ORIGINAL ARTICLE

Comparison of vitamin D, parathyroid hormone (PTH),
and bone metabolism markers in hip fracture patients by
fracture type and control group

Bahattin Kemah,' © Mehmet Salih Séylemez,2 © Samet Ering,® © Korhan Ozkan,* © Oguz Siikrii Poyanli

'Department of Orthopaedics and Traumatology, Umraniye Training and Research Hospital, Istanbul-Ttirkiye

2Department of Orthopaedics and Traumatology, Medistate Hospital, Istanbul-Ttirkiye

SDepartment of Orthopaedics and Traumatology, Florya Hospital, Istanbul-Tiirkiye

‘Department of Orthopaedics and Traumatology, Atasehir Acibadem Hospital, Istanbul-Ttirkiye

SDepartment of Orthopaedics and Traumatology, Istanbul Medeniyet University, Prof. Dr. Stileyman Yalcin City Hospital, Istanbul-Ttirkiye

ABSTRACT

BACKGROUND: Vitamin D, calcium, and bone metabolism markers play a critical role in skeletal health; however, their relation-
ship with different hip fracture types remains uncertain. This study aimed to investigate serum levels of 25(OH) vitamin D, calcium,
parathyroid hormone (PTH), alkaline phosphatase (ALP), phosphorus, total protein, and albumin in elderly patients with femoral neck
fractures (FNF) and intertrochanteric femur fractures (ITFF), compared to a control group.

METHODS: This retrospective study included 375 patients aged 65 years and older, comprising | | 7 patients with ITFF, 97 with FNF,
and 161 control cases (coxarthrosis/gonarthrosis). Serum biochemical parameters were analyzed using standard laboratory methods.
Fractures were classified according to the AO/OTA (Arbeitsgemeinschaft fiir Osteosynthesefragen/Orthopaedic Trauma Association)
system by two independent observers, and interobserver agreement was assessed using Cohen’s kappa coefficient (k=0.89). Group
comparisons were performed using one-way analysis of variance (ANOVA) followed by post hoc Bonferroni tests. A p value <0.05 was
considered statistically significant.

RESULTS: Vitamin D levels were significantly lower in both the ITFF and FNF groups compared to controls (p<0.01), while no sig-
nificant difference was observed between the ITFF and FNF groups (p>0.05). Similarly, calcium, total protein, and albumin levels were
lower in fracture groups than in controls (p<0.01). In contrast, PTH levels were significantly higher in patients with fractures (p=0.001).

CONCLUSION: Deficiencies in vitamin D and calcium were associated with an increased risk of hip fractures but did not appear
to influence fracture pattern. These findings suggest that systemic biochemical parameters should be emphasized in comprehensive
fracture risk assessment, underscoring the importance of preoperative evaluation and postoperative correction of metabolic deficien-
cies in patients with hip fractures.
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INTRODUCTION has been shown to predict functional recovery and survival
following hip fracture surgery. Intertrochanteric and femo-
Hip fractures are becoming increasingly common due to ex- ral neck fractures are associated with substantial morbidity,

tended life expectancy in the global population. Vitamin D mortality, and economic burden. The rising prevalence of os-
deficiency is a well-recognized risk factor for hip fracture and  teoporosis further escalates the risk of these fractures.!'3
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Vitamin D is a fat-soluble steroid hormone that plays a piv-
otal role in calcium homeostasis and bone mineralization. Its
deficiency has been linked to numerous systemic conditions,
including osteoporosis and increased fracture risk. Elderly
individuals are particularly susceptible because of reduced
sun exposure and dietary insufficiencies. Although the role
of vitamin D and calcium deficiencies in skeletal health is well
established, their specific influence on different fracture types
remains insufficiently explored.

Furthermore, studies examining the relationship between hip
fracture classification and specific biochemical parameters,
such as alkaline phosphatase (ALP), phosphorus, total pro-
tein, and albumin, are scarce.

The aim of our study was to investigate the association
between hip fracture type and vitamin D levels, along with
other biochemical parameters related to bone metabolism.
By elucidating these relationships, this study seeks to pro-
vide insights that may contribute to preventive strategies for
populations at increased risk.

MATERIALS AND METHODS

This retrospective study analyzed data from patients treated
at a single tertiary care center over a five-year period, fol-
lowing approval from the institutional ethics board (ID:
2014//0180). The study was conducted in accordance with the
principles of the Declaration of Helsinki. A total of 1,219 pa-
tients were identified through hospital registry screening, in-
cluding 967 patients diagnosed with either femoral neck frac-
ture or intertrochanteric femoral fracture, and 252 patients
diagnosed with osteoarthritis (coxarthrosis or gonarthrosis).
Demographic and clinical data were recorded at the time of
diagnosis and included hip radiographs, comorbidities, regular
medication use (osteoporosis treatment, calcium, and vitamin
D supplementation), history of prior fractures, treatment
modalities, laboratory test results (alkaline phosphatase, total
protein, albumin, calcium, phosphorus, parathyroid hormone
[PTH], and 25-hydroxyvitamin D [25-OH vitamin D]), and the
city of residence during the year preceding the fracture.

The inclusion criteria encompassed individuals aged 65 years
and older diagnosed with either an intertrochanteric femur
fracture or a femoral neck fracture resulting from low-energy
trauma, as well as patients with osteoarthritis who served as
the control group.

Exclusion criteria included prior osteoporosis treatment or
hormone therapy, high-energy trauma, malignancy, secondary
osteoporosis, renal or gastrointestinal disorders, parathyroid
or thyroid dysfunction, steroid use, and residence outside the
study region for more than one year before enrollment. Ulti-
mately, 375 cases were analyzed, including | 17 patients with
intertrochanteric fractures, 97 with femoral neck fractures,
and 161 with osteoarthritis (coxarthrosis/gonarthrosis).

Demographic characteristics, fracture history, radiological
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findings, comorbidities, and biochemical parameters (ALP, to-
tal protein, albumin, calcium, phosphorus, PTH, and 25-OH
vitamin D) measured within the first week after fracture were
obtained from hospital records. Although vitamin D levels are
known to exhibit seasonal variation, all biochemical analyses
were performed using the same chemiluminescence immuno-
assay method (Abbott Architect System®), ensuring standard-
ization across samples. Seasonal variability was further mini-
mized by collecting samples throughout all seasons. There is
no globally defined threshold for optimal vitamin D levels, as
these vary according to latitude, sun exposure, and race. In
our study, threshold criteria for 25-OH vitamin D levels were
determined based on the Diagnosis and Treatment Guide-
lines for Metabolic Bone Diseases published by the Turkish
Society of Endocrinology and Metabolism. Accordingly, levels
<10 ng/mL were classified as severe deficiency, 10-20 ng/mL
as deficiency, 21-29 ng/mL as insufficiency, 230 ng/mL as suf-
ficient, and >150 ng/mL as toxic.!!

Fractures were classified according to the AO/OTA (Ar-
beitsgemeinschaft fiir Osteosynthesefragen/Orthopaedic
Trauma Association) system by two independent orthopedic
surgeons who were blinded to the biochemical results.’! Any
discrepancies were resolved by consensus under the supervi-
sion of the senior author.

Statistical Analysis

Statistical analyses were performed using NCSS (Number
Cruncher Statistical System) 2007 and PASS (Power Analysis
and Sample Size) 2008 software (Utah, USA). Inter-observer
reliability was assessed using Cohen’s kappa coefficient. Post
hoc power analyses were conducted to evaluate the statistical
power of the study and to reduce the risk of type Il error. De-
scriptive statistics, including mean, standard deviation, median,
frequency, and ratio, were used to summarize the data. For in-
tergroup comparisons of normally distributed variables, one-
way analysis of variance (ANOVA) was applied, followed by
the Tukey Honestly Significant Difference (HSD) test to iden-
tify the source of significant differences. Non-normally distrib-
uted variables were analyzed using the Kruskal-Wallis test for
overall group comparisons, followed by the Mann-Whitney U
test to identify differences between pairs of groups. Relation-
ships between variables were assessed using Spearman’s cor-
relation analysis. Results were evaluated at a 95% confidence
interval, and statistical significance was set at p<0.05.

RESULTS

A total of 375 patients were included in the study, with ages
ranging from 65 to 93 years (mean, 78.34+6.42 years). Of
these, 292 patients (77.9%) were female and 83 (22.1%) were
male. The intertrochanteric femur fracture (ITFF) group in-
cluded |17 patients, the femoral neck fracture (FNF) group
included 97 patients, and the control group (patients with
coxarthrosis or gonarthrosis) included 161 patients.

Post hoc power analysis demonstrated power values ranging
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Table I. Age and sex distribution of the study groups
ITFF Femoral Neck Fracture Control P
(n=117) (n=97) (n=161)

Age

Mean+SD (range) 79.5946.16 (65-93) 78.31£7.26 (65-90) 77.12+5.84 (65-92) 40.056
Sex

Female, n (%) 91 (77.8) 75 (77.3) 126 (78.4) 0.988

Male, n (%) 26 (22.2) 22 (22.7) 35 (21.7)

ITFF: Intertrochanteric femur fracture; *One-way analysis of variance (ANOVA) test; "Chi-square test.

from 0.984 to 1.000 for the primary qualitative outcomes, in-
dicating a minimal risk of type Il error and confirming that the
sample size was sufficient. Inter-observer reliability for fracture
classification was excellent (k=0.89). No statistically significant
differences were observed among the groups with respect to
age (p=0.056) or sex distribution (p=0.988) (Table 1).

According to the AO/OTA classification, 38 patients (32.9%)
in the intertrochanteric femur fracture group were classified
as Al, 59 patients (50.4%) as A2, and 20 patients (17.1%) as
A3. In the femoral neck fracture group, six patients (6.3%)

were classified as Bl, 51 patients (53.7%) as B2, and 38 pa-
tients (40%) as B3.

25-OH vitamin D levels were significantly lower in both the
ITFF and FNF groups compared to the control group (p<0.01).
However, no significant difference was observed between the
ITFF and FNF groups (p>0.05). Mean vitamin D levels were
12.2848.61 ng/mL in the ITFF group and 16.1£13.12 ng/mL in
the FNF group. Vitamin D deficiency was prevalent across all
groups (Table 2, Fig. 1).

25-0H Vitamin D

40 .
35 U
30 L4
25 Qs
# ",
§20 §
=5 =3
10 2
5 1
0 ITFF Femoral Neck Control 9
Calcium
10
‘ 4.0
8 35
3.0
[} [=]
& 5 Woas
+H H
5 520
3 3
= 4 T
: 1.0
0.5
g ITFF Femoral Neck Control 58
Alkaline Phosphatase (ALP)
120
100
2 80
+
5 60
@K
=
40
20

ITFF Femoral Neck Control

Comparison of Biochemical Parameters Between Groups

Total Protein

Femaoral Neck Control ITFF

Phosphorus

Femoral Neck Control

Albumin

Femoral Neck Control

Parathyroid Hormone (PTH)
160

140
120
100

80

Mean + SD

60

40

Femoral Neck Control

Figure 1. Group-wise mean (tstandard deviation) levels of 25(OH) vitamin D, total protein, albumin, calcium, phosphorus, parathyroid
hormone (PTH), and alkaline phosphatase (ALP) in the intertrochanteric femur fracture (ITFF), femoral neck fracture (FNF), and control

groups.
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phosphatase (ALP) levels among fracture groups and controls

Comparison of 25-OH vitamin D, total protein, albumin, calcium, phosphorus, parathyroid hormone (PTH), and alkaline

'I'TFF 2Femoral Neck Fracture 3Control p bPost Hoc

25-OH Vitamin D
Mean+SD 12.2848.61 16.10+13.12 22.65+17.00 0.00 | ** P'20.059
Min-Max (median) 3-51.2 (10.50) 1.90-68 (12.10) 5.20-133 (19.80) P'30.00]**
Severe deficiency, n (%) 53 (45.3) 4] (42.3) 20 (12.4) P23 0.00 ] **
Deficiency, n (%) 49 (41.9) 33 (34.0) 69 (42.9)
Insufficiency, n (%) 10 (8.5) I (11.3) 45 (28.0)
Sufficiency, n (%) 5 (4.3) 12 (12.4) 25 (15.5)
Toxic level, n (%) 0 0 0

Total Protein
MeanxSD 6.19£0.77 6.26+0.76 7.17+0.50 0.00]** P'2 1.000
Min-Max (median) 3.96-9.70 (6.20) 4.47-8.97 (6.20) 5.00-8.50 (7.15) P! 0.00] **
Abnormal, n (%) 71 (60.7) 58 (59.8) 8 (5.0) P23 0.00 ] **
Normal, n (%) 46 (39.3) 39 (40.2) 153 (95.0)

Albumin
Mean+SD 3.33+0.85 3.30+0.57 3.99+0.43 0.00 | ** P'20.952
Min-Max (median) 1.90-9.00 (3.30) 1.90-4.70 (3.40) 2.40-5.00 (4.00) P! 0.00 ] **
Abnormal, n (%) 78 (66.7) 60 (61.9) 17 (10.6) P23 0.00| **
Normal, n (%) 39 (33.3) 39 (38.1) 144 (89.4)

Calcium
MeantSD 8.54+0.80 8.70+0.65 9.42+0.51 0.00 |** P'20.169
Min-Max (median) 4.10-11.90 (8.50) 6.66-10.40 (8.70) 7.50-10.70 (9.50) P'3 0.001%*
Abnormal, n (%) 64 (54.7) 42 (43.3) 9 (5.6) P23 0.00 | **
Normal, n (%) 53 (45.3) 55 (56.7) 152 (94.4)

Phosphorus
MeanxSD 3.44+0.73 3.25+0.62 3.50+0.55 0.006** P'20.074
Min-Max (median) 1.10-5.50 (3.40) 1.80-4.50 (3.28) 2.00-5.30 (3.50) P! 0.764
Abnormal, n (%) 11 (94) 6 (6.4) 4 (2.5) P%3 0.008**
Normal, n (%) 106 (90.6) 91 (93.8) 157 (97.5)

PTH
Mean+SD 95.97+61.95 82.26+51.87 69.23+36.16 0.004** P'20.142
Min-Max (median) 13.30-250.0 (77.10) 21.80-263.0 (65) 16.00-250.0 (65.1) P! 0.00 ] **
Abnormal, n (%) 52 (44.4) 30 (30.9) 30 (18.6) P23 0.113
Normal, n (%) 65 (55.6) 67 (69.1) 131 (81.4)
MeantSD 84.98+38.57 84.12440.19 78.31+38.98 0.127 P'20.394
Min-Max (median) 36.00-290.00 (79.00) 37.00-306.00 (75.00) 27.00-480.00 (75) P'2 0.065
Abnormal, n (%) 11(9.4) 8 (8.2) 7 (4.3) P23 0.360
Normal, n (%) 106 (90.6) 89 (91.8) 154 (95.7)

**Statistically significant; 2ANOVA,; ®Post hoc pairwise comparisons.

Total protein and albumin levels were significantly lower
in both fracture groups compared to the control group

(p=0.001), while no difference was observed between the

ITFF and FNF groups. Serum calcium levels were also lower
in fracture patients (mean, 8.1£0.5 mg/dL; p<0.01). PTH lev-

els were significantly higher in both fracture groups compared

Ulus Travma Acil Cerrahi Derg, March 2026, Vol. 32, No. 3



Kemah et al. Vitamin D, PTH, and bone markers in hip fracture patients

to controls (p=0.001), with abnormal PTH rates of 44.4%,
30.9%, and 18.6% in the ITFF, FNF, and control groups, re-
spectively. As expected, ALP and phosphorus levels did not
differ significantly among the groups (Table 2).

DISCUSSION

The primary findings of this study indicate that lower serum
calcium and 25(OH) vitamin D levels are associated with an
increased risk of hip fractures but do not influence fracture
type. These results are consistent with previous reports
identifying vitamin D and calcium deficiency as major risk fac-
tors for hip fractures.®"'l The low 25(OH) vitamin D levels
observed across all groups, including the control group, are
in agreement with prior studies and may reflect insufficient
sunlight exposure, reduced outdoor activity, and diminished
dermal vitamin D synthesis in elderly individuals.'” Approxi-
mately 85% of vitamin D is synthesized through ultraviolet ex-
posure, with the remainder obtained from dietary sources.”

Vitamin D deficiency contributes to secondary hyperpara-
thyroidism, increased bone turnover, and skeletal fragility.
Although no difference in 25(OH) vitamin D levels was ob-
served between intertrochanteric femur fracture and femoral
neck fracture groups, both fracture groups exhibited signifi-
cantly lower levels than the control group. Similar to previ-
ous studies, our findings indicate that vitamin D deficiency is
associated with fracture occurrence rather than fracture sub-
type. In contrast, several small-sample studies have proposed
a relationship between vitamin D levels and fracture severity.
U314 Differences between FNF and ITFF may be attributable
to variations in trabecular bone composition and metabolic
activity, as the intertrochanteric region contains a higher
proportion of metabolically active trabecular bone.!'>'! Nev-
ertheless, fracture configuration appears to be primarily de-
termined by mechanical and anatomical factors rather than
biochemical variables.

Geographical variation in fracture patterns has been previ-
ously reported, with trochanteric fractures occurring more
frequently in Southern Europe and femoral neck fractures
predominating in Northern Europe.l''"! Our findings are
consistent with data from Japan (FNF/ITFF ratio of 1:1.3)
and other Mediterranean populations, which demonstrate a
higher incidence of intertrochanteric fractures.’!

Protein and albumin levels were significantly lower in patients
with hip fractures compared to controls, consistent with pre-
vious studies.?*?'l Whether these findings represent pre-ex-
isting risk factors or reflect a post-fracture catabolic response
remains unclear. Nevertheless, several studies have identified
low protein and albumin levels as independent predictors of
fracture risk.?2 Similarly, calcium levels were reduced in both
fracture groups, likely secondary to vitamin D deficiency."!
Randomized controlled trials have demonstrated that ade-
quate dietary calcium and protein intake can reduce the risk
of hip fractures./?’]
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Parathyroid hormone levels were significantly elevated in
the fracture groups, particularly among patients with ITFF,
in line with earlier reports.?**%! This elevation most likely
represents a compensatory response to vitamin D deficiency
rather than a direct effect of the fracture itself. Phosphorus
levels were slightly lower in the FNF group but not in the
ITFF group, similar to previous findings indicating minimal dif-
ferences among fracture types.['”! Although elevated alkaline
phosphatase levels have been proposed as a potential risk
factor for fractures, no significant association was observed
in our study.l?!

Several limitations of this study should be acknowledged. The
retrospective, single-center design may limit the generalizabil-
ity of the results, and potential confounding factors, such as
lifestyle habits and nutritional intake, could not be fully con-
trolled. In addition, serum vitamin D levels were measured at
a single time point, without accounting for seasonal variation
that may influence vitamin D status. The lack of longitudinal
follow-up data precluded assessment of postoperative chang-
es or the long-term effects of vitamin D and calcium optimi-
zation on bone healing and functional recovery. Future pro-
spective, multicenter studies incorporating serial biochemical
measurements are needed to validate these findings and to
further elucidate the causal relationships between metabolic
parameters and fracture risk.

From a clinical perspective, these findings underscore that
optimal management of hip fractures should extend beyond
surgical fixation to include the identification and correction
of underlying metabolic abnormalities. Comprehensive pre-
operative evaluation and timely optimization of vitamin D and
calcium levels may enhance bone quality, promote fracture
healing, and reduce postoperative complications. Therefore,
routine assessment and management of these biochemical
parameters should be incorporated into standard protocols
for hip fracture care to ensure a more holistic and effective
treatment approach.

CONCLUSION

This study demonstrated a significant deterioration in bio-
chemical markers among individuals with hip fractures. Vi-
tamin D deficiency was prevalent across all groups, with
particularly severe deficiency observed in patients with in-
tertrochanteric and femoral neck fractures. The absence of
significant differences in biochemical parameters among AO
subtypes indicates that, while these markers contribute to
overall fracture risk, they do not appear to influence fracture
pattern.
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ORIJINAL CALISMA - 6Z

Kalca kirikli hastalarda kirik tipine ve kontrol grubuna gore D vitamini, PTH ve kemik

metabolizmasi belirteclerinin kargilagtirilmasi

AMAC: D vitamini, kalsiyum ve kemik metabolizmasi belirtegleri iskelet sagliginda kritik bir rol oynamaktadir; ancak bu parametrelerin farkli kalca
king tipleriyle iliskisi net degildir. Bu calismada, femur boyun kirigi (FBK) ve intertrokanterik femur kingi (ITFK) olan yasl hastalarda serum 25(OH)
D vitamini, kalsiyum, paratiroid hormon (PTH), alkalen fosfataz (ALP), fosfor, total protein ve alblimin diizeylerinin kontrol grubu ile karsilastirilmasi
amaglanmigtir.

GEREC VE YONTEM: Bu retrospektif calismaya 65 yas ve iizerindeki toplam 375 hasta dahil edilmistir; bunlarin | 17’si intertrokanterik femur kirigi
(ITFK), 97’si femur boyun kingi (FBK) ve 161’i kontrol grubunu (koksartroz/gonartroz) olusturmaktadir. Serum biyokimyasal parametreleri standart
laboratuvar yontemleri ile analiz edilmistir. Kiriklar, iki bagimsiz gézlemci tarafindan AO/OTA siniflamasina gére degerlendirilmis ve gézlemciler arasi
uyum degerlendirilmistir. Gozlemciler arasi uyum Cohen’s kappa katsayis ile analiz edildi (k=0.89). Gruplar arasindaki karsilastirmalarda tek yonli
ANOVA ve post hoc Bonferroni testleri kullanilmistir. istatistiksel anlamlilik diizeyi p<0.05 olarak kabul edilmistir.

BULGULAR: D vitamini diizeyleri hem ITFK hem de FBK gruplarinda kontrol grubuna gore anlamli olarak diisiik bulunmustur (p<0.01), ancak ITFK
ve FBK gruplari arasinda anlamli bir fark saptanmamistir (p>0.05). Benzer sekilde, kalsiyum, total protein, ve albiimin duzeyleri kirik gruplarinda
kontrollerden daha distk bulunurken (p<0.01), PTH diizeyleri kirik hastalarinda anlamli derecede yiiksek saptanmistir (p=0.001).

SONUC: D vitamini ve kalsiyum eksikliklerinin kalga kirigi riskini artirdigi, ancak kirik paternini belirlemedigi goriilmustir. Bu bulgular, kalga kirigr has-
talarinda metabolik eksikliklerin ameliyat oncesi degerlendirilmesi ve ameliyat sonrasi diizeltilmesinin 6nemini vurgulayarak, sistemik biyokimyasal
parametrelerin kapsaml kirik riski degerlendirmesinde vurgulanmasi gerektigini distindiirmektedir.

Anahtar sézclikler: D vitamini; femur boyun kirigi; intertrokanterik kirik; kalsiyum; kalga kirigi; kemik metabolizmasi belirtegleri.
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