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Abstract

Summary
Human body height loss of 3–4 cm or more may be considered a simple indicator of increasing fracture risk, where the
information is very similar to the results from fracture risk assessments by available online calculators, all of them based on a
multiple variable approaches.

Introduction
The aim of the study was to assess the relationship between body height loss (HL) and fracture risk in postmenopausal women
from the Gliwice Osteoporosis (GO) Study.

Methods
The study sample included 1735 postmenopausal women, aged over 55 years and recruited at the Osteoporotic Outpatient Clinic.
The mean age of the study participants was 68.15 ± 8.16 years. Fracture risk was established, using the fracture risk assessment
tool (FRAX) (10-year probability of major and hip fractures), the Garvan calculator (any and hip fractures, 5 and 10 years) and
the Polish (POL-RISK) algorithm, available at www.fracture-risk.pl (any fractures, 5 years). Bone densitometry at the femoral
neck was performed, using a Prodigy device (Lunar, GE, USA). Body heights were measured before bone densitometry, using a
wall stadiometer and compared with the maximum body heights, measured in early adulthood and reported by the study
participants themselves.

Results
In 199 women, the body heights, measured during the study, did not change in comparison to their corresponding values in early
adulthood, while being decreased in the other 1536 women. The mean height loss (HL) in the whole study group was 3.95 ± 3.24
cm. That HL correlated significantly with the calculated fracture risk (the r range from 0.13 to 0.39, p < 0.0001). In general,
regarding the patients with fracture risk close to the recommended therapeutic thresholds, HL was around 3–4 cm, except of the
values from the FRAX calculator for major fractures, where the commonly used therapeutic threshold (20%) was related to HL of
approximately 6.5 cm. In subjects with HL between 3.5 and 4 cm (n = 208), the FRAX value for major fractures was 6.83 ± 3.74.

Conclusions
Body height measurements, carried out to establish HL, pro-
vide an important information for clinical practice, where HL
of 3–4 cm or more may be considered a simple indicator of
increasing fracture risk.

Keywords Height loss . Fracture risk . FRAX . Garvan .

POL-RISK

* W. Pluskiewicz
wpluskiewicz@sum.edu.pl

1 Department and Clinic of Internal Diseases, Diabetology, and
Nephrology, Metabolic Bone Diseases Unit, Faculty of Medical
Sciences in Zabrze, Medical University of Silesia, 3-Maja 13/15
Street, 41-800 Zabrze, Katowice, Poland

2 Department of Pediatrics, Faculty of Medical Sciences in Katowice,
Medical University of Silesia, Katowice, Poland

3 Department of Pathomorphology, Faculty of Medical Sciences in
Zabrze, Medical University of Silesia, Katowice, Poland

https://doi.org/10.1007/s00198-021-05941-3

/ Published online: 5 April 2021

Osteoporosis International (2021) 32:2043–2049

http://crossmark.crossref.org/dialog/?doi=10.1007/s00198-021-05941-3&domain=pdf
http://www.ryzyko-zlaman.pl/
http://www.ryzyko-zlaman.pl/
http://www.ryzyko-zlaman.pl/
http://www.ryzyko-zlaman.pl/
mailto:wpluskiewicz@sum.edu.pl


Introduction

During the recent decades, osteoporosis has been becoming an
important medical issue in today’s human population. The
first fracture, being the consequence of low-trauma events, is
not only a short-term complication but also a rather strong
predictor for future fractures. Therefore, an important point
is to identify early signs of osteoporosis—prior to the first
osteoporotic fracture. Several clinical risk factors for osteopo-
rosis have been identified and included in predictive models,
available as online calculators, such as FRAX [1], the Garvan
algorithm [2, 3] and the Polish POL-RISK method [4], all of
which are very helpful to assess the clinical condition and
design an effective therapeutic programme. However, the da-
ta, which can be entered into a calculator formula, often do not
fully reflect the actual patient’s health status. Therefore, these
diagnostic tools should rather be regarded as complementary
means to direct patient examination. The calculated risks and
conclusions from the medical examination, including, among
others, body height measurement, give a complete picture of
the patient's clinical condition. The body height belongs to the
input data in the FRAX and POL-RISK algorithms. Height
loss (HL) may be considered to be a symptom of prevalent
vertebral fractures and, in many today’s reports, HL has been
described as a sign of the risk for future fractures, particularly
for hip fractures [5–15]. However, HL is not included in the
available calculators as a fracture risk factor.

Height loss is an important clinical indicator among the
elderly and, at least in theory, it is easily measurable in
daily practice. It must be admitted, however, that the ac-
curate measurement of HL may not be as easy as it seems,
especially, when we consider the obvious problems with
establishing the historical body height in young adult-
hood. Nevertheless, the currently observed widespread
use of electronic medical records, which ensure an easy
access to lifelong medical data, may significantly improve
the situation in the near future. HL may then be used on a
large scale as a factor which may be helpful in the early
identification of bone loss.

The aim of the study was to assess the relationship between
HL and fracture risk in postmenopausal women, the latter
factor being obtained from the available online calculators.

Material and methods

The study group included a cohort of 1735 women over
55 years of age, recruited from the database of an outpa-
tient osteoporotic clinic in the southern Poland. The study
was called the ‘Gliwice Osteoporosis Study’ (GO Study).
The total number of registered patients was 2354. Women
with available data, necessary to perform the required as-
sessments (DXA measurement, HL calculation plus the

risk factors, required in all the three fracture risk calcula-
tors), were enrolled into the reported study. Two other
papers, based on the GO Study database, have recently
been published [16, 17], and a more detailed description
of the study group can be found in the first publication.

The data, regarding clinical risk factors for osteoporosis
and fractures, were collected from all the patients, using a
structured questionnaire. Bone densitometry (DXA) at femo-
ral neck (FN) was performed by a Prodigy device (Lunar, GE,
USA). All the measurements were carried out by one experi-
enced operator. Body height was measured on the day of
DXA exam, using a wall stadiometer (Seca, Germany),
mounted according to the manufacturer’s recommendations.

The measured body height was compared with the maxi-
mum body height in early adulthood, as reported by the pa-
tient. All the body height measurements were performed by
one DXA technician. Fracture risk was established, using the
FRAXTM tool (www.sheffield.ac.uk, major and hip fractures,
10 years), the Garvan calculator (www.fractureriskcalculator.
com, any and hip fractures, 5 and 10 years) and the Polish
(POL-RISK) algorithm, available at www.fracture-risk.pl
(any fractures, 5 years). FRAX scores express fracture
probability within 10 years, limited by life expectancy, and
the other two algorithms provide fracture risk assessments.
Briefly, the FRAX algorithm takes into account: age,
weight, height, femoral neck T-score and several clinical risk
factors; the Garvan calculator includes age, the number of
fractures after the age of 50 years, the number of falls during
the previous year and femoral neck T-scores, while the POL-
RISK algorithm takes into account steroid use, body height,
prior fracture(s) after the age of 40 years, falls during previ-
ous 12 months and femoral neck T-scores. In order to estab-
lish HL values with regards to the fracture risk level, the
following thresholds were assumed: FRAX: 20% and 3%
(major and hip fractures, respectively); the Garvan
calculator—any fractures risk during 5 years: <3%, 3–9%
and >9%; the Garvan calculator—hip fracture risk during 5
years: <2%, 2–5% and >5%; the Garvan calculator—any
fracture risk during 10 years: <14%, 14–26% and >26%;
and the Garvan calculator—hip fracture risk during 10 years:
<8%, 8–13% and >13%. The POL-RISK algorithm used the
same thresholds as for the 5-year risk of any fracture in the
Garvan model, i.e. <3%, 3–9% and >9%. The thresholds for
the FRAX 10-year fracture risk were chosen, according to the
National Osteoporosis Foundation’s recommendations. The
corresponding thresholds for the Garvan model were used
in line with the recommendations provided on the web page.
Since no specific recommendations for the Pol-RISK 5-year
fracture risk had been established till the time of the reported
study, the same thresholds as in the for Garvan model were
used.

A local ethics committee gave their official consent to the
study protocol.
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Statistics

A statistical analysis was performed, using the Statistica soft-
ware (StatSoft, Tulsa, OK, USA). The mean values and stan-
dard deviations were used for descriptive statistics of contin-
uous variables. The normality of data distribution was verified
by the Shapiro-Wilk test. The Student’s t-test for independent
samples or the Mann-Whitney U test was used (for data with
and without a normal distribution, respectively) and was ap-
plied for comparative analyses. When more than two sub-
groups were compared, the analysis of variance (ANOVA)
and post hoc verification with the least significant difference
test (LSD) were applied. The Spearman correlation test was
used for correlation analysis. The significance of results in all
the statistical analyses was assumed at p < 0.05.

In addition, height loss (HL) was established in subsets of
the patients who scored their individual fracture risk within a
90–100% risk range, assumed to be the therapeutic threshold
(separately for each of the analysed calculators). Those ranges
corresponded to FRAX hip (2.7–3%), FRAX major fractures
(18–20%), Garvan 5-year hip fractures (4.5–5%), Garvan 5-
year any fractures (8.1–9%), Garvan 10-year hip fractures
(11.7–13%), Garvan 10-year any fractures (23.4–26%) and
POL-RISK (8.1–9%).

Results

The mean age, body height, body weight and BMI were 68.15
± 8.14 years, 157.14 ± 6.29 cm, 69.31 ± 12.98 kg and 28.08 ±
5.06 kg/m2, respectively. Out of that group, 1069 women had
no fractures (61.6%), and 666 (38.4%) reported at least one
fracture. Altogether, 1153 osteoporotic fractures were report-
ed. As many as 372 women (21.5% of the study group) expe-
rienced one fracture, 167 (9.6%) had two fractures and 127
(7.3%) recalled three or more fractures. The number of wom-
en, reporting, at least, one major osteoporotic fracture (local-
ised at spine, hip, forearm or arm region) was 557. See Table 1

for the exact number of major osteoporotic fractures at each of
the listed skeletal region (including multiple fractures at the
same site and multiple fractures at different sites in the same
person).

The following clinical risk factors were identified in the
examined women: hip fracture in parents—18, steroid use—
115, rheumatoid arthritis—26, smoking—211, secondary rea-
sons of osteoporosis—93 and falls during previous 12 months
in 211 subjects. Alcohol consumption was not reported.

See Table 2 for demographic data and fracture risk assess-
ment results. The heights, measured in 199 women, did not
change in comparison to the previous heights of the same
women in their early adulthood, while in 1536 women, their
body height decreased by the mean value of 3.95 ± 3.24 cm.
The mean T-score for FN BMD was −1.74 ± 0.92. HL corre-
lated positively with age (r = 0.47, p < 0.0001), BMI (r = 0.21,
p < 0.0001) and negatively with FN T-score (r = −0.21, p <
0.0001).

See Table 3 for the correlation analysis of HL with fracture
risk assessment, where HL correlated significantly with all the
fracture risk expressing variables.

The HL figures, observed in the studied subgroups, were
stratified by assessed FRAX, Garvan and POL-RISK fracture
risk levels—see Table 4. In general, HL increased together
with the rising fracture risk.

Table 5 presents HL figures, observed in the subgroups
with individual fracture risks, established in the range of 90–
100% of the risk, assumed to be a therapeutic threshold in the
analysed algorithms (see the sect. “Statistics” for details of the
applied methodology). In general, the mean HL in those sub-
jects, representing that fracture risk category was, around 3–4
cm, except of the FRAX calculator for major fractures in
which the commonly used therapeutic threshold (20%) was
related to HL close to 6.5 cm.

Because only in case of the FRAX major fractures, the
height loss related to the therapeutic threshold of fracture risk
was, clearly bigger than the corresponding figures, obtained in
all the other calculators; an additional analysis was performed.

Table 1 The exact number of
major osteoporotic fractures at
particular skeletal sites

Skeletal
site

Number of reported fractures* Number of women reporting at least one fracture at a listed site

Spine 443 257

Hip 40 38

Forearm 391 323

Arm 43 39

All together 917 657**

*Including multiple fractures

**Some women reported fractures at more than one site, classified as major osteoporotic fractures; so, the total
number of women with major osteoporotic fractures, as provided in the text, is lower than that in the table (n =
557)
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The subjects with HL between 3.5 and 4 cm were selected
from the whole study group in order to establish the mean
FRAX value for major fractures in the subset of patients. As
many as 208 women met that criterion, their average FRAX
for major fractures was 6.83 ± 3.74%.

Discussion

Height loss in the elderly is a well-known phenomenon, but its
clinical significance is still not fully comprehended. To our
knowledge, the role of HL has not, so far, been studied with
regards to fracture risk levels, established by available online
methods. This issue gives then the reported study an innova-
tive aspect. In many reports of other authors, HL was juxta-
posed with fracture incidence [6–15], but its relationship with
the level of fracture risk was not a dominating matter. A major
point in our study was the establishment of HL magnitude as
an indicator of fracture risk, recommended to be the treatment
threshold, see Table 5.

Therefore, a simple measurement of body height,
followed by the establishment of HL value in a subject
diagnosed for osteoporosis, may be fairly helpful in daily
practice. We believe that HL of 3–4 cm can be considered

an additional indication to measure fracture risk. Height
measurement should then be an integral part of

Table 2 Demographic data and fracture risk assessment results (mean,
SD)

Parameter Mean ± SD

Age (years) 68.15 ± 8.16

Body weight (kg) 69.31 ± 12.98

Body height (cm) 157.14 ± 6.29

BMI (kg/m2) 28.07 ± 5.06

FRAX—major fractures 7.81 ± 5.42

FRAX—hip fractures 2.78 ± 4.05

Garvan—5-year hip fractures 7.01 ± 12.99

Garvan—10-year hip fractures 11.89 ± 18.22

Garvan—5-year any fractures 15.0 ± 14.19

Garvan—10-year any fractures 27.0 ± 20.25

POL-RISK—5-year any fractures 13.96 ± 9.49

Table 3 Correlation analysis of
HL results with results from
fracture risk calculators

Correlated variables Coefficients of correlation p value

HL versus FRAX major fractures 0.35 <0.0001

HL versus FRAX hip fractures 0.33 <0.0001

HL versus Garvan 5-year hip fractures 0.38 <0.0001

HL versus Garvan 10-year hip fractures 0.38 <0.0001

HL versus Garvan 5-year any fractures 0.39 <0.0001

HL versus Garvan 10-year any fractures 0.39 <0.0001

HL versus POL-RISK 5-year any fractures 0.13 <0.0001

Table 4 HL values in the subgroups, stratified by fracture risk levels,
established by different modalities of the Garvan algorithm and the POL-
RISK calculator

Risk category (%) HL (cm) Number of subjects

FRAX—10-year hip fracture risk

<3 3.37 ± 2.80* 1233

≥3 5.38 ± 3.77* 502

FRAX—10-year major fracture risk

<20 3.82 ± 3.11* 1668

≥20 7.15 ± 4.53* 67

Garvan—5-year hip fracture risk

<2 2.82 ± 2.53* 671

2–5 3.73 ± 2.73* 556

>5 5.69 ± 3.81* 508

Garvan—5-year any fracture risk

<3 2.13 ± 2.92** 29

3–9 2.95 ± 2.49** 834

>9 4.98 ± 3.55* 872

Garvan—10-year hip fracture risk

<8 3.16 ± 2.64* 1109

8–13 4.08 ± 2.77* 212

>13 6.01 ± 3.93* 414

Garvan—10-year any fracture risk

<14 2.61 ± 2.52* 495

14–26 3.61 ± 2.68* 621

>26 3.95 ± 3.24* 619

POL-RISK—5-year any fracture risk

<3 3.33 ± 3.02*** 24

3–9 3.50 ± 2.83**** 623

>9 4.22 ± 3.43**** 1088

*Significant difference in comparison to each of the other subgroups, p <
0.0001

**No statistical difference between categories <3% vs. 3-9%

***No statistical difference in comparison to 3–9% and >9% categories

****Significant difference between categories 3–9% and >9%, p <
0.0001
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osteoporotic diagnostics as the juxtaposition of the current
height with its former maximal value provides an addi-
tional, valuable indicator of skeletal health. Several results
in our study support this general conclusion. The HL
range of approximately 3–4 cm was obtained for all the
methods and fracture sites (hip, any fractures or major
fractures) as the value corresponding with high fracture
risk level, except of the FRAX calculator for major frac-
tures. This diagnostic tool, applied in the subgroup of
women with 18–20% risk of major fracture, correspond-
ing to 90–100% of the risk assumed as the therapeutic
threshold; the mean HL value was almost 6.5 cm.
Therefore, one may hypothesise that the level of 20% is
too high and patients with lower fracture risk, established
by FRAX for major fractures, may be considered signals
to launch treatment. When analysing the number of sub-
jects in each risk category of the calculators (see Table 4),
it is not so surprising that, in the high-risk group, proc-
essed by the FRAX calculator for major fractures, the
mean HL value is significantly higher than for all the
other calculators. Only 67 patients (3.8% of the study
cohort) were classified as high-risk in the FRAX algo-
rithm for major fractures, while in the remaining calcula-
tors, the number of subjects varied from 414 to 1088
(23.8–62.7% of the study cohort). This is an important
signal that the therapeutic thresholds for risk calculators
are not universal and may thus require local validation. In
our cohort, when comparing the risk values to the HL
scale, the FRAX fracture risk for major fractures of 7%
corresponds to the high-risk group in the other calcula-
tors. Namely, the HL of about 3.5–4 cm is repeatedly
related to exceeding the high-risk threshold in other cal-
culators and, in parallel, it corresponds to 7% risk in
FRAX for major fractures.

In another study, focused on the advantages of fracture
risk assessment by FRAX and Garvan models in a group
of 801 males, the optimal therapy onset threshold was

established, by a ROC analysis at 7.6% for FRAX major
fractures and 20.2% for the Garvan model option for any
fractures [18]. The value of 7.6%, established in the cited
study, is close to 6.83%, obtained in our study as the
mean FRAX major fracture risk value for women from
the subgroup with HL between 3.5 and 4.0 cm. Similar
thresholds were obtained, despite that the former study
was performed in males and the methodology (ROC anal-
ysis), applied to establish the optimal cut-off levels for
sensitivity and specificity was different. One should also
note that the optimal risk level, established by the Garvan
model (20.2%), was only slightly lower from the recom-
mended threshold of 26%.

One should remember that fracture incidence in pa-
tients with osteoporosis is an issue of key significance.
This means that the methods, used to assess fracture risks,
play an additional role only. Of course, the more accurate
is fracture prediction, the results of these methods are
more reliable. Therefore, reports of other authors support
our results. The relationships between fracture incidence
and HL scale, observed by other authors [8, 10, 11,
13–15], are consistent with the data presented in our
study. The studies of other authors have shown that HL
around 4 cm should be considered a significant risk factor
for fracture incidence. The conformity between real frac-
ture incidence and the thresholds, defined by online frac-
ture assessment tools, is one of the highlights in our
study. We may hypothesise that the therapeutic thresh-
olds, presented in Table 4, can be considered useful in
everyday clinical practice. Only the FRAX major fracture
risk threshold should be lower (around 7%) according to
the results in our study.

When planning the reported study, we did not assume
that HL could be an additional and independent factor
which, for example, could be accounted for by risk calcu-
lators in the future. Quite on the contrary, we assumed
that it was rather a ‘marker’ of the concomitance of

Table 5 Descriptive statistics of
HL in the subgroups, representing
fracture risk at 90–100% range of
fracture risk, assumed to be the
therapeutic threshold for each of
the analysed diagnostic tools

Diagnostic tool Assumed therapeutic
threshold

90–100% range of
therapeutic threshold

Number of
subjects

HL (cm)

FRAX—hip fractures 3% 2.7–3% 74 4.17 ± 3.3

FRAX—major
fractures

20% 18–20% 53 6.47 ± 4.15

Garvan—5-year hip
fractures

5% 4.5–5% 66 3.99 ± 2.6

Garvan—5-year any
fractures

9% 8.1–9% 102 3.22 ± 2.39

Garvan—10-year hip
fractures

13% 11.7–13% 66 4.33 ± 3.01

Garvan—10-year any
fractures

26% 23.4–26% 91 3.89 ± 2.96

POL-RISK—5-year
any fractures

9% 8.1–9% 112 3.25 ± 2.49
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various risk factors, and our intention was to find out
whether the use of this single, simple parameter can re-
place risk calculators, at least, in certain situations, e.g.
when it is impossible to collect a necessary data input for
calculator algorithms.

Our study has also some limitations. No long-term ob-
servation was carried out which could thus have provided
more reliable information. The study cohort was not rep-
resentative for the general population. The study was per-
formed only in women. Clinically diagnosed vertebral
fractures were included exclusively, while some spinal
fractures may have gone unrecognised. No precise maxi-
mum body height data were available. Being self-reported
by the study participants, the assessment of HL could be
subjective and thus different from real values. Based on
literature reports, HL overestimation may be assumed,
resulting from the tendency to overestimate the self-
reported maximum body height values by patients [19].
This problem may easily be solved in the near future by
digitisation of medical records, allowing easy access to
unbiased archival data from whole patient’s life.

However, the size of the study group and fracture risk data,
obtained from three available online models provided impor-
tant data for practitioners.

Conclusion

The measurement of actual body height to establish height
loss (HL) provides an important information for daily
clinical practice. HL of 3–4 cm or more may be consid-
ered a simple indicator of an increased fracture risk, pre-
senting information very similar to the results from frac-
ture risk calculation by available online calculators, the
apparatus of which is based on multiple variable assess-
ments. Further studies are postulated to verify if HL mea-
surements may be sufficient enough to reliably establish
medical indications for osteoporosis treatment, especially,
if data, which are necessary as the input for fracture risk
calculators, are not fully available. Nowadays, as electron-
ic medical records with complete medical history become
more and more popular, exact HL values will be easily
available and thus its clinical importance may increase.
This is especially encouraging to find out whether HL
values can play the role of a single predictor of future
fractures, preferably in studies based on prospective
observations.
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