Osteoporos Int (2012) 23:971–980
DOI 10.1007/s00198-011-1659-1

ORIGINAL ARTICLE

PTH level but not 25 (OH) vitamin D level predicts
bone loss rates in the elderly
A. Arabi & R. Baddoura & R. El-Rassi &
G. El-Hajj Fuleihan

Received: 23 November 2010 / Accepted: 31 March 2011 / Published online: 8 June 2011
# International Osteoporosis Foundation and National Osteoporosis Foundation 2011

Abstract
Summary We assessed the impact of calciotropic hormones
on bone loss in 195 elderly subjects. After a median follow
up of 4 years, parathyroid hormone (PTH) correlated
negatively with changes in bone mineral density (BMD)
at all skeletal sites. After adjustment for potential predictors
of bone loss in the elderly, PTH level alone explained 3%
of the variance in BMD changes at the hip.
Introduction This study assessed the impact of calciotropic
hormones on bone loss rates in an elderly population-based
cohort of 195 ambulatory men and women, aged 65–
85 years and followed up for a median of 4 years.
Methods Calcium intake, serum calcium, and phosphorus
were assessed at baseline. Serum creatinine was measured
at follow up visit. The 25 (OH) vitamin D [25-OHD] and
PTH were measured at baseline and at follow up. Bone
mass at the lumbar spine, hip, forearm and total body, as
well as body composition was measured at baseline and at
follow up by dual energy X-ray absorptiometry.
Results Mean 25-OHD level was 14.7±6.4 ng/ml and mean
PTH level was 47.9±30.4 pg/ml. Age correlated negatively
with percent changes in BMD at all skeletal sites (p<0.05).
Changes in body mass index (BMI) and in body composition correlated positively with BMD changes at all sites,
except at the forearm. There was no correlation between
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25-OHD and changes in BMD except at the trochanter
(r=0.19, p<0.008). Conversely, PTH negatively correlated
with changes in BMD at all skeletal sites (r=−0.14 to
−0.27, p<0.05). This correlation persisted after adjustment
for age, changes in BMI, changes in fat mass and lean
mass, serum creatinine, calcium intake, and 25-OHD
levels. PTH level alone explained 3% of the variance in
BMD changes at all hip subregions.
Conclusions Serum PTH, but not 25-OHD, predicted bone
loss rates in the elderly. Thus, it is important to normalize
PTH level when correcting hypovitaminosis D in the
elderly.
Keywords Body composition . Bone loss . Elderly . PTH .
Vitamin D

Introduction
Osteoporosis is a substantial health problem in aging
population in both genders. During lifetime, women lose
30–50% of their bone mass [1]. Bone loss starts before the
menopause transition in females and accelerates during the
first few years following menopause. Although men lose
bone to a lesser extent than women, lifetime bone loss may
reach 20% at cortical sites and 30% at trabecular sites [1].
Age-related bone loss has been primarily attributed to sex
steroid deficiency. Indeed, estrogen has been shown to
protect against bone loss in longitudinal studies [2].
However, a recent longitudinal study showed that, although
endogenous free estradiol was associated with bone loss in
postmenopausal women, only little amount (less than 1%)
of the variance of bone loss was explained by this
measurement [3], suggesting that other hormonal and/or
non-hormonal factors play more important roles in bone
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loss in these women. Indeed, bone loss in the elderly may
be secondary to changes in calciotropic hormones, namely
decreased vitamin D synthesis, and decreased calcium
absorption, and increased parathyroid hormone (PTH) with
aging.
Cross-sectional data showed a positive association
between serum 25 (OH) vitamin D levels and bone mineral
density (BMD) [4]. There is good evidence that older
people with insufficient levels of vitamin D are at increased
risk of osteoporosis and osteoporotic fractures [5]. On the
other hand, high serum PTH levels have been associated
with increased bone remodeling, excessive bone loss and
increased fracture risk [6]. Vitamin D supplementation
decreases serum PTH concentration, decreases bone turnover, increases bone mineral density, and decreases in
fracture risk in the elderly [7].
Over the years, attention has been focusing on the role of
vitamin D rather than PTH, although in some crosssectional studies, PTH seems to be the mediator of the
deleterious effect of hypovitaminosis D on bone [8, 9].
Indeed, we have shown that PTH levels, but not serum
25-OHD, were an independent predictor of BMD at all
skeletal sites, after adjustment for predictors of bone
mass in the elderly [8]. Similarly, Sahota et al. showed
that patients with hypovitaminosis D and a blunted PTH
response had higher BMD compared to those with
hypovitaminosis D and elevated PTH levels [9]. Studies
that prospectively evaluated the impact of calciotropic
hormones on bone loss rates, namely the independent role
of PTH, are scarce.
The current study aimed at assessing the relative impact
of calciotropic hormones, on bone loss rates, in an elderly
population-based cohort of Lebanese subjects.

Methods
Four hundred sixty elderly Lebanese (65–85 years) participated in a population-based study aiming at assessing the
prevalence of osteoporosis and vertebral fractures in
Lebanese elderly. Apparently healthy subjects were randomly selected from the Greater Beirut area using a
multilevel cluster technique. Greater Beirut was broken
down into regions and subregions with households. The
households were chosen randomly from the maps and the
subject/household who fits the age range was selected. The
study subjects were recruited between November 2002 and
March 2003. One hundred ninety-five subjects (65 men and
130 women) returned for follow up after a mean duration of
4.2±0.3 years. Three subjects were excluded from the
analyses because of suspected primary hyperparathyroidism
based on a calcium level ≥10 mg/dl and PTH above the
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upper limit of normal at baseline. Data pertaining to the 192
subjects who presented for follow up was used for the
purpose of this study. Exclusion criteria were the following:
any medical condition likely to affect bone metabolism
such as the history of major chronic disease, the intake of
medications that affect bone metabolism, history of steroid
intake for more than 6 months, treatment with bisphosphonates, selective estrogen receptor modulators, calcitonin or
hormone replacement therapy for more than 1 year during
the previous 5 years, bed rest for more than 1 month within
6 months prior to the study, subjects with previous surgery
on the spine or both hips, and those with history of
radiotherapy or chemotherapy. Subjects with conditions
technically interfering with dual-energy X-ray absorptiometry (DXA) BMD assessment were also excluded, i.e.,
previous surgery on the spine, hip, forearm, or an imaging
contrast procedure within the past week.
Patient’s height (centimeter) and weight (kilogram) were
measured at baseline and at follow-up visit and BMI were
calculated. Dairy calcium intake was assessed using a food
frequency questionnaire that evaluated the consumption of
calcium enriched food, stressing specifically dairy products
usually consumed by the elderly of our population. This
questionnaire was derived from a validated one developed
in our unit that demonstrated that 80% of calcium intake in
Lebanese adolescents was from dairy products [10]
Serum calcium (milligrams per deciliter), phosphorus
(milligrams per deciliter), and alkaline phosphatase (international units per liter) were measured at baseline and at
follow-up visits and serum creatinine (milligrams per
deciliter) at follow up by standard calorimetric methods
using the Hitachi 912 analyzer (Mannheim, Germany).
Serum 25 (OH) vitamin D [25-OHD] in nanogram per
milliliter was measured at baseline and at follow up with
radioimmunoassay (IDS Immunodiagnostics, Boldon, UK).
Serum PTH was measured by enzyme-linked immunosorbent assay-PTH immunoradiometric assay (CisBio
International, Gif-Sur-Yvette, Cedex, France). The reference
range reported in the kit is 8–76 pg/ml. At our lab, quality
assurance is performed regularly and the intra-assay and interassay variability for 25-OHD and PTH are below 10%. The
endocrine laboratory at our institution is a participant in the
international vitamin D external quality assurance service,
DEQAS (www.deqas.org).
BMD of the lumbar spine, the hip (total hip, femoral
neck, and trochanter), and the forearm (33% radius), as well
as total body bone mineral content (BMC) and body
composition were measured at baseline by DXA in two
centers using a Hologic 4500 A device (n=230) and a
Hologic 4,500 W (n=230; Hologic, Bedford, MA, USA).
Thirty subjects had BMD at all skeletal sites simultaneously
measured in both centers. Linear regression analyses were
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performed to allow conversion from one device (QDR W)
to the other (QDR A) to derive cross-calibration formulas
that were consistent with those reported in the literature [8].
Data therefore used were those as if as if all subjects were
measured initially on the Hologic 4500 A densitometer
using these cross-calibration formulas. At follow up, all
patients had their BMDs measured at the American
University of Beirut Medical Center using the same device
(QDR-4500 A) and by the same BMD technician. At our
center, same-day duplicate scans are performed for all
skeletal sites on a daily basis and the mean±SD precision is
calculated monthly. These values have been stable over
years, similar to those reported in the literature, and well
below the guidance cutoffs provided by the International
Society of Clinical Densitometry. The mean CV±SD for
duplicate skeletal measurements between 2002 and 2006
was below 0.9±0.8% at the lumbar spine and total hip, 1.5±
1.3% at the femoral neck, 1.3±0.9% at the trochanter, and
below 0.95±0.85% at the 1/3 radius.
The study was approved by the Institutional Review
Board of the American University of Beirut. Written
informed consent was obtained from the study participants.
Statistical analysis
Values are presented as mean±SD unless stated otherwise.
P values of <0.05 were considered significant.
The mean values of 25-OHD and PTH levels [(baseline
levels+follow-up levels)/2] were used in the analyses.
The study subjects were divided into subgroups according
to three categories: 25-OHD >20 ng/ml, 25-OHD <20 ng/ml
and normal PTH levels, and 25-OHD <20 ng/ml and high
PTH levels. There were too few subjects (N=5) with 25-OHD
levels of >30 ng/ml to use this cutoff value for analyses.
One-way analysis of variance was performed to assess the
difference in BMD changes between these three categories.
Paired t test was used to assess the significance of changes in
BMD from baseline, and independent t test was used to
compare the mean of continuous variables between males
and females. Pearson’s correlations were used to assess the
relationship between the percent changes in BMD and
continuous variables such as age, changes in BMI, changes
in body composition, serum calcium, calcium intake,
serum 25-OHD level, and serum PTH levels. Partial
correlations were then performed to assess the effect of
PTH on BMD changes, after adjustment for each
variable at a time. Linear regression models were then
built to assess the effect of PTH on BMD changes, after
adjusting for all variables of other covariates of interest
including age, calcium intake, creatinine, 25-OHD, changes in
fat mass, and changes in lean mass all entered in the same
model.
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Results
Characteristics of the study population
Baseline characteristics of the study population are shown
in Table 1. The mean age in the overall group at study entry
was 72.5±5.1 years. The mean 25-OHD was insufficient in
the overall group and within both genders.
Vitamin D levels correlated negatively with PTH
levels both at baseline (r=−0.31, p<0.001) and at follow
up (r=−0.20, p=0.01). Similarly, mean vitamin D levels
correlated negatively with mean PTH (r=−0.25, p=0.001).
Subjects who lost to follow up were older (mean age 74±
5.0 years) and had a baseline forearm and hip BMD and T
scores that were lower than those who came for follow up
visit; but their 25-OHD and PTH levels were similar to those
subjects who participated in the follow-up study.
BMD changes from baseline
In the overall group, BMD decreased at all skeletal sites
compared to baseline (p < 0.001) except at the spine
(Table 2). The percent changes in BMD at a mean follow
up of 4.2±0.3 years varied between −2.44±5.7% and −4.7±
8.9%, depending on skeletal site. The corresponding annualized percent changes ranged from −0.58±1.3% to −1.11±
2.1%. There was no significant difference in BMD changes
between men and women except at the femoral neck where
bone loss was more pronounced in women (−3.7% vs. −0.8,
p=0.02%).
Bivariate correlations between changes in BMD
and potential predictors
There was a significant negative correlation between age
at baseline and percent changes in bone density at the
spine, total hip, trochanter, and forearm (r=−0.15 to
−0.21, p<0.05) and with percent changes in total body
BMC (r=−0.19, p<0.01; Table 3).
Changes in BMI positively correlated with percent
changes in BMD at the spine (r=0.32, p=0.001), total hip
(r=0.36, p<0.001), and femoral neck (r=0.29, p<0.001)
but not at the trochanter and the forearm. Similarly, changes in
fat mass and in lean mass positively correlated with percent
changes in total body BMC and with changes in BMD at all
sites except the forearm BMD (r=0.26–0.50, p<0.01).
There was no correlation between serum calcium or
calcium intake and percent changes in bone mass at any
skeletal site.
There was no significant correlation between bone loss
rates and serum 25-OHD or PTH levels at baseline (data
not shown). There was a mild correlation between mean
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Table 1 Baseline characteristics
of the study population

Overall (n=192)

Men (n=64)

Women (n=128)

Age (years)
Height (cm)

72.3±5.1
155.5±8.4

72.9±5.0
163.6±6.6

72.1±5.1
151.4±5.9

Weight (kg)

71.7±14.3
29.7±6.0

73.0±11.9
27.2±3.7

71.1±15.4
31.0±6.5

−2.2±1.3
−1.7±0.9

−1.7±1.6
−1.5±1.0

−2.3±1.2
−1.8±0.8

BMI (kg/m2)
Spine T-score
Total hip T-score
Femoral neck T-score

−2.6±0.8

−2.7±0.9

−2.6±0.7

Trochater T-score
Forearm T-score

−1.8±1.0
−2.6±1.3

−1.5±1.0
−2.6±1.5

−2.0±0.9
−2.6±1.2

Subtotal body T-score
spine (g/cm2)

0.84±0.1
0.838±0.15
0.790±0.12
0.647±0.08
0.566±0.10
0.580±0.10

0.9±0.09
0.918±0.16
0.872±0.123
0.681±0.09
0.629±0.11
0.678±0.08

0.7±0.08
0.799±0.13
0.749±0.10
0.630±0.07
0.535±0.08
0.530±0.07

Subtotal body BMC (g)
Subtotal body fat mass (g)
Subtotal body lean mass (g)
Serum calcium (mg/dl)

1,366±338
24,257±8,403
40,699±7,325
9.4±0.5

1,689±303
18,064±5,676
47,303±6,679
9.2±0.4

1,203±216
27,379±7,815
37,370±5,028
9.5±0.5

Serum phosphorus (mg/dl)
Serum Alk Ph (IU/L)
Serum creatininea (mg/dl)
Serum 25-OHDb (ng/ml)
Serum PTHb (pg/ml)
Estimated daily calcium intake (mg)

3.4±0.5
85.0±30.8
0.8±0.3
14.7±6.4
47.9±30.4
288±242

3.1±0.4
76.6±21.6
1.0±0.4
14.7±4.0
47.0±35.6
323±245

3.6±0.5
89.4±33.9
0.8±0.3
14.6±7.4
48.3±27.5
269±239

Smoking status
Never
Ex-smokers

39.2%
28.2%

24.2%
35.5%

47.1%
24.4%

32.6%

40.3%

28.6%

BMD
BMD
BMD
BMD
BMD

a

Serum creatinine was
measured at follow up visit only

b

Values of 25-OHD and PTH
represent the average of two
measurements obtained at
baseline and at follow up

total hip (g/cm2)
femoral neck (g/cm2)
trochanter (g/cm2)
forearm (g/cm2)

Current smoker

serum 25-OHD and percent changes in BMD at the
trochanter site only (r=0.19, p<0.008). Mean serum PTH
negatively correlated with percent changes in BMD at all
skeletal sites (r=−0.14 to −0.27, p<0.05) in the overall
group. The negative correlation between PTH and rates of
bone loss was linear at all skeletal sites. Within genders,
this negative relationship was present at the total hip and
trochanter (r=−0.25 to −0.34, p<0.05) in men, and at the
spine, femoral neck, trochanter, and forearm (r=−0.20 to
−0.45, p<0.05) in women.
Adjusted analyses
Partial correlations
The rates of bone loss were significantly higher in subjects
who had 25-OHD below 20 ng/ml and high PTH levels
(n=22, mean±SD 25-OHD 10.1±2.7 ng/ml and mean±
SD PTH 122±51 pg/ml), compared to those who had 25-

OHD below 20 ng/ml with normal PTH levels (n=140,
mean±SD 25-OHD 13.0±3.3 ng/ml and mean SD±PTH
41.4±13.9 pg/ml); p=0.03 at the spine, p=0.02 at the total
hip, and p=0.03 at the trochanter; and to those who had
25-OHD levels ≥20 ng/ml (n=30, mean±SD 25-OHD
25.3±8.4 ng/ml, and mean±SD PTH 35.2±13.7 pg/ml);
p=0.01 at the spine, p=0.03 at the total hip, and p=0.02 at
the trochanter (Fig. 1).
The negative correlation between PTH and percent
changes in BMD persisted at most skeletal sites after
adjustment for each of the other predictors of bone loss
entered at one time, such as age, changes in BMI, changes
in fat mass, changes in lean mass, serum creatinine, calcium
intake, and serum 25-OHD levels (Table 4).
Multivariate model
After adjustment for age, calcium intake, serum creatinine
and 25-OHD in multivariate models, mean PTH level, and
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Table 2 Total percent changes and annualized percent changes in bone mineral density in the overall study population and by genders
Overall (n=192)

P valuea

Men (n=64)

Women (n=128)

P valueb

Lumbar spine BMD
Total hip BMD

0.73±9.7
−4.31±7.3

NS
<0.001

1.23±9.9
−4.09±5.8

0.46±9.7
−4.42±8.0

NS
NS

Femoral neck BMD

−2.73±8.3

<0.001

−0.78±7.7

−3.71±8.5

0.02

Trochanter BMD
Forearm BMD

−4.73±8.9
−2.44±5.7

<0.001
<0.001

−4.65±8.3
−2.74±5.4

−4.77±9.1
−2.29±5.9

NS
NS

Subtotal body BMC

−4.63±7.1

<0.001

−4.6±7.7

−4.6±5.7

NS

Subtotal body fat mass

−1.73±15.8

NS

−3.4±15.7

1.43±15.8

0.05

Subtotal body lean mass

−1.45±5.2

NS

−1.2±5.5

−1.80±4.6

NS

Lumbar spine BMD
Total hip BMD

0.18±2.3
−1.01±1.7

NS
<0.001

0.31±2.4
−0.97±1.3

0.10±2.3
−1.03±1.9

NS
NS

Femoral neck BMD

−0.64±2.0

<0.001

−0.19±1.9

−0.87±2.0

0.03

Trochanter BMD
Forearm BMD
Subtotal body BMC

−1.11±2.1
−0.58±1.3
−1.10±1.6

<0.001
<0.001
<0.001

−1.12±1.9
−0.65±1.3
−1.10±1.8

−1.11±2.2
−0.54±1.4
−1.12±1.3

NS
NS
NS

Subtotal body fat mass
Subtotal Body Lean Mass

−0.41±3.8
−0.33±1.2

NS
NS

−0.79±3.8
−0.28±1.3

0.34±3.8
−0.43±1.1

0.05
NS

Unadjusted percent changes

Annualized percent changes

a

P values for difference compared to baseline by paired t test

b

P values for difference between genders by independent t test

Table 3 Pearson’s coefficients of correlations between the percent changes in BMC or BMD at different skeletal sites and known predictors of
bone loss in the overall group and within genders
Age
Overall group (n=192)
Spine BMD
−0.21*
Total hip BMD
F. neck BMD
Trochanter BMD
Forearm BMD
SubTBody BMC
Men (n=64)
Spine BMD
Total hip BMD
F. Neck BMD
Trochanter BMD
Forearm BMD
SubTBody BMC
Women (n=182)
Spine BMD
Total hip BMD
F. Neck BMD
Trochanter BMD

BMI changes fat mass changes lean mass changes Serum calcium Serum 25-OHD Serum PTH Calcium intake

−0.15*
–
−0.17*
−0.15*
−0.19*

0.32***
0.36***
0.29***
–
–
0.36***

0.26**
0.46***
0.27***
0.46***
–
0.50***

0.34***
0.36***
0.26***
0.44***
–
0.34***

–
–
–
–
–
–

–
–
–
0.19**
–
–

−0.27**
−0.20**
−0.16*
−0.20**
−0.14*
–

–
–
–
–
–
–

–
−0.25*
–
–
–
–

–
0.27*
–
–
–
0.27*

–
0.31*
–
0.30*
–
0.34***

0.38**
0.40***
–
0.34**
–
–

–
–
–
–
–
–

–
0.31*
0.36**
0.26*
–
–

–
−0.34**
−0.07
−0.25*
–
–

–
–
–
–
–
–

−0.22*
–
–
–

0.39***
0.38***
0.31***
–

0.42***
0.52***
0.30***
0.54***

0.34***
0.35***
0.31***
0.48***

–
–
–
–

–
–
–
–

−0.35***

–
–
–
–

–

0.18*
0.58c

–
0.39c

–
–

–
–

−0.20*

Forearm BMD

–

SubTBody BMC

–

0.38

(–), not significant
*p<0.05, **p<0.01, ***p<0.001

c

−0.22*
−0.45***

–
–

976

Osteoporos Int (2012) 23:971–980
P=0.03
NS
P=0.01

20
10
0
-10
-20
-30
-40
25OHD<20 & PTH>76

P=0.03

Percent changes in Trochanter BMD

NS
P=0.03

10
Percent changes inTotal Hip BMD

Percent changes in Spine BMD

30

P=0.02

P=0.02

0

-10

-20

-30
25OHD >20

25OHD<20 & PTH<76

25OHD<20 & PTH>76

25OHD >20

25OHD<20 & PTH<76

NS

20
10
0
-10
-20
-30
25OHD<20 & PTH>76

25OHD >20

25OHD<20 & PTH<76

Fig. 1 Box plot showing the median, 25th and 75th percentile of the
percent changes in BMD at the spine, total hip, and trochanter by PTH
and 25-OHD levels in the overall group. There was no difference in
bone loss rates between subjects with 25-OHD >20 ng/ml and those

with low 25-OHD and normal PTH levels. Bone loss was significantly
higher in subjects with low 25-OHD and high PTH levels compared to
those with low 25-OHD and normal PTH levels

changes in fat mass and lean mass were independent
predictors for percent changes in BMD at the total hip
(R2 =27.9%), femoral neck (R2 =13.4%), and trochanter
(R2 =31.7%). At all hip subregions, PTH alone explained
3% of the variance in BMD changes. The changes in lean
mass and PTH were the only independent predictors of
changes in BMD at the spine (R2 =23.7%), whereas changes
in total body fat was the only independent predictor for
changes in total body BMC (R2 =30.9%; Table 5).

these ODC ranged between 4% and 14%, according to the
severity of changes and to the vertebral level affected [12].
The rate of bone loss at the forearm and at the hip in our
elderly population seems to be comparable to those
reported by others. The annual rate of 0.6% at the forearm
is well within the annual rates ranging between 0.4% and
1% reported at the forearm in Northern Norway [14] and in
the Framingham longitudinal study [2]. Similarly, the
annual rates of bone loss of 0.6% at the femoral neck and
1.0% at the total hip reported herein are comparable to the
annual bone loss of 0.5% at the total hip and femoral neck
reported in a study of elderly American women with mean
age of 71.3 years [15].
There was a significant relationship between changes in
BMI, in body composition, and changes in bone mass. The
protective effect of obesity on bone mass has been well
described in cross-sectional studies [16]. Also, positive
correlations have been reported between bone density and
both lean mass and fat mass [16, 17]. Dennison et al.
showed that a lower BMI and a greater rate of loss of
adiposity, but not vitamin D or PTH, predicted bone loss in
elderly men and women aged 60–75 years followed up for
4 years [18]. In a 15-year follow-up study, Zhai et al.
showed a protective role of increasing weight and lean mass
on the long term bone loss in postmenopausal women [19].
Similarly, in a study assessing the effect of exercise-induced
changes in body composition on BMD, in men aged 55–
75 years, the change in lean mass was associated with total
hip and femoral shaft BMD and the change in lean mass
explained 9% of the variance in total hip BMD [20].
The rate of bone loss at the femoral neck was higher in
women compared to men. This may be explained by the

Discussion
This longitudinal population-based study assessed the rate
of bone loss in Lebanese elderly after a median follow up of
4 years. It showed that changes in body composition
predicted bone loss in the elderly and that serum PTH
level, but not serum 25-OHD, was an independent predictor
of bone loss, after adjustment for other known predictors of
bone mass changes in this age group.
Over the follow-up period, BMD decreased at all
skeletal sites except at the spine. This difference between
the spine and other skeletal sites may be related to the
development of osteo-degenerative changes (ODC) at the
spine that may falsely increase bone density measurements
in elderly. The effect of degenerative changes on BMD was
described in the early 1980s [11, 12]. The probability of
developing degenerative changes increases from less than
10% before age of 50 years to 85% at age 70 years [12]. We
had previously shown that ODC affected at least one vertebral
BMD measurement in 70% of spine scans of elderly
population [13]. The magnitude of BMD changes due to

−0.27 (0.002)
−0.20 (0.006)
−0.16 (0.02)
−0.20 (0.005)
−0.14 (0.05)
–

−0.27 (0.002)
−0.20 (0.005)
−0.16 (0.02)
−0.20 (0.004)
−0.14 (0.04)
–

−0.26 (0.003)
−0.20 (0.005)
−0.15 (0.03)
−0.20 (0.004)
–
–

Adjusted for
Δ BMI
−0.29 (0.001)
−0.21 (0.02)
−0.22 (0.01)
−0.25 (0.006)
–
–

Adjusted for creatinine
−0.30 (0.001)
−0.29 (0.001)
−0.22 (0.01)
−0.31 (<0.001)
–
−0.19 (0.03)

Adjusted for Δ
fat mass
–
−0.21 (0.02)
−0.17 (0.06)
−0.23 (0.01)
–
–

Adjusted for Δ
lean mass

−0.007 (0.09)
0.9
0.09 (0.12)
0.4
−0.09 (0.11)
0.9
−0.18 (0.08)
0.04
−0.07 (0.09)
0.4

β (SE)
p
β (SE)
p

β (SE)
p
β (SE)
p

β (SE)
p

Total Hip BMD

Trochanter BMD

Subtotal body BMC

0.003 (0.002)
0.07

0.008 (0.002)
0.7
−0.007 (0.002)
0.6

0.0005 (0.002)
0.8
0.0008 (0.003)
0.7

−0.02 (0.004)
0.4

Calcium intake

0.07 (0.07)
0.9

1.11 (1.15)
0.4
0.31 (1.1)
0.7

0.14 (0.12)
0.9
2.5 (1.6)
0.1

3.2 (1.9)
0.09

Creatinine

−0.05 (0.07)
0.4

−0.07 (0.09)
0.4
0.05 (0.07)
0.4

−0.05 (0.08)
0.5
0.02 (0.09)
0.8

−0.007 (0.1)
0.9

25-OHD

0.20 (0.03)
<0.001

0.20 (0.04)
<0.001
0.005 (0.03)
0.8

0.18 (0.03)
<0.001
0.11 (0.04)
0.009

0.09 (0.05)
0.1

Δ Fat mass

0.16 (0.09)
0.09

0.44 (0.12)
<0.001
0.003 (0.09)
0.6

0.23 (0.10)
0.02
0.25 (0.13)
0.05

0.4 (0.17)
0.02

Δ Lean mass

−0.02 (0.01)
0.2

−0.06 (0.02)
0.006
−0.02 (0.01)
0.2

−0.04 (0.01)
0.009
−0.05 (0.02)
0.02

30.9

5.1

31.7

13.4

27.9

23.7

R2 (%)

−0.28 (0.002)
−0.23 (0.01)
−0.19 (0.03)
−0.24 (0.008)
−0.11 (0.03)
–

Adjusted for
calcium intake

−0.09 (0.02)
0.001

PTH

−0.26 (0.003)
−0.19 (0.008)
−0.14 (0.05)
−0.19 (0.007)
–
–

Adjusted for
25-OHD

Δ fat mass changes in fat mass, Δ lean mass changes in lean mass

The models were built with percent changes in BMD of a skeletal site as outcome, and age, calcium intake, creatinine, 25-OHD, changes in fat mass and changes in lean mass and PTH as
predictors, all entered in the same model. One model was built for each skeletal site separately

Forearm BMD

Femoral neck

–0.24 (0.16)
0.1

β (SE)
p

Spine BMD

Age

Table 5 Multivariate analyses showing the effect of PTH on percent changes in bone loss at different skeletal sites, after adjustment for all other predictors

(–), Not significant, Δ BMI changes in BMI, Δ fat mass changes in fat mass, Δ lean mass changes in lean mass

Spine BMD
Total hip BMD
F. Neck BDM
Trochanter BDM
Forearm BDM
SubTBody BMC

Adjusted
for age

Unadjusted

Table 4 Partial correlations between PTH and percent changes in BMD at different skeletal sites, after adjustment for other predictors in the overall group
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small sample size in men (n=64), but may also be
attributed to the lower vitamin D and higher PTH levels
in women. Indeed, the rate of bone loss has been associated
with ethnicity, environmental factors, and vitamin D levels.
In a longitudinal study in elderly Belgian men aged over
70 years and followed up for a median of 4 years [21], the
rates of bone loss were lower than those found in our study
(0.39% at the total hip and 0.04% at the femoral neck
versus 0.5% at both regions in the current study). The mean
25-OHD was higher in the Belgian population compared to
ours (23.4 versus 14.3 ng/ml), and may partially explain
this difference in the rate of bone loss. However, there was
no significant relationship between serum 25-OHD levels
and rate of BMD loss at any skeletal site in the current
study, except for a mild association at the trochanter.
Cross-sectional studies showed an association between
BMD and vitamin D levels in the elderly [4, 22, 23],
whereas prospective studies lead to conflicting results.
Garnero et al. showed that vitamin D status was not an
important determinant of rate of bone loss at the forearm
in postmenopausal women with mean age of 62.2 years
followed prospectively for a median of 11.2 years [24].
Similarly, the Framingham Osteoporosis Study showed no
association between serum 25-OHD level and the 4-year
BMD loss in men and women with mean age of 74 years
[2]. Another prospective population-based study including
elderly men and women aged between 60 and 75 years,
showed no association between serum 25-OHD level and
rate of bone loss at the hip or spine [18]. Conversely, in
the study of osteoporotic fractures, serum 25-OHD levels
were associated with the rate of bone loss in elderly
women at the hip but not at the calcaneus, after a follow
up of 3.4 and 5.7 years, respectively [15]. Moreover, it has
been shown that serum 25-OHD concentration above
50 nmol/l leads to further reduction in bone loss at the
spine and hip in patients on antiresorptive therapy [25,
26]. In a longitudinal follow up from the Osteoporotic
Fractures in Men Study, after a median follow up of
4.4 years, the annual rate of bone loss at the hip ranged
between −0.37% and −0.59%. The rate differed according
to vitamin D level and the age of the population [27].
Lower levels of 25-OHD were associated with higher rates
of bone loss at the hip in men older than 75 years, whereas
there was no evidence of an association between 25-OHD
level and rate of hip bone loss among younger men
[27]. Whether 25-OHD level was associated with rate of
bone loss in the oldest subjects in our population could not
be assessed in the current study in view of the small
sample size.
In contrast, and contrary to 25-OHD levels, PTH levels
in our study inversely correlated with the rate of bone loss
at all skeletal sites in a consistent pattern. The strength of
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this relationship did not change after adjustment for other
predictors of bone loss in the elderly such as age, changes
in body composition, creatinine, or vitamin D level.
Moreover, there was no significant difference in the rate
of bone loss between subjects who had low 25-OHD levels
with normal PTH and those who had 25-OHD levels above
20 ng/ml, whereas the rate of bone loss was higher in
subjects who had high PTH levels compared to the two
other groups. The above findings suggest that PTH levels,
rather than serum 25-OHD, predict rates of bone loss in the
elderly. The difference between groups seen at the total hip
and trochanter were not significant at the femoral neck. The
reason behind the lack of significance at the femoral neck,
is unclear, however, it may be explained by the lower rate
of bone turnover at the femoral neck, compared to the other
two hip regions.
The effect of PTH on bone mass had been studied in
cross-sectional studies. We have previously shown in a
cohort of 460 elderly subjects with hypovitaminosis D that
after adjustment for predictors of bone mass in the elderly,
PTH levels, but not serum 25-OHD, had significant
independent contributions to BMD variance at all skeletal
sites [8]. Sahota et al. showed that patients with hypovitaminosis D and a blunted PTH response were characterized
by a reduced bone turnover and higher bone density as
compared to those with hypovitaminosis D and secondary
hyperparathyroidism [9]. Longitudinal data assessing the
role of PTH in bone loss are scarce. Some [15, 18, 24] but
not all studies [2, 27] that evaluated the relationship
between 25-OHD and bone loss also evaluated the
relationship with PTH. The OFELY study [24], the study
of osteoporotic fractures [15] and the study by Dennison et
al. [18] showed no relationship between the rate of bone
loss and PTH level [15, 18, 24]. Conversely, a study
assessing the age-related decline in femoral neck BMD in
82 men aged 25–86 years showed that, taking into account
anthropometric and other biological factors possibly involved
in bone aging, the effect of age on bone mass was largely
explained by the age-related increase of PTH and decrease of
IGF-1 [28]. In a study of 112 postmenopausal women who
have been on bisphosphonates for a median of 3.8 years,
BMD response at the hip site was impaired in patients who
had a PTH level of >41 ng/l [25].
In a meta-analysis of five large randomized placebo
controlled trials, vitamin D supplementation reduced the
risk of falls by more than 20% in older individuals [29].
Vitamin D supplementation was also associated with a
decrease in risk of hip and any non-vertebral fractures by
25% [7]. A more recent meta-analysis by Boonen et al., an
extension to the one above showed that oral vitamin D
appeared to reduce the risk of hip (and any non-vertebral)
fractures only when calcium was added [30]. Whether this
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effect was related to more PTH suppression when calcium
was added has not been addressed.
The current study has several strengths including the
population-based and prospective design, the relatively
long-term follow up, the repeated measurements of calciotropic hormones at baseline and at follow up, and the
adjustment for strong predictors of bone loss such as age,
body composition calcium intake, and kidney function. The
study limitations include the relative small sample size by
gender subgroups, and the lack of measurements of sex
steroid hormones, powerful determinants of bone loss [15,
21, 31, 32] and fracture risk [33] in the elderly. Studies
showed that bioavailable sex steroids explained between
0.6% and 5% of changes in bone density in elderly men and
women [3, 34]. Pottelberg et al. showed that, after
adjustment for age, fat mass, grip strength, and PTH,
bioavailable estradiol was an independent predictor of
changes in bone mass at the forearm, total hip, and femoral
neck in men aged 70 years or older, whereas a negative
PTH effect persisted only at the forearm [21]. In the current
study, PTH alone explained 3% of changes in bone mass at
the hip, a substantial proportion, considering comparable
data on estradiol. Further studies are needed to evaluate the
role of PTH on bone loss, after adjustment for sex steroid
hormones. The low mean vitamin D levels of the recruited
population may affect the results. It is likely that the
association between bone loss and serum vitamin D levels
may not be observed when vitamin D levels are very low.
Therefore, although the findings of the current study are
relevant to other populations in the Middle East with
similarly low vitamin D levels, they may not be valid for
subjects from regions with more replete levels. Finally, it is
possible that the high rate of loss to follow up may have
affected the results. Indeed, subjects who lost to follow up
were older and had lower BMD values at baseline.
In conclusion, this study showed that, after a median follow
up of 4 years, the annualized rates of bone loss in elderly
Lebanese population are similar to those reported by others.
Changes in body composition, and serum PTH levels, but not
25-OHD levels predicted rates of bone loss at the hip and
forearm in elderly men and women with low serum vitamin D
levels. Aiming at normalizing PTH, as opposed to targeting
specific D levels, may be the best approach to optimize
skeletal health in elderly with low vitamin D levels.
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