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Context: It is unclear whether the relationship between 25-OHD and PTH is modulated by age or gender.
Objective: To assess the 25-OHD–PTH relationship in 340 adolescents (10–17 years) and 443 elderly (65–
85 years) of the same ethnic group, and living in the same sunny country.
Assessments: Calcium intake was estimated. Serum calcium, phosphorus, 25-OHD and PTH were measured.
Body fat was determined by DXA.
Results: 25-OHD levels were lower in the elderly in the overall group (pb0.001) and within genders. 25-
OHD levels were lower in females in the overall group and within age subgroups (pb0.05). PTH levels were
higher in the elderly in the overall population and in both genders (pb0.001). There were no gender
differences in PTH levels within age subgroups. For the same 25-OHD level, PTH levels were comparable
across genders but were 1.5–2 folds higher in the elderly compared to adolescents (pb0.001). PTH
correlated positively with age (pb0.001), body fat (p=0.02), and negatively with calcium intake
(pb0.001), and 25-OHD (pb0.001). The magnitude of the correlation with 25-OHD decreased after
adjustment for age but not for gender. In multivariate analyses, age, 25-OHD and fat mass were inde-
pendent predictors for PTH. In the elderly, after adjustment for serum creatinine, only 25-OHD and

creatinine were independent predictors of PTH.
Conclusion: The negative relationship between 25-OHD and PTH is modulated by age but not gender.
Desirable 25-OHD levels derived from examining the 25-OHD–PTH relationship should therefore take into
account the age of the population of interest.

© 2010 Elsevier Inc. All rights reserved.
Introduction

Hypovitaminosis D is a global problem, prevalent across genders
and age groups, even in sunny countries [1]. Using cut-off values of
20 ng/ml to define deficiency and 30 ng/ml to define insufficiency, it
is estimated that one billion individuals have vitamin D insufficiency
or deficiency worldwide [2]. There is growing evidence that vitamin D
sufficiency is required for optimal health in general, and musculo-
skeletal health in particular [2]. One of the primary roles of vitamin D
is to regulate calcium and phosphorus metabolism and maintain
adequate bone health [3].

Over the last few years, discussions have focused on determining
desirable serum 25 (OH) vitamin D [25-OHD] levels to optimize bone
health, using various surrogate markers of vitamin D status, including
the relationship between serum 25-OHD and parathormone (PTH)
levels [3,4].

The inverse relationship between serum 25-OHD and PTH levels
has beenwell described but this relationship varied across studies and
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populations. Some studies showed that a serum level between 50 and
80 nmol/l is needed to obtain maximal suppression of PTH, others
have defined the level between 30 and 50 nmol/l [5]. In one study,
serum PTHwas inversely related to vitamin D inwhite but not in black
adolescent American girls [6]. In a recent study, Hill et al. showed that
in Irish girls, a plateau in PTHwas observed at a 25-OHD concentration
of 60 nmol/l whereas no plateau in PTH concentrations was observed
in boys [7]. Thus ethnicity and gender may play a determinant role in
this relationship, and, consequently in the difference observed
between studies. Other confounders that may influence this relation-
ship may include factors that affect vitamin D and/or PTH levels such
as aging, BMI, calcium intake and absorption, sex steroid levels and
kidney function [7–11]. An age-related rise in serum PTH by 25 to 30%
has been reported between 20 and 85 years of age [9], probably due to
an age-related decrease in calcium absorption [10] and decrease in
kidney function. In one study, the age-related increase in serum PTH
was eliminated with long term estrogen therapy in postmenopausal
women [13].

Therefore, although the inverse relationship between PTH and
vitamin D is well known, its modulation by age and gender has not
been systematically investigated. The aim of the current study is to
investigate the effect of age and gender on the 25-OHD/PTH relation
within the same population.
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Materials and methods

Study participants

460 ambulatory, home-dwelling elderly, aged 65–85 years (73±
5.2) participated in a population-based study aiming at assessing the
prevalence of osteoporosis and vertebral fractures in the Lebanese
elderly [14]. 11 subjects (2 men and 9 women) were excluded from
the analyses because of suspicion of primary hyperparathyroidism,
based on a serum calcium ≥10.5 mg/dl and PTH levels above the
upper limit of normal (76 pg/ml). Serum 25 OHD levels were missing
in 6 subjects; thus, data from 443 subjects (286 women and 157 men)
were included in the analyses.

In addition, baseline data from 340 children (172 boys and 168
girls) aged 10 to 17 years of age enrolled in a randomized, double-
blind, placebo-controlled trial evaluating the efficacy of vitamin D
supplementation on skeletal health in adolescents were used for the
purposes of this study [15].

All subjects were studied within the same season, and those who
suffered a medical condition or took medications known to affect
bone metabolism were excluded.

Ethics

Both studies were approved by the Institutional Review Board of
the American University of Beirut. Written informed consent was
obtained from all the elderly participants, and written assent from all
the children and written consent from one of their parents.

Assessments

Clinical assessment
In both groups, height (cm) and weight (kg) were measured and

BMI (kg/m2) was calculated. In adolescents, pubertal status was
assessed using Tanner staging of pubic hair. Calcium intake (mg/day)
was estimated using a questionnaire. The dietary questionnaire used
for adolescents was derived from a validated version developed in our
unit that demonstrated that 80% of calcium intake in adolescents was
from dairy products [16]. In the elderly, dairy calcium intake was
assessed using a food frequency questionnaire that evaluated the
consumption of calcium enriched foods, mostly from dairy products.

Biochemical assessments
In both studies, serum calcium (Ca) and phosphorus (PO4) and

alkaline phosphatase (AlkP) were measured by standard calorimetric
methods, using the Hitachi 912 analyzer (Mannheim, Germany).
Serum 25-OHD (ng/ml) was measured by a competitive protein-
binding assay (Diasorin Incstar, Diasorin, Saluggia, Italy). The
reference range as reported in the kit was 10–60 ng/ml. The
endocrine core laboratory in our institution is a participant in the
international vitamin D external quality assurance Service, DEQAS
(http://www.deqas.org). Serum PTH was measured by ELSA-PTH
immunoradiometric assay (CisBio International, Gif-Sur-Yvette,
Cedex, France). The normal range as reported in the kit was 8–
78 pg/ml. The intra-assay and the inter-assay variability for 25-OHD
and PTH measurements in our lab were below 10%.

Total body composition was measured by DXA using Hologic
device (QDR 4500 A, Bedford, MA).

Statistical analyses

Numbers are expressed as mean±SD. Independent t-test was
used to assess the difference in mean 25-OHD level and PTH level
between genders and between age groups. The relationship between
PTH and vitamin D levels and other continuous variables was assessed
using Pearson's correlation. Partial correlations were then performed
to assess the effect of age, gender and other covariates on this rela-
tionship. Because serum creatinine was not measured at baseline,
creatinine measured in 195 elderly subjects who came for follow-up
at 4.4 years was also used in the adjusted analyses. Multivariate
analyses were conducted using stepwise linear regression models to
assess the relationship between PTH and 25-OHD after adjustment for
other predictors of PTH such as age, gender, fat mass, calcium intake,
and serum creatinine in the elderly.

Results

Table 1 shows the baseline characteristics of both populations. The
mean age was 73.6±5.1 years in the elderly and 12.9±2.0 years in
the adolescents. In the overall group, 46% of the adolescents were
prepubertal (stages I and II) and 54% were in stages III to V. Estimated
calcium intake was 310±280 mg/day in the elderly and 714
±858 mg in the young (pb0.001 for difference between groups).
Female subjects consumed less calcium thanmale subjects (pb0.001),
in the overall population and within age groups. Among the study
participants, only 17 elderly subjects and none of the adolescents
were taking vitamin D supplements at baseline.

In the elderly, 65.8% of the women were wearing veil and 34.2%
were not. In the young group, these percentages were 16.8% and 83.2%
respectively.

Vitamin D levels by age and gender

Mean 25-OHD levels were lower in the elderly compared to ado-
lescents. This was consistent in the overall group (11.4±4.9 versus
15.3±7.5 ng/dl, pb0.001) and within gender subgroups, 12.1±4.6
versus 16.5±6.7 ng/dl in male and 10.9±5.0 versus 14.2±8.1 ng/dl
in female subjects. Mean 25-OHD levels were lower in females
compared to males (12.1±6.5 versus 14.4±6.1 ng/dl, pb0.05 in the
overall group, and within age subgroups, 10.9±5 versus 12.1±4 ng/
dl in elderly and 14.2±8 versus 16.5±6 ng/dl in children, pb0.05).

In women, 25-OHD levels were lower in veiled versus non-veiled
group (9.1±3.5 versus 11.7±5.5, pb0.001 in the elderly and 7.3±2.3
versus 15.4±8.2, pb0.001 in the adolescents).

Vitamin D subgroups were created using the following 25-OHD
cut-off levels: b10 ng/ml, 10–20 ng/ml, 20–30 ng/ml and N30 ng/ml
(Table 2). Almost half the elderly and one fourth of the young had
vitamin D levels below 10 ng/ml. Very few subjects (1% of the elderly
and 5% of the young) had vitamin D above 30 ng/ml (Table 2). The
proportion of subjects within the lowest vitamin D subgroups were
higher in female than male subjects (Table 2).

PTH levels by age and gender

Mean PTH levels were higher in the elderly compared to
adolescents (44.0±47 versus 18.4±20 pg/dl, pb0.001). This was
consistent in the overall population, and within gender subgroups.
There were no gender differences in PTH levels in either age group.

Within each vitamin D level subgroup, mean PTH levels were
comparable across genders (Fig. 1).Within each vitamin D level, mean
25-OHD levels were comparable across age groups, but PTH levels
were 1.5-two folds higher in the elderly (pb0.001, Fig. 2).

Relationships between vitamin D, PTH levels and other determinants

There was a negative correlation between 25-OHD and PTH in the
overall group (r=−0.25, pb0.001), within age groups (r=−0.16,
p=0.005 in the adolescents and r=−0.20, pb0.001 in the elderly)
and within genders (r=−0.23, pb0.001, same values were found in
both genders). 25-OHD correlated positively with calcium intake
(r=0.22, pb0.001) and negatively with age (r=−0.3, pb0.001), BMI
(r=−0.17, pb0.001) and with total body fat (r=−0.13, pb0.001).

http://www.deqas.org


Table 1
Clinical and biochemical characteristics of the study population*.

Overall elderly
(N=443)

Overall young
(N=340)

Overall male
(N=329)

Overall female
(N=454)

Elderly male
(N=157)

Elderly female
(N=286)

Young male
(N=172)

Young female
(N=168)

Age (years) 73.6±5.1a 12.9±2.0a – – 74.0±5.0 73.4±5.2 12.8±1.9 13.0±2.1
Calcium (mg/dl) 9.3±0.5a 9.9±0.3a 9.7±0.5 9.6±0.5 9.3±0.4c 9.4±0.5d 10.0±0.3c 9.9±0.4d

Phosphorus (mg/dl) 3.4±0.5a 4.4±0.5a 3.9±0.9 3.9±0.6 3.1±0.5c 3.6±0.5d 4.6±0.5c 4.3±0.6d

Alkaline phosphatase (IU/l) 88.3±32.1a 260±120a 203.1±130b 144.1±107b 82.5±29c,e 91.5±33d,e 296.1±98c,f 222.9±129d,f

Serum 25 vitamin D (ng/ml) 11.4±4.9a 15.3±7.5a 14.4±6.1b 12.1±6.5b 12.1±4.6c,e 10.9±5.0d,e 16.5±6.7c,f 14.2±8.1d,f

Serum PTH (pg/ml) 44.0±47.1a 18.4±20.9a 31.0±37.7 35.0±42.3 43.9±48.0c 44.1±46.6d 18.4±15.6c 18.4±25.5d

Calcium intake (mg/day) 310±280a 714±358a 581±379b 493±365b 354±280c,e 286±277d,e 756±352c,f 670±359d,f

Pubertal status
Tanner I 21.2% 16.7% 25.6%
Tanner II 25.0% 16.7% 33.1%
Tanner III 12.6% 12.5% 12.8%
Tanner IV 20.9% 28.0% 14.0%
Tanner V 20.3% 26.2% 14.5%

*Values in the same row, with the same superscript, are significantly different from each other, pb0.05.
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PTH positively correlated with age (r=0.31, pb0.001), total body fat
(r=0.10, p=0.02) and negatively with calcium intake (r=−0.19,
pb0.001). In the elderly, serum creatinine correlated with PTH
(r=0.2, p=0.01) but not with 25-OHD.

Adjusted analyses

The magnitude of the negative correlation between PTH and 25-
OHD decreased, although it remained significant after adjustment for
age (r=−0.25 versus −0.17, pb0.001). The strength of this negative
correlation did not change after adjustment for gender (r=−0.24,
pb0.001), BMI (r=−0.23, p=0.001), body fat (r=−0.24, p=0.001)
and calcium intake (r=−0.21, pb0.001).

In a multivariate model, 25-OHD, age and fat mass were significant
independent predictors for serum PTH levels in the overall group:
β=0.47, pb0.001 for age in years, β=−0.95, pb0.001 for 25-OHD in
ng/ml, and β=−0.51, p for total body fat in kg, p=0.04. R2=14.6%.
When the regression models were built for the young group and the
elderly group separately, age and 25-OHD remained significant
independent predictors for PTH level in the young group (R2=6.4%)
whereas age, fat mass and 25-OHD remained significant independent
predictors for PTH levels in the elderly (R2=6.2%).

In the elderly, after adjustment for serum creatinine, only 25-OHD
and creatinine remained as independent predictors for PTH (p=0.01
for creatinine, pb0.001 for 25-OHD).

Discussion

25-OHD levels were lower in the elderly compared to young
adolescents of the same ethnic group and living in the same sunny
country. The vitamin D–PTH relationship varied by age but not
Table 2
Frequency distribution of the study population by 25-OHD level subgroup.

25-OHD level
subgroups

Elderlya Childrenb

Overall
N=443

Women
N=286

Men
N=157

Overall
N=340

Girls
N=168

Boys
N=172

0–10 ng/ml 217 159 58 81 57 24
49% 56.3% 37.1% 23.8% 33.9% 14%

10–20 ng/ml 202 113 89 197 84 113
45.2% 39% 56.6% 57.9% 50.0% 65.7%

20–30 ng/ml 19 10 9 44 18 26
4.2% 3.4% 5.7% 12.9% 10.7% 15.1%

N30 ng/ml 5 4 1 18 9 9
1.1% 1.4% 0.6% 5.3% 5.4% 5.2%

a Significant difference in the distribution by 25-OHD level subgroup between
genders by Fisher's Exact test, (p=0.001).

b Significant difference in the distribution by 25-OHD level subgroup between
genders by chi-square (pb0.001).
gender. For the same 25-OHD level subgroup, PTH levels were on the
average two folds higher in the elderly compared to the young, but
there was no difference in mean PTH levels between genders. The
strength of the relationship between vitamin D and PTH decreased
after adjustment for age but not gender.

Over 25 years ago, MacLaughlin and Holick reported that elderly
subjects have lower 25-OHD levels than young adults because of
diminished cutaneous production of vitamin D with aging [17]. The
lower 25-OHD levels in our elderly may be due to a lower sun
exposure, since elderly individuals in our country spend little time
outdoors (unpublished observations). In both age groups, females had
lower vitamin D levels compared to males. The age-related fall in
vitamin D level is not the same in both genders and may occur at a
younger age in women than men [18]. Although some studies have
shown higher 25-OHD levels and lower PTH in men compared to
women throughout the year [19,20], this finding was not consistent in
Fig. 1. Mean±SD PTH values (pg/ml/) across 25-OHD subgroups (0–10 ng/ml, 10–
20 ng/ml, 20–30 ng/ml and N30 ng/ml) by gender. The mean 25-OHD levels in the
above ascending subgroups were 7.7±1.3 ng/ml, 13.6±2.7 ng/ml, 23.6±2.8 ng/ml
and 37.8±8.2 ng/ml in females and 8.2±1.2 ng/ml, 14.3±2.6, 23.4±2.5 ng/ml and
36.4±5.3 ng/ml in males. There was no difference in PTH levels between genders by
25-OHD subgroups.



Fig. 2.Mean±SDPTHvalues (pg/ml/) across 25-OHD subgroups (0–10 ng/ml, 10–20 ng/
ml, 20–30 ng/ml and N30 ng/ml) by age group. The mean 25-OHD levels in the above
ascendingsubgroupswere7.8±1.5 ng/ml, 14.5±2.7, 23.7±2.6 ng/ml, and37.1±6.9 ng/
ml for the adolescents and 7.9±1.3 ng/ml, 13.4±2.5 ng/ml, 23.1±2.6 ng/ml and 35.3±
3.0 ng/ml for the elderly. There was a significant difference in PTH levels between the
young and the elderly by 25-OHD levels subgroups (pb0.001).
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all studies [21–23]. In our study, the lower levels of vitamin D in
females mainly reflect life and dress style. In our community, elderly
men spend more time outdoors than women [24] and boys play
outdoors more than girls [16].

There was a negative correlation between 25-OHD and fat mass.
Subjectswith increased bodyweight have been reported to have a lower
level of vitamin D than normal weight individuals, possibly due to
increased sequestration of the vitamin into subcutaneous adipose tissue
[25–30]. Kull et al. has recently suggested that this difference might in
part be related to a difference in sunbathing habits between obese and
lean subjects [31], but this was not confirmed in the elderly [32].

Serum PTH correlated with age and the levels were higher in the
elderly than in young. This was expected in view of the lower calcium
intake and levels of serum 25-OHD in the elderly. However, this
relationship between PTH and age persisted after adjustment for 25-
OHD in multivariate analyses, suggesting that PTH increases with age,
independent of vitamin D status. This possibly reflects the decline in
creatinine clearance with aging. Patel et al. showed that glomerular
filtration rate is an important determinant of the serum PTH level for
low levels of 25-OHD [12]. We did not measure creatinine in the
young subgroup but in the subset of elderly where serum creatinine
was obtained at follow-up, PTH correlated with creatinine level and
the relationship between age and PTH disappeared after adjustment
for creatinine suggesting that the effect of age on PTH is mediated by
decline in kidney function.

PTH correlated also with BMI and total body fat and this
relationship persisted after adjustment for vitamin D, in consistence
with previous reports showing that fat mass is a determinant of serum
PTH levels, independent of the inverse relationship between 25-OHD
and fat mass [33–35].

The negative correlation between PTH and 25-OHD levels has been
consistently described in many studies, with comparable correlation
coefficients both in elderly and young individuals [7,36–40]. In our
study we demonstrated that the strength of this relationship
remained unchanged after adjustment for gender. Conversely, age
affected the relationship between 25-OHD and PTH. This is consistent
with the findings of Vieth et al. [41] who, in a large cohort, showed
that PTH levels of the elderly who had 25-OHD concentrations greater
than 100 nmol/l matched PTH of younger adults having 25-OHD
concentrations near 70 nmol/l. The strength of this correlation
between PTH and 25-OHD was attenuated after adjustment for age
(r=−0.25 versus r=−0.17). Moreover, for the same mean 25-OHD
level, PTH levels were 1.5 times higher in the elderly compared to
adolescents. The effect of age on the relationship between PTH and
25-OHD in the current study possibly reflects differences in calcium
intake, calcium absorption, and kidney function between the two age
groups. Indeed, calcium intake was lower in the elderly than in
adolescents and PTH negatively correlated with calcium intake. A
previous study demonstrated that high calcium intake ameliorates the
increase in PTH that accompanies vitamin D insufficiency and permits
lower vitamin D levels to maintain normal PTH levels, although it is
not sufficient to maintain ideal serum PTH if vitamin D levels were not
adequate [42]. Two recent studies evaluated the effect of age and
calcium intake on the relationship between 25-OHD and PTH [8,40]. A
large study including healthy adults aged 30–85 years showed a
strong relationship between PTH and 25-OHD with an interaction
between 25-OHD and calcium intake with PTH level so that an
adequate vitamin D status can ensure ideal serum PTH values even
when calcium intake is low and a high calcium intake can ensure
normal PTH level if vitamin D status is inadequate [40]. Adami et al. in
a cohort of elderly women with mean age 66 years, a mean 25-OHD
level of 155 nmol/l and mean calcium intake of 507 mg showed that
the relationship between 25-OHD and PTHwas modulated by age and
calcium intake [8]. In the current study, although calcium intake
negatively correlated with PTH levels, it did not affect the strength of
the negative correlation between 25-OHD and PTH, possibly because
vitamin D levels and calcium intake were both low.

Our study demonstrates the major impact of age, but not gender,
on the 25OHD–PTH relationship. PTH rather than 25-OHD level is the
major modulator of bone mass [24], bone loss rates [43], and fractures
[44] in adults. PTH appeared to play a role on bone health in children
too. PTH was inversely related to BMD after adjustment for calcium
intake, bone age and menarche in adolescent Italian girls [45]. Other
studies in adolescents supported the importance of PTH not 25-OHD
in modulating BMDwhen calcium intake is low or inadequate [46,47].
A higher PTH within the normal reference range appeared to be an
indicator of bone mass accrual in this age group [46,47]. Thus the
importance of taking age into consideration when defining desirable
25OHD levels, at least in the elderly and when bone metabolism is the
outcome of interest. Whether this applies to non-classical effects of
vitamin D is unclear.

Limitations of the study include its cross-sectional nature and the
lack of availability of measurements of intestinal calcium absorption and
renal function in the young age group, and at time of the study in the
older age group. However, kidney function is not expected to be
decreased inyounghealthy school children. Its advantage is the relatively
large scope including individuals from the same ethnic background, of
both genders, at extreme ends of the lifecycle, studied in the same
period, and using the same PTH and 25-OHD assays in all subjects.

In Conclusion, age, BMI and total body fat mass are independent
predictors of PTH levels in vitamin D deficient populations. For the
same vitamin D level, PTH is on the average two folds higher in the
elderly compared to adolescents. Desirable vitamin D levels derived
from examining the 25-OHD–PTH relationship should take into
consideration the age and kidney function of the target population.
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