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Study obijective: To explore risk factors for symptomatic knee osteoarthritis (OAK) in women, which
included wearing high heeled shoes.

Design: Matched case-control study. Exposure information obtained by interview, included details about
past footwear. Self reported weight and height data obtained representing when women left school, were
aged 36-40 and were aged 51-55. Regular work activities (including periods when homemaker or
carer), smoking, and hormone related data gathered using a life-grid.

Setting: Interviews in participants” homes. Cases identified from orthopaedic hospital surgical waiting list,
controls identified by general practitioners (GPs)

Participants: Women aged 50 to 70 years. Cases awaiting knee replacement surgery. Controls, who had
no past knee surgery and no knee pain in the past three years, were matched for age and GP. Altogether
111 eligible women were interviewed (29 cases, 82 controls).

Main results: Univariate analyses identified several significant associations with OAK including past knee
injury, arthritis of the feet, heavy smoking, being overweight (BMI 25 or above) and various occupational
activities. Virtually all measures of high heeled shoes use were associated with reduced risk of OAK,
although none of these findings were statistically significant. In multivariate analysis only BMI 25 or above
at age 36-40 remained significantly associated with OAK (OR 36.4, 95% ClI 3.07 to 432, p=0.004),
although weak evidence suggested certain occupational activities might increase risk. Weight gain in early
adult life was particularly pronounced among cases.

Conclusions: Being overweight before the age of 40 considerably increased the risk of subsequent

pain due to symptomatic osteoarthritis of the knee

(OAK)." The prevalence of OAK increases with age,
with a greater increase in women. By the age of 65 years,
around twice as many women as men are affected. This
gender difference suggests that women either carry a higher
risk of OAK in itself, or that they experience greater exposure
to risk factors.?”’

A number of risk factors for OAK have been identified in
studies using a variety of case definitions. These include:
particular genotypes—implicated in a minority of cases,”
obesity,” © extreme levels of exercise,”'® knee joint injury,'" "’
and various occupational factors.'* "> Other risk factors that
have been suggested include smoking (as a “protective”
influence),’ oestrogen—that is, oral contraception or replace-
ment therapy (HRT) (here, the evidence is particularly
inconsistent),' '” and factors that relate to social class.'*°

It has been suggested that the greater prevalence of OAK
among women might be related to the wearing of high heeled
shoes,”" ** although the evidence is limited. Wearing high
heels has become increasingly common since the first world
war, and any risk associated with such footwear should be
quantified. We have been unable to identify any epidemio-
logical studies that evaluate this potential risk factor, and
therefore our aim was to explore this issue with the pilot
study described here.

The proposed lead time between the wearing of high heels
and the onset of OAK is long (several decades), so a case-
control study was the only practical study design to use for
this investigation. However, this presented the problem of
measuring past exposure, and we decided to use a life course
approach.

ﬁ round 2.4% of people over 55 years are disabled by knee

symptomatic OAK in women. Wearing high heeled shoes did not.

The life course approach seeks to examine the relation
between individuals’” health and their changing social
conditions over time. It aims to assist recall by using
cognitive tools based on the respondent’s own life course or
“life events calendar”. We adopted a form of the approach
where a “life grid” is used as part of an interview technique.”
This method has been shown to minimise recall bias after as
long as 50 years.”

We report here the risk factor relations observed in the fea-
sibility study that was undertaken to test our methodology.

METHODS
The study obtained approval from the Central Oxford
Research Ethics Committee (reference €99.157).

Study subjects
Women aged 50 to 70 years resident within 20 miles of a
specialist orthopaedic hospital were studied.

Cases

Cases were defined as women who reported at least moderate
knee pain on most days in the past month and had been
placed on a waiting list within the preceding 12 months for a
primary unicompartmental or total knee replacement (TKR),
with primary idiopathic OA as the indication for surgery.
Cases were identified from a consultant’s (CD) surgical
waiting list. Details of the patient’s indication for surgery and

Abbreviations: OAK, osteoarthritis of the knee; HRT, hormone
replacement therapy; BMI, body mass index
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inclusion/exclusion criteria were verified using hospital
medical notes. Potential cases were sent a letter of invitation
signed by their hospital consultant, together with an
explanation of the study. One week later the research nurse
telephoned the patient to obtain their response and arrange
an interview.

Controls

Controls were sought from the general practice with which
cach case was registered and were matched for age (within
two years). The local ethics committee required that potential
controls were selected by the general practitioner rather than
the research nurse. Women who reported regular moderate
knee pain or who had discussed a knee problem with a doctor
within the past three years were excluded by the GP (with
reference to patients’ notes) or—if the GP was unaware of
this problem—by standard screening questions asked at a
later stage. We approached all GPs in Oxfordshire at the start
of the study, explaining the purpose of the study and the role
that they would be asked to play. Fifty two GPs (52 of 389,
13%) indicated at this stage that they were not willing to
participate. When a case had been interviewed, a letter was
sent to the GP requesting the identification of six age
matched controls and stating the inclusion/exclusion criteria.
The research nurse provided customised letters of invitation
for the general practitioner to sign and post.

Reminders were sent to all non-responders after two
weeks, even where one or more women within a case-control
set had already agreed to participate, and all women who
agreed to participate were then selected as controls. The
research nurse then telephoned selected controls to arrange
an interview, and asked some standardised questions to
check the eligibility of the woman.

Exclusion criteria

Cases and controls were excluded if any of the following
factors were present, either reported by the patient or
recorded in the medical notes:

® Previous other surgery for OA (for example, osteotomy,
TKR), on either knee.

® A diagnosis of rheumatoid arthritis or other generalised
inflammatory condition of the joints.

® Genetic or metabolic predisposition to secondary OA or
other joint disease, for example, a diagnosis of psoriasis,
haemophilia, or Paget’s disease.

Sample size

We took a pragmatic approach to the sample size, rather than
carrying out a formal power calculation. No population data
were available relating to women'’s history of high heel use,
and this study was intended primarily to be a feasibility test
of our methods. We aimed to obtain as many matched case/
control sets as possible in the 10 month recruitment phase,
and accepted that the study would have low power, but
would provide valuable information that would facilitate the
powering of a future main study.

The interview format and schedule

Interviews took place in the respondents’ own homes.
Respondents were asked in advance if they could have
available photographs of themselves, preferably full length,
taken over their adult life. Other picture cues were provided
by the research nurse.

Interviews began by identifying dates of significant
personal events, and lifetime information on residence and
occupation. This information was entered on a life grid and
details of part time and full time jobs and periods of
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unemployment or home-making were recorded. As the life
grid evolved, items of information were simultaneously
recorded into standard tables. This method permitted the
calculation of “total number of years spent—for instance—
living in houses without central heating, or doing work that
involved regular lifting, or wearing shoes with 2 inch heels”.
Part time jobs were counted as half time in all cases. Once
completed, the life grid was used as a cross referencing aid to
recall.

The interview next focused on potential risk factors
including: occupational activities (collected for each period
of work—or period spent as home-maker, mother or carer—
that lasted for one year or more); past shoe wearing
behaviour; participation in competitive sports; past and
present problems affecting any joints; height, body weight
at three different stages of life, cigarette smoking, child
bearing, and use of contraceptive pills or hormone replace-
ment therapy.

Measurement of potential risk factors

Occupational risk factors

In relation to each job already recorded (which also included
periods when the respondent was a ‘‘home-maker, mother or
carer’”’), respondents were asked: “Did this job/period in your
life involve any of the following activities on a regular basis
(at least two days per week)?”” Activities were then listed and
included: lifting, kneeling, bending, squatting, or walking for
long periods. Respondents were also asked if the job/period in
their life had specifically involved regularly cleaning floors on
their knees. This information, together with information on
the length of time spent in each “period of work”, was used
to compute the total numbers of years spent doing work that
involved each of the named activities.

Body weight and body mass index

Respondents reported their height and typical weight around
the time they left school, were aged 3640, and were aged 51—
55 years. Body mass index (body weight in kilograms/height
in metres®) was computed for each juncture.

Smoking

Respondents were asked about all periods when they had
smoked and the total number of cigarettes smoked in the
woman'’s lifetime was calculated. This was then categorised
as never smoked, moderate or heavy smoker. A heavy
cigarette smoker was defined as a woman who had smoked
more than 70 000 cigarettes. This is equivalent to just over
five cigarettes per day for 40 years or 20 cigarettes per day for
10 years.

Past shoe wearing behaviour
The following measures of shoe wearing behaviour were
collected:

(a) Respondents were asked to say how old they were
when they first wore a pair of shoes with heels one, two or
three inches high—if ever.

(b) A file of pictures of 38 different styles and heights of
shoes, with both front and side view was used. In each case,
the facing page showed life size pictures of heels with a range
of different heights. These were labelled “A” to “I".
Respondents were asked to say if they had ever worn
regularly any shoes similar to each of the pictures shown for
work, for going out socially or for dancing, and, if so, to
identify from the pictures the most likely heel height in each
case. The highest heel recorded for each five year period for
each type of use was used in the analysis, and contributed to
six derived variables giving the total number of years
between age 10 and 40 years when the subject had regularly


http://jech.bmj.com

Risk factors for OA knee in women

worn heels higher than two inches and heels higher than
three inches, for work, for going out socially, or for dancing.

Statistical analysis

We used conditional logistic regression to compare cases and
controls in relation to the frequency of risk factors for all
univariate and multivariate analyses using STATA software
(release 7.0).

RESULTS

Participation

Fifty nine cases were identified, and 31 (53%) were
interviewed. A median of three controls per case were

POTENTIAL
STUDY PARTICIPANTS
N = 246

/

POTENTIAL CASES
Identified from W/L

n =59
Ineligible (case) affer
search of medical notes

RA (2) generalised OA (1)
previous TKR/uni-comp (14) /
Ineligible (case) due to

GP "blanket refusal" (4)
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interviewed (range 1 to 6). One hundred and eleven women
(29 cases, 82 controls) were both interviewed and eligible.
See figure 1.

Sample characteristics and risk factors

Table 1 presents descriptive data together with odds ratios
from univariate analyses comparing cases and controls. There
were no significant differences in any of the measures of
socioeconomic status between cases and controls. However,
the most highly statistically significant result was body mass
index (BMI) when aged 36-40. A significantly higher
proportion of cases than controls reported a BMI of 25 or
above (BMI 25 has been used as a threshold for being
classified as overweight, but more recently the nomenclature

Figure 1 Selection of cases and
controls and reasons for their exclusion.
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over—multivariate analysis*

Table 2 Risk factors for symptomatic osteoarthritis of the knee in women aged 65 and

(R) =reference category

Risk factor Adjusted odds ratio 95% CI p Value

BMI when age 36—40: <25(R)

n=104 25 or above  36.43 3.07 to 432.75 0.004

Years regularly bending 0-21(R)

(tertiles) >21-34 12.91 1.00 to 167.16 0.050
>34 9.80 0.76 to 126.74 0.081

Ever worn 3 inch heels regularly 0.77 0.22 fo 2.65 0.673

*Matched for age and general practitioner.

has changed to pre-obese**) when they were 36-40 years of
age, (cases: 20 of 29, 69%; controls: 13 of 82, 16%; OR 32.8,
95% CI 4.3 to 252, p = 0.001). Cases reported greater numbers
of other problems with their knees and feet, but this may be
an artefact of the exclusion of controls who had consulted
with their doctor regarding knee problems in the past three
years, and also the fact that cases will have had greater access
to diagnostic facilities. Heavy smoking was associated with a
threefold increase in risk of OAK.

Most respondents had spent many years doing physically
demanding work. Several activities showed a significant
relation with OAK, in particular lifting and bending.
However, there was no clear exposure ‘“dose-response’”” with
increasing years. All respondents reported wearing shoes
with heels at least one inch high at some time in their lives,
while 8 of 111 (7%) said that they had never worn heels as
high as two inches and 40 of 111 (36%) reported never
wearing three inch heels. None of the measures of high heel
wearing were significantly associated with OAK and in most
cases the odds ratios indicated a protective effect rather than
the hypothesised increase in risk. There were no significant
differences in parity, competitive sports activity, use of oral
contraceptives, or use of hormone replacement therapy.

Multivariate analysis

To study further the interrelation between OAK and either
established or suspected risk factors (including those
approaching conventional levels of statistical significance in
the univariate analysis—that is, p<<0.05), we performed a
multivariate analysis using conditional logistic regression,
using matched case-control sets. A number of models were
tested with variables added systematically to a baseline
model containing a binary variable for BMI aged 36-40 (25 or
above, versus <25). Factors that exhibited a weak association
with OAK (p<<0.1) independent of, and in addition to the
effect of BMI aged 36-40, remained in the model. One
notable exception to this rule was the factor “ever wore heels
over three inches”. This was entered as it was our hypothesis
that high heel wearing would be a harmful activity and
therefore we sought to quantify the risk of OAK. We chose
this particular variable because women generally under-
estimated the height of heels by around half an inch
(unpublished data) and so we felt that this variable would
best represent high heels. We examined the known/likely risk
factors for OAK, plus those other variables significantly
associated with OAK in univariate analysis and excluded any
measure of self reported foot arthritis or knee injury in the
final model for reasons already mentioned.

Factors denoting occupational activity were highly corre-
lated and we therefore chose to enter just one of these
variables, “years (tertiles) regularly bending” in the model.
Bending was highly correlated with most of the other
occupational factors and was only weakly associated with
OAK independently of BMI aged 3640, and its inclusion in
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the multivariate model did not destabilise it. The inclusion of
a variable relating to smoking made the model highly
unstable; it was not significantly associated with OAK
independently of BMI aged 36-40 and as we had a
comparatively small sample size and thus could not expect
to have discriminatory power over many variables it was
excluded from the model. We chose to use BMI at age 36 to
40 years because we felt the later BMI (at age 51 to 55) could
be confounded by the relative immobility of women with
OAK, in that knee pain discourages activity and thereby
encourages weight gain.

The final model therefore included BMI greater than 25 kg/m”
at age 36 to 40 years, years bending within occupation, and
wearing three inch heels (ever/never). Results of the final
multivariate analysis are shown in table 2. Only a self
reported BMI of 25 or above at around the age of 36-40

120 —
[] Weight at leaving school
[] Weight age 36-40
10— [ Weight age 51-55
100 — (e}
* o) 8
90 —
_ 80|~
° o o
TE) 70 —
°
=
60 —
S0~ Median
-+ weight
40 —
o 1
30 —
o
20 L ‘ ‘ L L ‘ L
N= 67 67 67 21 21 21
Control Case

Figure 2 Boxplot comparing cases’ and controls’ reported body weight
at three stages of life: when they left school, during their late 30s, and
during their early 50s. Median change (kg) between leaving school and
age period 36 to 40: cases: 12.7, ranging from —1.8 to 50.5 compared
with controls: median change (kg) 3.2, ranging from -15.9 to 35.0;
p=0.0041. Median change (kg) between age period 36 to 40 years
and age period 51 to 55 years (median change (kg): cases: 6.4 ranging
from =12.7 to 44.1 compared with controls: median change (kg): 5.0,
ranging from =3.2 to 22.3; p=0.31. tTest of statistical significance
Wilcoxon signed rank test, using median value of controls within each
matched case/control set.
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® It is very unlikely that prolonged wearing of high
heeled shoes represents a risk factor for symptomatic
osteoarthritis of the knee (OAK) in women.

® Attaining a body mass index of 25 or above before the
age of 40 seems to increase the risk of symptomatic
OAK in women markedly.

e Future research in relation to risk and prevention of
OAK might usefully focus on the age at which people
first undergo excessive weight gain and whether or not
this gain is sustained.

years remained highly significantly associated with having
OAK (OR 364, 95% CI 3.07 to 432, p=0.004), although
there was some weak evidence that regular bending in the
course of occupational activities might be associated with
an increased risk of OAK. The wide confidence interval
represents the inherent uncertainty of our estimates, both
because of low power and therefore precision, and
measurement error, as weight was self reported.

Figure 2 presents a boxplot comparing cases and controls’
reported body weight at three stages of life: around the time
that they left school, during their late 30s and during their
early 50s. The change in weight that occurred between
leaving school and the age period 36 to 40 years was
significantly greater for the cases than for the controls
(p=0.004), and was also much greater than that which
occurred during the period between age 36 to 40 years and
age 51 to 55 years (p=0.3).

DISCUSSION

We have described a feasibility study using established case-
control methodology, to investigate risk factors for sympto-
matic OAK in women. A key aim was to test methods for
obtaining detailed exposure information on risk factors,
(particularly the past use of high heeled shoes), which has
not systematically been obtained before. Population based
data of this type were not available before this study so that a
formal sample size calculation was not appropriate and a
large scale project could not be justified in this instance. We
therefore adopted a pragmatic approach, which resulted in a
small sample and this will have limited the power of the
study to detect or confirm risk factors in our analysis. In
addition, a small sample size coupled with a large number of
risk factors studied increases the risk of obtaining false
positive results and the findings should therefore be treated
with due caution. We nevertheless obtained results that we
believe to be of value, particularly in relation to the design of
future studies of this type.

Data were gathered using a life course approach and
interviews, with visual cues to aid recall. Commonly used
socioeconomic indicators (for example, income, occupational
classification) can change throughout a person’s life and the
measurement and meaning of such factors can be proble-
matic—particularly in relation to women.” The use of life
course approaches to data collection offers ways of addres-
sing this problem by, for instance, counting the number of
years of exposure to particular variables, such as central
heating. Results suggested that control subjects were
generally of higher socioeconomic group than cases (fewer
lifetime number of years in housing without central heating
and more years of home ownership in controls than cases).
However, these differences were not significant.

In common with one recent study,” we could find no
evidence of an association between sports related exercise
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and symptomatic OAK. This relation is still contentious, with
some studies finding a relation. Receiving treatment for a
past knee injury has been shown to increase the odds of
subsequent OAK."” ** Our own study found this in univariate
analysis (OR 3.0 p=0.02), however, controls were excluded
if they had moderate knee pain or had consulted about a
knee problem within the past three years, and this difference
should be interpreted with extreme caution.

Occupational factors, which focused on the type of regular
work activities performed, and which included periods when
the women were home-makers or looking after their
children, seemed to be related to risk of OAK, but this
relation was no longer significant after controlling for BMI at
age 36 to 40 years.

In contrast with other studies,® we did not find any
evidence in support of cigarette smoking as a protective factor
for OAK in women. Indeed, univariate analysis suggested
that heavy smokers were at a significantly increased risk
compared with non-smokers. We also found no evidence in
support of a protective effect of using HRT.

We examined various measures of past footwear expo-
sure—particularly regarding the height of heels. Most of the
women had been exposed to high heeled shoes over many
years. Nevertheless, a consistent finding in univariate
analyses was a reduced risk of OAK in association with
regular high heel usage, although only one item (years of
regular dancing in three inch high heels) was of statistical
significance. None of the items were statistically significant
after adjustment.

This surprising finding could be explained by measurement
error in estimating exposure to wearing high heels, or it could
be attributable to confounding by factors, particularly socio-
economic, that are related to high heel wearing. Nevertheless,
our comparisons were underpowered and it therefore
remains possible, although unlikely, that a larger study could
find a relation between wearing high heels and increased
risk of OAK—that is, we would not expect a large study to
overturn the direction of this study’s findings. A larger
scale study would have to control for the very strong effect
of weight/BMI and it is not obvious by what method
this could be achieved, particularly if reliance was placed
on self reports. Statistical adjustment is one option, but
that did not particularly help us because the overlap in BMI
was minimal between the two groups. No large scale study
of this subject is planned by ourselves in the near future
therefore.

In common with other research, we found that being
overweight increased the risk of symptomatic OAK in women
markedly. Nevertheless, while more women than men, in
England, are classified as obese (21% versus 17% respectively
in 1998) a higher proportion of men than women are
classified as pre-obese (BMI >25).”” The considerably higher
rates of OAK that are found in older women relative to men
still, therefore, remains unexplained. Our own data suggest
that future research in relation to risk and prevention of
symptomatic OAK might usefully focus on the age at which
people first undergo excessive weight gain and whether or
not this gain is sustained.
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