
ORIGINAL ARTICLE

Left-handedness as a risk factor for fractures
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Abstract Left-handedness has been associated with in-
creased fracture risk in a small number of previous
studies. This study reports risks for fractures at the
proximal humerus, distal forearm, pelvis, foot, and shaft
of the tibia/fibula according to handedness in a case-
control study conducted from October 1996 to May
2001 among members of Northern California Kaiser
Permanente. Handedness was assessed by questionnaire
for 2,841 cases and 2,192 controls, and subjects were
categorized as left-handed, right-handed, ambidextrous,
or forced to switch from the left to the right hand.
Compared to right-handedness, left-handedness was
most strongly associated with an increased risk for
proximal humerus fractures (adjusted odds ratio
(OR)=2.00, 95% confidence interval (CI) 1.33 to 3.01)
and less definitively with fractures of the distal forearm
(adjusted OR=1.28, 95% CI 0.92 to 1.80), foot (ad-
justed OR=1.17, 95% CI 0.82 to 1.65), and pelvis (ad-
justed OR=1.40, 95% CI 0.71 to 2.74). Ambidextrous
individuals had elevated risks for fractures of the distal
forearm (adjusted OR=2.99, 95% CI 1.42 to 6.30), foot
(adjusted OR=2.59, 95% CI 1.13 to 5.97), shaft of the
tibia/fibula (adjusted OR=3.91, 95% CI 1.01 to 15.17),
and proximal humerus (adjusted OR=2.37, 95% CI
0.85 to 6.65) when compared with right-handed indi-

viduals. Those individuals forced to use the right hand
demonstrated no increased risk for fractures at any site.
These results suggest that handedness does influence
fracture risk, but the reasons for this increased risk are
unclear.
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Introduction

Approximately 8% of the human population is left-
handed [1]. Theories about the development of left-
handedness can simplistically be divided into two
categories: pathological development of left-handedness
and natural left-handedness. Pathological models sug-
gest that left-handedness is a deviation from normal
right-handed tendencies and develops as a result of
pathological aberrations during gestation that disrupt
normal development, altering brain lateralization, and
causing the left hand to become the dominant hand [2,
3]. Natural left-handedness is thought to be a natural
phenomenon with a familial component, and genetic
models have been derived to explain its occurrence [4].

Some evidence suggests that left-handedness, whether
pathological or natural, increases risk for fracture. He-
menway et al. [5] found that left-handers had a 56%
increased risk for distal forearm fracture compared with
right-handers, and those forced to use their right hand
despite left-hand dominance had a twofold increased
risk. Stellman et al. [6] found in a hospital-based case-
control study of cancer and myocardial infarction that
men with fractures (who were included in either the case
or control group) were more than twice as likely to be
left-handed as patients with other diagnoses. left-hand-
edness also has been associated with an increased prev-
alence of immune and neurodevelopmental disorders [7,
8, 9] and reduced immunity [10] and survivorship [11],
although the evidence supporting these relationships is
controversial. Individuals with such disorders may be
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more likely to fall and fracture as a result of diminished
health status, particularly if they suffer from a neuro-
developmental disorder such as seizures. Left-handed-
ness is suggested to be associated with other risk factors
for osteoporosis and fracture such as heavy drinking [12,
13] and reduced body weight [14], although the evidence
is far from convincing. Finally, some studies have found
that left-handedness is a risk factor for accident and
injury [15, 16, 17], possibly because of an environmental
bias toward right-handedness; that is, left-handed people
must live in a world designed for right-handed people.
For example, often stairways do not have handrails on
the left side and gearshifts in both automatic and man-
ual cars are located on the right side of the driver in most
countries.

The purpose of this paper is to examine the associa-
tion between handedness and fracture at five fracture
sites: distal forearm, proximal humerus, shaft of the
tibia/fibula, pelvis, and foot.

Materials and methods

Cases and controls were selected from five Northern California
Kaiser Permanente Medical Centers (San Francisco, Santa Clara,
South San Francisco, Oakland, and Hayward) between October
1996 and May 2001.

Cases

Incident cases of age 45 years and older were identified on a weekly
basis through computerized radiology, inpatient, and outpatient
records. Information on diagnosis and fracture site was obtained
from radiology reports and medical records by a trained record
abstractor. To be included as a case, the fracture had to be con-
firmed by X-ray, bone scan, or MRI. Pathological fractures due to
specific diseases were excluded. In order to maintain a consistent
comparison group, individuals experiencing a fracture at more than
one of the specified fracture sites during the study period were
included as cases for only the first diagnosed fracture at one of the
sites under study. Classification of fractures followed the Interna-
tional Statistical Classifications of Diseases and Related Health
Problems, Tenth Revision [18].

Of potential cases, all non-white individuals and a percentage of
white individuals were approached to join the study. Until May 1,
2000, we sampled 50% of whites with proximal humerus and distal
forearm fractures and 25% of whites with foot fractures as cases. In
order to increase numbers, all whites with distal forearm fractures
and 50% of whites with foot fractures were sampled after May 1,
2000. Because pelvis and shaft of the tibia/fibula are uncommon
fracture sites, all white persons with these fractures were included.
In order to increase the representation of racial and ethnic
minorities in the study population, 100% of individuals indicated
as a minority and those without race/ethnicity recorded in Kaiser
records were included as cases for all fracture sites under study.
Participation among eligible cases was 72%.

Controls

During the same time period, 2192 controls were selected. Every
3 months Kaiser Permanente members with no previous fractures
of the foot, distal forearm, proximal humerus, shaft of the tibia/
fibula, or pelvis were stratified into nine 5-year age groups (45–
49, 50–54, 55–59, 60–64, 65–69, 70–74, 75–79, 80–84, and 85+)

and two gender groups. These groups were randomly ordered
and the first 34 females and 7 males in each 5-year age group
were selected. All minorities and individuals of unknown race/
ethnicity and 39% of white females and 78% of white males were
chosen as controls. Participation among the eligible controls was
64%.

Questionnaires

Information about potential risk factors was gathered from a
standardized questionnaire administered by trained interviewers in
English or Spanish. The questionnaire covered demographic
characteristics, immigration history and acculturation, certain as-
pects medical history, handedness, use of certain medications and
nutritional supplements, physical activity, physical function,
activities of daily living, home hazards, dietary calcium intake,
history of falling, and immediate cause of fracture. Questions re-
ferred to the period before fracture for the cases and to the period
before interview for the controls. During the first 3 years of the
study, most interviews were conducted in person at the partici-
pant�s home. To increase participation rates and numbers of sub-
jects interviewed, the interviews were primarily conducted over the
telephone after November 15, 2000. Type of interview was not
found to be an effect modifier, but is included as a covariate in the
multivariate analysis.

The questionnaire assessed handedness by asking, ‘‘Do you
usually write with your left hand, right hand, or do you use both
hands equally well?’’ Those who indicated they used both hands
equally well (ambidextrous) or were right-handed were asked if
they had been forced to change from being naturally left-handed to
being right-handed. Raczkowski and Kalat [19]validated ‘‘Which
hand do you write with?’’ as 96% reliable using test-retest and
100% accurate when comparing responses to performance tests.

Participants who were interviewed in languages other than
English and Spanish were excluded. Three participants were ex-
cluded because the quality of the interview was determined to be
unsatisfactory by the interviewer. Nine additional participants were
excluded because of missing handedness data. Finally, 190 proxy
respondent interviews were excluded because of missing data and
because there were too few proxy respondents to assess adequately
interactions involving handedness by self versus proxy status.

Statistical analysis

Following preliminary descriptive analysis, the relationships be-
tween handedness and fracture were assessed using unconditional
logistic regression with SAS version 8.2 software to calculate
adjusted odds ratios. Handedness and having been forced to
change hand of preference were separated into five categories: (1)
right-handers who had not been forced to change hand of pref-
erence or did not know if they had been forced to change, (2)
right-handers who had been forced to change hand of preference,
(3) ambidextrous individuals who had not been forced to change
hand of preference or did not know whether or not they had
been forced to change, (4) ambidextrous individuals who had
been forced to change hand of preference, and (5) left-handers.
Variables that altered the odds ratio for handedness by 10% or
more were considered confounders. The model presented here
controlled for design variables including type of interview (tele-
phone or in person), 5-year age group, gender, race/ethnicity as
indicated by Kaiser records, and confounding variables including
self-reported race/ethnicity, age in years, whether the participant
took seizure medications, body mass index, and a summary score
for frailty. The summary frailty score was computed using
information obtained from the questionnaire. Participants scored
one point for each illness, each medication, each difficulty with a
daily activity, each area of reduced physical function, each
mobility aid used, each neuromuscular symptom, and for self-
reported poor health. Kaiser-recorded race/ethnicity and 5-year
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age group were included in the model because subjects were
sampled using these variables; self-reported race/ethnicity and age
were additionally included in the model to more carefully adjust
for these variables.

Self-reported race/ethnicity was categorized into four groups:
(1) white, Native American and other, (2) black, (3) Chinese, Fil-
ipino, Japanese, Pacific Islander and other Asians, and (4) His-
panic. Those subjects who placed themselves in more than one
category were classified into one of the above four categories
through their answers to questions on acculturation.

Finally, possible effect modifications by race/ethnicity, age,
gender, and type of interview were examined first by stratification
and then by including cross-product terms in the multivariate
model. There was no evidence of effect modification, indicating that
odds ratios were consistent across these groups. We also compared
those who enrolled in the study prior to May 1, 2000, with those
who enrolled on or after that date to ensure the protocol change in
the percentage of whites sampled did not bias results. Again, no
effect modification was found.

Results

Of 5,033 cases and controls in the total study popula-
tion, 88.7% were right-handed, 5.8% were left-handed,
1.1% were ambidextrous, and 4.4% were forced to use
the right hand instead of the left. (Table 1). The 32
ambidextrous individuals who had been forced to use
their right hands were combined with the 191 right-
handers who reported having been forced to switch from
left-handedness to right-handedness, because these
groups had similar odds for fracture. The prevalence of
having been forced to switch hand of preference in-
creased with earlier birth cohort. Prevalence of reported
left-handedness decreased with earlier birth cohort while
the prevalence of right-handedness remained the same.
Pacific Islanders and other Asians had a lower preva-
lence of left-handedness and greater prevalence of hav-
ing been forced to switch hands compared with other
race/ethnicity groups. However, we were unable to

examine race/ethnicity as a risk factor because cases and
controls were frequency matched on race.

Table 2 shows that left-handed individuals were at a
33% increased odds for fracture at all fracture sites
combined. When each fracture site was examined indi-
vidually, left-handedness was associated with almost a
doubling of risk for fracture at the proximal humerus,
and a moderately elevated risk for fractures at the distal
forearm, foot, and pelvis. There were few pelvis and
tibia/fibula cases, resulting in wide confidence intervals.

Ambidextrous individuals were at 2.6 times the risk
for fractures at all sites combined compared with right-
handers. Ambidextrous individuals were also at greater
risk for fractures at each of the five individual sites.
Individuals forced to switch hand of preference dem-
onstrated a trend toward a reduced risk for fractures at
the proximal humerus, distal forearm, foot, and pelvis,
but numbers were small.

Because prior studies suggested that left-handers have
compromised immunity and decreased survivorship, we
compared the questionnaire-derived medical histories of
left-handers, right-handers, and ambidextrous individu-
als, combining cases and controls. left-handers were
more likely to report taking seizure medications (ad-
justed OR=1.87, 95% CI 1.06 to 3.29) and a history of
hypothyroidism (adjusted OR=1.59, 95% CI 1.10 to
2.31) than right-handers. No differences were noted in
the prevalence of diabetes, angina, stroke, kidney dis-
ease, epilepsy, cataracts, glaucoma, arthritis, depression,
cancer, or hyperthyroidism. Likewise, left-handers were
no more likely than right-handers to have neuromus-
cular problems or difficulty performing activities of daily
living. Ambidexterity was associated with a greater
number of neuromuscular problems such as difficulty
balancing and numbness in extremities (adjusted
OR=1.24, 95% CI 1.07 to 1.44), but was not associated
with the difficulty performing activities of daily living
(OR=1.09, 95% CI 0.90 to 1.31) or reduced physical
function (OR=1.14, 95% CI 0.90 to 1.44) when ambi-
dextrous individuals were compared with right-handers.
Those who were forced to use the right hand instead of
the left were slightly more likely to have difficulty per-
forming activities of daily living (adjusted OR=1.10,
95% CI 1.00 to 1.21) than right-handers. Controlling for
difficulty performing daily activities, neuromuscular
symptoms, average monthly alcohol intake, and body
mass index did not alter the relationship between frac-
ture risk and handedness.

Discussion

Our data indicate that left-handed individuals were at an
increased risk for fracture of the proximal humerus and
suggest that they may also be at greater risk for forearm,
foot, and pelvis fracture. These findings support the
previous results of Hemenway et al. [5] and Stellman
et al. [6] who found elevated odds for fracture among
left-handers.

Table 1 Percentage of handedness in cases and controls combined
by age, race/ethnicity, and gender

Right Left Ambidextrous Forced
to switch

Total

N (%) N (%) N (%) N (%) N

Race
Black 588 (88.5) 41 (6.2) 8 (1.2) 27 (4.1) 664
Hispanic 535 (92.2) 25 (4.3) 3 (0.5) 17 (2.9) 580
APIa 675 (91.3) 20 (2.7) 5 (0.7) 39 (5.3) 739
White 2,667 (87.4) 204 (6.7) 39 (1.3) 140 (4.6) 3,050

Age
45–54 1,272 (87.9) 104 (7.2) 14 (1.0) 57 (3.9) 1,447
55–64 1,152 (86.2) 105 (7.8) 17 (1.3) 63 (4.7) 1,337
65–74 1,040 (90.2) 53 (4.6) 9 (0.8) 51 (4.4) 1,153
75–84 782 (91.1) 24 (2.8) 12 (1.4) 40 (4.7) 858
85+ 219 (92.0) 4 (1.7) 3 (1.3) 12 (5.0) 238

Gender
Male 1,065 (87.4) 84 (6.9) 17 (1.4) 53 (4.4) 1,219
Female 3,400 (89.2) 206 (5.4) 38 (1.0) 170 (4.5) 3,814

Total 4,465 (88.7) 290 (5.8) 55 (1.1) 223 (4.4) 5,033

aPacific Islander or other Asian
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While our study found ambidextrous individuals had
the greatest risk for fracture, one previous study [5]
found that the odds for distal forearm fractures among
ambidextrous individuals was no different from right-
handers. Also, we found that those individuals who were
forced to switch from the left to the right hand were at
no greater risk than right-handers for fractures at five
sites. The only previous study to consider individuals
who had been forced to switch the hand of preference
[5], found that those who had been forced to switch the
hand of preference had more than twice the risk of
forearm fractures as right-handers.

The reasons for an increased risk for fracture among
left-handers and possibly ambidextrous individuals were
not clear. We controlled for one pathological problem
associated with left-handedness, seizures; however, this
association did not explain the observed relationship
between fracture risk and handedness. Likewise, disease
occurrence, frailty, alcohol intake, and body weight did
not account for the association between handedness and
fracture risk. Because this study was not designed to
assess the disadvantages, if any, left-handers experience
by living in a world designed for right-handed people, we
could not examine this hypothesis. Little research has
been done to characterize ambidextrous individuals
specifically, as they are often combined with left-handers
as ‘‘non right-handers.’’ The etiology driving either the
ability to effectively use either hand for any given task or
to prefer different hands for different tasks has not been
explored. However, one can learn to use the nondomi-
nant hand effectively for specific tasks if those tasks are
easy or practiced frequently [20].

That fracture risks for those forced to change hand of
preference were similar to risks for right-handers may
suggest that living in a world designed for right-handed
people creates an increase in fracture risk for non right-
handers. If the cause for increased fracture risk were
entirely pathological, one would expect that all persons
born with a preference for the left hand would be sus-
ceptible to these pathological problems and the actual
hand used most often would be irrelevant; thus, we
would expect both left-handers and those who were
forced to switch hand of preference to have similar
fracture risks. However, if environmental bias were

responsible for the increased fracture risk in non right-
handers, we would expect that those using either hand
equally well would not differ from right-handers. In-
stead, we found that ambidextrous individuals were at
the greatest risk for fracture. This may suggest that
ambidextrous individuals differ from both right and left-
handers. Specifically, ambidextrous individuals often
report that they are able to use both hands equally well,
though they are more adept with one hand [20]. If they
frequently use the less adept hand, they may be at
greater risk for injury and fracture because they lack
dexterity. While true ambidexterity means equal skill in
both hands (implying that both hands are equally
capable of performing activities), almost everyone favors
one hand over the other, though some people do prefer
different hands for different tasks [20]. No other studies
have reported similar findings for ambidextrous indi-
viduals, and further studies are warranted to evaluate
whether this is a chance finding.

This study had several limitations. First, we assessed
handedness with just two questions, forcing respondents
to qualify themselves as left-handed, right-handed, or
ambidextrous. However, handedness is not a categorical
variable. It exists as a bimodal continuum with many
people favoring either the left or the right hand and
many people falling in between these extremes. Ideally
this variable would be assessed using multiple measures
of hand skill and/or hand preference. Also, detailed
information regarding all pathological problems asso-
ciated with left-handedness were not available, and we
were able to use only a few measures to examine this
hypothesis. The small number of ambidextrous partici-
pants and participants who had been forced to change
hands precluded a thorough analysis of differences be-
tween left-handedness, right-handedness, and ambidex-
terity, and reduced our power to examine some fracture
sites. Finally, as with many case-control studies, the data
are subject to recall error.

To our knowledge, this is the first study to examine
the relationship between handedness and fracture at the
proximal humerus, foot, pelvis, and shaft of the tibia/
fibula, and the second to look at the association of
handedness and fracture risk at the distal forearm.
Handedness is usually a lifelong exposure that is difficult

Table 2 Adjusteda odds ratios (OR) and 95% confidence intervals (95% CI) for fractures among left-handed and ambidextrous compared
with right-handed individuals

Site of fractures Rightb Left Ambidextrous Forced to switch

N OR 95% CI N OR 95% CI N OR 95% CI N OR 95% CI

All sites 4,465 1.0 – 290 1.33 1.02-1.72 55 2.56 1.35-4.86 223 0.79 0.60-1.04
Proximal humerus 429 1.0 – 41 2.00 1.33-3.01 6 2.37 0.85-6.65 15 0.64 0.36-1.12
Distal forearm 964 1.0 – 67 1.28 0.92-1.80 18 2.99 1.42-6.30 50 0.96 0.67-1.36
Foot 793 1.0 – 60 1.17 0.82-1.65 13 2.59 1.13-5.97 30 0.66 0.43-1.01
Pelvis 159 1.0 – 13 1.40 0.71-2.74 2 1.51 0.26-8.63 4 0.42 0.15-1.22
Shaft of tibia/fibula 156 1.0 – 8 0.72 0.33-1.56 3 3.91 1.01-15.17 10 1.19 0.59-2.41

aAdjusted for age in years, 5-year age group, self-reported race, Kaiser-reported race, gender, type of interview, taking seizure medica-
tions, body mass index (weight (kg) / height (m2)), frailty summary score
bReference group
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to modify. Thus, there is little concern about tempo-
rality. Recall bias may be minimized because this study
was addressing handedness only incidentally among
many other issues.

Based on these and previous [5, 6] findings, we con-
clude that left-handedness is probably associated with
fracture risk, particularly at the proximal humerus in
our study and the distal forearm in the study of He-
menway et al. [5]. The reasons for these associations are
unclear. We noted an association between seizures and
handedness, but this association did not account for the
relationship between fracture and handedness. We also
found evidence suggesting that ambidextrous individuals
were at an increased risk for fracture at multiple sites,
while those who were forced to use the right hand ap-
peared to be no different from natural right-handers;
however, these finding are not supported by Hemenway
et al. [5]. Studies to distinguish further the differences in
risk for fractures between ambidextrous, right-handers,
and left-handers are warranted. Moreover, research
should be done to determine the extent to which right-
handed environmental bias influences the risk for frac-
ture among left-handed and ambidextrous individuals,
particularly because this environmental bias is modifi-
able.
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