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Introduction

Hip fractures in the elderly have become a major prob-
lem in many developed countries, and they generate
enormous medical and social costs, because they com-
monly result in permanent disability, admission into in-
stitutional care, or death [1]. The increasing burden of
fractures requires vigorous prevention of osteoporosis
in the elderly [1]. Special predictors of osteoporotic
fractures, and especially hip fractures, are being investi-
gated extensively [2–5]. Falling mechanics, low bone
mineral density (BMD), and impairment in mobility
have all been established as independent risk factors for
hip fracture [6]. A combination of biochemical markers
and BMD may help to improve hip fracture risk assess-
ment in the elderly [1]. It has been suggested that there
are etiologic differences between cervical and trochant-
eric fractures [7–9], and knowledge of such differences
would also clarify the etiology of these fractures and
facilitate effective targeting of preventive efforts [8].

The aim of this study was to compare hip fracture
patients with controls and to compare cervical with
trochanteric hip fracture patients in terms of lifetime
factors, some biochemical measurements of bone
metabolism, and bone mineral density.

Subjects and methods

Study subjects

The study subjects consisted of 102 consecutive post-
menopausal women with nonpathological cervical or
trochanteric hip fractures in 1998 without previous hip
fracture or surgery, and 40 age-adjusted controls (mean
age, 73.7 years; range, 63–84 years) drawn from women
coming from the same geographical area, who had had
bone densitometry in a private clinic during the years
1998–1999. Twenty-eight patients aged over 84 years
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seven patients and 19 controls were excluded from the
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were excluded because of failure to find suitable con-
trols with regard to age. Thus, 74 patients (fracture
group; mean age, 74.2 years; range, 53–84 years) consti-
tuted the study group. Forty-nine had a cervical fracture
(cervical group; mean age, 73.1 years; range, 53–84
years) and 25 a trochanteric fracture (trochanteric
group; mean age, 76.3 years; range, 61–84 years). There
was no significant difference in age between the cervical
and trochanteric fracture patients. The exclusion crite-
ria for the controls were as follows: past history of hip
fracture; any metabolic bone disease; or treatment with
sex hormones, calcitonin, or bisphosphonates.

Thirty-seven patients and 19 controls were excluded
from the statistical comparison of BMD and the bio-
chemical measurements of bone metabolism because
they had had treatments with calcium, vitamin D,
bisphosphonates, estrogens, calcitonin, or corticoster-
oids, and one fracture patient was excluded for primary
hyperparathyroidism (Table 3).

Written informed consent was obtained from all the
patients and controls, and the study protocol was ap-
proved by the institutional ethics committee.

Bone densitometric measurement

BMD of the upper femur was measured by two differ-
ent equally tested and calibrated scanners (Lunar DPX;
Lunar Radiation, Madison, WI, USA), using equal
measurement routines. Before the measurements, a
control phantom was scanned daily, and the same mea-
surement program was used in both similar Lunar DPX
densitometries. The coefficient of variation (CV) of the
femoral neck in vivo reported by the manufacturer was
0.6%–1.7%. The measurement of the patients was per-
formed 2–4 days after the fracture.

Three parts of the hip (nonfracture side of the frac-
ture patients and left side of the controls) were mea-
sured at the sites of the femoral neck (FEBMD), Ward’s
triangle (WABMD), and trochanter (TRBMD).

Biochemical measurements

Blood samples for measurements of bone metabolism
were obtained from the patients (on the first or second
postoperative day) and from controls in the morning
after an overnight fast. Serum was separated and the
samples were analyzed immediately, with the exception
of the samples for serum calcitonin (S-CT) and serum
osteocalcin (S-OC), which were stored at �20°C for 1–
2 months until assayed. All assays were performed in a
clinical laboratory according to good clinical practice.

Serum intact N-terminal of procollagen type 1 (S-
PINP) was measured using a radioimmunoassay test kit
(ISO9001; Orion Diagnostica, Espoo, Finland; sensitiv-
ity, 3.0µg/l; intra-assay CV, 5.5%; interassay CV, 5.6%)

[10]. Serum 25-hydroxyvitamin D (S-25-(OH)-D) was
measured using a commercial radioimmunoassay test
kit (25-hydroxyvitamin D H3 RIA; Catalog no. 68100E;
DiaSorin, Stillwater, MN, USA; sensitivity, 4.0nmol/l,
intra-assay CV, 8.8%) [11]. Serum parathyroid hor-
mone (S-PTH) was assayed using a commercial
radioimmunoassay (Intact PTH Parathyroid Hormone
100T Kit; catalog no. 40-2170; Nichols Institute Diag-
nostics, San Juan Capistrano, CA, USA; sensitivity,
7.5ng/l; intra-assay CV, 2.6%; interassay CV, 5.9%) ac-
cording to the manufacturer’s instructions [12]. Serum
alkaline phosphatase (S-ALP) was analyzed by the
method recommended by the Committee on Enzymes
of the Scandinavian Society for Clinical Chemistry and
Clinical Physiology (Reagents, Oy Reagena, Finland;
Analyzer, BM/Hitachi 911 Automatic Analyzer;
Hitachi, Tokyo, Japan; sensitivity, 3.7 ·10�4DA/min per
U/l; intra-assay CV, 0.8%; interassay CV, 2.9%). Serum
bone-specific alkaline phosphatase isoenzyme (S-BAP)
was measured by the REP Electrophoresis kit (Helena
Bio-Sciences, Cat. no. 3200; Tyne and Wear, Sunder-
land, UK). Total serum calcium (S-Ca) was analyzed by
flame photometry (Eppendorf AFIX 5055; Eppendorf-
Netheler-Hinz, Hamburg, Germany; sensitivity,
2.4 · 10�1DA per mmol/l; intra-assay CV, 0.7%;
interassay CV, 3.3%) [13]. Serum calcitonin (S-CT) was
assayed by a radioimmunoassay test kit (Calcitonin,
catalog no. DSL-1200; Diagnostic System Laboratories,
Webster, TX, USA; sensitivity, 4.0pmol/l; intra-assay
CV, 5.0%; interassay CV, 12.4%) [14]. Serum osteo-
calcin (S-OC) was measured by an immunoradiometric
assay test kit (Human Osteocalcin Kit, immunora-
diometric assay (IRMA), 40-2248; Nichols Institute
Diagnostics; sensitivity, 4.0µg/l; intra-assay CV, 5.2%;
interassay CV, 8.3%).

Lifetime factors

The data were recorded on a special form by the same
interviewer, a trained nurse, who interviewed both the
fracture patients at admission and the controls. The
following data were recorded: body weight, height,
body mass index (BMI), menarcheal age, age at meno-
pause, parity, ovarian surgery, independence, walking
ability (which was assessed by means of a walking score
on a five-point scale; see Table 5), use of walking aids,
femoral muscle strength (assessed on a three-point
scale; see Table 5), vision, diet, use of alcohol and
coffee, smoking, current medication, and concurrent
diseases (see Tables 5 and 6).

Statistical analyses

The data organization and statistical analyses were per-
formed by a statistician, using the SPSS statistical soft-
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ware (version 9.0; SPSS, Chicago, IL, USA). Student’s
t-test and the Mann-Whitney U-test were used to
compare the differences for significance. The �2 and
Fischer’s exact test (2 � 2 table) were used to compare
the dichotomous variables, and the �2 and exact tests
were used in the analysis of multiple categorical vari-
ables. P � 0.05 was considered significant.

Results

Weight and BMI

Body weight and BMI were significantly lower (P �
0.001; P � 0.004, respectively) in the fracture group
compared with the control group (Table 1).

Body weight and BMI were higher in the cervical hip
fracture patients compared with the trochanteric frac-
ture patients (P � 0.005; P � 0.021, respectively; Table
1).

BMD

All the BMD values were significantly lower in the
fracture group than in the control group (FEBMD;
WABMD; TRBMD; P � 0.001; P � 0.002; P � 0.001,
respectively; Table 1).

BMD in the trochanteric group was significantly
lower than in the cervical group (FEBMD; WABMD;
TRBMD; P � 0.011; P � 0.003; P � 0.022, respectively;
Table 1).

When the fracture group was examined without ex-
clusions, 7.2% of the patients had BMD of the upper
femur greater than �1 SD of that of young adults,
24.6% had BMD between �1 SD and �2.5 SD, and
68.2% of the patients had BMD below �2.5 SD of that
of young adults.

Biochemical measurements

The S-Ca and S-25-(OH)-D levels in the fracture group
were significantly lower than in the control group (P �
0.001). The level of S-CT was significantly (P � 0.002)
higher in the fracture group than in the control group
(Table 2).

There were no significant differences between the
trochanteric and cervical groups in any biochemical
measurements except for S-CT, which was higher (P �
0.044) in the cervical group than in the trochanteric
group (Table 2).

Lifetime factors

The fracture group included significantly more users of
loop diuretics, i.e., furosemide (P � 0.001), insulin, oral T
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antidiabetics (P � 0.029), neuroleptics (P � 0.049), and
antidepressants (P � 0.005) than the control group.
Asthma drugs (inhaled cortisone, inhaled deconges-
tants) and thyroid hormone were significantly (P �
0.032 and P � 0.021, respectively) more often used in
the control group (Table 3).

Heart diseases (coronary disease, hypertension, heart
failure, valvular diseases) and strokes (ischemic brain
disorders) were significantly more frequent in the frac-
ture group compared with the control group (P � 0.011
and P � 0.002, respectively). Type I and type II diabetes
mellitus, and malignant diseases, were also significantly
(P � 0.002 and P � 0.031, respectively) more common in
the fracture group than in the control group (Table 3).

Use of alcohol was significantly (P � 0.006) more
frequent in the control group than in the fracture group
(Table 4). The fracture group was less active physically
compared with the controls (P � 0.001; Table 4). More
of the controls lived independently (P � 0.001), their
walking ability was better (P � 0.001), and they used
walking aids less often (P � 0.002) than the fracture
patients. Femoral muscle strength and vision were also
better in the control group than in the fracture group
(P � 0.001) (Table 5).

The fracture group included significantly (P � 0.036)
more women who had had one or more deliveries
(Table 6).

No significant differences were seen in any lifetime
factor between the cervical and trochanteric groups
(Tables 5 and 6).

Discussion

Although our control group was not randomly drawn
from the average population, it can be considered ad-
equate because it was selected by age adjustment from
an extensive database of postmenopausal women who

had had a BMD measurement, because of the suspicion
of osteoporosis, in an outpatient clinic and came from
the same geographical area as the fracture patients.

There were some limitations of our study: the study
was cross-sectional, and the group sizes, especially the
size of the trochanteric fracture group, were relatively
small, and we did not measure bone resorption markers.

The body weight of the controls was higher than that
of the fracture patients, which difference is in line with
previous reports [15]. We also found the body weight of
the women with cervical fractures to be higher than that
of the women with trochanteric fractures, which is also
in accordance with the previous reports [15]. This differ-
ence may be related to the lower BMD observed in
patients with the trochanteric hip fracture compared
with patients with the cervical hip fracture.

Our fracture patients were less healthy than the
controls, as they had had more heart diseases, strokes,
diabetes, and malignant diseases. Diabetes has been
reported to be associated with osteopenic and/or os-
teoporotic syndrome(s) [16] and hip fractures [17,18],
and heart diseases with occurrence of hip fractures [18].
Whether the increased risk should be attributed to a
reduced bone mass or to factors associated with falling
has not yet been determined [17]. According to
Ramnemark et al. [19] and Lau et al. [18], history of
stroke is a major risk factor for hip fracture, as was also
true in our study. Hip fractures might be caused by the
high incidence of accidental falls in stroke patients, and
another contributing risk factor may be the develop-
ment of disuse osteoporosis on the paretic side [19]. On
the other hand, Schürch et al. [20] did not find any
differences between their fracture and control groups
in associated diseases, with the exception of the ex-
trapyramidal syndrome.

It is generally known that hip fracture patients have
lower BMD than non-fracture controls or the average
population [1,21,22], which was also shown in our study.

Table 2. Biochemical measurements associated with bone and calcium metabolism in postmenopausal hip fracture patients and
controls

S-ALP S-Ca S-CT S-25-(OH)-D S-PTH S-PINP S-BAP S-OC
Group n (U/l) (mmol/l) (pmol/l) (nmol/l) (ng/l) (µg/l) (U/l) (µg/l)

Fracture 36 Mean 160.63 2.143* 7.372* 24.733* 54.66 49.06 61.42 26.98
SD 60.79 0.15 5.21 12.93 33.01 38.95 27.68 25.98

Controls 21 Mean 148.50 2.32 4.92 56.90 41.42 38.86 64.56 24.22
SD 50.14 0.16 2.27 27.06 14.31 19.98 37.04 8.56

Cervical fracture 24 Mean 162.42 2.13 8.31* 25.98 56.99 48.54 58.14 27.93
SD 61.55 0.11 5.89 13.92 36.50 39.27 25.80 30.40

Trochanteric fracture 12 Mean 156.73 2.17 5.36 22.00 49.78 50.18 68.28 24.92
SD 61.85 0.22 2.46 10.53 25.05 40.11 31.38 12.71

S-ALP, Serum alkaline phosphatase; S-Ca, serum total calcium; S-CT, serum calcitonin; S-25-(OH)-D, serum vitamin D; S-PTH, serum
parathyroid hormone; S-PINP, serum intact N-terminal of procollagen type 1; S-BAP, serum bone-specific alkaline phosphatase isoenzyme; S-
OC, serum osteocalcin
1* P � 0.044; 2* P � 0.002; 3* P � 0.001
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But then, one third of our fracture patients did not fully
meet the criteria of osteoporosis as defined by the
WHO (��2.5 SD) [23], and a minor part of them even
had almost normal bone density. The important roles of
the falling mechanism and bone geometry in the patho-
genesis of hip fractures might explain the occurrence of
hip fractures among these patients [24,25]. In agree-
ment with our findings, several authors have also re-
ported that individuals with trochanteric hip fractures
are more osteoporotic than cervical hip fracture pa-
tients [21,26].

Serum vitamin D and calcium levels have been re-
ported to be lower in hip fracture patients than in con-
trols [27]. In our study, the patients with hip fracture
had lower levels of total calcium and lower levels of 25-
(OH)-D in serum than the controls, and the correla-
tion between S-25-(OH)-D and S-PTH was inversely
significant. This might imply subsequent secondary
hyperparathyroidism, which is postulated to be largely
responsible for the excessive cortical bone loss [16] that
exposes the patients to a higher risk of hip fracture.

According to Garnero et al. [28], an elevated level of
bone resorption—but not of bone formation—was asso-
ciated with an increased risk of hip fracture, which is in
agreement with our results concerning bone formation
markers.

We observed higher levels of S-CT in our fracture
patients than in the controls. This finding is in agree-
ment with the studies by Dubin et al. [29] and Prince
et al. [30], but contrary to those of Boonen et al. [31]
and Reginster et al. [32]. The increased S-CT might be
the result of a feedback mechanism in osteoporotics,
with increased bone resorption tending to increase
the S-Ca level. Calcitonin antagonizes this mechanism.
This mechanism might be more involved in patients
with cervical fracture than in those with trochanteric
fracture with lower BMD.

The use of loop diuretics has been suggested to be a
risk factor for low BMD [33] and a predictor of os-
teoporotic fractures [1]. Bone loss is probably produced
by the calciuric effect of loop diuretics [33,34], and fo-
cuses on cortical bone loss [34]. Our results confirm the
earlier reports. Because there were more patients with
diabetes in the fracture group, antidiabetic drugs were
also more commonly used but the role of antidiabetic
drugs in the risk of hip fracture is unknown. Antidepres-
sant and neuroleptic drugs were shown to be signifi-
cantly more used in the fracture group, which finding
has been established before [35]. It is postulated that the
sedative and autonomic effects of psychotropic drugs
increase the risk of falling and, thus, fracture risk, in
elderly persons [35].

The functional ability of the fracture patients was
poor when evaluated in terms of independence, walking
ability, physical activity, use of walking aids, vision, andT
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femoral muscle strength. Similar findings have been re-
ported by other authors [1,36]. The lesser mobility of
the elderly leads to higher bone resorption [37] and may
explain the lower BMD values in the fracture group,
especially in the patients with trochanteric fracture.

There were no differences in the gynegological life-
time factors between the controls and the fracture pa-
tients, except that deliveries were more frequent among
the hip fracture patients, which is in agreement with a
recent study [38], although nulliparity has also been
linked with osteoporosis and osteopenia [16]. Repro-
duction may predispose the proximal femur to per-
manent bone loss in a considerable proportion of
postpartum women [39]. BMD is generally lost during
lactation and recovered after weaning [40]. However,
the possible long-term relationships between osteo-
porosis and parity or lactation are, so far, unknown.

We found no significant differences in the lifetime
factors between the cervical and trochanteric fracture
groups, although the groups were quite small in size.
This is in agreement with the study of Sernbo and
Johnell [7] and that by Michaëlsson et al. [8], who found
differences in several lifetime factors, but these were
age-dependent and not real risk factors after age
adjustment.

In conclusion, impaired functional ability; the use
of loop diuretics and antidiabetic, antidepressant, and
neuroleptic drugs; some concurrent diseases, such as
strokes, diabetes, malignant diseases, and heart and vas-
cular diseases; low BMD of the upper femur; low S-Ca;
low S-25-(OH)-D; and high S-CT seem to be related to
the risk of hip fracture, while low BMD and low S-CT
seem to be related to the trochanteric fracture type in
postmenopausal women.
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