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Abstract The aim of this study was to evaluate the relation-
ship between historical height loss (HHL) and prevalent
vertebral fractures (VF) in postmenopausal Moroccan women
and to estimate its accuracy as a clinical test for detecting VF.
Two hundred eighty-eight postmenopausal women were
studied. All subjects had bone density measurements and
spinal radiographs. Vertebral bodies (T4–L4) were graded
using the semi-quantitative method of Genant. HHL was
calculated as the difference between a patient’s tallest recalled
height and the current measured height. The mean age was
58.4±7.8 years. Thirty-one percent of patients were osteopo-
rotic, and 46.5% had VF. Patients with VF had lost more height
than those without VF (median, 2.0 cm (0.26–3.3) vs 0.96 cm
(0.33–2.4), p<0.05). In univariate analysis, HHL was posi-
tively correlated to both number and grade of prevalent VF

(p<0.05). The area under the receiver operating characteristics
curve for the ability of HHL to detect VF was 0.60 (95%
confidence interval (CI), 0.52, 0.69). Our HHL threshold for
detecting VF was >1.5 cm, its sensitivity was 58%, and its
specificity was 61%. The positive predictive value was 53%,
and the negative predictive value was 65%. With HHL
>1.5 cm, positive likelihood ratio was 1.49 with 95% CI,
1.07, 2.06. Our results demonstrate significant positive
associations between HHL, VF, number of VF, and grade of
VF. However, this relationship is not clinically pertinent.
Consequently, HHL cannot be used as a reliable clinical test
for detecting VF in postmenopausal Moroccan women.
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Background

Osteoporosis is a disease of bone that leads to an increased
risk of fracture. Typical fragility fractures occur in the
vertebral column, hip, and wrist [1]. Vertebral fractures
(VF) are the most common type of osteoporotic fracture, but
more than two thirds remain undetected [2]. VFs resulting
from osteoporosis often lead to loss of vertebral body height
[3], in turn causing a decrease in stature [4, 5]. Consequent-
ly, height loss has long been assumed to be a marker of VFs
[5–9]. Height loss can be evaluated in two ways. Determi-
nation of prospective height loss (PHL) employs sequential
measurements of an individual’s height to determine if it is
decreasing over time. This approach employs measurements
that are under the control of a physician and may be able to
identify the time period in which a fracture was sustained [6,
7]. A negative aspect of using PHL is that it detects only
incident fractures and will not identify prevalent VFs at the
start of monitoring. The second method to evaluating height
loss is to determine historical height loss (HHL) [8, 10, 11].
In this method, HHL is calculated as the difference between
current measured height and self-reported tallest recalled
height (TRH) [10, 11]. This approach is compromised by
error in patient recall and cannot identify when a fracture
might have occurred. However, this technique has two
important advantages. The first is that physician could detect
fractures at the initial clinical contact by only one current
height measurement. The second is that the use of HHL may
allow the detection of prevalent fractures, which are one of
the most common causes of disability and major contributor
to medical care costs in many regions of the world.
Prevalent VFs are also associated with elevated risk of
further fractures [12, 13]. If the application of HHL to
physical examination could improve the detection of
patients with prevalent VFs, this will facilitate the targeting
of treatment strategies to those at highest risk of future
fracture [7]. The performance characteristics of HHL as a
clinical test for the detection of VFs have been well
described in only one study [11].

On the other hand, although the need for accurate
anthropometric measurement has been repeatedly stressed,
reports on height measurements in Moroccan populations
never include estimates of measurement error. The lower is
the variability between repeated measurements of the same
subject by one (intra-observer differences) or two or more
(inter-observer differences) observers, the greater is the
precision. The most commonly used measure of precision is
the technical error of measurement (TEM) [14–16].

The aim of this study was to evaluate the relationship
between HHL and prevalent VFs in postmenopausal Moroc-
can women and to estimate its accuracy as a clinical test for
detecting VFs. On the other hand, this study also calculated
intra- and inter-observer errors of height measurement.

Subjects and methods

Subjects

The study involved 288 consecutive and ambulatory Moroc-
can postmenopausal women living in urban center of
Morocco, who were sent to our outpatient Bone Densitometry
Center. Recruitment was based on voluntary enrollment. All
subjects were referred to this center for osteoporosis risk
factors, including menopause. Informed consent was obtained
from all subjects, and the study was approved by the ethics
committee of our university hospital. We excluded from the
study all patients with a history of (1) taking drugs known to
influence bone metabolism in the past 2 years, such as vitamin
D, calcium, corticosteroids, bisphosphonates, and hormone
replacement therapy; (2) musculoskeletal, thyroid, parathy-
roid, adrenal, hepatic, or renal disease; (3) malignancy; and (4)
hysterectomy.

Data collection and measurements

Each patient completed a questionnaire on sociodemographic
parameters and osteoporosis risk factors. TRH was obtained
from each patient. A subset of subjects was also asked to
estimate the amount of height they had lost. HHL was
calculated as the difference between TRH and measured
height, which was determined using a wall-mounted mechan-
ical stadiometer. Each subject was measured without shoes,
with the heels, buttocks, and back to the stadiometer
backboard. The subject’s head was maintained in the
Frankfort plane, with the left orbital in the same horizontal
plane as the left tragion. Heels were together and feet angled
approximately 60° to each other. The patient was instructed to
stretch to a fully erect position while keeping the feet flat on
the floor. Height was recorded to the closest millimeter during
normal respiration. Each subject was measured three times by
the same observer, and the mean of these three values was
considered as the current height measured. Between two
measures, subjects went away from the stadiometer then
replaced correctly again. Subjects were alsomeasured by three
other observers using the same stadiometer.

Height measurement error

Height measurement error was evaluated by calculating the
TEM which is the square root of measurement error
variance. The calculations for intra- and inter-observer error
are broadly the same. Intra-observer TEM was estimated by
the following equation:

TEM ¼
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where N is the number of subjects, K is the number of
height determinations by the same observer, and M is the
measurement. Inter-observer TEM was estimated by the
same equation where K is the number of observers
(assuming one determination per observer).

Other anthropometric data

Weight was measured without clothes or shoes at the time of
bone densitometry measurements. The body mass index was
calculated as body weight (kilogram)/height (meter square).

Bone mineral density measurements

Lumbar spine, trochanter, femoral neck, and total hip bone
mineral density (BMD) were measured by dual-energy X-
ray absorptiometry with a Lunar prodigy densitometer.
Daily quality control was carried out by measurement of a
Lunar phantom. At the time of the study, phantom
measurements showed stable results. The phantom preci-
sion expressed as the coefficient of variation (percent) was
0.08. Both T and Z scores were obtained. In the T score
calculations, the manufacturer’s ranges for European
reference population were used because of the absence of
a Moroccan database at the time of the study.

Vertebral morphometry

Lateral and anteroposterior radiographs of the thoracolum-
bar spine were obtained according to standardized proce-
dures. The anterior, central, and posterior heights of each of
the vertebral bodies from T4 to L5 were measured by
expert radiologist and rheumatologist. VFs were diagnosed
by the Genant semi-quantitative method [17], a visual
radiographic approach which corresponds to the attribution
of grades, ranging from 0 (no VF), 1 (20% decrease of
vertebra height), 2 (between 20% and 40% decrease of
vertebra height), to 3 (severe VF, more than 40% decrease
of vertebra height).

Dietary calcium questionnaire

The frequential self-questionnaire of Fardellone has been
modified, simplified, and adjusted to the Moroccan food
habits. After translation and back translation, it was adminis-
tered to 62 women volunteers, aged between 30 and 60 years.
To test its validity, the questionnaire was compared to the
weekly docket system, chosen as a reference method. To test
its reproducibility, the questionnaire was administered again
after a 1-week interval. The coefficient of correlation was
0.91. The questionnaire correctly classified women with daily
calcium intake less than 800 mg with 76.9% specificity, while
its sensitivity was 86.7%.

Statistical analysis

Statistical analysis was performed with Statistical Package
for the Social Sciences (SPSS) for Windows 13.0 (SPSS
Inc., Chicago, IL, USA). Population descriptions are
expressed as mean±standard deviation or medians for
continuous variables and as percentage distributions for
discrete variables. TEM was calculated. The subjects were
separated into two groups (group 1 with fractures and group
2 without fractures). Means of the two groups were
compared by t student and Mann–Whitney tests. Compar-
ison of continuous variables was carried out by the
Kruskal–Wallis test. Multiple linear regression models were
used to determine the influence of total VFs, lumbar
fractures, and thoracic fractures on HHL. Receiver operat-
ing characteristic (ROC) curves were generated, and the
areas under the curves (AUC) were calculated to summarize
the ability of height loss to predict fractures. The best cutoff
value was chosen using Youndens’ index. The sensitivity,
specificity, positive predictive value (PPV), negative pre-
dictive value (NPV), and positive likelihood ratio (with
95% confidence intervals (95% CI)) were calculated at the
best cutoff value. p values of <0.05 were considered as
statistically significant.

Results

Clinical characteristics

The characteristics of the patients are shown in Table 1. The
mean age of the patients was 58.4±7.8 years. All patients
were residing in urban areas. Twenty-five percent of
patients were illiterate, 17% had primary education,
38.9% had a secondary education, and 18.7% had received
a university education. Thirty-one percent of patients were
osteoporotic, and 46.5% had VF. Subjects had a median
number of VF of 3 (2–5). Fifty-seven percent of patients
remembered their TRH, and 36.8% could estimate the
amount of height they had lost.

Determination of height measurement error

Intra-observer TEM was 0.12 cm, and inter-observer TEM
was 0.25 cm.

Risk factors for vertebral fracture

In univariate analysis, VF risk was significantly associated
to older age (p<0.001), to higher number of pregnancies
(p=0.007), to longer duration of menopause (p<0.001), and
to lower BMD at all the sites (p<0.05). Logistic regression
showed that lumbar BMD (p<0.001), age (p=0.03), and
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level of instruction (p=0.03) were all independent factors
for VF.

Relationship between historical height loss and number
of vertebral fractures

Patients with VF had lost more height than those without
VF (2.0 cm (0.26–3.3) vs 0.9 cm (0.3–2.4); p<0.05;
Table 1). In univariate analysis, HHL and the number of
prevalent VFs were positively correlated (p<0.001). The
height loss per fracture was 0.3 cm (95% CI, 0.1–0.4 cm).
Incorporating age, the amount of height loss per fracture
was 0.2 cm (95% CI, 0.1–0.4 cm; p<0.05). The height loss
per thoracic fracture (after correction for the presence of
lumbar fractures and for age) was 0.2 cm (95% CI, 0.1–
0.5 cm; p<0.05). The height loss per lumbar fracture (after
correction for the presence of thoracic fractures and for age)
was greater at 0.4 cm (95% CI, 0.1–0.9 cm; p<0.05).

Relationship between historical height loss and grade of
vertebral fractures

Patients without prevalent VF (53.5%) had a median height
loss of 0.9 cm (0.3–2.4). Grade 1 fractures were present in
88.8% of patients with VF, with a median HHL of 2 cm
(0.1–3). Grade 2 fractures were found in 8.2% of subjects
with VF who had a median HHL of 3.8 cm (0.25–12.2).
HHL in grade 2 fractures was statistically higher than
height loss for grade 1 fractures and for patients without
fractures (p=0.04). Grade 3 fractures were present only in
four patients who did not remember their TRHs.

Accuracy of historical height loss as a clinical test
for the detection of vertebral fracture

The area under the ROC curve for the ability of HHL to
detect fracture was 0.60 (95% CI, 0.52, 0.69; Fig. 1). The
best cutoff value chosen using Youndens’ index was
1.5 cm. At HHL >1.5 cm, sensitivity was 58% (95% CI,
45%, 69%), and specificity was 61% (95% CI, 51%, 71%).
Predictive values were determined across a wide range of

Fig. 1 Receiver operating characteristic curve is estimating the ability
of height loss to predict vertebral fractures

Table 1 Characteristics of study participants

All subjects n=288 With fractures n=134 Without fractures n=154

Age (years) 58.4±7.8 60.6±6.0* 56.5±6.8

Number of pregnancies 4.9±2.9 5.4±3.1** 4.4±2.7

Duration of menopause (years) 11.25±8.88 13.78±9.48* 9.05±7.70

Daily calcium intake (mg/day) 679±229 671±228 687±231

Height (cm) 156.7±6.1 156.4±6.3 157.04±5.9

Weight (kg) 71.3±11.4 70.6±11.5 71.7±11.3

Body mass index (kg/m2) 28.2±4.6 28.8±4.2 28.5±4.6

Number of patients experiencing a loss of height 106 58 48

Tallest recalled height (cm) 159.6±6.1 159.8±5.9 159.4±6.2

Historical height loss (cm) 1.18 (0.33–3) 2.0 (0.26–3.3)** 0.96 (0.33–2.4)

Trochanter BMD (g/cm2) 0.69±0.12 0.65±0.12* 0.72±0.11

Femoral neck BMD (g/cm2) 0.84±0.13 0.82±0.13** 0.87±0.13

Ward triangle BMD (g/cm2) 0.68±0.14 0.64±0.12* 0.72±0.13

Lumbar spine BMD (g/cm2) 0.96±0.16 0.90±0.17* 1.01±0.14

Historical height loss: data expressed as median

*p<0.001; **p<0.05
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theoretical fracture prevalence that might be encountered in
clinical practice by applying the sensitivity and specificity
corresponding to HHL >1.5 cm (Table 2). For VF
prevalence of 46.5%, PPV was 53% (95% CI, 41%,
64%), and NPV was 65% (95% CI, 54%, 75%). With
HHL >1.5 cm, the positive likelihood ratio was 1.49 with a
95% CI from 1.07 to 2.06.

Discussion

The present study has identified significant positive associa-
tions between HHL, VF, number of VF, and grade of VF.

With emergence of effective osteoporosis treatments that
markedly reduce fracture likelihood, it is essential to detect
patients with VF so that appropriate diagnosis and therapy
can be instituted [7]. Longitudinal studies reported that the
decrease in stature with age among healthy people without
VF was very slight, suggesting that in unselected popula-
tion, some apparent stature loss with age is probably due to
disease processes, such as VF [6, 18]. Consequently, some
osteoporosis guidelines recommend that height loss assess-
ment should be part of the evaluation of patients with
osteoporosis and of those at risk of osteoporosis [19, 20].
Height loss can be evaluated by calculating HHL [11].
However, one difficulty was to determine a specific amount
of HHL that should be used as a threshold for defining
patients at high risk of having prevalent VFs.

Several studies demonstrated that HHL was strongly
associated with VF [5, 8, 11, 21]. Nevertheless, only one
study showed that HHL can serve as a test for assessing the
presence of VFs and propose that the useful height loss
threshold for postmenopausal women should be HHL
>6.0 cm [11]. That threshold had a specificity of 94%, a
sensitivity of 30%, and produced high NPVs across the
range of VF prevalence encountered in clinical practice.
HHL performed even better for certain subtypes of fracture
patients: those with greater numbers of fractures, those with
more severe fractures, and those with crush fractures.
Besides, in the study of Siminoski et al. [11], the amount
of height loss per fracture was 0.97 cm, after the correction
for age. The HHL per thoracic fracture was 0.76 cm, and

the HHL per lumbar fracture was greater at 1.5 cm.
However, in the ROC curve which estimated the ability of
HHL to predict one or more fractures, the AUC was
only 0.66, and the positive likelihood ratio for fracture was
relatively flat (2.8 for HHL >6 cm). These values
indicated that there would be limitations to the application
of HHL.

In our results, the most important finding was that HHL
was significantly associated with VF and with number of
VF. HHL was also significantly associated with number of
thoracic VF, lumbar VF, and with grade of VF, confirming
the findings of other investigators [5, 11]. However, this
relationship was not clinically pertinent. Indeed, the
average height loss per fracture after adjusting for age
was only 0.2 cm with a 95% CI of 0.1 to 0.4 cm. This
average height loss was close to the intra-observer TEM of
height (0.12 cm). Indeed, height was recorded to the closest
millimeter. So, a difference of 0.8 mm could not be detected
by the stadiometer. This moderate average height loss may
be explained by the great percentage of grade 1 VF in our
patients (88.8%). Similarly, the amount of height loss per
lumbar VF was 0.4 cm versus 0.2 cm for thoracic VF. Both
values were less than those reported in other studies [11].
Nevertheless, the area under the ROC curve for the ability
of HHL to detect fracture was only 0.60. Besides, our
threshold (HHL >1.5 cm) was smaller than that reported in
another study [11]. At HHL >1.5 cm, positive likelihood
ratio was 1.49, and PPV was only 53%. So, while a
prevalent fracture is suggested, it cannot be ruled in by
height measurements with sufficient certainty to be applied
clinically as a definitive test for VF. In brief, using HHL
>1.5 cm could be a major source of inaccuracy to detect
prevalent fractures in Moroccan women.

HHL is calculated from two variables: current measured
height and TRH. Each has potential sources of error. TRH
is based on patient memory of height attained in young
adulthood. So, TRH is subjected to the error due to the
patient’s recall [11]. In fact, 25.4% of our patients were
illiterate, and only 56.9% could remember their TRH.
Nobody had documentation about TRH. Furthermore, for
eight patients, TRH were smaller than current measured
heights.

Besides, current height will vary with the time of day,
physical exertion prior to measurement, variation in
posture, and disease states [22–24]. In our study, the intra-
and inter-observer TEMs for height measurement were very
similar to those observed by other investigators [13, 14].
Anthropometric measurement error is unavoidable and
should be minimized by paying close attention to every
aspect of the data collection process. In this study, height
measurement errors were minimized to acceptable ranges.

There were two main limitations of this study. First, the
subjects were not recruited from the community at large but

Table 2 Predictive values at various fracture prevalence

Theoretical prevalence (%)a

10 35 46.5

Positive predictive value 0.14 0.44 0.53

Negative predictive value 0.92 0.73 0.65

a Values were derived using sensitivity=58% and specificity=61%
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were selected from patients who underwent bone density
determinations. This selection bias likely explains the
relatively high prevalence of osteoporosis in the subjects
studied. However, we have already shown that 31% to 39%
of postmenopausal Moroccan women had osteoporosis
[25–27]. On the other hand, using HHL for assessment of
height loss was not easy because more than half of patients
did not remember their TRH. Therefore, it could be
interesting in our population to use a marker of TRH such
as arm span. Indeed, arm span is very close to stature in
young adults and may thus produce a more accurate HHL
determination and improved detection of VF. Furthermore,
studies suggest that a minimum 3-cm difference between
arm span and current height makes up one of the criteria for
suspecting osteoporosis [28–31].

Conclusion

In brief, our results showed significant positive associations
between HHL, VF, number of VF, and grade of VF.
However, this relationship was not clinically pertinent. So,
HHL cannot be used as a reliable clinical test for detecting
VFs in postmenopausal Moroccan women.
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