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Abstract Body mass index (BMI) has been found to be

related to the risk of osteoporotic hip fractures in women,

regardless of bone mineral density (BMD). The same

relationship is under debate for other limb fragility frac-

tures. Very few studies have investigated the comparison of

fracture risk among BMI categories, classified according to

the WHO criteria, despite the potential usefulness of such

information for clinical purposes. To address these issues

we studied 2,235 postmenopausal women including those

with fragility fractures of the hip (187), ankle (108), wrist

(226) and humerus (85). Statistical analyses were per-

formed by logistic regression by treating the fracture status

as the dependent variable and age, age at menopause,

femoral neck BMD and BMI as covariates. BMI was tested

as a continuous or categorical variable. As a continuous

variable, increased BMI had a protective effect against hip

fracture: OR 0.949 (95% CI, 0.900–0.999), but carried a

higher risk of humerus fracture: OR 1.077 (95% CI, 1.017–

1.141). Among the BMI categories, only leanness: OR

3.819 (95% CI, 2.035–7.168) and obesity: OR 3.481 (95%

CI, 1.815–6.678) showed a significantly higher fracture

risk for hip and humerus fractures, respectively. There was

no relationship between ankle and wrist fractures and BMI.

In conclusion, decreasing BMI increases the risk for hip

fracture, whereas increasing BMI increases the risk for

humerus fractures. Leanness-related low BMD and obes-

ity-related body instability might explain the different BMI

relationships with these two types of fracture.

Keywords Bone mineral density � Limb fracture risk �
Body mass index � Postmenopausal women

Introduction

Bone mineral density (BMD) has been found to be the

main predictor of fragility fractures [1]. Among other

predictors of fragility fracture the body mass index (BMI),

a height standardised measure of body weight, has also

been found to be related to the risk of osteoporotic fractures

[2, 3], thus representing a factor to be considered in their

prevention. The role of BMI as a risk factor for fragility

fracture is mediated mainly by its relationship with the

BMD, of which BMI is one of the main determinants.

Nevertheless, BMI may also be a risk factor for fragility

fracture regardless of BMD by increasing the propensity to

fall due to muscle weakness in lean people, or due to

increased postural instability of obese people. These dif-

ferent modes of action may explain the reported divergent

relationship of BMI with the fracture risk in different limb

fractures. In fact, BMI has been found to be inversely

related with the risk of osteoporotic hip fracture [2, 4, 5],

while its relationship with other limb fragility fractures,

such as humerus, wrist and ankle fractures, is still debated

among authors [6–13]. A lack of, inverse, or direct corre-

lation has been reported according to the fracture type.

These contrasting relationships of body mass with the limb

fragility fracture risk need to be investigated further not

only for research purposes, but also for clinical reasons. In

fact, advice on lifestyle habits to optimise BMI for fracture

prevention should be given to patients, also taking into

account that BMI is implicated in the prevention of met-

abolic and cardiovascular diseases [14]. To address these

issues we assessed the BMD-independent relationship of
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the BMI in a cross-sectional study in a sample of Italian

postmenopausal women, both as a continuous and cate-

gorical variable (categorising the BMI according to the

WHO), with the risk of main limb osteoporotic fractures.

Subjects and methods

For this study we analysed the data of 2,235 postmenopausal

women who had been screened for previous observational

studies of osteoporosis (data only partially published) [15].

This group of consecutive not institutionalised in- and out-

patients had femoral neck BMD (FN BMD) measurement at

our centre from November 2002 to December 2004 for a

bone mass checkup or for clinical reasons. The women were

interviewed after menopause about previous fractures of the

humerus, wrist, ankle and hip that had occurred within

5 years of the survey. Only fractures due to minimal trauma

(falls when walking or standing) documented radiologically

were considered. Controls were postmenopausal women

without fracture. Women having undergone treatments with

drugs known to affect bone, those having had malignancies,

endocrine diseases, Paget’s bone disease, rheumatoid

arthritis, long-term immobilisation, or arthroplasty were

excluded. BMD was measured at the left hip, or the right hip

in those having had left hip fracture, by using a Norland XR

36 pencil beam densitometer (Norland, Fort Atchinson, WI,

USA). For DXA scan acquisition, the women were posi-

tioned according to the manufacturer’s instructions by using

the dedicated leg fixture device. The machine daily quality

assurance test was performed according to the manufac-

turer’s instructions. The coefficient of variation of the FN

BMD measurement in our hands is 1.9 ± 0.7%, as previ-

ously reported [15]. Age, age at menopause, height and

weight were also collected for each enrolled woman.

Weight was measured by scales with a precision of ±500 g,

and height was measured by a stadiometer with a precision

of 0.5 cm (SECA model 220, Hamburg German.). BMI was

calculated according to the formula: BMI = weight

(kg)/height2 (m). BMI values of 18.5, 25 and 30 were used

to categorise women into lean, normal weight, overweight

and obese, respectively [16]. Approval of the local ethics

committee was obtained for the original studies from which

the data of the present study were extracted for statistical

analyses.

Statistics

All continuous variables are expressed as mean ± standard

deviation of the mean. The unpaired t-test was performed

to test hypotheses about means of different groups. When

the Levene test for homogeneity of variances was signifi-

cant (P \ 0.05) the Mann–Whitney test was used to check

t-test results. Pearson’s correlation test was used to mea-

sure the correlation between continuous variables.

Pearson’s chi square test was performed to investigate the

relationships between grouping variables. Logistic regres-

sion was performed as multivariate analysis to test the

ability of the independent variable BMI to distinguish

subjects with each one of the osteoporotic fracture group

from those without fracture, with age, age at menopause

and FN BMD used as covariates. BMI was tested both as a

continuous and as a categorical variable after being divided

into four categories (lean, normal weight, overweight, and

obese). Normal weight women were used as a reference

category and the effects of the other categories were

expressed in comparison with the reference. The odds ratio

(OR) and 95% confidence interval (CI) were calculated for

each logistic regression with the Wald statistic.

Results

The total sample of 2,235 women included 1,629 women

without fractures, 187 with hip fracture, 85 with humerus

fracture, 226 with wrist fracture, and 108 with ankle frac-

ture. According to the BMI categories there were 84 lean

women, 1,215 normal weight, 727 overweight, and 209

obese women. Fracture distribution according to the BMI

categories is reported in Table 1 together with the com-

parison of the fracture rate between the normal weight

subjects and each one of the other BMI groups. The hip

fracture rate was significantly higher (Pearson’s chi square

test: P \ 0.001) in lean women and significantly lower in

obese ones (Pearson’s chi square test: P \ 0.05) than in

normal weight ones. Humerus fracture rate was signifi-

cantly higher in obese women (Pearson’s chi square test:

P \ 0.05) than in normal weight women. In wrist and

ankle fractures there were no statistically significant dif-

ferences in fracture distribution among BMI categories.

Table 2 shows the relevant characteristics of the whole

study population by grouping women according to the

absence of fractures or their types. Women without fracture

were significantly younger and had higher BMD than those

of each fracture group. They also had a significantly higher

BMI than those with hip fracture. There were no statisti-

cally significant differences between women with fractures

compared to those without fractures with regards to age at

menopause. Statistical significances did not change after

age correction of the data.

Age was inversely correlated with BMD (R = -0.399,

P \ 0.0001). A positive correlation was found between

BMI and BMD (R = 0.262, P \ 0.0001).

Table 3 shows logistic regression in which BMI, con-

sidered as a continuous variable and adjusted for possible

confounders (age, age at menopause and FN BMD),
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significantly discriminated subjects with hip fracture: OR

0.949 (95% CI, 0.900–0.999) and humerus fracture: OR

1.077 (95% CI, 1.017–1.141) from those without fracture,

while it did not discriminate wrist and ankle fracture from

not-fractured women.

Table 4 shows logistic regression, in which BMI is

considered as a categorical variable, and adjusted for the

possible confounders. In this case leanness significantly

predicted hip fracture OR 3.819 (95% CI, 2.035–7.168),

while overweight and obesity lacked significance in dis-

criminating hip fracture in comparison with normal

weighted women.

Obesity significantly predicted humerus fracture: OR

3.481(95% CI, 1.815–6.678), while overweight and lean-

ness lacked significance in discriminating humerus

fractures in comparison with normal weight women. No

Table 1 Distribution of the population of women according to BMI classes and the fracture type [number (%)]

Fracture type Lean Normal weight Overweight Obese Total

No fracture 41 (48.8%) 884 (72.8%) 552 (75.9%) 152 (72.7%) 1,629 (72.9%)

Hip fracture 30 (35.7%)** 100 (8.2%) 50 (6.9%) 7 (3.3%)* 187 (8.4%)

Humerus fracture 2 (2.4%) 44 (3.6%) 23 (3.2%) 16 (7.7%)* 85 (3.8%)

Wrist fracture 6 (7.1%) 134 (11.0%) 62 (8.5%) 24 (11.5%) 226 (10.1%)

Ankle fracture 5 (6.0%) 53 (4.4%) 40 (5.5%) 10 (4.8%) 108 (4.8%)

Total 84 (100%) 1,215 (100%) 727 (100%) 209 (100%) 2,235 (100%)

Chi-square test

BMI body mass index

* P \ 0.05 versus normal weight women

** P \ 0.001 versus normal weight women

Table 2 Relevant characteristics of the study population (mean ± standard deviation)

No fracture (controls)

(no. 1,629)

Hip fracture

(no. 187)

Ankle fracture

(no. 108)

Humerus fracture

(no. 85)

Wrist fracture

(no. 226)

Age (years) 63.4 ± 8.7 72.0 ± 10.1* 66.1 ± 8.0** 67.9 ± 9.3* 68.4 ± 8.3*

Age at menopause (years) 48.9 ± 5.2 49.2 ± 4.4 48.9 ± 4.8 49.1 ± 4.5 48.3 ± 5.6

Femoral neck BMD (g cm-2) 700.0 ± 107.7 579.3 ± 83.3* 674.1 ± 103.8** 636 ± 94.9* 638.9 ± 93.2*

BMI (kg m-2) 24.9 ± 3.9 23.5 ± 3.5* 25.0 ± 3.6 25.4 ± 4.0 25.1 ± 4.2

Height (cm) 160.0 ± 6.3 159.4 ± 5.6 159.6 ± 5.6 160.5 ± 7.2 159.5 ± 6.1

Weight (kg) 63.9 ± 10.6 59.7 ± 9.7* 63.7 ± 9.8 65.5 ± 11.9 63.8 ± 11.4

Women are grouped according to the types of fracture. t-test for no fracture versus each fracture group

BMI body mass index, BMD bone mineral density

* P \ 0.01 versus controls

** P \ 0.05 versus controls

Table 3 Logistic regression, adjusted for age, age at menopause and FN BMD, to asses the ability of BMI as a continuous variable to

discriminate between not-fractured and fractured women with different types of limb fracture

OR (95% CI)

Hip fracture Ankle fracture Humerus fracture Wrist fracture

Age 1.072* (1.049–1.095) 1.025 (0.999–1.051) 1.033** (1.003–1.064) 1.053* (1.034–1.073)

Age at menopause 1.025 (0.989–1.061) 1.006 (0.968–1.045) 1.019 (0.975–1.065) 0.985 (0.960–1.011)

FN BMD 0.989* (0.987–0.991) 0.997** (0.995–1.000) 0.994* (0.991–0.996) 0.995* (0.993–0.997)

BMI 0.949** (0.900–0.999) 1.028 (0.975–1.084) 1.077** (1.017–1.141) 1.009 (0.968–1.051)

BMI body mass index, FN BMD femoral neck bone mineral density

* P \ 0.001, ** P \ 0.05
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statistically significant associations between BMI catego-

ries and fracture risk were found by logistic regression for

wrist and ankle fracture.

Discussion

In this study we assessed the relationship of BMI with the

risk of the main osteoporotic limb fractures, regardless of

age and BMD. As a preliminary observation we found, as

expected, that the risk of each of the considered fractures

had a significant inverse correlation with BMD and a direct

correlation with age, in agreement with the literature [17–

19]. Testing the BMI as a continuous variable in logistic

regression, we found that its increase, regardless of BMD,

age and age at menopause, carried a greater risk for

humerus fracture [6, 20], but had a protective effect against

hip fracture [9, 21–23], albeit, in the latter case, at bor-

derline significance. In wrist and ankle fractures BMI did

not discriminate subjects with from those without fracture,

in agreement with some authors but in disagreement with

others [3, 12, 24–26]. These data indicate that BMI has,

regardless of BMD, different relationships with fracture

risk according to different fracture types [13]; decreasing

BMI increases the risk for hip fracture, whereas increasing

BMI increases the risk for humerus fracture.

Since clinicians treating obesity-related metabolic dis-

eases or anorexia may be interested to know how the

fracture risk changes with the variation of the patients’

weight, from obesity or leanness to normal weight, we also

analysed the BMI-related fracture risk after categorising

the women’s BMI according to the WHO [16] classifica-

tion, which is generally accepted for clinical and research

purposes.

We found that lean women, regardless of age, age at

menopause and BMD, effectively have a significantly

higher risk of hip fracture than normal weight women,

while the risk in obese women is not significantly different

from that of normal weight ones. This suggests that the hip

fracture protective effect of the increasing BMI, when

considered as continuous variable, is more likely to be due

to the increased fracture risk of lean people than to a real

reduction of the fracture risk in obese ones. It also suggests

that the lower hip fracture rate in obese women compared

to normal weight ones is BMD-mediated because of the

relationship between these two variables [27, 28]. Our data,

therefore, show that obesity is not, per se, a safer condition

for hip fracture prevention than normal weight, in agree-

ment with other authors [29], and that leanness is the true

age-BMD independent risk condition that needs to be

corrected to reduce the fracture risk [29]. The reasons why

leanness is an age-BMD independent risk factor for hip

fracture have already been studied. These reasons include:

muscle weakness [30], that increases the propensity to fall

[31], while, at the same time, reduces protection during a

fall; and insufficient protective padding around the hip

[32]. In fact, concerning the latter reason, falls with impact

on the side of the legs or directly on the hip are strongly

related with proximal femur fractures [33, 34].

Propensity to fall has also been considered as a fracture

risk for humerus fracture, as up to 97% of humerus frac-

tures in the elderly follow a fall [35, 36]. Nevertheless,

contrary to hip fractures, in humerus fractures we found

that obese women have a more than three times higher risk

of humerus fracture than normal weight ones, regardless of

age and BMD, in disagreement with some [7] and in

agreement with other authors [6]. The increased postural

instability in obese subjects and their inaccuracy when

performing rapid movements [37, 38] predisposes them to

an increased propensity to fall [39] and might explain the

BMD-independent association of obesity with humerus

fracture risk. Our results suggest therefore that obesity-

related falls are a main risk factor for humerus fracture,

while leanness is not a safer condition than normal weight.

Table 4 Logistic regression, adjusted for age, age at menopause and FN BMD, to asses the ability of BMI as a categorical variable to

discriminate between not fractured and fractured women with different types of limb fracture

OR (95% CI)

Hip fracture Ankle fracture Humerus fracture Wrist fracture

Age 1.071* (1.048–1.095) 1.026** (1.000–1.052) 1.034 (1.004–1.065) 1.054* (1.035–1.075)

Age at menopause 1.024 (0.989–1.061) 1.005 (0.967–1.044) 1.021 (0.977–1.068) 0.987 (0.961–1.013)

FN BMD 0.989* (0.987–0.992) 0.998** (0.996–1.000) 0.993 (0.991–0.996) 0.995* (0.993–0.997)

Lean BMI 3.819* (2.035–7.168) 1.804 (0.671–4.850) 0.593 (0.131–2.677) 0.675 (0.265–1.718)

Normal BMI Reference Reference Reference Reference

Overweight BMI 0.926 (0.623–1.376) 1.224 (0.794–1.888) 0.941 (0.553–1.603) 0.782 (0.559–1.093)

Obese BMI 0.862 (0.366–2.029) 1.304 (0.633–2.688) 3.481* (1.815–6.678) 1.511 (0.914–2.499)

BMI body mass index, BMD bone mineral density

* P \ 0.001, ** P \ 0.05
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Nevertheless, in addition to the obesity-related tendency to

fall, also the way of falling and the absorption of impact

forces at the arm level should be considered as factors

implicated in the humerus fracture [40], as, unlike humerus

fracture, the risk of wrist fracture, which also often follows

a fall, did not show any association with BMI in our

population. Differences in the fall direction and in the

attempt to break the fall (less frequent in humerus fracture)

are in fact reported as factors favouring the occurrence of

wrist rather than humerus fracture after a fall [35].

The lack of the full range assessment of fracture risk

factors certainly is a weakness in our study that, in addi-

tion, is cross-sectional. This kind of study design may have

limited the certainty of our results compared with those of

prospective cohort studies showing the association of poor

nutrition with the humerus fracture risk [7, 8] or with the

risk of major osteoporotic fracture, including humerus

fracture [41]. The older age of subjects in these studies

compared with the subject’s ages of those studies that find

that humerus fracture risk is obesity related [6, 20], toge-

ther with differences in race, ethnicity and study design

among these studies, might explain discrepancies among

authors on this topic. The fact that both direct [6, 20] and

inverse relationship [7, 8, 41] between BMI/weight and

humerus fracture risk have been reported, might finally

suggest that there are two different relationships of BMI

with humerus fracture risk in different sub-groups of the

population, as already proposed by Holmberg and Coho

workers [20]. Our study has other weaknesses: BMI at the

measurement time might not be exactly that of the fracture

time; our sample was not population based and the study

was not prospective, so our result might not have universal

validity in the community-dwelling population. However,

data seem to indicate that BMI has different relationships

with the risk of hip or humerus fragility fracture in post-

menopausal women; lean women have a significantly

higher risk of hip fracture and obese women have a sig-

nificantly higher risk of humerus fracture compared with

those with normal body weight. Our findings also suggest

that there are no BMI categories that protect against these

fragility fractures compared to that of normal body weight

after adjusting for BMD and age. Further studies are nee-

ded to confirm these data.
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