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Evidence Table 4. Risk assessment tools

Author, yr
Risk factors included
Risk score
Performance
Quality scorea

Fracture Outcomes

van Hemert
(1990)260
(%), BMI (kg/m2), height (cm), diameter of forearm (mm), diameter of knee (mm), age at menarche (years), age at menopause (years), smoking (cigarettes/day), number of children, period of lactation (months)
used to calculate individual risk scores; upper quintile of population considered high risk; N=1,014; 
9-year followup
specificity 84%

Osteoporotic fractures: 
sensitivity 48%, specificity 82%


Ranstam
(1996)261
Mental-functional risk score (points given if unable to perform): knowledge of the day of week (10 points), knowledge of age (6 points), ability to wash (3 points), ability to dress (3 points)
Subjects in MEDOS (2,810 cases; 4,664 controls) were found to have 4 functional predictors significantly associated with hip fracture; points were assigned that correspond to RR of fracture
Hip fracture: a less than perfect score had a sensitivity 46%, specificity 79%
Fair

Burger
(1999)262
Model with BMD: age (5 yrs), gender, height (per 5 cm), use of a walking aid, current smoking, BMD of femoral neck

Model without BMD: age (5 yrs), gender, height (per 5 cm), use of a walking aid, current smoking, weight
Subjects in the Rotterdam Study (N=5,208); risk factors determined at baseline, hip fractures counted 3.8 yrs later; risk points assigned from beta coefficients of models
Model with BMD:
ROC area 0.88 (CI 0.84–0.92);
sensitivity 70%, specificity 84%

Model without BMD:
ROC area 0.83 (CI 0.77–0.89);
sensitivity 70%, specificity 83%
Fair

Tromp
(1998)263
Recurrent falls: urinary incontinence, impaired mobility, use of analgesics, use of antiepileptic drugs

Fractures: female gender, living alone, past fractures, inactivity, height, use of analgesics
1,469 elderly community dwelling men and women followed for 38 months; predictors for falls and fractures obtained at baseline and found significant by regression
Probabilities of recurrent falls:
0 predictors = 4.7%
4 predictors = 59.2%

Probabilities of fractures:
0 predictors = 0%
6 predictors = 12.9%
Fair

Johnell
(1995)156
Late menarche, poor mental score, low BMI, low physical activity, low exposure to sunlight, and low consumption of calcium and tea
Case-control study (MEDOS) risk factors determined to be significant by regression were used to compute a score based on the log of the RR; highest 33% were classified as cases
For hip fracture:
sensitivity 55%, specificity 65%
Fair

Wolinsky
(1994)88
White race, female gender, living in southern U.S., age, having been hospitalized in the previous year, previous fall, body mass
Older adults in Longitudinal Study on Aging; risk factors significant by regression were introduced into a predictive model (N=368 with fracture)
Best model for hip fracture:
ROC .71; sensitivity 64.7%,
specificity 65.7%
Fair

Kleerekoper
(1989)264
Model 1: total months of lactation, family history of osteoporosis, years postmenopause, weight

Model 2: breastfed, surgical menopause, age at menarche, age, smoking status (e.g., current)
Women with vertebral fractures were compared to two different comparison groups without osteoporosis; best predictors used in models; N=663
Model 1: ROC area (SE)
0.55 (0.07); sensitivity 56%,
specificity 54%

Model 2: ROC area (SE)
0.51 (0.042); sensitivity 63%,
specificity 39%
Fair

Cooper
(1991)63
Variables from discriminant function resulting from backwards stepwise elimination: age (yrs), height (cm), broken bone in back after age 45, age of last menstrual period (yrs), number of children, ever used oral corticosteroids
1,012 women were evaluated for vertebral fractures and risk factors; cases compared with controls; scores assigned from standardized coefficients of models using discriminant analysis
Vertebral fractures:
sensitivity 51%, specificity 69%
Fair

Bone Density Outcomes

Falch
(1992)265
Low body weight, reduced renal phosphate reabsorption, smoking
Significant predictors of bone loss were identified from a 10-year study of 73 Norwegian women; an index was developed and validated using data from a 10-year study of 86 Dutch women
Bone loss:
sensitivity 36%, specificity 89%,
PPV 74%
Poor
(small
sample)

Verhaar
(1998)266
Arm span-height difference of at least 3 cm (criteria used in the Netherlands for suspecting osteoporosis)

Arm span-height difference, age above or below 70, and whether arm span was below or above 160 cm
Criteria tested in a group of 36 women with established osteoporosis and 25 without
Arm span only: 
sensitivity 58%, specificity 56%

Arm span, age, arm span length: sensitivity 81%, specificity 64%
Poor
(small
sample)

Elliot 
(1993)267
Spine BMD: age, weight, smoking status, age at menarche

Femoral neck BMD: age, weight, family history, activity, smoking status
Significant predictors of spine and femoral neck BMD were identified from 320 women; an equation for predicting BMD was developed and validated on 107 other women
Lumbar spine BMD:
sensitivity 86%, specificity 32%

Femoral neck BMD:
sensitivity 89%, specificity 25%
Fair

Michaelsson
(1996)83
Weight >70kg
Risk factors were evaluated in a cross-sectional study (N=175); weight was the strongest body measure to consider for screening purposes
BMD<2.5 SD for femoral neck:
sensitivity 94%, specificity 36%,
PPV 21%,
NPV 97%
Fair

Ballard
(1998)268
Referral criteria: osteoporotic from radiologic and clinical findings, medical condition predisposing to osteoporosis, on oral corticosteroids, menopause <45 years old, positive family history in first degree relative

Regression model: age, age at menopause, height, weight, gravidity, parity, current use of steroids, current HRT
1,158 women were assessed for risk factors and BMD; compared performance of regression generated risk with UK clinical referral criteria
Osteoporosis by BMD of femoral neck and/or spine-regression model:
ROC area
0.73 (SD=0.0198)

Referral criteria:
sensitivity 58%, specificity 60% (below ROC) 
Fair

Ribot
(1992)269
Weight, menopause, duration of menopause
Cross-sectional study of 1,565 women from menopause clinic, risk factors significant in multiple regression were added to model
Vertebral BMD 2 SD below normal young adult value:
correct classification of 73% with low BMD, 66% of those with normal BMD
Fair

Slemenda
(1990)270
Age, height, weight, calcium intake, caffeine intake, alcohol and tobacco use, urinary markers of bone turnover
124 perimenopausal women, those with low bone mass were compared to those without; scores assigned according to strength of predictors in general linear models
Correct classification of midshaft radius BMD:
68% low BMD, 77% high BMD

Lumbar spine BMD:
61% low BMD, 45% high BMD

Femoral neck BMD:
66% low BMD, 53% high BMD
Poor
(small
sample)

Lydick
(1998)271
Age (3 times first digit in age), weight (-1 times weight divided by 10 and truncated to integer), race (5 points if not black), estrogen (1 if never received estrogen therapy), rheumatoid arthritis (4 if has), history of fractures (4 for each type of nontraumatic fracture after age 45 with maximum score of 12); total points is SCORE; threshold of 6 used in study
1,279 peri- and postmenopausal women from community were asked about risk factors and provided with BMD; scores were assigned according to coefficients in the model relative to the coefficient for weight; model then tested in a validation group (n=259)
Femoral neck BMD:
sensitivity 89%, specificity 50%
ROC area 0.81

Performance in validation group:
sensitivity 91%, specificity 40%
Good

Goemaere
(1999)272
18-item questionnaire on risk factors for osteoporosis (race, height loss, age [50–70; >70], weight [55–60 kg; <55 kg], smoking, coffee, alcohol, dairy products, activity, family history, existence of comorbidities, history of wrist fracture, menopause before 45 years, corticosteroid use)
300 postmenopausal women seeking general medical care; points summed for positive answers to obtain score; regression used to determine strength of associations with BMD
Lumbar spine BMD:
ROC area 0.66

Femoral neck BMD:
ROC area 0.69

Hip BMD:
ROC area 0.76
Fair

aQuality criteria described in Methods and Appendix
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