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Abstract. Recent studies reported an association
between apolipoprotein E (ApoE) 4 and osteoporosis.
We examined the association of ApoE 4 genotype with
bone mineral density (BMD), bone loss and fracture risk
in 596 men and 332 community-dwelling women aged
45–95 years. Women were postmenopausal and not
using estrogen. At the baseline visit, BMD was measured
at the ultradistal and midshaft radius using single photon
densitometry, and at the hip and lumbar spine using
dual-energy X-ray absorptiometry. Hip and lumbar spine
BMD levels were remeasured 4 years later. Self-reported
fractures were confirmed by radiology reports in 95% of
cases. ApoE allele distribution did not vary by age; 25%
of men and 20% of women had one ApoE 4 allele. There
were no differences in BMD at the lumbar spine, total
hip, ultradistal or midshaft radius in men or women with
the ApoE 4 allele compared with men or women without
the ApoE 4 allele. After an average 4 year interval, there
were also no differences in the annualized percent
change in BMD at the hip or lumbar spine in men or
women with or without an ApoE 4 allele. One or more
clinical fractures were reported by 55 men and 109
women. Fewer, not more, clinical fractures were
reported in men and women with an ApoE 4 allele;
these differences were not statistically significant (p =
0.21 and p = 0.62, respectively). These data do not
support the hypotheses that there is an association
between ApoE genotype and BMD, bone loss or
osteoporotic fractures in older community-dwelling
men or women.
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Introduction

The allelic variation of the apolipoprotein E (ApoE)
gene located on chromosome 19 has attracted attention
with regard to its association with Alzheimer’s disease
(AD) [1], lipid disorders [2] and cardiovascular disease
[3]. Recently, three separate reports have described
associations of ApoE 4 allele with low bone mineral
density (BMD) [4], or increased fracture risk [5,6].
However, these results were not confirmed in three other
studies [7–9].

We examined the association of ApoE with BMD,
bone loss and osteoporotic fracture risk in 928 older
community-dwelling Caucasian men and women from
the Rancho Bernardo cohort. All protocols were
approved by the Institutional Review Board and all
participants gave written informed consent.

Materials and Methods

Between February 1988 and February 1992, all surviving
members of the Rancho Bernardo Heart and Chronic
Disease Study were invited to participate in a study of
osteoporosis. This report is based on 596 men and 332
postmenopausal women who were not using hormone
replacement therapy (HRT), were aged 45–95 years, and
who had ApoE genotyping and measurement of BMD at
the ultradistal wrist, midshaft radius, hip and lumbar
spine at this (1988–92) visit. Five hundred and thirteen
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women were excluded because of HRT use. Between
1992 and 1995, 359 men and 228 women returned to the
clinic for a second BMD measurement at the lumbar
spine and hip. The average interval between visits was 4
years (range 1.3–6.1 years).

Participants completed standardized questionnaires
about medical history including fractures, menopause
history, health behaviors (cigarette smoking, alcohol
consumption, physical activity), and use of dietary
supplements and medications. Non-vehicular fractures
occurring after age 45 years at any site were classified as
osteoporotic. Ninety-five percent of self-reported frac-
tures at the spine, hip, wrist, forearm and clavicle were
confirmed by radiology reports.

Height and weight were measured with participants
wearing light clothing and no shoes. Body mass index
(BMI; kg/m2) was calculated. BMD was measured at the
ultradistal radius and midshaft radius of the nondominant
arm using single photon absorptiometry (Lunar model
SP2B: Lunar, Madison, WI), and at the hip and lumbar
spine using dual-energy X-ray absorptiometry (Hologic
QDR model 1000; Hologic, Bedford, MA). Total hip
BMD included the greater trochanter, femoral neck and
intertrochanter area. Lumbar spine BMD was the mean
of lumbar vertebrae 1–4. Bone densitometers were
calibrated daily using a phantom or calibration standard,
with measurements maintained within the manufac-
turers’ precision standards of 41.0% for the spine,
41.5% for the total hip, 7.0% for the ultradistal radius
and 5.0% for the midshaft radius.

The ApoE genotyping method and polymorphism
have been reported elsewhere [10]. Briefly, genomic
DNA was extracted by Sequana Therapeutics (La Jolla,
CA) using standard techniques (PUREGENE) from
whole blood samples collected and frozen at the 1988–
92 clinic visit. ApoE genotype was determined by gel
electrophoresis following polymerase chain reaction
amplification around the diagnostic polymorphic sites
and was in Hardy–Weinberg equilibrium.

Data Analyses

Analysis of covariance was used to calculate sex- and
site-specific mean BMD levels and mean annual percent
change in BMD stratified by ApoE genotype. Analyses
were adjusted for the potential confounding effect of
age, BMI and current use of thyroid hormone. Further
adjustments for other baseline covariates unrelated to
ApoE genotype (use of calcium supplements, thiazides,
smoking history, regular exercise, or years since
menopause in women) did not change any of the results
and were not included in the final models. Chi-square
statistics were used to compare number of osteoporotic
fractures by ApoE 4 allele status stratified by the
median age. Logistic regression was used to assess
the contribution of ApoE genotypes to osteoporotic
fractures, adjusting for age, BMI, smoking history,
regular exercise, calcium supplements, thyroid hormone,
thiazides and type of menopause. All statistical tests

were two-tailed, with statistical significance defined as
p50.05. SPSS (SPSS; SPSS base 7 for Windows user’s
guide) was used for all analyses.

Results

A total of 596 men and 332 women without current or
recent estrogen use (mean age 73 years for men and 74
years for women; range 45–95 years) had BMD
measured and ApoE genotyping in 1988–92. As shown
in Table 1, ApoE allele distribution was similar in men
and women (p = 0.2). ApoE3 was the most common
allele; two-thirds of men and women were homozygous
for ApoE3 allele, approximately 1 in 10 had ApoE 4 and
1 in 12 had ApoE2; no one was homozygous for E2 or
E4.

Because the E4 allele was associated with osteoporo-
sis in previous studies [4–6], participants were stratified
by the presence or absence of ApoE 4 allele. The
frequency of ApoE 4 carriers did not vary by age among
men or women (p50.58). In men, risk factors for
osteoporosis did not vary by ApoE 4 status; women with
the ApoE 4 allele were more likely to be current thyroid
hormone users (p = 0.03) than women with no ApoE 4
allele.

As shown in Table 2, baseline BMD levels adjusted
for age, BMI and thyroid hormone use were similar for
men and women with an ApoE 4 allele versus those
without ApoE 4. After 4 years, men lost nearly 0.5% of
bone per year at the total hip while women lost nearly
1% per year. Men showed a small increase in BMD at
the lumbar spine, while women lost 0.2% per year. There
were no significant differences in the annualized percent
bone change at the spine or hip by ApoE status in men or
women. When analyses were stratified by age group
(median split), no significant differences in baseline
BMD or BMD changes by ApoE 4 status were found in
men or women.

Fifty-five men and 241 women reported one or more
clinical fractures at the spine, hip, wrist, arm or clavicle.
As shown in Fig. 1, both men and women with an ApoE
4 allele were less likely to have one or more clinical
fractures compared with those with no ApoE 4 allele;
these differences were not statistically significant. In the
adjusted model, the odds ratio for an osteoporotic
fracture in men with the ApoE 4 allele was 1.61 (CI =
0.78–3.31) and for women it was 1.21 (CI = 0.65–2.23).
Similar patterns were observed after stratification by

Table 1. ApoE allele and phenotype prevalence by sex (Rancho
Bernardo Study, CA, 1989–92)

Men (n = 596) Women (n =332)

Apo E allele n % n %

E2 96 8.0 59 9.2
E3 946 79.4 539 83.4
E4 150 12.6 66 10.2
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median age, or by major fracture sites (spine, hip, wrist
and forearm) (data not shown).

Discussion

In these older ambulatory, community-dwelling men and
women, the ApoE 4 genotype was not associated with
low BMD, bone loss or fracture risk.
These results contradict three previous studies. In a

cross-sectional survey of 284 postmenopausal Japanese
women, the ApoE 4 allele was significantly associated
with low BMD at the lumbar spine [4]. The distribution
of ApoE alleles and lumbar spine BMD was similar in
the Japanese cohort to the distribution observed in
Rancho Bernardo women, and the average age of the
Japanese women (64 years) was similar to the mean age
of the 143 younger Rancho Bernardo women (65 years).
The differences may reflect the higher calcium and
vitamin D intake in Rancho Bernardo women compared
with Asian women, who tend to have a low calcium
intake [11,12], if the ApoE association with low BMD is
dependent on calcium and vitamin D exposure [13].

In the Study of Osteoporotic Fractures (SOF) [7],
Caucasian women had an increased risk of hip fracture
(relative hazard (RH) = 1.90; 1.05–3.41) and wrist
fracture (RH = 1.67; 1.01–2.77) associated with ApoE 4
genotype. However, the association of BMD loss with
ApoE 4 was not independent of body weight and weight
loss, and the effect of ApoE status on hip fracture was
dependent on the presence of three or more established
risk factors. Although the SOF women were the same
age and ethnicity as the Rancho Bernardo women, they
also may have had a lower vitamin D exposure, since the
study sites had fewer sunny days than Rancho Bernardo.

Finally, a clinical study of men and women on
hemodialysis reported significantly more bone fractures
in patients (mean age = 65 years) with the ApoE 4 allele
compared with patients with the ApoE2 allele [6]. The
authors suggest that this association may reflect, in part,
the abnormal vitamin D metabolism in patients with
renal failure in addition to the influence of ApoE
genotype on vitamin K levels in hemodialysis patients
[14]. Vitamin K mediates the carboxylation of bone
proteins [15] and deficiency has been associated with
bone loss [16].

The community-dwelling Rancho Bernardo women
live in a temperate climate with the highest average
annual days of sunlight of any major city in the United
States, which might counteract a harmful effect of ApoE
4. The importance of vitamin D and calcium in bone
metabolism is well established [17–19]; aging can halve
the skin’s ability to produce previtamin D3 [20] from
sunlight, and sun exposure is often reduced in the elderly
[21]. On the other hand, two cohorts from the North-
eastern United States, with seasonally low vitamin D
exposure, found no significant ApoE 4–BMD associa-
tion. The Framingham Study of 348 men and 590
women [7] found no association between ApoE

Table 2. Multiply adjusteda mean (95% CI) BMD levels and mean BMD change (%/year) by ApoE status in men and women without HRTb

(Rancho Bernardo Study, CA, 1988–92)

Men Women

No ApoE 4 allele ApoE 4 allele p No ApoE 4 allele ApoE 4 allele p

BMD (n = 446) (n = 150) (n = 266) (n = 66)

Ultradistal radius 0.338
(0.330, 0.347)

0.348
(0.333, 0.363)

0.26 0.208
(0.199, 0.216)

0.224
(0.207, 0.241)

0.09

Midshaft radius 0.773
(0.764, 0.781)

0.775
(0.760, 0.790)

0.82 0.562
(0.551, 0.572)

0.568
(0.547, 0.589)

0.59

Lumbar spine 1.062
(1.04, 1.08)

1.068
(1.04, 1.10)

0.75 0.843
(0.825, 0.861)

0.860
(0.824, 0.897)

0.39

Total hip 0.942
(0.929, 0.954)

0.941
(0.919, 0.963)

0.98 0.743
(0.730, 0.757)

0.756
(0.729, 0.783)

0.41

Bone change %/year (n = 270) (n = 89) (n = 183) (n = 45)

Lumbar spine 0.24
(0.09, 0.38)

0.06
(–0.18, 0.30)

0.22 –0.21
(–0.41, –0.01)

–0.24
(–0.72, 0.23)

0.85

Total hip –0.41
(–0.55, –0.27)

–0.54
(–0.79, –0.28)

0.39 –0.76
(–0.99, –0.52)

–0.87
(–1.38, –0.35)

0.69

aAdjusted for age, BMI and thyroid hormone.
bIncluded only women who never used HRT or used it for less than 3 years and stopped using it more than 5 years previously.

Fig. 1. Prevalence of osteoporotic fractures by ApoE 4 status, sex and
age group (Rancho Bernardo Study).
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genotype and BMD at the femoral neck, lumbar spine or
radius, or with hip fracture. A study of 899 older adults
from the Monongahela Valley [8] found those with the
ApoE 4 allele more likely to report a hip fracture than
those without ApoE 4 allele, but the difference was not
statistically significant. Finally, a study conducted
among 124 French postmenopausal women [9] also
found no association between ApoE 4 status and low
BMD or vertebral fractures.

It is unlikely that selective mortality or institutiona-
lization of persons with the ApoE 4 genotype explains
the absent association in Rancho Bernardo, because the
ApoE genotype distribution found is similar to that
reported in other older Caucasian populations [10], and
did not vary by age. Further, no association was
observed in the younger half of the cohort.

Because of the known effect of current and recent
estrogen use on BMD, which might have overwhelmed a
weak ApoE 4 effect, Rancho Bernardo women who were
current or recent users of estrogen were excluded from
this analysis. This could have biased our results if
estrogen was selectively prescribed for osteoporosis in
women with the ApoE 4 allele. This seems unlikely,
because the frequency of ApoE 4 allele among Rancho
Bernardo women was similar in nonusers versus current
plus recent users (data not shown) and there was no
interaction between estrogen use and BMD by ApoE
genotype.

In conclusion, no significant association was found
between the ApoE 4 allele and BMD, bone loss or
clinical fractures in this older community-dwelling
Caucasian population. If the ApoE 4 allele is a risk
factor for osteoporosis, it is not a universal finding.
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