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Evidence Table 1. Risk factors for hip fracture: studies reporting multiple factors

Author/yr
Study design
Population
N
Mean age
Outcome
Predictors studied

Cummings
(1995)54
Prospective
(ave. 4.1 years followup)
Community-dwelling U.S. white women age 65 and over without previous hip fractures (Study of Osteoporotic Fractures)
9,516
72
Hip fracture assessed
4-month intervals and validated by X-rays (n=192)
Significant predictors in multivariate models (next page)

Significant predictors in age-adjusted models only: current smoking, alcohol use, current thyroid therapy, functional-status score, fall in the previous year, gait speed, current weight

Not significant in age-adjusted models: hair color, North vs South European ancestry, maternal fracture other than hip, children breast-fed, natural menopause before age 45, bilateral oophorectomy, past smoking, calcium intake, osteoarthritis, cataracts, short-acting benzo, aluminum antacid, estrogen use, thiazide use, current height, Modified Mini-Mental State score, poor vision, orthostatic hypotension

Graafmans (1996)58
Prospective (median 3.5 years followup)
Non-nursing home elderly age 70 and older in Amsterdam
1,916

Hip fracture reported by subject’s practitioner based on X-rays
(n=93 for women; 149/1,000 person-yrs)
Age, gender, mobility, frequency of going outdoors



Results for women reported separately from men
74% female




Fujiwara (1997)72
Prospective
Subjects of Adult Health Study in Japan examined in 1978–80 and followed until 1992

Results for women reported separately from men
2,987
58.6 yrs at baseline
Hip fracture diagnosed by physician and validated by charts and X-rays (n=49)
Age, BMI, milk intake, alcohol use, age of menarche, number of children, vertebral fracture, self-rated health, marital status, food preference, tofu intake, fish, coffee, tea, smoking, exposure to atomic-bomb radiation, baseline diseases

Meyer (1993)77
Prospective (ave. followup 10.9 years)
Women who attended a cardiovascular screening during 1974–78 when age 35–49 were followed until 1990 for hip fracture
25,298

Hospital information about hip fractures identified cases (n=177; 5.23/10,000 person-yrs)
Variables on next page as well as menopause status

Wolinsky (1994)88
Prospective
Men and women respondents to the Longitudinal Study on Aging (LSOA) in the U.S.
7,527

Hip fracture between 1984–91 (n=368; 4.9%)
Kin social supports; perceived health status; walking up 10 steps; sitting for 2 hours; stooping, crouching, or kneeling; shaking hands; using fingers to grasp; ever had osteoporosis; ever had a stroke; ever had arthritis; and variables in regression model (next column)

Jacqmin- Gadda (1998)245
Prospective
(5-year followup)
Men and women >=65 years living in the community in SW France
3,216

57.90% female
74.8 years
Hip fracture requiring hospitalization and confirmed by physician; 5.2/1,000 person-yrs.
Age, sex, weight, height, tobacco consumption, current participation in sports, profession, visual and auditory impairment, medication use, fluoride content of water

Grisso (1991)89
Case-control
Women admitted with a first hip fracture to study hospitals in New York and Philadelphia
174 cases 
Median
80 years
Hip fracture during 1987–89 supported by hospital records
Included in model



Controls were matched by age and hospital and selected from general surgical or orthopedic surgical services during 1987–89 Information was obtained by interview
174 controls




Grisso (1994)71
Case-control
Black women admitted with a first hip fracture to study hospitals in New York and Philadelphia
144 cases

Hip fractures were confirmed by 1 of 30 study hospitals during 1987–98
BMI, estrogen therapy lasting >=1 year, years since last estrogen therapy, duration of estrogen therapy, alcohol consumed in the past year (drinks/wk), thiazide diuretic use, smoking (none, former, current; <1 pack/day; >=1 pack/day; use before or after menopause), nulliparity, presence of disease or disability, use of psychotropic drugs, number of chronic illnesses 



Controls were obtained from the community and matched by age and zip code or telephone exchange and from a hospital population matched by age and hospital

Information was collected by interviews
218 community controls

181 hospital controls












Cumming (1994)192
Case-control
Women 65 years or older living in Sydney, Australia during 1990–91
174 cases 

Hip fracture diagnosed by physician and identified by hospital admissions data during the study period
Smoking status; cigarettes per day; weight; height; BMI at ages 20, 50, and current age; alcohol; caffeine; dairy product use at age 20, 50, and current age; physical activity at different ages



Cases recruited from 12 hospitals, controls from area probability sampling method 27% required proxy respondents
137 controls




Kreiger (1982)438
Case-control
Women age 45–74 years, cases had hip hospital admission for hip fractures at four hospitals in Connecticut 1977–79; two control groups
98 cases

83 trauma controls

801 controls
not given
Hip fracture confirmed by X-ray
Demographic data, height, weight, menstrual reproductive history, estrogen use, comorbidities

Meyer (1995)167
Case-control
All noninstitutionalized persons 50 years or older living in catchment area of two hospitals in Oslo, Norway
246 cases
79.9
Hip fractures identified from hospital admission lists and verified by medical records during 1992–93
Triceps skinfold thickness, BMI, weight reduction in the previous year, height, number of meals/day, eating dinner every day, slices of bread/day, dietary vitamin D, vitamin D supplements, total vitamin D intake, calcium supplements, outdoor walking, climbing stairs, grip strength, history of fall in the previous year, dependent on gait support, previous fracture, diabetes, hospital admissions in previous 2 years, daylight exposure, length of education, current daily smoker, age at menopause, parity, hysterectomy, estrogen use



Cases were patients admitted for hip fracture during a 1-year period; controls were randomly selected from study population matched for age and sex
246 controls

78% females
79.8 females



Bean (1995)439
Case-control
Consecutive noninstitutionalized women with hip fracture admitted to a hospital in Nottingham, UK between 12/90 and 6/91.
50 cases
79.5
Hip fractures identified from hospital admissions and records
Weight, demispan, dominant handgrip, nondominant handgrip, CAPE score



Controls did not have previous hip fractures and were randomly selected from an earlier aging study and matched for age
50 controls
79.6



Elliot (1992)168
Case-control
Patients with hip fracture admitted to Christchurch Hospital, New Zealand, from 8/88 to 11/88 age 65 or over, without previous fracture, community dwelling, without dementia
36 cases (78% female)
79.1
Hip fractures identified from hospital admissions and records
Height, weight, BMI, total number of medications, blood pressure, number of previous fractures, number of falls, mobility index, handgrip strength, midthigh circumference



Controls were from a community study of the elderly; 2 age and sex-matched per case
72 controls (76% female)
78.4



Johnell
Case-control
Women 50 years or older from Portugal, Spain, France, Italy, Greece, Turkey (MEDOS study) over a 1-year period 
2,086 cases

Hip fracture cases obtained by surveillance of hospitals
Breastfeeding; parity; menarche <12 years; menopause >44; tea, coffee, alcohol, and milk use; smoking; sunlight exposure; recreational physical activity; nonsedentary job; BMI >25 kg/m2; dementia; imperfect mental score



Controls selected from neighborhood or population registries
3,532 controls




Suzuki (1997)73
Case-control
Hip fractures in men and women age 65–89 years old in Japan admitted to study hospitals for fracture
249 cases
79
Hip fracture diagnosed by hospital admissions data
Urban/rural location, activity level of work, BMI, sleep disturbance, stroke with hemiplegia, diabetes, coffee use, alcohol use, milk intake, fish intake, sun exposure, exercise in adulthood, immobilization, green tea use, able to bathe self, type of bed (Japanese vs western)



Controls were selected from the same community as cases and matched by ethnicity, sex, age, and residential area
498 controls

83% female
78.3



Ribot (1993)121
Case-control
Cases: Residents of Toulouse, France, >=50 years old with hip fractures not related to secondary pathology
419 cases
80
Hip fracture determined by hospital evaluation
56 demographic and health variables



Controls: 2 per case matched by sex and age from the community (MEDOS study)
915 controls

80.8% female




Turner (1998)440
Cross-sectional
Women age 50 and over interviewed in NHANES III who lived in the southern region of the U.S. 
953
68.8
Hip fracture by self- report
Age, race, maternal history of osteoporosis or hip fracture, BMI, physical activity, smoking status, alcohol use, dairy product intake

Author/yr
Statistical models
Significant predictors in multivariate 
RR or OR
Qualitya

Cummings
(1995)54
Multivariable models based on proportional-hazards analysis with backwards stepwise elimination model tested with and without adding history of fracture and calcaneal bone density

Use of anticonvulsant drugs becomes nonsignificant when using full model*
Age (per 5 years)
History of maternal hip fracture
Increase in weight since age 25 (per 20%)
Height at age 25 (per 6 cm)
Self-rated health (per 1-point decrease)
Previous hyperthyroidism
Current use of long-acting benzo
Current use of anticonvulsant drugs
Current caffeine intake (per 190 mg/day)
Walking for exercise
On feet <=4 hrs/day
Inability to rise from a chair
Lowest quartile for distant depth percept
Low-freq contrast sens (per 1 SD decr)
Resting pulse rate >80 beats/min.
Any fracture since age 50
Calcaneal BMD (per 1 SD decrease)
Relative Risk (CI)

1.4 (1.2–1.6)
1.8 (1.2–2.7)
0.8 (0.6–0.9)
1.3 (1.1–1.5)
1.6 (1.2–2.1)
1.7 (1.2–2.5)
1.6 (1.1–2.4)
2.0 (0.8–4.9)*
1.2 (1.0–1.5)
0.7 (0.5–1.0)
1.7 (1.2–2.4)
1.7 (1.1–2.7)
1.4 (1.0–1.5)
1.2 (1.0–1.5)
1.7 (1.2–2.4)
1.5 (1.1–2.0)
1.6 (1.3–1.9)
Good

Graafmans (1996)58
Multivariable models based on proportional-hazards analysis with backwards stepwise elimination (p<0.01)

All variables in next column were included in adjusted models
Age (per 5 years)
   70–75
   >75–80
   >80–85
   >85

Female gender
Mobility: 
   2 (moderately impaired)
   1 (severely impaired)

Outdoor score: 
   3 (>=3 times/weekly)
   2 (1 or 2 times/week)
   1 (<1 time/week)

Residence: 
Relative Risk (CI)


1.0
1.9 (0.8–4.7)
3.5 (1.5–8.2)
5.3 (2.2–12.8)



1.9 (1.0–3.4)
1.8 (1.1–2.8)


1.7 (0.9–3.5)
1.0
1.0 (0.6–1.7)

0.5 (0.3–0.9)
Good

Fujiwara (1997)72
Mulivariable models based on Poisson regression included variables age, BMI, milk intake, alcohol intake, age at menarche, parity, vertebral fracture
Age (per 5 years)
Low BMI (kg/m2)
Regular alcohol use
Vertebral fracture
5 or more children
Relative Risk (CI)

1.7 (1.4–2.0)
1.1 (1.0–1.2)
1.4 (1.3–4.4)
2.1 (1.0–4.1)
2.5 (1.1–6.7)
Good

Meyer (1993)77
Multivariate models based on Cox proportional hazard regression

Variables in model include age, height, BMI, diabetes, disability status, marital status, physical activity at work (not sedentary/sedentary), physical activity leisure (not sedentary/sedentary), cerebral stroke (yes/no), smoking status, number of cigarettes/day
Age (per 5 years)
Height (per 0.1 m)
BMI in kg/m2 (per 10)
Diabetes mellitus (yes/no)
Disability pension (yes/no)
Unmarried (vs others)
Relative Risk (CI)

1.94 (1.55–2.42)
1.58 (1.18–2.12)
0.58 (0.36–0.92)
9.17 (3.38–24.92)
3.79 (2.15–6.68)
2.16 (1.28–3.64)
Good

Wolinsky (1994)88
Multivariate models based on hierarchical logistic regression

Variables in model include rural residence, southern residence, age, female gender, white race, lives alone, non-kin social supports, hospitalized in year prior to baseline, visual problems, hearing problems, dizziness, walking 1/4 mile, standing for 2 hours, reaching over the head, carrying 25 pounds, ever had diabetes, fell in year prior to baseline, body mass, had a hip fracture prior to baseline
Age
Female gender
White race
Hospitalized in year prior to baseline
Fell in year prior to baseline
Body mass
Odds Ratios (p)

1.1 (0.0001)
2.0 (0.0001)
2.6 (0.002)
1.3 (0.05)
1.4 (0.007)
0.95 (0.0002)
Good

Jacqmin- Gadda (1998)245
Logistic regression analysis
Age over 85 years
Female sex
Daily alcohol consumption
Antidepressant use
Anxiolytic use
Fluoride level 0.11–0.25 mg/liter
Odds Ratios (CI)

9.9 (5.10–19.2)
1.93 (1.01–3.68)
5.41 (1.78–16.4)
2.53 (1.05–6.12)
2.25 (1.31–3.88)
2.43 (1.11–5.33)
Good

Grisso (1991)89
Conditional logistic regression models with the patient’s hospital as the conditional variable, and controlled for age, estrogen use, use of thiazide diuretics, smoking, number of chronic illnesses, moderate cognitive impairment, lower-extremity dysfunction, loss of distant vision, previous stroke, and BMI
Loss of distant vision

Previous stroke

BMI (kg/m2) in quintiles
   Lowest
   Second
   Third
   Fourth
   Highest
Odds Ratio (CI)

4.8 (1.4–16.2)

4.6 (1.5–13.5)


1.0
0.6 (0.3–1.2)
0.4 (0.2–0.9)
0.2 (0.1–0.4)
0.2 (0.1–0.5)
Good

Grisso (1994)71
Conditional logistic-regression models controlled for age, zip code, or telephone exchange, number of chronic diseases, BMI, estrogen therapy lasting >=1 year, alcohol consumed in the past year (drinks/wk), history of stroke, and use of ambulatory aids
BMI (kg/m2) in quintiles
   <=22.6
   22.7–24.4
   24.5–27.2
   27.3–31.5
   >=31.6

Estrogen therapy lasting >=1 year
   Women < 75 years old
   Women >75 years old

Alcohol consumed, past year (dr/wk)
   <=1
   2–6
   >=7

History of stroke (vs none)

Use of ambulatory aids (vs none)
Odds Ratio (CI)


13.5 (4.2–43.3)
4.2 (1.3–14.0)
3.5 (1.2–10.3)
1.5 (0.4–5.3)
1.0


0.1 (<0.1–0.5)
1.1 (0.2–6.3)


1.0
2.0 (0.8–5.0)
4.6 (1.5–14.1)

3.1 (1.2–8.1)

5.6 (2.7–11.5)
Good

Cumming (1994)192
Multivariable regression models, proxy responses not included

Variables in model include: age, sex, country of birth, current weight, smoking, current physical activity, psychotropic drugs, cognitive state, dairy consumption at age 20 and currently, physical activity at age 20, weight at 20
Weight at age 20 (trend p=0.001)
highest quintile

Weight at current age (trend p=0.03)
highest quintile
Odds Ratios (CI)

5.9 (1.7–20.1)


0.3 (0.1–0.9)
Fair

Kreiger (1982)438
Multivariable regression models including age, BMI, breastfeeding, oophorectomy, HRT use
BMI (kg/m2) (0.01 increase)
oophorectomy
HRT
0.4 (0.3–0.6)
1.9 (0.9–3.5)
0.5 (0.2–0.9)
Fair

Meyer (1995)167
Conditional logistic-regression models for matched pairs controlled for diabetes, current smoking, years of education, and triceps skinfold thickness
Triceps skinfold thickness (mm)
   <=12.7
   12.8–
   17.6–
   >23

BMI (kg/m2)
   <=20.2
   20.3–22.5
  <3 meals/day

Not eating dinner every day
<=2 slices/bread per day
<2.5 microgr/day vitamin D
No stair climbing
Grip strength <=14 kg
Fell >=3 times in previous year
>=2 hospital admissions/2 years
<15 min/day daylight exposure
<=7 years of education
Current daily smoker
Odds Ratio (CI)


9.54 (4.41–20.6)
4.31 (2.17–8.55)
2.90 (1.46–5.74)
1.00


5.86 (2.68–21.8)
2.81 (1.24 -6.35)
6.76 (2.61–17.5)

2.63 (1.39–4.97)
3.61 (1.82–7.17)
3.95 (1.67–9.32)
3.43 (1.58–7.42)
3.27 (1.54–6.97)
4.13 (1.68–10.1)
2.21 (1.03–4.76)
5.31 (2.06–13.6)
2.66 (1.45–4.89)
2.05 (1.17–3.58)
Good

Bean (1995)439
Stepwise multiple linear regression including variables demispan (hand to sternum length), CAPE score, dominant handgrip
Dominant handgrip
CAPE score
R2 (p-value)

0.35 (0.0001)
0.44 (0.0003)
Poor
(small
sample)

Elliot (1992)168
Logistic regression included all variables in previous column except BMD
Grip strength
Mobility
Falls
R2 (p-value)

0.14 (0.003)
0.24 (0.016)
0.37 (0.017)
Poor
(small
sample)

Johnell (1995)196
Multivariable models based on unconditional logistic regression

Variables in model included age, center, BMI, and all other significant predictors shown in column
Recreational physical activity (any)
Milk intake (highest 90%)
Mental score (perfect score)
BMI (>25 kg/m2)
Menarche (<12 years)
Menopause (>44 years)
Sunlight exposure (above median)
Tea consumption (any)
Relative Risk (CI)

0.85 (0.72–0.99)
0.71 (0.58–0.87)
0.58 ( 0.49–0.68)
0.45 (0.39–0.53)
0.76 (0.61–0.95)
0.88 (0.73–1.06)
0.86 (0.73–1.00)
0.71 (0.60–0.83)
Good

Suzuki (1997)73
Multivariable conditional logistic regression model includes variables significant in the first model listed in previous column
Lived in rural area in the past
   BMI 18.5–20.7 (compared to <=18.4)
   20.8–23.0
   23.1 or more

Sleep disturbance
Stroke with hemiplegia
3 or more cups of coffee/day
<27 g/day of alcohol
Eating fish 3–4 times per week
Use of western bed
Odds Ratios (CI)

2.7 (1.5–4.8)
0.4 (0.2–0.7)
0.5 (0.3–0.8)
0.2 (0.1–0.4)

2.6 (1.3–5.2)
3.7 (1.1–12.5)
3.6 (1.5–8.9)
0.5 (0.3–0.9)
0.6 (0.4–0.9)
2.0 (1.3–2.9)
Good

Ribot (1993)121
Multiple stepwise regression including 56 variables
Weight above 1 SD
Moderate alcohol intake
High calcium intake
Loss of autonomy
Height above 1 SD
Psychotropic drugs
Previous fractures
Mental deterioration
Odds Ratios (CI)

0.82 (0.71–0.94)
0.56 (0.3–0.75)
0.55 (0.3–0.75)
2.24 (1.27–3.93)
1.76 (1.4–2.22)
1.82 (1.56–2.45)
1.77 (1.17–2.7)
1.76 (1.02–3.02)
Good

Turner (1998)440
Multivariable models based on stepwise logistic regression
Black race
Hispanic race
Age >= 65 years
BMI (<20)
Odds Ratios (CI)

0.06 (0.01–0.24)
0.43 (0.19–1.0)
7.45 (2.95–18.8)
1.95 (1.16–3.29)
Fair

a Quality rating described in Methods and Appendix
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