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ABSTRACT

AIM: In postmenopausal women increased bone turnover is as-

sociated with hip fracture apart from bone mineral density. The aim
of this study was to evaluate bone metabolism in consideration of
vitamin D and hormonal status in elderly female hip fracture patients
compared to controls.

MATERIAL AND METHODS: Circulating 25-hydroxyvitamin
D5 (25(0OH)D), sex hormones, BTM [osteocalcin (OC); propeptide
of type-I collagen (PINP); C-terminal telopeptide of type I collagen
(CTX-1); tartrate resistant acid phosphatase 5b, (TRAP5b)] and os-
teoclastogenic cytokines [soluble receptor activator of nuclear factor
kB ligand (sSRANKL); osteoprotegerin (OPG)] were measured in pa-
tients with a low-energy hip fracture and controls without an incident
hip fracture (each group n = 47 females).

RESULTS: 57.4 % of the patients, but only 10.6% controls had a se-
vere vitamin D deficiency. T-Score at the lumbar spine was compara-
ble in both groups (-1.8 £ 1.5 vs -1.6 = 1.4, p = 0.535). In hip fracture
patients 25(OH)D (p < 0.001), albumin (p<0.001), osteocalcin (OC)
(» <0.001) and sSRANKL (p < 0.001) levels were lower compared to
controls, whereas estradiol (p <0.001), cortisol (p <0.001), CTX-1 (p
< 0.001) and OPG (p < 0.001) were higher. Linear regression analy-
sis revealed an independent association between 25(OH)D and CTX-
1 in female fracture patients (p = 0.023). Higher estradiol levels after
hip fracture correlated inversely with OC (p=0.018) and TRAP5b (p
=0.004). Multivariable regression analysis demonstrated that 25(OH)
D, OC, estradiol (each p <0.001) and albumin (p = 0.002) were inde-
pendently associated with fracture. Higher estradiol levels correlated
inversely with OC in fracture patients (p = 0.018).

CONCLUSION: 25(0OH)D was an independent risk factor of hip
fracture and demonstrated an independent association with CTX-
1. Unchanged or lower levels of bone formation markers were not
associated with 25(OH)D and were partly related to higher of levels
estradiol presumably induced by trauma.
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Abbreviations:

DXA: Dual X-ray absorptiometry

BTM: Bone turnover marker

25(OH)D: 25-hydroxyvitamin D

PTH: parathormon

OC: osteocalcin

PINP: propeptide of type-I collagen

CTX-1: C-terminal telopeptide of type I collagen
TRAPSb: tartrate resistant acid phosphatase 5b
sRANKL: soluble receptor activator of nuclear factor kB ligand
OPG: osteoprotegerin

INTRODUCTION

Hip fractures are considered as the most severe osteoporotic fractures
associated with high morbidity and mortality" ™. Fracture toughness
in elderly patients depends not only on bone mineral density, but also
on different aspects of bone quality. According to Viguet-Carrin et al'¥
bone quality is characterized by bone trabecular micro-architecture,
geometry and shape, the extracellular bone matrix and remodeling by
bone turnover. Observational cohort studies revealed that increased
bone formation and resorption markers were associated with
increased fracture risk™”. In postmenopausal women hypogonadism
and consecutively lower estrogen levels are associated with increased
bone turnover markers (BTM)™. Estrogen is a key mediator in bone
health. It inhibits bone resorption by direct and indirect actions on
osteoclasts and maintains bone formation by reducing osteoblast
apoptosis”. Moreover, osteoclastogenesis is regulated by receptor
activator of nuclear factor kB ligand (RANKL) and osteoprotegerin
(OPG). RANKL is a potent activator of osteoclasts and also exists
in a soluble from (sSRANKL)"*"!. The decoy receptor OPG is the
natural opponent of RANKL displaying anti-resorptive properties”.
However, the implication of SRANKL and OPG levels on fracture
vulnerability is still discussed controversially™*"7.

Vitamin D is an important factor for bone health. The influence of
vitamin D status on trabecular micro-architecture and the etiology

of femoral neck fractures are well described™®!

. Although severe
vitamin D deficiency is highly prevalent in elderly patients of many
countries'"” its influence on BTM in elderly hip fracture patients
is scarcely investigated. Likewise, studies analyzing the hormonal
status in postmenopausal women early after hip fracture and potential
interactions with bone metabolism are limited.

Therefore, the main aim of this study was to evaluate BTM in
consideration of the vitamin D status in elderly female low-energy
hip fracture patients compared to patients without an incident hip
fracture. A secondary endpoint was to analyze the influence of
potential posttraumatic differences in the hormonal status on BTM.

METHODS

Ethical statement and subjects

The study was approved by the local Ethics Committee at the
University of Leipzig (243-11-11072011). Written informed consent
was obtained from all patients or their legal representative. 47
female patients with femoral neck or trochanteric fracture and 47
female controls without an acute hip fracture were enrolled from
July 2011 to March 2014 at the University of Leipzig and at an out-
patient doctor’s office, respectively. For both groups the inclusion
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criteria was an age between 61 - 85 years. Only hip fracture patients
with a low-energy trauma were included; patients with multiple
injuries were excluded. The control group consisted of patients
presenting at the orthopedic out-patient clinic for lower back pain,
but were otherwise healthy. Structural disease, i.e. vertebral fracture,
spondylodiscitis, etc was excluded in these patients. Subjects with a
pathologic fracture or a history of a pathologic fracture, a previous
fracture within the last 12 months or oral glucocorticoid medication
were also excluded in both groups. Patients were included throughout
the year. In the fracture group 73% of patients were included in fall
and winter months (October — March) and 27% in spring and summer
months (April — September). In the control group this distribution
was more balanced with 41% and 59%, respectively.

Vitamin D deficiency was classified as severe (< 10 ng/mL),
moderate (10-19.9 ng/mL), insufficient (20-29.9 ng/mL) and normal
(> 30 ng/mL)*"". Hypoalbuminemia was considered at serum
levels below 35 g/L. Bone mineral density of the spine and hip was
measured with DXA and expressed as T-scores (NHANES III).
Patient characteristics were summarized in (Table 1).

Blood samples and assays
Fasting blood samples were collected between 7.00 and 10.00
am. Samples were taken preoperatively and within 20 hours after
admission to the hospital from the hip fracture patients. Blood was
centrifuged at 4°C within 20 minutes after sampling and stored
at -80°. Samples were thawed only once. Serum creatinine, urea,
calcium, phosphorus, intact parathormone (PTH), albumin, alkaline
phosphatase, estradiol, testosterone, cortisol were determined with
standard assays of the fully automated analytical system Cobas
(Roche, Mannheim, Germany). 25(OH)D was determined with the
LIAISON" 25-OH Vitamin D assay (DiaSorin, Stillwater, MN, USA).
Concentrations of C-terminal telopeptide of type I-collagen (CTX-
1, cross-laps), osteocalcin and propeptide of type-I collagen (PINP)
in serum were measured by the cobas 601 system (Roche). MicroVue
osteoprotegerin and MicroVue tartrate resistant acid phosphatase
5b (TRAPSb) enzyme immuno assays were purchased from Quidel
Corporation (San Diego, US) and SRANKL enzyme immuno assays
from BIOMEDICA Medizinprodukte GmbH (Vienna, Austria). All
were measured at the SpectraMax M5 multi-mode microplate reader
(Molecular Devices, Sunnyvale, US). The osteoprotegerin (OPG)
assay has a limit of detection (+ 3 standard deviation, SD) of 0.13
pmol/l, and a precision coefficient of variation within-runs of <3.6 %
und between-runs < 6.2%. The TRAPSb assay has a limit of detection
of 0.2 U/l and a precision coefficient of variation within-runs of <
2.3 % und between-runs < 3.1 %. The SRANKL assay has a limit of
detection 0.01pmol/l and a precision coefficient of variation within-
runs of < 5.0 % und between-runs < 3.0 %.

Statistical analysis

Normally distributed values were given as mean + SD, non-
normally distributed parameters, as median and the interquartile
range (25th—75th percentile). The Shapiro-Wilk-test was used to
test for normal distribution. In addition, the following statistical
tests were applied: chi-square test for binominal, student’s t-test,
exact Fisher test for normally distributed, Mann-Whitney-U-Test
and Spearman correlation for non-normally distributed parameters,
binary multivariable regression analysis and linear multivariable
regression analysis to assess the association of 25(OH)D and bone
turnover markers. All statistical computations were performed using
SPSS version 20.0 (Chicago, IL, USA). P values less than 5% were
considered as significant.
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RESULTS

Severe Vitamin D deficiency and hip fracture

Age and body mass index (BMI) were slightly different between hip
fracture patients and controls. Osteoporosis according to a T-score
(spine) < -2.5 was found in 35.6% of hip fracture patients and 29.8%
of controls with no statistical difference (Table 1).

Severe vitamin D deficiency was more prevalent in the fracture
group compared to controls (Table 2).

Consistently, controls supplemented 25(OH)D more often than
fracture patients (Table 1). In the fracture group 25(OH)D levels
were moderately lower during fall and winter months (7.8 ng/ml)
compared to summer time (13.0 ng/ml). No seasonal variations of
25(0OH) D levels were observed in the control group (17.7 ng/ml
vs.18.7 ng/mL).

Serum levels of 25(OH)D were significantly lower in the fracture
group (Table 3). Apart from age and BMI, low 25(0OH)D levels were
an independent predictor of hip fracture (Table 4).

Severe vitamin D deficiency and bone turnover markers
25(0OH)D3 levels showed an inverse correlation with PINP (r =
-0.330; p = 0.023) and OPG (r = -0.364; p = 0.012) in controls. In
fracture patients 25(OH)D3 inversely correlated with CTX-1 (r =
-0.329; p =0.024).

Linear regression analysis with backward selection including
age, BMI, all BTMs, sSRANKL and OPG confirmed an independent
association of 25(OH)D3 and OPG (B = -1.147; 95% CI = -2.005 -
-0.290; p = 0.010; R?>=0.242) in controls and between 25(OH)D3 and
CTX-1 (B =-0.009; 95% CI=-0.017 - -0.001; p = 0.023; R?= 0.111)
in hip fracture patients. No correlations between BTMs, sSRANKL/
OPG and BMI were found in both groups.

Bone turnover markers and acute hip fracture

Circulating levels of BTMs revealed higher bone resorption and
lower bone formation in fracture patients compared to controls, but
only OC and CTX-1 reached a level of significance. Levels of the
osteoclastic activator SRANKL were lower (p < 0.001) and levels of
the osteoclastic inhibitor OPG higher (p < 0.001) in fracture patients
compared to controls (Table 3).

Circulating CRP (p = 0.039), cortisol (» < 0.001) and estradiol
(p < 0.001) levels were higher in patients compared to controls. No
correlation was found between albumin and BMI in patients and
controls. Multivariable regression analysis corrected for age, BMI
and 25(OH)D levels revealed an independent association of fracture
with estradiol and albumin, but not CRP and cortisol (Table 4).
Estradiol also correlated inversely with OC (r = -0.348; p=0.018)
and TRAPSb (r=-0.412; p = 0.004) in fracture patients. In addition,
TRAPSD correlated inversely with CRP (r = -0.344; p = 0.019)
(Figure 1).

In the control group an inverse correlation between estradiol and
OC (r=-0.313; p = 0.034) was observed. OC was also independently
associated with hip fracture (Table 5). No significant correlations were
found for cortisol and markers of bone metabolism in both groups.

DISCUSSION

In the present study severe vitamin D deficiency was an independent
risk factor of hip fracture. Low levels of 25(OH)D were
independently associated with higher levels of the bone resorption
marker CTX-1 in patients with hip fracture. Bone formation markers
were lower or remained unchanged in the fracture group.
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Figure 1 Spearman correlation analysis between In [Osteocalcin] and In
[Estradiol], In [TRAP5b] and In [Estradiol], In [TRAP5b] and [CRP] in hip
fracture patients.

Observational studies revealed that bone resorption as well as
bone formation markers remained high late after menopause and
were a major determinant of osteoporosis®. Consequently increased
bone turnover was also shown to be associated with increased hip
fracture riskP7). Interestingly, we found lower levels of the bone
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formation marker OC in our hip fracture patients compared to
controls. A longitudinal observational study demonstrated that pre-
injury OC levels were higher in patients suffering a hip fracture
compared to controls that did not sustain a fracture!®. These results
are in accordance with other studies analyzing patients after hip
fracture!®7). Ivasca et al®® determined OC and PINP before and 4
h after hip fracture. OC and to a lesser extent PINP decreased after
trauma. The authors speculated that this trauma-induced decrease of
OC is related to stress-induced increased glucocorticoid levels since
glucocorticoid administration suppresses synthesis of OCP®. Indeed,
cortisol levels were higher in our patients compared to controls, but
they were not associated to OC. Our results are supported by Napal
et al* demonstrating a decrease of OC levels in response to stress
observed in acute disease and tissue injury as myocardial infarction,
fractures or surgery. In addition, Olmos et al*" exhibited that the
decrease of serum OC is independent of the increase in cortisol
secretion which is also in line with our findings.

In accordance with our results, Resmini et a/**! found increased
CTX-1 levels in postmenopausal women with a hip fracture. High
levels of CTX-1 were shown to persist in postmenopausal women®"!
and increased bone turnover paralleled with low bone mineral density
(BMD)®!#1. Others found no difference of CTX-1 levels in hip
fracture and control patient***). However, these studies performed
no DXA and, in addition, 25(OH)D levels were equal in both groups
impeding a reliable comparison to our results.

The role of TRAP5D in fracture patients is not yet clear. It is a marker
of bone resorption that also indicates the number of osteoclasts*?..
As demonstrated by others??!, TRAP5b differed not between our hip
fracture patients and controls. In contrary, higher TRAP5b levels
were demonstrated in 18 hip fracture patients compared to 35 patients
with hip osteoarthritis and 19 subjects with normal bone mineral
density?). The different results might be explained by a potentially
variable inflammatory status of our hip fracture patients compared to

higher CRP levels in our fracture group which were inversely related
to TRAP5b. Moreover, timespans of blood sample collection varied
considerably. We and Sypniewska et al* collected the samples within
the first 20 hours after admission to the hospital, whereas the span was

48 hours in the study of Resmini et al?*.

Table 3 Comparison of circulating biochemical markers between hip

fracture patients and controls.

fracture (n = 47) controls (n =47) | p value
25(0H)D (ng/ml) 8.5 (5.4-13.7) 18,5 (13.4-237) | <0.001%
PTH (pmol/1) 5.6 (41-6.2) 46 (3.6-6.4) 0.266
Calcium (mmol/) 2.3 (2.2-2.4) 24 (23.2.5) 0.005*
Phosphorus (mmol/1) 1.0 (0.9-1.1) 1.1 (1.0-1.2) 0.039
Creatinine (umol/l) | 72.0 (59.0-101.0) | 720 (64.0-82.0) | 0.989
&r;lc)ﬁve protein 3.9 (1.3-13.3) 2.8 (1.2-4.6) 0.039*
Albumin (g/1) 37.8 (33.5-40.9) 45.6 (43.6-47.5) | <0.001*%
Cortisol (nmol/1) 777.8 (565.9-1037.0) | 532.3 (401.2629.2) | <0.001*
Estradiol (pmol/1) 91.0 (67.1-1234) | 404 (259-59.6) | <0.001*
Osteocalcin (ng/ml) |  14.8 (10.5-18.1) 22,0 (16.9-287) | <0.001*
PINP (ug/1) 37.0 (27.0-53.0) 440 (31.6-60.0) | 0.191
3111:::’/1;‘; phosphatase 1.2 (1.0-16) 12(1.0-14) | 0209
CTX-1 (pg/ml) 429.0 (302.0-617.0) | 306.0 (248.0-407.0) | <0.001*
TRAP5b (U/1) 2.7 (21-3.8) 26(21-3.2) 0532
SRANKL (pmol/l) | 0.005 (0.005-0.012) |0.035 (0.005-0.089) | <0.001*
OPG (pmol/1) 8.8 (6.3-11.0) 6.1 (4.8-7.7) <0.001*
SRANKL/OPG ratio | 0.001 (0.001-0.002) | 0.005 (0.001-0.017) | <0.001*

Values were given as median and interquartile range (IQR), Mann-
Whitney-U-Test, * p < 0.05.

Table 4 Associations of albumin, CRP and hormones with hip fracture.

. . . Adjusted Odds | 95% confidence 2
controls which was not addressed in the previous study®. We found Model Ratio (OR) interval (CI) p-value | R
Age 1.257 1.099 - 1.437 0.001*
1 [BMI 0.689 0.569 - 0.836 <0.001* | 0.693
Table 1 Baseline characteristics of hip fracture patients and controls.
25(OH)D 0.743 0.649 - 0.851 <0.001*
fracture | controls 1
n=47) | (n=47) PAVELILE 2 |Albumin 0.56 0.387 - 0.809 0.002* | 0.844
Age (years) 76.1+55 |71.1 £6.3|<0.001* 3 |CRP 1.083 0.952 - 1.231 0.225 0.746
BMI (kg/m?2) 254 +4.1 |28.7 £5.2| 0.001* 4 |Cortisol 1.002 0.999 - 1.005 0.11 0.713
T-score lumbar spine -1.8+15 |-1.6 14| 0535 5  |Estradiol 1.057 1.025 - 1.090 <0.001* | 0.831
History of fracture, n (%) 17 (36.2) | 7(14.9) | 0.049* Multivariable regression analysis correcting for age, BMI and 25(OH)D
Vi D 1 N % 102 14 (30 <0.001* levels (* p < 0.05). Each variable of models 2 to 5 was included separately.
fanilbEirplenent il ¢ @ (&Y . In all models age, BMI and 25(OH)D levels remained independently
Calcium supplementation, n (%) 3 (6) 8 (17) 0.198 associated with hip fracture.
Bisphosphonate supplementation, n (%) 0 (0) 3 (6) 0.242
Smoking, n (%) 8 (17) 2(4) 0.091 Table 5 Associations of markers of bone metabolism with hip fracture.
N Adjusted Odds | 95% confidence Nagelkerke
0 -
Alcohol (2 drinks/week), n (%) 4(9) 2 (4) 0.68 Model Ratio (OR) interval (CI) p-value R
Living in a nursing home, n (%) 5 (10) 0(0) 0.061 Age 1.257 1.099 — 1.437 0.001*
Values are given as mean * SD; t- or exact Fisher test, *p < 0.05. 1 |BMI 0.689 0.569 - 0.836 | <0.001* 0.693
25(OH)D 0.743 0.649 - 0.851 | <0.001*
Tat':le 2 Vitamin D deficiency and Hypalbuminemia in hip fracture > loc 0786 0.681 - 0.908 0.001* 0.846
patients and controls.
fracture controls 3 |PINP 0.969 0.944 - 0.995 0.019* 0.735
(1 =47) (1 =47) 4 |CTX-1 1.001 0.997-1.006 | 049 0.697
Vitamin D deficiency (levels of 25(OH)D) 5 |TRAP5b 0.9 0.546 — 1.481 0.677 0.693
eoieie (g, @) crere) | ey 6 |sRANKL 0.001 0.000-283.553 | 0.291 | 0.701
moderate (10-19.9 ng/mL), n (%) 18 (38.3) 22 (46.8) 7 lorg 1.062 0.851 - 1.326 0.593 0.694
insufficient (20-29.9 ng/mL), n (%) 121) 15 (31.9) Multivariable regression analysis correcting for age, BMI and 25(OH)D
normal (30 ng/mL), n (%) 1(2.1) 5 (10.6) levels (* p < 0.05). Each variable of models 2 to 7 was included separately.
; ; In all models age, BMI and 25(OH)D levels remained independently
0y
oalamiee ) L) Uiy associated with hip fracture.
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We found lower sSRANKL and higher OPG levels and thus a
lower SRANKL/OPG ratio in our patients compared to controls. In
accordance to our study, Kéttsdorfer et a/l*¥ also measured lower
sRANKL and higher OPG levels after long bone fracture in 33 male
and 31 female patients with a mean age of 59 years. Wang et all*!
found significantly higher sSRANKL and OPG levels in 36 elderly
patients with an intertrochanteric fracture compared to controls. They
hypothesized that the number of osteoblasts increased immediately
after fracture. Resmini ef al® found higher OPG levels, but no
difference in sSRANKL levels in postmenopausal women with hip
fracture compared to patients with hip osteoarthritis and subjects with
normal bone mineral density. Large longitudinal observational studies
revealed that higher levels of pre-fracture OPG were associated with
increased hip fracture risk!'"*!"\. It was concluded that higher pre-
fracture levels of OPG reflect a compensatory mechanism that is
related to hip fracture risk!". Thus, higher levels of OPG in patients
before and after hip fracture suggest that this cytokine is not altered
substantially early after the trauma event. Only one study found an
association of pre-fracture low sSRANKL levels and nontraumatic
fractures!"®!, whereas others found no association!'*!",

Our hip fracture patients were further characterized by a more
frequent severe vitamin D-deficiency and dramatically lower 25(OH)
D levels compared to controls. Consistently, controls supplemented
more often vitamin D (30% vs 2%). In addition, fracture patients
were included more frequently over winter months. However,
25(OH)D levels were lower in the fracture group throughout the year.
25(OH)D levels were inversely and independently associated with
CTX-1 in the fracture group as in the study of Napoli et a/**). In a
randomized double blind study of 297 postmenopausal women, CTX-
1 levels were reduced after 1 year vitamin D supplementation®®). The
data were confirmed by others®”. An independent relationship was
also found for 25(OH)D and OPG in our control group. In opposition
to our results, no correlations between 25(OH)D and OPG were
demonstrated by Wanby et al. in control and fracture patients”.,
Different to our study, fracture patients had higher 25(OH)D levels
compared to our patients.

Although our patients were more than 5 years older compared
to controls, they had a two-fold higher estradiol level which was
independently associated with hip fracture. In contrast, a protective
effect of higher estrogen levels on bone quality and a reduced fracture
risk have been found®¥). Thus, we suggest a trauma-induced increase
of estradiol. Consistently, elevated estradiol levels were observed
in patients after critical traumatic injury and associated with injury
severity and poor outcome®*4%,

Estradiol levels were inversely associated with levels of OC
and TRAPSD in our fracture group. Higher levels of estradiol in
our fracture group might have inhibited the rate of bone turnover
explaining in part lower levels of OC and nearly unchanged TRAP5b
in fracture patients.

Theoretically lower OC levels in our patients might also be
explained by lower protein intake or poor nutritional status. Low
protein intake affects building of bone matrix*! and decreases bone
formation*?, Our fracture patients exhibited a lower BMI and lower
albumin levels compared to controls. However, BMI was within
normal range and we found no correlation of BMI with albumin in
both groups. Alternatively, the low albumin levels might result from
the traumatic injury. Indeed, albumin dropped immediately after
tissue trauma, bottomed at 4 to 6 hours and recovered only slowly
within days!*l. Moreover, other factors involved in the acute phase
or stress response, i.e. cytokines, might be responsible for lower OC
levels which were not addressed in this study.
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Our study has several limitations. First, it included only a low
number of patients. Second, the cross-sectional design of our study
and the lack of longitudinal data may impede interpretation of
results found in our study. For instance pre-traumatic data were not
available for our hip fracture patients. Thus, we could only suggest
which altered parameters compared to controls were influenced by
the traumatic event or already existed before hip fracture. Third, bone
turnover markers measured maybe insufficiently specific for bone,
since type I collagen is found in many different organst**.

In summary, 25(OH)D was identified as an independent risk factor
of hip fracture and also demonstrated an independent association
with CTX-1. Unchanged or lower levels of bone formation markers
in the fracture group might be explained by higher levels of estradiol
which presumably increased posttraumatically. No relation was seen
between 25(OH)D and bone formation markers.
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