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Abstract

Summary—Based on a systematic review of the literature, only low body weight and
menopausal status can be considered with confidence, as important risk factors for low BMD in
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healthy 40-60 year old women. The use of body weight to identify high risk women may reduce
unnecessary BMD testing in this age group.

Introduction—BMD testing of perimenopausal women is increasing but may be unnecessary as
fracture risk is low. Appropriate assessment among younger women requires identification of risk
factors for low BMD specific to this population.

Methods—We conducted a systematic literature review of risk factors for low BMD in healthy
women aged 40-60 years. Articles were retrieved from six databases and reviewed for eligibility
and methodological quality. A grade for overall strength of evidence for each risk factor was
assigned.

Results—There was good evidence that low body weight and post-menopausal status are risk
factors for low BMD. There was good or fair evidence that alcohol and caffeine intake, and
reproductive history are not risk factors. There was inconsistent or insufficient evidence for the
effect of calcium intake, physical activity, smoking, age at menarche, history of amenorrhea,
family history of OP, race and current age on BMD.

Conclusions—Based on current evidence in Caucasians, we suggest that, in healthy women
aged 40-60 years, only those with a low body weight (< 70 kg) be selected for BMD testing.
Further research is necessary to determine optimal race-specific discriminatory weight cut-offs and
to evaluate the risk factors for which there was inconclusive evidence.
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Introduction

Osteoporosis (OP) is a systemic skeletal disease characterized by low bone mass and
deterioration of bone tissue resulting in compromised bone strength and increased risk of
fragility fractures [1, 2]. OP is recognized as a major health problem worldwide. It affects
more than 75 million people in Europe, Japan and the United States. It is a cause of 2.3
million fractures in Europe and the United States annually [3]. Bone loss occurs as estrogen
levels decline, and while the risk of OP is low before menopause, evidence from Canadian
data demonstrates an increase in bone mineral density (BMD) testing rates among women
aged 40-44 years [4]. This may indicate a growing concern about OP among this age group,
increased availability of BMD testing or changes in fee schedules for BMD testing, but may
also indicate unnecessary testing of individuals not at risk [5].

Current risk assessment for low BMD is based primarily on data from older women, largely
> 65 years of age [6], which does not directly incorporate risk factors for low peak bone
mass or accelerated perimenopausal bone loss. Risk factors identified in older women may
not be relevant to, or highly prevalent among, younger women. Appropriate BMD testing
among younger women first requires the identification of risk factors for low BMD in this
population. Although the absolute risk of fragility fracture is low in younger women,
detection of individuals with significantly reduced BMD will assist with implementation of
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preventive measures and closer surveillance of those who may benefit from early
intervention.

No systematic reviews have been performed to identify risk factors for low BMD in healthy
younger women approaching the menopause or recently menopausal. The aim of this study
is to review the scientific evidence to identify risk factors for low BMD in healthy women
aged 40-60 years. The underlying assumption of this review is that women with co-
morbidities known to be associated with low BMD or fracture would receive BMD testing
and appropriate management. Thus the focus of this review is on healthy women with none
of these co-morbidities.

Materials and methods

Search strategy

Eligibility

We performed a systematic literature search to identify factors associated with low BMD
among women age 40-60 years using: Medline, Embase, Cinahl, Cochrane Database of
Systematic Reviews, Database of Abstracts of Reviews and Effects (DARE) and
HealthSTAR (searched from 1990 to January 2006). Search terms “bone density”, “bone
mineral content”, “bone loss”, “BMD” or “bone density testing” were used to identify
articles on BMD, and search terms “densitometry”, “x-ray densitometry” or “x-ray
absorptiometry” were used to identify studies which used dual-energy x-ray absorptiometry
(DXA). To include studies that examined associations between risk factors and low BMD,
search terms “Exp risk”, “relative risk”, “causation” or “odds and ratio” were used.
Reference lists of key articles were hand-searched. Experts in the field were consulted to
identify additional studies that might contain relevant data. The search was limited to
English-language articles.

We included observational studies using cohort (retrospective or prospective cohort), case-
control, and cross-sectional designs, that involved women aged 40-60 years or that
contained a subgroup analysis of this age range. Articles evaluating clinical risk assessment
tools were also considered. Studies were included only if BMD was measured with dual
energy X-ray absorptiometry (DXA). BMD measurement sites were the lumbar spine,
proximal femur (total hip, femoral neck or greater trochanter), total body or radius (mid or
distal). Randomized controlled drug trials (RCDTSs) or cohort studies that were an extension
of prior RCDTs where trial case selection was based on BMD status were excluded as were
case series, case reports, letters, editorials or narrative reviews. Studies investigating OP
associated with diseases or medications known to affect bone metabolism were excluded.
Finally, risk factors not easily assessed in primary practice (e.g., genetic markers) or where
description of risk factor measurement was inadequate were also excluded.

Quality assessment

Titles and abstracts were screened for eligibility. When eligibility was uncertain, the full-text
article was retrieved. Two reviewers independently reviewed the articles for eligibility and
methodological quality. The internal validity of each study was assessed using the following
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criteria; appropriate study design, standardized bone densitometry technique, BMD
assessment blinded to exposure (risk factor) status, valid risk factor measurement,
minimization of bias (selection bias; recall bias), duration of follow-up, loss to follow-up,
appropriate statistical analysis, and control for confounding variables [7]. Studies were
assigned quality grades based on the U.S. Preventive Services Task Force (USPSTF)
guidelines [8]: ‘good’ if all criteria were met, ‘fair’ if most criteria were met without fatal
flaws and “poor” if the study contained one or more methodological fatal flaws. Poor studies
were subsequently excluded from the review. Twenty percent of the articles were randomly
chosen for duplicate review to assess agreement on assigned quality grades. There was
perfect agreement on all duplicate reviews (data not shown).

Data abstraction

Two reviewers independently abstracted both descriptive information and study results;
evidence tables were prepared in a standardized format. The data abstracted included a
description of the patient population (inclusion and exclusion criteria, mean age, race,
country, sample size), study design, duration of follow-up, risk factors assessed, precision of
DXA technique, BMD measurement site(s), and results (odds ratios, regression beta-
coefficients and/or R2 values) reported after adjustment for key confounding variables.
When odds ratios for OP were reported, OP was defined as T-score < — 2.5 unless otherwise
specified.

Data synthesis: rating overall strength of the evidence

Results

Two reviewers independently rated the strength of the evidence and differences were
resolved by a third reviewer. The strength of the evidence for an association between each
risk factor and BMD was graded as good, fair, inconsistent or insufficient (Table 1). Grades
were assigned using three criteria: quality, quantity and consistency. Quality was assessed
based on the study’s internal validity graded according to USPSTF guidelines as described
above. Quantity was assessed based on the number of studies that evaluated each risk factor.
Consistency was assessed based on similarity of findings reported across a range of study
populations and study designs.

A flow diagram detailing the selection of articles is shown in Fig. 1. Of the initial 1,556
titles and abstracts identified through our search strategy, 1,543 were subsequently excluded.
The most common reasons for exclusion were study populations with diseases known to
affect bone metabolism (7=1,387), incorrect age range or no subgroup analyses of women
aged 40-60 years (/7=36) and risk factors not easily measured in primary practice (7=30). Of
those meeting inclusion criteria 7=35 were excluded for poor methodological quality.
Thirteen studies met all criteria and were included in this review; 11 evaluated risk factors
and two evaluated the use of risk assessment tools originally developed in older populations.
Two articles [9, 10] reported results from analyses of different risk factors in the same study
population [11, 12]; therefore a total of nine studies are represented by the 11 risk factor
articles.
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Study characteristics

The characteristics of the studies are summarized in Table 2. Sample sizes ranged from 112
to 2835, with mean 7=1121. Study populations were predominantly white with the exception
of three studies in which participants were Asian [13-15] and one in which 20% of
participants were black [16]. One of the 11 risk factor studies and both studies evaluating
risk assessment tools were graded as ‘good’ quality based on our criteria; the remaining ten
were graded as ‘fair’.

Risk factors for low BMD

Thirteen clinically relevant risk factors for low BMD in healthy women aged 40-60 years
were identified (Table 3).

Calcium intake

There is inconsistent evidence for an association between current calcium intake and BMD
and insufficient evidence for an association between past calcium intake and BMD. Four
studies investigated the relationship between self-reported current calcium intake and BMD
[12, 13, 16, 17]. No association was demonstrated between current calcium intake and BMD
in two studies [12, 17]. A third study measured BMD at six sites and reported decreased
odds of OP with increased calcium intake at the inter-trochanteric site only [13]. The fourth
study [16] did not find a relationship at baseline or with 2-year change in BMD, but reported
a significant association at Year 2 and noted that calcium intake increased significantly over
the 2 years. The direction and magnitude of this association was not reported. Only one
study also evaluated past calcium intake and demonstrated an association between lower
spinal BMD and low milk consumption during early adulthood, but not with low milk
consumption during childhood [17].

Physical activity

There is inconsistent evidence of an association between current physical activity (PA) and
BMD and insufficient evidence of an association between past PA and BMD. Six studies
investigated the effect of various types of PA on bone mass [9, 12, 13, 16-18] of which three
studies reported a significant positive effect [9, 12, 13]. Ho et al. [13] reported decreased
odds of OP at the total body (TB) associated with ‘vigorous activity” and at the inter-
trochanter site associated with ‘weight-bearing activity’. Neither factor explained >1.5% of
total variability in the odds of having OP. Coupland et al. [9] used six measures of PA and
found that only stair climbing was associated with increased TB and trochanteric BMD and
that fast walkers had higher trochanteric BMD than slow walkers. The strength of these
associations was not reported. Kroger et al. [12] reported that overall PA (regular exercise,
daily walking, occupational activity) predicted BMD at the FN but not at the LSP. In contrast
to these reports, three studies found no association with BMD and either lifetime or current
PA [16], miles walked per day [18] or the number of daily hours of work and leisure time PA
[17].
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There is inconsistent evidence that smoking is associated with low BMD. Six studies
examined smoking and BMD—three evaluated lifetime smoking history [11, 12, 16], while
three considered only current smoking [15, 17, 18]. Three studies did not demonstrate a
significant relationship [12, 15, 18]. One prospective study documented an association
between lifetime number of years smoked and baseline and year 2 spinal BMD (the
direction and magnitude of the associations were not reported); smoking was not related to
2-year change in BMD [16]. Grainge et al. [11] identified a negative association between
total lifetime months of smoking and BMD at LSP, TB, greater trochanter and radius but not
FN. However, smoking explained only < 1.2% of the total variability in bone density at these
sites. Finally, one study reported that spinal BMD was lower in current smokers than non-
smokers (p<0.02), but it was unclear whether this association remained significant after
adjusting for confounding factors [17].

Alcohol consumption

There is fair evidence that moderate alcohol consumption (< 150 g/wk or < 12 drinks/wk) is
not associated with lower BMD and insufficient evidence for an association between past
consumption or high consumption and BMD. Six studies investigated the relationship
between current alcohol intake and BMD [11, 12, 15-18] and one also considered lifetime
consumption [11]. Four studies reported no association between alcohol consumption and
BMD [11, 15, 16, 18] while two demonstrated a small positive relationship with spinal BMD
[12, 17].

Caffeine intake

There is fair evidence that current caffeine intake is not associated with BMD and
insufficient evidence for an association between past intake and BMD. Three studies
evaluated the relationship between current caffeine intake and BMD [11, 12, 16], and one
also examined lifetime intake [11]. An association between caffeine intake and BMD was
not detected in any study.

Age at menarche

There is inconsistent evidence that older age at menarche is associated with lower BMD.
Four studies investigated the association between older age at menarche and BMD [10, 13,
14, 18]. Two studies found no association [14, 18]. Ho et al [13] reported increased odds of
OP for each year of age at menarche at the total hip, trochanter and intertro-chanter but not
FN. In this study, age at menarche contributed 2.6 to 2.8% of the total variance of BMD
values after adjusting for body weight and years since menopause. Tuppurainen et al. [10]
also reported a negative association between older age at menarche and spinal BMD but not
FN, after adjusting for weight, age and menopausal status.

Reproductive history: parity and lactation

There is good evidence that there is no association between parity or lactation and lower
BMD. Four studies investigated the relationship between parity and BMD and none reported
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a significant association [10, 12-14]. Two of these studies [10, 13] and one additional study

[18] examined the relationship between breastfeeding and BMD and found no association.

History of amenorrhea

There is insufficient evidence of an association between a history of amenorrhea and lower
BMD. Tuppurainen et al. [10] investigated the effect of three or more consecutive months of
amenorrhea before the age of 30 on BMD and did not find a relationship.

Menopausal status or years post-menopause

There is good evidence that menopausal status is associated with BMD. This factor was
evaluated in six studies and all demonstrated a negative association between either
menopausal status or years since menopause and BMD [10, 12-15, 18]. Takada et al. [15]
found that being post-menopausal increased the odds of being below the 20th percentile of
BMD at the radius while Tuppurainen et al. [10] reported that post-menopausal status was
associated with a decrease in both spinal and FN BMD. Kroger et al. [12] concur with these
findings in the same study population. Ho et al. [13] reported increased odds of OP at the
spine and FN with each year post-menopause, accounting for 5.5% and 2.0% of total
variability at these sites, respectively, after adjusting for weight and age. Mizuno et al. [14]
reported a decrease in LSP BMD for each year post-menopause and Ryan et al. [18] noted a
correlation between years since menopause and BMD at both the spine and FN, although the
direction of the correlation was unclear. Two additional studies [9, 11] adjusted for
menopausal status but did not provide specific data.

Family history of OP or low trauma fracture

Race

There is inconsistent evidence that either a family history of OP or low trauma fracture is
associated with lower BMD. Only three studies addressed this factor [11, 18, 19]. Keen et al.
[19] reported that having a family history of low trauma fracture in female first-degree
relatives after the age of 35, was associated with increased odds of spinal OP but not OP at
FN. Grainge et al. [11] noted that a history of low trauma fracture sustained at any age by a
mother or sister was one of six major risk factors for lower BMD at five skeletal sites, but it
is unclear whether it was statistically significant. After adjusting for other risk factors,
family history contributed < 1.6% of total variability in BMD at any site. The third study
[18] reported no association between family history and BMD, but the methodology used to
ascertain family history was unclear.

There is insufficient evidence that race is associated with lower BMD. Only one study had a
racially mixed study population with 74% white, 21% black and 4.5% listed as other [16]. In
this study, white women had significantly lower BMD at baseline and Year 2 after adjusting
for age, weight, menstrual status, calcium and smoking history, but race was not
significantly related to 2-year change in density. Results were not provided regarding the
strength of this association.
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There is inconsistent evidence that within the 40-60 year old age group, older age is
associated with lower BMD after adjustment for menopausal status. Eight studies evaluated
the relationship between age and BMD [10, 12-18]. Four of these studies reported a negative
association [10, 12, 13, 15]. Ho et al. [13] reported an increase in odds of OP at the
trochanter for each yearly increase in age with age contributing 2% to the total variance in
BMD values. Age was not significantly associated with BMD at five other skeletal sites after
adjusting for years since menopause. Takada et al. [15] found that each yearly increase in
age was associated with increased odds of low BMD (below the 20th percentile) at the
radius. Kroger et al. [12] reported that each year of age was associated with a decrease in
BMD at both the LSP and FN; Tuppurainen et al. [10] reporting similar results in the same
study population. In a fifth study, the association between age and BMD was only borderline
significant (p=0.045) [16]. Finally, a sixth study noted that women with BMD T-scores < — 2
were significantly older than those with T-scores > -1 (p<0.0001) but they did not report
results for age adjusted for other risk factors [14]. Two studies found no relationship
between age and BMD [17, 18].

Body weight

There is good evidence that lower body weight is associated with lower BMD. Seven studies
demonstrated a positive association between lower body weight and/or BMI and BMD at
one or more skeletal sites [10, 12-14, 16-18]. The remaining studies either adjusted for lean
mass [15] or weight [9, 11, 19]. but did not provide data to indicate its statistical
significance. One of the largest studies (n=1600) [12], reported that each kg increase in
weight corresponded to an increase in BMD at the LSP by 0.004 g/cm? and FN by 0.005
g/cm?2. Ho et al. [13] found that weight was the best predictor of OP at each of six skeletal
sites measured and accounted for 18.9% of the total variability in the odds of having OP at
the FN, 9.1% at the LSP and 5.7% at the TB.

Clinical risk assessment tools

Two studies evaluated risk assessment tools, developed in postmenopausal women aged 60
years or greater, to determine whether they were predictive in younger women aged 45-65
years [20, 21]. Gourlay et al. [21] compared three tools, each including age and weight as
risk factors: the Osteoporosis Risk Assessment Tool (OST); the Osteoporosis Risk
Assessment Index (ORAL), which also includes estrogen use; and the Simple Calculated
Osteoporosis Risk Estimation (SCORE), which includes rheumatoid arthritis diagnosis, low
trauma fracture after age 45 years, race, and estrogen therapy. Sensitivity and specificity was
similar across tools and were reported, respectively, as: 89.2% and 45% for the OST (cut-
point <2); 88.5% and 46.2%, for the ORAI (cut-point = 8); and 88.5% and 39.8%, for the
SCORE (cut-point = 7).

Cadarette et al. [20] evaluated the diagnostic properties of the SCORE, the ORAI and three
additional risk assessment tools in a population-based cohort of Canadian women. Similar to
the SCORE and ORAII, two of the tools —the US National Osteoporosis Foundation (NOF)
guidelines and the Age, Body Size, No Estrogen (ABONE) — include both age and weight as
risk factors. In addition, the NOF includes personal and family history of low trauma
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fracture and smoking as risk factors and the ABONE includes estrogen use. The third tool
includes only a simple body weight criterion (BWC) of <70 kg. The SCORE had the highest
sensitivity (97.8%) for identifying women with a BMD T score at the FN of < -2.5, with a
specificity of 32.9%. The high specificity may be due to the inclusion of rheumatoid arthritis
in this decision tool, a known cause of secondary osteoporosis. The remaining tools target
women at risk for primary osteoporosis; of these tools, the BWC and ORAI had the highest
sensitivities (89% and 87%, respectively) with specificities of 49.4% and 63%, respectively.
The NOF guidelines had a sensitivity of 80.4% and specificity of 40.6% while the ABONE
had a sensitivity of only 50% with specificity of 79%.

Discussion

The purpose of this systematic review was to identify clinical risk factors for low BMD in
healthy women aged 40-60 years that could be used to discriminately select appropriate
candidates for BMD assessment, thereby potentially reducing unnecessary testing. The
current review identified few studies that focused specifically on risk factors for low BMD in
this age group.. Those that did were frequently limited by methodological weaknesses, in
particular, lack of adjustment for important confounders such as body weight. Consequently,
only 13 studies met the eligibility and quality criteria for this systematic review. Among
these studies, thirteen potential risk factors for low BMD were identified. Based on the
strength of evidence, in addition to menopausal status, only low body weight can be
considered, with confidence, as an important risk factor for low BMD in healthy 40-60 year
old women. There was good evidence that parity and lactation are not risk factors and fair
evidence that neither moderate alcohol consumption or caffeine intake are associated with
low BMD. There was insufficient or inconsistent evidence for the association of other risk
factors identified, with low BMD. Therefore, with the exception of low body weight, the
clinical risk factors used to select high risk older women (= 65 years of age) for BMD
testing are not useful in this regard for perimenopausal women.

Body weight is undoubtedly a proxy for other factors, including physical activity, age at
menarche, nutritional status and lean body mass, and therefore might be considered a simple
‘composite risk factor’ for low BMD, and therefore useful in identifying women at risk, for
bone density testing. This is supported by Cadarette et al. [20] who demonstrated that using
a simple body weight criterion performed as well or better in discriminating women with
significantly reduced BMD than tools that included additional risk factors. The ideal weight
cut-point to recommend women for BMD testing was not identified as insufficient data was
provided in the studies reviewed. The NOF guidelines recommend BMD testing at a weight
<57.7 kg, based on data from older women [22]. In comparison, data from a small study of
175 Caucasian women aged 28 — 74 years recommended BMD testing at a much higher
weight cut-point of < 70 kg [23]. In 45-60 year old women, the NOF guidelines selected
80% of cases with low BMD (T score of < —2.5), while 89% of cases were selected using the
cut-point of <70 kg [20]. The NOF had a slightly lower specificity, but for screening
purposes, we would contend that higher sensitivity takes precedence over lower specificity.
Additional research is necessary to ascertain optimal weight cut-point(s) that will
discriminate women of different races, age 40-60 years with versus without low BMD. Until
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such information is available, we would suggest the use of <70 kg as a cut-point to select
women in this age group for BMD testing.

Self-reported postmenopausal status or, a greater number of years since menopause, were
consistently reported to be associated with low BMD, even after adjustment for body weight.
Results were inconsistent regarding the effect of increasing age on BMD, but most studies
found that the effect of age was greatly diminished after controlling for menopausal status.
Although good evidence exists that post-menopausal status is associated with low BMD, this
is a non-discriminatory factor which would result in the testing of all women at some point
before the currently recommended age of 65 years [28]. It is therefore not useful for the
identification of high risk individuals for BMD testing.

This review found no evidence of an association between moderate alcohol consumption and
caffeine intake and lower BMD. Evidence for the effect of other lifestyle factors was either
inconsistent (current calcium intake, smoking and current PA) or insufficient (calcium intake
and PA during childhood). In a large Canadian cohort of premenopausal women, being
physically inactive during adolescence was an independent predictor of lower peak BMD
[24], suggesting that prior history of PA may be particularly important to investigate further
in women age 40-60 years. The effect of high alcohol consumption on BMD in this age
group remains unknown, as there were insufficient numbers of participants with high alcohol
intake in the studies in this review.

Good evidence exists that neither parity nor breastfeeding are associated with low BMD, but
there is insufficient evidence to draw conclusions regarding other reproductive factors, such
as age at menarche or a history of amenorrhea. Two of four studies documented a negative
association between age at menarche and low BMD. However, age at menarche explained
only 2.5% of the variability in predictive models of OP at the hip, after adjusting for body
weight and duration of menopause [13]. This finding, in conjunction with inconsistent
results across the studies, suggests that age at menarche may at best serve as a minor risk
factor for lower BMD in the age group of interest. Only one study investigated the effect of a
past history of amenorrhea on BMD, and found no association [10]. A possible explanation
for this negative result is that, while prolonged amenorrhea related to low estrogen levels is
well recognized to result in reduced bone mass [25-27], recovery of menstruation may lead
to a regain of bone mass, and thus the effect of amenorrhea may not be apparent in later life.

The effect of self-reported family history of OP on low BMD was evaluated in one study and
no association was identified [18]. However, the method of determining family history was
not described. Two studies investigated whether a fragility fracture sustained by a first
degree female relative was a risk factor for low BMD [11, 19]. While both studies reported a
positive relationship, one showed that, after adjusting for important confounders, the
contribution of a fragility fracture to explaining the variability in BMD was minimal (0.6%
at the LSP and 1.6% at the FN) [11]. However, it is unknown whether using other definitions
of family history of fracture, including non-clinical spine fractures and fractures in non-
female first degree relatives, would generate different results.
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Finally, only one study evaluated the relationship between race and BMD, and found that
white women had lower BMD than did black women [16]. Although there was insufficient
evidence regarding race in this review, normative data collected by makers of DXA
machines show clear differences by race, with Caucasians and Asians being most at risk for
low BMD. Race may be important not only as a risk factor for low BMD, but as a factor that
may modify the effect of other risk factors. In particular, the optimal weight cut-point for
discriminating low versus normal BMD may well differ by race. Further evaluation of the
relationship of race to BMD, as well as studies that examine risk factors for low BMD
within racial subgroups are warranted to determine if differential effects exist.

A limitation to summarizing the results of the 13 studies included in this review was the
inconsistency in outcomes used across the studies. The majority of studies used BMD as a
continuous variable, while several used a dichotomous outcome of no OP vs. OP (T-score <
-2.5) or normal vs. low BMD based on percentiles. First, this prevented us from performing
a meta-analysis. Second, the clinical significance of a statistically significant association
between a particular risk factor and “lower BMD” (i.e., BMD used as a continuous variable)
is difficult to ascertain. We would suggest that future studies report dichotomous outcomes
using accepted definitions of normal vs. low BMD to enhance the clinical relevance of the
results and enable comparisons across studies.

In summary, this systematic literature review found that there is good evidence that post-
menopausal status and lower body weight are risk factors for lower BMD in women aged
40-60 years, and propose that body weight may be useful for selecting high risk individuals
for BMD assessment. Many women in this age group undergo BMD testing, perhaps
indicating an increasing concern about osteoporosis as they approach the menopause.
However, the risk of fragility fracture in this age group is low and many women may be
unnecessarily tested. Based on the current evidence, we would suggest that, in the absence
of co-morbidities known to be associated with low BMD, only women with a body weight
of < 70 kg be selected for testing, while providing reassurance to women without these risk
factors that their fracture risk is minimal. As this weight cut-point was determined in a small
sample of Caucasian women with a large age range, further research is required to determine
ideal race-specific weight cut-points to optimize the discrimination of low versus normal
BMD in women aged 40-60 years. Moreover, additional evaluation of the many factors for
which there was inconsistent or insufficient evidence is needed. This knowledge will
increase our ability to identify healthy young women with asymptomatic low BMD who
might benefit from BMD testing and early intervention with the aim of fracture prevention,
while eliminating unnecessary testing.
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Titles and abstracts identified from
bibliographic databases and screened
for eligibility
n=1556

> Excluded n = 1423
. not target population n = 1390

. disease n = 1386

. incorrect age range n =4
. bone density not measured by DXA n=17
. used fracture or bone loss as outcome n =5
. not clinically relevant risk factors: 3
. cohort part of prior clinical trial: 8

A 4

Full papers designated for review
of eligibility and quality
n=133

> Excluded n =120
. papers not retrievable n = 12
. not target population n = 33
. diseasen=1
. incorrect age range n = 32
. used fracture or bone loss as outcome n = 10
. not clinically relevant risk factors n =27
. poor quality grade (internal validity) n = 35
. unable to abstract datan =3

A 4

Studies included in review
n=13

. studies investigating risk factorsn =11
(9 unique studies)
. studies evaluating clinical risk assessment tools n = 2

Fig. 1.
Results of literature search to identify studies that evaluated risk factors for low bone density

in healthy women aged 40-60 years
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Table 1
Grading the strength of the evidence
Grade Definition
Good There is good evidence for or against an association between the risk factor and BMD

Determined by. consistent results across studies; > three studies; at least one study graded as ‘good’ quality

Fair There is fair evidence for or against an association between the risk factor and BMD
Determined by. consistent results across studies but limited by quantity (< three studies) or quality (no studies graded as ‘good’)

Inconsistent ~ There is inconsistent evidence for or against an association between the risk factor and BMD
Determined by. studies had conflicting results

Insufficient ~ There is insufficient evidence for or against an association between the risk factor and BMD
Determined by. inadequate number of studies evaluating the risk factor (< three studies)
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