of triglycerides, total cholesterol,
HDL-C and LDL-C were 104 mg/dl, 181.5 mg/dl, 53 mg/
dl and 100 mg/dl, respectively. The median BMD of lunar
total femur, lunar radius UD, lunar radius 1/3 and femoral
neck were 1.02 g/em?, 0.51 g/em?, 0.92 g/cm? and 0.99 g/
cm?, respectively. Additionally, the median T-score of
lunar total femur, lunar femur neck and lunar radius 1/3
were —0.3, —0.6 and —0.1, respectively. Other information
was also described in detail in Table 1.

Table | Characteristics of Participants (N = 440)

Variables All N=440
Age (year) 52.5 (43, 6l)
Gender (male), n (%) 176 (40)
Current smoker, n (%) 84 (14.9)
Regular drinking (years) 8 (2.5, 27)
Regular exercise, n (%) 321 (72.9)
BMI (kg/m?) 29.81 (25.5, 34.2)
Average DBP (mmHg) 76 (69, 84)
Average SBP (mmHg) 132 (119, 143)
Heart disease, n (%) 50 (11.3)
Hypertension, n (%) 181 (41.1)
TIA or stroke, n (%) 21 (4.7)
Anemia or blood disease, n (%) 68 (15.4)
Diabetes, n (%) 72 (16.3)
Emphysema/COPD, n (%) 12 (2.7)
Cancer, n (%) 64 (14.5)
Biochemical test

Blood triglycerides (mg/dl) 104 (74, 153)
Blood total cholesterol (mg/dl) 181.5 (160, 209)
Blood HDL-C (mg/dl) 53 (43, 65)
Blood LDL-C (mg/d) 100 (79.25, 127.75)
BMD-lunar total femur (g/cm?) 1.02 (0.91, 1.12)
BMD-lunar radius UD (g/cm?) 0.51 (0.43, 0.57)
BMD-lunar radius 1/3 (g/cm?) 0.92 (0.84, 1)
BMD-femoral neck (g/cmz) 0.99 (0.88, I.11)
T-score lunar total femur —0.3 (-1, 0.6)
T-score lunar femur neck —0.6 (-1.3,0.2)
T-score lunar radius 1/3 —0.1 (-0.8, 0.6)

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; SBP, systolic
blood pressure; TIA, transient ischemic attacks; COPD, chronic obstructive pul-
monary disease; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density
lipoprotein cholesterol; BMD, bone mineral density; UD, ultradistal.

Univariate Analysis for Correlations
Between Blood Lipid Levels and BMD and

T-Score

In our study, blood triglyceride level was positively related
to lunar total femur (r = 0.167, P <0.001), lunar radius UD
(r=0.182, P <0.001) and lunar radius 1/3 (r = 0.156, P =
0.001) in Table 2. Moreover, blood HDL-C level was
negatively related to lunar total femur (r = —0.266, P <
0.001), lunar radius UD (r = —0.297, P < 0.001), lunar
radius 1/3 (r = —0.307, P = 0.001) and femoral neck (r =
—0.172, P = 0.001). Interestingly, blood total cholesterol
and LDL-C levels did not have significant associations
with these 4 indicators of BMD. Similarly, blood trigly-
ceride level was also positively related to T-score for lunar
total femur (r = 0.127, P = 0.008) and T-score for lunar
radius 1/3 (r=0.103, P = 0.031) in Table 3. Blood HDL-C
level was also negatively related to T-score for lunar total
femur (r=—0.192, P < 0.001), T-score for lunar femur neck
(r =-0.135, P = 0.005) and T-score for lunar radius 1/3 (r
= -0.209, P < 0.001). Blood total cholesterol and LDL-C
levels did not also have significant associations with these
3 indicators of T-score.

Multivariate Linear Regression Analysis
for Correlations Between Blood Lipid
Levels and BMD and T-Score

To further analyse associations between blood lipid levels
and BMD and T-score, linear correction models were
established. We found that blood HDL-C level was still
negatively related to lunar total femur [B=—0.002, B 95%
CI (-0.002, —0.001), P < 0.001], lunar radius UD [B =
—0.001, 95% CI (-0.001, 0), P = 0.002], lunar radius 1/3
[B =—-0.001, 95% CI (-0.001, 0), P = 0.003] and femoral
neck [B = —0.001, 95% CI (-0.002, 0), P = 0.039] in
Model 3 after adjustments of age, gender, status of
smoke, drink and exercise, disease history of heart disease,
hypertension, TIA/stroke, anemia/other blood disease, dia-
betes, emphysema/COPD and cancer were made (Table 4
and Figure 1). However, blood triglycerides, total choles-
terol and LDL-C levels did not have significant associa-
tions with these 4 indicators of BMD in Model 3 after
these same covariates were adjusted.

Additionally, blood HDL-C level was still negatively
associated with T-score for lunar total femur [B=—0.013,
95% CI (—0.019, —0.006), P < 0.001], T-score for lunar
femur neck [B=—0.006, 95% CI (-0.012, —0.001), P =
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Table 2 Bivariate Correlations Using Standardized Variables (BMD, N = 440)

Variable BMD-Lunar Total Femur BMD-Lunar Radius UD BMD-Lunar Radius 1/3 BMD-Femoral Neck
r P r P r P r P
Triglycerides 0.167 <0.001 0.182 <0.001 0.156 0.001 0.065 0.172
Total Cholesterol —0.024 0.615 —-0.04 0.404 —0.089 0.062 —0.024 0.619
HDL-C —0.266 <0.001 -0.297 <0.001 -0.307 <0.001 -0.172 <0.001
LDL-C 0.037 0.443 0.028 0.553 -0.012 0.795 0.036 0.45

Abbreviations: HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; BMD, bone mineral density; UD, ultradistal.

Table 3 Bivariate Correlations Using Standardized Variables (T-Score, N = 440)

Variables T-Score for Lunar Total Femur T-Score for Lunar Femur Neck T-Score for Lunar Radius 1/3
r P r P r P
Triglycerides 0.127 0.008 0.041 0.393 0.103 0.031
Total cholesterol —-0.006 0.899 -0.012 0.798 —-0.069 0.15
HDL-C -0.192 <0.001 —-0.135 0.005 -0.209 <0.001
LDL-C 0.035 0.464 0.038 0.431 -0.019 0.694

Abbreviations: HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.

0.032] and T-score for lunar radius 1/3 [B=—0.009, 95% CI
(—0.015,—0.003), P = 0.002] in Model 3 after these similar
covariates were adjusted (Table 5 and Figure 2). However,
blood triglycerides, total cholesterol and LDL-C levels still
had no significant associations with these 3 indicators of
T-score in Model 3.

Analysis for Correlations Between Blood
Lipid Levels and BMD and T-Score

Stratified by Age, Gender and BMI

Stratified analysis, by adding “age”, “gender” and “BMI”
as the covariate, was performed. Importantly, our results
showed that age (<53 years and >53 years) had
a modification effect on associations between blood lipid
levels and BMD and T-score (Table 6). The associations
did only exist in participants with <53 years (all P < 0.05).
Then, gender (male and female) also had a modification
effect on associations, and the associations did only exist
in female participants (all P < 0.05). Additionally, BMI
(<28 years and >28) also had a modification effect on
associations, and the associations did only exist in partici-
pants with BMI >28 (all P < 0.05).

Discussion

This study confirmed the negative association between
HDL-C and BMD in the observational analysis from
(MIDUS) study and provides high-quality evidence that

increased blood level of HDL-C was associated with
decreased BMD. Total cholesterol, triglycerides and
LDL-C did not have significant associations with BMD
levels, respectively. Our results were not in line with
previous results from epidemiological observations.””’
Furthermore, we found that age, sex, and BMI had mod-
ifying effects on this negative association.

A large number of studies on populations with different
ethnic backgrounds have suggested a close association
between serum lipid profile, such as LDL-C and triglycer-
ide,
population.” The observation of significant associations
between LDL-C and triglyceridle and BMD may be
accounted for several underlying mechanisms. One of

and BMD in alcoholic population or general

possible mechanisms might be associated with metabolism
of endogenous steroid hormones. Triglyceride is a major
part of membrane structure and involved in the biosynth-
esis of various steroids such as androsterone sulfate (ATS)
and dehydroi-soandrosterone sulfate (DHEA-S).!” Another
possible mechanism is well-known that steroid hormones
play an important role in promoting pathological develop-
ment of osteoporosis. Recently, a significant relationship
between lipid metabolism metabolites and hip and spine
BMD was investigated.'® They found that blood levels of
total cholesterol and triglyceride, as well as BMD, may be
affected by serum ATS levels. However, the causal rela-
tionship between these lipid metabolism (total cholesterol
and triglyceride) and BMD was not convincingly

https:
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Figure | Corrected smooth curve for high density lipoprotein-cholesterol (HDL-C) and bone mineral density (BMD).

confirmed. To prove the causality, another study observed
that lower triglyceride and LDL levels in postmenopausal
women treated with hormone replacement therapy have
higher BMD levels compared to those who did not receive
the treatment.'® This suggests that there is a common
cause, such as estrogen levels, causing changed level of
blood lipid and BMD. Importantly, although some see-
mingly reasonable pathological mechanisms support this
conclusion, our results were not in line with these previous
results from epidemiological observations that blood levels
of total cholesterol, triglycerides and LDL-C were related
to BMD levels, respectively. This inconsistent result may
be explained by different population selection, different
research designs and the inherent shortcomings of epide-
miological research. Additionally, the difference in results
of blood lipid may also come from the analysis methods of
different researchers. For instance, univariate analysis
showed that blood triglycerides level was positively
related to BMD but the significant association did not
exist after correcting several mixed factors (age, gender,
status of smoke, drink and exercise, disease history of
heart disease, hypertension, TIA/stroke, anemia/other
blood disease, diabetes, emphysema/COPD and cancer).
Many previous studies have already found the signifi-
cant relationship between blood HDL levels and BMD.
However, their conclusions are inconsistent that positive

or negative correlations did exist.?® For example, one
animal experiment showed genes predispose to both
HDL-C and BMD, suggesting close association between
HDL-C and BMD.?° A basic study also found a significant
HDL-C and BMD.
Interestingly, one study from same large public datasets

genetic  correlation  between
showed no significant genetic correlation between HDL
levels and BMD levels.?' Another study also show similar
results that there was no statistically significant for genetic
correlation between HDL-C and lumbar spine.22
Consistent with some previous studies, however, we
observed a negative association between HDL-C and
BMD in data set from (MIDUS) study and provides high-
quality evidence that increased blood level of HDL-C was
associated with decreased BMD levels. These inconsistent
conclusions may be related to the role of HDL-C in bone
metabolism.” In the future, we still need high-quality
basic research to clarify the relationship between HDL-C
and BMD. In addition, the difference in inconsistent asso-
ciation between HDL-C and BMD maybe due to that
unmeasured confounding was not analyzed and/or known
confounding factors are corrected differently. For example,
our results showed that several important confounding
factors including age, sex, and BMI had modifying effects

on this negative association.
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Figure 2 Corrected smooth curve for high density lipoprotein-cholesterol (HDL-C) and T-score.

Our results have several obvious strengths. On the one
hand, this is a multi-center and large-sample analysis from
(MIDUS) study. Professional researchers ensure the reliability
and standardization of the data. On the other hand, our study
firstly confirmed HDL-C, rather than total cholesterol, trigly-
cerides and LDL-C, has a significant association with BMD
levels in the observational study and provides higher-value

reference to lipid metabolism BMD for readers. Furthermore,
we did observe that this negative association was modified by
age, sex, and BMI. Certainly, this study also has several
limitations. First, although many various confounding factors
were adjusted in our study, which may be the most important
factor of influencing blood lipids and BMD levels, some
unknown confoundings cannot be fully eliminated because

Table 6 Analysis for Correlations Between Blood HDL-C and BMD and T-Score Stratified by Age, Gender and BMI (N = 440)

Variables BMD-Lunar Total Femur T-Score for Lunar Total Femur

B 95% CI Sp P B 95% CI Sp P
Age (years)
<53 —0.002 (—0.003, —0.001) -0.226 0.001 —0.015 (—0.023, —0.006) —0.228 0.001
>53 —0.001 (—0.002, 0.001) —0.087 0.230 —0.006 (—0.017, 0.004) —0.092 0.235
Gender
Male —0.001 (—0.003, 0) —0.144 0.061 —0.10 (-0.20, 0) —0.144 0.060
Female —0.001 (—0.002, 0) -0.139 0.012 —0.10 (-0.019, —0.002) —-0.138 0.013
BMI (kg/m2)
<28 0 (—0.001, 0.001) -0.028 0.699 —0.001 (-0.010, 0.007) -0.025 0.749
228 —0.001 (—0.002, 0) —-0.130 0.031 —0.010 (-0.018, —0.001) —-0.134 0.028

Note: Adjusted for age, gender, status of smoke, drink and exercise, disease history
emphysema/COPD and cancer.

of heart disease, hypertension, TIA/stroke, anemia/other blood disease, diabetes,

Abbreviations: BMD, bone mineral density; HDL-C, high-density lipoprotein cholesterol; BMI, body mass index; UD, ultradistal; TIA, transient ischemic attacks; COPD,

chronic obstructive pulmonary disease.
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other determinants of blood lipids or BMD are known cur-
rently. Second, the blood lipid level changes dynamically and
is affected by the physiological state of the human body. Our
blood lipid levels were measured only one time in each parti-
cipant, which may lead to the deviation of the participant’s
actual values of blood lipid. Third, using many various cov-
ariates in our multivariate analysis may cause overfitting the
model, leading bias of results. Fourth, we did not carry
a mechanism research to further investigate the mechanisms
on negative association of blood LDL-C with BMD. Fifth, we
did not analyze spinal BMD, which can further support the
reliability of our results. Sixth, our study mainly included the
white race, which limited the generalizability of our results
into other races such as yellow and black. Finally, this is
a cross-sectional study with no clear causality between blood
LDL-C and BMD.

Conclusions

We identified that blood LDL-C levels are significantly
and negatively associated with BMD in the general mid-
dle-aged population. Our study further confirmed previous
findings on the association between blood lipid levels and
BMD and provides high-quality evidence that age, sex and
BMI had modifying effects on this association.
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