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Abstract

Introduction—Post-partum women are at increased risk for lower limb musculoskeletal
disorders. Foot arch collapse following pregnancy has been reported as a mechanism for this
increased risk. However, dynamic changes during gait in post-partum women have not been
reported. Therefore, we assessed the association between parity and dynamic foot pronation
during gait.

Objective—To determine: (1) if there is an association between parity and dynamic foot
pronation (center of pressure excursion index, CPEI) during gait, and (2) the extent to which there
is a dose-effect of parity on foot pronation.

Design—The Multicenter Osteoarthritis Study (MOST) Study is a longitudinal cohort study of
adults with or at risk for knee osteoarthritis (OA).

Setting—Two communities in the US, Birmingham, Alabama and lowa City, lowa.
Interventions—Not applicable

Participants—A population-based sample of 1177 MOST participants who were female, had
complete CPEI and parity data and completed the baseline, 30- and 60-month visits.

Main Outcome Measure(s)—Odds of a one quintile decrease in CPEI by parity group and
mean CPEI by parity group.

Results—In 1177 women, mean age was 67.7 years and mean BMI was 30.6 kg/m?2. As parity
increased, there was significantly greater foot pronation, lower mean CPEI: 19.1 (18.2-20.1), 18.9
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(18.4-19.4), 18 (17.5-18.6) to 17.5 (16.4-18.6) in the 0, 1-2, 3—4 and = 5 children groups,
respectively; p= 0.0021), which remained significant after adjusting for race and clinic site
(p=0.0052). There was a positive linear trend (= 1.08, 1.03-1.14) in odds ratios of a one quintile
decrease in CPEI (greater pronation) with increasing parity level (p=0.0037), which remained
significant after adjusting for race and clinic site (p=0.0099). After adjusting for age and BMI,
these two associations were no longer statistically significant.

Conclusion(s)—This study indicates a positive correlation between parity and greater dynamic
pronation of the feet.
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Introduction

Women report musculoskeletal pain and functional limitations due to foot, back and hip
problems more often than men and are at greater risk for musculoskeletal problems than
men.[1,2] In addition, knee osteoarthritis (OA), one of the most common causes of pain and
disability,[3] is disproportionately seen in women,[4] occurring 1.8 times more often in
women than men.[5] Understanding and preventing musculoskeletal disorders in women is
key to minimizing risk for disablement and maximizing quality of life.

The increased risk that women face may be associated with biochemical or biomechanical
changes that occur during pregnancy. Increased body mass, an anteriorly displaced center of
mass and hormonal changes that occur during pregnancy alter the musculoskeletal structure
of women and may lead to functional changes in their lower limbs during pregnancy.[6,7,8]
Multiple researchers reported an increase in lower-limb musculoskeletal discomfort, such as
increased back,[9] hip,[10] knee,[10] and foot pain[8,10,11] during pregnancy. While
musculoskeletal symptoms increase during pregnancy, Vullo and colleagues found that the
risk for musculoskeletal disorders persists postpartum and parous women are almost twice as
likely as nulliparous women to develop new lower limb musculoskeletal disorders later in
life.[10] Furthermore, Wise et a/reported that parity is associated with an increase in the
incidence of both radiographic osteoarthritis and knee replacements.[12]

Malalignment at the feet, such as over-pronation or supination, differences in pressure
distribution and planus foot morphology may play an important role in determining knee
joint alignment and loading through altering lower limb kinematics and kinetics.
[13,14,15,16] Proper functional alignment of the feet is important in absorbing mechanical
stress from ground contact[17] in order to prevent injury.[13,15] Therefore, changes in foot
structure associated with pregnancy may explain why parous women are at greater risk for
musculoskeletal disorders than nulliparous women.

Anthropometric changes in the feet, such as increased foot length, width and volume are
commonly reported during pregnancy.[18] In a study of 111 women, 13.2% of nulliparous
women, 31.2% of primiparous women, 58.3% of women who had carried 2 pregnancies and
66.7% of women who carried 3 or more pregnancies reported a permanent increase in shoe
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size since age 18 years. [19] More importantly, some changes in the feet persist following
pregnancy.[7] Segal et a/found that arch collapse is persists following pregnancy to at least
19 weeks post-partum in 40-60% of women and in a follow-up study, 11 of the women from
the original study with 19-week follow-up had persistent foot length/width and arch changes
greater than 1 year after the original study.[20] Planus foot posture has been associated with
more eversion excursion than rectus foot posture in runners[16] and may lead to excessive
pronation of the foot during both standing and walking activities.[20] A recent study showed
that foot pronation in women may cause kinematic changes that are transmitted to more
proximal structures, resulting in low back pain.[21] Therefore, persistent changes in
dynamic foot function and foot biomechanics due to pregnancy may affect loading and
motion patterns of more proximal structures in the kinetic chain.

Although collapse of the arch in a static standing posture during pregnancy and its
persistence following pregnancy have been reported, to our knowledge, changes in the
dynamic function of the foot during gait have not been reported. Detecting an effect would
provide additional information regarding a potential mechanism for pregnancy altering lower
limb loading. Considering the number of gait cycles completed in the decades following
reproduction, this may elucidate a reason for increased risk for musculoskeletal disorders in
post-partum women and older women and guide preventative strategies. Therefore, our aim
was to assess for an association between the number of children a woman gave birth (parity)
and dynamic foot pronation during gait (center of pressure excursion index: CPEI)[7], and
the extent to which there is a dose-effect of parity on pronatory foot function.

The Multicenter Osteoarthritis Study (MOST) is a longitudinal cohort study of adults, age
50-79 years at baseline, with or at an increased risk for knee OA.[22] Participants were
recruited based on characteristics known to confer elevated risk for knee OA— frequent
knee pain, history of injury or surgery, or being overweight or obese. Distribution of race
was kept in proportion to that of the US population. Our study included MOST participants
who were female, had complete CPEI and parity data and completed the baseline, 30- and
60-month measurement visits (Figure 1). The study was approved by local institutional
review boards and study participants underwent an informed consent process.

Assessments

Data was collected at baseline and at the 30-month and the 60-month clinic visits.
Participants’ responses to the question, “How many children did you give birth to?” at the
30-month clinic visit were used as surrogate for parity number. Age, sex, height, self-
reported weight and height at age 25 years old and other demographic characteristics were
assessed by questionnaire at the 30-month visit. At the 60-month clinic visit, participant
body mass index (BMI) and dynamic foot function were measured. BMI was calculated as
body mass (kilograms) divided by height (meters) squared. Height and weight were
measured per protocol by certified staff members, as previously described (appendix 1).[23]
Dynamic foot function (greater foot pronation during gait) was measured using an emed X
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digital pedobarograph (Novel Electronics Inc., St. Paul, MN) to quantify CPEI. CPEI is side-
specific and averaged over 5 trials for each foot, computed from a composite “ensemble
averaged” footprint for all 5 trials.[7]

Data were collected at 50 Hz with a 15-kPa threshold. A customized Matlab (Version 7.8.0
R2009a; Natick, MA) program was used to calculate CPEI. CPEI was defined as the lateral
displacement of the center of pressure curve from a reference line drawn from the initial to
the final centers of pressure during the stance phase of gait. This measurement was
standardized to the width of the anterior third of the foot. [7] Example CPEI measurements
are represented by blue lines for cavus, rectus and planus feet in Figure 2. [24]

Statistical Analysis

Results

Parity was divided into four categories: 0 births, referent group in all analyses; 1-2 births; 3—
4 births; and 5 or more births. We compared the demographic and general characteristics of
the participants on a participant level and individual knee level based on parity category
using the chi-square test for categorical variables and analysis of variance for continuous
variables. CPEI quintiles were established based on knee level samples in women using the
mean CPEI percentage of five trials on the left and five trials on the right.[25] Bivariate
association was performed between CPEI quintiles and continuous measurements using
analysis of variance with p-values calculated for linear trends. The odds of a one quintile
decrease in CPEI (i.e. more foot pronation) by parity group was modeled using a
proportional odds, generalized estimation equation (GEE), to account for correlation
between knees within a person, adjusted for race and clinic site, age, BMI at the 60 month
visit, or BMI at 25 years of age. Since CPEI quintiles and parity groups varied by clinic site,
we performed a clinic-specific analysis of the data (see supplemental material). Alpha level
for statistical significance was set at 0.05.

The MOST study included 1820 women. 1815 reported being post-menopausal and 5 stated
that they did not know. The following numbers of participants were excluded from this
analysis due to missing the 30-month visit (n=198), missing the 60-month visit (n=266),
missing parity data (n=1) or missing CPEI data (n=178). A total of 1177 women were
included in this analysis. Participants’ mean + SD age was 67.7 + 7.5 years and BMI was
30.6 + 6.2 kg/m2. As presented in Table 1, 154 participants (13%) were nulliparous, and
parity was 1-2 for 511 (43%), 3—4 for 407 (35%) and = 5 for 105 (9%). There were
significant differences in clinic site, age, marital status and type of work between the parity
groups (p<.0001) as well as BMI at age 25 years old (p= 0.0252) (Table 1). However, there
were no significant differences in BMI at the 60-month visit or physical activity scale for the
elderly (PASE) score when comparing the parity groups. The mean CPEI for each CPEI
quintile (Severe over-pronation, moderate over-pronation, rectus and over-supinating were
9.07+£3.12,14.92 £ 1.19, 18.56 + 0.95, 22.17 + 1.18 and 27.83 + 3.03, respectively (Table
1b).

There were significant differences in mean number of children, BMI at 60 month, baseline
visit and BMI at age 25 years old and average age, with a trend towards lower mean number
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of children (p=0.0131), higher BMI at 60 month visit (p<0.0001), higher BMI at baseline
visit (p<0.0001), BMI at age 25 years old (p=0.0020) and younger women (p<0.0001) as
CPEI quintile increased (Table 1b). There were also significant differences in clinic site and
race with a trend towards more patients at the University of University of Alabama
Birmingham (UAB) clinic site (p=0.0147) and more non-white or Caucasian patients as
CPEI quintile increased (Table 1b). There were no differences in radiographic osteoarthritis
or type of work (Table 1b).

Bivariate analyses of the associations BMI at the 60-month visit, baseline visit and at 25
years old and quintiles of CPEI revealed correlations between higher values of all BMI
parameters (p<.0002) and higher CPEI (less pronation) (Table 2). The same analyses of age
and number of children also showed correlations between higher age (p<0.0001) and parity
(reported number of children) (p= 0.0027) and lower CPEI (greater pronation) (Table 2).

As presented in (Table 3), there was significantly greater foot pronation (lower mean CPEI),
with higher parity, 19.1 (18.2-20.1), 18.9 (18.4-19.4), 18 (17.5-18.6) to 17.5 (16.4-18.6) in
the 0, 1-2, 34 and = 5 children groups, respectively(p= 0.0021), which remained significant
after adjusting for race and clinic site (p=0.0052). Also, there was a positive linear trend (p=
1.08, 1.03-1.14) in odds ratios of a one quintile decrease in CPEI (greater pronation) with
increasing parity level (p=.0037), which remained significant after adjusting for race and
clinic site (p=0.0099) (Table 4). The distribution of CPEI values for each parity group are
summarized in Table 3.

After additionally adjusting for age (p=0.0942), age and BMI at 60 month visit (p=0.1001),
and age and BMI at age 25 years (p=0.1134), the mean CPEI remained lower, but to a lesser
extent, and this was no longer statistically significant (Table 3). The positive linear trend in
odds ratio for a one quintile decrease in CPEI (more pronation) with increasing parity level
persisted after adjusting for age (p=0.129), age and BMI at the 60-month visit (p=0.1349),
and age and BMI at age 25 years old (p=0.1415) but did not reach statistical significance
(Table 4).

Discussion

The purpose of this study was to determine the relationship between dynamic foot arch
function and parity status. We hypothesized that women with higher parity have greater
functional foot pronation (lower CPEI) than those with lower parity. The results of this study
show a statistically significant linear trend in odds ratios, indicating increased functional
foot pronation (lower CPEI) with greater parity, that persisted after controlling for BMI and
age but not to a degree that reached statistical significance. Nulliparous women were chosen
as the referent group and men were excluded. No men would be included in the parity
groups and participant sex may have been a confounder if men were included in the referent
group. There are sex-based differences in the dynamic function of the foot and women have
different hormonal milieu, life experiences, undergo menopause and differ from men in a
variety of other physiological and biomechanical parameters. Since CPEI differed by clinic,
we ran the models with clinic-specific CPEI quintiles and found the same trend toward
increased functional foot pronation (lower CPEI) with greater parity. These findings suggest
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that higher parity may be a risk factor for increasing functional foot pronation, which could
contribute to the higher incidence of lower limb musculoskeletal disorders in women
compared to in men. [4]

Srikanth et a/ previously reported that women are at increased risk of knee OA[4] and planus
feet have been associated with medial tibiofemoral cartilage damage.[15] Greater pronation
of the foot causes increased rotation of the tibia,[26] which can be transferred through the
knee to the femur and is a characteristic of women who have lost arch height with
pregnancy.[20] Salsich et a/found that subjects with patellofemoral pain syndrome with a
medial collapse movement fault, had higher tibiofemoral rotation[27] and Kalichman et a/
found that patellar malalignment was associated with patellofemoral OA[28]. Thus,
increased pronation of the foot during walking (lower CPEI) in those with higher parity
potentially could lead to increased articular contact stress at the knee and more proximal
joints, which could partially explain the increased risk for knee OA in women. There were
no differences in radiographic knee OA between CPEI groups, but the MOST study
recruited participants with preexisting knee OA or at elevated risk for knee OA, so this study
was not designed to assess the relationship between lower CPEI and knee OA.

Hagedorn etal found no association between BMI and CPEI.[29] However, Tomankova et a/
found that BMI was significantly positively correlated with increased relative pressure
impulse in the midfoot and lateral part of the forefoot.[30] The results of our study indicate
that higher BMI is associated with decreased functional foot pronation (higher CPEI),
consistent with the findings of Tomankova et a/ but discordant from Hagedorn et al. Our
results may have differed from Hagedorn et a/ for several reasons. We treated BMI as a
continuous variable whereas their study examined BMI categorically as greater than or less
than 30 kg/m?2 and our population had a higher BMI (mean BMI 30.6 kg/m? vs 27.9 kg/m?).
[29] The mean CPEI for women in their study was 12.29 compared to 18.5 in our study.[29]
Also, we calculated CPEI based on an average of 5 trials per foot compared to 1 trial per
foot which may have allowed us to decrease our measurement error and elicit more subtle
associations. This association may reflect changes in foot function due to chronically higher
BMI and increased loads. To better support the chronically increased load, the foot may
adopt a more rectus position. However, pregnant women only experience a temporary
increase in BMI, reducing the amount of time for this adaptation to occur. In the presence of
estrogen and relaxin during pregnancy, arch height is lost in some women,[7] which could
result in increased pronation (lower CPEI). If the increased BMI in pregnancy becomes
permanent, then boney remodeling could occur, which may reduce the over-pronation seen
in relation to pregnancy. Our dataset did not include changes in BMI in relation to parity.
However, when the odds ratio for increased pronation was adjusted for BMI at the 60-month
visit and age, the positive linear trend for increased parity being associated with a one
quintile decrease in CPEI was no longer statistically significant. Multiple studies have
examined the effect of childbearing on weight gain and increasing BMI, with results ranging
from a postpartum weight gain of none to 2.0 kg per live birth [31,32,33]. If participant
weight, and BMI, are in part dependent on parity, then increased BMI during pregnancy may
be a mediator of the effect of pregnancy on CPEI therefore we would expect that adjusting
for BMI would weaken the association between number of pregnancies and CPEI. We also
found that BMI at 25 years old, an age closer to time of pregnancies, also made the effect
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between higher parity and increased risk for pronation non-significant which further
supports the argument that increased BMI due to pregnancy is a mediator of the effect of
pregnancy on CPEI. Also, the positive linear trend in odds ratio of a one quintile decrease in
CPEI with increasing parity level was not significant when adjusted for age and BMI at age
25 years.

When the odds ratio for increased pronation was adjusted only for age, the positive linear
trend for increased parity being associated with a one quintile decrease in CPEI was no
longer statistically significant. The association between older age in women and lower CPEI
has been previously reported. [29] There was a significant difference in mean age based on
parity groups and CPEI quintiles therefore our findings prior to adjusting for age may have
been confounded by age. Further studies evaluating changes in BMI and CPEI during
pregnancy and over long-term follow-up as well as studies examining age matched controls
or using years removed from first and last pregnancy as variables in addition to age would be
necessary to further elucidate these associations.

Kim et al reported that brief foot exercises improved medial longitudinal arch height in
patients with functional flat feet, and thereby improved the ability to distribute weight during
gait[34]. They were not able to examine the use of foot exercises for prevention of flat feet
because their study population already had the diagnosis. The use of short foot exercises or
arch-supportive insoles [24] may be useful for women during the pre-natal period, given our
findings of increased functional foot pronation with increasing parity. These preventative
measures could potentially decrease the risk of knee OA and chronic musculoskeletal
disorders later in life; however longitudinal studies are necessary to determine if such
interventions may prevent incident decreases in medial longitudinal arch height that persist
following pregnancy.[7]

Type of work was associated with parity groups with higher parity groups tending to work
less in office work and more in manual labor jobs. However, type of work was not associated
with CPEI quintiles therefore jobs requiring more standing and walking may not predispose
women to increased foot pronation. This study wasn’t designed to address why women with
more children tended to work more manual labor jobs but may be due to socioeconomic
differences in the groups.

Study Limitations

Strengths of this study included a large sample size and the use of a validated measurement
of dynamic foot function, CPEI. The study was limited by quantifying the number of
children women had given birth to rather than the number of pregnancies they had carried.
Therefore, we may have underestimated parity. Since it is most likely the hormonal and
anthropometric changes that occur during pregnancy that lead to increased pronation of the
foot,[35] more specific predictor measurements could improve estimates of association. BMI
at age 25 was calculated based on self-reported weight and height data which may be less
accurate than measured values. Participants were far removed from actual pregnancies as
their mean age was 67.7 years therefore the differences in dynamic foot function that we
found are more persistent changes rather than acute changes occurring during pregnancy or
early post-partum.
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Alternatively, our findings could be explained by the mechanistic differences in childcare
strategies, such as the work involved with raising infants and toddlers rather than to parity
itself. However, there is an association between carrying pregnancies and raising more
children, so it is difficult to definitively identify the mechanism for this epidemiological
association. Women included in this analysis were born between 1924-1953, a time when
over 90% of women carried pregnancies, which is substantially higher than the percentage
of women who carry pregnancies in more recent years.[36] Therefore, the pregnancy history
and childcare patterns of our study participants may differ from women who are currently
carrying pregnancies.

Future studies examining the correlation between different childcare activities and dynamic
foot function with comparisons between men and women whose main physical involvement
with number of children is childcare could be helpful as results in men would not be
confounded by pregnancy.

Conclusions

Results from this study indicate a positive correlation between carrying more children and
greater dynamic pronation of the feet that persisted after adjusting for age and BMI but not
at a statistically significant level. These changes in dynamic foot function could potentially
contribute to the increased risk for musculoskeletal disorders in women compared to men. If
longitudinal studies confirm parity as a potential risk factor for knee osteoarthritis and other
lower-limb musculoskeletal disorders, it would suggest that implementation of preventative
measures, such as orthoses or exercises during pregnancy, could potentially reduce risk for
these disorders later in life.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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1820 Remaining Participants

Exclude:
1206 - Not Female

Exclude:
198 — No 30M Clinic Visit

1622 Remaining Participants

Exclude:
1 — Missing Parity Info

1621 Remaining Participants

Exclude:
266 — No 60M Clinic Visit

1355 Remaining Participants

1177 Eligible Participants

Exclude: No CPEI Data:
Met exclusion criteria: 11 Using Walker/Crutches
54 Using Cane
1 Using Knee Brace
2 Lower Extremity Amputation
20 Surgery/Injury to Lower Extremity (past 6 weeks)
4 Difficulty Standing/Walking b/c of Neurological Condition
19 Cannot safely walk short distance
7 Open wounds on feet
6 — refused test
41 test not done — reason unknown
4 CPEI Measurement not available (data lost readable)
9 CPEI measurement available only for one side (data not readable)

Figure 1.

Association between Parity and Dynamic Foot Function Inclusion/Exclusion Flow Chart
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Illustration of Center of Pressure Excursion

C Rectus Planus

Figure 2.
Illustration of Center of Pressure Excursion Measurement
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Table 1.
Descriptive Statistics by Parity Group.
- . 1-2 34 .
Characteristic Total 0 Children Children Children =5 Children | p-value
Number of Participants 1177 154 511 407 105 -
526 73(47.4%) | 263(51.5%) | 161(39.6%) | 29 (27.6%)
oy i (44.7%)
N (%) Clinic
site <.0001
(Sggl% )| sL2e%) | 248 (485w | 246 (60.4%) | 76 (724%)
. . 1023
White or Caucasian (86.9%) 139 (90.3%) | 429 (84.0%) 362 (88.9%) 93 (88.6%)
N (%) Race Black or African American (1%‘51% ) 1384%) | 74045%) | 4203%) | 12@14%) | 01807
13(11%) | 2(1.3%) 8 (1.6%) 3(0.7%) 0 (0.0%)
Mean + SD Age at 60m 677+75 | 655477 | 66.1+72 693+73 | 726+67 | <0001
Mean + SD BMI at 60m 306+6.1 | 316466 | 30364 306+59 | 30046 | .0950
Mean + SD BMI at BL (enrollment visit) 301+59 | 310+61 | 20961 302+58 | 208+49 | 2552
Mean + SD BMI at 25 yo (self-reported weight | o5 5, 35 | 229+42 | 220435 223+35 | 222+25 | 0252
and height)
Mean + SD PASE at BL (enrollment visit) 10285 [ 17394729 | 10492765 | 15852784 | 15342733 1 gg1
Married 809 78 (50.6%) | 357 (69.9%) | 297 (73.0%) | 77 (73.3%)
(68.7%) : : : :
Widowed 140 12(7.8%) | 56(11.0%) | 54(133%) | 18(17.1%)
(11.9%) : : : '
Separated 6 (0.5%) 1(0.6%) 3(0.6%) 2 (0.5%) 0 (0.0%)
N (%) Marital Status Divorced (1§671% )| zaew | ssarw | stazsw | 10(e5%) <0001
Single, never
married 54(4.6%) | 46(20.9%) | 6 (1.2%) 2 (0.5%) 0 (0.0%)
Other 3 (0.3%) 3 (1.9%) 0 (0.0%) 0(0.0%) 0 (0.0%)
No answer 4(0.3%) 2 (1.3%) 1(0.2%) 1(0.2%) 0 (0.0%)
Sales, Office 628
oA (aaw) | 90(643%) | 310(60.7%) | 181(445%) | 38(36.2%)
Skilled,
Unskilled
. _ ,
k‘nés/?)agﬁ'ﬁﬁ .?2 work Farming, <.0001
Technician, 280
Housework (38%) | 24(156%) | 82(16.0%) | 133(32.7%) | 41(39.0%)
269
Other oo | 3L@01%) | 110@33%) | 93229%) | 26(248%)
Mean + SD CPEI (average right and left) 185+5.7 19.1+6.0 18.9+5.6 18.0+5.7 17557 .0172
Mean + SD CPEI (left side only) 179+66 | 186469 | 18365 176+66 | 165+67 | .0236
Mean + SD CPEI (right side only) 191467 | 196466 | 195+66 185+70 | 185+62 | .0826

Abbreviations: BMI, body mass index; CPEI, center of pressure excursion index; PASE, physical activity scale for the elderly
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Table 1B.
Knee level Descriptive Statistics by CPEI quintiles.
Characteristic Q1 Q2 Q3 Q4 Q5 p-value
Number of Knees 467 483 460 475 469 -
Mean + SD CPEI 9.07 +3.12 1492 +1.19 18.56 + 0.95 2217+ 1.18 27.83+3.03
16.9, 17.8, 20.3,21.2,
Min, P25, P50, P75, max CPEI =7.7,75,9.7, 12.8,13.9, 18.6, 19.3, 22.1,23.2, 244,253,
11.5,12.7 15, 16, 16.8 20.2 24.3 27,29.4,40.2
Mean + SD Number of children (self- 2.61+1.65 251+1.71 244 +1.71 2.34+1.48 2.27 +1.55 .0131
reported at 30m)
Min, P25, P50, P75, max Number of 0,223, 12 0,223 12 0,223 12 01,238 01239
children
0 50 (10.7%) 64 (13.3%) 64 (13.9%) 61 (12.8%) 69 (14.7%) | 0.1526
1 child 50 (10.7%) 46 (9.5%) 47 (10.2%) 64 (13.5%) 57 (12.2%)
N (%) Parity 2 children 137 (29.3%) | 152(31.5%) | 153(33.3%) | 149 (31.4%) | 167 (35.6%)
3-4 children 180 (38.5%) | 174(36.0%) | 152(33.0%) | 168(35.4%) | 140 (29.9%)
5-12 children 50 (10.7%) 47 (9.7%) 44 (9.6%) 33 (6.9%) 36 (7.7%)
UAB 184 (39.4%) | 219 (45.3%) | 196 (42.6%) | 217 (45.7%) | 236 (50.3%) | 0.0147
N (%) Clinic site
Ulowa 283 (60.6%) | 264 (54.7%) | 264 (57.4%) | 258 (54.3%) | 233 (49.7%)
White or Caucasian 428 (91.6%) | 423 (87.6%) | 405(88.0%) | 403 (84.8%) | 387 (82.5%) | 0.0026
N (%) Race ilr?]g:ig; nAfrican 37 (7.9%) 54 (11.2%) 47 (10.2%) 67 (14.1%) 77 (16.4%)
Other 2 (0.4%) 6 (1.2%) 8 (1.7%) 5 (1.1%) 5 (1.1%)
Sales, Office Work 236 (50.5%) | 244 (505%) | 254 (55.2%) | 260 (54.7%) | 262 (55.9%) | 0.5006
N (96) Type of gl;:lr:]eigéUnskilled, 122 (26.1%) | 129 (26.7%) | 102 (22.2%) | 104 (21.9%) | 103 (22.0%)
}/ivf(;rk — Most adult Technicién,
Housework
Other 109 (23.3%) | 110(22.8%) | 104 (22.6%) | 111(23.4%) | 104 (22.2%)
Mean + SD Age at 60m 68974 68.3+7.7 67374 67.3+75 66.6 + 7.4 <.0001
Mean + SD BMI at 60m 299+54 29.6 £5.7 30.7+6.5 314+6.5 311+6.2 <.0001
Mean + SD BMI at BL (enrollment visit) 29452 29.3+53 304 +6.4 31.0+6.4 30.5+5.9 <.0001
Mean + SD BMI at 25 yo (self-reported 21933 219+33 22440 224+34 227+34 .0020
weight and height)
Mean + SD PASE at BL (enrollment visit) 159.6 £77.1 161.8+76.9 1624723 161.9+76.0 168.4 + 80.0 0.4761
ROA status at
baseline No 248 (53.1%) | 276 (57.1%) | 273(59.3%) | 276(58.1%) | 275(58.6%) | .9627
Yes 209 (44.8%) | 199 (41.2%) | 179 (38.9%) | 190 (40.0%) | 185 (39.4%)
KR or exclusion 9 (1.9%) 7 (1.4%) 7 (1.5%) 8 (1.7%) 8 (1.7%)
no TF/PE unknown 1 (0.2%) 1 (0.2%) 1 (0.2%) 1 (0.2%) 1 (0.2%)
ROA status at 60m | No 185(39.6%) | 224 (46.4%) | 208 (45.2%) | 203 (42.7%) | 207 (44.1%) | .5108
Yes 224 (48.0%) | 208 (43.1%) | 197 (42.8%) | 217 (45.7%) | 216 (46.1%)
KR or exclusion 53 (11.3%) 50 (10.4%) 53 (11.5%) 52 (10.9%) 41 (8.7%)
no TF/PE unknown 5 (1.1%) 1 (0.2%) 2 (0.4%) 3 (0.6%) 5 (1.1%)
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Abbreviations: BMI, body mass index; CPEI, center of pressure excursion index; KR, Knee replacement; PASE, physical activity scale for the
elderly; ROA, radiographic osteoarthritis; TF/PF, Tibiofemoral/Patellofemoral
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Table 2.
Bivariate association between CPEI quintiles and continuous measurements: BMI, Age and Number of
children.
CPEI quintile Range of CPEI 60m BMI BL BMI 25y0 BMI 60m Age Reported N of
description in Quintile (kg/m?2) (kg/m?2) (kg/m?) Mean (95% children
Mean (95% Mean (95% Mean (95% Cl) Mean (95%
Cl) Cl) Cl) o)}
Lowest Q1 [-7.7-12.7] 29.9 (29.3 - 29.4 (28.8 - 21.9 (21.5- 68.9 (68.1— 2.61(2.43-2.78)
Quintile (N=467) 30.5) 30) 22.3) 69.8)
2nd Quintile | Q2 [12.8-16.8] 29.6 (29 - 29.3 (28.8 - 21.9 (216 - 68.3 (67.5— 2.51(2.34-2.68)
(N=483) 30.2) 29.9) 22.3) 69)
3rd Quintile | Q3 [16.9 - 20.2] 30.7 (30 - 30.4 (29.8 - 224 (21.9- 67.3 (66.6 — 2.44 (2.25-2.62)
(N=460) 31.4) 31.1) 22.8) 68.1)
4th Quintile Q4 [20.3-24.3] 31.4(30.7 - 31(30.3- 224 (22 - 67.3 (66.6 — 2.34(2.19-25)
(N=475) 32.1) 31.6) 22.7) 68.1)
Highest Q5 [24.4 - 40.2] 31.1(30.4 - 30.5(29.9 - 227 (223~ 66.6 (65.8 — 2.27 (2.1-2.44)
Quintile (N=469) 31.8) 31.2) 23) 67.4)
p-value for linear trend | 0.0002 0.0005 0.0004 <.0001 0.0027

Abbreviations: CPEI, center of pressure excursion index; BMI, body mass index
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Table 3.

Association between Parity and CPEI — reported CPEI mean (95% CI) and p-value for linear trend

Unadjusted

Model 1T

Model 2:t

Model 3A%

Model 387

0 Children

19.1 (18.2 - 20.1)

19.8 (18.6 - 21)

19.5 (18.3 - 20.7)

19.4 (18.2 - 20.5)

19.4 (18.2 - 20.5)

1-2 Children

18.9 (18.4 - 19.4)

19.5 (18.6 - 20.3)

19.2 (18.3 - 20.1)

19.2 (18.3 - 20)

19.2 (18.4 - 20)

3-4 Children

18 (17.5 - 18.6)

18.7 (17.8-19.7)

18.7 (17.8 - 19.6)

18.6 (17.7-19.5)

18.7 (17.7-19.6)

>5 Children

17.5 (16.4 - 18.6)

18.2 (16.9 - 19.6)

185 (17.1 - 19.8)

18.4 (17.1 - 19.7)

18.5 (17.2 - 19.8)

p-value for linear trend:

0.0021

0.0052

0.0919

0.0976

0.1112

f"ModeI 1: adjusted for race and clinic site

7

§:

7

Model 2: model 1 plus additionally adjusted for age

'Model 3A: model 2 plus additionally adjusted for BMI at 60m (current)

Abbreviations: CPEI, center of pressure excursion index; Cl, confidence interval

.Model 3B (sensitivity): model 2 plus additionally adjusted for BMI at 25 years-old (self-reported)
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Table 4.

Page 18

Odds Ratio of a one quintile decrease in CPEI (lower CPEI) by parity group and by covariatetT.

Unadjusted Odds
Ratio (95% CI) p-
value

Model 1Jr

Model 2I

Model 3A%

Model 387

1.03 (0.78 - 1.358)

1.06 (0.8 — 1.393)

1.05 (0.79 — 1.381)

1.02 (0.78 — 1.346)

1.01 (0.77 - 1.337)

Parity 1-2 vs. 0 p= p= p= p= p=
0.8222 0.6902 0.7422 0.8778 0.9341
1.31(0.99 - 1.744) 1.3(0.98-1.736) | 1.21(0.91-1.623) 1.2(0.9-1.6) 1.19 (0.89 - 1.594)
Parity 3-4 vs. 0 p= p= p= p= p=
0.0582 0.0679 0.1903 0.2215 0.2359

Parity 25 vs. 0

1.48 (1.01 - 2.17)

p_
0.0442

1.46 (1 - 2.147)

p_
0.0525

1.27 (0.85 - 1.881)

p_
0.2393

1.25(0.84 - 1.848)

p_
0.2705

1.23(0.83 - 1.832)

p_
0.2985

Parity 23 vs. 0

1.95 (1.08 — 3.499)
p:
0.0261

1.91 (1.06 — 3.448)
p:
0.0325

1.54 (0.84 - 2.829)
p:
0.1653

1.49 (0.81 — 2.742)
p:
0.1945

1.47 (0.8 - 2.705)

p=
0.215

Parity 21 vs. 0

2.01 (0.89 — 4.513)

p_
0.0913

2.02 (0.89 — 4.562)

p_
0.0918

1.61 (0.7 - 3.696)

p_
0.2596

1.53 (0.67 — 3.492)

p_
0.3158

1.49 (0.65 - 3.418)

p_
0.3492

Linear trend (1 child
increment)

1.08 (1.03 - 1.14)

p_
0.0037

1.07 (1.02 - 1.133)

p_
0.0099

1.04 (0.99 - 1.106)

p_
0.129

1.04 (0.9 — 1.105)

p_
0.1349

1.04 (0.99 - 1.105)

p_
0.1415

Additional covariates

tTRace (AA vs. W)

0.66 (0.49 — 0.89)
p:
0.006

0.72 (0.53 - 0.97)
p:
0.0332

0.79 (0.58 — 1.08)
p:
0.1343

0.77 (0.57 - 1.04)
p:
0.0883

ttRace (other vs. W)

0.81 (0.4 - 1.66)

p_
0.5712

0.87 (0.43 - 1.73)

p_
0.6847

0.86 (0.44 — 1.67)

p_
0.6513

0.85 (0.43 — 1.69)

p_
0.646

1.09 (0.9 - 1.31)

1.12 (0.93 - 1.36)

1.16 (0.96 — 1.4)

1.19 (0.98 — 1.45)

t1Site (Ulowa vs UAB) p= p= p= p=
0.3919 0.2283 0.126 0.0775
1.02 (1.01-1.03) 1.02 (1-1.03) 1.02 (1-1.03)
ttAge (1 year) p= p= p=
0.0016 0.0096 0.0086

TTBMI (1 kg/m?)

0.98 (0.97 - 0.99)
p:
0.0056

0.97 (0.94 - 0.99)

p_
0.0154

f"ModeI 1: adjusted for race and clinic site

s

§:

7

.Model 2: model 1 plus additionally adjusted for age

'Model 3A: model 2 plus additionally adjusted for BMI at 60m (current)

Model 3B (sensitivity): model 2 plus additionally adjusted for BMI at 25 years-old (self-reported)

Abbreviations: AA, African American; BMI, body mass index; CPEI, center of pressure excursion index; CI, confidence interval; W, White
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