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Abstract

Background Falls and fractures are a major public health
concern with an economic impact of more than USD 19
billion per year. Extensive research into the risk of falls and
fractures in elderly populations has been performed; how-
ever, little is known about fall or fracture risk in younger
populations. Additionally, sex- and population-specific
(rural versus nonrural) fall and fracture risk may be im-
portant in identifying groups most at risk in an effort to
develop preventive measures.

Questions/purposes The purpose of this study was to
determine whether sex and population (rural versus non-
rural) differences exist in fall and fracture rates.
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Methods Data from 1256 (538 men) participants of the
South Dakota Rural Bone Health Study, a population-based
cohort study, including those living a rural lifestyle
(n = 349 non-Hutterites and 572 Hutterites) and a nonrural
lifestyle (n = 335), were used to address our a priori hy-
potheses. Health histories, physical activity recall,
anthropometric measurements, and dual-energy xray ab-
sorptiometry measurements of body composition were
obtained longitudinally from participants every 18 months
for 7.5 years. Falls and fractures were self-reported and
fractures were confirmed through medical record review.
Incidence rates were calculated as the number of falls or
fractures per 1000 person-years and generalized estimating
equations determined the association of sex and population
group with fall and fractures rates while accounting for the
repeated longitudinal measurements on the same person.
All models adjusted for age group, percent time in mod-
erate and vigorous physical activity, lean and fat mass, grip
strength, and previous diagnosis of osteoarthritis.

Results Males aged 39 years and younger had a 135%
greater fall risk than females in the same age category
(p = 0.03), but there was no differences between males
and females 40 years of age or older (p = 0.26; age-by-sex
interaction, p = 0.05). No sex differences were observed
for fracture risk. After controlling for covariates, rural and
nonrural individuals fell at higher rates than Hutterites
(84% and 50%, respectively, p < 0.001). Additionally,
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rural individuals fractured at a 72% greater rate than Hut-
terites after controlling for covariates (p = 0.03).
Conclusions Sex differences in fall risk among younger
individuals along with population differences in fall and
fracture rates suggest that sex and lifestyle factors may
have an impact on fall and fracture risk. Future studies
focusing on sex- and population-specific risk factors are
necessary to develop prevention strategies tailored to
specific populations.

Level of Evidence Level III, prospective study.

Introduction

Falls and fractures in aging populations are a major public
health concern. In 2000, the estimated annual cost of nonfatal
fall-related injuries was USD 19 billion dollars with USD 12
billion related to fractures [14]. This is significant because
studies have reported fall-related injury rates as high as 1398
per 100,000 adults aged older than 50 years [5] with a 78%
increase in fall-related deaths reported in the last decade
[15]. Little is known about sex differences and differences by
lifestyle (rural versus nonrural) in fall and fracture rates in
younger populations.

Sex differences have been reported in fall incidence with
one study reporting rates of 368 and 611 falls per 1000 per-
son-years in community-dwelling men and women older
than 70 years of age [7]. Similarly, a study of elderly Ja-
panese people living in Hawaii reported incidence rates of
139 and 276 falls per 1000 person-years for men and women,
respectively [1]. More recently, data from the Maintenance
of Balance, Independent Living, Intellect and Zest in the
Elderly of Boston (MOBILIZE) study indicate that sex dif-
ferences exist in fall rates for men and women based on
whether the fall was indoors or outdoors with men sustaining
more outdoor falls and women experiencing more indoor
falls [3, 6]. Women also have been reported to be at greater
fracture risk than men [4]. Many of the reports on fractures
are limited to elderly populations and often include a subset
of individuals at increased risk of fracture such as those with
osteoporosis. These studies limit the applicability of the
findings to a broader population; however, one study of a
representative population with a broader age range (35 years
and older) reported a greater fracture risk in women than men
[9]. Thus, there is a need to investigate falls and fractures in
nonelderly populations. Lifestyle also may influence fall and
fracture rates among men and women.

Lifestyle differences, in particular urban versus rural
lifestyle, have been implicated previously as a potential risk
factor for fractures [2, 8]. Previous studies have reported
lower fracture risk in elderly rural compared with urban
populations in Scandinavia [2, 8], Australia [11], and the

United States [9]. A study reported a lower hip fracture rate
among old-order Amish in Lancaster County, PA, USA,
compared with the general US population [16]. The reasons
for the difference in fracture rates are unclear, but we hy-
pothesized that lifestyle factors related to rural and urban
lifestyles such as physical activity and presence of os-
teoarthritis may play important roles in fall and fracture risk.

The purpose of our study was to determine whether fall and
fracture rates differed between sexes and among Hutterite,
rural, and nonrural populations in eastern South Dakota. As
previous investigators have reported, fracture rates are ex-
pected to be lower in rural than nonrural populations, but our
study was unique in that it included the Hutterite population as
well. Hutterites are an Anabaptist population living commu-
nally on colonies where they farm, raise livestock, and live a
relatively subsistent lifestyle. Their inclusion in this study is
unique in that it allows us to compare Hutterites with the other
rural individuals to further investigate how lifestyle differences
can affect fracture risk. Unique aspects of our study include the
definition of rural being defined based on the lifestyle of the
individual and not the geographic location in which they reside
and the inclusion of younger (39 years and younger) as well as
older (40-66 years at enrollment) individuals.

Patients and Methods

The South Dakota Rural Bone Health Study is a 7.5-year
population-based longitudinal study of three distinct
populations distinguished by lifestyle (Hutterite, rural non-
Hutterite [NH], nonrural NH) [13]. Both the Hutterite and
rural NH populations live a similar rural farming lifestyle,
but their social structure is significantly different (Hutterites
have a religion-based communal lifestyle). The non-rural
NH population never lived on a working farm and would be
expected to have lower levels of physical activity. Par-
ticipants were enrolled between 2001 and 2004 and were 20
to 66 years of age at the time of enrollment.

Hutterites are an Anabaptist religious group who believe
in isolated communal living and self-sufficiency through a
technologically advanced agricultural-based rural lifestyle.
To be classified as a Hutterite, an individual had to be of
Hutterite descent (originating in the Tyrol region of Ger-
many and Austria in the 1500s) and currently residing on a
Hutterite colony. Rural and non-rural NH participants were
recruited from eight counties in eastern South Dakota that
contained at least one participating Hutterite colony. Rural
NH participants were individuals who spent at least 75% of
their life on a working farm while working less than 1040
hours per year off of the farm. To be considered nonrural
the participant could never have lived on a working farm.
Methods for recruiting and enrolling participants are de-
scribed in greater detail elsewhere [13]. Of the 1271
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participants, 585 (226 males) were Hutterite, 350 (184
males) were rural NH, and 336 (134 males) had never lived
on an active farm (nonrural). Of these participants, 1208
(95%) completed through the third year and 1047 (82%)
completed the 7.5 years of followup (82%, 85%, and 80%
for Hutterite, rural NH, and nonrural, respectively). For the
current analysis, participants were excluded if they had a
condition known to significantly affect balance or bone
health (cognitive disability, n = 9; Parkinson’s disease,
n = 2; history of stroke, n = 1; multiple sclerosis, n = 1;
muscular dystrophy, n = 1; or rheumatoid arthritis,
n = 1). A total of 1256 participants were included in the
current analysis. Written informed consent was obtained
from all participants and the protocol was approved by
South Dakota State University institutional review board.

Procedures

Research staff obtained demographic and medical ques-
tionnaires every 18 months along with anthropometric, body
composition, and grip strength measurements. Physical ac-
tivity (7-day) recalls were obtained by research staff
quarterly for the first 3 years and every 18 months thereafter,
and percent time in moderate plus vigorous activity was
calculated using a weighted average of time spent in mod-
erate plus vigorous activity on both weekdays and weekend
days. Height was measured in duplicate to the nearest 0.5 cm
using a portable stadiometer (Seca, Chino, CA, USA) and
weight was measured to the nearest 0.1 kg using a digital
scale (Seca). Body composition measurements were ob-
tained using dual-energy xray absorptiometry (QDR 4500A;
Hologic, Bedford, MA, USA). Grip strength was measured
using a Takei A5401 digital handgrip dynamometer (Takei
Scientific Instruments Co, Ltd, Tokyo, Japan).

Medical questionnaires were completed by research staff
during an interview with the study participant and included
information on any diagnoses made, medications prescribed,
or any fractures occurring in the past 1.5 years. All fracture
reports were confirmed by reviewing medical records. In-
formation on falls were not obtained during the first 3 years
of the study but were added at the 72- and 90-month visits.

Data Analysis

Basic descriptive statistics were used to compare popula-
tion groups by sex. Analysis of variance was used to
compare means with Tukey’s honestly significant differ-
ence used to adjust for multiple comparisons. Contingency
table analyses were used for categorical data. Incidence
rates per 1000 person-years and 95% confidence intervals
were calculated for falls and fractures and populations
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were compared after stratifying by sex. For the calculation
of incidence rates, each person contributed 1.5 person-
years for each visit that was not missed, thereby ac-
counting for missed visits. Age was stratified as less than
40 years or younger or equal to 40 years based on the
median age.

Generalized estimating equations with a log link and
exchangeable working correlation matrix estimated the
association of sex and population group with the rate of
fractures and falls while accounting for the repeated lon-
gitudinal measurements on the same person. We adjusted
for the potential confounding effects of age group, percent
time in moderate plus vigorous activity, lean and fat mass,
grip strength, and presence of osteoarthritis before the fall
or fracture. The significance of the age-by-sex, age-by-
population, and sex-by-population interactions also was
evaluated. The generalized estimating equations were fit
using R statistical software (Version 3.1.2; R Project for
Statistical Computing@, Vienna, Austria), whereas all
other analyses were done in Stata (Release 12; StataCorp
LP, College Station, TX, USA).

Results

There were significant age differences among populations
for both females and males (both, p < 0.001) (Table 1).
Rural NH females were older than Hutterite and nonrural
females, whereas Hutterite males were younger than both
rural and nonrural males (all, p < 0.05). Hutterites of both
sexes were shorter than rural and nonrural participants.
There also were population differences in grip strength and
percent time in moderate plus vigorous activity for both
females and males (all, p < 0.001). Hutterite females had
greater grip strength than nonrural females and Hutterite
males had greater grip strength than rural and nonrural
males (all, p < 0.05 by Tukey’s honestly significant dif-
ference test). In both females and males, nonrural
individuals reported less time in moderate plus vigorous
activity than Hutterite and rural NH individuals (all,
p < 0.05 by Tukey’s honestly significant difference test).
Additionally, Hutterite females reported less time in
moderate plus vigorous activity than rural NH females,
whereas Hutterite males reported more time in moderate
plus vigorous activity than rural NH males (Table 1; all,
p < 0.05 by Tukey’s honestly significant difference test).

There were significant population differences in the fall
rate per person-year followup among females (p < 0.05)
with Hutterite females having a lower fall rate than rural
NH and nonrural females (p < 0.05 by Tukey’s honestly
significant difference test) (Table 1). Significant population
differences in fall rates were observed among males
(p < 0.05) with Hutterite males having lower rates than
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Table 1. Population characteristics by sex

Population characteristics Hutterite Rural NH Nonrural Significance
Females (number) 352 165 201
Age (years) 38.5 + 12.8* 47.0 + 14.0°B 412 £+ 10.58 < 0.001
Weight (kg) 74.0 + 15.8 73.9 + 14.7 743 + 17.7 NS
Height (cm) 161.9 + 5.148 1644 + 6.14 163.9 + 6.3% < 0.001
Grip strength (kg) 32 4+ 6% 306 29 + 64 < 0.001
Lean mass (kg) 456 + 64 457 £ 6.2 46.1 =74 NS
Fat mass (kg) 272 + 104 27.1 £9.7 269 + 11.1 NS
Moderate/vigorous activity (%) 20.2 + 5748 222 + 7.74¢ 17.3 + 6.85€ < 0.001
Osteoarthritis (number, %)* 21 (6.0%) 36 (21.8%) 21 (10.5%) < 0.001
Falls’ (number) 97 86 136
Fall densityi (number/person) 22+ 1.7 32+£37 29+38
Number of fractures® (%) 18 (5.1%) 13 (7.9%) 15 (7.5%)
Person-years 2326 1140 1269
Number of falls/1000 person-years 200 (176-223)AB 373 (326-421)* 389 (343-434)" < 0.05
Fractures/1000 person-years 7.7 (4.2-11.3) 8.8 (3.3-14.2) 10.2 (4.7-15.8) NS
Males (number) 220 184 134
Age (years) 38.3 + 12248 444 + 13.6% 425+ 11.9° < 0.001
Weight (kg) 92.8 &+ 16.7 94.9 + 18.0 91.2 + 18.0 NS
Height (cm) 176.6 + 5.7°B 178.6 + 7.8 179.0 + 7.48 0.001
Grip strength (kg) 55 £ 9B 51 £ 9% 50 + 9B < 0.001
Lean mass (kg) 67.6 + 8.1* 68.8 & 8.6"P 66.4 &+ 9.5% 0.05
Fat mass (kg) 223 + 8.6 235+ 96 200 + 9.8 NS
Moderate/vigorous activity (%) 25.8 + 6.7°B 23.1 + 8.34C 16.3 + 7.35¢ < 0.001
Osteoarthritis (number, %)* 16 (7.3%) 26 (14.1%) 10 (7.5%) 0.05
Falls" (number) 76 91 51
Fall densityi (number/person) 3.1+38 4.0+ 44 39+£5.0
Number of fractures® (%) 12 (5.4%) 16 (8.7%) 7 (5.2%)
Person-years (years) 1345 1164 843
Number of falls/1000 person-years 280 (244-317)*B 555 (497-613)A¢ 428 (368-488)B€¢ < 0.05
Fractures/1000 person-years 8.2 (3.3-13.0) 12.9 (6.4-19.4) 8.3 (2.1-14.5) NS

Significance based on analysis of variance for continuous variables; values with similar superscripts are different by Tukey’s honestly significant
difference at p < 0.05. Incidence rates were compared using incidence rate ratios; 95% confidence intervals that do not contain 1 indicate
significance at p < 0.05. Falls, fall density, number of fractures, and person-years were included in the calculations of incidence and therefore
were not compared. Data are observed means + SD or (95% confidence intervals); *a previous diagnosis of arthritis at enrollment was not
considered osteoarthritis (OA) unless they later stated OA specifically. Numbers (%) are those with an OA diagnosis before their 90-month visit;
fthe number of individuals who fell during the final 4.5 years of followup; tthe average number of falls among individuals who fell at least once;

§

both rural NH and nonrural males and nonrural males
having a lower rate than rural NH males.

Hutterite females experienced 11 lower extremity, five
upper extremity, and two other (coccyx and vertebrae)
fractures and Hutterite males experienced four lower ex-
tremity, five upper extremity, and three other (sacrum, rib,
and sesamoid) fractures. Rural NH females experienced
three lower extremity, five upper extremity, and five other
(rib and phalange) fractures and rural NH males had six
lower extremity, six upper extremity, and four other (rib
and facial) fractures. Nonrural females had five lower ex-
tremity, six upper extremity, and four other (facial,

none of the participants had multiple confirmed fractures; NS = nonsignificant.

phalange, rib, and vertebrae) fractures, and nonrural males
had five lower extremity, one upper extremity, and one
other (vertebrae) fracture. There were no population dif-
ferences in fracture rates per 1000 person-years of followup
among either females or males (Table 1).

Sex Differences in Falls and Fractures
Based on the longitudinal analysis controlling for percent

time in moderate plus vigorous activity, lean and fat mass,
grip strength, and presence of osteoarthritis, males younger
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than 40 years of age had a 135% significantly greater fall
risk than females (Table 2; ratio of means and 95% CI of
2.35 [1.10-5.02], p = 0.03), but there was no difference
between males and females 40 years of age or older (1.44
[0.77-2.71], p = 0.26) (Fig. 1A) (age-by-sex interaction
significant at p = 0.05).

There was no difference in fracture risk between males
and females (ratio = 0.78, 0.31-1.95, p = 0.59) (Table 2;
Fig. 1B). This remained nonsignificant when fractures of
the phalanges and head were omitted (ratio = 1.27 [0.39—
4.12], p = 0.70).

Population Differences in Falls and Fractures

The longitudinal analysis controlling for covariates showed
that both rural NH and nonrural individuals fell at higher
rates than Hutterites; ratio of means based on longitudinal
analysis were 1.84 (1.38-2.46, p < 0.001) for rural versus
Hutterite and 0.50 (0.36-0.70, p < 0.001) for Hutterite
versus nonrural populations (Table 2). There was no dif-
ference in fall rates between rural NH and nonrural
individuals (0.92 [0.64-1.32], p = 0.65). These results are
shown graphically (Fig. 2A).

There were no differences in fracture rates between
Hutterites and nonrural individuals (0.67 [0.39-1.17],
p = 0.16) or rural NH and nonrural individuals (1.16
[0.66-2.03], p = 0.61) (Table 2; Fig. 2B). However, rural
NH had a 72% greater fracture rate than Hutterites (ratio of
means based on longitudinal analysis: 1.72 [1.05-2.82],
p = 0.03) (Fig. 2B). The population differences in fracture
rates were consistent between sexes and age groups (< 40
and > 40 years) (sex-by-population and age-by-population
interactions not significant at p > 0.05). Population dif-
ferences were attenuated when fractures of the phalanges
and head were omitted from the analysis and the ratio of

Table 2. Multiplicative effects from longitudinal analysis*

means for the rural NH population compared with the
Hutterites was no longer significant (1.46 [0.78-2.73],
p = 0.23). However, the ordering of the population

OMales OFemales

600
x*
£ 500 ——
3 1
z i I
g 400 T .
& 300 T
o T
S 1
S 200
7 100
A 20-39 Years 40-66 Years
20
£ 18 @ Males
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Fig. 1A-B Sex differences in fall and fracture rates are shown. (A)
Males younger than 40 years of age had a greater fall rate than
females (p = 0.03), but this difference was not apparent in males and
females aged 40 years or older (p = 0.26) (age-by-sex interaction,
p = 0.05). (B) There were no sex differences in fracture rates, and
fracture rates were greater among individuals aged 40 years and older
at enrollment compared with individuals 20 to 39 years of age
(younger than 40 years versus 40 years and older: 0.52 [0.31-0.86,
p = 0.01]). Covariates included in longitudinal analyses include age
group, percent time in moderate plus vigorous activity, lean and fat
mass, grip strength, and presence of osteoarthritis before the fall or
fracture.

Outcome Independent variable Ratio of means (95% confidence interval) P value

Falls Males versus females (< 40 years) 2.35 (1.10-5.02) 0.03
Males versus females (> 40 years) 1.44 (0.77-2.71) 0.26
Hutterites versus nonrural 0.50 (0.36-0.70) < 0.001
Rural versus nonrural 0.92 (0.64-1.32) 0.65
Rural versus Hutterites 1.84 (1.38-2.46) < 0.001

Fractures Males versus females 0.78 (0.31-1.95) 0.59
Hutterites versus nonrural 0.67 (0.39-1.17) 0.16
Rural versus nonrural 1.16 (0.66-2.03) 0.61
Rural versus Hutterites 1.72 (1.05-2.82) 0.03

* Longitudinal analysis was used with generalized estimating equations with a log link (ie, Poisson regression) and an exchangeable working
correlation matrix. Covariates included were age group (positive association with fractures, 0.52 [0.31-0.86, p = 0.01]), percent time in
moderate plus vigorous activity (positive association with falls, p = 0.006), lean and fat mass, grip strength, and presence of osteoarthritis before
the fall or fracture (borderline positive relationship with fractures, 1.73 [0.95-3.15, p = 0.07]).
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Fig. 2A-B Population differences in fall and fracture rates are
shown. (A) Hutterites had lower fall rates than both rural NH and
nonrural individuals (both, p < 0.001), and (B) fracture rates were
higher in the rural NH population than in the Hutterite population
(p = 0.03). Covariates included in longitudinal analyses include age
group, percent time in moderate plus vigorous activity, lean and fat
mass, grip strength, and presence of osteoarthritis before the fall or
fracture.

fracture rates was similar (lowest to highest): Hutterite,
nonrural, and rural NH.

Discussion

Falls and fractures are a major public health concern with a
large economic impact and an even greater impact on quality
of life for those who are affected. Previous studies have in-
vestigated risk factors and sex differences for falls and
fractures in elderly populations, but little is known about risk
factors and sex differences for falls and fractures in the
nonelderly. The purpose of this study was to compare fall and
fracture rates between sexes and among two populations
representing differing rural lifestyles and a nonrural
population.

Our study has a number of limitations. First, all data
regarding falls were self-reported and therefore prone to
recall bias. Fall data were collected every 18 months, and
infrequent data collection could have led to underreporting,
especially in the case of minor falls where no injuries

occurred. We do not believe that the underreporting biased
the results because underreporting is likely to occur to the
same extent in males versus females and among popula-
tions. Therefore, even if there was underreporting of falls,
it is unlikely that it would impact any sex or population
differences we observed. Second, medical records were
only reviewed for individuals reporting a fracture. It is
therefore possible that fractures were underreported; how-
ever, our fracture rates were similar to those previously
published elsewhere in similar populations [9] and if un-
derreporting were an issue, we would have expected our
fracture rate to be lower than what other studies have
reported.

A problem that is often seen with longitudinal studies is
a significant loss to followup. Our retention rates of 95%
through the third year and 82% through 7.5 years of fol-
lowup are excellent and not often obtained in longitudinal
studies of this length. In addition, the followup rates were
fairly constant among the three populations so it is unlikely
that there is a bias among groups as to who was followed
(82%, 85%, and 80% for Hutterite, rural NH, and nonrural,
respectively). Another source of potential bias that could
result, especially in studies of healthy individuals, is a se-
lection bias if enrollment is based on public
announcements and word of mouth. We tried to address
this in the design of the study by conducting a population-
based sampling of individuals who were randomly identi-
fied by their lifestyle.

In our study, sex differences for falls only existed
among individuals younger than 40 years of age with men
falling more than women. These differences among
younger individuals is likely explained by differing daily
activities in which males spend more time at risk for falls
than females. This is supported by studies that have found
location specific (indoor versus outdoor) differences in fall
rates between males and females. Data from the MOBLIZE
Boston study indicate that women experience far more
indoor falls, whereas men actually experience far more
outdoor falls [6]. As stated earlier, this may be explained
by differing sex roles, in which women are working inside
the home and men are working outside, and hence, their
time spent at risk in those locations is different. The lack of
sex differences we observed for falls in older individuals
was somewhat surprising given that two previous studies
reported fall rates in women to be almost double that of
men [1, 7]. One reason for the difference in results could be
that previous studies focused primarily on relatively small
and typically elderly populations. Further study into sex-
specific risk factors associated with falls throughout the life
cycle is necessary to develop fall prevention protocols
tailored specifically to specific subsets within a population.

A difference in work tasks in a communal setting may
explain why Hutterites experienced a lower fall rate than
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the rural and nonrural populations. The Hutterites live
communally and work is spread among many individuals,
whereas in a noncommunal living arrangement, fewer in-
dividuals carry out the same tasks. Another explanation
could be the higher grip strength among Hutterites com-
pared with rural and nonrural participants. Grip strength
has previously been associated with overall physical
function [12] and maximal oxygen consumption [10].
Based on these findings, we postulate that Hutterites may
have a higher level of physical function and overall fitness
and therefore may be at a lower risk of falling. However,
significant population differences existed when we statis-
tically controlled for grip strength in our analysis.

Our finding that rural individuals have a greater fracture
risk than Hutterites but not nonrural individuals was sur-
prising given previous studies reporting higher fracture rates
among individuals residing in rural areas compared with
urban areas [2, 8, 9, 11]. Our finding of no population dif-
ference in fracture risk when phalangeal and facial fractures
were removed suggests that the high fracture rate among
rural individuals may be a result of work-related injuries.

In conclusion, males younger than 40 years of age had
higher fall rates than females of similar age, but this dif-
ference did not exist in individual 40 years of age or older.
The reason for the lower fall rate among Hutterites com-
pared with the rural and nonrural populations and the lower
fracture rate among Hutterites compared with rural
populations are not known but may be related to their
communal lifestyle and distribution of work-related tasks.
Further investigation into identifying the factors that could
explain lower fall and fracture rates among Hutterites could
lead to interventions that may be beneficial in reducing fall
and fracture risk in other populations.
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