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Qrsemr

Background: The objective of the current study is to determine the role of serum para-
thyroid hormone (PTH) on hip fracture development by retrospectively analyzing the re-
lationship between vitamin D and PTH levels and hip fracture prevalence. Methods:
Among 288 patients over 50 years of age, 113 patients with hip fracture and 111 con-
trols without fracture were analyzed after excluding patients with conditions affecting
bone metabolism. Bone mineral density and serum biochemical markers were mea-
sured, while demographic data were obtained. Patients were divided into 4 groups ac-
cording to serum 25-hydroxy-vitamin D (25-[OHID) and PTH levels: LowD+LowP (low
25[0OHID and PTH); LowD+HighP, (low 25[OH]D and high PTH); HighD+LowP (high
25[0OH]D and low PTH); and HighD+HighP, patients with (high 25[OHID and PTH). Mea-
sured values and percentages of patients with hip fracture in each group were then de-
termined and compared. Results: The number of patients included in the LowD+LowP,
LowD+HighP, HighD+LowP, and HighD+HighP groups was 116, 17, 87, and 4, while the
percentages of patients with hip fracture in the same groups were 60.3%, 88.2%, 27.6%,
and 100%, respectively. The percentage of hip fracture was significantly lower in the
LowD+LowP than the LowD+HighP group (P=0.049). Conclusions: Patients with low
serum 25(OH)D and PTH levels showed lower hip fracture prevalence, indicating the po-
tential protective role of low PTH levels on bone health in patients with vitamin D defi-
ciency. Therefore, clinicians should pay more attention to the possibility of fractures in
patients with vitamin D deficiency who present with high PTH levels.
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INTRODUCTION

The homeostasis of calcium metabolism is closely related to bone health. Thus,
key regulators of calcium metabolism, vitamin D, and parathyroid hormone (PTH)
are strongly associated with bone health.[1-4] Moreover, vitamin D deficiency leads
to poor bone mineral density (BMD) and increases the risk for fractures.[5-7] A high
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prevalence of vitamin D deficiency has been reported,[8,9]
and the incidence of osteoporotic hip fractures has been
increasing in South Korea.[10]

Vitamin D deficiency stimulates PTH secretion that facili-
tates bone resorption.[11,12] Therefore, several studies
have shown that BMD is positively associated with serum
25-hydroxy-vitamin D (25-[OH]D) [2,13-15] and negatively
correlated with serum PTH levels.[4,16,17] Several studies
have also shown that patients with hip fracture have sig-
nificantly lower serum 25(0H)D and higher PTH levels than
controls.[18-21]

Nonetheless, Sahota et al.[22] reported the presence of
functional hypoparathyroidism, a state in which serum
PTH levels do not increase despite vitamin D deficiency,
while noting the protective effects of low PTH levels on the
bone, even with low serum 25(0OH)D levels.[4] This report
showed that among patients with vitamin D deficiency,
those with normal PTH showed higher BMDs than those
with secondary hyperparathyroidism. On the other hand,
some studies in patients with vitamin D deficiency have
reported that vitamin D is an independent risk factor for
fractures and that PTH is not associated with fracture risk.

Patients age over 50 (N=288)

JBM

[23,24] Collectively, the effects of functional hypoparathy-
roidism on bone health remain controversial.

We hypothesized that patients with functional hypopara-
thyroidism would show lower prevalence of hip fractures
compared to vitamin D deficient patients with increased
PTH level.

Therefore, the purpose of this study was to determine
the correlation of low serum PTH levels with hip fracture
by analyzing the relationship between vitamin D and PTH
status and hip fracture prevalence in Korean patients over
50 years old.

METHODS

1. Study population and grouping

This study was conducted after obtaining approval from
the Institutional Review Board (IRB) of Asan Medical Center
(IRB No. 2015-0279). The present study initially screened
288 patients over 50 years of age who were admitted for
hip surgery from February 2011 to December 2013. Pati-
ents with a history of osteoporosis treatment (16 patients)
or with systemic diseases (24 patients), such as malignan-

Excluded as:
History of osteoporosis treatment (N=16)
History of previous hip fracture (N=3)
Systemic disease; Malignancy, chronic renal failure, thyroid disease, etc. (N=24)
Steroid use due to organ transplantation or auto-immune disease (N=21)

\ 4

Patients analyzed in this study (N=224)

v

Patients with
25(0H)D <15.1 ng/mL
(N=133)

|
v v

v

Patients with
25(0H)D >15.1 ng/mL
(N=91)

|
v v

Patients with
PTH >64 pg/mL
(LowD+HighP, N=17)

Patients with
PTH <64 pg/mL
(LowD+LowP, N=116)

PTH <64 pg/mL
(HighD+LowP, N=87)

Patients with
high PTH >64 pg/mL
(HighD+HighP, N=4)

Patients with

Fig. 1. A flow chart of the retrospective analysis. This retrospective study was conducted by enrolling 288 patients who underwent hip surgery
between 2011 and 2013. After excluding those unsuitable for analysis, 224 patients were ultimately included in this study. Patients were divided
into 4 subgroups according to serum 25-hydroxy-vitamin D (25[0H]D) 3 and parathyroid hormone (PTH) levels.
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cy, chronic renal failure (a glomerular filtration rate of less
than 30 mL/min/1.73 m?), and thyroid disease, and those
using steroids (21 patients) because of organ transplant or
autoimmune diseases, such as systemic lupus erythema-
tous and rheumatoid arthritis, were excluded from this
study. Patients with a history of previous hip fracture (3 pa-
tients) were also excluded from the analysis. A total of 224
patients were finally included, and there were 113 had hip
fracture and 111 controls (patients with osteoarthritis or
osteonecrosis). A flowchart of the patients included in this
study is presented in Figure 1.

Vitamin D deficiency was defined as serum 25(0OH)D lev-
els below 15.1 ng/mL. The cut-off value of PTH was 64 pg/
mL and was determined following previous studies on func-
tional parathyroidism.[25] Consequently, patients were di-
vided into 4 groups according to serum 25(OH)D and PTH
levels: (1) LowD+LowP, patients with low serum 25(0H)D
and PTH levels; (2) LowD-+HighP, patients with low serum
25(0H)D and high serum PTH levels; (3) HighD+LowP, pa-
tients with high serum 25(0OH)D and low serum PTH levels;
and (4) HighD+HighP, patients with high serum 25(0OH)D
and PTH levels.

2. Data collection
1) Biochemical measurements

To assess calcium homeostasis in patients, biochemical
markers including PTH, 25(0H)D, osteocalcin, C-terminal
telopeptide of type | collagen (CTX), and ionized calcium
were evaluated. To measure biochemical markers, blood
samples were obtained after fasting and subsequently an-
alyzed at a certified laboratory in our institution. Blood was
collected the morning after admission following an over-
night fast.

Serum intact PTH levels were measured using a standard
enzyme-linked immunosorbent assay-PTH immunoradio-
metric assay (IBL International GmbH, Hamburg, Germany)
with 1.0 pg/mL as the lower limit of detection. Intra- and
interassay coefficients of variation (CVs) were below 5%.
Serum concentrations of 25(0H)D were measured through
radioimmunoassay using a 25(0H)Ds-specific kit (Cobra Il
Auto-y Counting System, Packard Instruments, Downers
Grove, IL, USA). Intra- and interassay CVs for these analyses
were consistently <3.5%. Serum CTX concentrations were
measured using an electrochemical luminescence immu-
noassay (Roche Diagnostics, Mannheim, Germany) with
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intra- and interassay CVs of 1.0% to 4.6% and 1.6% to 4.7%,
respectively. Serum osteocalcin concentrations were also
measured using an electrochemical luminescence immu-
noassay (Roche Diagnostics) with intra- and interassay CVs
of 1.2% to 4.0% and 1.7% to 6.5%, respectively. Serum lev-
els of ionized calcium were measured from arterial blood
using a Stat Profile® Critical Care Xpress analyzer (Nova Bio-
medical, Waltham, MA, USA).

2) BMD measurement

Areal BMD (g/cm?®) was measured at the lumbar spine
(L1-L4) and proximal femur (femur neck and total hip) at a
tertiary medical center using dual energy X-ray absorpti-
ometry (Lunar Prodigy Advance; GE Lunar, Madison, WI,
USA) with software version 9.30.044. The precision of this
equipment, which is determined through CV, was 0.67%
and 1.25% for the lumbar spine and femoral neck, respec-
tively, according to another study conducted on 17 volun-
teers at the same institution.[26] Demographic data, in-
cluding age, body mass index (BMI), and sex was also col-
lected.

3. Statistical analyses

All continuous variables were tested for normality using
the Shapiro—Wilk test. Measurements were expressed as
means t standard deviations with 95% confidence inter-
vals for continuous variables. Comparisons among the 4
groups (quadrants) according to continuous variables (e.g.,
25[OH]D and PTH levels) were made using analysis of vari-
ance or Kruskal-Wallis (if normality was not assumed). Com-
parisons according to discrete variables (e.g., sex) were
made using the x> test. Logistic regression analysis was
performed to determine the relationship between serum
25(0H)D levels and the probability of fracture in all includ-
ed patients. The logistic regression coefficient was statisti-
cally significant. The model was assessed for goodness of
fit using the Hosmer and Lemeshow test, which showed
that the model was well specified and fitted the data. The
regression equation was as follows:

Prob (disease) =exp (-2.358+0.156 X 25[OHID)/(1+exp
[—2.358+0.156 X 25(0H)D])

In this regression equation, the 25(0H)D level that satis-
fies “prob (no fracture)=prob (fracture)=0.5"was 15.1, which
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means that a patient with a serum 25(0H)D level of 15.1
has a 50:50 probability of having hip fracture or disease.
For this reason, 15.1 was set as the cut-off value for 25(0H)
D in this study. A P-value of less than 0.05 was considered
significant. Statistical software MedCalc (version 11.6; Med-
Calc software, Mariakerke, Belgium) and R (version 3.1.0;
The R Foundation for Statistical Computing, Vienna, Aus-
tria) had been used for all statistical analyses.

RESULTS

The proportion of patients with fracture in the LowD+
LowP, LowD+HighP, HighD+LowP, and HighD+HighP groups
was 60.3% (70/116), 88.2% (15/17), 27.6% (24/87), and
100% (4/4), respectively. The LowD+highP group showed
a significantly higher prevalence of fractures than the High-
D+LowP and LowD+LowP groups (P<0.001 and P=0.049,
respectively; Fig. 2).

A total of 116 patients, comprising 51.8% of the study
population and 87.2% of patients with low serum 25(0H)D,
were included in the LowD+LowP group, which represents
functional hypoparathyroidism.

Regarding biochemical measurements, serum levels of
CTX and ionized calcium showed significant difference be-
tween the LowD+HighP and HighD+LowP group (P=0.017
and 0.027, respectively). The values of osteocalcin level
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were not significantly different among the groups.
Total hip BMD values in the LowD+LowP, LowD-+HighP,
HighD+LowP, and HighD+HighP groups were 0.754£0.201,
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Fig. 2. Scatter diagram showing the proportion of hip fractures. The
circle indicates the control group, while the orange square indicates
patients with hip fracture. The low 25-hydroxy-vitamin D (25[0H]D)
and high parathyroid hormone (PTH) group showed a higher percent-
age of fracture patients than the low 25(0H)D and low PTH group.

Table 1. Characteristics, hip fracture ratio and measurements of each group divided by 25-hydroxy-vitamin D and parathyroid hormone level

25(0H)D<15.1 ng/mL

25(0H)D>15.1 ng/mL

PTH <64 pg/mL® (1=116)

PTH >64 pg/mL® (n=17)

PTH <64 pg/mLY (n=87) PTH >64 pg/mLY (n=4)

Age (year) 70.7+12.49 76.6+14.19 63.9410.4%N 83.3+3.09
Sex (M/F) 28/88% 6/11 42/45° 0/4

BMI 24.2+36" 21.8+3.9%9 25.14+35" 216+438
Ratio of fracture patients 70 (60.3%)*" 15(88.2%) 24 (27 6%)" 4(100.0%)
25(0H)D 10.7 +4.89" 7.9+3.8%0 2294700 19.643.5%"
PTH 30.8+13.6 93.7£26.6%9 30.8410.8" 84.2+28.8%
lonized calcium 4.66+0.28 452+0.29% 4.72+0.25" 452+0.17
C-telopeptide 0.599+0.286 0.793+0.4529 0.550+0.250" 0.532+0.252
Osteocalcin 18.8£10.7 20.2+19.1 20.3+88 13.7£10.6
BMD (g/cm?)

Total hip 0.754£0.2019 0.681+0.1519 0.876+0.148 0.593+0.091¢
Lumbar spine 0.932+0.2279 0.847 £0.1849 1.020+0.190% 0.673+0.181¢

The data is presented as number (%) or mean £ standard deviation.

A ow 25(0H)D and low PTH. PLow 25(0H)D and high PTH. “High 25(0H)D and low PTH. “High 25(0H)D and high PTH. ®P<0.05, vs. subgroup low 25(0H)
D and low PTH. "P<0.05, vs. subgroup low 25(0H)D and high PTH. 9P<0.05, vs. subgroup high 25(0H)D and low PTH. "P<0.05, vs. subgroup high 25(0H)

D and high PTH.

M, male; F, female; BMI, body mass index; 25(OH)D, 25-hydroxy-vitamin D; PTH, parathyroid hormone; BMD, bone mineral density.
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0.68110.151,0.876 £0.148, and 0.593 +0.091, while spine
BMD values in the same groups were 0.932 +0.227,0.847
0.184, 1.020£0.191, and 0.673+0.181, respectively. The
HighD+LowP group had significantly higher total hip and
spine BMDs than the other subgroups (P<0.001 in all).

No significant differences in age, sex ratio, ionized calci-
um, osteocalcin, CTX levels, and BMD were found between
the LowD+LowP and LowD-+HighP groups. The LowD+HighP
group had a significantly lower BMI than the LowD+LowP
group (P=0.002). Demographic data and estimated mean
values of the variables in each group with statistical analy-
ses are presented in Table 1.

DISCUSSION

In the present study, we divided the patients into 4 sub-
groups according to their serum 25(0H)D and PTH levels
to evaluate the effect of serum PTH on hip fracture risk, es-
pecially in patients with vitamin D deficiency. Among pa-
tients with vitamin D deficiency, those with low serum PTH
levels (LowD+LowP) showed a significantly lower preva-
lence of hip fracture than those with high serum PTH levels
(LowD+HighP). This result suggests that low serum PTH
levels may have a protective effect on bone health in pa-
tients with vitamin D deficiency.

The osteoclastogenic action of PTH through RANKL stim-
ulation has been well established. Moreover, high serum
PTH levels have been reported to be associated with incre-
ased bone turnover and decreased bone mass.[12,27,28]
Sahota et al.[4] previously reported that among patients
with vitamin D deficiency, those with low serum PTH levels
had significantly higher BMD than those with high serum
PTH levels, suggesting that functional hypoparathyroidism
has a beneficial effect on bone health. Similarly, the cur-
rent study showed that among patients with vitamin D de-
ficiency, those with high serum PTH levels (LowD+HighP)
had lower mean hip and spine BMD values and higher se-
rum CTX levels than those with low serum PTH levels (LowD
+LowP), although the difference was not statistically sig-
nificant. We believe that the statistically insignificant re-
sults might have been caused by the small number of sub-
jects in the LowD+HighP group.

More important than bone metabolism or BMD are frac-
tures that affect patients’ functional status and survival.
This study found that among patients with vitamin D defi-
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ciency, low serum PTH levels (LowD+LowP) led to lower
hip fracture prevalence than high serum PTH levels (LowD+
HighP). Previous reports have also reported about the ef-
fects of serum PTH on hip fracture. Dhanwal et al.[19] showed
that two-thirds of patients with hip fracture had secondary
hyperparathyroidism. Rejnmark et al.[29] also reported
that high levels of PTH are related to high risk for fractures
in patients with low vitamin D levels. In addition to the os-
teoclastogenic effect of PTH, increased risk for falls result-
ing from impaired muscle function associated with high
serum PTH may also be contributory.[30-32]

We note that reports with contrary results regarding the
effect of functional hypoparathyroidism on bone health do
exist. Amouzougan et al.[25] found no significant differ-
ence in hip and spine BMD among patients with vitamin D
deficiency who had high and low serum PTH levels. We be-
lieve that this contrasting result was caused by the differ-
ence in the criterion for vitamin D deficiency. In their analy-
sis, the criterion of vitamin D deficiency was 30 ng/mL. Oth-
er studies (including the present study) have shown that
the beneficial effects of functional hypoparathyroidism
become apparent when using a criterion for vitamin D de-
ficiency that is much lower than 30 ng/mL.[4] These results
suggest that the effects of PTH may be amplified when an-
alyzing patients who have vitamin D concentrations lower
than 15 ng/mL. Notably, Yamauchi et al.[24] had shown
that functional hypoparathyroidism was a risk factor for
fragility fractures. However, their analysis compared frac-
ture risk between patients with functional hypoparathy-
roidism and those with sufficient vitamin D levels, not sec-
ondary hyperparathyroidism (LowD+HighP). Therefore, the
effects of PTH levels on fracture risk cannot be confirmed
from their results.

The present study showed that 87.2% of those with vita-
min D deficiency had normal serum PTH levels despite low
serum 25(OH)D values. Previous studies have reported that
40% to 88% of subjects with vitamin D deficiency showed
normal serum PTH values.[4,21,24,33] Different criteria for
vitamin deficiency and hyperparathyrodism among stud-
ies may have caused these differing results. Using statisti-
cal analysis of fracture risk, the current analyses defined vi-
tamin D deficiency as a 25(0H)D level lower than 15.1 ng/
mL. Although this cut-off value was lower than that sug-
gested by other authors,[34-36] previous reports also showed
that a 25(0OH)D level lower than 15 ng/mL was related to
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increased fracture risk or decreased BMD.[23,25] Neverthe-
less, establishing the ideal 25(0H)D level was beyond the
scope of the present study, and the cut-off value we ad-
opted was suitable for comparing fracture risk according
to PTH values.

The very high prevalence of functional hypoparathyroid-
ism in the current study may have been caused by the char-
acteristics of the study population. The current study in-
cluded not only patients with osteoporotic fracture but
also those without osteoporosis.

The present study found that patients with LowD+HighP
had significantly lower BMI than those with LowD+LowP.
This result seems to be contrary to that of previous find-
ings wherein BMI was positively associated with serum
PTH levels.[27,28] However, considering that the mean BMI
of the LowD+LowP group (24.2+3.7 kg/m?) was within
the normal range and that elderly patients were included
in this study, the higher BMI of the LowD-+LowP group may
reflect a better nutritional state, including calcium intake,
compared to the LowD-+HighP group.

This study had some limitations. First, the cross-sectional
design of this study did not allow the detection of causal
relationships. Second, because of its retrospective design,
concerns may be raised regarding bias in data collection.
However, although the analysis was performed retrospec-
tively, materials in the current study were collected pro-
spectively. Therefore, these concerns may be overlooked to
some extent. Third, the number of patients in the HighD+
HighP was only 4, and this can be a cause of type 2 error.
Finally, given that the control group did not contain
healthy patients, care should be taken when interpreting
the results of the current study.

In conclusion, this study highlights a potential protective
effect of low PTH levels on bone health in patients with vi-
tamin D deficiency. We recommend that clinicians pay more
attention to the possibility of fracture in patients with vita-
min D deficiency who present with high PTH levels.
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