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Loss of height is common with advancing age.1,2

Causes include changes in curvature of the spine,
narrowing of intervertebral discs and vertebral frac-

tures. Height loss is associated with back pain and thoracic
hyperkyphosis.3,4 Two-thirds of adults have back pain at any

time. Controversies exist about the need for radiographs of
the spine: Does the benefit of detecting treatable disorders
of the spine such as vertebral fracture outweigh the harm of
unnecessary radiographs? Loss of height is usually recorded
as one of the clinical signs to help identify postmenopausal
women with vertebral fractures.5 The use of this parameter
to decide whether radiography is needed depends on the
threshold for height loss associated with a strong risk of ver-
tebral fracture. The thresholds useful in clinical practice to
detect prevalent vertebral fracture range from 3 cm to
6 cm,6−9 with the risk of prevalent fracture increasing with
the magnitude of the height loss. Thus, the accuracy of the
information on height is relevant for clinical practice.

We conducted this study to compare reported and mea-
sured loss of height in a large population of women more than
60 years old in a primary care setting and to analyze the deter-
minants of this height loss.

Methods

Study design
We conducted a multicentred observational study between
December 2007 and May 2008 at primary care practices in
France. We randomly selected general practitioners from a
national representative database. To be eligible, physicians
had to have a large practice that included women more than
60 years old. We estimated that the sample would need to
include at least 3500 general practitioners. We selected 3621
general practitioners and contacted them by phone; 1779
agreed to participate (Figure 1).

The general practitioners were asked to recruit the first five
female patients who were more than 60 years of age, regardless
of the reason for the consultation. During the visit, the physicians
completed a questionnaire with the following information:
patient’s age, weight, start of menopause, history of fracture after
age 45 years, history of spinal disease such as osteoarthritis, his-
tory of back pain, past or current intake or corticosteroids for
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Background: Since loss of height may indicate vertebral
fracture, the accuracy of the information on height is rele-
vant for clinical practice. We undertook this study to com-
pare reported and measured loss of height among post-
menopausal women in a primary care setting. We also
analyzed the determinants of this height loss.

Methods: In an observational study conducted between
December 2007 and May 2008, we asked 1779 randomly
selected general practitioners to recruit the first five fe -
male pa tients who were more than 60 years of age, re -
gardless of the reason for the consultation. Using a ques-
tionnaire, physicians collected data on demographic and
clinical variables, history of osteoporosis and current anti-
 osteoporotic treatment. We used three assessments of
height: tallest height in early adulthood recalled by the
patient, estimated current height reported by the patient
at the visit and current measured height. We defined loss
of height as the difference between the patient’s tallest
recalled height and her current measured height.

Results: A total of 8610 patients were included in the
analysis; the mean age was 70.9 (standard deviation [SD]
7.2) years. The mean loss of height was 4.5 cm. The mean
current reported height was 2.1 (SD 2.5) cm lower than the
tallest recalled height and 2.4 (SD 2.6) cm lower than the
measured current height. The best predictors of a loss of
height of 3 cm or more were age (odds ratio [OR] 1.09,
95% confidence interval [CI] 1.08–1.10), previous vertebral
fracture (OR 1.49, 95% CI 1.16–1.91), previous nonverte-
bral fracture (OR 1.26, 95% CI 1.06–1.51), thoracic kyphosis
(OR 2.07, 95% CI 1.69–2.55), scoliosis (OR 1.35, 95% CI
1.12–1.63), back pain (OR 1.22, 95% CI 1.07–1.39) and
osteoporosis (OR 1.39, 95% CI 1.20–1.60).

Interpretation: Our study showed that the patients’ esti-
mated current height was not correct, with a mean differ-
ence of –2.5 cm from the current measured height. The mean
height loss was 4.5 cm. Previous vertebral fracture and tho-
racic kyphosis were strong determinants of the height loss.
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three or more months, history of osteoporosis and current use of
anti-osteoporosis treatment. They checked the patients’ charts to
see whether bone densitometry had been performed; the diagno-
sis of osteoporosis was defined by a T score of −2.5 or less.

The physicians were also asked to review the recruited
patients’ files to see if they had had any radiographs of the
spine performed. They checked the radiographs or the radiol-
ogists’ reports in the files for data on the presence or absence
of vertebral fractures, scoliosis, thoracic kyphosis or osteo -
arthritis of the spine.

Measurement of loss of height
We used three assessments of height in this study: tallest
recalled height, current reported height and current measured
height. The tallest recalled height was obtained using either
the height recorded on documentation (passport, national
identity card) between 20 and 50 years of age or the tallest
height at 20 years of age recalled by the patient.

Current reported height was the estimated current height
reported by the patient at the visit before any  measurement. 

Current measured height was measured with the use of an
electronic stadiometer. Each patient was measured without
shoes, with her heels, buttocks and back to the stadiometer
backboard. The patient’s head was maintained in the Frank-
fort plane, with the lower edge of the left eye socket in the
same horizontal plane as the notch superior to the tragus of
the left ear.10,11 The patient was instructed to stretch to a fully
erect position while keeping her feet flat on the floor. Height
was recorded to the closest millimetre during normal respira-
tion.10,11 Three consecutive measurements were obtained, and
the mean was recorded.

Statistical analysis
We used means and standard deviations (SDs) for continuous
variables and percentage distributions for discrete variables.
Means were compared with use of the Mann–Whitney and

Kruskal–Wallis tests. Loss of height was
defined as the difference between the
patient’s tallest recalled height and the cur-
rent measured height.

We performed logistic regression analy-
sis to determine predictive factors of height
loss among patients who had a loss of
height of at least 3 cm (v. < 3 cm) and
among those who had a loss of height of at
least 6 cm (v. < 6 cm). As an exploratory
analysis, we used information from the
radiologists’ reports, where available in the
women’s files, to study the relation
between height loss and risk of vertebral
fracture. We performed sensitivity and
specificity analyses to determine the
threshold for height loss to use in the mul-
tivariable analysis.

Results

Patient characteristics
A total of 8875 postmenopausal women
were recruited by the general practitioners;
we excluded 265 (3.0%) of them because of
missing data concerning their age or because
they were 60 years of age or younger.

The baseline characteristics of the
remaining 8610 women are reported in
Table 1. Overall, 2391 (27.8%) of the
patients reported a history of clinical fracture
after age 45 years (13.1% reported a wrist
fracture, 9.2% a vertebral fracture, 2.3% a
hip fracture and 7.4% another“other” frac-
ture). Of the 4238 patients who had under-
gone bone densitometry, 1938 (45.7%) had
osteoporosis. Overall, 2936 (34.1%) of the
8610 patients were receiving at least one
anti-osteoporosis agent (bisphosphonate,
parathyroid hormone, selective estrogen
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Patients included in study 
n = 8610 

Patients recruited by general 
practitioners 

n = 8875 

General practitioners 
included in study 

n = 1779 

Excluded  n = 1842 
• Declined request to participate  n = 1288 
• Did not respond  n = 554 

General practitioners selected 
using a national database 

n = 3621 

5 female patients > 60 years old 
recruited by each physician 

Not included  n = 20 

2 of 5 patients 
included 

n = 1 

3 of 5 patients 
included 

n = 5 

4 of 5 patients 
included 

n = 7 

5 of 5 patients 
included 
n = 1766 

Excluded  n = 265 
• Age ≤ 60 years  n = 252 
• Missing data  n = 13 

Figure 1: Recruitment of the general practitioners and patients.
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receptor modulator or strontium ranelate); this proportion was
38.3% (n = 1609) among the 4201 women who were more than
70 years old.

Radiographs of the spine were available in the files of 5179
(60.2%) of the recruited patients. They were performed within
one year before the visit for 1819 (35.1%) and more than one
year before the visit for 3360 (64.9%). The radio graph or radi-
ologist’s report showed clinical vertebral fracture in 12.7%
(973/7683) patients, scoliosis in 23.1% (1753/7604), thoracic
kyphosis in 24.2% (1836/7582) and osteoarthritis of the spine
in 50.9% (3835/7534).

Height loss
The different height values are presented in Table 2. The
tallest recalled height was estimated at the mean age of 20.7
(SD 4.0) years, on the basis of documentation (passports,
identity card) in 4.4% and the patient’s memory of height
attained in young adulthood in 95.6%. The mean estimated
current height reported by the women the day of the visit was
significantly lower than the mean tallest recalled height at age
20 (difference −2.1 [SD 2.5] cm) and the mean measured
height (difference −2.4 [SD 2.6] cm) (Table 2).

The mean height lost was 4.5 (SD 3.0) cm. Overall, 165
(2.0%) of the patients did not lose any height, 5843 (70.9%) had
a loss of at least 3 cm, and 2239 (27.1%) had a loss of at least
6 cm; the remaining 363 patients had a loss of less than 3 cm.

The mean loss of height was 4.8 cm (SD 3.0) among the
patients who were taking anti-osteoporosis treatment and
4.3 cm (SD 2.9) among those not taking such treatment
(p < 0.001).

Determinants of height loss
The multivariable analysis showed that the best predictors of
a loss of height of 3 cm or more were age, previous vertebral
fracture, previous nonvertebral fracture, thoracic kyphosis,
scoliosis, back pain and osteoporosis. The best determinants
of a loss of 6 cm or more were age, previous vertebral frac-
ture, previous nonvertebral fracture, thoracic kyphosis and
scoliosis (Table 3).

Relation between height loss and vertebral fracture
Of the 6713 patients whose general practitioner could deter-
mine the presence or absence of a vertebral fracture from the
radio graph or radiologic report, 973 (14.5%) had a vertebral
fracture. Compared with patients who did not have a vertebral
fracture, those who did were significantly older (mean 74.4
[SD 7.4] v. 70.2 [SD 6.9] years), shorter (mean 155.9 [SD 7.1]
v. 157.8 [SD 6.3] cm), thinner (mean 63.1 [SD 11.3] v. 66.1
[SD 11.8] kg) and lost more height (mean 6.1 [SD 3.4] v. 4.3
[SD 2.8] cm) (p < 0.001 for each comparison). They reported
current use of corticosteroids, osteoporosis and previous non-
vertebral fracture more often than the women without vertebral
fractures. With respect to the presence of vertebral fracture on
the radiologist’s report, a threshold of 4 cm of height loss had a
sensitivity of 74% and a specificity of 49%; a threshold of 6 cm
had a sensitivity of 47% and a specificity of 76% (Figure 2).
Multivariable analysis using a threshold of height loss of at
least 4 cm showed that the best predictors of the presence of
vertebral fracture were age, a history of height loss of at least
4 cm, back pain and previous nonvertebral fracture.

Interpretation

We observed a mean loss of height of 4.5 cm since early
adulthood in a large population of postmenopausal women in
primary care practices. The patient’s estimated current height
was not a correct assessment of this parameter. There was a
significant difference (−2.1 cm) between the current height
reported by the women during the visit and their tallest
recalled height at age 20. Despite this “pessimistic” view, the
estimated current height was wrong, with the measured height
being actually 2.4 cm lower. The prevalence of vertebral frac-
tures on radiologic reports was 12.7%. We found that the risk
of existing vertebral fracture was significantly higher among
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Table 1: Characteristics of 8610 female patients more than 
60 years of age who were included in the study 

Characteristic Value 

Age, yr, mean (SD) 70.9   (7.2) 

Age at start of menopause, yr, mean (SD) 50.0   (4.2) 

Weight, kg, mean (SD) 65.8 (11.9) 

Body mass index, mean (SD) 26.6   (4.7) 

Previous or current use of corticosteroids 
for ≥ 3 mo, % (no.) 

  5.3   (446/8483) 

History of clinical fracture after age 
45 years, % (no.) 

27.8 (2391/8610) 

Wrist 13.1 (1129/8610) 

Vertebra   9.2   (796/8610) 

Hip   2.3   (200/8610) 

Other   7.4   (634/8610) 

Finding on radiograph, % (no.)  

Vertebral fracture 12.7   (973/7683) 

Scoliosis 23.1 (1753/7604) 

Thoracic kyphosis 24.2 (1836/7582) 

Osteoporosis,* % (no.) 45.7 (1938/4238) 

≥ 1 anti-osteoporosis agent,† % (no.) 34.1 (2936/8610) 

Note: SD = standard deviation. 
*T score ≤ –2.5. 
†Bisphosphonate, parathyroid hormone, selective estrogen receptor 
modulator or strontium ranelate. 

Table 2: Measurements of height 

Variable Mean (SD) 

Age at tallest recalled height, yr   20.7 (4.0) 

Age at visit, yr   70.9 (7.2) 

Tallest recalled height, cm 162.0 (5.9) 

Current height reported by patient, cm 160.0 (6.1) 

Current measured height, cm 157.5 (6.5) 

Height lost,* cm     4.5 (3.0) 

Note: SD = standard deviation. 
*Loss of height was defined as the difference between the patient’s tallest 
recalled height and the current measured height. 
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patients with a height loss of at least 4 cm, a threshold similar
to the one recommended by the International Society for Clin-
ical  Densitometry.7

Previous studies have shown that patients’ estimated cur-
rent and recalled heights tend to be higher than measured
heights and that the tallest recalled height may be overesti-
mated.12,13 Overestimated height increased with age, occurring
in 70% of those aged 80 and older. Compared with people
with normal bone density, a significantly higher proportion of
men with osteoporosis (76% v. 47%, p < 0.001) and women
with osteoporosis (52% v. 35%, p < 0.001) overestimated
their height. In addition, significant misclassification of self-
reported height and weight occurred among people in poor
health and those with poor performances on memory and cal-
culation tests.14,15 However, previous studies did not show that
the reported current height was lower than the tallest recalled
height. Our finding of a difference of −2.1 cm between these
values was surprising, because the patients had just given
their tallest recalled height. A previous study showed that
women who consulted in primary health care increased the
severity of their complaint and had a pessimistic appraisal of
their health.16

Loss of height may occur for several reasons, such as pos-
tural change, degenerative intervertebral disc disease or verte-
bral fracture. In a population-based study of the incidence of
clinical vertebral fracture, only 30% of women who had a
vertebral fracture visited a health care provider with sympto-
matic complaints.17 Measurement of height loss could be an
accurate method for detecting prevalent vertebral fractures;
however, there are discrepancies concerning the relevant
threshold for height loss.18,19 In a study involving 322 post-
menopausal women with osteoporosis, Siminosky and col-
leagues showed that a loss of height greater than 6.0 cm rules
in prevalent vertebral fracture and proposed that patients with
a loss of at least 6 cm should have a radiograph taken.9 In a
population-based, retrospective study, Gunnes and colleagues
found that the risk of vertebral fracture increased about five-

fold among women who had a loss of at least 3 cm in height
compared with those who had maintained height.6

The differences in thresholds may be explained by the dif-
ferences in the patients’ characteristics and the type of recruit-
ment (primary care setting or not). The high prevalence of
height loss in our study population contrasts with the low
prevalence of vertebral fracture, which suggests that height
loss is not fully explained by the presence of vertebral frac-
tures. Siminovski and colleagues showed that the average
height loss per vertebral fracture is 0.97 cm,9 which suggests
that height loss is linked not only to vertebral fractures. In our
study, age, thoracic kyphosis and scoliosis were other strong
determinants of height loss.

Limitations
Our study had several limitations. Although it was performed
in a nonspecialist setting and involved women who were not
referred for osteoporosis assessment, the proportion of patients
who had osteoporosis or were taking anti- osteoporosis
treatment was higher than expected. We can hypothesize that
only general practitioners most interested in osteoporosis
agreed to participate or that, by knowing the purpose of the
study, the physicians preferentially included patients with
osteoporosis. Prevalent vertebral fractures were assessed by the
general practitioners after reviewing the radiographs or radio-
logic reports, and we were unable to confirm the diagnosis of
fractures. It has been shown that up to 20% of fractures may
not be recognized, in part because of an ambiguous radiologic
report.20 With the proportion of missing data at less than 5%,
we considered that our choice of method would not signifi-
cantly alter the results.

Conclusion
In this observational study involving a large population of
postmenopausal women more than 60 years old, we observed
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Figure 2: Sensitivity and specificity analysis (receiver operating
characteristics curve) of the relation between loss of height
and presence of vertebral fracture on the radiologic report.

Table 3: Factors associated with loss of height of 3 cm or 
more (n = 5660) 

 Loss of height; adjusted OR* (CI 95%) 

Variable ≥ 3 cm ≥ 6 cm 

Age at visit 1.09 (1.08–1.10) 1.09 (1.08–1.10) 

Age at start of 
menopause 

0.98 (0.97–1.00) – 

Back pain  1.22 (1.07–1.39) – 

Previous vertebral 
fracture 

1.49 (1.16–1.91) 1.80 (1.49–2.19) 

Previous clinical 
fracture 

1.26 (1.06–1.51) 1.13 (1.49–2.19) 

Scoliosis 1.35 (1.12–1.63) 1.15 (0.94–1.39) 

Thoracic kyphosis 2.07 (1.69–2.55) 1.90 (1.60–2.27) 

Osteoporosis† 1.39 (1.20–1.60) – 

Note : CI = confidence interval, OR = odds ratio. 
*Each variable was adjusted for the other variables in the table. 
†T score ≤ –2.5. 
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that the estimated current height reported by the women was
incorrect, with a mean difference of −2.4 cm from the current
measured height. Thus, general practitioners need to measure
the height of their postmenopausal patients and not rely on
reported estimates. Previous vertebral fracture and thoracic
kyphosis were strong determinants of the height loss.

This article has been peer reviewed.
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