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Abstract
Summary In this cross-sectional study, two-thirds of Fracture
Liaison Service (FLS) patients had comorbidities and medications associated with increased bone- or fall-related fracture
risk. Bone-related and fall-related fracture risk (BRR and
FRR) were associated with age and fracture type, but not with
gender or BMD. Systematic evaluation of these factors leads
to a more profound assessment in FLS care.
Introduction This study is a systematic evaluation of comorbidities and medications associated with increased fracture
risk in patients aged 50–90 years with a recent fracture visiting
the FLS.
Methods In this cross-sectional cohort study, comorbidities
were classified according to ICD-10 and medications according to the Anatomic Therapeutic Chemical (ATC) classification and further categorized into those associated BRR and
FRR.
Results Of 1282 patients (72% women; 65 ± 9 years), 53%
had at least one BRR, 46% had at least one FRR, and 66% at

least one BRR and/or FRR. At least one BRR, as well as at
least one FRR were associated with age, BMI, and fracture
type, but not with gender or BMD. The proportion of patients
with only BRR (± 20%) or only FRR (± 10%) was similar
among ages, gender, BMI, fracture type, and BMD. The combination of at least one BRR and at least one FRR was significantly associated with age, BMI, and major fractures, but not
with gender or BMD.
Conclusion Comorbidities and medications associated with
increased fracture risk are present in two-thirds of patients
visiting the FLS. In addition, the proportion of patients having
a combination of BRR and FRR increased significantly with
age, BMI, and fracture severity. This indicates that systematic
evaluation of these factors is important for a more profound
assessment of subsequent fracture risk in FLS care.
Keywords Fracture prevention . Fracture risk assessment .
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Introduction
Fractures constitute a major health concern, as the lifetime risk
of a clinical fracture at the age of 50 years is 50% for women
and 20% for men [1, 2]. The annual number of fractures is
expected to increase due to aging of the population [3]. It is
well documented that prior fractures in adulthood increase the
risk of future fractures [4–6]. Prior fractures are associated
with an approximately 2-fold increased relative risk (RR) for
subsequent fractures [6]. Furthermore, the subsequent fracture
risk is highest immediately after the fracture [7]. Hence, a
fracture is an opportunity to prevent future fractures.
Therefore, in current osteoporosis guidelines [8–12], secondary fracture prevention is recommended in all patients aged
50 years or older with a recent clinical fracture. The Fracture
Liaison Service (FLS) has been identified as the most successful approach for secondary fracture prevention [11–13].
Risk factors contributing to fracture are numerous and include factors with a deleterious effect on bone and that increase fall risk or both. Some of these risk factors are potentially modifiable. There are no studies that systematically evaluated all comorbidities and medication with an increased fracture risk in patients with a recent fracture. Systematic evaluation of comorbidities and medications could contribute to
specify and quantify the presence of bone- and fall-related
(BRR and FRR) risk factors for fractures. In this study, we
systematically evaluated comorbidities and medications with
an increased fracture risk in patients aged 50–90 years with a
recent clinical fracture visiting the FLS.

Materials and methods
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dual-energy X-ray absorptiometry (DXA) of the lumbar spine,
total hip, and femoral neck was performed, and a blood sample was collected to detect contributors to secondary osteoporosis and metabolic bone disease [14]. Laboratory tests included serum sodium, potassium, calcium, inorganic phosphate,
albumin, creatinine, free tetra-iodothyronine (fT4), thyroidstimulating hormone (TSH), serum aminotransferases (aspartate and alanine amino-transferase), alkaline phosphatase, intact plasma parathyroid hormone (iPTH), serum 25hydroxyvitamin D (25(OH)D), and serum protein electrophoresis for all patients. At the FLS, a nurse measured height and
weight and evaluated the questionnaire with special attention
to medical history, medication use, and calcium intake.
Depending on the results of BMD measurements, 25(OH)D
levels and calcium intake, patients were treated with calcium
supplements, vitamin D supplements, and anti-osteoporosis
medication according to the Dutch osteoporosis guideline
[8]. Fractures were classified according to Center et al. [15]
into hip fractures, major fractures (vertebra, multiple rib, humerus, pelvis, distal femur, and proximal tibia), and minor
fractures (all remaining fractures except fingers and toes).
Bone densitometry
BMD measurements were performed at the lumbar spine (LS;
L1–L4), total hip (TH), and femoral neck (FN) using DXA
(Hologic QDR 4500, Hologic, Bedford, MA, USA).
According to the WHO criteria [16], patients were classified
based on the lowest T-score in the LS, TH, and FN. T-scores of
≤ − 2.5 standard deviations (SD) below the reference mean
were classified as osteoporosis, T-scores between − 1.0 and
− 2.5 SD were classified as osteopenia, and T-scores ≥ − 1.0
SD were classified as normal.

Study design and population
Comorbidities
A cross-sectional cohort study was conducted among women
and men with a recent clinical vertebral or non-vertebral fracture who were evaluated at the FLS of the VieCuri Medical
Centre located in The Netherlands. Identified were all consecutive patients aged 50–90 years with a recent clinical fracture
visiting the emergency department from January 2009 until
June 2011. All fractures were radiologically confirmed. After
fracture repair, a specialized nurse screened all patients and
invited those eligible for fracture risk evaluation to the FLS.
Patients with facial/skull and finger/toe fractures, metastatic
cancer in bone, fracture due to high-energy trauma, osteomyelitis, or failure of prosthesis were excluded. Those willing
and able to be evaluated visited the FLS approximately 3 to
4 months after the fracture event. According to the Dutch
guideline for treatment of osteoporosis [8], patients received
a detailed questionnaire for evaluation of risk factors for fractures and falls, including medical history and medication use.
In addition, bone mineral density (BMD) measurement with

Chronic comorbidities in medical history and laboratory tests
were classified according to the tenth revision of International
Classification of Disease (ICD-10) [17]. In current osteoporosis and fall guidelines [8–10, 18–23], comorbidities with an
increased BRC and FRC risk of fractures were identified
(Table 1).
Medication use
Medications were classified according to the Anatomic
Therapeutic Chemical (ATC) classification system [24]. In
literature [25–28], medication with an increased BRM and
FRM risk of fractures were identified (Table 1). Opiates were
not included because we could not differentiate between those
used chronically and those prescribed related to the recent
fracture. Polypharmacy was defined as the use of at least 5
medications at ATC-3 level in which dermatological
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Table 1 Bone- and fall-related
comorbidities and medication
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Bone-related risk comorbidities (BRC)
Anorexia nervosa

Fall-related risk comorbidities (FRC)
Arrhythmia

Celiac disease

Arthritis

Chronic kidney disease (CKD)

Chronic heart failure

Chronic obstructive pulmonary disease (COPD)

Cognitive impairment

Diabetes mellitus (DM)

Depression

Hemophilia

Diabetes mellitus (DM)

Hyperthyroidism

Dizziness

Hyperparathyroidism

Epilepsy

Hypogonadism

Incontinence

Inflammatory bowel disease (IBD)

Osteoarthritis

Leukemia

Parkinson’s disease

Liver cirrhosis

Peripheral neuropathy

Lymphoma

Stroke

Malabsorption

Visual impairment

Monoclonal gammopathy of unknown significance (MGUS)
Myeloma
Rheumatoid arthritis (RA)
Sarcoidosis
Systemic lupus erythematosus (SLE)
Bone-related risk medication (BRM)
Anticonvulsants

Fall-related risk medications (FRM)
Anti-arrhythmics

Glucocorticoids, oral

Anti-Parkinson medication

Glucocorticoids, inhaled

Anti-psychotics

H2-receptor inhibitors

Barbiturates

Proton pump inhibitors (PPI)

Benzodiazepines

Thiazolidinediones

Hypnotics and sedatives
Loop diuretics
Nitrates
Other antidepressants
Selective serotonin reuptake inhibitors (SSRI)
Thiazides
Thiazide-like diuretics
Tricyclic antidepressants (TCA)

preparations and medication that was not used chronically
were not counted in determining the number of medications.
Statistical analysis
Results are presented as mean ± SD or percentages. Data were
analyzed using the Chi-square tests and Fisher’s exact tests.
Subgroup analyses were performed for gender, age per decade, BMD (normal versus osteopenia versus osteoporosis),
and fracture type (minor versus major versus hip). Logistic
regression analyses were performed to adjust for age, gender,
BMD (normal versus osteopenia versus osteoporosis), and
fracture type (minor versus major versus hip). All analyses
were performed using SPSS for Mac (version 21.0, IBM
SPSS Statistics, USA). A p value ≤ 0.05 was considered as
statistically significant.

Results
From January 2009 until June 2011, 3131 patients aged
50 years or older visited the emergency department with a
recent clinical vertebral or non-vertebral fracture. Seventyfour patients were deceased before the invitation for fracture
risk evaluation at the FLS was sent, resulting in 3057 patients
being invited to the FLS (Fig. 1). Of those, 1694 (55.4%)
patients were willing and able to be evaluated. Included in this
study were 1282 (41.9%) FLS patients (71.8% women and
28.2% men, mean age 65.0 ± 9.4 years) that were fully
assessed. Characteristics of these patients are shown in
Table 2. Osteoporosis was diagnosed in 30.3%, osteopenia
in 47.4%, and 22.3% had a normal BMD. According to the
classification by Center et al. [15], 8.4% sustained a hip fracture, 30.4% a major fracture, and 61.2% a minor fracture.
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Fig. 1 Selection procedure of
patients with a fracture

3131 with fracture at the emergency department

74 deceased

3057 invited to the FLS

1363 no or negative response

1694 visited the FLS

412 excluded

1282 included in study

According to BMI, 17% was obese (i.e., BMI ≥ 30 kg/m2).
Previous fractures at 50 + years, previous falls in the last
12 months, and parental history of hip fractures were present
in, respectively, 31.0, 24.1, and 1.7% of patients.

Table 2

Characteristics of the study population
Total
(n = 1282)

Men
(n = 362)

Women
(n = 920)

Age, mean ± SD
50–59 years
60–69 years

65 ± 9
415 (32)
446 (35)

64 ± 9
132 (37)
123 (34)

65 ± 9
283 (31)
323 (35)

70–79 years
80 + years
Men
Women
Height, mean ± SD
Weight, mean ± SD
BMI, mean ± SD

307 (24)
114 (9)
362 (28)
920 (72)
1.67 ± 0.09
73.5 ± 14.5
26.2 ± 4.4

79 (22)
28 (8)

228 (25)
86 (9)

1.76 ± 0.08 1.64 ± 0.07
82.5 ± 13.4 70.0 ± 13.5
26.6 ± 3.9 16.0 ± 4.6

Obesity (BMI ≥ 30 kg/m2)
Minor fractures
Major fractures
Hip fractures
Normal BMD
Osteopenia
Osteoporosis
Previous fractures at
50 + years
Previous falls last 12 months
Parental history of hip fractures

193 (17.2)
784 (61)
390 (30)
108 (8)
286 (22)
608 (47)
388 (30)
222 (31.0)

52 (16.6)
213 (59)
109 (30)
40 (11)
110 (30)
182 (50)
70 (19)
50 (25.9)

141 (17.5)
571 (62)
281 (31)
68 (7)
176 (19)
426 (46)
318 (5)
172 (33.0)

252 (24.1)
16 (1.7)

65 (21.6)
4 (1.3)

187 (25.1)
12 (1.8)

Data presented as N (%) unless otherwise stated

Clinical risk factors
Previous fractures at or above the age of 50 years increased
with increasing age (50–59 years: 21.6% vs. 60–69 years:
26.2% vs. 70–79 years: 40.0% vs. 80 + years: 56.9%,
p = .000) and decreasing BMD (normal BMD: 24.6% vs.
osteopenia: 26.4% vs. osteoporosis 43.1%, p = .000).
Previous falls in the last 12 months also increased with increasing age (50–59 years: 25.5% vs. 60–69 years: 17.9%
vs. 70–79 years: 24.6% vs. 80 + years: 41.1%, p = .000) and
decreasing BMD (normal BMD 22.7% vs. osteopenia 20.6%
vs. osteoporosis 30.7%, p = .004). A parental history of hip
fractures was present in 1.7% of osteoporotic patients, 2.5% of
osteopenic patients, and 0.0% of those with a normal BMD
(p = .043). There were no significant differences in prevalence
rates of these risk factors by gender and fracture type.
ICD-10 comorbidities
As shown in Table 3, 81.0% of patients had at least one chronic ICD-10 comorbidity, 25.4% had 1, and 55.6% had multiple
(up to 13). An overview of the proportion of patients with at
least one chronic comorbidity per ICD-10 subgroups is presented in Supplemental Table S1. The prevalence of at least
one chronic ICD-10 comorbidity was similar for women and
men, and among BMD categories, but increased with increasing BMI (obese: 89.6% vs. non-obese: 79.3%, p = .001), increasing fracture severity (minor fractures: 78.4% vs. major
fractures: 84.6% vs. hip fractures: 86.1%, p = .015) and increasing age (72.8% of patients aged 50–59 years up to 89.5%
of patients aged 80 + years, p < .001) (Table 3). In multivariate
regression analysis adjusted for age, gender, fracture type and
BMD status, age (OR (95% CI): 1.60 (1.35–1.90), p < .001),

426 (33) 316 (34) 110 (30)
297 (23) 214 (23) 83 (23)

89 (31)
51 (18)

181 (30)
134 (22)

136 (22)
82 (14)

184 (30)
399 (66)

503 (64) 290 (74) 80 (74) ** 231 (56)

615 (78) 330 (85) 93 (86) * 302 (723)

155 (20)
100 (13)

75 (19) 26 (24)
44 (11) 15 (14)

84 (20)
46 (11)

228 (29) 148 (38) 46 (43) ** 97 (23)
480 (61) 276 (71) 85 (79) ** 226 (55)

156 (40) ** 225 (29) 157 (40) 44 (41) ** 96 (23)
112 (29) ** 146 (19) 117 (30) 34 (32) ** 53 (13)

74 (19)
40 (10)

147 (38) *
270 (70) *

125 (32) ** 170 (22) 125 (32) 41 (38) ** 85 (21)
196 (51)
325 (42) 201 (52) 59 (55) ** 142 (34)
110 (28)
176 (22) 126 (32) 31 (29) ** 70 (17)

230 (59) ** 380 (49) 232 (60) 70 (65) ** 180 (43)
179 (46)
308 (39) 188 (48) 48 (44) * 139 (34)

281 (72)

326 (84)

137 (31)
86 (19)

92 (21)
55 (12)

137 (31)
284 (64)

116 (26)
192 (43)
115 (26)

229 (51)
175 (39)

303 (68)

359 (801)

60–
69 years
(n = 446)

139 (45)
110 (36)

56 (18)
44 (14)

137 (45)
239 (78)

99 (32)
183 (60)
105 (34)

195 (64)
162 (53)

243 (79)

275 (90)

70–
79 years
(n = 307)

185 (20)
119 (13)
54 (47) ** 281 (30)
48 (42) ** 190 (21)

24 (21)
14 (12)

51 (45) ** 282 (30)
92 (81) ** 585 (63)

36 (32) ** 225 (24)
68 (60) ** 400 (43)
43 (38) ** 222 (24)

78 (68) ** 466 (50)
68 (60) ** 365 (39)

96 (84) ** 620 (67)

102 (90) ** 737 (79)

91 (47) **
65 (34) **

35 (18)
24 (12)

86 (45) **
150 (78) **

65 (34) **
115 (60) **
70 (36) **

126 (65) **
108 (56) **

152 (79) **

173 (90) **

Obese
80 + years Non(n = 193)
(n = 114) obese
(n = 929)

*P value < .05, **P value < .01

BRR bone-related fracture risk, BRC bone-related risk comorbidities, BRM bone-related risk medication, FRR fall-related fracture risk, FRC fall-related risk comorbidities, FRM fall-related risk medication

Data presented as N (%)

Both
Polypharmacy

46 (16)
37 (13)

422 (33) 312 (34) 110 (30) 91 (32)
841 (66) 612 (67) 229 (63) 172 (60)

≥ 1 FRM
Any fracture risk
69 (19)
50 (14)

336 (26) 255 (28) 81 (22) 60 (21)
585 (46) 425 (46) 160 (44) 126 (44)
333 (26) 232 (25) 101 (28) 68 (24)

≥ 1 BRM
≥ 1 FRR
≥ 1 FRC

256 (20) 187 (20)
158 (12) 109 (12)

317 (52)
250 (41)

682 (53) 503 (55) 179 (49) 135 (47)
544 (42) 404 (44) 140 (39) 115 (40)

Only BRR
Only FRR

407 (67)

873 (68) 620 (67) 253 (70) 185 (65)

151 (25)
263 (43)
155 (26)

479 (79)

Osteopenia Osteoporosis Minor
Major
Hip
50–
(n = 608) (n = 388)
(n = 784) (n = 390) (n = 108) 59 years
(n = 415)

1038 (81) 744 (81) 294 (81) 233 (812)

Total
Women Men
Normal
(n = 1282) (n = 920) (n = 362) BMD
(n = 286)

The proportion of patients with comorbidities and medications by gender, BMD, fracture type, age decade, and obesity

≥ 1 ICD-10
comorbidity
≥ 1 ATC
medication
≥ 1 BRR
≥ 1 BRC

Table 3
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and major fracture (OR (95% CI): 1.41 (1.02–1.96), p = .040)
were associated with at least one chronic ICD-10 comorbidity.
After additional adjustments for BMI, age (1.46 (1.27–1.66),
p < .001) and BMI (1.09 (1.05–1.14), p < .001) were associated with at least one chronic ICD-10 comorbidity, whereas
fracture type was no longer associated.
ATC medication
The proportion of patients using medication was 68.1%. An
overview of the proportion of patients using at least one medication per ATC medication subgroup is presented in
Supplemental Table S2. The proportion of patients using at
least one medication was similar for women and men, and
among BMD categories, but was higher in patients with major
and hip fractures compared to those with minor fractures (74.4
vs. 74.1 vs. 64.2%, respectively, p = .001) and increased with
increasing BMI (obese: 78.8% vs. non-obese: 66.7, p = .001)
and increasing age (55.7% in patients aged 50–59 years up to
84.2% in patients aged 80 + years, p < .001) (Table 3). In
multivariate regression analysis adjusted for age, gender, fracture type, and BMD status, using at least one medication was
associated with age (OR (95% CI) 1.65 (1.44–1.90) per decade, p < .001) and major fractures (OR (95% CI) 1.49 (1.13–
1.97), p = .004). Additional adjustments for BMI showed that
in addition to age and fracture severity, BMI (OR (95% CI):
1.07 (1.04–1.11), p < .001) was associates with using at least
one medical drug.
Comorbidities associated with an increased fracture risk
At least one comorbidity associated with an increased risk of
fractures was found in 50.1% of patients. At least one bonerelated risk comorbidity (BRC) was found in 42.4% of patients, with at least one BRC in medical history in 20.2%
and at least one BRC in laboratory tests in 29.4% of patients.
The proportion of patients with at least one BRC in medical
history increased significantly with increasing age (50–
59 years: 16.9% vs. 60–69 years: 19.1% vs. 70–79 years:
24.4% vs. 80 + years: 25.4%, p = .036) and increasing BMI
(obese: 25.9% vs. non-obese: 19.1%, p = .031). Similarly, the
proportion of patients with at least one BRC in laboratory tests
increased significantly with increasing age (50–59 years:
20.7% vs. 60–69 years: 27.4% vs. 70–79 years: 36.5% vs.
80 + years: 50.0%, p < .001) and increasing BMI (obese:
43% vs. non-obese: 25.6%, p < .001). There were no significant differences in the prevalence rates of at least one BRC in
medical history and at least one BRC in laboratory tests between men and women, fracture types, and BMD categories.
At least one fall-related risk comorbidity (FRC) was found in
26.0% of patients (Table 3). Only BRC was present in 24.1%
of patients, only FRC in 7.6%, and a combination of both in
18.3%. A detailed overview of individual BRC and FRC is
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presented in Supplemental Table S1. Individual BRC in laboratory tests according to age and fractures type are presented
in Supplemental Table S3.
Medications associated with increased fracture risk
At least one medication associated with an increased risk of
fractures was used by 44.9% of patients, with 26.2% using
at least one BRM and 32.9% at least one FRM (Table 3).
Only BRM was used by 11.9% of patients, only FRM by
18.6%, and a combination of both by 14.3%. A detailed
overview of BRM and FRM is presented in Supplemental
Table S2.
Bone-related fracture risks
The proportion of patients with at least one BRC was similar for women and men, and BMD categories, but was
significantly higher in obese than in non-obese patients
(56 vs. 39%, p < .001), in patients with major fractures
(48.2%) and hip fractures (44.4%) compared to those with
minor fractures (39.3%, p = .013), and increased with increasing age (33.5% of patients aged 50–59 years up to
59.6% of patients aged 80 + years, p < .001) (Table 3). In
multivariate regression analysis adjusted for age, gender,
fracture type, and BMD status, at least one BRC was associated with age (OR (95% CI): 1.45 (1.28–1.64), p < .001)
and major fractures (OR (95% CI): 1.36 (1.06–1.75),
p = .016) (Table 4). Additional adjustments for BMI
showed that besides age and fracture severity, BMI (OR
(95% CI): 1.07 (1.04–1.10), p < .001) was associated with
at least one BRC (Supplemental Table S4).
The proportion of patients using at least one BRM were
similar for women and men, but increased significantly with
increasing BMI (obese: 34% vs. non-obese: 24%, p = .006),
decreasing BMD (normal BMD: 21.0% vs. osteopenia: 24.8%
vs. osteoporosis: 32.2%, p = .003), increasing fracture severity
(minor fractures: 21.7% vs. major fractures 32.1% vs. hip
fractures: 38.0%, p < .001), and increasing age (50–59 years:
20.5% vs. 60–69 years: 26.0% vs. 70–79 years: 32.2% vs.
80 + years: 31.6%, p = .002) (Table 3). In multivariate regression analysis adjusted for age, gender, fracture type, and BMD
status, age (OR (95% CI): 1.18 (1.03–1.35), p = .019), major
fractures (OR (95% CI): 1.63 (1.24–2.14), p = .001), and hip
fractures (OR (95% CI): 1.98 (1.28–3.06) p = .002) were
associated with at least one BRM (Table 4). After an additional adjustment for BMI, female gender (OR (95% CI): 1.40
(1.01–1.94), p = .041), increasing BMI (OR (95% CI): 1.04
(1.01–1.07), p = .016), and osteoporosis (OR (95% CI): 1.62
(1.07–2.45), p = .023) were also associated with at least one
BRM (Supplemental Table S4).
At least one BRR was present in 53.2% of patients (only
BRC in 27.0%, only BRM in 10.8%, and both in 15.4%). The
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Table 4 Univariate and multivariate regression analysis adjusted for gender, age, fracture type and BMD status, for bone- and fall-related risk
comorbidities, and medications and their combinations
BRC

FRC

Any risk comorbidity

Univariate
Multivariate
Univariate
Multivariate
Univariate
Multivariate
(OR (95% CI))
(OR (95% CI))
(OR (95% CI))
(OR (95% CI))
(OR (95% CI))
(OR (95% CI))
Age per decade 1.47 (1.30–1.65) ** 1.45 (1.28–1.64) ** 1.49 (1.30–1.69) ** 1.47 (1.28–1.69) ** 1.56 (1.38–1.75) ** 1.52 (1.34–1.72) **
Male

Reference

Reference

Reference

Reference

Reference

Reference

Female
Normal BMD

1.24 (0.97–1.59)
Reference

1.20 (0.93–1.55)
Reference

0.87 (0.66–1.15)
Reference

0.83 (0.62–1.10)
Reference

1.10 (0.86–1.41)
Reference

1.04 (0.81–1.35)
Reference

Osteopenia
Osteoporosis

1.04 (0.78–1.38)
1.27 (0.94–1.74)

0.93 (0.70–1.25)
0.97 (0.70–1.34)

1.10 (0.79–1.52)
1.27 (0.89–1.80)

1.00 (0.72–1.41)
1.01 (0.70–1.47)

1.17 (0.88–1.55)
1.45 (1.06–1.96) *

1.05 (0.98–1.41)
1.09 (0.79–1.52)

Minor fracture

Reference

Reference

Reference

Reference

Reference

Reference

Major fracture
Hip fracture

1.44 (1.13–1.84) ** 1.36 (1.06–1.75) *
1.24 (0.82–1.86)
1.05 (0.69–1.60)

1.65 (1.26–2.16) ** 1.55 (1.17–2.04) ** 1.55 (1.21–1.98) ** 1.44 (1.12–1.85) **
1.39 (0.89–2.18)
1.12 (0.70–1.78)
1.41 (0.94–2.11)
1.14 (0.75–1.73)

BRM
Univariate
Multivariate
(OR (95% CI))
(OR (95% CI))
Age per decade 1.27 (1.12–1.45) ** 1.18 (1.03–1.35) *
Male
Reference
Reference
Female
1.33 (0.99–1.77)
1.28 (0.96–1.73)
Normal BMD
Reference
Reference
Osteopenia
1.25 (0.89–1.75)
1.12 (0.79–1.58)

FRM
Univariate
Multivariate
(OR (95% CI))
(OR (95% CI))
1.49 (1.32–1.68) ** 1.44 (1.27–1.64) **
Reference
Reference
1.18 (0.90–1.53)
1.15 (0.87–1.50)
Reference
Reference
0.93 (0.69–1.26)
0.82 (0.60–1.12)

Any risk medication
Univariate
Multivariate
(OR (95% CI))
(OR (95% CI))

Osteoporosis
Minor fracture

1.79 (1.26–2.55) ** 1.41 (0.97–2.05)
Reference
Reference

1.31 (0.95–1.80)
Reference

1.63 (1.20–2.22) ** 1.19 (0.86–1.66)
Reference
Reference

Major fracture

1.70 (1.30–2.24) ** 1.63 (1.24–2.14) ** 1.49 (1.15–1.93) ** 1.41 (1.09–1.83) *

Hip fracture

0.96 (0.68–1.36)
Reference

1.51 (1.34–1.70) **
Reference
1.21 (0.95–1.55)
Reference
1.08 (0.82–1.45)

1.43 (1.27–1.62) **
Reference
1.17 (0.90–1.51)
Reference
0.96 (0.71–1.28)

1.59 (1.24–2.02) ** 1.49 (1.16–1.91) **

2.21 (1.45–3.38) **
BRR
Univariate
(OR (95% CI))
Age per decade 1.46 (1.30–1.65) **
Male
Reference

1.98 (1.28–3.06) ** 1.81 (1.20–2.73) ** 1.54 (1.00–2.36) *
FRR
Multivariate
Univariate
Multivariate
(OR (95% CI))
(OR (95% CI))
(OR (95% CI))
1.39 (1.23–1.58) ** 1.54 (1.37–1.74) ** 1.50 (1.33–1.70) **
Reference
Reference
Reference

2.30 (1.52–3.47) ** 1.92 (1.26–2.94) **
Any risk
Univariate
Multivariate
(OR (95% CI))
(OR (95% CI))
1.62 (1.42–1.84) ** 1.56 (1.18–3.18) **
Reference
Reference

Female
Normal BMD

1.23 (0.97–1.57)
Reference

1.18 (0.92–1.52)
Reference

1.08 (0.85–1.38)
Reference

1.05 (0.81–1.35)
Reference

1.15 (0.90–1.49)
Reference

1.12 (0.86–1.46)
Reference

Osteopenia
Osteoporosis
Minor fracture
Major fracture
Hip fracture

1.22 (0.92–1.62)
1.63 (1.20–2.22) **
Reference
1.56 (1.22–2.00) **
1.96 (1.29–2.98) **

1.09 (0.82–1.45)
1.22 (0.88–1.70)
Reference
1.47 (1.14–1.88) **
1.65 (1.07–2.54) *

0.97 (0.73–1.29)
1.30 (0.95–1.76)
Reference
1.50 (1.18–1.92) **
1.70 (1.14–2.55) *

0.86 (0.64–1.15)
0.96 (0.69–1.34)
Reference
1.41 (1.10–1.81) **
1.41 (0.93–2.15)

1.27 (0.95–1.69)
1.51 (1.10–2.09) *
Reference
1.53 (1.18–1.99) **
2.34 (1.45–3.79) **

1.12 (0.83–1.51)
1.08 (0.77–1.52)
Reference
1.43 (1.09–1.86) **
1.93 (1.18–3.18) **

BRR bone-related fracture risk, BRC bone-related risk comorbidities, BRM bone-related risk medication, FRR fall-related fracture risk, FRC fall-related
risk comorbidities, FRM fall-related risk medication
*P value < .05, **P value < .01

proportion of patients with at least one BRR was similar for
women and men, but increased significantly with increasing
BMI (obese: 65% vs. non-obese: 50%, p < .001), decreasing
BMD (normal BMD: 47.2% vs. osteopenia 52.1% vs. osteoporosis: 59.3%, p = .006), increasing fracture severity (minor
fractures 48.5% vs. major fractures 59.5% vs. hip fractures
64.8%, p < .001), and increasing age (50–59 years: 43.4%
vs. 60–69 years: 51.3% vs. 70–79 years: 63.5% vs. 80 + years:
68.4%, p < .001) (Table 3). In multivariate analysis adjusted

for age, gender, fracture type, and BMD status, age (OR (95%
CI): 1.39 (1.23–1.58) per decade, p < .001), major fractures
(OR (95% CI): 1.47 (1.14–1.88), p = .003), and hip fractures
(OR (95% CI): 1.65 (1.07–2.54), p = .023) were associated
with at least one BRR (Table 4). After additional adjustments
for BMI, BMI (OR (95% CI): 1.06 (1.03–1.09), p < .001) and
osteoporosis (OR (95% CI): 1.45 (1.01–2.08), p = .046) were
also associated with at least one BRR (Supplemental
Table S4).
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Fall-related fracture risks

Any fracture risk

The proportion of patients with at least one FRC was also
similar for women and men, and BMD categories, but was
significantly higher in major fractures (32.3%) and hip fractures (28.7%) compared to those with minor fractures
(22.4%, p = .001), and increased with increasing BMI
(obese: 36% vs. non-obese: 24%, p < .001) and increasing
age (16.9% of patients aged 50–59 years up to 37.7% of
patients aged 80 + years, p < .001) (Table 3). In multivariate
regression analysis adjusted for age, gender, fracture type,
and BMD status, at least one FRC was also associated with
age (OR (95% CI): 1.55 (1.17–2.04), p = .002) and major
fractures (OR (95% CI): 1.47 (1.28–1.69), p < .001)
(Table 4). Additional adjustments for BMI showed that besides age and fracture severity, BMI (OR (95% CI): 1.06
(1.02–1.09), p < .001) was associated with at least one FRC
(Supplemental Table S4).
The proportion of patients using at least one FRM was also
similar for women and men, but was significantly higher in
patients with osteoporosis (37.9%) compared to those with
osteopenia (30.3%) and a normal BMD (31.8%, p = .040),
and increased with increasing BMI (obese: 45% vs. nonobese: 30%, p < .001), increasing fracture severity (minor
fractures: 29.1% vs. major fractures: 37.9% vs. hip fractures:
42.6%, p = .001), and increasing age (50–59 years: 23.4% vs.
60–69 years: 30.7% vs. 70–79 years 44.6% vs. 80 + years
44.7%, p < .001) (Table 3). In multivariate analysis adjusted
for age, gender, fracture type, and BMD status, age (OR (95%
CI): 1.44 (1.27–1.64), p < .001), major fractures (OR (95%
CI): 1.41 (1.09–1.83), p = .010), and hip fractures (OR (95%
CI): 1.54 (1.00–2.36), p = .048) were associated with at least
one FRM (Table 4). Additional adjustments for BMI showed
that besides age and fracture severity, BMI (OR (95% CI):
1.08 (1.04–1.11), p < .001) was associated with at least one
FRM (Supplemental Table S4).
At least one FRR was present in 45.6% of patients (only
FRC in 12.7%, only FRM in 19.7%, and both in 13.3%). The
proportion of patients with at least one FRR was similar for
women and men, and among BMD categories, but increased
significantly with increasing fracture severity (minor fractures: 41.5% vs. major fractures: 51.5% vs. hip fractures:
54.6%, p = .001), increasing BMI (obese: 60% vs. nonobese 43%, p < .001), and increasing age (50–59 years:
34.2% vs. 60–69 years: 43.0% vs. 70–79 years: 59.6% vs.
80 + years: 59.6%, p < .001) (Table 3). In multivariate analysis
adjusted for age, gender, fracture type, and BMD status, age
(OR (95% CI): 1.50 (1.33–1.70) per decade, p < .001) and
major fractures (OR (95% CI): 1.41 (1.10–1.81), p = .001)
were significantly associated with FRR (Table 4). After additional adjustments for BMI, BMI (OR (95% CI): 1.08 (1.05–
1.11), p < .001) was also associated with at least one FRR
(Supplemental Table S4).

The proportion of patients having at least one risk (BRC,
BRM, FRC, FRM, or any combination) was 65.6% (only
BRR in 20.0%, only FRR in 12.3%, and both in 33.3%).
The prevalence of at least one risk was similar for women
and men, but increased significantly with increasing BMI
(obese: 78% vs. non-obese: 63%, p < .001), decreasing
BMD (normal BMD: 60.1% vs. osteopenia: 65.6% vs. osteoporosis: 69.6%, p = .039), with increasing fracture severity
(minor fractures: 61.2% vs. major fractures: 70.8% vs. hip
fractures: 78.7%, p < .001), and with increasing age (50–
59 years: 54.5% vs. 60–69 years 63.7% vs. 70–79 years
77.9% vs. 80 + years: 80.7%, p < .001) (Table 3). In multivariate analysis adjusted for age, gender, fracture type and
BMD status, age (OR (95% CI): 1.56 (1.18–3.18) per decade),
p < .001), major fracture (OR (95% CI): 1.43 (1.09–1.86),
p < .001), and hip fracture (OR (95% CI): 1.93 (1.18–3.18),
p = .009) (Table 4). Additional adjustment for BMI showed
that besides age and fracture severity, BMI (OR (95% CI):
1.08 (1.05–1.12), p < .001) was associated with at least one
risk (Supplemental Table S4).
As shown in Table 3, the proportion of patients with only
BRR as well as the proportion of patients with only FRR were
similar among gender, BMI, BMD, fracture, and age subgroups. In contrast, the proportion of patients with a combination of BRR and FRR was similar for women and men, but
significantly higher in obese compared to non-obese patients
(47 vs. 30%, p < .001), in patients with osteoporosis (40.2%)
compared to those with osteopenia (29.8%) and a normal
BMD (31.1%, p = .002), higher in patients with major fractures (40.3%) and hip fractures (40.7%) compared to minor
fractures (28.7%, p < .001), and increased significantly with
increasing age per decade (50–59 years: 23.1% vs. 60–
69 years: 30.7% vs. 70–79 years: 45.3% vs. 80 + years:
47.4%, p < .001) (Fig. 2). In multivariate analysis adjusted
for age, gender, fracture type, and BMD status, the combination of BRR and FRR was significantly associated with age
per decade (OR (95% CI): 1.47 (1.30–1.68), p < .001) and
major fracture (OR (95% CI): 1.58 (1.21–2.04), p = .001).
Additional adjustments for BMI showed that besides age
and fracture severity, BMI (OR (95% CI): 1.08 (1.05–1.12),
p < .001) was associated with at least one risk.
Polypharmacy
Polypharmacy was present in 23.2% of patients (Table 3). The
prevalence of polypharmacy was similar for women and men,
and all fracture locations, but was significantly higher in patients with osteoporosis compared to those with osteopenia,
and a normal BMD (28.9 vs. 22.0 vs. 17.8%, p = .002)
(Table 2), and increased with increasing BMI (obese 33.7%
vs. 20.5%, p < .001) and increasing age from 12.8% in

Osteoporos Int (2018) 29:397–407

b

P

P<.001

100%

100%

90%

90%

80%

80%

70%

70%

60%

None

50%

Only FRR

40%

BRR and FRR

30%

Only BRR

Patients (%)

Patients (%)

a

405

60%

None

50%

Only FRR

40%

BRR and FRR

30%

Only BRR

20%

20%

10%

10%

0%

0%
Minor Fracture

Major Fracture

Hip Fracture

50-59 years

60-69 years

70-79 years

80+ years

P<.001

c 100%
90%

Patients (%)

80%
70%
60%

None

50%

Only FRR

40%

BRR and FRR

30%

Only BRR

20%
10%
0%

Non-obese

Obese

Fig. 2 Proportion of patients with only bone-related fracture risks, only
fall-related fracture risks, a combination of both, and none according to
fracture type (a), age per decade (b), and obesity (c). The proportion of
patients with only BRR (± 20%) and the proprotion of patients with only

FRR (± 10%) remained constant; whereas, the proportion of patients with
a combination of BRR and FRR increased significantly with fracture
severity (p < .001), increasing age (p < .001), and obesity (p < .001).
BRR bone-related fracture risk, FRR fall-related fracture risk

patients aged 50–59 years to 42.1% in patients aged 80 + years
(p < .001). In multivariate analysis adjusted for age, gender,
fracture type, and BMD status, age (OR (95% CI) 1.06 (1.05–
1.08), p < .001) and major fracture (OR (95% CI) 1.65 (1.23–
2.21), p = .001) were associated with polypharmacy. After
additional adjustments for BMI, osteoporosis (OR (95% CI):
1.66 (1.07–2.58), p = .025) and BMI (OR (95% CI: 1.09
(1.05–1.13), p < .001) were also associated with
polypharmacy.

gender, age, BMI, BMD, and fracture type subgroups, whereas the proportion of patients having a combination of BRR
and FRR increased significantly with increasing age, BMI,
and severity of the fracture. These findings imply that comorbidities and medications associated with a bone- or fall-related
risk of fractures are often present in FLS patients and that
bone- and fall-related fracture risk often co-exist, especially
in patients at older age, higher BMI, and with more severe
fractures.
Several but not all fracture risk calculators include comorbidities and medications in their models. They are implemented separately in the QFracture risk calculator [29], indicating
that the risk for fractures increases with the number of mentioned comorbidities and medications. Apart from rheumatoid
arthritis and glucocorticoid use, other comorbidities and medications are included as a combined risk factor (secondary
osteoporosis, regardless of the number of comorbidities), not
taking into account the number and severity, in the fracture
risk assessment tool (FRAX) [30]. Comorbidities and medications are not included in the Garvan fracture risk calculator
[31, 32]. One study [33] investigated the number of comorbidities in relation to subsequent fracture risk and reported
hazard ratio of 2.0 for subsequent fracture over 7 years in
the presence of > 3 comorbidities, independent of the use of
glucocorticoids (hazard ratio 1.75). Therefore, documenting
the comorbidities and medications in patients attending the

Discussion
In this study, we systematically evaluated the comorbidities
and medications in patients aged 50 years or older with a
recent clinical vertebral or non-vertebral fracture visiting the
FLS. At least one chronic ICD-10 comorbidity was found in
more than 80% of patients and at least one medication was
used by almost 70% of patients. At least one BRR was present
in more than 50% of patients, at least one FRR in almost 50%,
and 65.6% of all FLS patients had at least one BRR and/or
FRR. At least one BRR as well as at least one FRR were
associated with older age, higher BMI, and more severe fracture (major, and for BRR, also hip fractures), but not with
gender or BMD. Interestingly, the proportion of patients only
having at least one BRR or at least one FRR was similar for
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FLS contributes to a more profound assessment of subsequent
fracture risk, but more prospective studies will be needed to
evaluate the additive or synergistic effects of multiple risk
factors on fracture risk.
This study provides a detailed overview of comorbidities
and medications in patients able and willing to visit the FLS,
but these findings may not be generalized to all other patients
with a recent fracture. In this study, 42% of all invited patients
with a recent fracture attended the FLS. From previous studies, we know that patients who were not willing or able to
have their fracture risk evaluated at the FLS were older and
more frequently had a hip fracture [34–37]. Consequently, in
the non-attenders, the proportion of patients with BRR and
FRR may be even higher.
In conclusion, comorbidities and medications associated
with an increased bone- or fall-related fracture risk are present
in two-thirds of patients attending the FLS after a recent fracture. Additionally, the proportion of patients only having at
least one BRR or at least one FRR was similar for gender, age,
BMI, BMD, and fracture type subgroups, whereas the proportion of patients having a combination of BRR and FRR increased significantly with increasing age, BMI, and severity of
the fracture. This indicates that systematic evaluation of these
factors is important for a more profound assessment of subsequent fracture risk in FLS care.
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