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INTRODUCTION

Menopause occurs following ovarian function
changes, resulting in the cessation of the
menstrual period' at an average 51 years of
age®. Bone density changes during menopause
transition have primarily been characterized by
dual x-ray absorptiometry (DXA)>8, the current
clinical standard for assessing BMD®. However,
DXA is a 2D estimate of density, and cannot

quantify bone microarchitecture, which
influences bone strength'®.
High resolution peripheral quantitative

computed tomography (HR-pQCT) can provide
more detailed information on bone changes
during menopause. Previous HR-pQCT studies
comparing pre- and post-menopause
women'*!?  have shown decreasing bone
density accompanied by decreasing cortical
thickness, trabecular number, and trabecular
thickness (Ct.Th, Tb.N, Tb.Th)!! and increasing
cortical porosity (Ct.Po)*2. However, this data is
cross sectional and cannot account for secular
differences. Longitudinal HR-pQCT studies avoid
these problems by monitoring intra-individual
changes.

The purpose of this study is to explore rates
of change in bone density and
microarchitecture parameters in peri-
menopause and post-menopause women.

MATERIALS AND METHODS

Participants

Participants (n=91) were selected from the
Calgary cohort (n > 450 at follow-up)

participating in the Canadian Multicenter
Osteoporosis Study (CaMos) in Calgary, a
nation wide prospective population based
study 34, Participants were healthy
individuals’® who did not have medical
conditions and were not taking medications that
affect bone metabolism?®. Based on menopause
information provided at baseline!®, Caucasian
women were selected for two groups, peri-
menopause (n=26) and post-menopause
(n=65). All participants were consented prior
to participation in the CaMos study and
protocols were approved by the University of
Calgary Conjoint Health Research Ethics Board.

Clinical Assessments and Questionnaire

An interview administered questionnaire
from the CaMos Study provided information on
the subject’s sociodemographics and medical
information. This includes fracture history,
family history, dietary information, and lifestyle
habits. Weight and height were recorded to the
nearest 0.1kg and 0.1cm following standard
protocols'®. Menopause stage was assessed
using a scale of 1 to 5. Women in stage 1 have
no signs of starting menopause. Women in
stages 2-4, included in the peri-menopause
group, are currently undergoing menopause:
beginning, in the middle, or near the end of
menopause, respectively. Stage 5 women,
included in the post-menopause group, have
completed the midlife process.

High-resolution peripheral quantitative

computed tomography (HR-pQCT)

HR-pQCT (XtremeCT, Scanco Medical,
Brittisellen, Switzerland) scanning was
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performed at baseline and follow-up, following
our previously published method°. A scan at
82 um nominal isotropic resolution was taken at
a standard location below the references line,
determined using a scout image. Each scan
consists of a 9.02mm region, performed using a
standard human in vivo protocol (60 kVp,
1,000uA, 100ms integration time). Patient’s left
tibia was scanned, except if the participant had
a previous fracture, the right was scanned®®.

All scans were performed by trained
technicians. Scans were monitored for motion,
and those with significant motion were not used
in analysis'®. A standard morphological
analysis was executed following the
manufacturer’'s method to determine primary
morphological parameters®!. This includes total
and trabecular volumetric bone mineral density
(Tt.BMD and Tb.BMD; mg HA/cm?®), trabecular
number (Tb.N; mm™), separation (Tb.Sp; mm)
and thickness, (Tb.Th; mm)!?, described in
detail elsewhere!®, Cortical parameters were
determined using an automated segmentation
method to distinguish the periosteal and
endosteal cortex of the cortical shell*?. This
includes total cross sectional area (Tt.Ar; mm?),
cortical volumetric BMD (Ct.BMD; mg HA/cm?),
cortical thickness (Ct.Th; mm)”*® | and cortical
porosity (Ct.Po; %)".

Statistical Analysis

R (version 0.99.489) was used to perform
paired and unpaired t-tests to compare changes
within groups and between groups,
respectively. Results are reported as mean
values with a 95% confidence interval. A p-
value <0.05 was considered to be significant.

RESULTS

Peri-menopause women were younger
(p<0.001) than post-menopause women and
less likely to be taking osteoporosis (OP)
medications (p=0.03, medication use was
captured throughout the study). Calcium intake
(diet and supplements), vitamin D, fracture
history, and hysterectomy differences were not
significant between groups (Table 1). Height,
weight, and BMI did not change significantly for
either group through the study.

Five tibia scans were removed, three for
motion, and two for scan abnormalities. On

average, time between baseline and follow-up

was 5.8 years (SD 0.67) and 5.4 years (SD
0.39) for peri- and post-menopause women.

Table 1: HR-pQCT parameters at baseline

Peri- Post- P
N =26 N = 65
Value*
Mean, 95% CI | Mean, 95% CI
55.1 62.5
Age (yrs) (52.9, 57.3) (61.0, 64.0) | <0-001
. 161.68 160.4
Height (cm) (159.5, 163.8) | (158.6, 162.1) | 941>
. 68.9 74.7
Weight (kg) (62.6, 75.2) (70.7,78.7) | 012>
Body Mass Index 26.3 29.2 0.088
(kg/m?) (24.0, 28.6) (27.3, 31.1) :
Calcium Diet 728.5 729.9 0.989
(mg) (537.6, 919.4) | (618.1,841.8) |
Calcium 448.1 604.3 0.239
Supplement (mg) (257.7, 638.5) (458.2, 750.5) ’
L 474.4 532.3
Vitamin D (1U) (267.6, 681.2) | (404.4, 660.2) | 2:633
Fracture History 6/26 23/65 0.255
Hysterectomy @ 7/26 22/65 0.924
OP Medication ° 4/26 26/65 0.031

*T-test comparing groups. ? Chi squared comparison.

Bone microarchitecture differences between
groups were observed at baseline (Table 2),
with significantly higher Tt.BMD and Ct.BMD
and lower Ct.Po in peri-menopause women.

Table 2: HR-pQCT parameters at baseline

Peri- Post- p
N = 24 N = 62 Valuek
Mean, 95% CI | Mean, 95% CI

Tt.BMD (278?2,9.3721.0) (257%87,0.2382.8) 0.016
Ct.BMD (897?92,5é553.0) (848?66,15975.3) <0.001
Tb.BMD (155.197,0i%4.1) (154.1(?,2'1370.5) 0.327
To.N (1.513.,611.68) (1.417',513.59) 0.160
Tb.Th (o.f,'%n) (0.0%',03.09) 0.722
Tb-Sp (0.5?,%.6) (0.5%.,5361) 0.089
Ct.Th (1.21,'3_;.4) (1.111',117.23) 0.116
Ct.Po (4.15,.?23 5) (7.1;.,75.31) <0.001
TLAr (5656.321,66'3166.9) (6136.-)03,7.6561.9) 0.392
Ct.Ar (99.?,)51.;)0.8) (94.(?,8i%3.1) 0.112
Tb.Ar (459?21,15.3162.9) (513.533,9'5%5.7) 0.280
* = T-test (unpaired) comparing baseline between groups
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Within each group there were significant

changes between baseline and follow-up scans.
Both groups experienced significant decreases

in Tt.BMD, Ct.BMD, and Ct.Th while Ct.Po,

Tt.Ar, and Tb.Ar increased.

Comparing rates of change between groups
(Table 3), there is a significant increase in rate
of Ct.Po change in peri-menopause women and
increased rate of Tt.Ar change in post-
menopause women.

Table 3: Percent change of HR-pQCT and DXA
parameters between baseline and follow-up

Peri- Post- p
n Per N= o4 Value
Mean Percent Mean Percent %
Change, 95% CI | Change, 95% CI

TeBMP (‘0-7‘;(1),.5-(1)‘.‘288)3 (-0_72_(7),'5_%‘_‘341)a 0.910
ctBeMb (-0.94;(8),.7-(1)?478)3 (-o_7§(7)f£8_5494)a 0.629
TOBMD | (0247 0419) | (-0.390,0.100) | 28
To-N (0.75%, 0.517) | (-0.451, 0.544) | 0712
Te-Th (0.361,0.989) | (-0.540, 0.534) | °509
Tb.Sp (-o_4g§2,2()9.887) ('0-32.2{7;669) 0.901
cth (-0.662(()),.%?)‘.‘029) > (-0.66(2);313_5007) » | 0.973
ct-po (5.9179,'01223.129)a (5.136;',372211)3 0.046
TRAT (0.0302',08.2093)a (0.0906,15_6157)a 0.017
crAr (0.621, 0.060) | (-0.614 0120) | 0915
ToAr (0-10(;.,13-6209)a (0.09(;',1(6)354230)a 0.889

** = T-test comparing percent change between groups.
Superscript letters identify significant difference between
baseline and follow-up (paired t-test); #: p<0.010;

P: p<0.050.

DISCUSSION

This longitudinal study provides insight into
changes to bone density and microarchitecture
during menopause. Significant changes to bone
microarchitecture parameters were observed in
both peri-menopause and post-menopause
women between baseline and follow-up, with
loss of BMD, decreasing Ct.Th, and increasing
Ct.Po and Tt.Ar as well as significant differences
in rates of change of bone microarchitecture
parameters. Ct.Po increased at a higher rate in

peri-menopause women and Tt.Ar increased at
a higher rate in post-menopause women.

Increased rate of change in Ct.Po observed
in peri-menopausal women is consistent with
data showing increased bone remodeling during
menopause®®. As estrogen deficiency is thought
to be involved in cortical bone loss®® this may
be a factor in causing increasing cortical bone
loss during menopause.

Rate of bone change during menopause has
been investigated with quantitative computed

tomography (QCT). This study observed
significant changes in trabecular bone??,
whereas we observed greater changes in

cortical bone. This different finding could be a
result of using a different technology, with HR-
pQCT having the ability to measure
microarchitecture details not possible by QCT,
such as Ct.Po.

Using HR-pQCT our trends in rates of change
following menopause are consistent with results
from Kawalik et al, however our rates of change
are generally lower. This could be due to
Kawaliak’s study having an older cohort (mean
age >75 years)®’, suggesting that older
individuals may have higher rates of change.
Differences in time to follow-up may also affect
results, with a shorter follow-up period being
subject to more noise. A shorter follow-up time
(one year)®® may also contribute to larger
changes in Kawalik’s study.

Cross-sectional area (Tt.Ar) is known to
increase with age'®, as observed in both
groups, but appears to occur at a faster rate
post-menopause compared to peri-menopause.
Increasing the periosteal area is thought to
account for endocortical resorption, which
results in decreased cortical area®.

Irrespective of group, our data is consistent
with previous research showing decreases in
bone density over time* and detrimental
microarchitecture changes®®.

This study has certain limitations. Tt.Ar
changes are small and approaching the
precision error of HR-pQCT. Hormonal levels
are not assessed, which may have an impact on
bone changes. While this study spans five
years, we do not capture the entire menopause
transition and data is only from the tibia.
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In conclusion, Ct.Po changed at an increased
rate in peri-menopause women while Tt.Ar
changed at a decreased rate compared to post-
menopause women. These changes may lead to
decreased strength and likely increased fracture
risk. Understanding how bone microarchitecture
changes during and after menopause will have
implications for prevention and treatment of
low bone density. Future directions include
assessing both the radius and tibia to
determine if there are differences in skeletal
sites.
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