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Objective. To assess the prevalence, clinical and laboratory characteristics, and short-term outcomes of poststroke hip fracture (HF).
Methods. A cross-sectional study of 761 consecutive patients aged ≥60 years (82.3 ± 8.8 years; 75% females) with osteoporotic HF.
Results. The prevalence of poststroke HF was 13.1% occurring on average 2.4 years after the stroke. The poststroke group compared
to the rest of the cohort had a higher proportion of women, subjects with dementia, history of TIA, hypertension, coronary artery
disease, secondary hyperparathyroidism, higher serumvitamin B12 levels (>350 pmol/L), walking aid users, and living in residential
care facilities. The majority of poststroke HF patients had vitamin D insufficiency (68%) and excess bone resorption (90%). This
group had a 3-fold higher incidence of postoperative myocardial injury and need for institutionalisation. In multivariate analysis,
independent indicators of poststroke HF were female sex (OR 3.6), history of TIA (OR 5.2), dementia (OR 4.1), hypertension (OR
3.2), use of walking aid (OR 2.5), and higher vitamin B12 level (OR 2.3). Only 15% of poststroke patients received antiosteoporotic
therapy prior to HF. Conclusions. Approximately one in seven HFs occurs in older stroke survivors and are associated with poorer
outcomes. Early implementation of fracture prevention strategies is needed.

1. Introduction

Stroke and osteoporotic hip fracture (HF) are two highly
prevalent conditions among the elderly, both with poor clin-
ical outcomes and high medical and social costs. Worldwide
the prevalence of these events is expected to increase dra-
matically because of rapid population ageing. Osteoporosis
and low-impact trauma are the main determinants of HF
in the elderly. Stroke increases the risk of falls [1–5] as a
result of impaired locomotor function and muscle weakness
[6, 7], accelerates bone loss (especially in the hemiplegic
leg) [8–26], and subsequently leads to fractures [4, 27–29].
Although accumulating evidence suggests bidirectional links
between vascular diseases, including stroke, and osteoporotic
fractures [9–11, 30–35], there is still considerable uncertainty
regarding the contribution of stroke to osteoporotic HF.

The incidence of HF after a stroke was reported to be 1.5–
4 times [27, 29, 36, 37] or even >7 times [28] higher than in
the general population, but this was not observed in other

studies [38–40]. Similarly, the reported prevalence of previ-
ous stroke among patients with HF ranges from 3% to 38.5%
[4, 41–43].

Data concerning clinical characteristics, outcomes, pre-
diction, and prevention of poststrokeHF are also inconsistent
[3, 35, 41, 44, 45]. Most previous studies have examined only
a small number of the many clinical and pathogenic factors
involved in stroke andHF.The exact aetiology and pathogen-
esis of poststroke osteoporosis remain not fully understood.
Studies have generally focused on bone mineral density
(BMD) and documented accelerated bone loss, especially in
paretic limbs [10, 12–14, 22], with only few analysing mineral
and bone metabolism in poststroke patients [15, 21, 46, 47].
Fracture prevention and osteoporosis care are not included
in current guidelines for stroke management.

The aims of this study were (1) to investigate the preva-
lence of poststrokeHF, (2) to compare inHFpatientswith and
without a previous stroke the demographic, clinical, and lab-
oratory characteristics and short-term outcomes, (3) to test in
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both groups the associations of parameters related to mineral
and bone metabolism, and (4) to determine whether any
clinical or laboratory characteristics are indicative/predictive
for a poststroke HF.

2. Materials and Methods

2.1. Study Patients. A total of 847 consecutive patients aged
60 years and older who were admitted to the Canberra Hos-
pital with low-traumaHF and underwent surgery were inves-
tigated. After the exclusion of 86 patients with pathological
HF (metastatic bone cancer, multiple myeloma, and Paget’s
disease) or primary hyperparathyroidism, a total of 761
patients (570 women and 191 men) were included in the anal-
ysis. All patients or their guardians gave informed consent
to undergo examination and surgical treatment. The study
was conducted according to the Helsinki Declaration and
approved by the regionalHumanResearchEthicsCommittee.

2.2. Clinical Data Collection. The data were collected pro-
spectively: demographic, medical, lifestyle, and residential
characteristics, and in-hospital management, peri-operative
complications and short-term outcomes were recorded. In all
patients a detailed medical history and full physical exami-
nation were performed. The presence of comorbidities was
identified based on clinical manifestations, review of hospital
medical records, general physician’s progress notes/letters,
and medication used. Data on a history of previous stroke
and transient ischaemic attack (TIA) were initially abstracted
from the medical records. A patient was included in the
group with a history of stroke if he met the following criteria:
(1) presence of neurological deficit consistent with a stroke
and/or (2)medical documentation confirming a stroke before
the HF.

Short-term outcomemeasures included (1) postoperative
myocardial injury as defined by cardiac troponin I rise (cTnI
> 0.06 𝜇g/L), (2) prolonged length of stay (LOS ≥ 20 days),
(3) discharge to a permanent residential care facility (RCF)
for patients who were admitted from home, and (4) all-cause
in-hospital death.

2.3. Sample Collection and Methods of Laboratory Analyses.
In each patient venous blood and second morning urine
samples were collected under standardised conditions after
a 12-hour overnight fast usually within 24 hours after arrival
at the emergency department. After centrifugation of blood,
one serum sample as well as the urine sample was frozen and
stored at −70∘C until further analysis. Routine haematolog-
ical and biochemical assessments were performed by stan-
dardized methods on autoanalyzers at the day of collection.

All patients had the following tests performed: complete
blood count, urea, creatinine and electrolytes, liver func-
tion tests, fasting blood glucose (and HbA1C in diabetic
patients), thyroid function tests (TSH, T
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cated), C-reactive protein (CRP), and cTnI (two-step chemi-
luminescent microparticle immunoassay, Chemiflex, Abbott
Labs, Mississauga, Ontario, Canada). Glomerular filtration
rate (eGFR) was calculated using a standardized serum
creatinine-based formula normalized to a body surface area

of 1.73m2 [48]. Full blood count, urea, creatinine and electro-
lytes, serumcTnI, andCRPwere also assessedwithin 24hours
postoperatively and then after if clinically indicated.

In order to evaluate mineral and bone metabolism in
all patients, the following biochemical parameters were
determined: serum concentrations of 25(OH) vitamin D
(25(OH)D), intact PTH, total calcium, phosphate, magne-
sium, osteocalcin (OC), and bone-specific alkaline phospha-
tise (BAP) asmarkers of bone formation and urinary concen-
trations of deoxypyridinoline (DPD/Cr), and cross-linkedN-
telopeptide of type 1 collagen (NTx/Cr) as markers of bone
resorption (both corrected for urinary creatinine concentra-
tions in the same sample). Serum 25(OH)D was measured by
radioimmunoassay kit (Dia Sorin, Stillwater, MN, USA; sen-
sitivity 0.7 nmol/L) and intact PTH by two-site chemilu-
minescent enzyme-linked immunoassay on DPC Immulite
2000 (Diagnostic Products Corp, Los Angeles, CA, USA; sen-
sitivity 0.07 pmol/L). Serum OC was determined by electro-
chemiluminescent immunoassay (Elecsys 1010, Roche Diag-
nostics, Ltd. Corp., IN, USA), serum BAP by Metra BAP
ELISA (Quidel Corp., San Diego, CA, USA), urinary NTx
by ELISA (Wampole Labs, Princeton, NJ, USA), and urinary
DPD by 2-site chemiluminescent enzyme-labelled immuno-
assay (DPC Immulite 2000, Diagnostic Products, Los Ange-
les, CA, USA). All samples were analysed with commercially
available kits of the same lot number according to the manu-
facturer’s protocol and blind to any clinical information. In
these methods both the intra- and interassay coefficient of
variations (CVs) ranged from 2.1% to 12.7%. Serum calcium
concentrations were corrected for serum albumin.

For the analyses, insufficiency of vitamin D was defined
as 25(OH)D < 50 nmol/L and deficiency as 25(OH)D <
25 nmol/L based on current recommendations. Secondary
hyperparathyroidism (SHPT) was defined as elevated serum
PTH (>6.8 pmol/L, the upper limit of the laboratory reference
range). For levels of bone turnovermarkers, we used the stan-
dard laboratory reference ranges and data provided by the
manufacturer. In the analyses chronic kidney disease (CKD)
was defined as eGFR < 60mL/min/1.73m2 (CKD stage ≥
3). To express the balance between bone formation and
resorption, the data of biochemical bone turnover markers
were evaluated as 𝑍-scores, and a bone balance status index
(BSI) was calculated [49, 50]. The formula for 𝑍-scores was
𝑍 = (𝑥

𝑖
−𝑋)/SD, where, 𝑥

𝑖
was the patient’s value of a marker

and 𝑋 and SD were the normal mean and standard devia-
tions for this parameter, respectively. For BSI the formula was
BSI = (𝑍-scores of OC + BAP)/2 − (𝑍-scores of DPD/Cr +
NTx/Cr)/2.

2.4. Statistical Analyses. Descriptive statistics included
means and standard deviations (SD) for continuous variables
or percentages for categorical variables. Comparisons
between groups were performed using analysis of variance
and Student’s 𝑡-test (for continuous variables) and 𝜒2 test
(for categorical variables). Pearson’s correlation coefficient
with log-transformed data (to achieve normal distribution)
was used to study the correlation between variables; Bonfer-
roni and Sidak adjustments for multiplicity have been
performed. Univariate and multivariate linear regression
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analyses were performed to determine the associations
between different parameters related to mineral and bone
metabolism in patients with and without history of stroke;
all potential confounding variables (demographic, clinical,
and biochemical) with statistical significance ≤0.20 on
univariate analyses were included in multivariate analysis.
The relationships between presence of poststoke HF and clin-
ical characteristics as well as different laboratory parameters
as independent variables were investigated by linear regres-
sion analyses. To quantify the significance ofmulticollinearity
phenomena in regression analysis, the variance inflation
factor was calculated. Two-sided 𝑃 < 0.05 values were con-
sidered statistically significant. The Stata software version 10
(StataCorp, College Station, TX, USA) was used for all sta-
tistical analyses.

3. Results

3.1. Prevalence and General Clinical Characteristics of Patients
with Poststroke Hip Fracture. Of 761 older HF patients, 100
(13.1%) had a history of stroke, of whom 83.0% were women.
The clinical characteristics of the patients according to stroke
history are summarized in Table 1. HF occurred on average
2.4 ± 2.6 years after the stroke, in 68.0% on the hemiplegic
side. Among poststroke HF patients, the proportion of
females and individuals admitted from long-term residential
care facilities (RCF) was significantly higher compared to the
rest of the cohort. The predominance of women was not age
related, as the age of women andmen with poststroke HF did
not differ, whereas in the nonstroke group females were sig-
nificantly older (+2.1 year, 𝑃 = 0.002). As would be expected,
the group of poststroke HF patients has a higher prevalence
of previous TIAs, dementia, hypertension, coronary artery
disease (CAD), and myocardial infarction, American Society
of Anaesthesiologists score ≥3 on admission, and using
a walking device; atrial fibrillation was also more often
among the poststroke patients, but the difference did not
reach statistical significance. History of stroke was inversely
related with male gender (Pearson correlation coefficient
𝑟 = −0.151; 𝑃 = 0.011) and positively associated with hyper-
tension (𝑟 = 0.186, 𝑃 = 0.002) and CAD (𝑟 = 0.128, 𝑃 =
0.033).The two groups did not differ with regard tomean age,
HF type, prevalence of diabetes mellitus, chronic obstruct-
ive pulmonary disease, Parkinson’s disease, chronic kidney
disease, alcohol consumption, and smoking habits.

Among 24 haematological and biochemical variables,
including parameters of iron metabolism, vitamin B12, folic
acid, liver, renal and thyroid functions, only mean values
of leukocyte count and serum concentration of vitamin B12
were higher, and the mean corpuscular volume was lower in
poststroke HF patients compared to the rest of the cohort
(Table 2).

The prevalence of anaemia (haemoglobin < 120 g/L:
32.0% versus 36.7%, 𝑃 = 0.456), renal impairment (eGFR <
60mL/min/1.73m2: 47.0% versus 4.3.4%, 𝑃 = 0.650), hypo-
albuminemia (<33 g/L: 32.0% versus 27.9%, 𝑃 = 0.637), low
total lymphocyte count (<12 × 109: 40.0% versus 44.7%,
𝑃 = 0.548), low transferrin (<1.5 g/L: 33.0% versus 25.9%,
𝑃 = 0.356), and low vitamin B12 levels (<250 pmol/L: 33.0%

versus 40.8%, 𝑃 = 0.395) was similar in both groups. In other
wards, about one-third of HF patients with or without history
of stroke were anaemic and undernourished, and nearly half
have renal impairment (CKD stage ≥ 3).

On the other hand, the proportion of subjects with
higher vitamin B12 levels (>350 pmol/L) was significantly
higher among the poststroke HF patients (60.0% versus
39.4%, 𝑃 = 0.032), although none of the patients had solid
or haematological malignancies, serious liver diseases, or
received parenteral nutrition, which might have been asso-
ciated with elevated vitamin B12 serum levels [51–53].

3.2. Mineral and Bone Metabolism in Poststroke Hip Fracture
Patients. History of stroke was associated with higher levels
of serum PTH (Pearson correlation coefficient 𝑟 = 0.155,
𝑃 = 0.010), vitamin B12 (𝑟 = 0.139, 𝑃 = 0.027), urinary bone
resorptionmarker DPD/Cr (𝑟 = 0.183, 𝑃 = 0.004), and lower
BSI (𝑟 = −0.170, 𝑃 = 0.009). In the poststroke group com-
pared to the rest of the cohort (Table 3), the mean serum
PTH levels (+34.3%) and the incidence of SPTH (+15.8%)
were significantly higher, although themean serum25(OH)D
concentrations were similar, and the incidence of vitamin D
insufficiency (<50 nmol/L) was even slightly lower (−13.7%,
𝑃 = 0.044). Interestingly, among the poststroke patients
56.0% of those with 25(OH)D < 50 nmol/L had SHPT,
whereas in the nonstroke group elevated PTH was observed
only in 36.0% of subjects with vitamin D insufficiency (𝑃 =
0.007, 𝜒2 test), indicating that in the former group in addition
to low vitamin D levels other mechanisms contribute to the
excess of PTH. In an age- and sex-adjusted model, serum
PTH levels were significantly associatedwith history of stroke
(OR = 1.058, 95%CI 1.00–1.11, 𝑃 = 0.025) indicating that
risk for poststroke HF relative to 1 pmol/L increase in PTH
increases by 5.8%. Of note, the proportion of subjects with
SHPT among HF patients without CVDwas 23.2%.The odds
ratio (adjusted for sex, age, dementia, 25(OH)D < 50 nmol/L,
andDPD/Cr> 7.5 nmol/𝜇mol) for SHPT in the poststrokeHF
subjects compared to the later group was 4.34 (95%CI 1.63–
11.52, 𝑃 = 0.003).

The mean serum concentrations of calcium (albumin
corrected), phosphate, and magnesium were within normal
ranges and similar in both groups. Regarding bone turnover
status, compared to the rest of the cohort, patients with
poststroke HF demonstrated a lower mean serum level
of osteocalcin and higher mean levels of urinary bone
resorption markers DPD/Cr (𝑃 = 0.004) and NTx/Cr
(𝑃 = 0.056) resulting in a significantly higher nega-
tive BSI (resorption exceeds formation). The mean serum
OC/BAP ratio, an indicator of osteoblastic differentiation
[54], in the poststroke HF patients was also significantly
lower. DPD/Cr was elevated (>7.5 nmol/𝜇mol) in 90.0.0% of
poststroke patients, in 81.9% of the total nonstroke group
and in 74.8% of the non-CVD group. NTx/Cr was ele-
vated (>65 nmol/𝜇mol) in 78.0%, 71.6%, and 70.4%, respec-
tively; osteocalcin was below the low limit of normal range
(<14 ng/mL) in 57.0%, 51.9%, and 50.1%, respectively. In
multiple regression analyses adjusted for age, sex, HF type,
25(OH)D, PTH, eGFR, calcium, phosphate, and magne-
sium, history of stroke was an independent determinant of
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Table 1: Sociodemographic and clinical characteristics in older hip fracture patients with and without history of stroke.

Characteristics HF poststroke (𝑛 = 100) HF without history of stroke (𝑛 = 661) 𝑃 value
Age, years (mean ± SD) 84.1 ± 7.72 81.9 ± 7.96 0.120
Age, females, years (mean ± SD) 84.1 ± 8.03 82.5 ± 7.59 0.264
Age, males, years (mean ± SD) 83.3 ± 4.92 80.4 ± 8.62 0.521
Females, % 83.0 70.0 0.011
Admitted from long-term RCF, % 50.0 26.9 0.004
Cervical/trochanteric HF, 𝑛 55/45 346/315 0.698
Coronary artery disease, % 35.0 20.9 0.002
Previous myocardial infarction, % 10.0 4.6 0.024
Hypertension, % 60.0 42.1 0.001
Atrial fibrillation, % 18.0 12.5 0.092
TIA, % 16.0 6.1 0.001
Dementia, % 47.0 26.4 0.001
Diabetes mellitus, % 19.0 16.8 0.479
COPD, % 13.0 11.1 0.583
Parkinson’s disease, % 3.0 4.6 0.473
eGFR < 60mL/min/1.73m2, % 47.0 43.4 0.650
eGFR < 30mL/min/1.73m2, % 7.9 4.5 0.371
ASA score ≥3, % 96.9 68.2 0.001
Current Smoker, % 6.0 5.3 0.785
Ex-smoker, % 12.0 9.1 0.365
∗Alcohol overuser, % 5.0 5.6 0.795
User of walking device, % 50.0 32.2 0.001
HF: hip fracture; RCF: residential care facility; TIA: transient ischaemic attack; eGFR: estimated glomerular filtration rate; ASA: American Society of
Anaesthesiologists; COPD: chronic obstructive pulmonary disease. ∗Three or more times per week.

both higher DPD/Cr levels (𝛽 = 3.87, 95%CI 1.11–6.64,
𝑃 = 0.006) and lower BSI (𝛽 = −4.17, 95%CI −7.29–1.06,
𝑃 = 0.027).

In the total cohort, higher B12 levels (>350 pmol/L) were
associated with significantly lower mean serum OC/BAP
ratio (0.63 ± 0.45 versus 0.78 ± 0.65, 𝑃 = 0.036) and serum
albumin concentrations (36.0 ± 6.5 versus 38.2 ± 5.7 g/L,
𝑃 = 0.003). Poststroke patients with higher vitamin B12 levels
had significantly higher BAP levels (28.4 ± 10.9 versus 21.0 ±
6.0 IU/L, 𝑃 = 0.028). Compared to nonstroke subjects, the
poststroke group with higher vitamin B12 levels had a lower
OC/BAP ratio (0.54 ± 0.36 versus 0.65 ± 0.47, 𝑃 = 0.025).

3.3. Metabolic Relationships in Hip Fracture Patients with
and without History of Stroke. The relationships between
parameters of mineral and bone metabolism in HF patients
with and without history of stroke were further analysed by
Pearson correlation coefficients, and the results are displayed
in Table 4. These demonstrate similarities as well as remark-
able differences between the groups. In both groups, therewas
a significant negative correlation between log-transformed
serum PTH levels and calcium, calcium correlated positively
with osteocalcin, serumphosphate levelswere associated pos-
itively with urinary DPD/Cr and negatively with eGFR, BAP
correlated with vitamin B12, osteocalcin correlated negatively
with eGFR, which inversely correlated with phosphate and
age, the two urinary resorption markers were significantly
interrelated, and both strongly correlated to BSI. However,

only in poststroke HF patients, serum phosphate levels
correlated positively with serum calcium, osteocalcin, and
urinary NTx/Cr and negatively with BSI, and PTH correlated
with vitamin B12 levels. No associationwas observed between
25(OH)D concentrations and any of bone turnover markers
and BSI in the poststroke group, while in the nonstroke group
25(OH)D inversely correlated with each of the four bone
markers and positively with BSI (all 𝑃 < 0.03, not shown).

3.4. Clinical and Laboratory Variables Independently Associ-
ated with History of Stroke in Older Hip Fracture Patients. In
multiple regression models, poststroke HF was designated as
the dependent variable and all clinical, and laboratory char-
acteristics with𝑃 ≤ 0.20 on univariate analysis were designed
as the independent variables (Table 5). Amultivariate logistic
regression model which included only clinical characteristics
revealed that the six following variables were independent
indicators for history of stroke in HF patients: female sex,
history of TIA, dementia, hypertension, CAD, and use of
a walking aid. The mean variance inflation factor (VIF) of
1.19 indicates that multicollinearity was not significant in this
model.

When the laboratory parameters were analysed as con-
tinuous variables and adjusted for age and sex, the significant
independent associations with poststroke HF showed only
vitamin B12 (𝑃 = 0.006), DPD/Cr (𝑃 = 0.035), and female sex
(𝑃 = 0.011). In a similar model with laboratory parameters
as categorical variables corrected for age and sex, higher
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Table 2: Haematologic, renal, liver, and thyroid parameters in older hip fracture patients with and without history of stroke.

Characteristics HF poststroke HF without history of stroke 𝑃 value
Erythrocyte count, ×1012/L 4.21 ± 0.61 4.08 ± 0.61 0.217
Haemoglobin, g/L 126.0 ± 18.9 124.7 ± 16.9 0.601
Leukocyte count, ×109/L 12.0 ± 4.22 10.5 ± 4.24 0.034
Lymphocyte count, ×109/L 1.24 ± 1.39 1.31 ± 1.22 0.742
MCV, fl 87.4 ± 16.5 90.8 ± 5.98 0.019
MCH, pg/cell 30.3 ± 3.35 30.7 ± 2.29 0.290
MCHC, g/L 338.0 ± 19.4 340.7 ± 37.1 0.660
RDW, % 15.1 ± 2.05 15.2 ± 9.53 0.942
Iron, 𝜇mol/L 4.81 ± 4.12 5.33 ± 4.39 0.507
Transferrin, g/L 1.68 ± 0.49 1.72 ± 0.48 0.582
Transferrin saturation, % 11.08 ± 10.07 11.65 ± 8.36 0.716
Ferritin, mg/L 313.1 ± 244.9 298.9 ± 283.3 0.778
Vitamin B12, pmol/L 482.6 ± 321.0 376.0 ± 256.0 0.027
Folic acid (serum), nmol/L 25.2 ± 16.7 26.1 ± 15.4 0.747
Urea, mmol/L 7.9 ± 4.30 7.8 ± 3.67 08.37
Creatinine, mmol/L 92.0 ± 43.86 93.6 ± 57.24 0.873
eGFR, mL/min/1.73m2

62.5 ± 25.2 64.9 ± 23.2 0.561
Albumin, g/L 36.6 ± 6.0 37.0 ± 6.4 0.723
Bilirubin, 𝜇mol/L 13.0 ± 5.95 12.2 ± 7.62 0.503
ALT, U/L 20.4 ± 12.8 21.4 ± 22.3 0.801
ALP, U/L 103.8 ± 44.3 105.9 ± 85.8 0.882
GGT, U/L 55.8 ± 90.5 54.3 ± 98.6 0.928
TSH, 𝜇U/L 1.25 ± 1.47 1.60 ± 2.31 0.361
T4, pmol/L 16.02 ± 3.61 15.98 ± 3.54 0.949
CRP, mg/L 137.1 ± 76.7 129.2 ± 83.1 0.583
The values are expressed asmean± standard deviation (SD).HF: hip fracture;MCV:mean corpuscular volume;MCH:mean corpuscular haemoglobin;MCHC:
mean corpuscular haemoglobin concentration; RDW: red-cell distribution width; eGFR: estimated glomerular filtration rate; ALT: alanine aminotransferase;
ALP: alkaline phosphatase; GGT: gamma glutamyltransferase; TSH: thyroid-stimulating hormone; T

4
: total thyroxin.

Table 3: Parameters of mineral and bone metabolism in older hip fracture patients with and without history of stroke.

Parameter Poststroke HF Without stroke HF 𝑃 value
Serum calcium∗, mmol/L 2.27 ± 0.12 2.28 ± 0.13 0.730
Serum phosphate, mmol/L 0.89 ± 0.30 0.96 ± 0.50 0.428
Serum magnesium, mmol/L 0.77 ± 0.12 0.78 ± 0.13 0.887
25(OH)vitamin D, nmol/L 40.1 ± 20.05 36.8 ± 17.97 0.319
PTH, pmol/L 9.0 ± 6.66 7.6 ± 5.41 0.019
Osteocalcin, ng/L 13.8 ± 8.44 18.0 ± 16.18 0.025
BAP, IU/L 25.5 ± 9.76 26.8 ± 14.97 0.624
Osteocalcin/BAP ratio 0.59 ± 0.37 0.78 ± 0.78 0.026
Urinary DPD/Cr, nmol/𝜇mol 16.0 ± 14.02 12.0 ± 5.53 0.004
Urinary NTx/Cr, nmol/𝜇mol 207.9 ± 279.0 149.7 ± 141.3 0.056
BSI −12.5 ± 14.8 −8.6 ± 6.1 0.009
PTH > 6.8 pmol/L, % 50.0 34.2 0.046
25(OH)D < 50 nmoL/L, % 68.0 81.7 0.044
25(OH) vitamin D < 25 nmol/L, % 27.0 31.0 0.626
Osteocalcin < 14.0 ng/L, % 57.0 51.9 0.582
BAP < 14.0 IU/L, % 11.0 9.3 0.734
Urinary DPD/Cr > 7.5 nmol/𝜇mol,% 90.0 81.9 0.189
Urinary NTx/Cr > 65 nmol/𝜇mol, % 78.0 71.6 0.444
The values are expressed as mean ± standard deviation (SD) or percentage.
∗Adjusted for serum albumin. PTH: parathyroid hormone; BAP: bone specific alkaline phosphate; DPD/Cr: deoxypyridinoline corrected for urinary creatinine
concentration; NTx/Cr: cross-linked N-telopeptide of type 1 collagen corrected for urinary creatinine concentration; BSI: bone balance status index.
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Table 4: Pearson correlation coefficients among selected parameters of mineral and bone metabolism and their relation to age and renal
function in older hip fracture (HF) patients with and without history of prefracture stroke.

Poststroke HF HF without history of stroke
𝑟 𝑃 𝑟 𝑃

Calcium-PTH −0.328 0.047∗ −0.273 <0.001
Calcium-osteocalcin 0.3226 0.052∗ 0.139 0.034∗

Calcium-BAP 0.137 0.434 0.16 0.015
Osteocalcin-eGFR −0.525 0.001 −0.346 <0.001
Calcium-eGFR −0.464 0.004 −0.075 0.250
DPD/Cr-NTx/Cr 0.779 <0.001 0.380 <0.001
DPD/Cr-BSI −0.926 <0.001 −0.690 <0.001
NTx/Cr-BSI −0.952 <0.001 −0.876 <0.001
Age-eGFR −0.443 0.005 −0.337 <0.001
Phosphate-calcium 0.415 0.011 0.055 0.399
Phosphate-DPD/Cr 0.580 0.001 0.208 0.003
Phosphate-osteocalcin 0.489 0.002 0.123 0.061
Phosphate-BAP 0.215 0.216 0.169 0.01
Phosphate-NTx/Cr 0.478 0.006 0.079 0.263
Phosphate-BSI −0.531 0.003 −0.109 0.126
Phosphate-eGFR −0.32 0.054∗ −0.173 0.008
PTH-vitamin B12 0.365 0.028∗ 0.016 0.817
BAP-vitamin B12 0.442 0.009 0.188 0.006
Values for all variables other than age were log transformed before analysis.
PTH: parathyroid hormone; eGFR: estimated glomerular filtration rate; DPD/Cr: urinary deoxypyridinoline corrected for urinary creatinine concentration;
NTx/Cr: cross-linked N-telopeptide of type 1 collagen corrected for urinary creatinine concentration; BSI: bone balance status index. ∗Nonsignificant (𝑃 >
0.005) correlations when Bonferroni and Sidak adjustments for multiplicity were adopted.

Table 5: Clinical and laboratory characteristics independently associated with poststroke hip fracture.

Characteristic Model 1 Model 2 Model 3
OR 95% CI 𝑃 value OR 95% CI 𝑃 value OR 95% CI 𝑃 value

Female sex 3.73 1.11–12.59 0.034 3.64 1.17–11.42 0.026 3.58 1.03–12.45 0.045
TIA 5.17 1.62–16.48 0.005 5.17 1.59–16.79 0.006
Dementia 4.16 1.56–11.05 0.004 4.14 1.79–9.59 0.001
Hypertension 3.34 1.37–8.14 0.008 3.20 1.29–7.91 0.012
CAD 2.70 1.03–7.07 0.043 2.41 0.97–5.97 0.057
Use of walking aid 2.20 1.03–5.09 0.043 2.47 1.08–5.65 0.032
Vitamin B12 > 350 pmol/L 2.35 1.05–5.49 0.039 2.33 1.03– 5.25 0.042
𝑅
2 0.221 0.126 0.225

Mean V1F 1.19 1.25 1.03
OR: odds ratio; CI: confidence interval; TIA: transient ischaemic attack; CAD: coronary artery disease; VIF: variance inflation factor.
Model 1 (clinical parameters) adjusts for age, sex, dementia, hypertension, CAD, history of myocardial infarction, TIA: atrial fibrillation, renal impairment
(eGFR < 60mL/min/1.73m2), use of walking aid, and living in a long-term residential care facility.
Model 2 (laboratory parameters) adjusts for age, sex, vitamin D insufficiency (25(OH)D <50 nmol/L), elevated PTH (>6.8 pmol/L), and high bone resorption
markers (DPD/Cr > 7.5mmol/𝜇mol, NTX/Cr > 65mmol/𝜇mol).
Model 3 (combined clinical and laboratory parameters) adjusts for al variables in Models 1 and 2.

vitamin B12 levels and female sex were the only significant
independent indicators of history of stroke (Table 5, Model
2). The other variables identified in the univariate analysis
dropped out of themodel, presumably because of their strong
correlations with these two factors.

In multiple regression analysis using both clinical and
categorical laboratory characteristics as independent vari-
ables, all clinical factors as well as higher serum vitamin
B12 levels retained substantial independent value for post-
stroke HF, except CADwhich becomes borderline significant
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(𝑃 = 0.057). Of note, relation of higher serum vitamin
B12 to poststroke HF in the final model adjusted for both
clinical and laboratory confounding variables did not change.
This suggests that higher levels of B12, in contrast to vitamin
D insufficiency, SHPT, and excess bone resorption, contain
information not captured in and complementary to clinical
characteristics. The mean variance inflation factor (VIF) of
1.03 in the finalmodel indicates thatmulticollinearity was not
significant.

3.5. Predicting Poststroke Hip Fracture. To examine which
parameters could be clinically useful for assessing the risk
of poststroke HF, we evaluated the predictive properties of
all variables independently associated with poststroke HF as
well as of SPTH (a significant independent determinant when
subjects with history of stroke are compared with patients
without CVD) and living in a permanent RCF (although not
an independent but a significant and practically important
indicator of poststroke HF). The relative risk (RR) estimates
of characteristics associated with poststroke HF are depicted
in Figure 1. Among elderly HF patients, risk of having a
poststroke HF is greater 3.7 times in subjects with history
of TIA and in permanent RCF residents, 3.2 times higher in
females, 2.9 times in patients with dementia or hypertension,
2.2 times in those with SHPT, 2.1 times in subjects with higher
serum vitamin B12 (>350 pmol/L), 2 times in patients with
CAD, and 1.8 times in walking aid users. The sensitivity of
these variables ranges between 83% (female sex) and 16%
(TIAhistory, RCF resident) and the specificity between 90.5%
(TIA history) and 30.0% (female sex), positive predictive
value between 17% (female sex)—45.2% (TIA history, SHPT,
and RCF resident) and 60% (vitamin B12 > 350 pmol/L), and
negative predictive value between 79.1% (SHPT) and >90%
(female sex, hypertension, and vitamin B12 > 350 pmol/L).

The probability of poststroke HF increases, understand-
ably, when two or more factors coexist. Measurement of
serum PTH and vitamin B12 may provide additional prog-
nostic information when results are combined with selected
clinical factors. The highest RR demonstrates the following
combinations: dementia and TIA (RR = 5.9), TIA and higher
vitamin B12 level (RR = 5.4), dementia and hypertension
(RR = 5.1), dementia and higher vitamin B12 level (RR
= 4.4), and TIA and SHPT (RR = 3.1). The specificity of
each of the pairs of variables shown in Figure 1 is 93% or
higher, and the negative predictive value is >88.0%, while
the sensitivity ranges only between 13.3% and 39.5%, and the
positive predictive value ranges between 40.0% and 71.4%.

3.6. Short-Term Outcomes in Poststroke Hip Fracture Patients.
Data summarised in Table 6 shows that, in HF patients,
history of stroke was associated with 2.7 higher incidence
of postoperative myocardial injury defined as cTnI rise and
being discharge to a long-term RCF but did not influence
significantly the length of hospital stay (LOS) and the in-
hospital mortality (5.0% versus 4.8% in subjects with and
without history of stroke, resp.).

In the total cohort, SHPT was an independent predictor
of poor outcomes. Among the poststroke HF patients, SHPT
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Figure 1: Estimated relative risk and 95% confidence intervals (CI)
for poststroke hip fracture in older persons by selected clinical
and laboratory characteristics. 1—use of a walking aid; 2—coronary
artery disease (CAD); 3—serum vitamin B12 > 350 pmol/L; 4—
elevated serum PTH level (<6.8 pmol/L); 5—hypertension; 6—
dementia; 7—female sex; 8—resident of a long-term care facility; 9—
history of transient ischaemic attack; 10—CAD and serum vitamin
B12 > 350 pmol/L; 11—hypertension and serum vitamin B12 >
350 pmol/L; 12—CAD and use of a walking aid; 13—CAD and
hypertension; 14—use of awalking aid and elevated serumPTH level
(<6.8 pmol/L); 15—transient ischaemic attack and elevated serum
PTH level (<6.8 pmol/L); 16—dementia and use of a walking aid;
17—dementia and female sex; 18—transient ischaemic attack and
hypertension; 19—dementia and serum vitamin B12 > 350 pmol/L;
20—dementia and hypertension; 21—transient ischaemic attack and
serum vitamin B12 > 350 pmol/L; 22—transient ischaemic attack
and dementia.

Table 6: Effect of history of stroke on short-term outcomes in older
hip fracture patients.

Outcome OR 95% CI 𝑃 value
Postoperative myocardial injury∗ 2.68 1.31–5.47 0.007
LOS ≤ 10 days 0.92 0.44–1.90 0.816
LOS ≥ 20 days 1.35 0.66–2.77 0.413
New discharges to long-term
RCF 2.69 1.11–6.54 0.028

In-hospital death 1.07 0.23–5.00 0.927
Adjusted for age and sex.
∗Cardiac troponin I rise (>0.06𝜇g/L). LOS: length of hospital stay.

was present in all subjectswhodied, in 65.8%withmyocardial
injury, in 71.7% with prolonged hospital stay (>20 days), and
in 73.2%discharged to a long-termRCF (all𝑃 < 0.01).Higher
vitamin B12 levels (>350 pmol/L) in the total cohort were also
associated with in-hospital death (OR = 7.33, 95%CI 1.57–
34.14,𝑃 = 0.011) and prolonged LOS (OR = 1.98, 95%CI 1.16–
3.37, 𝑃 = 0.012). Higher vitamin B12 levels had all poststroke
HF patients who died and 71.4% with prolonged LOS (𝑃 =
0.027).

3.7. Prefracture Use of Antiosteoporotic Therapy by Poststroke
Hip Fracture Patients. Compared to the rest of the cohort in
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the poststrokeHF group, the prefracture use of a bisphospho-
nate (15.0% versus 8.5%) and supplementation with vitamin
D (15.0% versus 9.3%) and calcium (21.0% versus 11.0%) were
slightly but not significantly higher (all 𝑃 > 0.1) and far from
adequate.

4. Discussion

4.1. Main Findings. This cross-sectional analysis of data
from an observational, prospective study demonstrates a
high prevalence of poststroke in elderly subjects among HF
patients (1), describes the differences in the clinical profile,
mineral-bone metabolism characteristics, and short-term
outcomes in poststroke compared to nonstroke HF patients
(2), emphasises the prefracture underuse of antiosteoporotic
therapy (3), and presents prognostic indicators of having a
poststroke HF (4). While some of our findings corroborate
previous work, others are novel and will be discussed inmore
detail.

4.2. Prevalence and Clinical Profile. We found that among
761 consecutive older patients with osteoporotic HF, the
prevalence of poststrokeHFwas 13.1%; it occurred on average
2.4 years after the stroke and in 68% of patients on the side of
hemiplegia. Our findings on stroke prevalence are consistent
with most reported data showing that stroke account for
7.3% to 15.3% of all HFs [35, 41, 43, 45], but higher than
3.9% in some studies [55] and lower than 38.5% in 1997 in
a Swedish study [4]. Such differences might be attributable
to age (our cohort was approximately 11 years older than the
Swedish study: 84.1 versus 73 years, resp.), incidence rates of
stroke survivors, environmental factors, and activity levels.
Our data are in agreement with observations that most HFs
occurred ipsilateral to the side of hemiplegia within 2-3 years
after the stroke [4, 28, 30, 35, 37]. In concordance with other
studies, we did not find differences between the poststroke
and nonstroke groups with regard to patient age [35, 37], type
of HF [35], smoking history, alcohol consumption, diabetes,
AF [27], Parkinson’s disease, COPD, and renal impairment
nor most (22 of 25) routine laboratory parameters.

The poststroke HF patients demonstrated a number of
clinical and laboratory characteristics different from those in
the rest of the cohort. The poststroke group showed a female
predominance (independent of age), higher proportion of
subjects living in long-term RCF, using walking aids, with
dementia, having a history of TIA, hypertension, CAD,
prior myocardial infarction, and ASA score ≥ 3. Among
25 laboratory parameters, higher serum vitamin B12 levels,
leukocyte count, and lowermean corpuscular volume (MCV)
in poststroke subjects were the only variables differing the
groups. Our results are consistent with most previous reports
of up to a 4-fold female predominance among poststroke
HF persons [4, 25, 27, 28, 37, 45, 56], despite the age-
specific incidence rates of stroke in women being lower than
in men [57]. Only one study found a prevalence of men
among poststroke HF patients [35]. Living in institutions
[4], dementia [4], and ASA score ≥ 3 [35] is known to
be associated with poststroke HF. The associations of TIA,
hypertension, and CAD, established risk factors for stroke,

with osteoporotic fractures [58–65] have also been docu-
mented. Our observations extend findings noted by others by
providing data on a population with poststroke HF.

Anunexpected findingwas highermean vitaminB12 con-
centrations in the poststrokeHF patients, while theMCVwas
lower, and all other erythrocyte-related parameters were sim-
ilar in both groups, suggesting the significant contribution of
multiple factors (blood loss, inflammation, andmalnutrition)
other than vitamin B12 on erythropoiesis and haemoglobin
status. Serum vitamin B12 levels were positively associated
with history of stroke in crude and multivariate adjusted
models irrespective of whether vitamin B12 was treated as a
continuous or categorical variable (>350 pmol/L). Although
some previous studies suggested that vitamin B12 deficiency
by causing increased homocysteinaemia is a risk factor for
osteoporosis and fragility fractures [66–71], recurrent stroke,
vascular dementia, and Alzheimer’s disease, existing data
are inconclusive [72–76]. A reduction in HF rates in elderly
Japanese stroke patients with residual hemiplegia treatedwith
mecobalamine and folate was reported [68]. However, in
general, causal relationships of low levels of vitamin B12
with reduced bone quality [77–80] and developing dementia
[81, 82] are currently not supported. In poststroke patients
no favourable effects of treatment with vitamin B12 (plus
folic acid and vitamin B6) on risk of recurrent stroke, carotid
intima-media thickness, myocardial infarction, or death have
been observed [83–86]. Moreover, elevated vitamin B12
serum levels were associated, especially in the elderly, with
symptomatic venous thromboembolism following major
orthopaedic surgery of the low limb [87], mortality [88–90],
carcinomas, haematological malignancies, and parenteral
nutrition [51–53]. Vitamin B12 therapy increased cardiovas-
cular risk in patients with diabetic neuropathy [91], cancer
outcomes, and all-cause mortality in patients with CAD [92].
To the best of our knowledge, ours is the first study to show
an association between higher vitamin B12 serum levels and
poststroke HF. Understanding the underlying mechanisms
will be a future research area of great interest.

4.3. Mineral and Bone Metabolism. With respect to indices
of mineral and bone metabolism, we found that vitamin
D insufficiency and excessive bone resorption were highly
prevalent in both groups, but the poststroke group showed
significantly higher mean levels of serum PTH and urinary
bone resorption markers, lower values for osteocalcin, osteo-
calcin/BAP ratio, and amore pronounced imbalance between
bone resorption and formation with resorption significantly
exceeding formation.

These results are in line with reports showing (1) a high
prevalence of hypovitaminosis D and SHPT in poststroke
patients [15, 69, 93–97] and HF patients [98–100], (2) an
association of vitamin D insufficiency and especially elevated
serum PTH levels with cardiovascular disease [31, 101–111]
including stroke [69, 93, 112], hypertension [94, 104, 113–124],
CAD [125], and carotid artery intima-media thickness (IMT)
[126, 127], and (3) a high prevalence of osteoporosis in stroke
patients [128] and a negative balance between bone formation
and resorption in poststrokeHF subjects [15–17, 21, 46, 47, 93,
129, 130].
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Other researchers, however, reported no association
between vitamin D status and stroke risk [131, 132], between
PTH and blood pressure/hypertension [116, 118, 133] and
between PTH and IMT [134]. In some studies, poststroke
patients demonstrated significant BMD loss, while serum
PTH and vitamin D levels and bone turnover markers were
within normal range [26].

Not surprisingly, altered vitamin D and PTH levels,
two pleiotropic factors with multiple physiological functions
in calcium homeostasis, morphogenesis, cell proliferation,
differentiation, and apoptosis, affect both bone and vascular
health [135, 136].The role of PTH as an indicator of poststroke
HF deserves additional comment to avoid misinterpreta-
tion. In this study of HF subjects, serum PTH levels were
associated with an increased risk of poststroke HF in a
continuous fashion after adjusting for age and sex. The mean
PTH levels and prevalence of SHPT were significantly higher
in poststroke patients compared to the rest of the cohort
(despite similarmean 25(OH)D levels and even slightly lower
prevalence of hypovitaminosis D), and elevated PTH levels
independently predicted history of stroke when comparison
was made with patients without CVD but not with all
nonstroke patients among which a significant proportion
had CVD. These findings are in agreement with previous
studies reporting that higher serum PTH levels are associated
with stroke, hypertension, CAD, AF, and congestive heart
failure [31, 69, 101, 106, 107, 109, 110, 125, 137–140]. PTH
receptors have been found on cardiomyocytes [141] and
endothelial cells [142, 143]. Serum PTH levels were shown
to be an independent risk factor for cardiovascular events,
cardiovascular mortality, and all-cause mortality, even in
individuals with PTH within the normal range [109, 137, 140,
144, 145]. Altogether these data support the hypothesis that
elevated PTH concentration is an abnormality of mineral
metabolism affecting both the skeleton and vascular system
(particularly the function ofmedium- and large-sized arteries
and the myocardium), and therefore the presence of even
mild PTH elevation is a condition that should be taken into
account for the prevention of both CVD and fracture risks.

Although vitamin D deficiency is known as the main
cause of SHPT, clinical practice shows that the vitamin
D-PTH relationship is complex. In elderly patients with
long-standing hemiplegic stroke, hypovitaminosis D occurs
without hyperparathyroidism [15, 16, 93] possibly because of
immobilization-induced hypercalcaemia which may inhibit
the compensatory PTH elevation; no correlation between
serum calcium and PTH concentrations was seen in these
patients [97]. In contrast, we found in poststroke HF subjects
higher mean PTH levels and a higher SHPT prevalence
despite similar mean 25(OH)D concentration and slightly
lower prevalence of hypovitaminosis D compared to the
nonstroke group, as well as a significant correlation between
serum calcium and PTH levels in both groups. Taken
together, these data indicate that the group of poststroke
patients is clinically and biologically heterogeneous and in
addition to hypovitaminosis D other factors attributable to
SHPT must be taken into consideration.

In both groups no significant correlation between mark-
ers of bone turnover, except urinary markers of bone

resorption, was present suggesting an imbalance between
resorption and formation. However, uncoupling of these
two processes, as indicated by the BSI index, was more
prominent in the poststroke patients. Consistent with pre-
vious studies [47], we found that excess bone resorption
in poststroke HF patients was near universal. Increased
sclerostin production by osteocytes in response to skeletal
unloading/immobilization has been proposed as an impor-
tant molecular mechanism for acceleration of bone remod-
elling, with bone resorption exceeding formation [46, 146].
Reports on association between CVD and bone turnover
markers are inconsistent [147, 148]. Increased bone resorption
(high DPD) has been shown to be an independent predictor
of CVD, including stroke [31, 33], and decreased bone
formation, measured by bone histometry, was independently
associated with increased coronary calcification [149].

Compared to the rest of the cohort, in poststroke HF
patients, the mean BAP serum levels did not differ, but
the mean OC concentration and the ratio OC/BAP were
significantly lower. These may suggest impaired osteoblastic
maturation, as BAP is expressed in the early period of
osteoblastic differentiation, whereas OC is expressed in the
later period [150]. This abnormality was associated with
higher vitamin B12 levels. Indeed, vitamin B12 positively
correlated with BAP in both groups, but patients with higher
vitamin B12 levels had significantly lower mean OC/BAP
ratio compared to those with vitamin B12 < 350 pmol/L. The
poststroke subjects with higher vitamin B12 concentrations
had significantly higher BAP levels and the lowest OC/BAP
ratio, indicating that vitamin B12 may influence maturation
of osteoblasts, which in turn may contribute to bone fragility
and fractures. In vitro, vitaminB12 in low concentrations dose
dependently increased alkaline phosphatase (ALP) activity of
osteoblastic cells [151], while vitamin B12 deficiency did not
affect the onset of osteoblast differentiation, maturation, and
matrix mineralization [152] and had no influence on ALP
expression in human osteoblasts [153] but increased homo-
cysteine induced osteoclastogenesis in a dose-dependent
manner [152]. These data indicates that vitamin B12 defi-
ciency (when causing hyperhomocysteinaemia)may increase
osteoclast formation and bone resorption, while higher B12
levels may affect osteoblast maturation. Reduction in serum
OC/BAP ratio is associated with vertebral fractures indepen-
dent of BMD in diabetic men [54]. In our study, vitamin
B12 levels correlated with PTH. It appears, therefore, that
higher serum B12 levels among poststroke HF patients in
addition to SHPT and excess bone resorption may in part
mediate the link between stroke and HF. The multivariate
logistic regression analysis showed that higher serum vitamin
B12 level was associated with poststroke HF independently of
parameters of mineral and bone metabolism indicating that
bone remodelling status, including osteoblast dysfunction, is
incorporated in themodel; this suggests that vitamin B12 is an
important regulator of bone cell function and higher serum
vitamin B12 levels may be directly linked to bone fragility in
poststroke HF.

The next interesting finding of the study relates to phos-
phate homeostasis. As in other studies [47], the mean serum
concentrations of calcium (albumin corrected), phosphate,
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and magnesium were within normal ranges and similar in
both groups. However, upon classification of patients into
two groups, with and without history of stroke, Pearson
correlation results differed significantly. In the group with
poststroke HF, serum phosphate level, though within the
normal range, significantly and positively correlated with
serum calcium and bone formation marker osteocalcin, as
well as with both urinary bone resorption markers (DPD/Cr
and NTx/Cr) and negatively with BSI. In the nonstroke
group phosphate correlated positively only with BAP and
DPD/Cr. In poststroke subjects, even small increases in
phosphatemia are associated with increased bone resorption
and decreased BSI, despite higher serum osteocalcin and
calcium concentrations, both of which are negatively asso-
ciated with eGFR. Notably, the phosphate levels correlated
positively with in-hospital death. Even small increments in
serum phosphate have been found to be associated with
arterial calcification [154], adverse cardiovascular, and renal
events and mortality [107, 155–158]. In the light of the above,
our observation that, in the poststroke HF subjects, higher
phosphate levels (without hyperphosphatemia) are associated
with BSI, bone resorption markers, and osteocalcin, which
also exerts a profound effect on energymetabolism [159, 160],
can be interpreted as an additional factor contributing to the
link between vascular dysfunction/calcification, subsequent
stroke, and HF. However, whether higher phosphate levels
(within the normal range) are directly implicated in the
pathogenesis of poststroke HF or merely reflect mineral and
bone metabolism status warrants further clarification.

Among several specific biological mechanisms that may
underlie these associations of particular interest are fibroblast
growth factor 23 (FGF-23) and Klotho proteins. FGF-23, an
osteocytes-derived circulating hormone, that controls serum
levels of phosphate, 1,25-dihydroxy vitamin D3, and PTH,
interacts with RAAS [161] and may, therefore, affect both the
cardiovascular system and skeleton. Elevated FGF-23 levels
contribute to decreased 1,25-dihydroxy vitamin D3 levels
[162], secondary hyperparathyroidism [163], suppression of
osteoblast differentiation, and matrix mineralization in vitro
and in vivo [122] and are associatedwith vascular calcification
[157, 164], endothelial dysfunction [165, 166], cardiovascular
disease [167], mortality [163, 167, 168], HF, and nonvertebral
fractures in elderly men [169]. However, in some studies
[170, 171] the relationship between FGF-23 and vascular
calcification was not observed.

Our results further support the link between mineral-
bone metabolism abnormalities and stroke (and other CVD)
and demonstrate that some metabolic interactions, partic-
ularly between phosphate and bone resorption markers,
between vitamin B12 and OC/BAP ratio, are prevalent in
poststroke HF subjects. Circulating 25(OH)D, PTH, phos-
phate, and vitaminB12 levels are linked to both stroke andHF,
further accentuating their important underlying role in vas-
cular and bone biology.

Our final multivariate regression analysis demonstrated
that six clinical characteristics (female sex, history of TIA,
dementia, hypertension, CAD, and use of a walking aid) and
higher serum B12 level are independent indicators/predictors
for the development of HF. Because hypovitaminosis D was

near universal among the HF patients, regardless history of
stroke, and it is only one of the determinants of SHPT, it did
not appear as an independent indicator of poststroke HF in
our model.

4.4. Clinical Applications: Outcomes, Prediction, and Preven-
tionTherapies. This study demonstrates that compared to the
rest of the cohort, poststroke HF patients had approximately
a 3-fold higher incidence of postoperative myocardial injury
(as evidenced by cardiac troponin I rise) and need to be
discharge to a long-term RCF. Our observations regarding
the discharge status are consistent with some studies [4], but
not others [35]. Similarly, in agreement with some [35] but
not all [4, 172] previous reports, we found that in-hospital
mortality [35] and LOS did not differ significantly between
patients with and without history of stroke. Of note, SHPT
and higher vitamin b12 levels were associatedwith in-hospital
death and duration of hospital stay.

Approximately one in 7 older stroke survivors will suffer
a HF which is associated with serious short- and long-term
health consequences. To design preventive strategies, it is
important to identify which persons are at the greatest risk.
Our data suggests that comparedwith nonstrokeHF patients,
the relative risk of poststroke HF is 1.8–3.7 times higher in
females, subjects with history of TIA, dementia, hyperten-
sion, CAD, using a walking aid, living in a permanent RCF,
and having SHPTor higher vitamin B12 levels (>350 pmol/L).
Presence of any two of these characteristics increases the RR
to 2.5–5.9. SHPT and higher vitamin B12 levels are promising
biomarkers for identification of older adults at increased risk
of poststroke HF, and their measurement provides additional
prognostic information when combined with clinical factors.
These findings suggest that the combined effect of having a
stroke, being a female and one of the above mentioned con-
ditions, might significantly contribute to and predict an HF.

It should, however, be pointed out that, in general, the
specificity of analysed factors was higher than the sensitivity,
and the negative predictive value (usually above 88%) was
higher than the positive predictive value with exception for
female sex and hypertension which have sensitivity of 83%
and 76.3%, respectively. That means that these two factors
identifymore poststroke persons at risk forHF, while the pro-
bability that the complication will not occur is low only when
any of the studied characteristics is not present. Antiosteo-
porotic therapy for stroke survivors has not been adopted
into current guidelines and routine clinical practice possibly
because accurate predictive indicators were not available.
Although the prognostic tools for poststrokeHF need further
improvement, the above-listed factors may be helpful in
evaluating the risk of developing HF and deciding who is
most likely to benefit from intervention.

Only a small proportion of our poststroke patients (15%)
received antiosteoporotic medications prior to their HF. In
concordance with our observations, use of bisphosphonates
was low (2.1%–2.7%) and did not differ between poststroke
and nonstroke groups in other countries [30, 36]. Many HF
are preventable, and the effectiveness of antiresorptive agents
and vitamin D in fracture risk reduction in stroke survivors
has been demonstrated [24, 96, 97, 173–175], but the gap
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between existing evidence-based and actual care remains
huge. The results of this study in keeping with previous
reports [56, 176] emphasise the importance of assessment
for and prevention of poststroke osteoporosis and falls.
Currently recommended measures in addition to bisphos-
phonates, vitamin D, and calcium supplementation include
sunlight exposure [177], improving physical activity, exercises
aimed at preventing falls [178–181], and hip protectors [182,
183]. In poststroke patients with immobilization-induced
hypercalcaemia, calcitonin (in combination with vitamin D)
may be helpful [97, 184]. Antiosteoporosis medications are
generally safe and well tolerated, but the extraskeletal risks
of bisphosphonates and calcium supplements, although rare,
should also be considered [185–187]. To date there have been
no studies on the use of bone anabolic agents (PTH 1–34,
teriparatide), strontium ranelate, or denosumab in stroke
survivors.

It should be emphasized that CVDs, especially history
of TIA, hypertension, and CAD, are not only important
and modifiable hazards to the brain but also independent
indicators/predictors of poststoke HF. Therefore, correction
of hypovitaminosisD and SHPT, which plays a specificmech-
anistic role in the pathogenesis of osteoporosis and CVD,
and adequate antiosteoporotic therapy in addition to anti-
hypertensive, antithrombotic, and cholesterol lowering treat-
ment may markedly contribute to both stroke and fracture
prevention. Our data supports reports challenging the exist-
ing approach to homocysteine lowering with vitamin B ther-
apy and suggests a need to consider the association of
higher serum vitamin B12 levels and adverse effects in
stroke patients. Although the serum B12 level below which
total homocysteine and methylmalonic acid levels become
elevated is 400 pmol/L [188], we found that the serumvitamin
B12 concentration > 350 pmol/L is associated with adverse
clinical outcomes. Vitamin B therapy may thus be beneficial
in persons with B12 deficiency but may be harmful when the
serum B12 concentration is higher (even within the reference
range), especially in subjects with impaired renal function.

Over recent decades, stroke mortality was falling, and
the population of stroke survivors was steadily increasing.
To reduce the public health burden of the substantial pro-
portion of poststroke subjects with HF secondary prevention
programs directed on progression of osteoporosis should be
included in the guidelines for management of these patients.

5. Limitations

Our study has several limitations. First, owing to the cross-
sectional study design, causal effects cannot be determined.
Second, in this single-centre study there were only 100
poststroke HF patients; therefore, its statistical power might
be insufficient for detecting all relationships. Third, serum
levels of ionized calcium, 1,25(OH)2D, FGF-23, and Klotho
were not examined, and the dietary phosphorus and calcium
intake were not assessed, although these variables contribute
to mineral-bone metabolism and can provide additional
insights to underlying mechanisms. Fourth, the cohort was
comprised predominantly of Caucasians, and the findings
may not be applicable to other racial groups.The strengths of

this study include a comprehensive assessment of a relatively
large well-characterized cohort of consecutive older patients
with osteoporotic HF representative of real-life practice and
consideration of multiple potential biologic factors, some of
which have not been studied extensively previously.

6. Conclusions

In the elderly, approximately one in seven HF occurs in
stroke survivors, usually within the first 2.4 years after the
stroke. PoststrokeHFs are prevalent inwomen and associated
with dementia, history of TIA, hypertension, CAD, hypovi-
taminosis D, SHPT, high bone resorption, higher serum vita-
min B12 levels, and poorer outcomes (postoperative myocar-
dial injury and RCF need). In stroke survivors prefracture
antiosteoporotic therapy is rarely used; early implementation
of fracture prevention strategies is urgently needed.

Conflict of Interests

The authors declare that they have no conflict of interests.

References

[1] A. Ashburn, D. Hyndman, R. Pickering, L. Yardley, and S.
Harris, “Predicting people with stroke at risk of falls,” Age and
Ageing, vol. 37, no. 3, pp. 270–276, 2008.

[2] L. Jorgensen, T. Engstad, and B. K. Jacobsen, “Higher incidence
of falls in long-term stroke survivors than in population
controls: depressive symptoms predict falls after stroke,” Stroke,
vol. 33, no. 2, pp. 542–547, 2002.

[3] N. Kerse, V. Parag, V. L. Feigin et al., “Falls after stroke: results
from the auckland regional community stroke (ARCOS) study,
2002 to 2003,” Stroke, vol. 39, no. 6, pp. 1890–1893, 2008.

[4] A. Ramnemark, M. Nilsson, B. Borssén, and Y. Gustafson,
“Stroke, a major and increasing risk factor for femoral neck
fracture,” Stroke, vol. 31, no. 7, pp. 1572–1577, 2000.

[5] V. Weerdesteyn, M. De Niet, H. J. R. Van Duijnhoven, and
A. C. H. Geurts, “Falls in individuals with stroke,” Journal of
Rehabilitation Research and Development, vol. 45, no. 8, pp.
1195–1214, 2008.

[6] C. English, H. McLennan, K. Thoirs, A. Coates, and J. Bern-
hardt, “Loss of skeletal muscle mass after stroke: a systematic
review,” International Journal of Stroke, vol. 5, no. 5, pp. 395–402,
2010.

[7] M. Y. Pang, M. C. Ashe, and J. J. Eng, “Muscle weakness, spas-
ticity and disuse contribute to demineralization and geometric
changes in the radius following chronic stroke,” Osteoporosis
International, vol. 18, no. 9, pp. 1243–1252, 2007.

[8] R. C. Hamdy, S. W. Moore, V. A. Cancellaro, and L. M. Harvill,
“Long-term effects of strokes on bone mass,” American Journal
of Physical Medicine and Rehabilitation, vol. 74, no. 5, pp. 351–
356, 1995.

[9] L. Jørgensen, T. Engstad, and B. K. Jacobsen, “Bone mineral
density in acute stroke patients: low bone mineral density may
predict first stroke in women,” Stroke, vol. 32, no. 1, pp. 47–51,
2001.

[10] L. Jørgensen and B. K. Jacobsen, “Functional status of the
paretic arm affects the loss of bone mineral in the proximal



12 Stroke Research and Treatment

humerus after stroke: a 1-Year prospective Study,” Calcified Tis-
sue International, vol. 68, no. 1, pp. 11–15, 2001.

[11] L. Jorgensen and B. K. Jacobsen, “Changes in muscle mass, fat
mass, and bone mineral content in the legs after stroke: a 1 year
prospective Study,” Bone, vol. 28, no. 6, pp. 655–659, 2001.

[12] M. Liu, T. Tsuji, Y. Higuchi, K. Domen, K. Tsujiuchi, and N.
Chino, “Osteoporosis in hemiplegic stroke patients as studied
with dual-energy X-ray absorptiometry,” Archives of Physical
Medicine and Rehabilitation, vol. 80, no. 10, pp. 1219–1226, 1999.

[13] A. Ramnemark, L. Nyberg, R. Lorentzon, U. Englund, and Y.
Gustafson, “Progressive hemiosteoporosis on the paretic side
and increased bone mineral density in the nonparetic arm the
first year after severe stroke,” Osteoporosis International, vol. 9,
no. 3, pp. 269–275, 1999.

[14] A. Ramnemark, L. Nyberg, R. Lorentzon, T. Olsson, and Y.
Gustafson, “Hemiosteoporosis after severe stroke, independent
of changes in body composition and weight,” Stroke, vol. 30, no.
4, pp. 755–760, 1999.

[15] Y. Sato, Y. Fujimatsu, Y. Honda, H. Kunoh, M. Kikuyama, and
K. Oizumi, “Accelerated bone remodeling in patients with post-
stroke hemiplegia,” Journal of Stroke and Cerebrovascular Dis-
eases, vol. 7, no. 1, pp. 58–62, 1998.

[16] Y. Sato, H. Kuno, M. Kaji, Y. Ohshima, T. Asoh, and K. Oizumi,
“Increased bone resorption during the first year after stroke,”
Stroke, vol. 29, no. 7, pp. 1373–1377, 1998.

[17] Y. Sato, H. Kuno, M. Kaji, K. Etoh, and K. Oizumi, “Influence of
immobilization upon calcium metabolism in the week follow-
ing hemiplegic stroke,” Journal of the Neurological Sciences, vol.
175, no. 2, pp. 135–139, 2000.

[18] G. S. Beaupre and H. L. Lew, “Bone-density changes after
stroke,” American Journal of Physical Medicine and Rehabilita-
tion, vol. 85, no. 5, pp. 464–472, 2006.

[19] S. Carda, C. Cisari, M. Invernizzi, and M. Bevilacqua, “Osteo-
porosis after stroke: a review of the causes and potential
treatments,”Cerebrovascular Diseases, vol. 28, no. 2, pp. 191–200,
2009.

[20] O. Lazoura, N. Groumas, E. Antoniadou et al., “Bone mineral
density alterations in upper and lower extremities 12 months
after stroke measured by peripheral quantitative computed
tomography and DXA,” Journal of Clinical Densitometry, vol. 11,
no. 4, pp. 511–517, 2008.

[21] F. Levendoglu, H. Ugurlu, M. Gurbilek et al., “Increased bone
resorption in the proximal femur in patients with hemiplegia,”
American Journal of Physical Medicine & Rehabilitation, vol. 83,
no. 11, pp. 835–841, 2004.

[22] J. Marsden, L. M. Gibson, C. E. Lightbody, A. K. Sharma, M.
Siddiqi, andC.Watkins, “Can early onset bone loss be effectively
managed in post-stroke patients? An integrative review of the
evidence,” Age and Ageing, vol. 37, no. 2, pp. 142–150, 2008.

[23] P. K. Myint, K. E. S. Poole, and E. A. Warburton, “Hip fractures
after stroke and their prevention,”QJM, vol. 100, no. 9, pp. 539–
545, 2007.

[24] K. E. S. Poole, J. Reeve, and E. A. Warburton, “Falls, fractures,
and osteoporosis after stroke: time to think about protection,”
Stroke, vol. 33, no. 5, pp. 1432–1436, 2002.

[25] H. E. Whitson, C. F. Pieper, L. Sanders, R. D. Horner, P. W.
Duncan, and K. W. Lyles, “Adding injury to insult: fracture
risk after stroke in veterans,” Journal of the American Geriatrics
Society, vol. 54, no. 7, pp. 1082–1088, 2006.

[26] G. Yavuzer, S. Ataman, N. Suldur et al., “Bone mineral density
in patients with stroke,” International Journal of Rehabilitation
Research, vol. 25, no. 3, pp. 235–239, 2002.

[27] M. S. Dennis, K. M. Lo, M. McDowall, and T. West, “Fractures
after stroke: frequency, types, and associations,” Stroke, vol. 33,
no. 3, pp. 728–734, 2002.

[28] J. Kanis, A. Oden, andO. Johnell, “Acute and long-term increase
in fracture risk after hospitalization for stroke,” Stroke, vol. 32,
no. 3, pp. 702–706, 2001.

[29] A. Ramnemark, L. Nyberg, B. Borssén, T. Olsson, and Y.
Gustafson, “Fractures after stroke,” Osteoporosis International,
vol. 8, no. 1, pp. 92–95, 1998.

[30] D. L. Brown, L. B. Morgenstern, J. J. Majersik, M. Kleerekoper,
and L. D. Lisabeth, “Risk of fractures after stroke,” Cerebrovas-
cular Diseases, vol. 25, no. 1-2, pp. 95–99, 2008.

[31] A. Fisher, W. Srikusalanukul, M. Davis et al., “Cardiovascu-
lar diseases in older patients with osteoporotic hip fracture:
prevalence, disturbances in mineral and bone metabolism, and
bidirectional links,” Journal of Clinical Interventions in Aging,
vol. 8, pp. 239–256, 2013.

[32] Y. Gerber, L. J.Melton III, S.M.McNallan et al., “Cardiovascular
and noncardiovascular disease associations with hip fractures,”
The American Journal of Medicine, vol. 126, no. 2, pp. 169.e19–
169.e26, 2013.

[33] P. Szulc, C. Maurice, F. Marchand, and P. D. Delmas,
“Increased bone resorption is associated with higher mortality
in community-dwelling men ≥50 years of age: the MINOS
Study,” Journal of Bone and Mineral Research, vol. 24, no. 6, pp.
1116–1124, 2009.

[34] L. B. Tanko, C. Christiansen, D. A. Cox, M. J. Geiger, M. A.
McNabb, and S. R. Cummings, “Relationship between osteo-
porosis and cardiovascular disease in postmenopausal women,”
Journal of Bone and Mineral Research, vol. 20, no. 11, pp. 1912–
1920, 2005.

[35] T. Youm, G. Aharonoff, J. D. Zuckerman, and K. J. Koval,
“Effect of previous cerebrovascular accident on outcome after
hip fracture,” Journal of Orthopaedic Trauma, vol. 14, no. 5, pp.
329–334, 2000.

[36] S. Pouwels, A. Lalmohamed, B. Leufkens et al., “Risk of
hip/femur fracture after stroke: a population-based case-control
study,” Stroke, vol. 40, no. 10, pp. 3281–3285, 2009.

[37] C.-H. Wu, T.-H. Liou, P.-L. Hsiao, Y.-C. Lin, and K.-H. Chang,
“Contribution of ischemic stroke to hip fracture risk and the
influence of gender difference,” Archives of Physical Medicine
and Rehabilitation, vol. 92, no. 12, pp. 1987–1991, 2011.

[38] C. S. Colón-Emeric, C. F. Pieper, andM. B. Artz, “Can historical
and functional risk factors be used to predict fractures in
community-dwelling older adults? Development and validation
of a clinical tool,” Osteoporosis International, vol. 13, no. 12, pp.
955–961, 2002.

[39] S. R. Cummings, M. C. Nevitt, W. S. Browner et al., “Risk
factors for hip fracture in white women,” New England Journal
of Medicine, vol. 332, no. 12, pp. 767–773, 1995.

[40] L. J. Melton III, R. D. Brown Jr., S. J. Achenbach,W.M.O’Fallon,
and J. P.Whisnant, “Long-term fracture risk following ischemic
stroke: a population-based Study,” Osteoporosis International,
vol. 12, no. 11, pp. 980–986, 2001.

[41] K. Y. Chiu, W. K. Pun, K. D. K. Luk, and S. P. Chow, “A prospec-
tive study on hip fractures in patients with previous cerebrovas-
cular accidents,” Injury, vol. 23, no. 5, pp. 297–299, 1992.

[42] M. Peszczynski, “The fractured hip in hemiplegic patients,”
Geriatrics, vol. 12, no. 12, pp. 687–690, 1957.

[43] Z. P. Stavrou, D. A. Erginousakis, A. A. Loizides, S. A.
Tzevelekos, and K. J. Papagiannakos, “Mortality and rehabilita-
tion following hip fracture. A study of 202 elderly patients,”Acta



Stroke Research and Treatment 13

Orthopaedica Scandinavica, Supplementum, vol. 68, no. 275, pp.
89–91, 1997.

[44] A.M. Kramer, J. F. Steiner, R. E. Schlenker et al., “Outcomes and
costs after hip fracture and stroke: a comparison of rehabilita-
tion settings,” Journal of the American Medical Association, vol.
277, no. 5, pp. 396–404, 1997.

[45] A.-R. Poplingher and T. Pillar, “Hip fracture in stroke patients.
Epidemiology and rehabilitation,” Acta Orthopaedica Scandi-
navica, vol. 56, no. 3, pp. 226–227, 1985.

[46] A. Gaudio, P. Pennisi, C. Bratengeier et al., “Increased sclerostin
serum levels associated with bone formation and resorption
markers in patients with immobilization-induced bone loss,”
Journal of Clinical Endocrinology and Metabolism, vol. 95, no.
5, pp. 2248–2253, 2010.

[47] N. Paker, D. Bugdayci, D. Tekdos, C. Dere, and B. Kaya,
“Relationship between bone turnover and bone density at the
proximal femur in stroke patients,” Journal of Stroke and Cere-
brovascular Diseases, vol. 18, no. 2, pp. 139–143, 2009.

[48] A. S. Levey, J. Coresh, T. Greene et al., “Expressing the mod-
ification of diet in renal disease study equation for estimating
glomerular filtration rate with standardized serum creatinine
values,” Clinical Chemistry, vol. 53, no. 4, pp. 766–772, 2007.

[49] K. Kushida, M. Takahashi, K. Kawana, and T. Inoue, “Com-
parison of markers for bone formation and resorption in
premenopausal and postmenopausal subjects, and osteoporosis
patients,” Journal of Clinical Endocrinology andMetabolism, vol.
80, no. 8, pp. 2447–2450, 1995.

[50] M. Takahashi, K. Naitou, T. Ohishi, and A. Nagano, “Compari-
son of biochemical markers of bone turnover and bone mineral
density between hip fracture and vertebral fracture,” Journal of
Clinical Densitometry, vol. 6, no. 3, pp. 211–218, 2003.

[51] I. Elkhatib, W. Cao, S. Rao, J. Fryer, and A. L. Buchman, “Serum
B12 concentration is elevated in patients receiving chronic
parenteral nutrition, but is not a marker of intestinal failure-
associated liver disease,” Journal of Clinical Gastroenterology,
vol. 44, no. 8, pp. 571–574, 2010.

[52] A. A.M. Ermens, L. T. Vlasveld, and J. Lindemans, “Significance
of elevated cobalamin (vitamin B12) levels in blood,” Clinical
Biochemistry, vol. 36, no. 8, part 1, pp. 585–590, 2003.

[53] K. Serraj, M.Mecili, I. Housni, and E. Andrès, “Hypervitamine-
mia B12 (high level of cobalamin): physiopathology, role and
interest in clinical practice,” Presse Médicale, vol. 40, no. 12, Part
1, pp. 1120–1127, 2011.

[54] I. Kanazawa, T. Yamaguchi, M. Yamamoto, M. Yamauchi, S.
Yano, and T. Sugimoto, “Serum osteocalcin/bone-specific alk-
aline phosphatase ratio is a predictor for the presence of ver-
tebral fractures in men with type 2 diabetes,” Calcified Tissue
International, vol. 85, no. 3, pp. 228–234, 2009.

[55] G.Mulley and A. J. Espley, “Hip fracture after hemiplegia,” Post-
graduate Medical Journal, vol. 55, no. 642, pp. 264–265, 1979.

[56] L. D. Lisabeth, L. B. Morgenstern, J. J. Wing et al., “Poststroke
fractures in a bi-ethnic community,” Journal of Stroke & Cere-
brovascular Diseases, vol. 21, no. 6, pp. 471–477, 2012.

[57] R. A. Haast, D. R. Gustafson, and A. J. Kiliaan, “Sex differences
in stroke,” Journal of Cerebral Blood Flow and Metabolism, vol.
32, no. 12, pp. 2100–2107, 2012.
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