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The relationship between weight 
change and risk of hip fracture: 
meta-analysis of prospective 
studies
Qing-Bo Lv1, *, Xin Fu2, *, Hai-Ming Jin1, Hai-Chao Xu1, Zhe-Yu Huang1, Hua-Zi Xu1, Yong-
Long Chi1 & Ai-Min Wu1

The relationship between weight change and risk of hip fracture is still controversial. We searched 
PubMed and Embase for studies on weight change and risk of hip fracture. Eight prospective studies 
were included. The weight loss studies included 85592 participants with 1374 hip fractures, and 
the weight gain studies included 80768 participants with 732 hip fractures. Weight loss is more 
likely a risk factor of hip fracture, with an adjusted RR (Relative Risk) (95% CI) of 1.84 (1.45, 2.33). 
In contrast, weight gain can decrease the risk of hip fracture, with an adjusted RR (95% CI) of 0.73 
(0.61, 0.89). Dose-response meta-analysis shows that the risk of hip fracture is an ascending curve, 
with an increase of weight loss above the line of RR = 1; this trend is consistent with the results of 
forest plots that examine weight loss and hip fracture. For weight gain and risk of hip fracture, the 
descending curve below the line of RR = 1; this trend is consistent with the results of forest plots that 
examine weight gain and hip fracture. Our meta-analysis suggests that weight loss may be a risk 
factor for hip fracture and that weight gain may be a protective factor for hip fracture.

Fracture has increasingly become a main cause of morbidity in the population as well as a significant 
global health concern1,2. As the ageing population increases, fracture is predicted to increase in the 
future3–5, with studies suggesting that the number of hip fractures in the world will increase to 6.26 
million by 2050. To decrease the incidence of fracture, medical personnel need to be knowledgeable of 
its risk factors and protective factors6–8.

There are many factors that may promote the risk of or protection from fracture, such as vitamin D, 
vitamin A and smoking status9–11. Whether weight change is a risk or a protective factor for hip fracture 
is an important and still controversial issue12–15.

Langlois et al.12 followed 2413 white men (8-year follow-up with 13620 person-years) and found that 
the participants who experienced more than 10% weight loss had an increased risk of hip fracture but 
that those who experienced more than 10% weight gain had protection against the risk of hip fracture. 
Researchers supposed that weight loss may reduce mechanical loading, which is important to stimulate 
bone formation and increase bone mineral density16. Poor health and muscle loss associated with weight 
loss may also increase hip fracture risk in people who lose weight17. Similar results indicating that weight 
loss increases the likelihood of hip fracture were reported by Ensrud et al.18.

However, in the study conducted by Meyer et al.14, the weight loss group did not show a significant 
increase in hip fracture risk compared with the weight unchanged group. In contrast, French et al.15 
reported that weight gain did not significantly increase or decrease the risk of hip fracture, with an RR 
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of 0.96 (0.59, 1,57). Similar results were reported in the study by Langlois et al.13, who found that weight 
gain did not significantly decrease the risk of hip fracture; in their study, the samples were separated into 
three groups according to BMI (BMI < 23.0; 25.9 > BMI > 23.0; BMI > 26.0). Their results showed that 
none of the groups exhibited a significant decrease in the risk of hip fracture, with RR =  1.2 (0.6, 2.4); 
0.8 (0.3, 1.8); and 0.6 (0.2, 1.9), respectively.

Because the results reported by previous studies were inconsistent, the purpose of the meta-analysis 
that we conducted was to determine the relationship between weight gain/loss and the risk of hip fracture 
based on current evidence from prospective studies.

Methods
The present study accords with the preferred reporting items for systematic review and meta-analyses 
(PRISMA) guidelines (Checklist S1).

Search strategy. We conducted a literature search in PubMed and Embase on Oct. 16, 2014 using 
the following keywords: 1) weight variability, or weight change, or weight loss, or weight gain; 2) hip 
fractures or hip fracture; and 3) cohort study, cohort studies, prospective study, or prospective studies, 
or longitudinal study. The “related article” function was also used during the search; the references for 
retrieved articles were manually searched to avoid initial misses.

Selection criteria. We included studies in this meta-analysis based on the following criteria: (1) 
Designed as a prospective cohort study; (2) exposure of interest included either weight variability, weight 
change, weight loss, or weight gain; (3) primary outcome of interest was hip fracture; and (4) relative 
risk (RR) estimates with 95% CI (confidence interval) were reported or could be calculated using the 
reported data. If multiple studies used the same dataset, only the one with more detailed or updated data 
was included in this meta-analysis. All potential studies were reviewed independently for eligibility by 
two authors; disagreements were discussed and resolved with a third independent author.

Data extraction. Two authors independently evaluated all of the relevant articles to identify eligible 
studies from the PubMed and Embase databases; the third author checked for consistency between the 
authors. We also extracted the study characteristics for each trial, and the following data were recorded: 
first author’s last name; publication year; country in which the study was performed; study period; sam-
ple size (cases and controls or cohort size); gender and age of participants; measure and range of expo-
sure; variables adjusted for analysis; and RR estimates with corresponding 95% CI for each category of 
weight variability, weight change, weight loss, or weight gain levels. If there were two or more RRs of 
different potential confounders, we extracted the RRs that reflected the greatest degree of control for 
potential confounders. We contacted authors of the primary studies for additional information when 
necessary. The study quality was assessed by using the nine-star Newcastle-Ottawa Scale19.

Statistical analysis. We used RR and combined the estimates using a random-effects model20–22 with 
the 95% CI to obtain a common measure of the relationship between weight change and the risk of hip 
fracture across studies. To obtain more accurate results, the RRs and 95% CIs of both the largest loss and 
the largest gain vs. the least changes RR category were separately pooled for synthesis.

We also conducted a meta-analysis examining the potential nonlinear dose-response between weight 
loss/gain and risk of hip fractures using restricted cubic splines with four knots at percentiles 5%, 35%, 
65% and 95% of the distribution23. The dose-response meta-analysis was conducted according to the 
random-effects meta regression model, as reported by Greenland and Longnecker and Orsini et al.24,25. 
To make the included studies consistent, all of the percentage values (%) were calculated as weight values 
(Kg).

Statistical heterogeneity was evaluated using the Q (χ 2) and I2 statistics26; p >  0.10 and I2 <  30% were 
defined as not having significant heterogeneity. Sensitivity analysis was evaluated by determining whether 
the remaining results would be markedly affected after removing one study. To conduct the sensitivity 
analysis, each study involved in the meta-analysis was singly deleted to determine the influence of the 
individual data set on the pooled RRs after each removal. Potential publication bias was evaluated using 
the Egger regression asymmetry test27. All statistical tests were performed using STATA software (version 
12.0; Stata Corp, College Station, TX, USA).

Results
Literature search. The method used to select the studies included in this meta-analysis is shown in 
Fig. 1. Three hundred sixty-five potential records were identified from the databases, including one hun-
dred forty-four duplicated articles. One hundred ninety-five papers were excluded by abstract screen, and 
twenty-six full articles were retrieved. Fourteen articles were excluded because they were not related to 
weight change and hip fracture; one was a review, one was from the same site as another included study, 
one examined patients after hip fracture, and the data could not be extracted from another. Finally, five 
weight change studies12–15,28 and three weight loss only studies18,29,30 were included in this meta-analysis. 
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Meyer et al.31 published a study in 1995 that was updated in 199814; therefore, only the 1998 article was 
included.

Study characteristics. The characteristics of the included weight loss studies are shown in Table 1, 
and the weight gain studies are shown in Table  2. The weight loss studies included 85592 participants 
with 1374 hip fracture cases, and the weight gain studies included 80768 participants with 732 hip 
fracture cases. The detailed results of study quality based on the nine-star Newcastle-Ottawa Scale are 
shown in Table 3.

Weight change and hip fracture risk. Eight studies12–15,18,28–30 examined the relationship between 
weight loss and risk of hip fracture. In addition, five studies12–15,28 evaluated the relationship between 
weight gain and risk of hip fracture. The results of the meta-analysis are shown in Figs  2 and 3. The 
results from the present meta-analysis for the highest versus reference category showed that the adjusted 
relative risks (RR) of weight loss and weight gain related to hip fracture were 1.84 (1.45, 2.33) and 0.73 
(0.61, 0.89), respectively. Statistically significant evidence of heterogeneity was found in weight loss stud-
ies (I2 =  67.4%, P =  0.001) but not in weight gain studies (I2 =  0.0%, P =  0.636). A sensitivity analysis of 
weight loss found that there was no significant change when any one study was omitted. Egger’s test 
showed there was no significant publication bias, with P =   0.317 for weight loss studies and P =  0.294 
for weight gain studies.

Dose-response meta-analysis. Only four12,14,28,29 of the eight studies on weight loss and risk of hip 
fracture and three12,14,28 of the five studies on weight gain and risk of hip fracture met the dose-response 
meta-analysis criteria (Fig. 4). The result of generalised least-squares regression for weight gain and the 
adjusted RR of hip fracture was a descending curve below the line of RR =  1 (Fig. 4A); for weight loss 
and the adjusted RR of hip fracture, it was an ascending curve above the line of RR =  1 (Fig. 4B). The 
line trend of the dose response meta-analysis was consistent with the results of the forest plots shown 
in Figs 2 and 3.

Discussion
Many studies have been conducted to evaluate the risk factors for fracture due to the increased preva-
lence of fracture. Low body mass index (BMI) has been proven to be a risk factor for fracture, especially 
fracture of the hip32,33. Moreover, obesity has been reported to decrease the risk of hip fracture34. Other 
factors such as smoking and the vitamin D and vitamin A levels have also been proven to influence the 
risk of fracture9–11. Weight change (including weight gain and weight loss) has been considered an impor-
tant factor influencing the risk of hip fracture12–15,28–30. We conducted this meta-analysis to systematically 
evaluate the relationship between weight change and risk of hip fracture.

Figure 1. The selection of literature for included studies. 
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Our meta-analysis shows that weight loss can increase the risk of hip fracture. Compared with the 
reference group of people who maintain a stable weight, those who experience weight loss are more likely 
to develop hip fracture, with an adjusted RR =  1.84, 95% CI (1.45, 2.33). There are several reasons why 
weight loss can cause bone loss and increase the risk of hip fracture. People who experience weight loss, 
whether voluntary or involuntary, may decrease their intake of the nutrients that are required to maintain 
bone mineral density, such as protein, calcium, and vitamin D35; a deficiency in these may contribute to 
bone loss36. Furthermore, the decreased strain on the bones imposed by lower body mass due to weight 

Source
No. of 

participants Location/Period Gender
Age  

(years) No. of casesa Measure/Range of Loss
Study  

Qualityb Adjustment for Covariatesc

Langlois  
et al. 1998 2413 United States 

1985–1992 M 67–104 72 HF Weight Loss: Q1≤ 5% 
5% < Q2 < 10% Q3≥ 10% 7

BMI at age 50 year, age, number 
of medical conditions, low 
mental status score, physical 
disability.

Langlois 
et al. 2001 2180 United States 

1982–1992 F 50–74 171 HF Weight Loss: Q1≤ 5% 
5% < Q2 < 10% Q3≥ 10% 8

BMI, age at baseline; cigarette 
smoking (current, former, 
never); history of chronic 
diseases based on self-reported 
doctors’ diagnoses of bronchitis, 
thyroid disease, diabetes, kidney 
disease, heart disease or stroke; 
and alcohol consumption (none 
or any consumed in the past 
year).

Meyer  
et al. 1998 39089 Norway 1974–1978 F:19938  

M:19151 37–58 207HF

Weight Loss (kg/12 years): 
F:Q1:Loss of 1.3 to gain 
of 1.5 Q2:Loss of > 1.3 

M:Q1:Loss of 0.9 to gain of 
2.0 Q2:Loss of > 0.9

9

Age at screening, weight 
variability (root mean square 
error), mean body mass index, 
body height, self-reported 
physical activity at work and 
during leisure, diabetes mellitus, 
disability pension, marital status 
and smoking habits.

Amador 
 et al. 
2006

1749 United States 
1993–2001

F: 1008  
M: 741 ≥ 65 18HF Weight Loss: Q1≤ 10% 

Q2 > 10% 7

Sociodemographic variables 
included age and gender, 
smoking status, medical 
conditions, depressed 
symptomatology, BMI, waist 
circumference, grip strength.

Langlois  
et al. 1996 3683 United States 

1983–1992 F 67–104 253HF Weight Loss: Q1≤ 5% 
5% < Q2 < 10% Q3≥ 10% 8

Age at baseline, body mass 
index at age 50 years, cigarette 
smoking, alcoholconsumption in 
the past year, number of medical 
conditions, impaired mobility, 
and use of thiazide diuretics.

Ensrud  
et al. 2003 6785 United States 

1986–2001 F ≥ 65 400HF Weight Loss: Q1<5% 
Q2≥ 5% 8

Age, health status, smoking, 
physical activity, medical 
conditions, history of fracture, 
BMI, neuromuscular function, 
and hipbone density.

Mussolino  
et al. 1998 2879 United States 

1982–1992 M 45–74 71HF Weight Loss: Q1≤ 5% 
5%<Q2<10% Q3≥ 10% 8

Self-reported data on age at 
baseline, previous fractures 
other than hip (none, any), 
smoking status (current, not 
current), alcohol consumption 
in the past year (none, any), 
nonrecreational physical activity 
(much, moderate, little or 
no exercise), chronic disease 
prevalence, calcium intake (mg/
day), calories (kcal/day), protein 
consumption (g/day), and weight 
loss from maximum.

French  
et al. 1996 33834 United States 

1986–1992 F 55–69 182HF Weight loss: Q1≤ 10% 
Q2>10% 7

Baseline values of age, waist/hip 
ratio, BMI, BMI2, smoking status 
(never, former, current), pack 
years of cigarettes, education 
(< high school, high school, 
> high school), physical activity 
(low, medium, high), alcohol 
(0, < 4, ≥ 4 g/d), marital status 
(yes/no), hormone replacement 
(never, former, current).

Table 1.  Characteristics of Prospective Studies on Weight Loss and Hip Fracture. aHF: Hip fracture. 
bStudy quality was judged based on the Newcastle-Ottawa Scale (range, 1–9 stars). cBMI: body mass index; 
BMD: Bone mineral density.
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loss may lead to decreased bone mineral density and impaired structural integrity of the bones34. In 
addition, people with involuntary weight loss may have more indicators of impaired health, which may 
be both the cause of weight loss and a risk for both decreased bone mineral density and increased falls 
and fracture37–39. Finally, according to some studies, weight loss may be connected with hormone levels, 
including the reduction of growth hormone40, increases of serum glucocorticoids41, and an unbalanced 
disturbance of central and peripheral leptin levels42. These changes can cause the observed weight loss 
and lower bone mineral density.

Statistically significant evidence of heterogeneity was found among the weight loss studies (I2 =  67.4%, 
P =  0.001), and the sensitivity analysis found no significant change after any study was omitted (Figure 
S1). Differences in study participants’ race, participants’ BMI and follow-up duration among the studies 

Source
No. of 

participants Location/Period Gender
Age 

(years)
No. of 
casesa Measure/Range of Loss

Study 
Qualityb Adjustment for Covariatesc

Langlois 
 et al. 1998 2413 United States 

1985–1986 M 67–104 72 HF Weight Gain: Q1≤ 5% 
5%<Q2<10% Q3≥ 10% 7

BMI at age 50 year, number of 
medical conditions, low mental 
status score, physical disability.

Meyer 
 et al. 1998 39089 Norway 1974–1978 F:19938 M:19151 37–58 207HF

Weight Gain(kg/12 years): F:Q1: 
Loss of 1.3 to gain of 1.5 Q2: 
Gain of 1.6 to 4.6 Q3:Gain of 
≥  4.7 M:Q1: Loss of 0.9 to gain 

of 2.0 Q2: Gain of 2.1 to 5.2 
Q3:Gain of ≥ 5.3

9

Age at screening, weight variability 
(root mean square error), mean 
body mass index, body height, 
self-reported physical activity at 
work and during leisure, diabetes 
mellitus, disability pension, marital 
status and smoking habits.

Amador  
et al. 2006 1749 United States 

1993–2001 F: 1008 M: 741 ≥ 65 18HF Weight Gain: Q1≤ 10% Q2>10% 7

Sociodemographic variables 
included age and gender, smoking 
status, medical conditions, 
depressed symptomatology, BMI, 
waist circumference, grip strength.

French  
et al. 1996 33834 United States 

1986–1992 F 55–69 182HF Weight Gain: Q1< 10% Q2>10% 7

Baseline values of age, waist/hip 
ratio, BMI, BMI2, smoking status 
(never, former, current), pack years 
of cigarettes, education (< high 
school, high school, > high school), 
physical activity (low, medium, 
high), alcohol (0, < 4, ≥ 4 g/d), 
marital status (yes/no), hormone 
replacement (never, former, 
current).

Langlois  
et al. 1996 3683 United States 

1983–1992 F 67–104 253HF Weight Gain: Q1≤ 5% 
5%<Q2<10% Q3≥ 10% 8

Age at baseline, body mass index 
at age 50 years, cigarette smoking, 
alcohol consumption in the past 
year, number of medical conditions, 
impaired mobility, and use of 
thiazide diuretics.

Table 2.  Characteristics of Prospective Studies on Weight Gain and Hip Fracture. aHF: Hip fracture. 
bStudy quality was judged based on the Newcastle-Ottawa Scale (range, 1–9 stars). cBMI: body mass index; 
BMD: bone mineral density.

Selection Outcome assessment

Study (authors, year)
Representativeness of 

the exposed cohort

Selection 
of the 

nonexposed 
cohort

Ascertainment of 
exposure

Incident 
disease Comparability

Assessment 
of outcome

Length 
of follow 

up

Adequacy 
of follow 

up Score

Langlois et al. 1998 * * * * * — * * *******

Langlois et al. 2001 * * — * ** * * * ********

Meyer et al. 1998 * * * * ** * * * *********

Amador et al. 2006 * * — * ** * — * *******

Langlois et al. 1996 * * — * ** * * * ********

Ensrud et al. 2003 * * * * * * * * ********

Mussolinoet al. 1998 * * — * ** * * * ********

French et al. 1996 * * — * ** — * * *******

Table 3.  Assessment of quality of included studies on the use of Nine-Star Newcastle-Ottawa Scale. 
Note One asterisk means one score, studies with more scores on behalf of higher quality.
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Figure 2. Adjusted Relative Risks of hip fracture for the highest vs. reference category of weight loss. 

Figure 3. Adjusted Relative Risks of hip fracture for the highest vs. reference category of weight gain. 

Figure 4. Dose-response relationship between weight gain (A) and weight loss (B) and relative risk of 
hip fracture. The solid line represents adjusted relative risk, and dotted lines represent the 95% confidence 
intervals for the fitted trend. The adjusted RR of weight gain is a descending curve below the line of RR =  1, 
whereas the adjusted RR of weight loss is an ascending curve above the line of RR =  1. The line trend of 
dose-response meta-analysis is consistent with the results of the forest plots in Figs 2 and 3.
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may be the source of heterogeneity. Therefore, because heterogeneity cannot be eliminated in this study, 
we suggest that this result should be interpreted with caution.

Compared with weight loss, weight gain may contribute to increased bone mineral density and a 
decreased risk of hip fracture. Three factors may induce increased bone mineral density: increased 
adipose-based production of oestrogens, increased gravitational force on bone, and decreased likelihood 
of injury in the event of a fall. Specifically, falling injury is less likely because the increased protec-
tive padding around the hip can decrease the impact force to the joint43,44. Additionally, some people 
who gain weight may have a lower level of physical activity, thus reducing their exposure to the risk 
of falling12. However, people with weight gain may exhibit a heavy body, which is associated with the 
presence of medical conditions including physical disability45, a low mental status score, a low level of 
physical activity, and current tobacco use46,47. Increased weight may also contribute to an increased risk 
of hip fracture; therefore, the assignment of weight gain as a protective or risk factor for hip fracture 
is inconsistent. This meta-analysis shows that weight gain can decrease the risk of hip fracture, with an 
adjusted RR =  0.73, 95%; CI: 0.61 to 0.89; no significant heterogeneity was observed. Although most of 
the included studies did not show a significant difference, the pooled analysis revealed that weight gain 
can decrease the risk of hip fracture by approximately 27%. The result of the dose-response analysis is a 
descending curve below the line of RR =  1. The line trends of the dose-response meta-analysis for both 
weight gain and weight loss are consistent with the results of the forest plots.

Strengths of this study. To the best of our knowledge, this is the first systematic review and 
meta-analysis of the relationship between weight variability and risk of hip fracture in prospective stud-
ies. In this article, we carried out an extensive quality assessment and investigated heterogeneity with 
sensitivity analyses. Our quantitative assessment is based on prospective studies, which overcome the 
shortcomings of recall or selection bias in retrospective studies. In addition, study-specific RR estimates 
were combined using a random-effects model, which considers both within- and between-study varia-
tions21. Moreover, the long duration of follow-up and the large number of participants are two additional 
strengths of this meta-analysis.

Limitations of this study. There are several limitations to this meta-analysis. First, we did not 
perform a subgroup analysis by gender and age. Additionally, the “pre-study weight” (overweight or 
non-overweight) and the willingness to “try to lose weight” (intentional versus unintentional weight 
loss) may influence the risk of fracture. Ensrud et al.18 reported that if the BMI <  25.9 kg/m2, no sig-
nificant difference was found in the intentional weight loss group, with a RR of hip fracture of 2.00 
(0.83–4.80). However, a significant difference was found in the unintentional weight loss group, within 
which the RR of hip fracture was 1.47 (1.11, 1.94). If the BMI >  25.9 kg/m2, both the intentional and 
unintentional weight loss groups had a significantly different RRs: 2.48 (1.33, 4.62) and 2.45 (1.49, 4.04), 
respectively. Therefore, it could be suggested that intentional weight loss in the non-overweight popula-
tion (BMI <  25.9 kg/m2) will not increase the risk of hip fracture, while unintentional weight loss in the 
non-overweight population (BMI <  25.9 kg/m2) and both intentional and unintentional weight loss in 
the overweight population (BMI >  25.9 kg/m2) will increase the risk of hip fracture. Unfortunately, only 
one study provided RR data for intentional and unintentional weight loss and the risk of hip fracture; 
therefore, a meta-analysis could not be performed. Furthermore, we could not estimate some of the 
confounding factors that were inherent in the included studies. Statistically significant evidence of heter-
ogeneity was found in weight loss studies, though we performed a sensitivity analysis of weight loss and 
found there was little change to the direction of effect when any one study was excluded. Moreover, due 
to a lack of critical data, not all of the studies met the requirement for the dose-response meta-analysis. 
Finally, the measurement of weight change in most previous studies did not consider relative fat and lean 
mass change, though the gain in fat mass may have a negative effect on BMD, thus further influencing 
the risk of hip fracture. Therefore, this could be a direction for future research.

Conclusion
This meta-analysis of prospective studies finds that weight loss may increase the risk of hip fracture but 
that weight gain may decrease the risk of hip fracture.

References
1. Cummings, S. R. & Melton, L. J. Epidemiology and outcomes of osteoporotic fractures. Lancet 359, 1761–1767, doi: 10.1016/

s0140-6736(02)08657-9 (2002).
2. Delmas, P. D. Treatment of postmenopausal osteoporosis. Lancet 359, 2018–2026, doi: S0140-6736(02)08827-X(2002).
3. Strom, O. et al. Osteoporosis: burden, health care provision and opportunities in the EU: a report prepared in collaboration with 

the International Osteoporosis Foundation (IOF) and the European Federation of Pharmaceutical Industry Associations (EFPIA). 
Archives of osteoporosis 6, 59–155, doi: 10.1007/s11657-011-0060-1 (2011).

4. Cooper, C., Campion, G. & Melton, L. J. HIP-FRACTURES IN THE ELDERLY - A WORLDWIDE PROJECTION. Osteoporosis 
International 2, 285–289, doi: 10.1007/bf01623184 (1992).

5. Gullberg, B., Johnell, O. & Kanis, J. A. World-wide projections for hip fracture. Osteoporosis International 7, 407–413, doi: 
10.1007/pl00004148 (1997).

6. Chudyk, A. M., Ashe, M. C., Gorman, E., Al Tunaiji, H. O. & Crossley, K. M. Risk of hip fracture with hip or knee osteoarthritis: 
a systematic review. Clinical Rheumatology 31, 749–757, doi: 10.1007/s10067-012-1970-z (2012).



www.nature.com/scientificreports/

8Scientific RepoRts | 5:16030 | DOi: 10.1038/srep16030

7. Johnell, O. et al. Predictive value of BMD for hip and other fractures. Journal of Bone and Mineral Research 20, 1185–1194, doi: 
10.1359/jbmr.050304 (2005).

8. Visschedijk, J., Achterberg, W., van Balen, R. & Hertogh, C. Fear of Falling After Hip Fracture: A Systematic Review of 
Measurement Instruments, Prevalence, Interventions, and Related Factors. Journal of the American Geriatrics Society 58, 
1739–1748, doi: 10.1111/j.1532-5415.2010.03036.x (2010).

9. Kanis, J. A. et al. Smoking and fracture risk: a meta-analysis. Osteoporos Int 16, 155–162, doi: 10.1007/s00198-004-1640-3 (2005).
10. Wu, A. M. et al. The relationship between vitamin A and risk of fracture: meta-analysis of prospective studies. J Bone Miner Res 

29, 2032–2039, doi: 10.1002/jbmr.2237 (2014).
11. Bischoff-Ferrari, H. A. et al. Fracture prevention with vitamin D supplementation: a meta-analysis of randomized controlled 

trials. JAMA 293, 2257–2264, doi: 293/18/2257(2005).
12. Langlois, J. A. et al. Hip fracture risk in older white men is associated with change in body weight from age 50 years to old age. 

Archives of Internal Medicine 158, 990–996, doi: 10.1001/archinte.158.9.990 (1998).
13. Langlois, J. A., Harris, T., Looker, A. C. & Madans, J. Weight change between age 50 years and old age is associated with risk of 

hip fracture in white women aged 67 years and older. Archives of Internal Medicine 156, 989–994, doi: 10.1001/archinte.156.9.989 
(1996).

14. Meyer, H. E., Tverdal, A. & Selmer, R. Weight variability, weight change and the incidence of hip fracture: A prospective study 
of 39000 middle-aged norwegians. Osteoporosis International 8, 373–378, doi: 10.1007/s001980050077 (1998).

15. French, S. A. et al. Weight variability and incident disease in older women: The Iowa Women’s Health Study. International Journal 
of Obesity 21, 217–223, doi: 10.1038/sj.ijo.0800390 (1997).

16. Edelstein, S. L. & Barrett-Connor, E. Relation between body size and bone mineral density in elderly men and women. Am J 
Epidemiol 138, 160–169 (1993).

17. Forbes, G. B. Lean body mass-body fat interrelationships in humans. Nutr Rev 45, 225–231 (1987).
18. Ensrud, K. E. et al. Intentional and unintentional weight loss increase bone loss and hip fracture risk in older women. Journal 

of the American Geriatrics Society 51, 1740–1747, doi: 10.1046/j.1532-5415.2003.51558.x (2003).
19. Stang, A. Critical evaluation of the Newcastle-Ottawa scale for the assessment of the quality of nonrandomized studies in meta-

analyses. European Journal of Epidemiology 25, 603–605, doi: 10.1007/s10654-010-9491-z (2010).
20. Larsson, S. C., Orsini, N. & Wolk, A. Vitamin B6 and risk of colorectal cancer: a meta-analysis of prospective studies. JAMA 303, 

1077–1083, doi: 10.1001/jama.2010.263 (2010).
21. DerSimonian, R. & Laird, N. Meta-analysis in clinical trials. Control Clin Trials 7, 177–188, doi: 0197-2456(86)90046-2 (1986).
22. Wu, A. M. et al. The Relationship between Dietary Protein Consumption and Risk of Fracture: a subgroup and dose-response 

meta-analysis of prospective cohort studies. Sci Rep 5, 9151, doi: 10.1038/srep09151 (2015).
23. Harrell, F. E., Lee, K. L. & Pollock, B. G. REGRESSION-MODELS IN CLINICAL-STUDIES - DETERMINING RELATIONSHIPS 

BETWEEN PREDICTORS AND RESPONSE. Journal of the National Cancer Institute 80, 1198–1202, doi: 10.1093/jnci/80.15.1198 
(1988).

24. Greenland, S. & Longnecker, M. P. METHODS FOR TREND ESTIMATION FROM SUMMARIZED DOSE-RESPONSE DATA, 
WITH APPLICATIONS TO METAANALYSIS. American Journal of Epidemiology 135, 1301–1309 (1992).

25. Orsini, N., Bellocco, R. & Greenland, S. Generalized least squares for trend estimation of summarized dose-response data. Stata 
Journal 6, 40–57 (2006).

26. Higgins, J. P. T. & Thompson, S. G. Quantifying heterogeneity in a meta-analysis. Statistics in Medicine 21, 1539–1558, doi: 
10.1002/sim.1186 (2002).

27. Egger, M., Smith, G. D. & Schneider, M. & Minder, C. Bias in meta-analysis detected by a simple, graphical test. British Medical 
Journal 315, 629–634 (1997).

28. Amador, L. F., Al Snih, S., Markides, K. S. & Goodwin, J. S. Weight change and mortality among older Mexican Americans. Aging 
Clinical and Experimental Research 18, 196–204 (2006).

29. Langlois, J. A. et al. Weight loss from maximum body weight among middle-aged and older white women and the risk of hip 
fracture: The NHANES I epidemiologic follow-up study. Osteoporosis International 12, 763–768, doi: 10.1007/s001980170053 
(2001).

30. Mussolino, M. E., Looker, A. C., Madans, J. H., Langlois, J. A. & Orwoll, E. S. Risk factors for hip fracture in white men: The 
NHANES I Epidemiologic Follow-up Study. Journal of Bone and Mineral Research 13, 918–924, doi: 10.1359/jbmr.1998.13.6.918 
(1998).

31. Meyer, H. E., Tverdal, A. & Falch, J. A. CHANGES IN BODY-WEIGHT AND INCIDENCE OF HIP FRACTURE AMONG 
MIDDLE-AGED NORWEGIANS. British Medical Journal 311, 91–92 (1995).

32. Nasser, K. M., Obiols, A. Q. & Silverman, S. L. Identifying Individuals at Risk for Fracture in Guatemala. Plos One 6, doi: 10.1371/
journal.pone.0028042 (2011).

33. Sienkiewicz, E. et al. Long-term metreleptin treatment increases bone mineral density and content at the lumbar spine of lean 
hypoleptinemic women. Metabolism-Clinical and Experimental 60, 1211–1221, doi: 10.1016/j.metabol.2011.05.016 (2011).

34. Tang, X. et al. Obesity and Risk of Hip Fracture in Adults: A Meta-Analysis of Prospective Cohort Studies. Plos One 8, doi: 
10.1371/journal.pone.0055077 (2013).

35. DawsonHughes, B., Harris, S. S., Krall, E. A. & Dallal, G. E. Effect of calcium and vitamin D supplementation on bone, density 
in men and women 65 years of age or older. New England Journal of Medicine 337, 670–676, doi: 10.1056/nejm199709043371003 
(1997).

36. Orwoll, E. S. THE EFFECTS OF DIETARY-PROTEIN INSUFFICIENCY AND EXCESS ON SKELETAL HEALTH. Bone 13, 
343–350, doi: 10.1016/8756-3282(92)90081-7 (1992).

37. Cummings, S. R. et al. RISK-FACTORS FOR HIP FRACTURE IN WHITE WOMEN. New England Journal of Medicine 332, 
767–773, doi: 10.1056/nejm199503233321202 (1995).

38. Holbrook, T. L. & Barrettconnor, E. THE ASSOCIATION OF LIFETIME WEIGHT AND WEIGHT CONTROL PATTERNS 
WITH BONE-MINERAL DENSITY IN AN ADULT COMMUNITY. Bone and Mineral 20, 141–149, doi: 10.1016/s0169-
6009(08)80023-2 (1993).

39. Jensen, L. B., Quaade, F. & Sorensen, O. H. BONE LOSS ACCOMPANYING VOLUNTARY WEIGHT-LOSS IN OBESE 
HUMANS. Journal of Bone and Mineral Research 9, 459–463 (1994).

40. Slootweg, M. C. & GROWTH-HORMONE A. N. D. BONE. Hormone and Metabolic Research 25, 335–343, doi: 
10.1055/s-2007-1002115 (1993).

41. Greendale, G. A., Unger, J. B., Rowe, J. W. & Seeman, T. E. The relation between cortisol excretion and fractures in healthy older 
people: Results from the MacArthur studies - Mac. Journal of the American Geriatrics Society 47, 799–803 (1999).

42. Thomas, T. et al. Role of serum leptin, insulin, and estrogen levels as potential mediators of the relationship between fat mass 
and bone mineral density in men versus women. Bone 29, 114–120, doi: 10.1016/s8756-3282(01)00487-2 (2001).

43. Greenspan, S. L., Myers, E. R., Maitland, L. A., Resnick, N. M. & Hayes, W. C. FALL SEVERITY AND BONE-MINERAL 
DENSITY AS RISK-FACTORS FOR HIP FRACTURE IN AMBULATORY ELDERLY. Jama-Journal of the American Medical 
Association 271, 128–133, doi: 10.1001/jama.271.2.128 (1994).



www.nature.com/scientificreports/

9Scientific RepoRts | 5:16030 | DOi: 10.1038/srep16030

44. Hayes, W. C., Piazza, S. J. & Zysset, P. K. BIOMECHANICS OF FRACTURE RISK PREDICTION OF THE HIP AND SPINE BY 
QUANTITATIVE COMPUTED-TOMOGRAPHY. Radiologic Clinics of North America 29, 1–18 (1991).

45. Lacroix, A. Z., Guralnik, J. M., Berkman, L. F., Wallace, R. B. & Satterfield, S. MAINTAINING MOBILITY IN LATE-LIFE. 2. 
SMOKING, ALCOHOL-CONSUMPTION, PHYSICAL-ACTIVITY, AND BODY-MASS INDEX. American Journal of 
Epidemiology 137, 858–869 (1993).

46. Forsen, L. et al. INTERACTION BETWEEN CURRENT SMOKING, LEANNESS, AND PHYSICAL INACTIVITY IN THE 
PREDICTION OF HIP FRACTURE. Journal of Bone and Mineral Research 9, 1671–1678 (1994).

47. Hollenbach, K. A., Barrettconnor, E., Edelstein, S. L. & Holbrook, T. CIGARETTE-SMOKING AND BONE-MINERAL DENSITY 
IN OLDER MEN AND WOMEN. American Journal of Public Health 83, 1265–1270, doi: 10.2105/ajph.83.9.1265 (1993).

Acknowledgements
This work was funded by the National Natural Science Foundation of China (81372014). The funders 
had no role in the design, execution, and reporting of the study.

Author Contributions
Q.B.L., X.F. and A.M.W. contributed to the conception and design of the study. Q.B.L., X.F., X.J.C., Z.Y.H., 
H.C.X., H.Z.X. and H.M.J. contributed to the analysis and interpretation of data. Q.B.L., X.F., A.M.W. 
and Y.L.C. contributed to drafting the article. All of the authors revised the article critically for important 
intellectual content and gave final approval of the version to be published. Q.B.L. and X.F. contributed 
equally to this study. Q.B.L. and X.F. are co-first authors of this study.

Additional Information
Supplementary information accompanies this paper at http://www.nature.com/srep
Competing financial interests: The authors declare no competing financial interests.
How to cite this article: Lv, Q.-B. et al. The relationship between weight change and risk of hip 
fracture: meta-analysis of prospective studies. Sci. Rep. 5, 16030; doi: 10.1038/srep16030 (2015).

This work is licensed under a Creative Commons Attribution 4.0 International License. 
The images or other third party material in this article are included in the article’s Creative 

Commons license, unless indicated otherwise in the credit line; if the material is not included under 
the Creative Commons license, users will need to obtain permission from the license holder to 
reproduce the material. To view a copy of this license, visit http://creativecommons.org/licenses/
by/4.0/

http://www.nature.com/srep
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	The relationship between weight change and risk of hip fracture: meta-analysis of prospective studies
	Introduction
	Methods
	Search strategy
	Selection criteria
	Data extraction
	Statistical analysis

	Results
	Literature search
	Study characteristics
	Weight change and hip fracture risk
	Dose-response meta-analysis

	Discussion
	Strengths of this study
	Limitations of this study

	Conclusion
	Additional Information
	Acknowledgements
	References



 
    
       
          application/pdf
          
             
                The relationship between weight change and risk of hip fracture: meta-analysis of prospective studies
            
         
          
             
                srep ,  (2015). doi:10.1038/srep16030
            
         
          
             
                Qing-Bo Lv
                Xin Fu
                Hai-Ming Jin
                Hai-Chao Xu
                Zhe-Yu Huang
                Hua-Zi Xu
                Yong-Long Chi
                Ai-Min Wu
            
         
          doi:10.1038/srep16030
          
             
                Nature Publishing Group
            
         
          
             
                © 2015 Nature Publishing Group
            
         
      
       
          
      
       
          © 2015 Macmillan Publishers Limited
          10.1038/srep16030
          2045-2322
          
          Nature Publishing Group
          
             
                permissions@nature.com
            
         
          
             
                http://dx.doi.org/10.1038/srep16030
            
         
      
       
          
          
          
             
                doi:10.1038/srep16030
            
         
          
             
                srep ,  (2015). doi:10.1038/srep16030
            
         
          
          
      
       
       
          True
      
   




