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Objective: Little is known about whether diabetic dyslipidaemia contributes to increased bone fragility in patients with diabetes. This 
study aimed to explore the potential effects of dyslipidaemia on vitamin D and bone metabolism in elderly subjects with type 2 
diabetes (T2D).
Methods: A total of 1479 male patients and 1356 female patients 50 years or older with T2D were included in Shanghai, China. Lipid 
profiles, 25-hydroxyvitamin D (25(OH)D), serum procollagen type I N-terminal propeptide (P1NP), β-C-terminal telopeptide (β-CTX) 
and other parameters were measured. Principal component regression (PCR) and mediation analysis were used to estimate the 
associations of lipid profile, 25(OH)D and bone turnover levels.
Results: Female patients presented with higher blood lipids, lower 25(OH)D, and higher P1NP and β-CTX levels than male patients 
with T2D. TC was associated with P1NP in males and females (β=0.056, P<0.05; β=0.095, P<0.01, respectively), and 25(OH)D fully 
mediated the associations in males and mediated approximately 17.89% of the effects in females. LDL-C was associated with P1NP in 
males and females (β=0.072 and 0.105 respectively, all P<0.01), and 25(OH)D mediated the relationships approximately 20.83% in 
males and 14.29% in females. TG was negatively associated with P1NP (in males, β= −0.063, P<0.05; in females, β= −0.100, P<0.01) 
and β-CTX (in males, β= −0.108; in females, β= −0.128, all P<0.01) independent of 25(OH)D, while HDL-C was not associated with 
P1NP or β-CTX in diabetic patients.
Conclusion: Hypercholesterolemia and hypertriglyceridaemia might affect bone metabolism by distinguishing pathways in diabetes 
patients. Ameliorating lipid control in elderly diabetes patients, especially female patients, will benefit both vitamin D and bone metabolism.

Plain Language Summary: Diabetic dyslipidaemia may be one of the factors involved in increased bone fragility in diabetes. 
Currently, there have been few studies regarding the effects of dyslipidaemia on vitamin D and bone metabolism in diabetes. We aimed 
to explore the potential effects of dyslipidaemia on vitamin D and bone metabolism in elderly subjects with T2D. Thus, we conducted 
a cross-sectional study of 2835 adult T2D patients 50 years or older in Shanghai, China. Our study revealed that high levels of 
cholesterol and triglycerides might have detrimental effects on vitamin D metabolism and bone turnover by distinguishing pathways in 
elderly patients with T2D, and discrepancies exist between male and female patients. Ameliorating lipid control in elderly diabetes 
patients, especially female patients, will benefit both vitamin D and bone metabolism. 

Keywords: type 2 diabetes, elderly patients, lipid profile, vitamin D, bone turnover markers

Introduction
Type 2 diabetes mellitus (T2D) is a chronic metabolic disease and a powerful risk factor for the development of atherosclerotic 
cardiovascular disease (ASCVD).1 Furthermore, diabetes is well known to affect bone health and contributes to a heightened risk 
of fracture.2 Clinical studies have linked osteoporosis with atherosclerotic vascular diseases,3,4 suggesting the possibility of 
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a common pathogenetic factor underlying these diseases. Hypercholesterolemia or dyslipidaemia has been proposed as one of the 
most likely candidates.5 Currently, little is known about the precise nature of the potential relationship between hypercholester-
olemia and osteoporosis. In particular, few studies have examined the probable influences of hypertriglyceridaemia, which is more 
common in T2D,6,7 on bone metabolism. Recently Cai et al8 reported that high-fat-diets (HFD) resulted in elevated blood lipids, 
increased adipose differentiation at the bone marrow level, and delayed bone regeneration in rats.

Vitamin D is important for the maintenance of good bone and skeletal health as well as for calcium homeostasis.9 The 
prevalence of vitamin D deficiency is higher in T2D and hyperlipidaemia patients than in people without those conditions.10,11 

One retrospective analysis showed that almost all T2D patients had vitamin D insufficiency or deficiency, and high levels of 
triglycerides (TG) and LDL-C increased the risk of vitamin D deficiency in T2D patients.12 Animal model studies also found 
that HFD-fed mice showed elevated serum concentrations of cholesterol, TG, fatty acids, glucose and insulin and lower serum 
25(OH)D3 and 1,25(OH)2D3 sequentially.13 Therefore, it is plausible that vitamin D dysmetabolism may mediate the 
associations between dyslipidaemia and aberrant bone metabolism in patients with T2D.

To the best of our knowledge, there have been few studies regarding the associations among diabetic dyslipidaemia, 
vitamin D dysmetabolism and aberrant bone metabolism or bone turnover in T2D patients thus far. In addition, differences in 
lipid profiles exist between male and female subjects;14 hence, the effects of blood lipids on vitamin D and bone metabolism 
may differ to a certain extent between male and female patients with diabetes. Thus, we conducted a cross-sectional study of 
2835 adult T2D patients 50 years or older in Shanghai, China. We attempted herein to elucidate the following hypothesis: 
hypercholesterolemia or dyslipidaemia may contribute to abnormal bone turnover in patients with T2D, and the development 
of vitamin D deficiency might play a novel mediation role between dyslipidaemia and aberrant bone turnover.

Materials and Methods
Study Population
A cross-sectional study, named the METAL study (Environmental Pollutant Exposure and Metabolic Diseases in Shanghai, 
ChiCTR1800017573, www.chictr.org.cn), was conducted from April to June 2018. Participants were from seven communities in 
the Pudong and Huangpu districts, Shanghai, China. More detailed sampling information was described in previous articles.15 

A total of 5827 people participated in the investigation (2563 males and 3264 females). To accurately investigate the associations 
among lipid profiles, vitamin D status, and bone turnover levels in patients with T2D, patients were excluded if they (1) were 
younger than 50 years old; (2) had endocrine disorders such as type 1 diabetes, Cushing’s syndrome, hyperthyroidism, 
hypothyroidism, primary hyperparathyroidism, or hypogonadism; (3) had other diseases, including serious chronic liver, renal 
(eGFR<60 mL•min−1•1.73 m−2), or lung disease; rheumatoid arthritis; malignancy; or serious cerebrovascular disease 
(4) received medications affecting bone metabolism (eg, oestrogen, vitamin D, alfacalcidol, calcium, calcitonin, bisphospho-
nates, glucocorticoids, thiazolidinedione, SGLT-2 inhibitor) for more than 6 months or within the previous 12 months; (5) had 
a fracture history within the previous 12 months; and (6) had incomplete laboratory or questionnaire data. Finally, 2835 patients 
with T2D were included, comprising 1479 men and 1356 women (Supplemental Figure 1). Informed consent was obtained from 
all participants included in the study.

Biochemical and Anthropometric Measurements
A questionnaire was adopted to assess sociodemographic characteristics, medical history, family history, and lifestyle 
factors during the interview. A well trained and experienced staff conducted the interviews and clinical examinations, 
which included participant weight, height and blood pressure according to a standard protocol.16 Blood samples were 
obtained between 6:00 and 9:00 a.m. from fasting participants. The blood samples were refrigerated immediately after 
being collected. It was then centrifuged in two hours and the serum was aliquoted and frozen in a central laboratory.

Plasma glucose and lipid profiles, including total cholesterol (TC), TG, high-density lipoprotein cholesterol (HDL-C), and 
low-density lipoprotein cholesterol (LDL-C), were performed using Beckman Coulter AU680 (Brea, USA). Glycated 
hemoglobin (HbA1c) was measured using high-performance liquid chromatography (MQ-2000PT, China). C peptide was 
measured using chemiluminescence equipment (Abbott i2000 SR, USA). Bone turnover markers (BTMs) including 
Procollagen type I N-terminal propeptide (P1NP) and β-C-terminal telopeptide of type I collagen (β-CTX) were measured 
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using a chemiluminescence instrument (Roche E602, Switzerland). The 25-hydroxyvitamin D [25(OH)D] was detected using 
a chemiluminescence assay (ADVIA Centaur XP, Siemens, Germany).

Definition of Variables
Body mass index (BMI) was defined as weight in kilograms divided by height in metres squared. An updated homeostasis 
model (HOMA2 IR) was used to estimate insulin resistance using C peptide, which can be calculated by the HOMA2 
Calculator (http://www.dtu.ox.ac.uk/homacalculator). The estimated glomerular filtration rate (eGFR) was calculated accord-
ing to the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation for “Asian origin”.17 Diabetes was 
defined as having a previous diagnosis by health care professionals, fasting plasma glucose (FPG) of 7.0 mmol/L or higher, or 
HbA1c of 6.5% or higher.

Statistical Analysis
Data analyses were performed using IBM SPSS Statistics 19 (IBM Corporation, Armonk, NY, USA). Normally distributed 
variables are summarized as the mean ± SD, whereas skewed-distribution variables are presented as the median (first to third 
quartiles). Group differences were compared with analysis of variance (ANOVA) for normally distributed variables, while the 
nonparametric Mann‒Whitney U-test was performed for skewed parameters. Categorical variables presented as numbers and 
proportions were compared using the chi-square test. p < 0.05 (2-tailed) indicated statistical significance.

Spearman’s bivariate correlation tests were employed to study the associations between 25(OH)D and anthropometric 
indices, FPG, HbA1c, serum biochemical parameters, BTMs (P1NP and β-CTX), HOMA2-IR, free triiodothyronine (FT3), 
free thyroxine (FT4), thyrotropin (TSH), estradiol (E2), total testosterone (T), follicle-stimulating hormone (FSH), luteinizing 
hormone (LH), use of statins, current smoking status and milk intake. Principal component analysis (PCA) of the blood lipid 
profile (TC, HDL-C, LDL-C and TG) was conducted to create continuous variables representing individual lipid levels. An 
eigenvalue ≥ 1 was considered as a cut-off for factor retention. Variables showing significant relationships with 25(OH)D or 
P1NP/β-CTX in Spearman correlations were used as independent variables in the principal component regression (PCR) 
models to test the combined effect of these independent factors on the dependent variable 25(OH)D or P1NP/β-CTX. The 
concentrations of 25(OH)D, P1NP and β-CTX were log transformed to achieve a normal distribution if needed in the analyses.

Mediation analysis was performed to estimate whether 25(OH)D mediated the association of lipid profile with BTMs 
and then was assessed individually to ascertain which component of the lipid profile was affected. The mediation analysis 
was conducted using SPSS statistics AMOS 24 in a bootstrap approach. We used 5000 bootstrap samples in the current 
study and determined the mediating effect of the 95% confidence interval (CI). In this study, the principal component 
I (PC I) and principal component II (PC II), which represent the lipid profile, as well as TC, LDL-C, HDL-C and TG, 
were separately used as independent variables. BTMs were regarded as the outcome, and 25(OH)D was used as 
a mediating variable. We predicted that the lipid profile affects 25(OH)D, with 25(OH)D acting as a mediator variable 
and affects BTMs further. We adjusted for confounders of age, BMI, HbA1c, HOMA2-IR, E2 or total T, FSH, eGFR, use 
of statins, smoking status and milk intake.

Results
General Characteristics of Participants
The general demographic and laboratory characteristics of the participants are presented in Table 1. In total, this study 
enrolled 2835 subjects with type 2 diabetes mellitus. Among them, 1479 (52.2%) were males, and 1356 (47.8%) were 
females. The mean age was comparable between the male and female groups. Compared with the male group, the levels 
of BMI, HbA1c, FT3, FT4, E2, total T and 25(OH)D were lower, while total cholesterol, TG, HDL-C, LDL-C, eGFR, 
TSH, FSH, LH levels were significantly higher in the female group with T2D. Strikingly, 25(OH)D levels were lower, 
while both P1NP and β-CTX levels were significantly higher in the female group than in the male group with T2D 
(all p<0.001).
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Associations of Serum 25(OH)D with Lipid Profiles and Bone Turnover Markers in 
Subjects with T2D
The simple correlations between serum 25(OH)D levels and other anthropometric and serum biochemical indices, the use of 
statins, current smoking status and milk intake were analysed. In male patients with T2D, serum 25(OH)D was positively 
associated with milk intake and FT3 (r=0.053 and 0.094, p=0.040 and <0.001, respectively) and was inversely associated with 
age, HbA1c, TC, TG, HDL-C, LDL-C, P1NP, β-CTX and current smoking (r= −0.053 to −0.186, all p=0.040 -<0.001). The 
correlation coefficient between 25(OH)D and TC was the highest (r= −0.186). In the female group, serum 25(OH)D was 
positively associated with eGFR, FT3, and FT4 (r=0.061 to 0.096, p=0.025 - <0.001), but was negatively associated with age, 
HOMA2-IR, TC, TG, LDL-C, P1NP, and β-CTX (r= −0.061 to −0.169, all p=0.025-<0.001) (Figure 1, Supplemental Figure 2). 
Serum 25(OH)D was not correlated with BMI in either male or female participants with T2D (r=−0.020 and −0.049, p=0.444 and 
0.072, respectively).

Comparisons of Lipid Levels in All Patients with T2D with Different Levels of BTMs
To explore the potential effects of serum lipids on bone turnover, we first compared serum TC, LDL-C, HDL-C and TG 
levels according to P1NP and β-CTX quartiles in all patients. It was shown that with the increase in P1NP from the 

Table 1 General Characteristics of Elderly Male and Female Patients with T2D

Characteristics Overall Male Patients  
with T2D

Female Patients  
with T2D

P value

N 2835 1479 1356

Age, year 67.14±7.49 67.25±7.39 67.02±7.61 0.410

BMI, kg/m2 24.83±3.46 24.97±3.22 24.68±3.69 0.024
FPG, mmol/L 7.79±2.31 7.79±2.21 7.79±2.42 0.931

HbA1c, % 7.49±1.36 7.56±1.39 7.41±1.33 0.004

HOMA2-IR 1.20 (0.90–1.70) 1.2 (0.90–1.60) 1.30 (0.90–1.70) 0.097
Total cholesterol, mmol/L 5.05±1.16 4.77±1.06 5.35±1.19 <0.001

TG, mmol/L 1.81±1.12 1.74±1.14 1.87±1.10 0.002
HDL-C, mmol/L 1.19±0.28 1.11±0.25 1.29±0.29 <0.001

LDL-C, mmol/L 3.13±0.84 2.98±0.78 3.29±0.86 <0.001

eGFR, mL/min/1.73m2 96.19 (87.15–102.44) 95.33 (86.09–101.28) 97.02 (88.04–103.34) <0.001
FT3, pmol/L 4.68±0.56 4.82±0.57 4.53±0.52 <0.001

FT4, pmol/L 16.77±2.20 16.96±2.23 16.57±2.15 <0.001

TSH, mIU/L 2.48 (1.75–3.49) 2.33 (1.65–3.20) 2.69 (1.89–3.86) <0.001
E2, pmol/L 73.67 (31.68–119.00) 116.40 (91.87–139.40) 30.72 (9.18–51.02) <0.001

Total T, nmol/L 6.71 (0.56–14.36) 14.15 (10.96–18.03) 0.54 (0.32–0.83) <0.001

FSH, IU/L 23.11 (9.00–51.67) 9.39 (6.35–13.99) 52.62 (39.28–68.12) <0.001
LH, IU/L 12.58 (6.74–24.40) 7.04 (5.28–9.67) 24.66 (18.36–31.89) <0.001

25(OH)D, ng/mL 15.57 (12.23–19.44) 16.58 (12.83–20.30) 14.65 (11.54–18.07) <0.001

P1NP, ng/mL 39.28 (30.00–51.26) 34.30 (27.19–43.76) 44.97 (35.82–58.70) <0.001
β-CTX, ng/mL 0.19 (0.14–0.26) 0.17 (0.12–0.23) 0.22 (0.16–0.29) <0.001

Use of statins, n (%) 452 (15.94) 217 (14.67) 235 (17.33) 0.053

Current smoking, n (%) 604 (21.31) 569 (38.47) 35 (2.58) <0.001
Milk intake <0.001

Never or rarely (%) 1091 (38.48) 615 (41.58) 476 (35.10)

Often (%) 1744 (61.52) 864 (58.42) 880 (64.90)

Notes: The data are summarized as mean ± SD for continuous variables, whereas skewed variables are presented as the median (first to third 
quartiles). For the comparison of male patients with female patients with T2D, ANOVA tests were employed for normally distributed variables, while 
nonparametric Mann–Whitney U-test was performed for skewed parameters. Categorical variables presented as numbers and proportions were 
compared using chi-square test. 
Abbreviations: T2D, type 2 diabetes; BMI, body mass index; FPG, fasting plasma glucose; HbA1c, glycated hemoglobin; HOMA2-IR, homeostasis model 
assessment 2-insulin resistance; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; eGFR, estimated 
glomerular filtration rate; FT3, free triiodothyronine; FT4, free thyroxine; TSH, thyrotropin; E2, oestradiol; T, testosterone; FSH, follicle-stimulating hormone; 
LH, luteinizing hormone; 25(OH)D, 25-hydroxyvitamin D; P1NP, procollagen type I N-terminal propeptide; CTX, C-terminal telopeptide of type I collagen.
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Figure 1 Simple correlations between TC, LDL-C, HDL-C, TG and 25(OH)D in male patients (A–D) and female patients (E–H) with T2D. 
Abbreviations: TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; TG, triglycerides; 25(OH)D, 25-hydroxyvitamin D.
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lowest to the highest quartiles, there was a steady increase in TC, LDL-C and HDL-C but a steady decrease in TG (p for 
trend from 0.021 to <0.001). When all covariates, such as age, sex, BMI and HbA1c, were considered, the differences for 
TC, LDL-C and TG persisted (p = 0.027 to 0.001); however, the difference for HDL-C was lost (p = 0.145).

Similar results were observed in β-CTX quartiles, with the highest TC, LDL-C and HDL-C, but the lowest TG levels 
were observed in subjects in the highest β-CTX quartile (p for trend from 0.005 to <0.001). Only the difference in TG 
persisted when such covariates were considered (p = 0.006) (Supplemental Figure 3).

Factors Determining the Levels of 25(OH)D and Bone Turnover Markers in Subjects 
with T2D
PCA of the blood lipid profile (TC, HDL-C, LDL-C and TG) was conducted, and generated two continuous variables: PC 
I, characterized by TC and LDL-C; PC II, characterized by TG and HDL-C. The cumulative contribution rate accounted 
for 86.43% of the total variance for males and 88.92% for females.
Male:

Female:

Multivariate PCR analyses were performed to assess the association between serum 25(OH)D concentration (the 
dependent variable) and lipid parameters (the independent variable). Our data showed that PC I had an inverse 
association with serum levels of 25(OH)D in both male and female patients with T2D after adjusting for age, BMI, 
HbA1c, eGFR, HOMA2-IR, milk intake and current smoking status (Model I, all p<0.001). Further adjustment for the 
use of statins did not obviously attenuate the association (Model II, all p<0.001). PC II was also negatively associated 
with serum levels of 25(OH)D in male participants after adjusting for confounding variables (p=0.038 and 0.027, 
respectively), while it was not significantly associated with 25(OH)D in female patients (Table S1).

To investigate whether serum lipid profiles and 25(OH)D levels were independently related to serum BTMs (P1NP and 
β-CTX), multivariate PCR analyses using BTMs as the dependent variable were performed, and the results are shown in 

Table 2 Principal Component Regression Analysis of Serum Bone Turnover Markers as 
Dependent Variables and Parameters of Lipid Profile and 25(OH)D in Subjects with T2D

Variable LnP1NP (Male) Lnβ-CTX (Male)

B (95% CI) p-value B (95% CI) p-value

PC I 0.014 (−0.006–0.033) 0.168 −0.018 (−0.041–0.005) 0.129
PC II −0.010 (−0.031–0.011) 0.328 −0.038 (−0.063 – −0.012) 0.003

Ln25(OH)D −0.100 (−0.155 – −0.046) <0.001 −0.174 (−0.240 – −0.109) <0.001

Variable LnP1NP (female) Lnβ-CTX (female)

B (95% CI) p-value B (95% CI) p-value

PC I 0.026 (0.005–0.046) 0.015 −0.003 (−0.026–0.020) 0.821
PC II −0.028 (−0.051 – −0.006) 0.013 −0.034 (−0.059 – −0.010) 0.006

Ln25(OH)D −0.104 (−0.164 – −0.044) 0.001 −0.207 (−0.273 – −0.141) <0.001

Notes: Included terms for age, HbA1c, HOMA2-IR, total T, E2, FSH, LH, eGFR, BMI, use of statins, milk intake and current 
smoking status. 
Abbreviations: P1NP, procollagen type I N-terminal propeptide; CTX, C-terminal telopeptide of type I collagen.; 25(OH) 
D, 25-hydroxyvitamin D; PC I, principal component I; PC II, principal component II.
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Table 2. In summary, PC II was negatively correlated with Lnβ-CTX in male patients with T2D (p=0.003). In female patients 
with T2D, PC I was positively correlated with LnP1NP but not Lnβ-CTX (p=0.015 and 0.821). Meanwhile, PC II was 
negatively correlated with both LnP1NP and Lnβ-CTX (p=0.013 and 0.006). In addition, serum 25(OH)D levels were 
negatively correlated with both LnP1NP and Lnβ-CTX in male and female participants with T2D (all p<0.05).

Mediation Analysis
We developed a path diagram to study the associations between lipid profiles, 25(OH)D and BTMs in subjects with T2D 
(Figure 2). The mediation analysis demonstrated that 25(OH)D was a potential mediator of the association between PC 
I and BTMs (P1NP and β-CTX) in males and females. In brief, PC I had effects on P1NP through 25(OH)D in both male 
and female patients. 25(OH)D mediated approximately 33.33% and 18.28% of the effects between PC I and P1NP in 
males and females, respectively. As the direct effects between PC I and β-CTX were not significant after adjusting for 
confounding factors, 25(OH)D had a complete mediation effect on the associations between PC I and β-CTX in both 
males and females. In contrast, PC II was negatively associated with P1NP or β-CTX in both male and female patients, 
independent of 25(OH)D (Figure 3).

Four lipid components (including TC, TG, HDL-C, and LDL-C) may have effects on P1NP or β-CTX directly or 
through 25(OH)D, and the results are shown in Table S2. 25(OH)D fully mediated the relationship between TC and 
P1NP in males and mediated approximately 17.89% of the effects of TC on P1NP in females. 25(OH)D mediated the 
relationships between LDL-C and P1NP, and the proportions explained were 20.83% in males and 14.29% in females. 
TG was directly negatively associated with P1NP or β-CTX in both male and female patients, while HDL-C was not 
associated with P1NP or β-CTX in diabetic patients.

Discussion
The pathophysiological mechanisms underlying bone fragility in diabetes mellitus are complex. Currently, there is scarce 
information in the literature regarding the effects of dyslipidaemia on vitamin D and bone metabolism in diabetes. In the 
present study, we found that female elderly patients with T2D exhibited different blood lipid, vitamin D and bone 
turnover profiles than male elderly patients with T2D. In addition, hypercholesterolemia and hypertriglyceridaemia may 
influence bone metabolism through distinct pathways in diabetes patients.

Previous studies have declared that lipid levels are higher in women than in men. Our results were in accordance with 
the findings. Liu et al18 reported that TC, TG, and LDL-C levels were higher at ages greater than 50 years, while HDL-C 
levels were higher over the entire age range in women than men in a total of 39,207 participants aged 18–79 years in 
a rural Chinese population. Russo et al19 reported that women with T2D had significantly higher mean TC, LDL-C and 

Figure 2 The conceptual mediation model: “a” indicates the path from PC I and PC II(predictor) to 25(OH)D (mediator), “b” indicates the path from 25(OH)D (mediator) 
to BTMs (outcome), “c” indicates the path from PC I and PC II(predictor) to BTMs (outcome), and “c’” indicates the path from PC I and PC II(predictor) to BTMs 
(outcome) when controlled for 25(OH)D (mediator). 
Abbreviations: 25(OH)D, 25-hydroxyvitamin D; BTMs, bone turnover markers; PC I, principal component I; PC II, principal component II.
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HDL-C levels than men, while serum TG levels were not significantly different between groups in a total of 415,294 
patients with T2D. The underlying physiological mechanisms contributing to the sex discrepancies in lipid metabolism 
are complicated and remain to be fully elucidated. Gonadal hormones and sex chromosome complement might be two 
major determinants; other factors may include X chromosome imprinting and inactivation, environmental stimulants, and 
the gut microbiome.20–22

Contrary to lipid levels, female patients with T2D showed reduced 25(OH)D levels compared to male patients in our study, 
which probably meant that higher lipid levels were associated with lower 25(OH)D levels. Indeed, in our study, lipid profiles 
showed a significantly inverse linear correlation with the levels of 25(OH)D after adjusting for confounding variables. Previously, 
several studies reported that 25(OH)D levels had an inverse association with dyslipidaemia, and deficient 25(OH)D is associated 
with an atherogenic lipid profile.23,24 However, the relationship between 25(OH)D status and lipid metabolism may be 
bidirectional. There is increasing evidence showing that dyslipidaemia can also result in vitamin D dysmetabolism. In vivo and 
in vitro studies revealed that elevation of circulating cholesterol, glucose and insulin could reduce 25(OH)D levels by down-
regulating hepatic 25-hydroxylase (Cyp2r1) in HFD- and HCD-fed mice.13 Yavuz et al25 found an increase of 25-hydroxyvitamin 
D and 1,25-dihydroxyvitamin D in blood levels after 8 weeks of treatment with rosuvastatin in 91 hyperlipidaemia patients. In the 
current study, our results also suggested that blood lipids might be important determining factors of serum 25(OH)D levels. 
Ameliorating lipid control may be beneficial for vitamin D metabolism.

Figure 3 Mediation analysis of the relationship between lipid levels (PC I and PC II) and BTMs by 25(OH)D in male and female patients with T2D (β, 95% CI). Path ab, Path c’ and 
Path c represent the indirect, direct and total effects of lipid levels on BTMs with 25(OH)D as a mediator in males and females, respectively. (A) and (B) display the mediation effect 
of 25(OH)D on the association between lipid levels and P1NP and β-CTX, respectively, in male patients with T2D. (C) and (D) display the mediation effect of 25(OH)D on the 
association between lipid levels and P1NP and β-CTX, respectively, in female patients with T2D. Adjusted for age, BMI, HbA1c, HOMA2-IR, E2 or total T, FSH, eGFR, use of statins, 
smoking status and milk intake. 
Abbreviations: P1NP, procollagen type I N-terminal propeptide; CTX, C-terminal telopeptide of type I collagen; PC I, principal component I; PC II, principal component II; 
95% CI, 95% confidence interval.
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Vitamin D is important for normal development and maintenance of the skeleton. In our study, female patients with 
T2D presented with lower 25(OH)D but higher P1NP and β-CTX levels than male patients, and 25(OH)D showed 
negative associations with P1NP and β-CTX in both male and female patients with T2D. Previously, Kuchuk et al26 

reported that serum 25(OH)D was significantly higher in men than in women, whereas BTMs, serum osteocalcin and 
urinary deoxypyridinoline/creatinine were higher in women than in men, in a total of 1319 subjects between the ages of 
65 and 88 yr, which is supportive of our findings.

The detrimental effects of dyslipidaemia on bone metabolism have attracted increasing attention recently. Substantial data 
showed a negative association between serum TC and LDL-C and BMD.27–29 In our study, mediation analysis indicated that 
TC or LDL-C had positive effects on P1NP, directly or partly mediated by 25(OH)D, both in men and women with T2D. 
Similar mediation effects were also observed between LDL-C and β-CTX in female patients. Previous studies showed 
controversial results between dyslipidaemia and bone turnover levels. Matins et al30 reported that elderly type 2 diabetic 
patients with dyslipidaemia presented higher P1NP, which is supportive of our study’s findings. Majima et al31 also reported 
increased bone turnover in hypercholesterolaemic or dyslipidaemic patients regardless of sex. Zhou et al32 reported that men 
with hypercholesterolemia displayed increased β-CTX and PINP levels and a lower BMD compared to those of control 
subjects, and similar results were observed in ApoE−/− male rats. Cholesterol directly increased osteoblast functional gene 
expression in vitro. In contrast, Yamauchi et al33 reported that serum LDL-C levels were not significantly correlated with 
serum levels of P1NP or CTX in a total of 211 healthy postmenopausal women (age range, 46–80 years). The underlying 
mechanisms between these controversial results are not yet clear, and a more rigorous study is needed.

Paradoxically, we observed that TG, but not HDL-C, had significantly negative effects on P1NP or β-CTX, 
independent of 25(OH)D, both in men and women with T2D. A series of studies have reported inverse associations 
between TG levels and bone turnover markers.34–36 Li et al34 found that hypertriglyceridaemia was negatively associated 
with N-MID osteocalcin, β-CTX and P1NP after adjusting for potential confounders, but no significant association was 
found between serum BTMs and HDL-C in patients with T2D, supporting our conclusion. Liu et al35 reported that TG 
levels were negatively correlated with OC or β-CTX levels in young and middle-aged male patients with T2D. Currently, 
mounting evidences suggest that diabetes mellitus is a state of low bone turnover,37,38 and the underlying mechanism 
may be complicated. The most common pattern of dyslipidaemia in patients with T2D is elevated triglyceride levels and 
decreased HDL-C levels, while the mean concentration of LDL-C is not significantly different from individuals without 
diabetes.6,39 We proposed that the negative effect of TG would outweigh the positive effect of TC or LDL-C on BTMs 
and might contribute to the inhibition of bone turnover in diabetic patients.

Interestingly, positive effects of TC and LDL-C on P1NP but negative effects of TG on P1NP and β-CTX were observed in 
our study. The underlying mechanism of the distinct performances is not yet clear. In our previous study, we demonstrated that 
HOMA-IR was negatively associated with β-CTX, P1NP and N-MID osteocalcin in dysglycaemia patients.40 Similarly, in 
men with metabolic syndrome, impaired insulin sensitivity was associated with lower bone turnover.36 Hypertriglyceridaemia 
and low HDL-C have been proved to be independent and long-term predictors of insulin sensitivity in longitudinal studies, and 
controlling hypertriglyceridaemia and low HDL-C can delay the onset of insulin resistance in some intervention studies. 
Meanwhile, LDL-C has been excluded as a relevant factor since there is no evidence to support a causal relationship between 
LDL-C and insulin resistance.41 Thus, it is plausible that insulin resistance may mediate the inhibitory effect of TG on β-CTX 
or P1NP, different from the effect of TC or LDL-C. A longitudinal and rigorous study is needed to verify the association 
between dyslipidaemia, insulin resistance and bone turnover levels.

In this study, we confirmed the differences in lipid profiles, 25(OH)D concentration and bone turnover levels between male 
and female elderly patients with T2D. Female patients with T2D exhibited higher serum cholesterol and TG levels, reduced 25 
(OH)D levels and higher bone turnover levels than male subjects. In addition, we explored the effects of dyslipidaemia on bone 
turnover in diabetic patients. Our results indicated that TC and LDL-C were positively correlated with P1NP levels, which was 
partly mediated by 25(OH)D. In contrast, TG showed a significantly negative association with P1NP or β-CTX, independent of 
25(OH)D. For a patient with predominantly hypercholesterolemia, it will increase the risk of high-turnover osteoporosis.32 For 
a patient with hypertriglyceridaemia predominantly, it is inclined to be in a low bone turnover state, which in turn may lead to 
more fragile bone.37 For the first time, we raised the idea that hypercholesterolemia and hypertriglyceridaemia might damage 
bone health through distinct pathways in diabetes patients, which merits further in vivo and in vitro studies for confirmation.
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As far as we know, this is the first Chinese cross-sectional study which investigates the potential detrimental effects of 
dyslipidaemia on Vitamin D and bone metabolism in elderly patients with T2D. However, our study has some limitations. 
First, this is a cross-sectional study. Thus, this study is insufficient to establish a causal relationship between BTMs and 
determinant factors such as lipid profiles and 25(OH)D levels. Second, bone metabolism status could be more 
comprehensively described with both BTMs and BMD. However, we did not measure BMD in our study. Third, some 
correlation coefficients were inclined to be very low in our study. A statistically significant finding might not necessarily 
be clinically significant; thus, it should be analysed and interpreted with caution.

In conclusion, our study revealed that dyslipidaemia might have detrimental effects on vitamin D metabolism and bone 
turnover in elderly patients with T2D, although discrepancies exist between male and female patients. Hypercholesterolemia 
and hypertriglyceridaemia may be detrimental to bone health by distinguishing pathways in diabetes patients. We emphasize 
the importance of ameliorating lipid control in elderly diabetes patients, especially female patients, which may be beneficial 
for both vitamin D and bone metabolism.
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