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Objectives. This study examined the effect of birth cohort on incidence rates of hip
fracture among women and men in the Framingham Study. 

Methods. Age-specific incidence rates of first hip fracture were presented according
to tertile of year of birth for 5209 participants of the Framingham Study, a population-
based cohort followed since 1948. Sex-specific incidence rate ratios were calculated
by Cox regression to assess the relation between birth cohort and hip fracture inci-
dence.

Results. An increasing trend in hip fracture incidence rates was observed with year
of birth for women (trend, P=.05) and men (trend, P=.03). Relative to those born from
1887 to 1900 (incidence rate ratio [IRR]=1.0), age-specific incidence rates were great-
est in the most recent birth cohort, born from 1911 to 1921 (IRR=1.4 for women,
IRR=2.0 for men), and intermediate in those born from 1901 to 1910 (IRR=1.2 for
women, IRR=1.5 for men).

Conclusions. Results suggest risk of hip fracture is increasing for successive birth co-
horts. Projections that fail to account for the increase in rates associated with birth co-
hort underestimate the future public health impact of hip fracture in the United States.
(Am J Public Health. 2002;92:858–862)
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Hip fracture is an important public health
problem, affecting a large number of elderly
individuals and causing significant disability
and mortality in this population. Lifetime risk
of hip fracture is as high as 16% for White
women in the United States.1 As many as
250000 cases of hip fracture occur in the
United States each year,2 and hip fracture is
the fourth leading cause of hospitalization
among persons aged 85 years and older.3 Ap-
proximately 17% of hip fracture patients die
within 12 months,4,5 and about one half of
hip fracture patients who were relatively inde-
pendent before the fracture occurred never
regain the ability to function independently.6,7

The magnitude of the impact of hip frac-
ture on public health is likely to increase as
both the number and relative proportion of
elderly people in the population rise.8 Unless
measures are taken to reduce the risk for hip
fracture, the annual number is estimated to
increase to 512000 by 2040, when hip frac-
ture will account for $16 billion (in 1984 dol-
lars) in medical costs.9,10 It is important to
note, however, that these projections assume
stable age-specific rates of hip fracture. In
contrast, if rates are rising, the burden on our
society of disability, pain, mortality, and eco-
nomic cost caused by hip fracture will be
even greater than these predictions.11

The objective of this study was, first, to de-
termine age-specific hip fracture rates in the
Framingham Study, a population-based co-
hort followed for more than 50 years, and,
second, to describe the relation between birth
cohort and risk of hip fracture. Previous stud-
ies have not directly assessed the effect of
birth cohort on hip fracture incidence in the
United States. Since bone strength in old age
is a function of bone mass accretion during
the first 2 decades of life as well as bone loss
in middle and old age, analysis of hip fracture
risk according to birth cohort can help eluci-
date etiologic clues shared early in life.12,13

While birth cohort and calendar time period
are highly interrelated, trends can be missed
when reported by calendar time but can be-
come apparent if examined by birth cohort,
depending on the calendar time and ages of
the population under study.12,14,15 Moreover,
characterizing hip fracture rates by birth co-
hort can help to more accurately predict the
future fracture burden on public health.13

METHODS

Participants
The Framingham Study is a population-

based cohort established in 1948 in Framing-
ham, Mass. Methods of recruitment and data
collection have been described elsewhere.16

Briefly, participants received standardized
physical examinations and completed struc-
tured questionnaires administered by trained
interviewers every 2 years at study visits. Co-
hort members have been followed closely for
all major health events, and follow-up is com-
plete for 99%. Participants included 2875
women and 2334 men with a mean age of
44 years (range=28–62 years) at baseline. 

Hip Fracture Ascertainment
Hip fractures were ascertained by using

several overlapping sources. A comprehensive
review was conducted of fracture logs and of
hospitalization and death records obtained for
participants of the Framingham Heart Study
since the cohort was established in 1948. Hip
fractures were also assessed by interview at
each biennial study examination since 1983
(examination 18). For those participants not
attending an examination (owing to illness,
residence in a nursing home, or being out of
state), hip fracture was assessed by telephone
interview. Reported hip fractures were con-
firmed by a review of medical records and ra-
diographic and operative reports obtained
from hospitals, nursing homes, and home
health care services. 

Hip fracture was defined as a first-time
fracture of the proximal femur caused by
minimal trauma—that is, due to a fall from
standing height or less. 

Analysis
Age-specific incidence rates were calcu-

lated as the number of cases divided by the
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FIGURE 1—Age-specific incidence rates of hip fracture (per 1000 person-years): The
Framingham Study.

TABLE 1—Age-Specific Incidence Rates of Hip Fracture: The Framingham Study, 1948–1996

Women Men

Cases Incidence Rate Cases Incidence Rate
Age, y (n = 309) Person-Years (per 103 Person-Years) (n = 77) Person-Years (per 103 Person-Years)

<60 11 41 515 0.26 9 32 974 0.27

60–64 14 12 852 1.09 1 9579 0.10

65–69 22 11 931 1.84 6 8488 0.71

70–74 38 10 651 3.57 9 7063 1.27

75–79 61 7874 7.75 15 4678 3.20

80–84 68 4534 15.00 15 2278 6.58

85–89 59 2079 28.38 15 809 18.84

90–94 28 644 43.48 6 196 30.61

≥95 8 114 70.18 1 22 45.45

number of person-years at risk for 5-year age
groups. The number of person-years was de-
fined as the years contributed by each partici-
pant to each 5-year age group from baseline
enrollment to the first of the following events:
hip fracture, death, last contact, or closing
date for this study (December 31, 1995). 

Incidence rate ratios, 95% confidence in-
tervals, and tests for trend were calculated by
Cox regression, with age as the time scale.17

Birth cohort was categorized by tertile accord-
ing to the sex-specific distribution of year of
birth for the total number of women and men
in the study. Tertiles were chosen to maximize
the statistical stability of estimates given the
size of the study group. Analyses were con-
ducted for women and men separately.

RESULTS

A total of 309 hip fractures occurred
among women and 77 hip fractures occurred
among men (Table 1). Ninety-four percent of
cases (n=362) were confirmed by a review
of hospital records, including discharge sum-
maries, operative reports, and radiographic
reports. Hospital records were not available
for confirmation in 24 cases (6%); however,
detailed information on these cases was con-
sistently recorded by physician examiners as
part of the standardized medical history of
hospitalizations obtained at study examina-
tions. Mean age at fracture was 79 years and
77 years for women and men, respectively.
Average duration of study follow-up time was
39 person-years for women and 33 person-
years for men.

As expected, rates increased exponentially
with age for both sexes (Figure 1). The inci-
dence rate increased from 7.75 per 1000 per-
son-years among women aged 75 to 79 years
to 70.18 per 1000 person-years among
women aged 95 years and older. For men,
the incidence rate increased from 3.2 per
1000 person-years for ages 75 to 79 years to
45.45 per 1000 person-years for ages 95
years and older. Also as expected, risk of frac-
ture was greater among women than among
men; for each age group, incidence rates were
1.5 to 2.5 times greater among women than
men. 

Table 2 gives the distribution of hip frac-
tures among women and men according to
tertile of birth cohort, while age-specific rates

are shown in Figures 2 and 3. For each birth
cohort, the exponential relationship between
age and hip fracture risk was evident among
women and men. Moreover, rates increased
with tertile of birth cohort for both women
and men, with the highest rates found among
those born between 1911 and 1921, interme-
diate rates among those born between 1901
and 1910, and lowest rates among those born
by 1900.

Results from regression analysis are pre-
sented in Table 2. Compared with women
born by 1900, incidence was 1.2 times and
1.4 times greater among women born from
1901 to 1910 and from 1911 to 1921, respec-
tively. While 95% confidence intervals for
stratum-specific incidence rate ratios included
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FIGURE 2—Age-specific incidence rates of hip fracture (per 1000 person-years) for women,
by birth cohort.

FIGURE 3—Age-specific incidence rates of hip fracture (per 1000 person-years) for men,
by birth cohort.

TABLE 2—Incidence Rate Ratio (IRR) of Hip Fracture by Tertile of Birth Cohort: The
Framingham Study

Women Men

Birth Cohort Cases IRR 95% CI Cases IRR 95% CI

1887–1900 135 1.0 (Reference) 29 1.0 (Reference)

1901–1910 114 1.2 1.0, 1.5 28 1.5 0.8, 2.5

1911–1921 60 1.4 1.0, 1.9 20 2.0 1.1, 3.9

Test for trend P = .05 P = .03

Note. CI = confidence interval.

1.0, the test for trend bordered on statistical
significance (P=.05). The positive association
between birth cohort and age-specific inci-
dence rates was also seen for men (trend, P=
.03). Compared with the earliest birth cohort
(1887–1900), risk of fracture was 50%
greater for men born from 1901 to 1910 and
twice as great for men born in the latest birth
cohort (1911–1921). 

While the magnitude of the effect of birth
cohort appeared greater among men than
among women, the test for interaction be-
tween birth cohort and sex on risk of fracture
was not significant (P=.74). 

Analyses were repeated that included only
those participants who survived to age 84
years, so that the duration of follow-up time
was similar for the 3 birth cohorts. Results
did not differ from the findings for the total
study group. 

DISCUSSION

Results from this study suggest the pres-
ence of a birth cohort effect on age-specific
incidence rates of hip fracture. Risk of hip
fracture increased with year of birth for both
women and men. These results are consistent
with studies conducted in England18 and Fin-
land19 that reported increasing risk of hip
fracture in successive birth cohorts of women
and men. 

Birth cohort analyses of hip fracture rates
in the United States have not been previously
reported. Findings from this study, however,
are consistent with secular trends observed in
Rochester, Minn, where age-specific incidence
rates increased from 1928 to 1982 for
women aged 75 years and older and for men
aged 65 years and older.20 Rodriguez et al.21

also found increasing age-specific hospitaliza-
tion rates for hip fracture in the United States
among both women and men from 1970 to
1983. Increases in age-specific rates among
women and men have been observed, in gen-
eral, from the 1970s to the 1980s and 1990s
in England and Wales,22 East Germany,23

Finland,19 Sweden,24 and Norway.25

Some have suggested that hip fracture rates
among women and men have been stabilizing
or leveling off in recent years in the United
States and Europe,20,22,24 and predictions
have been made assuming stable age-specific
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hip fracture rates in the United States.9 The
current findings do not support the suggestion
that US rates are reaching a plateau. More-
over, projections failing to account for poten-
tial birth cohort effects will seriously underes-
timate the future public health impact of
fracture in the United States.11

This study has several potential limitations.
The positive relationship between birth co-
hort and hip fracture rates observed in this
study may be due to changes in case ascer-
tainment over the follow-up period. This is
unlikely since all hospitalizations, death rec-
ords, and fracture logs have been compre-
hensively reviewed for Framingham partici-
pants since enrollment. In addition, results
were unchanged when analyses were re-
peated that restricted participants to those
who survived to examination 18 (1983),
when individuals were directly queried re-
garding fracture history. Further, rates re-
ported by this and other studies of hip frac-
ture ascertained through examination 18 in
Framingham26–29 closely approximate na-
tional rates,21,30 suggesting that ascertainment
was complete.

Since the closing date for the present study
was the end of 1995, the average follow-up
time was longer for the oldest birth cohort
than for the middle and youngest birth co-
horts. Thus, data are not available to calculate
incidence rates for the middle birth cohort at
age 95 years and older or for the youngest
birth cohort at age 85 years and older. To ad-
dress this limitation, analyses were repeated
that included only those individuals who sur-
vived to age 84 years so that the years of fol-
low-up time were similar for the 3 birth co-
horts. The difference in hip fracture risk
among the 3 birth cohorts persisted, and rela-
tive risks remained unchanged from the
analyses for the total study group. 

An alternative explanation for the present
findings is that the increased age-specific rates
of hip fracture found with year of birth are
due to corresponding changes in competing
causes of mortality over time. As life expect-
ancy improves with time, the proportion of
frail individuals surviving to the oldest ages
also increases. As a result, the proportion of
frail elderly at increased risk of hip fracture
may be greatest in the youngest birth cohort
and account for the positive relationship be-

tween birth cohort and fracture incidence
found in this study. 

The increased trend in rates with birth co-
hort can also be interpreted as evidence for
temporal changes in the prevalence of factors
involved in achieving and maintaining peak
bone mass early in life. The increase in young
adult height observed in Western populations
for successive birth cohorts has also been sug-
gested to contribute to increasing hip fracture
incidence,31–33 since increased height has
been shown to be an independent risk factor
for hip fracture, possibly through increasing
the distance, and therefore the impact, of
falls.34–37 In a longitudinal study, Cooper and
colleagues38 demonstrated the importance of
anthropometric characteristics in early child-
hood for predicting peak bone mass in
women. Evidence for environmental influ-
ences operating early in life on risk of hip
fracture in old age is also provided by the
work of Lauderdale et al.,39 who demon-
strated that geographic residence at birth
(Northeast, South Atlantic, East South Central,
etc.) was strongly associated with hip fracture
risk for both women and men, while adult
residence was unrelated to fracture incidence. 

Results from the present study cannot iden-
tify whether or not changes over time in envi-
ronmental risk factors (in young or old age)
are responsible for the increased trend in hip
fracture rates with birth cohort. While birth
cohort analyses can help to elucidate etiologic
clues, the major contribution of this study is
the implications of the findings with respect
to the accurate prediction of future trends
and the public health burden of hip fracture. 

This study offers several advantages over
previous descriptive studies of hip fracture in
the United States. This is the first study to
provide incidence rates for a well-defined,
population-based cohort, especially one that
includes significant numbers of individuals
aged older than 80 years. Previous studies
have relied upon national2,21,30 or local20 hos-
pital discharge data, which pose several meth-
odological limitations. First, accurately defin-
ing denominators for the calculation of rates
based on hospital discharge data is difficult
owing to lack of information, at the individual
level, on persons at risk. Second, in addition
to difficulty in tracking changes in the popula-
tion at risk, methods to classify hip fracture

also change over time, posing limitations in
the interpretation of rates reported from hos-
pital discharge data. Third, investigators using
hospital discharge data cannot always suc-
cessfully exclude hip fracture cases caused by
trauma or avoid duplication of cases due to
readmissions or transfers between hospitals.
Finally, persons at the end of life may not be
hospitalized when they sustain a hip fracture.
Consequently, previous studies that ascer-
tained hip fracture cases from hospital dis-
charge data would have underestimated hip
fracture rates in the very old and sick, pre-
cisely the group of individuals for whom ac-
curate information is critical for determining
the public health impact of hip fracture in the
United States. 

In summary, this study found evidence that
hip fracture rates are increasing for women
and men with year of birth. Moreover, projec-
tions that fail to account for potential birth
cohort effects may underestimate the future
public health impact of hip fracture in the
United States.
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