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ABSTRACT
PURPOSE One in 4 Swedish women experiences a hip fracture, an event that has
high concomitant morbidity and mortality. We developed and validated a clinical
predictor of fracture and mortality risk, the Fracture and Mortality (FRAMO) Index.
METHODS This was a population-based prospective cohort study with a baseline
questionnaire and 2-year outcomes of hip fracture, fragility fracture, and death.
The questionnaire was sent to 1,498 women aged 70 years or older in 3 rural
populations, asking them about their age, weight, height, mobility, previous
fractures, smoking, medication use, and housing. Some women were also asked
about previous vertebral radiographs. We defined 2 risk models before outcome
data collection and subsequently renamed 1 model (age ≥80 years, weight <60
kg, previous fragility fracture, and the need to use arms to rise from the sitting
position) the FRAMO Index. We used logistic regression analysis to study the
association between the FRAMO Index and outcomes in all participants.
RESULTS The participation rate was 83% in this elderly female population (N =
1,248). The 63% of women with 0 to 1 risk factor had a 2-year hip fracture risk
of 0.8% and mortality risk of 3.2%. In contrast, women with 2 to 4 risk factors
had a 2-year hip fracture risk of 5.4% (odds ratio = 7.5; 95% confidence interval, 3.0-18.4) and mortality risk of 23.7% (odds ratio = 9.5; 95% confidence
interval, 6.0-14.9). These differences remained significant after adjustment for
age as a continuous variable. Mortality increased with the number of risk factors. The proportion of women reporting previous vertebral fractures was higher
among the group specifically questioned about vertebral radiographs (P <.001).
CONCLUSIONS The FRAMO Index identified the majority of women who experienced hip fractures during a 2-year follow-up, who might have been candidates
for intensified preventive measures. The FRAMO Index, based on 4 binary risk
factors, would be practical for routine use in primary care.
Ann Fam Med 2007;5:48-56. DOI: 10.1370/afm.602.
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ip fracture is an increasing problem worldwide.1 One in 4 Swedish women (23%) experiences a hip fracture during her lifetime,
an event that is associated with 20% mortality within 1 year.2,3
There are several methods for fracture prevention, although they are
underused in routine health care.
Combinations of low bone mineral density (BMD) with certain clinical risk factors are associated with an increased risk of hip fracture,4-8 but
low BMD alone is less predictive of fracture.4,9,10 Many individuals who
have an elevated risk of hip fracture might be identiﬁed by clinical risk
factors alone.4,5,11 Previously described risk factor models for hip fracture
are fairly complicated, requiring several weighted variables. Six clinical
risk factors (2 weighted) and BMD assessment predicted fractures in the
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Study of Osteoporotic Fractures (SOF), and this risk
factor combination was validated in another elderly
community-based female population, the European
Patent Information and Document Service (EPIDOS)
fracture study.5 That study found that the combination
had a sensitivity of 78.6% and speciﬁcity of 61.7% for
predicting hip fracture within 5 years. The Melton
Osteoporotic Fracture (MOF) study investigated 6
weighted clinical risk factors in an elderly female population in primary care and found that this combination
had a sensitivity of 84% and speciﬁcity of 68% for hip
fracture within 3 years.11
In this study, we selected 5 established clinical risk
factors for hip fracture that we expected would be easy
to ascertain and prevalent among elderly women.4,5,9,12-14
By combining only 4 of these factors and creating risk
indices, we aimed to facilitate risk factor assessment
during routine consultations. The goal of our study
was to develop and validate a practical tool for hip
fracture risk assessment and assess its ability to predict
fractures and total mortality.

METHODS
Study Population
Our study population was drawn from 1,498 women
aged 70 years or older living in 3 rural primary health
care districts in southern Sweden. They were recruited
from the National Swedish Population Register in
November 2001. We selected the entire female population in the Vislanda district (501 women) and a similar
number of age-matched women from each of 2 other
districts, Tingsryd and Emmaboda. The Regional Ethics Committee at the University of Lund approved the
study (LU 406-00).
Questionnaire Data and Follow-up
We sent the women a 22-item questionnaire focused
on risk factors for fracture, combined with brief advice
on fracture prevention. A relative or caregiver was
allowed to assist women in answering the questions,
most of which were multiple choice. Nonresponders
were reminded twice by mail within 2 months.
We tested 2 risk models (described further below).
The questions used for risk model 1 were age, weight,
need to use arms to rise from the sitting position, and
previous fragility fracture after age 40 (Table 1). These
risk factors and questions about falls during the last year,
maternal history of hip fracture, current height, and
health perception were similar to the questions in the
study by Cummings et al.4 Questions about previous
fracture, smoking, and use of cortisone medication were
used in the Scandinavian Scandos study.14 In a previous study among 73 women in the Vislanda district, the
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question about previous fragility fracture had a 3-year
reliability of 94% (17 of 18 responses agreeing).15 If the
location of a reported fragility fracture was uncertain,
we determined the location by using the primary care
system’s radiology data bank, which recorded fractures
since 1994 or 1999 in these 3 districts. We did not
search medical records for earlier radiology results.
We asked the Vislanda population additional
speciﬁc questions about previous vertebral fractures
(Table 1) and about their interest in follow-up. Follow-up consisted of a heel BMD measurement by the
dual x-ray and laser technique (DXL Calscan bone
densitometer, Demetech, Täby,Sweden),16 beginning
at the end of 2003, and home visits by nurses during
2003 and 2004. If women reported a vertebral fracture
diagnosed by radiograph, we classiﬁed the fracture as a
previous fragility fracture.
Risk Models and Ascertainment of Fractures
and Mortality
We tested 2 models for risk assessment. Risk model 1
included 4 predeﬁned factors: age 80 years or older,
weight less than 60 kg, previous fragility fracture,
and need to use arms to rise from the sitting position. Risk model 2 included the same risk factors,
except that need to use arms to rise was replaced by
falls during the last 12 months. For both models, we
compared women with at least 2 of 4 risk factors with
women with 0 or 1 risk factor. We tested each model
as a predictor of future hip fracture, fragility fracture,
and total mortality during a 2-year period, both in the
whole population and in subpopulations.
We deﬁned new fragility fractures as fractures
Table 1. Questions Used to Assess the
4 Risk Factors in Risk Model 1
Question
≥80 y

1

70-79 y

0

2. What is your current weight?
<60 kg

1

≥60 kg

0

3. Can you rise 5 times from a chair without using your
arms? (Try if you want.)
No, I must use my arms to rise
Yes

1
0

4. Have you broken any bones after the age of 40 y?
If so, which bone?
Have your vertebrae been x-rayed?*
Fracture of wrist/lower arm, upper arm, hip, or vertebrae, or vertebral compression seen on radiograph
No fracture, or fracture in some other location

1
0

* Specific question about vertebral radiographs posed only to women in the
Vislanda population.
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occurring in the hip, wrist, proximal humerus, pubic
Info 6.0 (Centers for Disease Control and Prevention,
bone, ischial bone, and vertebrae during 2002-2003.
Atlanta, Ga).
Vertebral fractures were classiﬁed as new if the radiograph report conﬁrmed vertebral compression in
RESULTS
women who had local pain. We thoroughly identiﬁed
all incident fractures using diagnosis registers from
Response Rate and Baseline Characteristics
the departments of orthopedics and geriatrics and
The response rate to the questionnaire was 83%. The
using radiograph reports. We used ICD-10 (International 250 nonrespondents (17%) were 3.4 years older than
Classiﬁcation of Diseases, 10th Revision) diagnostic codes,
the respondents (P <.001).
speciﬁcally codes S72.00-72.21, S52.50-51, S42.20-21,
The response rates for individual questions and
S32.50, S32.80, S22.00, and S32.00, for the Vislanda
the baseline characteristics of respondents are given in
and Tingsryd populations. Outpatient care registers
Table 2. The 1,248 women included in analyses ranged
were incomplete for the Emmaboda
population; therefore, we docuTable 2. Response Rates and Distributions for 19 Possible Risk
mented only hip fractures (ICD-10
Factors in the Questionnaire Completed by Women Aged ≥70 Years
codes S72.00-72.21) for this popuin 2001 (N = 1,248)
lation. We ascertained mortality in
Study
the study population by using data
Response
Population
from the National Swedish PopulaRate
No. or Mean
Characteristic
No. (%)
Value*
%†
tion Register.
Continuous risk factors

Statistical Analysis
We calculated odds ratios (ORs)
and hazard ratios (HRs) with
logistic and Cox regression analysis for variables with cell values
greater than 4. In the predeﬁned
risk models, women with missing
data were recoded as having a low
fracture risk to avoid overestimating the risks, while still evaluating
the remaining risk factors for all
participants. We used the Fisher
exact test or the χ2 test to compare
binary variables between 2 independent groups; variables with cell
values of less than 5 were analyzed
with the Fisher test only. We used
the t test or Wilcoxon test for continuous symmetric or skewed variables. Kaplan-Meier curves were
compared by the Breslow test. The
areas under the receiver operating
characteristic (ROC) curves were
calculated for the risk models as
binary or as predicted probabilities,
as one measure of risk model discrimination. We regarded 2-sided P
values of less than .05 to be signiﬁcant and used exact tests whenever
possible. We used the statistical
programs SPSS 13.0 (Statistical
Package for the Social Sciences;
SPSS Inc, Chicago, Ill) and Epi

Age, y

1,248 (100.0)

78.8 ± 6.5

–

Weight, kg

1,214 (97.2)

67.3 ± 11.8

–

Height, cm

1,213 (97.1)

161 ± 6.1

–

Dairy calcium intake, mg/d

1,208 (96.7)

628 ± 292

–

Predefined risk factors
Age, y
70-74

1,248 (100.0)

377

30.2

75-79

1,248 (100.0)

382

30.6

80-84

1,248 (100.0)

236

18.9

85-89

1,248 (100.0)

156

12.5

90-100

1,248 (100.0)

97

7.8
24.9

Weight <60 kg

1,214 (97.2)

302

Fragility fracture after age 40 y‡,§

1,205 (96.6)

398

33.0

Uses arms when rising 5 times from chair

1,210 (97.0)

362

29.9

Fell during last 12 mo

1,192 (95.4)

397

33.3

Any type of fracture after age 40 y§

1,210 (97.0)

486

40.2

Use of cortisone medication for >3 mo

1,158 (92.7)

149

12.9

Has never given birth

1,238 (99.1)

164

13.2

Lives in residential care (vs community)

1,231 (98.6)

123

10.0
15.1

Other possible risk factors

Height >167 cm

1,213 (97.1)

183

Dairy calcium intake <500 mg/d

1,208 (96.7)

377

31.2

Impaired vision, self-reported (vs good vision)

1,226 (98.2)

356

29.0
11.1

History of maternal hip fracture

1,108 (88.7)

123

Subjective health poor (vs excellent or fair)

1,224 (98.0)

120

9.8

Current smoking

1,231 (98.6)

53

4.3

Daily coffee intake ≥2 cups (vs 0-1 cup)

1,233 (98.7)

1,040

84.3

Menopausal age <45 y

1,072 (85.8)

128

11.9

No daily medication||

1,229 (98.4)

152

12.4

Any parent of non-Nordic origin
(vs Nordic)||

1,226 (98.2)

23

1.9

* Mean value is given as arithmetic mean ± SD.
† Estimated percentage for participants with valid data for that measure.
‡ Previous fragility fracture in hip, lower arm, upper arm, or vertebrae after age 40 years.
§ Only the Vislanda population was asked the additional question about vertebral radiographs.
|| This subgroup expected to have lower fracture risk.
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Table 3. Two-Year Hip Fracture Risk According to Clinical Risk Factors Among Women
Aged 70-100 Years in 2001 (N = 1,248)
Hip
Fracture
(n = 31)
No. (%)*

Characteristic

No Hip
Fracture
(n = 1,217)
No. (%)*

P
Exact†

Univariate‡
HR (95% CI)

Multivariate‡
4 Risk Factors
HR (95% CI)

Multivariate‡,§
11 Risk Factors
HR (95% CI)

Predefined risk factors
Age 80-100 y

19 (61)

470 (39)

.01||

2.7 (1.3-5.6)||

2.2 (0.99-4.7)

2.0 (0.9-4.7)

Weight <60 kg

15 (48)

287 (24)

.005||

3.1 (1.5-6.2)||

2.4 (1.2-5.0)||

2.6 (1.2-5.8)||

||

||

17 (55)

381 (32)

.01

2.5 (1.3-5.2)

2.3 (1.1-4.7)

2.6 (1.2-5.6)||

14 (47)

348 (30)

.07

2.3 (1.1-4.7)||

1.7 (0.8-3.6)

1.5 (0.6-3.7)

12 (41)

385 (33)

.42

1.5 (0.7-3.1)

—

19 (61)

468 (40)

.02||

2.4 (1.7-5.0)||

—

—

7 (26)

142 (13)

.07

2.4 (1.0-5.6)||

—

2.6 (1.1-6.3)||

Has never given birth

8 (26)

156 (13)

.054

2.4 (1.1-5.4)||

—

2.4 (1.0-5.6)

Lives in residential care (vs community)

7 (23)

116 (10)

.03||

3.3 (1.4-7.8)||

—

1.8 (0.6-5.0)

Height >167 cm

5 (17)

178 (15)

.80

1.1 (0.4-2.9)

—

1.2 (0.4-3.5)

Dairy calcium intake <500 mg/d

9 (31)

368 (31)

1.00

1.0 (0.5-2.2)

—

1.0 (0.4-2.2)

Impaired vision, self-reported
(vs good vision)
History of maternal hip fracture

8 (26)

348 (29)

.84

0.9 (0.4-2.0)

—

0.5 (0.2-1.3)

4 (15)

119 (11)

.52

—

—

—

1 (3)

119 (10)

.36

—

—

—

Fragility fracture after age 40 y

¶,#

Uses arms when rising 5 times from
chair
Fell during last 12 mo
Other possible risk factors
Any type of fracture after age 40 y#
Use of cortisone medication for >3 mo

Subjective health poor (vs excellent or
fair)
Current smoking

0 (0)

Daily coffee intake ≥2 cups (vs 0-1 cup)

28 (93)

||

53 (4)
1,010 (84)

1.0 (0.4-2.3)

.64

—

—

—

.21

—

—

—

Menopausal age <45 y

4 (18)

124 (12)

.32

—

—

—

No daily medication**

2 (6)

150 (12)

.42

—

—

—

Any parent of non-Nordic origin
(vs Nordic)**

2 (7)

21 (2)

.10

—

—

—

HR = hazard ratio; CI = confidence interval.
* Estimated percentage of participants with valid data for that measure.
† Exact P value according to the Fisher exact test, 2-sided.
‡ Cox regression analysis (for time alive before hip fracture) for participants with valid data and only for variables with cell values greater than 4.
§ The variable “any type of fracture” was excluded from multivariate analysis because it competed with and was highly correlated with “previous fragility fracture.”
|| P <.05
¶ Previous fragility fracture in the hip, lower arm, upper arm, or vertebrae after age 40 years.
# Reported vertebral fractures included from responses to the question about radiographs posed only to the Vislanda population.
** This subgroup had a lower fracture risk in previous studies.

in age from 70 to 100 years (mean, 78.8 years). Ten
percent lived in residential care.
Response rates for the 5 predeﬁned risk factors
included in the risk models averaged 97% (range, 95%100%). Only 3 risk factor questions had a response rate
of less than 95%.
One third (33%) of the study population reported
having falls during the last 12 months, and 40%
reported experiencing fractures after the age of 40.
Each of the 5 predeﬁned risk factors was found in 25%
to 39% of the participants.
Risk Factors for Hip Fracture
Thirty-one women experienced at least 1 hip fracture
during the study period, a cumulative annual incidence
of 1.2%. This incidence did not differ between the Vislanda and the remaining districts studied (P = .38).
ANNALS O F FAMILY MEDICINE
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Compared with women who did not experience hip
fractures, women who did were 4.2 years older (82.9 vs
78.7 years), weighed 6.8 kg less (60.7 vs 67.5 kg), and
had a higher mean number of previous fragility fractures
(0.84 vs 0.54 fractures) (P <.01 for each comparison).
In univariate Cox regression analysis, 4 of the
5 predeﬁned risk factors were associated with an
increased risk of hip fracture (Table 3). Of the remaining 14 risk factors, 4 were associated with an increased
hip fracture risk (any type of fracture, use of cortisone
medication, nulliparity, and living in residential care).
After adjustment for age as a continuous variable, the
factors still signiﬁcantly associated with the risk of
hip fracture were a low body weight (HR = 2.4; 95%
conﬁdence interval [CI], 1.2-5.0), previous fragility
fracture (HR = 2.2; 95% CI , 1.1-4.4), and any type of
fracture (HR = 2.1; 95% CI, 1.0-4.4).
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After multiple Cox regression analysis of the 4
predeﬁned risk factors that were signiﬁcant predictors
in univariate analysis, low body weight and previous
fragility fracture remained signiﬁcant predictors (Table
3). Use of cortisone medication was also a signiﬁcant
predictor when the multiple analysis was based on 11
risk factors.
The predeﬁned risk factors for hip fracture also
predicted all-cause mortality in this cohort (Table 4).
Four women (13%) died within 1 year after their hip
fracture. During 2003, the corresponding 1-year mortality for women who did not experience an incident
hip fracture was 6% (OR = 2.5; 95% CI, 0.7-7.7).
Assessment of Fracture and Mortality Risk
The total annual mortality rate was 5.4% in this study
population, and 134 women died during 2002-2003.

The associations between the 5 main risk factors
according to the 2 predeﬁned risk models and outcomes are shown in Table 4. Both models signiﬁcantly
predicted hip fracture, fragility fracture, and mortality for the whole population, but risk model 1 had
higher ORs (Table 4). In further analyses, we applied
risk model 1, renamed the Fracture and Mortality
(FRAMO) Index, to all 1,248 participants.
The FRAMO Index was strongly associated with
hip fracture, fragility fracture, and mortality risk
within 2 years, with ORs of 7.5, 6.7, and 9.5, respectively (Table 4 and Figure 1). All lower limits of the
95% CIs were 3.0 or higher for these 3 ORs.
Even when adjusted for age as a continuous variable in multivariate logistic regression analysis, the
FRAMO Index had an OR of 6.8 (95% CI, 2.4-19.5)
for hip fracture and an OR of 4.3 (95% CI, 2.5-7.4) for

Table 4. Hip Fracture, Fragility Fracture, or Death Within 2 Years, Predicted by 2 to 4 vs 0 to 1 Risk
Factors, According to Risk Model
Total Population
(N = 1,248)
Risk Model

Total
N

Events
n

No Events
n

NPV/
PPV (%)

Specificity/
Sensitivity (%)

Odds Ratio
(95% CI)

Vislanda
(n = 435)
P Exact

Tingsryd &
Emmaboda
(n = 418
& 395)
P Exact

<.001‡

<.001‡

.002§

<.001‡

<.001‡

.001§

<.001‡

<.001‡

<.001‡

<.001‡

.001§

.052

<.001‡

<.001‡

.04 #

<.001‡

<.001‡

<.001‡

P Exact

Risk model 1 (FRAMO Index): Age, weight, previous fragility fracture,*,† and using arms to rise
Hip fractures
0-1 risk factor

789

6

783

2-4 risk factors

459

25

434

99.2/5.4

64/81

98.4/10.0

66/78

96.8/24.0

67/81

1.0
7.5 (3.0-18.4)‡

Fragility fractures||,¶
0-1 risk factor

547

9

538

2-4 risk factors

306

31

275

1.0
6.7 (3.2-14.3)‡

Mortality
0-1 risk factor

789

25

764

2-4 risk factors

459

109

350

1.0
9.5 (6.0-14.9)‡

Risk model 2: Age, weight, previous fragility fracture,*,† and fall
Hip fractures
0-1 risk factor

775

9

766

2-4 risk factors

473

22

451

98.8/4.7

63/71

97.8/8.9

65/70

95.5/21.0

66/74

1.0
4.1 (1.9-9.1)‡

Fragility fractures||,¶
0-1 risk factor

537

12

525

2-4 risk factors

316

28

288

1.0
4.2 (2.1-8.5)‡

Mortality
0-1 risk factor

775

35

740

2-4 risk factors

473

99

374

1.0
5.6 (3.7-8.4)‡

NPV = negative predictive value; PPV = positive predictive value; CI = confidence interval; FRAMO = Fracture and Mortality.
Note: Hypothesis tested by the Fisher exact test. Risk model 1 (FRAMO Index): age ≥80 years, weight <60 kg, previous fragility fracture, and using arms when rising
at least 5 times from sitting position.*† Risk model 2: age ≥80 years, weight <60 kg, previous fragility fracture, and falls during the past 12 months. Women with
missing data were recoded as having a low fracture risk; therefore, data for all 1,248 women were included in the Fisher exact 2-sided test and the binary logistic
regression analysis.
* Previous fragility fractures: fractures in the hip, lower arm, upper arm, or vertebrae after age 40 years.
† Included reported vertebral fractures from responses to the radiograph question in the Vislanda population.
‡ P <.001.
§ P <.01.
|| Fragility fractures: fractures of the hip, distal radius, proximal humerus, pubic bone, ischial bone, or vertebrae during 2002-2003.
¶ Data for all types of fragility fractures were obtained only for the Vislanda and Tingsryd populations (n = 853).
# P <.05.
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23.7%. Mortality increased signiﬁcantly with the number of risk factors (Figure 2). The risk of hip fracture
during the 2-year study period for the 2 risk groups is
shown in Figure 3.
We deﬁned in advance the high-risk threshold values for age and weight in the FRAMO Index and its
application to create 2 risk groups (0-1 vs 2-4 risk factors). These levels proved appropriate, yielding an area
under the ROC curve of 0.72 (95% CI, 0.64-0.81) for
hip fracture and 0.75 (95% CI, 0.71-0.79)
for mortality when all 1,248 women
Figure 1. Two-year cumulative incidence of hip fracture,
were analyzed. When the 4 risk factors
fragility fracture, and total mortality, divided into tertiles
of women with 0, 1, or 2 to 4 risk factors.
were weighted (using continuous age
and the risk factors’ logistic regression
0 risk factors
1 risk factor
2-4 risk factors
coefﬁcients), the area under the curve for
25
hip fracture increased only slightly and
23.7
nonsigniﬁcantly, to 0.75 (P = .66). We
chose
the unweighted index because it is
20
so easily calculated.
Incidence, %

mortality. The crude FRAMO Index predicted 2-year
hip fracture risk with 81% sensitivity and 64% speciﬁcity. Its sensitivity and speciﬁcity for predicting mortality were 81% and 67%, respectively. For the low-risk
group (0 to 1 risk factor), which comprised 63% of
the whole study population, the absolute risks of any
hip fracture and of death were only 0.8% and 3.2%,
respectively (Figure 1). The corresponding risks for
the high-risk group (2 to 4 risk factors) were 5.4% and

15
10.1
10
5.4
5
2.0
0.8
0

0.7

Hip Fracture
N = 1,248
P = <.001

2.4

1.4

Fragility Fracture
N = 853
P = <.001

3.8

Mortality
N = 1,248
P = <.001

Note: Risk assessment with 0, 1, or 2 to 4 risk factors among age ≥80 years, weight <60 kg, previous fragility fracture, and using arms to rise. The proportions of women with 0, 1, and 2 to 4 risk
factors were 30%, 34%, and 37%, respectively.

Figure 2. Two-year cumulative incidence of hip fracture and
total mortality according to number of risk factors.
Mortality risk

Hip fracture risk

60

Reported Vertebral Fracture
The questionnaire given to all women
included multiple-choice questions
concerning different types of fractures
occurring after the age of 40. An additional question about previous vertebral
radiographs was sent only to the Vislanda
population. Fully 10.0% of women from
this district reported vertebral fractures,
compared with 4.3% of the women
from the other 2 districts (Tingsryd and
Emmaboda) combined (P <.001). When
the FRAMO Index was applied to the Vislanda population only, its sensitivity for
hip fracture was 92%. The index yielded
an area under the ROC curve of 0.78 for
hip fracture in this population, compared
with 0.68 in the remaining women, a nonsigniﬁcant difference (P = .20).

51.5

Incidence, %

50

DISCUSSION

40

33.3

30
20

15.4
9.1

10
0

5.7

0.8
0

4.1

3.8

2.4

0.7
1

2

3

4

Number of Risk Factors
Note: Hip fracture and total mortality for women with 0, 1, 2, 3, or 4 risk factors among age ≥80
years, weight <60 kg, previous fragility fracture, and using arms to rise. The proportions of women
in these groups were 30%, 34%, 22%, 12%, and 3%, respectively.
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Main Findings
We validated a very simple clinical risk
model in a representative cohort of
1,248 women aged 70 years or older in
3 Swedish primary care populations.
Eighty-three percent of this elderly
population, which included women in
residential care, responded to the questionnaire. The FRAMO Index consists
of only 4 simply worded questions
with yes/no answers, yet it predicts hip
fractures as well as more complex risk
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estimates somewhat, because hip fractures
become more common with age.
The observation period in this study
was only 2 years. Because the FRAMO
0.06
Index is simple and binary, with only yes/
N = 1,248
no responses possible, this index is easy
P = <.001
2-4 risk factors
0.05
= excluded
to repeat during regular consultation in
primary care, even without use of the written questionnaire. Age as a binary variable
0.04
may become less predictive during a longer
observation period.
0.03
The number of fragility fractures that
occurred during the study period was
slightly underestimated. Hip, arm, and pel0.02
vic fractures are usually detected by radiographs, but not all women experiencing
0-1 risk factor
0.01
vertebral fractures are evaluated and given
radiographic diagnoses.
0.00
This study was limited to white, rural,
Swedish female populations, nearly all of
0
0.5
1
1.5
2
whom (98%) had parents of Nordic origin.
Time Until First Hip Fracture During 2002-2003, y
Urban women, who have a higher fracture
risk, more often have a history of fracture
FRAMO = Fracture and Mortality.
and are less physically active.17,18 Because
Note: In these Kaplan-Meier curves, women were excluded after death or first hip fracture.
these factors might be reﬂected in the
index items of previous fragility fracture
scoring systems. We found that a majority of women
and using arms to rise, the index may also be suitable
(63%) had 0 or 1 risk factor, which was associated
for fracture prediction in urban populations.
with very low absolute risks of hip fracture and total
mortality within 2 years (0.8% and 3.2%, respectively). Further Studies
In contrast, the predicted hip fracture risk was more
This study needs to be replicated in larger, non-Scanthan 7-fold greater for the 37% of women with at
dinavian, urban populations and possibly among both
least 2 risk factors. Their risk for all types of fragility
sexes (with modiﬁed variables for men), to obtain more
fractures was also increased. The mortality risk was
precise fracture risk estimates. Also, the observation
period should be extended. BMD measurement may
more than 9-fold greater for women with the higher
improve the risk model, and the role of BMD in choosFRAMO Index score, and mortality increased steadily
ing strategies for fracture prevention can be more clearly
with the number of risk factors. After the FRAMO
Index was adjusted for age, the risk estimates were still
deﬁned. More information is needed to deﬁne different
signiﬁcant. Finally, we found that including a speciﬁc
preventive treatments for different levels of risk.
question about vertebral radiographs improved the
Comparison With Other Studies
reporting of previous vertebral fractures, which is an
The age-adjusted ORs we observed for low weight
important predictor of future fractures13 and improves
and any type of previous fracture were similar to those
the sensitivity of the index.
in earlier studies.5,10 Despite the use of only 4 clinical
Limitations
risk factors applied in a strict binary fashion in our
Although this study was small and few fractures
FRAMO Index, its sensitivity and speciﬁcity for 2-year
occurred, the lower limits of the 95% CIs for the ORs
hip fracture incidence were on par with those of previwere at least 3.0 for the FRAMO Index. Because the
ous studies with more complicated risk scoring.5,8,11
number of incident fractures was small, only 3 individSimilar risk factors have been used in other studies,
ual risk factors remained signiﬁcant predictors in uniin which scores for predicting the risk of hip fracture
variate analysis after adjustment for age. Although the
within 3, 4, or 5 years were created.4,5,11 In those studresponse rate was high, the 17% of women who were
ies, however, the variables of age or body weight were
nonrespondents were somewhat older than responweighted, and a history of any type of fracture after
dents. This pattern probably decreased the actual risk
age of 50 was used instead.
Cumulative Hazard

Figure 3. FRAMO Index 2-year cumulative hazard
for hip fracture.

ANNALS O F FAMILY MEDICINE

✦

WW W.A N N FA MME D.O R G

54

✦

VO L. 5, N O. 1

✦

JA N UA RY/FE BRUA RY 2007

P R ED I C T I N G H I P F R AC T U R E

The SOF5 and the EPIDOS fracture study5 used a 7item index. It included BMD as a signiﬁcant independent
predictor of the 5-year incidence of hip fracture. Inclusion
of BMD increased the positive predictive value of that
risk index slightly from 5.6% to 5.8%. The index was validated for use in community-based volunteers,5 in contrast
to our index, which was evaluated among women selected
from total population registers for primary care areas.
In the MOF study,11 the risk model used to predict
hip fracture within 3 years was more complex than our
FRAMO Index, and the participation rate (70%) was
lower than that in our study (83%).
Implications
Our very simple FRAMO Index was useful in identifying older women at high risk for hip fracture, fragility
fracture, and mortality. The high response rate to the
questionnaire may indicate a high level of interest in
fracture prevention among this elderly female population. Population-based fracture risk assessment, including women in residential care, may be feasible using
this method. This simple risk index might easily be
applied during an ordinary consultation in primary
care, even without the use of the written questionnaire.
Of the independent predictors of hip fracture, such
as impaired mobility, older age, previous fracture, or low
BMD,4-6 all but age are possibly modiﬁable risk factors.
We have included age as a risk indicator in the FRAMO
Index because fracture prevention may be most effective in older women.9 For example, bisphosphonates
have been used for fracture prevention among postmenopausal women with previous vertebral fracture and
osteoporosis.19,20 The absolute risk reduction for fracture increases with age (from age 55 years up to age 7585 years) with bisphosphonate therapy,9,21 which is more
cost-effective at age 77 years than at age 65 years.22
Data on the predictive value of the combination
of BMD with the FRAMO Index are not yet available.
A high FRAMO Index, like other clinical scores that
include age, low weight, and previous fragility fracture, may identify women with osteoporosis; therefore,
these 3 items have been used to select women for BMD
testing.12,23,24 BMD assessment may delimit an even
smaller group, at very high risk, who can derive more
beneﬁt from drugs to treat osteoporosis.4,5,21
Even more accurately, the FRAMO Index identiﬁes a majority of women aged 70 years or older with
minimal fracture or mortality risk who therefore have
less of a need for fracture prevention interventions. For
these women, BMD assessment may be unnecessary;
according to the ﬁndings of the study by Cummings
et al,4 women with few clinical risk factors are less
likely to experience hip fracture, even if they are in the
group with the lowest one third of BMD values.4
ANNALS O F FAMILY MEDICINE
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For postmenopausal women at all risk levels, clinicians should encourage basic lifestyle modiﬁcations
to prevent fractures, such as regular physical activity, smoking cessation, and good nutrition, including
adequate intakes of calcium and vitamin D.25-28 When
the FRAMO Index shows that a patient is at high risk
for fracture, several interventions may be valuable.
Physical training may improve the ability to rise from
sitting,29 and smoking cessation, walking outdoors,
and daily physical activity are recommended.25,26,30,31
Training improves muscle strength and mobility,
which may reduce the number of falls.29,32,33 Also,
a safer home environment and discontinuation of
unnecessary psychotropic medication could reduce
the tendency to fall.34-36 Hip protectors may prevent
hip fracture among elderly individuals in institutional
care.37 Clinicians should also consider pharmacologic treatment with calcium and vitamin D338-43 and
bisphosphonates.13,19,21,28,44,45
Because hip or spinal fracture itself increases the
risk of mortality,46 preventing fractures may prolong
life. Women with several risk factors who sustain hip
fractures probably also require longer rehabilitation and
have even shorter survival. This pattern might in turn
warrant more active fracture prevention in this group.
The FRAMO Index, validated in this study, might
be a practical fracture and survival assessment tool for
clinicians to use during routine consultations.
To read or post commentaries in response to this article, see it
online at http://www.annfammed.org/cgi/content/full/5/1/48.
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