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Objective: The aim of our study was to investigate the relationship among age, sex, body 

mass index (BMI), serum lipid profiles, blood glucose (BG), and bone mineral density (BMD), 

making an assessment of the risk of osteoporosis.

Materials and methods: A total of 1,035 male and 3,953 female healthy volunteers 

(aged 41–95 years) were recruited by an open invitation. The basic information, including age, 

sex, height, weight, waistline, hipline, menstrual cycle, and medical history, were collected by 

a questionnaire survey and physical examination. Serum lipid profiles, BG, postprandial blood 

glucose, and glycosylated hemoglobin were obtained after 12 hours fasting. BMD in lumbar 

spine was measured by dual-energy X-ray absorptiometry scanning.

Results: The age-adjusted BMD in females was significantly lower than in males. With aging, 

greater differences of BMD distribution exist in elderly females than in males (P,0.001), and 

the fastigium of bone mass loss was in the age range from 51 to 55 in females and from 61 to 

65 years in males. After adjustment for sex, there were significant differences in BMD among 

BMI-stratified groups in both males and females. The subjects with a BMI of ,18.5 had a higher 

incidence of osteoporosis than BMI $18.5 in both sexes. BMD in type 2 diabetes mellitus with 

a BG of .7.0 mmol/L was lower than in people with BG of #7.0 mmol/L (P,0.001). People 

with serum high-density lipoprotein cholesterol levels of $1.56 mmol/L had a greater prevalence 

of osteoporosis compared with high-density lipoprotein cholesterol #1.55 mmol/L. Logistic 

regression with odds ratios showed that no association was found among total cholesterol, 

triglyceride, low-density lipoprotein cholesterol, glycosylated hemoglobin, postprandial blood 

glucose and BMD.

Conclusion: The present study further confirmed that factors such as age, sex, weight, BMI, 

high-density lipoprotein cholesterol, and diabetes are significant predictors of osteoporosis in 

the Chinese people.
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Introduction
In the early 21st century, China’s population had risen to nearly 1.4 billion. There 

are ~200 million people older than 60 years old; surprisingly, around 100 million 

people either already have osteoporosis (OP) or are at a high risk due to low bone mass 

(osteopenia).1 This means that a large proportion of the population suffers from OP 

or osteopenia. In the Chinese people, OP is therefore an increasingly serious public 

health problem.2
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OP is a disease marked by reduced bone strength lead-

ing to an increased risk of fractures or broken bones. It can 

be assessed indirectly through a noninvasive measurement 

of bone mineral density (BMD).3 OP is defined by a BMD 

which is reduced compared to normal levels. The reduction 

of bone densitometry with a T score of #−2.5 was based on 

the definition of the World Health Organization. Low BMD 

is a major risk factor for OP and osteoporotic fracture.4 As 

mentioned earlier, the difference between osteopenia and OP 

is that in osteopenia the bone loss is not as severe as in OP, 

which means that someone with osteopenia is more likely 

to fracture a bone than someone with normal bone density, 

but less likely to do so than someone with OP.5

Sex difference in BMD has long been reported, generally 

with a lower BMD in females than in males.6,7 The difference 

in BMD distribution at the same skeletal site between the two 

sexes may be partially explained by differences in endocrine 

and paracrine factors between the sexes.8,9 Most studies 

documenting age-related changes of total body and regional 

BMD have focused on female10,11 rather than male subjects.12 

Elderly people experience bone loss with aging after peak 

bone mass is attained. Weight and height are two important 

factors related to BMD variation and are commonly used as 

covariates to adjust for BMD.13–15 To account for the corre-

lation between weight and height, body mass index (BMI) 

has been introduced as a composite covariate for adjustment 

in BMD studies. BMI is weight divided by height squared 

(ie, kg/m2). Associations among BMI, weight, height, and 

BMD have been reported for many populations.15–17

Although type 1 diabetes mellitus (DM) has been asso-

ciated with decreased BMD, there have been conflicting 

reports about BMD in type 2 diabetes mellitus (T2DM). 

Some authors have reported elevated BMD,18 whereas some 

have reported decreased BMD,19 and others have reported 

that BMD did not change.20 Previous epidemiological studies 

have demonstrated a relationship between serum lipid profiles 

and BMD.21–23 And furthermore, the question of whether the 

serum lipid profiles affect the value of BMD in the Chinese 

people (both men and women) is unclear.

Since the association between serum lipid profiles, 

blood glucose and BMI with BMD has not been assessed 

simultaneously in both Chinese men and women, we aimed 

to investigate this relationship and make a risk assessment 

of OP in this setting.

Materials and methods
subjects
A total of 10,300 subjects (2,665 males and 7,635 females aged 

40–95 years) who voluntarily requested to be hospitalized for 

a 2-day complete physical check-up during 2012 through 2015 

were enrolled in the study. The exclusion criteria for the present 

study were as follows: type 1 DM, non-insulin-dependent DM, 

severe scoliosis, polio, hyper- or hypothyroidism, impaired 

renal function, significant chronic lung disease, apparently 

abnormal liver function, rheumatoid arthritis or collagen dis-

ease, malignancies, or a history of alcoholism, heavy smoking 

(.1 pack/day), hysterectomy, estrogen use, oophorectomy, 

and corticosteroid use. Those with fractures in the lumbar spine 

were also excluded from the analysis. Finally, 1,035 healthy 

males, aged 40–95 years (median 65 years) and 3,953 healthy 

females, aged 41–95 years (median 59 years) were classified to 

be eligible for the present study. All the study subjects belong 

to the Chinese Han ethnic group, which comprises ~90% of the 

total population of People’s Republic of China. Before entering 

the project, all subjects signed informed consent documents, 

and the protocols for the study were reviewed and approved by 

the ethics committee of the Dalian Central Hospital (Dalian, 

People’s Republic of China). For each study subject, the basic 

information, including age, sex, family history, inheritance 

history, medical history, and so on were obtained from self-

administered questionnaires at the same time as BMD mea-

surement. The menstrual history of each woman was recorded 

during an individual interview. Menopause was defined as the 

absence of any menstrual cycle for at least 1 year. The height, 

weight, waistline, and hipline were taken during the interview, 

with subjects wearing light indoor clothes without shoes.

laboratory measurement
The biochemical parameters, including fasting blood glucose 

(FBG), postprandial blood glucose, glycosylated hemoglo-

bin (HbA-1c), total cholesterol (TC), triglyceride (TG), and 

serum high-density lipoprotein cholesterol (HDL-C), were 

measured using an Abbott Diagnostics C8000i auto-analyzer 

(Abbott Laboratories, Abbott Park, Illinois USA) with com-

mercial kits. Multigent direct assays were used to estimate 

serum low-density lipoprotein cholesterol (LDL-C) levels 

(Abbott Laboratories, Abbott Park, Illinois USA). The whole 

measurement procedure was supported by the Department of 

Clinical Laboratory and Imaging in the hospital. As a test of 

the Abbott Diagnostics C8000i auto-analyzer and Multigent 

direct assays’s precision, we measured blood from 15 indi-

viduals twice on the same day. The coefficient of variation 

values for TC, TG, HDL-C, and LDL-C were 1.9%, 1.6%, 

3.6%, and 3.8%, respectively.

BMD measurement
BMD was measured for the lumbar spine (L1–L4) using 

a GE Lunar Prodigy (Lunar Corp., Madison, WI, USA) 
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by dual-energy X-ray absorptiometry scanning. BMD was 

determined according to standard lunar protocols. BMD 

was expressed in T score and as peak bone mass percentage 

in normal subjects, depending on the software used in the 

device. The results for the lumbar spine were classified into 

three groups according to the World Health Organization 

criteria: normal (T score from −1.0 to 1.0 standard deviation), 

osteopenia (T score from −1.0 to −2.5 standard deviation), 

and OP (T score of #−2.5 standard deviation). As a test of 

the dual-energy X-ray absorptiometry scanner’s precision, 

we measured 15 individuals twice on the same day. The 

coefficient of variation of BMD for those subjects was 0.9% 

for the lumbar spine.

statistical analysis
Continuous variables were defined as median values and 

interquartile ranges (25th to 75th percentile) because 

they were not normally distributed. According to the 

China Adult Dyslipidemia Prevention Guide, variables 

were categorized as follows: subjects were divided 

into groups by age with a 5-year span in each group – 

BMI ,18.5, 18.5–22.9, .22.9 kg/m2; FBG #7.0, .7.0 mmol/L; 

postprandial blood glucose #11.1, .11.1 mmol/L; 

HbA-1c #6.5%, .6.5%; HDL-C #1.15 (1.54 in male), 

$1.16 (1.55 in male) mmol/L; LDL-C ,3.1, $3.1 mmol/L; 

TC #2.8, 2.8–5.17, $5.17 mmol/L; and TG #0.56, 

0.56–1.7, $1.7 mmol/L. In case data were not normally 

distributed, nonparametric tests were used. Mann–Whitney 

and Kruskal–Wallis tests were used for comparing two groups 

and for comparison of more than two groups simultaneously, 

respectively. Groups for categorical variables were analyzed 

by chi-square or Fisher’s exact tests. The relationship between 

BMD and continuous variables were tested using Spearman’s 

rank test. Pearson correlation was used to explore the risk 

factors of OP. SPSS software (version 21.0; IBM, Armonk, 

NY, USA) was used for statistical analysis. Statistical sig-

nificance was accepted for a P-value of 0.05.

Results
The characteristics between males and females show sig-

nificant differences (P,0.05) between height, weight, BMI, 

waistline, hipline, FBG, postprandial blood glucose, creati-

nine, HDL-C, LDL-C, TC, TG, and HbA-1c (Table 1). The sig-

nificant difference between males and females in BMD value, 

and the age-adjusted BMD in lumbar spine was significant 

(P,0.05), especially over the age of 55 years (Table 2).  

Table 1 Basic characteristics of the subjects

Males (n=1,035) Females (n=3,953) Z/χ2 P-valuea

Age (years) 65 (61, 71) 59 (55,65) 22.071 ,0.001
height (cm) 168 (164, 172) 158 (154, 161.5) 39.450 ,0.001
Weight (kg) 71 (64, 78) 63 (57, 70) 17.883 ,0.001
BMI (kg/m2) 25.1 (22.72, 27.25) 25.46 (23.19, 27.81) 3.994 ,0.001
Waistline (cm) 94 (88, 100) 90 (83, 96) 12.640 ,0.001
hipline (cm) 102 (98, 107) 100 (96, 105) 6.930 ,0.001
FBg (mmol/l) 5.88 (5.44, 6.74) 5.64 (5.27, 6.29) 8.554 ,0.001
PBg (mmol/l) 8.07 (6.44, 11.2) 7.35 (6.16, 9.72) 5.673 ,0.001

Creatinine (µmol/l) 73.4 (67.7, 83) 61.2 (56.6, 66.8) 34.027 ,0.001
hDl-C (mmol/l) 1.21 (1.05, 1.43) 1.38 (1.2, 1.6) 14.604 ,0.001
lDl-C (mmol/l) 3.09 (2.55, 3.65) 3.36 (2.79, 3.93) 8.563 ,0.001
TC (mmol/l) 5.11 (4.49, 5.75) 5.59 (4.94, 6.27) 13.490 ,0.001
Tg (mmol/l) 1.25 (0.9, 1.79) 1.33 (0.96, 1.89) 3.059 0.002
AlT (U/l) 16 (13, 23) 17 (13, 23) 0.334 0.738
AsT (IU/l) 21 (18, 26) 21 (18, 26) 0.202 0.840
gT (IU/l) 28 (20, 41) 21 (16, 31) 13.719 ,0.001
hbA-1c (%) 5.8 (5.5, 6.2) 5.9 (5.6, 6.2) 2.070 0.038
BMD (T score) 0.1 (−0.8, 1.4) −0.9 (−1.7, 0.08) 18.602 ,0.001
BMD-stratified (Pb) 14.268 ,0.001

Osteoporosis (T #−2.5 sD) 13 253

Osteopenia (−2.5, T ,−1 sD) 223 1,602

normal (−1, T ,1 sD) 799 2,098

Notes: Data are presented as median with an interquartile range. χ2 value is the result of Mann–Whitney test between males and females. aP,0.05 was considered statistically 
significant, males vs females. bP is the value of Kruskal–Wallis test from comparison of different BMD in males and females.
Abbreviations: AlT, alanine transaminase; AsT, aspartate aminotransferase; BMD, bone mineral density; BMI, body mass index; FBg, fasting blood glucose; gT, glutamyl 
transpeptidase; hbA-1c, glycosylated hemoglobin; hDl-C, high-density lipoprotein cholesterol; lDl-C, low-density lipoprotein cholesterol; PBg, postprandial blood glucose; 
sD, standard deviation; TC, total cholesterol; Tg, triglyceride.
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Comparison of age-related BMD changes between male and 

female in lumbar spine was shown in Figure 1. In females 

(Figure 2), BMD decreased obviously with aging; a sig-

nificant bone decrease started at .50 years of age at which 

the maximal BMD decrease was seen. In males, the bone 

decrease with aging was minimal or insignificant. The OP 

morbidity was increasing gradually with aging in females as 

shown in Figure 2; there was no significant difference with 

aging in males. The BMD median values in lumbar spine 

were lower in females than males which indicated an obvious 

sex difference in BMD.

According to the criteria, males and females were clas-

sified into three groups (OP, osteopenia, and normal). Sig-

nificant differences between OP and normal groups were 

found in both males and females. The basic characteristics, 

including age, weight, BMI, and hipline, were significant 

differences between OP and normal (Tables 3 and 4). Further-

more, after adjustment for BMI, the subjects with BMI ,18.5 

had higher incidence of OP than the group with BMI $18.5 

in both males and females.

Mann–Whitney tests showed that OP was more prevalent 

in the class of lower BMI values (,18.5 kg/m2) and FBG 

levels (.7.0 mmol/L) in both males and females. However, 

OP was more prevalent in the class of higher HDL-C levels 

($1.55 mmol/L) in females; as well a significant correlation 

between OP and HDL-C in males was found. In this study, no 

relationships were found between postprandial blood glucose, 

HbA-1c, and TC levels and OP (Tables 5 and 6).

In both sexes, the correlation (r=0.168 in males, r=−0.260 

in females) between OP and age was higher than that between 

OP and other variables. Correlation between females and OP 

was higher than males and OP. Both body weight and BMI 

were positively correlated with OP, the correlation (r=0.145) 

between OP and BMI in males was higher than that between 

OP and body weight (r=0.132), and the influence of BMI 

on OP (r=0.115) was lower than body weight (r=0.184) in 

females. FBG (r=0.08 in males, r=0.113 in females), HDL-C 

(r=0.153 in males, r=−0.104 in females), and TG (r=0.101 in 

males, r=0.076 in females) were correlated with OP in both 

males and females (Table 7).

Discussion
The global population is currently undergoing an upward 

shift in its age structure due to a decreasing fertility rate 

Table 2 BMD (T score) and OP morbidity in males and females after age-stratified adjustment

Age 
(years)

Males Females Z P-valuea χ2 P-valueb

N BMD (T score) OP (%) N BMD (T score) OP (%)

#50 25 0.05 (−0.70, 0.95) 0 (0) 264 −0.5 (−1.4, 0.73) 5 (1.89) 0.631 0.578 FIsher 1
51–55 30 −0.21 (−1.08, 1.03) 0 (0) 916 −0.5 (−1.4, 0.4) 22 (2.4) 1.514 0.130 FIsher 1
56–60 187 −0.3 (−1.2, 0.9) 1 (0.53) 1,244 −0.8 (−1.6, 0.08) 54 (4.34) 5.257 ,0.001 6.372 0.012
61–65 307 −0.41 (−1.47, 1.15) 4 (1.3) 621 −1.13 (−1.9, −0.15) 54 (8.7) 10.891 ,0.001 19.162 ,0.001
66–70 220 −0.6 (−1.19, 1.6) 4 (1.82) 393 −1.2 (−1.94, −0.4) 37 (9.41) 11.125 ,0.001 13.042 ,0.001
71–75 142 −0.72 (−1.43, 1.51) 2 (1.41) 275 −1.3 (−2.1, −0.38) 40 (14.55) 8.952 ,0.001 17.843 ,0.001
76–80 95 −0.8 (−1.72, 2.23) 1 (1.05) 194 −1.58 (−2.3, −0.7) 33 (17.01) 10.112 ,0.001 15.644 ,0.001
.80 29 −0.83 (−1.09, 1.97) 1 (3.44) 46 −1.61 (−1.49, 0.83) 8 (17.39) 4.957 ,0.001 3.191 0.047

Notes: Data are presented as median with interquartile range. χ2 value is the result of Fisher’s exact test between males and females. Z value of Kruskal–Wallis test was 
from comparison of different age groups. P,0.05 was considered statistically significant, aP means BMD compared between different age groups; bP means BMD compared 
between males and females.
Abbreviations: BMD, bone mineral density; FIsher, Fisher’s exact test; OP, osteoporosis.

Figure 1 Comparison of age-related BMD changes between male and female in 
lumbar spine.
Abbreviation: BMD, bone mineral density.

Figure 2 Comparison of age-related OP morbidity changes between male and 
female in lumbar spine.
Abbreviation: OP, osteoporosis.
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and an increasing life expectancy. Meanwhile, the inci-

dence of OP is increasing sharply, and OP is becoming a 

serious public health problem. We investigated the rela-

tionship between age, sex, weight, height, BMI, FBG, and 

blood lipids profiles with BMD to improve the diagnosis 

and prevention of OP and reduce not only a significant 

economic and societal burden but also a social burden to 

individuals.24

In this study, we report that age is correlated with 

lumbar spine BMD in both sexes (P,0.001). Between 

the ages 46–50 and 56–60 years we found in women a 

rapid decrease in BMD, with a maximum bone decrease 

Table 3 Differences in basic characteristics in males according to bone health classification

Males OP (n=13) Osteopenia (n=223) Normal (n=799) χ2 P-value

Age (years) 67 (62.5, 72) 63 (60, 69) 65 (61, 72)a,b 14.420 0.001 
height (cm) 161 (160, 169.5) 168 (164, 172) 168 (164, 172) 4.320 0.115 
Weight (kg) 68 (51, 76.5) 69 (62, 75) 71 (64, 78)a,b 8.517 0.014 
BMI (kg/m2) 22.41 (19.83, 26.61) 24.49 (21.97, 26.89) 25.32 (23.01, 27.34)a,b 8.945 0.011 
Waistline (cm) 89 (77.5, 98.5) 93 (87, 100) 94 (88, 100) 5.404 0.067 
hipline (cm) 100 (92, 106) 100 (97, 106) 102 (98, 107)a,b 11.599 0.003 
FBg (mmol/l) 5.98 (5.45, 6.87) 5.83 (5.41, 6.49) 5.72 (5.24, 6.27)a 7.895 0.035 
PBg (mmol/l) 8.17 (6.56, 11.55) 7.59 (6.01, 10.45) 7.85 (5.17, 11.14)a,b 9.344 0.009 
Creatinine (µmol/l) 72 (66.35, 78.15) 71 (64.9, 78.5) 74.1 (68.6, 84.8)a,b 25.979 0.000 
hDl-C (mmol/l) 1.32 (1.11, 1.61) 1.29 (1.12, 1.51) 1.2 (1.04, 1.41)a 12.029 0.002 
lDl-C (mmol/l) 2.71 (2.16, 3.68) 3.15 (2.62, 3.71) 3.09 (2.55, 3.64) 1.847 0.397 
TC (mmol/l) 4.76 (4.33, 5.7) 5.17 (4.55, 5.83) 5.09 (4.48, 5.74) 1.252 0.535 
Tg (mmol/l) 0.89 (0.68, 1.55) 1.11 (0.83, 1.68) 1.28 (0.93, 1.85)a,b 11.379 0.003 
AlT (U/l) 13 (11.5, 17.5) 17 (12, 23) 16 (13, 23) 2.700 0.259 
AsT (IU/l) 21 (17, 23.5) 22 (18, 26) 21 (18, 26) 2.455 0.293 
gT (IU/l) 26 (17, 38) 29 (20, 41) 28 (20, 40) 1.338 0.512 
hbA-1c (%) 5.8 (5.5, 6.3) 5.9 (5.6, 6.2) 5.7 (5.45, 5.95) 1.006 0.605 

Notes: Data are presented as median with interquartile range. aP is the value of Kruskal–Wallis test from comparison between OP and normal groups. bP is the value of 
Kruskal–Wallis test from comparison between osteopenia and normal groups. P,0.05 was considered statistically significant.
Abbreviations: AlT, alanine transaminase; AsT, aspartate aminotransferase; BMI, body mass index; FBg, fasting blood glucose; gT, glutamyl transpeptidase; hbA-1c, 
glycosylated hemoglobin; hDl-C, high-density lipoprotein cholesterol; lDl-C, low-density lipoprotein cholesterol; PBg, postprandial blood glucose; TC, total cholesterol; 
Tg, triglyceride; OP, osteoporosis.

Table 4 Differences in basic characteristics in females according to bone health classification

Female OP (n=253) Osteopenia (n=1,602) Normal (n=2,098) χ2 P-value

Age (years) 65 (60, 73) 60 (56, 66) 57 (54, 62)a,b 225.494 ,0.001
height (cm) 155 (151, 160) 157 (154, 161) 158.5 (155, 162)b 87.444 ,0.001
Weight (kg) 58.5 (52, 65) 62 (57, 68) 64 (59, 70.63)a,b 115.980 ,0.001
BMI (kg/m2) 24.09 (21.64, 26.64) 25.15 (23.01, 27.47) 25.8 (23.5, 28.13)a,b 49.532 ,0.001
Waistline (cm) 88 (80, 96) 90 (83, 96) 90 (83, 96) 3.997 0.136
hipline (cm) 98 (94, 103) 100 (96, 105) 100 (96, 106)b 34.739 ,0.001
FBg (mmol/l) 5.87 (5.26, 6.27) 5.63 (5.26, 6.24) 5.52 (5.28, 6.3) 6.167 0.048
PBg (mmol/l) 7.96 (6.26, 10.01) 7.26 (6.1, 9.5) 7.38 (6.19, 9.93) 7.769 0.041
Creatinine (µmol/l) 60.8 (55.6, 66.4) 60.6 (56.28, 66.1) 61.8 (57.1, 67.2)b 21.362 ,0.001
hDl-C (mmol/l) 1.43 (1.19, 1.66) 1.41 (1.23, 1.61) 1.35 (1.18, 1.57)b 25.278 ,0.001
lDl-C (mmol/l) 3.41 (2.84, 3.9) 3.37 (2.81, 3.94) 3.34 (2.77, 3.91) 2.166 0.339
TC (mmol/l) 5.68 (5.1, 6.33) 5.61 (4.96, 6.29) 5.56 (4.9, 6.24) 2.895 0.235
Tg (mmol/l) 1.28 (0.95, 1.73) 1.28 (0.93, 1.82) 1.38 (1, 1.97)a,b 21.698 ,0.001
AlT (U/l) 15 (12, 20) 16 (13, 22) 17 (13, 24) 27.505 ,0.001
AsT (IU/l) 21 (18, 26) 21 (18, 26) 21 (18, 26) 0.053 0.974
gT (IU/l) 19 (14.5, 27) 21 (16, 30.25) 21 (16, 32)b 9.850 0.007
hbA-1c (%) 5.9 (5.6, 6.3) 5.9 (5.6, 6.2) 5.9 (5.6, 6.2) 0.185 0.912

Notes: Data are presented as median with an interquartile range. P,0.05 was considered statistically significant. aP is the value of Kruskal–Wallis test from comparison 
between osteopenia and normal groups. bP is the value of Kruskal–Wallis test from comparison between OP and normal groups.
Abbreviations: AlT, alanine transaminase; AsT, aspartate aminotransferase; BMI, body mass index; FBg, fasting blood glucose; gT, glutamyl transpeptidase; hbA-1c, 
glycosylated hemoglobin; hDl-C, high-density lipoprotein cholesterol; lDl-C, low-density lipoprotein cholesterol; OP, osteoporosis; PBg, postprandial blood glucose; 
TC, total cholesterol; Tg, triglyceride.
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Table 5 Frequency of BMI, FBg, PBg, and hbA-1c in males and 
females with OP

Variable n OP (%) χ2 P-valuea

BMI (kg/m2)
Male

,18.5 81 1 (1.23) 6.750 0.034
18.5–22.9 192 6 (3.13)
.22.9 762 6 (0.79)

Female
,18.5 86 11 (12.79) 32.429 ,0.001
18.5–22.9 803 82 (10.21)
.22.9 3,064 160 (5.22)

FBG (mmol/L)
Male

#7.0 805 12 (8.94) 2.889 0.047

.7.0 230 1 (0.43)
Female

#7.0 3,364 217 (6.45) 37.697 ,0.001
.7.0 589 36 (6.11)

PBG (mmol/L)
Male

#11.1 777 10 (1.29) 0.324 0.534

.11.1 258 3 (1.16)
Female

#11.1 3,190 202 (6.33) 0.127 0.721

.11.1 763 51 (0.1)
HbA-1c (%)
Male

#6.5 861 12 (1.39) 0.262 0.609

.6.5 174 1 (0.57)
Female

#6.5 3,349 212 (6.33) 0.179 0.672

.6.5 604 41 (6.79)

Notes: Data are presented as numbers and percentage of each category. aP,0.05 
was considered statistically significant, BMI ,18.5 vs .22.9; FBg #7.0 vs .7.0; 
PBg #11.1 vs .11.1; hbA-1c #6.5 vs .6.5 in OP.
Abbreviations: BMI, body mass index; FBg, fasting blood glucose; hbA-1c, 
glycosylated hemoglobin; PBg, postprandial blood glucose; OP, osteoporosis.

Table 6 Frequency of lipid profiles in males and females with OP

n OP (%) χ2 P-valuea

Male
hDl-C 2.013 0.048

#1.15 414 4 (38.46)

$1.16 621 9 (61.54)

lDl-C 0.068 0.794

,3.1 520 7 (53.85)

$3.1 515 6 (46.15)

TC 0.654 0.513

,2.8 4 0 (0)

2.8–5.17 537 8 (61.54)

.5.17 494 5 (38.46)

Tg 1.127 0.260

,0.56 44 1 (7.69)

0.56–1.7 700 10 (76.92)

.1.7 291 2 (15.38)

Female
hDl-C 5.440 0.020

#1.54 2,625 162 (64.03)

$1.55 1,075 91 (35.97)

lDl-C 1.494 0.222

,3.1 1,502 87 (34.39)

$3.1 2,451 166 (65.61)

TC 1.516 0.129

,2.8 11 0 (0)

2.8–5.17 1,282 72 (28.46)

.5.17 2,660 181 (71.54)

Tg 1.046 0.296

,0.56 120 3 (1.19)

0.56–1.7 2,579 181 (71.54)
.1.7 1,254 69 (27.27)

Notes: Data are presented as numbers and percentage of each category. aP,0.05 
was considered statistically significant, HDL-C #1.54 vs $1.55; lDl-C ,3.1 
vs $3.1; TC 2.8–5.17 vs .5.17; Tg 0.56–1.7 vs .1.7 in OP.
Abbreviations: hDl-C, high-density lipoprotein cholesterol; lDl-C, low-density 
lipoprotein cholesterol; OP, osteoporosis; TC, total cholesterol; Tg, triglyceride.

occurring at 51–55 years, and a decelerated decrease in 

BMD after 56–60 years. However, in men, the decrease in 

BMD with aging is minimal or insignificant except from 

61–65 to 66–70 years, during which a major decrease in 

BMD of 2.5% is found. The pattern of BMD change in 

women in our study is simpler than previously reported: 

1) maintenance of this level is from 35–39 to 40–44 

years; 2) a mild decrease in BMD is from 40–44 to 

45–49 years; 3) a rapid decrease in BMD is from 45–49  

to 55–59 years; and 4) a decelerated decrease in BMD is after  

55–59 years.25 There is a great discrepancy on the sig-

nificance of premenopausal decline in BMD.26 A previous 

study demonstrated a substantial premenopausal decrease 

in BMD in lumbar spine,27 whereas another found no sig-

nificant decrease in BMD before menopause.28 The present 

study’s results show a consistency with previous studies in 

that a maximum decrease in lumbar spine BMD is found 

in women at 50–54 years, the age at which the peak bone 

loss is reached.25

The current study demonstrates a sex-related differ-

ence for the lumbar spine BMD, which is consistent with 

a previous study showing that women have lower bone 

mass than men.17 The difference in BMD distribution at the 

same skeletal site between the two sexes may be partially 

explained by the differences in endocrine and paracrine 

factors between the sexes.8,9 Aging females experience two 

phases of bone loss, whereas aging males experience only 

one phase. An accelerated phase of predominantly cancellous 

bone loss initiated by menopause is the result of the loss of 

the direct restraining effect of estrogen on bone turnover. 
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The sex steroid levels, including estrogen, rapidly decrease 

in postmenopausal women.

Our study shows that the magnitude of sex difference in 

BMD was reduced after adjustment for weight (BMI), which 

is similar to results reported previously.29–31 Previous stud-

ies have found that both weight and BMI impact on BMD. 

Contrary to this, Lei et al17 found the opposite viewpoint that 

height and BMI plays a crucial role in assessing BMD, with 

weight being a variable that explains the greatest proportion 

of the BMD variation for all measured sites in the Chinese. It 

is not appropriate to use weight and height simultaneously as 

covariates to adjust BMD. We detected that weight and BMI 

accounted for most of the effect of height on BMD variation 

in our sample. BMI is a variable derived from weight and 

height; in an attempt to deal with the correlation between 

height and weight, our study supports the notion that they 

are the appropriate covariates that reflect the effect of height 

and weight on BMD. Our results agree with reports from a 

previous study, which show that BMI and weight are the two 

most important variables relating to BMD.17

In our study, diabetes caused a decrease in the BMD of 

lumbar spine. All the T2DM patients in our study had good 

metabolic control. In a study by Isaia et al,32 decreased BMD 

was detected in patients with T2DM. This decrease arose 

from the period before the diagnosis of the disease when 

metabolic control was impaired. In another study, BMD in 

T2DM was also found to be decreased.33 A previous study 

has demonstrated that metformin increased osteogenesis by 

directly affecting the osteoblasts, and although sulfonylureas 

had an indirect favorable effect on fracture risk by correcting 

the glycemic control, they had an overall effect of reducing 

BMD, and pioglitazone was correlated with an increased frac-

ture risk in postmenopausal females.34 By contrast, one study 

found that after adjustment for BMI, patients with T2DM had 

bone microarchitecture and BMD that were not significantly 

different than controls.19 However, as noted earlier, radial 

cortical porosity tended to have higher BMD in the patients 

with T2DM, which is consistent with the findings of Burghardt 

et al.35 The mechanisms explaining the increase in BMD are 

obesity, anabolic and mitogen effects of hyperinsulinemia, 

an increase in sex hormone-binding globulin, and increased 

estrogen and testosterone levels.36 It has been demonstrated 

that in patients with type 1 DM, insulin deficiency, decreased 

insulin-like growth factors-1 levels, and hypercalciuria play 

a role in the pathogenesis of increased bone loss.37 But the 

mechanisms of decreased BMD in T2DM are still unclear.

Although several studies have explored the association 

between serum lipid profiles and bone metabolisms, the 

literature is conflicting. Our findings are consistent with 

previous studies38,39 that found a negative relationship 

between HDL-C levels and BMD values. A previous study 

demonstrated that postmenopausal females who have never 

taken hormone replacement therapy show significantly 

higher cholesterol levels and lower BMD measurements in 

the lumbar spine than premenopausal females.40 A epidemio-

logical study of 375 premenopausal and 355 postmenopausal 

rural women in South Korea showed that levels of serum TC 

and LDL-C were inversely correlated with BMD.22 Further-

more, plasma LDL-C and HDL-C levels have been shown 

to be inversely and positively correlated with BMD in both 

males and females, respectively.38,41 In some studies, serum 

TG and HDL-C were found to be correlated with BMD, but 

Table 7 Correlation coefficients among age, height, weight, BMI, waistline, hipline, FBG, HDL-C, LDL-C, TC, TG, and OP in males 
and females

OP  Age Height Weight  BMI Waistline Hipline FBG HDL-C LDL-C TC TG

OP 0.168b 0.013 0.132b 0.145b 0.080a 0.113b 0.080a −0.153b −0.043 −0.024 0.101b

Age −0.260b −0.221b −0.085b 0.021 0.017 0.012 0.065a −0.129b −0.078a −0.096b −0.007
height 0.166b −0.328b 0.216b −0.228b 0.154b 0.185b 0.028 0.011 0.022 0.024 0.007
Weight 0.184b 0.002 0.321b 0.873b 0.437b 0.451b 0.103b −0.194b 0.026 0.020 0.185b

BMI 0.115b 0.171b −0.144b 0.867b 0.439b 0.436b 0.123b −0.216b 0.012 0.006 0.207b

Waistline 0.018 0.250b 0.040a 0.604b 0.639b 0.745b 0.154b −0.290b 0.036 0.020 0.315b

hipline 0.109b 0.179b 0.118b 0.703b 0.698b 0.706b 0.113b −0.267b 0.032 0.019 0.245b

FBg 0.113b 0.256b −0.103b 0.135b 0.193b 0.240b 0.162b −0.066a 0.070a 0.081b 0.126b

hDl −0.104b −0.086b 0.007 −0.220b −0.240b −0.232b −0.223b −0.176b 0.234b 0.363b −0.375b

lDl −0.022 0.083b −0.058b 0.031 0.064b 0.036a 0.017 0.060b 0.214b 0.844b 0.088b

TC −0.025 0.108b −0.073b −0.007 0.032b 0.002 −0.001 0.085b 0.320b 0.856b 0.271b

Tg 0.076b 0.170b −0.070b 0.226b 0.278b 0.247b 0.233b 0.277b −0.440b 0.148b 0.296b

Notes: The values in the lower triangle are the Pearson correlation coefficients for females. Pearson correlation coefficients for males are listed in the upper triangle. P,0.05 
was considered statistically significant, aP,0.05; bP,0.01.
Abbreviations: BMI, body mass index; FBg, fasting blood glucose; hDl, high-density lipoprotein; hDl-C, high-density lipoprotein cholesterol; lDl, low-density lipoprotein; 
lDl-C, low-density lipoprotein cholesterol; OP, osteoporosis; TC, total cholesterol; Tg, triglyceride.
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no relationship was seen between either TC or LDL-C and 

BMD.42–44 Li et al44 only focused on the postmenopausal Chi-

nese women; however, our studies focused on both men and 

women aged 40–95 years old, where data on this population 

are scarce. This is population-based and included a relatively 

large sample size.

In the present study, although the correlation coefficients 

among age, weight, BMI, waistline, hipline, FBG, HDL-C, 

TG and OP were weak, the large number of subjects in this 

study provide us with credible conclusions that these param-

eters were risk factors in OP.

To summarize, our study gives further insights into a 

comprehensive risk assessment for OP in the Chinese people, 

increasing our understanding of the effect of age, sex, height, 

weight, BMI, blood glucose, and serum lipids profiles, includ-

ing HDL-C, LDL-C, TC, and TG, on BMD. We found that 

women are more susceptible to suffer from OP than men in the 

Chinese people. The age at which the peak bone mass loss is 

reached in both men and women should be brought to the atten-

tion of researchers and clinicians. Weight and BMI have been 

shown to be key important variables relating to BMD. There 

also appears to be a significant bone mass loss in patients with 

T2DM, and the same is true for people who have high serum 

lipid levels, especially regarding the level of HDL-C. These 

variables and correlations which indicate BMD decline should 

be used in an effort to prevent and reduce the effect of OP.

This study also has several limitations. First, this study 

was involved individuals who took a health check in our 

hospital, as a result of which almost all subjects who were 

recruited to our study are older than 40 years old, and so 

we cannot discuss the BMD between young people and old 

people. Second, there is evidence that menopause modifies 

the association between age and BMD. However, we did not 

have access to such data from most female subjects to adjust 

for these parameters.
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