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Evidence Table 2. Risk factors for low bone density: studies reporting multiple factors

Author/yr
Study design
Population
N
Mean age
Outcome

Smeets-Goevaers
(1998)441
Cross-sectional
White Dutch women born from 1941–47 living in Eindhoven, the Netherlands, were invited to participate in the study, 77% agreed to participate during 1995–95
6,262
50
DXA of the lumbar spine

Low BMD defined as T-score <1 SD

Kroger
(1994)442
Cross-sectional
Women age 47–56 years in Finland who responded to a postal recruitment during 1989
1,600
53.2
Single-photon absorptiometry scans

Low BMD defined as T-score <1 SD

Bauer
(1993)65
Cross-sectional
Community-dwelling, ambulatory nonblack U.S. women, age 65 years or older; data collected from 1986–88 (SOF)
9,704
71.1
Single-photon absorptiometry scans of distal radius, midradius, and calcaneus

Results report distal radius because all were correlated

Ribot
(1992)269
Cross-sectional
Peri- and postmenopausal women selected from women referred to menopause clinic in France
1,565
54
BMD at L2–L4 by dual photon absorp-tiometry

Low BMD defined as T-score <2

Blaauw
(1994)443
Case-control
Men and women with diagnosed osteoporosis based on DXA from a metabolic unit in South Africa matched by age and sex to controls without osteoporosis
39 cases

98 controls

(females)
61

60
DXA of lumbar spine and hip

Parra-Cabrera
(1996)444
Cross-sectional
Women in a private osteoporosis clinic in Mexico City age 26–83 years old
313
55.1
DXA of lumbar spine and hip

Shaw
(1993)445
Cross-sectional
Healthy volunteers including men and women age 15–83 years old living in Taiwan
404

266

(females)

DPA of lumbar spine

Low BMD defined as below 1 g/cm2

Orwoll
(1996)64
Cross-sectional
Community-dwelling, ambulatory nonblack U.S. women, age 65 years or older; data collected from 1986–88 (SOF)
7,963
73.8
DXA of lumbar spine and proximal femur

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

Smeets-Goevaers
(1998)441
Listed in next column
Multivariate logistic regression analysis: hormonal use, age, BMI, hysterectomy, menopausal status, age at menarche, pregnancies, smoking, drinking, and milk consumption before and after the age of 25 years
Age
BMI
Bilateral oophorectomy
Perimenopause
Menopause
Parity
Smoking
Current alcohol consumption
OddsRatio (CI)

1.13 (1.09–1.17)
1.13 (1.09–1.17)
2.25 (1.44–3.52)
1.72 (1.34–2.19)
4.91 (3.77–6.40)
0.95 (0.91–1.00)
1.25 (1.08–1.44)
0.71 (0.61–0.83)
Good

Kroger
(1994)442
Listed in next two columns
Multiple regression analysis included significant factors in next column as well as nulliparity, smoking, lifetime tobacco, coffee consumption
Significant correlations in multivariate analysis: age, weight, height, BMI, grip strength, and menopausal status.

Significant odds ratios include:

for femoral neck-
   low calcium intake (<520 mg/day) 
   low physical activity

for spine-
   high alcohol consumption (>6dl/day)
Odds Ratio (CI)


1.6 (1.2–2.2)
1.3 (1.0–1.8)

0.6 (0.3–1.0)
Good

Bauer
(1993)65
All variables in the next column as well as those not associated with BMD in univariate analysis: education level, N European ancestry, blond hair, ever breastfed, paternal fracture, hip fracture in mother or sister, total calcium intake, walking in past year, cigarettes smoked in lifetime, alcohol intake in lifetime, alcohol dr/wk, good health, history of hyperthyroid, use of progestins, estrogen cream, oral contraceptives, calcium supplements, TUMS, antacids, vitamin D, nonthiazide, diuretics, thyroid hormone, seizure med
Variables significant in univariate analysis examined in multivariate models including: age, weight, height, grip strength, waist-to-hip ratio, age at menopause, surgical menopause, parity, maternal fracture after age 50, NIDDM, gastric surgery, rheumatoid arthritis, calcium-food, calcium-milk age 18–50, current smoker, lifetime caffeine intake, lifetime activity, estrogen use >2 years, thiazide use >5 years, steroid use >1 year
Effect size >3% change in distal radius BMI per unit change in variable: weight (10 kg), grip strength (5 kg), gastric surgery, estrogen use >2 yrs, NIDDM, thiazide use > 5 years

Effect size 1–3%: age (5 years), age at menopause (5 years), height (10 cm), maternal fracture, current smoker

Effect size <1%: lifetime caffeine, current dietary calcium (400 mg/d)
N/A
Good

Ribot
(1992)269
Age, height, weight, age at menarche, use and duration of oral contraceptives, parity, breastfeeding and duration, menopause, family history osteoporosis, arthritis of the spine, Heberden’s nodes, immobilization, smoking status, pack-years, psychotropic drugs, thyroid supplements
Multiple stepwise logistic regression with predictors in previous column
Per 1 SD below mean of variable:
Age
Height
Weight
Age at menarche
Years since menopause
Menopause
Osteoarthritis
Odds Ratio (CI)


1.33 (1.1–1.6)
1.14 (1.0–1.3)
1.88 (1.6–2.2)
1.11 (1.0–1.3)
1.42 (1.2–1.7)
2.66 (1.6–4.4)
1.65 (1.1–2.4)
Fair

Blaauw
(1994)443
Significantly different factors:
low body mass, fair complexion, family history of osteoporosis, no breastfeeding, smoking, fat distribution around the waist
N/A
N/A
N/A
Poor
(small sample)

Parra-Cabrera
(1996)444
Listed in next column
Multiple regression models with backwards elimination included: age, BMI, exercise and sedentary indexes, parity, menopause, estrogen use, and smoking
Significant for spine BMD: age, BMI, exercise score, parity, estrogen use

Significant for femoral BMD: age, BMI, exercise score, estrogen use >1 year
N/A
Poor

Shaw
(1993)445
Age, education, BMI, smoking status, milk consumption, seaweed diet, exercise, diabetes, breastfeeding, years since menopause, frequency of pregnancy, menarche
Multiple logistic regression model included age, years since menopause, diabetes, seaweed diet, and gender
Age
>=6 years since menopause
Diabetes
BMI
Odds Ratio (CI)

1.04 (1.01–1.07)
4.93 (1.86–13.06)
5.37 (1.52–18.92)
0.85 (0.77–0.95)
Fair

Orwoll
(1996)64
Many variables tested, too long to list
Multivariable models tested associations of a long list of variables and spine and femoral BMD
Spine: age, weight, height, age at menopause, age at menarche, fracture in mother, arthritis, lifetime activity, alcoholic drinks, thiazide use, estrogen use, nonthiazide use 

Femoral neck: age, weight, height, quadriceps strength, age at menopause, fracture in mother, wrist fracture in sister, NIDDM, calcium, high activity, any thiazide use, current estrogen use
NA

provided % change in bone density per unit adjusted for multiple variables
Good

a Quality rating discussed in Methods and Appendix

BMI = Body Mass Index
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