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Summary. To explore possible changes in proximal
femur (hip) fracture incidence over time, an earlier
study among Rochester, Minnesota residents for
1928-1977 was updated through 1982. Reanalysis
of data demonstrated rising age-adjusted rates for
men over this time. Crude rates rose for women as
well, but age adjusted rates leveled off in the
mid-1950s, as did overall rates, since the majority
of hip fractures were in women. Secular trends
were primarily due to changes in the incidence of
initial hip fractures associated with moderate
trauma, the sort usually attributed to osteoporosis.
No differences were noted in trends for cervical vs.
intertrochanteric femur fractures; and, excluding
the low values for 1928—1942, no significant trends
were noted for women within various age groups.
Our results for women conflict with estimates from
a number of other studies, but these differences
may provide a basis for hypothesis development.
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The number of proximal femur (hip) fractures seen
each year is expected to rise dramatically [1, 2] as
the population ages, even with steady age- and sex-
specific incidence rates. However, recent reports
from Great Britain [3-6] and Scandinavia [7-9]
suggest that incidence rates are rising as well, al-
though there is some disagreement on this point
[10—12]. Because hip fractures have such a dra-
matic impact on the health of the elderly [2] and on
the economics of medical care for this group [13], it
is important to know whether or not they are in-
creasing more rapidly than can be accounted for by
demographic changes alone. This issue is addressed
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in Rochester, Minnesota, where detailed hip frac-
ture incidence rates are now available for the 55-
year period from 1928-1982.

Methods

Population-based epidemiologic research can be conducted in
Rochester, Minnesota because the city is isolated from other
urban centers, because medical care is virtually self-contained
within the community, and because there are relatively few pro-
viders. Most orthopedic care, for example, is provided by the
Mayo Clinic, which has maintained a common medical record
system with its two large affiliated hospitals for nearly 80 years.
The Mayo Clinic dossier-type record thus contains both inpa-
tient and outpatient data. The diagnoses and surgical procedures
recorded in these records are indexed. The index includes the
diagnoses made for outpatients seen in office or clinic consulta-
tions, emergency room visits or nursing home care, as well as
the diagnoses recorded for hospital inpatients, at autopsy exami-
nation or on death certificates [14]. Medical records of the other
providers who serve the local population are indexed in the same
way and are also retrievable. Thus, the details of almost all of
the medical care provided to the residents of Rochester, regard-
less of the provider, are available for study. The potential value
of this data system (the Rochester Epidemiology Project) for
population-based studies has been described previously [15].

Using this unique data base, we identified all proximal femur
fractures that occurred among Rochester residents during the
period 1928—-1982. All proximal femur sites were included ex-
cept the uncommon isolated fractures of the greater or lesser
trochanter. Fractures were divided into cervical (neck, intracap-
sular) and intertrochanteric (extracapsular) types. Subtrochan-
teric fractures and those more distal on the femur were ex-
cluded. The term “‘hip fracture’’ is used interchangeably with
“‘proximal femur fracture’” as the condition is defined here. Ra-
diographic or autopsy confirmation was obtained for all but 13
(0.8%) fractures, where a clinical diagnosis alone was accepted.
Trauma was classified as ‘‘severe’’—that which could conceiv-
ably cause fractures in anyone (e.g., motor vehicle and recre-
ational accidents and falls from heights), or ‘‘moderate’’—that
which would not usually be expected to result in a fracture
(mainly falls from a standing height or less).

In calculating incidence rates, the entire population of Roch-
ester was considered to be at risk. The population rose from
18,928 in 1930 to 56,447 in 1980; and the age- and sex-specific
person-years (p-y) used as denominators in the incidence rates
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were estimated from decennial census data for Rochester, with
interpolation between census years as described previously [16].
Incidence rates were directly age- and sex-adjusted, or age-ad-
justed for comparisons of men and women, to the population
structure of United States whites in 1980. Where possible, rates
from other studies were adjusted comparably. Other authors
sometimes reported rates only for those over 35 years of age or
over 50 years; age-specific rates for younger people were as-
sumed to be 0 in such instances. This should have had little ef-
fect: in Rochester, for example, only 4.5% of patients were less
than 50 years old at the time of fracture and their deletion would
have lowered the overall adjusted rate only slightly. Ninety-five
percent confidence intervals (95% C.1.) for Rochester rates were
estimated from the cumulative Poisson distribution [17].
Changes in age- and sex-specific incidence over time were as-
sessed using trend tests [18], while changes in age-adjusted rates
were evaluated using least squares regression analysis [19].

Results

Over the 55-year period of study, Rochester resi-
dents experienced 1701 proximal femur fractures,
for an overall age- and sex-adjusted incidence rate
of 108.3 per 100,000 p-y (95% C.1., 103.1-113.4).
Crude incidence rates for all hip fractures rose
steadily between 1928-32 and 1978-82, while age-
and sex-adjusted rates rose rapidly from 24.3 per
100,000 p-y in 192832 to 105.7 per 100,000 p-y in
194347 (Table 1). Adjusted rates then leveled off,
however, and the latter figure was not much dif-
ferent (P = 0.51) from the result obtained for
1978--82 (114.8 per 100,000 p-y). The overall trend
in adjusted incidence from 1943-47 to 1978—82 was
not statistically significantly greater than 0 (slope
= 0.12 per 100,000 p-y per year; P = 0.63).

Since secular trends were accounted for by the
initial fractures (Table 1), the remainder of the anal-
ysis was confined to that group. Age-adjusted inci-
dence rates for initial hip fractures in men rose
fairly steadily from 8.4 to 83.5 per 100,000 p-y be-
tween 1928-32 and 1977-82 (Fig. 1). This was con-
sistent with a linear trend to increased hip fracture
incidence of about 1.38 per 100,000 p-y per year (P
< 0.001). Age-adjusted rates in women rose from
34.5 to 155.6 per 100,000 p-y between 1928-32 and
195357 but then fell to 113.9 per 100,000 p-y in
1977-82. The overall trend for women was non-
linear so could not be assessed in toto. Between
1953-57 and 1978-82, however, there was no sig-
nificant trend in the adjusted incidence rates (slope
= —0.98 per 100,000 p-y per year; P = 0.17).

Secular trends for cervical and intertrochanteric
fractures were similar for men and women (Fig. 1).
Both sites displayed the characteristic osteoporotic
pattern of exponentially increasing rates with age
(Fig. 2). In terms of trauma, secular changes were
restricted to the fractures associated with moderate
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trauma (Fig. 1). The age-adjusted incidence of frac-
tures due to more serious trauma showed no clear
trend over time and also failed to show the typical
age-related incidence pattern seen for moderate
trauma fractures (Fig. 3).

When changes in age-specific incidence were ex-
amined for moderate trauma fractures, however, no
consistent findings were evident (Fig. 4). Male
rates increased significantly over time for age
groups 65-74 and 75+ years, but changes in
younger age groups were not statistically signifi-
cant. Among women, rates increased significantly
only in those aged 75 years and over. However,
even this finding vanished when the very low
values for 1928—42 were excluded.

Discussion

There seems to be general agreement that the crude
incidence of proximal femur fractures is rising in
conjunction with aging of the underlying popula-
tion. Superimposed upon this change, it also ap-
pears that the age-adjusted incidence of hip frac-
tures is rising in men. This i1s seen in Rochester and
elsewhere (Fig. 5), with but few exceptions [3, 24].

It is less clear what the secular trend in age-ad-
justed incidence rates among women might be, as
substantial variation in both timing and magnitude
of change is seen from one study to another (Fig.
6). Rising rates have been seen in most settings (3,
4, 21, 23, 24, 26-28], however, and for women in
Goteborg, Sweden [8], the increase was as steep as
that seen for Rochester women in the 1930s and
40s. The early rise in Rochester was originally at-
tributed to better case ascertainment associated
with the introduction of hip pinning in the
mid-1930s [29]. However, given similar observa-
tions in Scandinavia [8, 9, 22] at a later date, it is
conceivable that this reflects instead the action of
some etiologic factor. It may be of interest in this
regard that a steep increase in deaths attributable to
domestic falls (associated with osteoporotic,
mainly hip, fractures) was also seen in England and
Wales between 1920 and 1940 [30] prior to initiation
of the incidence studies there.

In contrast, Jensen [11] reported no rise in hip-
fracture incidence in suburban Copenhagen, Den-
mark over the period 1971-76 but noted that age-
specific rates, especially for those 75 years old and
over, were greater than the figures from Malmo 20
years earlier. Likewise, rates rose in Oslo, Norway
between 1960 and 1970 [31] but no additional in-
crease was seen in 1977—-81 [12]. Hedlund et al. [32]
also found rates for Stockholm County, Sweden in
197281 that were greater than those reported ear-
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Table 1. Crude and adjusted hip-fracture incidence among Rochester, Minnesota residents by 5-year time periods, 192882
All hip fractures Initial hip fractures alone
Adjusted Adjusted
Crude Crude

Time period n Rate? Rateb 95% C.1. n Rate? Rate? 95% C.I.
1928-32 13 13.2 24.3 89 — 39.8 13 13.2 24.3 8.9 39.8
1933-37 26 223 47.5 272 - 679 26 n3 47.5 27.2 67.9
1938-42 50 40.4 734 522 — 94,6 46 37.2 66.4 46.4 86.4
194347 86 66.5 105.7 82.6 — 128.8 79 61.1 96.2 74.2 — 118.2
1948-52 111 78.4 112.0 90.4 — 133.5 99 69.9 98.9 78.7 119.0
1953-57 143 87.2 125.3 104.2 — 146.3 133 81.1 114.9 94.9 134.9
1958-62 152 77.9 103.7 87.0 — 120.3 138 70.7 94.2 78.3 110.1
1963-67 199 86.3 109.5 94.2 — 124.7 176 76.3 97.0 82.6 — 111.3
196872 279 106.2 122.3 107.8 — 136.8 254 96.7 111.1 97.3 124.9
1973-77 306 108.2 110.6 98.0 — 123.2 272 96.2 99.1 87.1 — 1111
1978-82 336 117.9 114.8 102.2 — 127.5 295 103.5 102.1 90.1 114.1

2 Incidence per 100,000 person-years

b Incidence per 100,000 person-years directly age- and sex-adjusted to the population structure of U.S. whites in 1980

C.I. = confidence interval
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lier from Malmé but noted no further increase
during the study period among those under 75 years
of age; continued increases were seen for men and,
to a lesser extent, women aged 75 years and over,
however. In Rochester there appears to have been
no increase in age-adjusted female rates since the
mid-1950s, as we reported previously [29]. At first
glance, hospital discharge data for the United
States seem to contradict this, showing a rise in
crude incidence for women (Fig. 6) as well as men,
but it was not possible to age-adjust the national
figures, and demographic changes may account for
much of the apparent increase. Unfortunately,

there are no data from other communities in the
United States with which to compare the Rochester
figures. The population of Rochester is largely
white, better educated than United States whites in
general, and is slightly younger, more often em-
ployed in the health service industry, and has a
somewhat higher median income. Nonetheless, hip
fracture incidence rates from Rochester are quite
similar to hospital discharge rates for hip fracture
from the North Central Region of the United States
[29]. '

Potential methodologic problems exist with some
studies (Table 2). Some were not population based,
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Fig. 2. Age- and sex-specific incidence of hip fracture by site
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Fig. 3. Age- and sex-specific incidence of hip fracture by degree
of trauma among Rochester, Minnesota residents, 1928-82.

and the majority did not provide age- and sex-ad-
justed incidence rates. Studies based on a few
widely scattered years of observation might have
been influenced by the wide fluctuation in cases
(and rates) seen from year to year, even in very
large data sets [32]. In those studies based on rou-
tinely collected hospital discharge data, the quality
of case ascertainment may have varied. Perhaps
10% of British hip fractures may be missed because
of inappropriate coding [3, 34], although Rees [37]
found data quality to be uneven— with half or more
of cases missed at some centers—and suggested
that improving quality might account for some of
the temporal trend. However, increases in inci-
dence were found even when direct case ascertain-
ment was used [26, 34]. A bigger problem is dupli-
cation of cases: various reports suggest that 16% [4]
to 29% or more [34] of hip fracture admissions in
British data represent transfers from one hospital to
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another which are then counted twice [38]. The im-
pact of this problem may have varied over time
[39], although in his study of hip fracture hospital-
izations in England and Wales, Lewis did not find
this to be so [4]. Hospital discharge data may also
include patients readmitted for additional therapy
after the original fracture [10, 34]. Such admissions
may have become more important as total hip
arthroplasty became widely available in the late
1960s. In Rochester, for example, per capita utiliza-
tion of total hip arthroplasty more than doubled be-
tween 1969 and 1980, and nearly a third of the pro-
cedures were for hip fracture [40], mostly for late
complications [41]. In the Rochester hip fracture
data presented here, all diagnosed patients were
identified and none was counted twice. However,
individual patients were also identified in the Scan-
dinavian studies which reported rising hip fracture
incidence rates. It seems unlikely, then, that meth-
odologic problems alone account for the secular
changes in hip fracture incidence or the differences
from one center to another.

Since women contribute the majority of frac-
tures, they largely determine overall hip fracture
incidence in the community, but no one has ad-
vanced a detailed hypothesis to explain the tem-
poral variations seen. A number of suggestions
have been made, however, including earlier meno-
pause through more frequent oophorectomy [3], in-
creased use of alcohol [4, 8, 42] or cigarettes [8,
24], dietary [S5, 7, 21] or environmental [43, 44]
changes in calcium metabolism, or the effects of
decreased physical labor [22, 30, 45] and activity [4,
S, 21, 22, 45, 46].

Oophorectomy prior to natural menopause is as-
sociated with accelerated bone loss and vertebral
fractures [47, 48] but not as consistently with hip
fractures [48—52]. The prevalence of bilateral oo-
phorectomy among postmenopausal women in
Rochester doubled from 4% in 1945-54 to 8% in
1965-74 [53], but this could not explain the in-
creased fracture rate in men and, in any event,
might have been offset by postmenopausal estrogen
use [49-52]. While the plateau in hip fracture inci-
dence was concurrent with the widespread use of
postmenopausal estrogens, the greatest change in
rates over the study period was among women 75
years of age or over; little decline in incidence was
seen in the younger women more likely to have
been exposed. Moreover, long-term postmeno-
pausal estrogen use has been relatively low in
Rochester, and incidence rates for endometrial
cancer (to some degree an indicator for exogenous
estrogen therapy) fell in this population between
1945-54 and 1965-74 [54]. Estrogen levels are also
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Fig. 5. Incidence of hip fractures over time for men as reported
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correlated with obesity in postmenopausal women
[55, 56], however, and body weight has been in-
creasing among American women [57] so that es-
trogen may still play some role.

Both alcohol use [51] and cigarette smoking [51,
58] have been associated with hip fracture risk in
some but not all studies [52], but it is uncertain
whether the effect is primary or secondary [59]. In
Rochester, as in Europe [22], elderly women smoke
and drink relatively little. Moreover, usage patterns
seem out of phase with the secular changes ob-
served in Rochester. Hip fracture incidence rates

1953-62

over time of hip fractures due to
moderate trauma among Rochester,
Minnesota, residents, 1928-82.
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Fig. 6. Incidence of hip fractures over time for women as re-
ported from various studies: 0O—( Rochester, Minnesota
(present study); —M United States (1965-83); &—< Oxford,
England [20]; ¢—® Funen County, Denmark [9]; A—A Hol-
land [21]; A—A Géteborg, Sweden [8]; O—O Uppsala, Sweden
[22]; ®—® New Zealand [23]; *—= Dundee, Scotland [6, 25].

increased most steeply prior to the general accept-
ability of smoking and drinking among women;
then, when these practices became more wide-
spread among older women [60], hip fracture rates
leveled off. Lung cancer rates (a reflection of
smoking practices) have been rising in Rochester
women [61], as they have in other countries.
Dietary influences have been invoked at both ex-
tremes of life. Dietary restrictions during World
War II [5, 7, 21] may have influenced peak adult
bone mass [62] and subsequent fracture risk in
Europe. This cannot explain the rise among Roch-
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Table 2. Methodologic features of various studies of hip fracture incidence over time

No. Acute Late
Population- Rates Rates Years of data Data Nonresidents duplicates duplicates

Study based presented adjusted® covered points  source removed removed  removed
[33] No No No 1938-55 19 Hospital admissions No Yes¢ ? Yes
[20] Yes Yes No 1954-58 1 Hospital admissions Yes Yese ? Yes
[26] Yes Yes No 1983 1(@* All providers Yes Yes Yes
(25] Yes Yes No 1952-57 5 All providers Yes Yes Yes
{6} Yes Yes No 1975, 1980 2 (3)> Al providers Yes Yes ? Yes
(4] Yes Yes No 1968, 1977 2 Hospital discharges ? No No No
[5] No No No 1971-81 11 Hospital discharges ? No ? No ? No
[31 Yes Yes No 1973-77 1 (2)* Hospital discharges ? No Yes ? Yes
[34] Yes Yes No 1971-72 1 Hospital discharges Yes Yes No
[10] Yes Yes No 1975 1 2)> Hospital discharges Yes Yes No
[24] Yes Yes Yes 1971-83 4 All providers Yes Yes ? No
[23] 7 No Yes No 1951-68 18 Hospital discharge  ? No 7 No ? No
[21] ? Yes Yes Yes 196779 13 Hospital admissions ? No 7 No ? No
[35] Yes Yes Yes 1949-61 2 X-ray reports Yes Yes Yes
71 Yes Yes Yes 1967-75 4 (5> X-ray reports Yes ? Yes ? Yes
[22] Yes Yes No 1965-80 4 Hospital admissions Yes Yes Yes
[27] Yes Yes Yes 1980-81 1 (4° X-ray reports Yes ? Yes ? Yes
(8] Yes Yes Yes 1965-79 6 (11)®* Hospital admissions ? Yes ? Yes ? Yes
[32] Yes Yes Yes 1972-81 16 Hospital admissions Yes Yes Yes
[36] Yes No No 1968-76 9 Hospital admissions ? No No No
9] Yes Yes No 1973-79 6 Hospital admissions No Yes Yes
[11] Yes No No 1971-77 6 Hospital admissions ? No ? Yes ? Yes
United States Yes Yes No 1965-83 13 Hospital discharges No No No
Present study Yes Yes Yes 1928-82 11 All providers Yes Yes Yes

@ Rates adjusted in original report

> Numbers in parentheses indicate that additional data points were obtained from previous studies
¢ Studies from a single institution are assumed to have counted each patient only once
? Yes = apparently ‘‘yes’’ but not explicitly stated; ? No = apparently ‘“‘no’’ but not explicitly stated

ester men, and dietary restrictions in Asia [63, 64]
and Africa [65] do not seem closely correlated with
fracture risk. Dietary deficiencies late in life, espe-
cially those leading to osteomalacia, have also been
implicated [8, 43]. However, osteomalacia is appar-
ently more prevalent among hip fracture patients in
Europe [66, 67] than in Rochester [68]. It has been
suggested that vitamin D metabolism could also be
influenced by declining levels of ultraviolet radia-
tion over time, thus leading to more osteomalacia
and a greater risk of hip fractures [43, 44]. This has
also been proposed to explain latitudinal changes in
fracture-associated death rates from falls in the
United Kingdom [69]. However, hip fracture inci-
dence rates in Rochester are no higher than those
of southern United States whites [70].

Physical labor and exercise might exert a more
direct effect since bone mass, and thus fracture risk
[71], is correlated with activity [72, 73], while
disuse is associated with very rapid bone loss [74].
The amount of labor performed by both men and
women in developed countries seems to have de-
clined over time [5, 22, 64], as has walking in licu of
transportation [21, 22]. It is conceivable, perhaps,
that labor-saving devices were widely available to

Rochester women [75] before some of their Euro-
pean counterparts, but it is not obvious why this
influence would have diminished in elderly Roch-
ester women while causing accelerating hip fracture
rates in Europe.

All of the above factors relate to reduction in
bone strength due to osteoporosis or osteomalacia.
However, the frequency of falls may aiso have
risen, especially with the widespread use of psy-
chotropic drugs which seem to have a significant
influence on hip fracture risk [76, 77]. However,
Rochester women are as likely to be exposed to
such drugs as European men or women. Moreover,
most falls do not resuit in a hip fracture [78, 79].

It is obvious that none of these hypotheses is
based on very satisfactory data and new, or at least
more refined, hypotheses are necessary. The re-
gional differences described in this paper—in the
time that hip fracture rates began to increase, in the
rapidity of change, and in the age and sex groups
most affected—may provide an opportunity to cor-
relate secular trends in hip fracture incidence with
changes in the prevalence of various potential risk
factors. Such information could form the basis for
testable hypotheses regarding etiology.
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