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Introduction
The diminution of hip bone mass or even 

osteoporosis affects a significant proportion of 
aged population worldwide. By 2018, China 
comprised 1/5 of the world’s population, of 
whom 12% (166.6/1395.4, in million) are 
aged ≥65 years. The population aging process 
is onto China, catching up with developed 
countries (1). In 2006 osteoporosis potentially 
affects 69,440,000 mainland Chinese people. In 
particular, it is estimated that 1 out of 9 women 
and 1 out of 20 men in the >50 population were 
affected by this disease, and resulted in 687,000 
osteoporosis-related hip fracture in China, 
accounting for 42% of total number 1,627,000 
worldwide in the same periods (2). There was 
reported that in 2010 osteoporotic fractures led to 
a costs of approximately 10 billion US dollars to 

the Chinese healthcare system. And this number 
and costs will grow to about 6 million fractures 
costing $25.4 billion annually by the year 2050 
(3).

Fragility fractures represent a clinical phase 
in the natural history of osteoporosis, as they 
also undermine a patient’s quality of life while 
burdening the health system. Such consequences 
including increased disability, social isolation, 
even partial or complete loss of autonomy in 
daily activities (4), brought about lose of 5.8 to 
7.8 disability adjusted life years (DALYs) in the 
lifetime course per patient on average (5). And 
expenses related both to surgical treatment and 
rehabilitation, were estimated to be about $2733 
to $5747 for a fragility fracture patients in 2013 in 
China (6). 

Despite its prevalence (in >50) and high 
economic and social burden, osteoporosis is 
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Abstract
Objective: We performed a systematic review and meta-analysis of cross sectional studies on 
measuring normal hip BMD.

Methods: The existing studies were conducted in mainland China from the year of 1993 to 2018. 
Participants were either recruited by population sampling, referred for BMD assessment at routine 
health checkup or volunteers. The outcomes were hip BMD at ROI of femoral neck and total 
hip. Methodological qualities were assessed using AHRQ cross-sectional study quality assessment 
scales. Meta-analysis was conducted applying RevMan software.

Results: 78 cross-sectional studies were retrieved concerning application of six types of DXA scanners 
in measuring normal hip BMD. The existing studies had reporting bias, participant selection bias 
and measurement bias. Meta-analysis was made only on two studies which had quality scores of 
6. Female Chinese Han had significantly lower femoral BMD values than US Caucasian women 
standard database from NHANES III (2005-2008) (P < 0.05). The planned subgroup analysis by 
5-year of age shows that there are heterogeneities of femoral mean BMD values in age groups of 
60~ 69 and over in men and 40~ 49 and over in women (P < 0.1).  
 
Conclusions: Chinese people have a significantly lower normal bone mineral density compared 
with US Caucasians and the hip BMD losses are distinctive after age of 60 years in men and 40 in 
women. Our study suggests high quality population-based longitudinal cohort studies on measuring 
normal hip BMD in future in China. 
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perceived as a less severe disease, with respect 
to cancer and acute myocardial infarction, both 
by the public and primary care physicians in 
China. Because of dietary pattern, lifestyle and 
behavioral risk factors, osteoporosis has become a 
serious social and public health problem in China 
(7). 

Efficient and accurate diagnostic constitute a 
fundamental support to clinical practice. For bone 
fracture prediction and the bone health screening, 
BMD (bone mineral density) or non-BMD 
measurements using DXA (Dual energy X-ray 
absorptiometry) instrument are popular in health 
care centers (8, 9). Up until now, many small 
sample size cross-sectional studies measuring 
normal femoral BMD have been available for 
Chinese people. To improve the quality of BMD 
measurement and fracture risk assessment and 
ultimately improve patient care, we performed 
a systematic review and meta-analysis on the 
methodological qualities as well as the effect size 
of the cross-sectional studies.

Method and materials 
Study selection and search strategy

Authors first identified the citations by 
searching the following electronic databases 
from inception to July 2018: PubMed, 
Cochrane Library, Chinese National Knowledge 
Infras t ructure  (CNKI,  1979–) ,  Chinese 
Biomedical Literature Database (CBM, 1978), 
WanFang database (1982–), and Chinese 
Scientific Journal Database (VIP, 1989–). The 
reviewers independently performed the screening 
of studies, selection, validation, data extraction, 
and assessment of methodological quality. 
Disagreements were resolved by consensus with 
the third author. We selected cross-sectional 
designed studies that investigated the normal 
femoral BMD value. The following search terms 
were used individually and in combination: 
"femoral", "femur", "hip", "neck", "trochanter", 
"Ward’s", "bone mineral density", "bone 
density", "normal reference range", "normal 
reference value", "Chinese", "dual-energy X-ray 
absorptiometry", "DEXA", "DXA", and "cross-
sectional study".

Inclusion criterion
Citations had to meet the following inclusion 

criteria: (1) cross-sectional study; (2) participants 
were Chinese Han ethnicity, ambulatory, living 
in China, in good health, with no medical 
complications or receiving treatment for 

conditions known to affect bone metabolism, 
including liver or renal failure, malignant tumor, 
hematological system diseases, rheumatological 
diseases, hyperthyroidism, diabetes mellitus, 
pr imary  hyperpara thyroid ism,  b i la tera l 
orchidectomy, pituitary or adrenal diseases; 
(3) outcome were femoral BMD (dividing the 
amount of bone mineral contents by the area 
measured, g/cm2) at hip ROI (Region of interest) 
measured using any type of central DXA 
instruments, and the hip ROI were defined (8) 
including: use femoral neck, or total proximal 
femur whichever the precision error is lowest; 
BMD may be measured at either hip. Female 
participants who were pregnant or lactating were 
excluded. There was no limitation for gender, 
occupation, educational level etc., except athletes 
were excluded.

Risk of bias (methodological quality) 
assessment

The methodological qualities and risk of biases 
of existing studies were assessed by two authors 
independently using the 9 items from scale of 
"AHRQ cross-sectional/prevalence study quality 
assessment forms" (10). Then risk bias scores 
were calculated with each item scored 1 point. 
Trials that met all the above criteria in regard to 
the impact on the BMD were judged as having 
a low risk of bias; trials which met none of the 
criteria were judged as having a high risk of 
bias and could not be recommended. Trials with 
insufficient information to classify were regarded 
as having an unclear risk of bias. Disagreements 
were resolved by discussion and consensus was 
made with involvement of the third author where 
necessary. We choose studies whose risk bias 
scores are ≥ 6 points for meta-analysis on the hip 
BMD.

Data analysis
Extractions of data were conducted by the 

reviewers independently using Microsoft Excel. 
The structured data extraction forms consisted of 
bibliographic information, type of DXA scanner, 
outcomes and measurements, risk of biases and so 
on. Meta-analysis was performed using RevMan 
5.3 software and the generic inverse variance 
meta-analysis for non-comparative studies was 
adopted to estimate the effect size of mean 
BMD (11). Estimated mean femoral BMD (g/
cm2) values at ROI were pooled in specific age, 
gender, types of DXA scanners. The effect size 
was presented as an estimation of mean with 
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95% confidence intervals (CIs). A fixed effects 
model was used unless there was evidence of 
heterogeneity. We assessed heterogeneity using 
the chi-squared test and/or I-squared statistic. 
We considered an α ≤ 0.1 and/or I2 ≥50 % was 
indicative of substantial heterogeneity. When 
heterogeneity was present, subgroup analysis was 
conducted according to planned age interval of 
5-year. Then based on interval estimation and 
statistical inference of population mean, we made 
a comparison between BMD levels of Chinese 
and that of US Caucasians taken from the 
database NHANES III (the third national health 
and nutrition examination survey) 2005-2008 (11) 
to elucidate trends of BMD changes between the 
two races.

Results 
Description of studies

Figure 1 outline the citation searching process 
and study selection. A total of 78 cross-sectional 
studies (N = 108,392) published from 1993 to 
2018 were retrieved. 76 articles were published in 
full in Chinese and two in English.

Participants were aged from 2 to 102 years 
old, and were from 23 administrative provinces 
or municipalities throughout China. Their 
femoral neck and total hip BMD were measured 
using central DXA systems available in their 
local hospital. The following types of DXA were 
used in the 78 studies: GE Lunar (42/78, 53%); 
Hologic (19/78, 24%); Norland (6/78, 7%); DMS 
Challenger (9/78, 11%); Medlink Osteocore 
(2/78, 3%); and I’ACN (2/78, 3%) (Two types 
of scanners were used in one study). The 
investigation intervals varied from 0.4 to 13.33 
years with a median of 3 years. Femoral BMD 
were measured at region of femoral neck (75/78, 
96%), total hip (11/78, 14%), trochanter (70/78, 
90%), inter-trochanter (5/78, 6%), and Ward’s 
triangle (Ward’s) (68/78, 87%) respectively.

Methodological qualities of the existing studies
The qualities of original studies were assessed 

as following, see Table 1. (1) The source of 
information of the existing studies was collected 
through cross-sectional studies in mainland 
Chinese Han. Of these, 77% (60/78) were clinical 
record reviews on routine health checkup; 14% 
(11/78) were surveys recruiting subjects based 
on population sampling; and 9% (7/78) indicated 
their subjects were volunteers. None of the studies 
reported a flow chart or a clinical trial identifier 
number. (2) Approximately 91% (71/78) of the 

studies listed inclusion and exclusion criteria for 
subjects, others only referred to ‘normal people’. 
(3) Roughly less than a half of the studies (33/78, 
42%) did not indicate the time period used for 
identifying subjects. (4) Overall, 24% (19/78) of 
the studies reported the radiologists of the BMD 
measurement were trained before investigation, 
and 54% (36/78) referred that quality control 
of the measurement was accomplished through 
periodical calibration on DXA instruments using 
anthropomorphic phantoms at its own health care 
center. (5) Approximately half (40/78, 51%) of 
the studies described the precision of test/retest 
of BMD measurements for quality assurance 
purposes. (6) About one fifth (17/78, 22%) of the 
studies described the proportion of the baseline 
confounding factors such as body weight, height, 
menstruation status, diet and eating habits. (7) 
None of the studies explained if any subjects were 
excluded from the analysis or how missing data 
were handled. In conclusion, 81% (63/78) of the 

Figure 1. Flow chart of literature search
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original studies had risk bias scores of less than 5, 
and less than 2% (2/78) had scores of 6 (12, 13).

Pooling results of hip BMD
Estimation of population means of hip BMD 

and its 95% confidence intervals
Among the 78 cross-sectional studies, only 

two surveys (12, 13) met the conditions for 
meta-analysis were included. Table 2 outlines 
the femoral BMD levels, pooling results and US 
Caucasians reference database. Highlight that 
normal bone losses are age related. The peak 
total hip BMD appears to be reached in the 20 
~ 29 years age group both in men and women 
respectively (female neck BMD appears highest 
at 30 ~ 39 age group). Subsequently they begin to 
lose mineral mass in the 40 ~ 49 year age group. 
Women from the age of 40 ~ 49 showed a faster 
rate of decline in mean BMD than men matched 
by age- group.

Subgroup analysis
Subgroup analysis of femoral BMD was 

explored by planned age interval of 5-year. There 
were heterogeneities of femoral mean BMD 
values in age group of 40~49 and over in women, 
and 60~69 and over in men (P < 0.1), See Table 
2.

Comparison of mean femoral BMD (g/cm2) 
value and statistical inference

Table 2 shows the comparison of female mean 
hip BMD in categories of Hologic QDR 4500 
between female Chinese and US Caucasians 
Standard Database of NHANES III (3). The 
Chinese normative BMD data partially overlaps 
head and tail with Caucasian BMD values. 
Female US Caucasians had a statistical significant 
higher femoral BMD value than Chinese women 
(9, 12-13) (P < 0.05).

Discussion
The societal and economic burden of 

osteoporosis are increasing as the population ages 
in China, as in other developing countries. BMD 
measurement and fracture risk prediction will 
continue to be needed. In our review, a variety of 
different central DXA instruments and techniques 
are applied by radiologists in different clinical 
settings in china. However due to practical 
limitations in the surveys such as time, budget, 
the process of measurement and outcome 
reporting of hip BMD in some studies might 
not met the official position of ISCD 2015 (The 
International Society for Clinical Densitometry) 
(8). Our review shows that the following 
methodological qualities need to be improved in 
future studies. 

Item reporting rate (%)

1) Define the source of information (survey, record review) 100

2) List inclusion and exclusion criteria for exposed and unexposed subjects (cases and controls) or refer to previous publications 91

3) Indicate time period used for identifying patients 42

4) Indicate whether or not subjects were consecutive if not population-based 0

6) Describe any assessments undertaken for quality assurance purposes (e.g., test/retest of primary outcome measurements) 51

7) Explain any patient exclusions from analysis 0

8) Describe how confounding was assessed and/or controlled. 22

9) If applicable, explain how missing data were handled in the analysis 0

10) Summarize patient response rates and completeness of data collection 4

Note: a) AHRQ: The Agency for Healthcare Research and Quality

The 5th and 11th item are no relevent to the risk bias assessment. 

(5) Indicate if evaluators of subjective components of study were masked to other aspects of the status of the participants. 

(11) Clarify what follow-up, if any, was expected and the percentage of patients for which incomplete data or follow-up was obtained

Note: a) AHRQ: The Agency for Healthcare Research and Quality; Note: a) AHRQ: The Agency for Healthcare Research and Quality; The 5th and 11th item are no relevent to the risk 
bias assessment; The 5th and 11th item are no relevent to the risk bias assessment; (5) Indicate if evaluators of subjective components of study were masked to other aspects of the status 
of the participants; (5) Indicate if evaluators of subjective components of study were masked to other aspects of the status of the participants; (11) Clarify what follow-up, if any, was 
expected and the percentage of patients for which incomplete data or follow-up was obtained; (11) Clarify what follow-up, if any, was expected and the percentage of patients for which 
incomplete data or follow-up was obtained

Table 1. AHRQ a) Cross-Sectional/Prevalence Study Quality Assessment Forms
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Methodological quality of the existing studies
There have been a number of methodological 

challenges to the majority of the original studies. 
(1) Reporting bias: this occurred when missing 
or inexplicit reporting some items relevant to 
cross-sectional survey on BMD measurement. 
These items are including baseline information 
(demographic and anthropometric data), flow 
chart of clinical studies, missing data and 
statistical disposal methods. They are valuable in 
reading the procedure of the original studies and 
in assessing its internal and external validities. 
And they are also critical in developing best 
clinical practices in the acquisition, interpretation, 
and clinical application of normal BMD. 
Additionally, we found that some studies selected 
reporting normal hip BMD at regions of Wards’ 
or other anatomic site rather than that at ROIs 
of femoral neck or total hip. These areas are 

not sensitive in predicting fracture risk based 
on ISCD official positions (8). (2) Participant 
selection bias: few of the existing studies 
reported that their sample was population-based, 
or mentioned consecutive subjects of clinical 
record review, so it was difficult to judge the 
integrity of data collection. Some study had small 
sample sizes (less than 30), which increases the 
likelihood of sampling error. Furthermore, their 
results of BMD have poor representativeness 
of the studied population. Small sample size in 
some groups also have lower statistical power, 
which could enlarge the width of normal 
mean hip BMD distribution leading to false 
negative statistical inference in diagnosis of 
osteoporosis. (3) Measurement bias: one half 
of the studies did not report key measurement 
parameters of precision or LSC, making it is 
impossible to differentiate whether risk bias was 

Study ID/DXA Gender & site Age groups Mean(SD)b of BMD n/n P Valuec I2c Mean [95% CI] d N e Mean(SD) from 
NHANES III e

Zhang ZL 2006 (12) Male /neck 20yr~ 0.899 (0.098)/0.866 (0.121) 55/47 0.13 55% 0.8846 [0.8525~0.9167] 285 0.948(0.124)

30yr~ 0.7880 (0.127)/0.8170 (0.113) 43/46 0.26 22% 0.8042 [0.7760~0.8324] 337 0.884(0.127)

Hologic QDR2000 40yr~ 0.7940 (0.108)/0.7920 (0.123) 45/65 0.93 0% 0.7729 [0.7712~0.8147] 329 0.871(0.121)

50yr~ 0.7790 (0.108)/0.7650 (0.104) 112/150 0.29 10% 0.7709 [0.7573~0.7844] 341 0.832(0.123)

60yr~ 0.7540 (0.115)/0.7320 (0.110) 257/238 0.03 79% 0.7430 [0.7214~0.7645] 309 0.807(0.123)

70yr~ 0.7290 (0.113)/0.7050 (0.127) 204/75 0.15 52% 0.7202 [0.6975~0.7429] 330 0.770(0.130)

80yr~ 0.7150 (0.112)/0.5990 (0.116) 36/12 0.002 89% 0.6603 [0.5468~0.7738] 214 0.734 (0.134)

Zhang ZL 2006 Male/ total hip 20yr~ 0.984 (0.115)/0.948 (0.117) 55/47 0.12 59% 0.9667 [0.9315~1.0020] 285 1.067(0.120)

30yr~ 0.880 (0.133)/0.907 (0.121) 43/46 0.32 0% 0.8952 [0.8690~0.9215] 337 1.029(0.134)

Hologic QDR2000 40yr~ 0.871 (0.113)/0.898 (0.131) 45/65 0.25 25% 0.8849 [0.8584~0.9113] 329 1.040(0.130)

50yr~ 0.906 (0.112)/0.892 (0.105) 112/150 0.3 5% 0.8976 [0.8842~0.9111] 341 1.015(0.142)

60 yr~ 0.872 (0.119)/0.856 (0.122) 257/238 0.14 54% 0.8642 [0.8486~0.8799] 309 0.997(0.137)

70 yr~ 0.844 (0.123)/0.801 (0.130) 204/75 0.01 84% 0.8243 [0.7823~0.8663] 330 0.961(0.143)

80 yr~ 0.821 (0.100)/0.690 (0.144) 36/12 0.003 88% 0.7610 [0.6331~0.8890] 214 0.917(0.157)

Liao EY 2002 (13) Female/ neck 20yr~ 0.797 (0.097)/0.781 (0.080) 130/112 0.16 49% 0.7885 [0.7729~0.8042]* 262 0.884(0.113)

30yr~ 0.804 (0.109)/0.805 (0.105) 152/196 0.93 0% 0.8046 [0.7934~0.8158]* 267 0.849(0.119)

Hologic QDR 4500A 40yr~ 0.791 (0.106)/0.772 (0.103) 445/387 0.001 86% 0.7816 [0.7629~0.8002]* 357 0.821(0.114)

50yr~ 0.730 (0.105)/0.680 (0.103) 244/192 <0.001 96% 0.7051 [0.6561~0.7541]* 291 0.763(0.122)

60yr~ 0.636 (0.087)/0.603 (0.090) 239/159 <0.001 92% 0.6198 [0.5875~0.6521]* 286 0.723(0.106)

70yr~ 0.591 (0.104)/0.543 (0.120) 110/74 0.005 87% 0.5680 [0.5210~0.6150]* 274 0.676(0.117)

Liao EY 2002 Female/ total hip 20yr~ 0.875 (0.106)/0.840 (0.083) 130/112 0.004 88% 0.8571 [0.8228~0.8914]* 262 0.971(0.114)

30yr~ 0.860 (0.114)/0.873 (0.116) 152/196 0.29 9% 0.8671 [0.8544~0.8798]* 267 0.955(0.125)

40yr~ 0.860 (0.107)/0.843 (0.109) 445/387 0.02 81% 0.8516 [0.8350~0.8683]* 357 0.944(0.131)

Hologic QDR 4500A 50yr~ 0.803 (0.104)/0.747 (0.1123) 244/192 <0.001 96% 0.7752 [0.7203~0.8301]* 291 0.893(0.133)

60yr~ 0.701 (0.103)/0.663 (0.096) 239/159 <0.001 93% 0.6822 [0.6449~0.7194]* 286 0.852(0.120)

70yr~ 0.641 (0.122)/0.586 (0.135) 110/74 0.005 87% 0.6145 [0.5607~0.6684]* 274 0.802(0.139)

Notes: b. Mean(SD) of femoral BMD classified by age intervals of 5-year for Chinese people scanned by Hologic QDR 4500A; c. Heterogeneity test across the Mean (SD) of femoral 
BMD; d. Pooling result of Mean of BMD; e. Reference data reported from NHANES III (2005-2008) for Non-Hispanic white scanned by Hologic QDR 4500C; * P < 0.05 comparison 
between pooling result and the reference data

Table 2. Meta-analysis of hip BMD (g/cm2) levels and heterogeneities test between subgroups
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introduced by the instrument or radiologist in 
BMD measurements or the data had systematic 
deviation. Failure to comply with manufacturers’ 
recommendations for routine device maintenance 
and quality control also might result in 
unreliable BMD measurements. Issues such as 
calibration shifts can also occur after moving a 
DXA system, following reassembly or breakage 
of its components. Regular measurement of a 
phantom will detect these changes and render 
the device can be recalibrated in time (8, 9). In a 
word, we recommend future researchers follow 
the official position from ISCD on measuring 
normal hip BMD (8) and the STROBE statement 
(Strengthening the Reporting of Observational 
Studies in Epidemiology) in reporting cross-
sectional /prevalence study. Our study certainly 
advocate training programs for DXA radiologists 
to improving the quality on evaluating hip 
BMD and certification program to encourage 
technologists and radiologists to keep their 
knowledge and skills current.

Trends of BMD changes and the comparison of 
hip BMD between Chinese and Caucasians

Our study shows bone diminutions in the hip 
begin relatively early in life, in the age group of 
40 ~ 49 years in Chinese women and men. First, 
these BMD changes are in general agreement with 
the trends of J C Stevenson (14) who stated that 
the peak femoral bone mineral density of both 
male and female Caucasians occurs around 30 
~ 35 years of age. Second, Chinese Han women 
have a statistically significant lower hip BMD 
level than age- matched American Caucasian 
women from previous research (9, 15). This 
might mainly due to the difference of their dietary 
calcium intakes and different food consumption 
patterns (8). A systematic review (16) on dietary 
calcium intakes from the year of 2000 to 2007 
found that the mean calcium intakes were 450.4 
mg/day for average Chinese adult, which were 
about half of dietary calcium assumption of 912 
± 217 mg/day for middle adults living in all parts 
of England from 1982 to 1989 (17). Except for 
lower calcium intake, environmental pollutions 
and sedentary lifestyle may also play a role 
for relatively lower level of hip bone mass for 
Chinese people (18, 19). 

Our review also advise that normal hip BMD 
levels might be classified by age interval of equal 
or less than 5-year for participants of 40 years 
and over in women and 60 and over in men in 
future studies. Considering the needs of long-term 

surveillance and assessment on the changes of 
BMD and risk factors, a design of population-
based randomized longitudinal cohort perspective 
study rather than cross-sectional studies would be 
recommended in future study in clinical practice 
(20). 

Conclusion
Chinese people have a significantly lower 

normal bone mineral density compared with US 
Caucasians and hip BMD losses are distinctive 
after age of 60 years in men and 40 in women. 
A well designed, national wide population-
based longitudinal prospective cohort study on 
measuring normal hip BMD is recommended in 
China. And tremendous efforts should pay for 
high-quality education programs for technologists 
and radiologists to assure their knowledge and 
competence, and sound methodology in BMD 
measurement to develop and update scientifically 
grounded best clinical practices in management of 
osteoporosis.
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