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Background and Purpose-The objectives of this study were to describe the changes in cardiovascular risk factors during
the perimenopausal and early postmenopausal years and correlate those changes in risk factors with carotid
intimal-medial thickness (IMT) and plaque index measured 5 to 8 years after menopause.

Methods—Participants were women §872) from Allegheny County, Pennsylvania, enrolled in the Healthy Women
Study who had been postmenopausal for at least 5 years. Risk factor changes were measured during the perimenopaus
ie, between the premenopausal and first year postmenopausal examinations, and during the early postmenopause, i
between the first and fifth year postmenopausal examinations. Carotid ultrasound scans measured IMT and plaque a
examinations 5 to 8 years after menopause among 314 of the women.

Results—Increases in LDL cholesterol and triglycerides and declines in HDL cholesterol were greater during perimeno-
pause than postmenopause, whereas increases in blood pressure and fasting glucose levels were greater durir
postmenopause. Premenopausal systolic and pulse pressure, LDL and HDL cholesterol, triglycerides, and body mas:
index predicted IMT and plagque. Only the change in pulse pressure between premenopausal and first year
postmenopausal examinations was related to both IMT and plaque.

Conclusions—Absolute risk for cardiovascular disease increases substantially in midlife, with a particularly adverse effect
on lipid metabolism at the menopause. Premenopausal levels of risk factors are adequate to identify which women
should be targeted for interventiofStroke 2001;32:1104-1111.)
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M enopause is defined as the permanent cessation of See Editorial Comment, page 1110

menses due to depletion of viable follicles. Although

estradiol levels are low after the initial cessation of menses, results of other observational studisThe first purpose of
they continue to decline beyond the cessation of mehses. this article is to describe changes in cardiovascular risk
Furthermore, considerable variability in the level of estrogen factors among 372 healthy women from premenopause to 1
in postmenopausal women occurs during the early postmeno-year after the cessation of menses, ie, during the perimeno-
pausal years because of continued secretion of estradiol frompause, and from 1 to 5 years after the menopause, ie, during
the ovary and conversion of androstenedione to estrone in fatthe early postmenopause.
tissue? Observational studies of natural menopause have not

We have previously reported that in the Healthy Women shown that an early age at menopause, an estimate of duration
Study, total and LDL cholesterol increase and HDL and of exposure to low estrogen levels, is a risk factor for
HDL, cholesterol decline among premenopausal women who cardiovascular disease, independent of other cardiovascular
cease menstruating at least 1 year relative to age-matchedisk factors, including socioeconomic status and smoking
premenopausal women who continue menstruatiBipod status® Smoking and socioeconomic status are also predictors
pressure, insulin, glucose, weight, and waist circumference of age at menopause as well as risk for cardiovascular
increase similarly among women who cease menstruating anddisease, and therefore it is difficult to draw firm conclusions
women who continue menstruating. These conclusions areabout the risk associated with menopause from these findings.
based on the first 65 women in the Healthy Women Study The second objective of this article is to evaluate the
who became postmenopausal and are consistent with theassociation between risk factors before and after the meno-
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pause and carotid artery atherosclerosis. We suggest thatccording to the Multiple Risk Factor Intervention Trial protépl
premenopausal risk factor levels are a stronger predictor of glucose loading (75 g) with blood sampling beforehand when fasting

- : and 2 hours afterward; and a measurement of height and weight.
carotid artery atherosclerosis because they are a proxy forAdditionally, we used a questionnaire about health-related behaviors,

cumulative risk factor exposure during the premenopausal jnciyding level of physical activity and alcohol consumption; a
years, whereas the risk factor changes during the perimeno-24-hour food recall interview administered by a trained nutritionist
pausal and early postmenopausal years have a shorter periotith 3-dimensional models of food portions; and a self-report
of time for influence. inventory containing standardized tests of personality and behavior.
The postmenopausal examination was identical to the baseline
. examination, except that the glucose loading and 24-hour food recall
Subjects and Methods interview were not readministered, and apolipoprotein and insulin
Study Overview assays were not completed. Additionally, the postmenopausal exam-
ination included a blood draw for determination of serum concen-
trations of follicle-stimulating hormone (FSH) and luteinizing
pormone.

In 1983-1984, we enrolled 541 premenopausal women in a study of
changes in biological and behavioral characteristics of women as
they experienced the menopause. They were contacted by letter sen
to randomly selected women living within certain zip codes in
Allegheny County, Pennsylvania, and subsequently were inter- L@boratory Assays and Measurements

viewed by telephone for eligibility. The following criteria was used: ~Levels of total serum cholesterdl total HDL cholesterol? HDL

aged 42 to 50 years; menstrual bleeding within the last 3 months; no subfractions (HDL and HDLy),**4 and triglyceride®> were mea-
surgical menopause; diastolic blood pressae0 mm Hg; and no sqred by a lipid laboratory using the standards of_ the Cent_ers for
medications known to influence biological risk factors under study, Disease Control. LDL cholesterol levels were estimated with the
eg, estrogens, insulin, or lipid-lowering, thyroid, antihypertensive, Friedewald equatiot Plasma glucose levels were determined by
and psychotropic medications. Sixty percent of eligible women enzymatic assay (Yellow Springs glucose analyzer). Because of
volunteered. Most of the women were white because of the sampling Skewed distributions, the triglyceride and glucose values were
procedure and selection criteria, eg, more blacks were excluded onlog-transformed before analysis. The 2 measurements of blood
the basis of their blood pressure levels and the fact that they were Pressure were averaged. The data for LDL cholesterol for 3 women
already postmenopausal. The University of Pittsburgh Institutional Were not included in the analyses because of triglyceride levels
Review Board approved the project protocol, and all participants =4.52 mmol/L (400 mg/dL).

gave informed consent for their participation. Participant character-

istics and recruitment procedures are described in detail elsewhere. Ultrasound Protocol

All women completed a baseline examination and then reported A Toshiba SSA-270A scanner equipped with a 5-MHz linear array
their menstrual status on a monthly basis. When women reported thatimaging probe was used. Sonographers scanned the right and left
they had stopped menstruating and/or had taken hormone replace-common carotid artery, the carotid bulb, and the first 1.5 cm of the
ment therapy (HRT) for 12 months, they were considered postmeno- internal and external carotid arteries. For each location, the sonog-
pausal and were reevaluated at that time and at 2, 5, and 8 years afterapher imaged the vessel in multiple planes and then focused on the
menopause. Starting in September 1993, the carotid ultrasoundinterfaces required to measure intimal-medial thickness (IMT) and
measures were added to the protocol for women who were evaluatedon any areas of focal plaque as well. The best images were taped and
at 5 or 8 years after menopause. later digitized for scoring.

The present report is based on the sample of 372 women (339 Trained readers measured the average IMT across 1-cm segments
white, 31 black, and 2 from other ethnic groups) who completed of the near and far walls of the distal common carotid artery and the
examinations approximately 1 and 5 years after the menopause as ofar wall of the carotid bulb and the internal carotid artery on both
October 1997. The average age was 47.5 years at the premenopausaight and left sides. Measures from each location were then averaged
examination, with an average of 5.2 years {SE12) elapsing until to produce an overall measure of IMT. A computerized reading
the first year postmenopausal examination and an additional averageprogram developed for the Cardiovascular Health Studynd
of 3.9 years (SE0.02) elapsing until the fifth year postmenopausal modified in Pittsburgh was used. Readers also scored the ultrasound
examination. These women represented 78% of the women who images for plaque in the proximal common artery, distal common
were eligible for the fifth year postmenopausal examination. Of the artery, carotid bulb, internal carotid artery, and external carotid
22% who did not participate, 17% of the potential participants had artery. Plaque was defined as a distinct area of hyperechogenicity
moved from the area, died, or withdrawn before the time of the fifth and/or protrusion into the lumen of the vessel with at least 50%
year postmenopausal examination, ie, only 5% declined greater thickness than the surrounding area. For each segment, the
participation. degree of plaque was graded as follows:r®» plaque; 1 small

Of the 372 women, 177 (including 22 nonwhites) never used HRT, plaque<30% of vessel diameter=21 medium plaque between 30%
104 (including 6 nonwhites) received HRT at the first and fifth year and 50% of the vessel diameter or multiple small plaques; antl 3
postmenopausal examinations, 68 (including 3 nonwhites) used HRT large plaque>50% of the vessel diameter or multiple plaques with
at the fifth year postmenopausal examination only, and 23 (including at least 1 medium plaque. The grades were summed across right and
2 nonwhites) used HRT at the first year postmenopausal examination left carotid arteries to create an overall measure of extent of focal
but did not continue hormone use at the fifth year postmenopausal plaque.
examination. Starting in 1993, we added the carotid ultrasound Reproducibility of IMT and the plaque index was assessed in 5
protocol to the examination for women who were at least 5 years women who underwent 2 ultrasound examinations within 1 week.
postmenopausal. Of the 372 women, 343 completed the ultrasoundEach time, the women were scanned by 2 separate sonographers, and
protocol; the 314 women who had complete data, including HRT each scan was scored by 2 readers. When we accounted for both

use, constituted the basis of the analyses of carotid measures. sonographer and reader variation, the intraclass correlation was 0.86
for IMT and 0.96 for the plaque index. The absolute difference in
Protocol IMT between replicate scans was 0.03 mm.

After the telephone interview to determine eligibility and a home L .

interview to record blood pressure levels, all women recruited were Statistical Analysis

evaluated in the morning after fasting for 12 hours. This evaluation Pairedt tests were used to determine whether the risk factors
included collection of a blood sample for measuring serum lipopro- changed significantly from premenopausal to fifth year postmeno-
teins and apolipoproteins; 2 measurements of blood pressure by thepausal examinations. They were also used to determine whether the
random zero—muddler methddy observers trained and certified  magnitude of the changes in the risk factors from premenopausal to



1106 Stroke  May 2001

TABLE 1. Unadjusted Mean Premenopausal Risk Factor Levels and Changes in Risk Factor
Levels at Follow-Up Examinations (n=372)

Change at Follow-Up

Premenopausal Premenopausal
to First Year First to Fifth Year to Fifth Year

Characteristic Premenopausal Postmenopausal Postmenopausal Postmenopausal
Systolic blood pressure, mm Hg 108.1 (0.6) 2.7 (0.6) 6.6* (0.8) 9.3(0.9)
Pulse pressure, mm Hg 36.2 (0.4) 1.9(0.6) 8.6 (0.7) 10.4 (0.7)
LDL cholesterol, mmol/L 2.78 (0.04) 0.47 (0.03) 0.06* (0.04) 0.53 (0.04)
HDL cholesterol, mmol/L 1.55(0.02) 0.04 (0.01) 0.00 (0.01) 0.04 (0.01)
Triglycerides, mmol/L 0.92 (0.03) 0.23(0.03) 0.11* (0.04) 0.33(0.03)
Fasting glucose, mmol/L 4.82(0.03) —0.12 (0.05) 0.18* (0.05) 0.06 (0.06)
Body mass index, kg/m? 24.6(0.2) 1.3(1.0) 0.6*(1.1) 1.9(0.1)

Values in parentheses are SEM.
*Change scores differ in magnitude between premenopausal to first year postmenopausal and from first year to
fifth year postmenopausal examinations adjusted for age and duration of follow-up; P<0.05.

first year postmenopausal examinations and from first to fifth year examination, whereas at the fifth year postmenopausal exam-
postmenopausal examinations differed, after adjustment for age andjnation, 16.4% (F61) were known to be smoking.
duration between the examinations. Because some women were During the time from premenopausal to first year postmeno-

using HRT at the first and/or fifth year postmenopausal examina- o . .
tions, the aforementioned pairetésts were conducted separately for Pausal examinations, the changes in LDL cholesterol, triglycer-

ever and never users of HRT. Analyses were also conducted ides, and body mass index were larger than those between the
comparing the risk factor levels at baseline, first, and fifth year first and fifth year postmenopausal examinations (columns 2 and
postmenopausal examinations of HRT users at first postmenopausal3). Changes in systolic blood pressure, pulse pressure, and

examination who began HRT before 6 months of amenorrhea and . . .
had no FSH data or had premenopausal levels of FSH versus thosef"JlStIng glucose were larger from the first to fifth year postmeno-

who began HRT after 6 months of amenorrhea or had postmeno- Pausal examinations than those from the premenopausal to first
pausal levels of FSH. None of these group comparisons showed anyyear postmenopausal examinations. Diastolic blood pressure did
significant results, and they are not presented below. Pearsonnot change between initial and first postmenopausal examina-

correlations were used to determlng the similarity in risk factors tions but declined significantly by the fifth year postmenopausal
measured at premenopausal and at fifth year postmenopausal exam- o 20 Ha). Th binati f
inations. One-way ANOVA was used to examine the sociodemo- €Xx@mination (meaa—2.0 mmHg). The combination of an

graphic characteristics and baseline risk factors among women who increase in systolic blood pressure and decline in diastolic blood
differed in later use of HRT, after adjustment for age. pressure resulted in a substantial increase in pulse pressure
HRT users and nonusers at the first year postmenopausal exami-across the study period.

nation had similar IMT P=0.37) and plague scoreB0.78); HRT . . :
users and nonusers at the fifth year postmenopausal examination had Premenopausal risk factor levels did not vary according to

similar IMT (P=0.15) and plaque scoreB+0.14). Therefore, risk ~ subsequent HRT use in the postmenopausal years, except that
factor changes between examinations were residualized for premeno-women who never used HRT had higher systolic blood
pgusal riskfactqr levels, use of HRT, and age. Then 1-way ANOVAs pressure and body mass index when premenopausal than
with tests for linear trend were calculated between carotid IMT \\omen who took HRT after the menopause (Table 2, column

classified into quartiles of the sample distribution and premenopausal . .
risk factor levels and residualized change scores.tBgsts, we 1). Ever and never users of HRT had similar changes in blood

compared women with plaque scorese? versus those with 1or 0 Pressure and body mass index across the study period.
on premenopausal risk factors and residualized change scores. TheHowever, never users of HRT showed a small decline in HDL
plaque score of=2 is at the 71.2 percentile of the distribution of  cholesterol and an increase in fasting glucose levels, whereas
0, i . .
scores and represents focal plaque at least 30% or multiple smally,o T sers showed an increase in HDL cholesterol and no
plaques. Multiple regression and multiple logistic regression identi- h in fasti | level | ith
fied the major premenopausal risk factors and change in risk factors €hange in fasting glucose levels (column 4). Compared wit
that predicted IMT and plaque group, respectively. Two-tailed €ver users of HRT, never users of HRT had larger increases

P-value of =0.05 was considered significant. in LDL cholesterol and smaller increases in triglycerides
from premenopausal to first year postmenopausal examina-

Results tions and smaller declines in HDL cholesterol from first to
Changes in Cardiovascular Risk Factors fifth year postmenopausal examinations (Table 2, columns 2

At the premenopausal examination, the risk factor levels were and 3).

relatively low in this sample of women because of study  Correlations between risk factor levels measured at pre-
selection criteria (Table 1, column 1). The changes in risk menopausal and fifth year postmenopausal examinations
factor levels were substantial across the follow-up period were moderate to large for the entire group as well as for the
(column 4), with all risk factors, except HDL cholesterol, HRT groups taken separately (Table 3). The magnitude of the
changing significantly from premenopausal to fifth year correlations was significantly larger for triglycerides and
postmenopausal examinations. Twenty-eight percent of body mass index for the never users of HRT than for the ever
women (r=103) were current smokers at the premenopausal users of HRT. Nonetheless, the rank order of the women'’s
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TABLE 2. Unadjusted Mean Premenopausal Risk Factor Levels and Changes in Risk Factor
Levels at Follow-Up Examinations for Never Users (n=177) and Ever Users (n=195) of HRT

Premenopausal Premenopausal
to First Year First to Fifth Year to Fifth Year
Characteristic Premenopausal Postmenopausal Postmenopausal Postmenopausal
Systolic blood pressure, mm Hg
HRT never user 109.8 (0.9)t 1.7(0.9) 6.5 (1.2) 8.1(1.2)
HRT ever user 106.5 (0.7) 3.8(0.9) 6.7 (0.9 10.5(1.1)
Pulse pressure, mm Hg
HRT never user 37.0(0.7) 0.9(0.8) (1.1)* 9.5(1.1)
HRT ever user 35.4(0.5) 2.7(0.7) 8.5(0.9) 11.2(0.9)
LDL cholesterol, mmol/L
HRT never user 2.81(0.06) 0.57 (0.04)t 0.04 (0.05)* 0.60 (0.06)
HRT ever user 2.76 (0.05) 0.37 (0.05) 0.08 (0.05)* 0.47 (0.05)
HDL cholesterol, mmol/L
HRT never user 1.52 (0.03) 0.02 (0.02) —0.03 (0.02)+ —0.01 (0.02)
HRT ever user 1.59 (0.02) 0.05 (0.02) 0.03(0.02) 0.09 (0.02)
Triglycerides, mmol/L
HRT never user 0.97 (0.05) 0.16 (0.04)t 0.13(0.04) 0.30 (0.04)
HRT ever user 0.88 (0.03) 0.30 (0.05) 0.08 (0.06)* 0.37 (0.05)
Fasting glucose, mmol/L
HRT never user 4.82(0.04) —0.07 (0.06) 0.22 (0.10)* 0.18 (0.10)t
HRT ever user 4.81(0.04) —0.17 (0.08) 0.14 (0.05)* —0.04 (0.06)
Body mass index, kg/m?
HRT never user 25.4 (0.4t 1.3(0.2) 0.5(0.2) 1.8(0.2)
HRT ever user 24.0(0.3) 1.3 (0.1)

Values in parentheses are SEM.

*Change scores differ in magnitude between premenopausal and first year postmenopausal and between first year
and fifth year postmenopausal examinations, adjusted for age and duration (and HRT use for HRT users only); P<<0.05.

tChange scores or premenopausal values differ in magnitude between never and ever users of HRT; P<<0.05.

risk factors was fairly stable over the study period of nearly body mass index and the lower were the premenopausal

13 years. levels of HDL cholesterol (Table 4).

Quartiles of IMT were associated with 3 residualized risk
Risk Factor Change During the Menopause and factor changes from premenopausal to fifth year postmeno-
Carotid Disease pausal examinations: systolic blood pressure, pulse pressure,

As reported elsewhere in a subsample of the present gfoup, and fasting glucose (Table 4). Analyses of change scores by
the higher the IMT quartile scores, the greater were the time period showed that the systolic blood pressure and pulse
premenopausal levels of systolic blood pressure, pulse prespressure changes between the premenopausal and first year
sure, LDL cholesterol, triglycerides, fasting glucose, and postmenopausal examinations were associated with IMT,
whereas the fasting glucose change between the first and fifth

TABLE 3. Pearson Correlations of Risk Factor Levels at year postmenopausal examinations was associated with IMT
Premenopausal and Fifth Year Postmenopausal Examinations, (P<0.05).
Adjusted for Age, According to HRT Use The multiple stepwise regression analyses in which hor-
Never  Ever User At First and/or mone use at first and fifth year postmenopausal examinations
Used  Fifth Year Postmenopausal Al and age were entered in the initial step, followed by any
Characteristic HRT Examinations Participants premenopausal risk factors that were significant in the second
Systolic blood pressure  0.50 0.51 0.49 step, and by any risk factor change scores that were signifi-
Pulse pressure 0.32 0.41 0.35 cant in the third step, showed that IMT (as a continuous
LDL cholesterol 0.63 0.63 0.63 variable) was predicted by premenopausal triglycerides level
HDL cholesterol 079 071 075 (B=0.21,P<0.002), premenopausal pulse pressi#eQ.30,

i ) P<0.001), and change in pulse pressure from premenopausal
Triglycerides 069° 051 058 to fifth year postmenopausal examination8=0.18,
Fasting glucose 0.51 0.49 0.49 P<0.001).

Body mass index 0.91* 0.86 0.89 Relative to women with a plaque score of 0 or 1, women

*Never users and ever users of HRT; P<<0.05 level. who had a plaque index ¢£2 had a more atherogenic risk
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TABLE 4. Unadjusted Mean Levels of Cardiovascular Risk Factors at Premenopausal and
Change at 5 Years Postmenopausal Among Women Classified into Quartiles of IMT Scores at 5
to 8 Years After Menopause

Quartiles
P for Linear

Risk Factor 1 2 3 4 Trend*
Systolic blood pressure

Premenopause 104.9 (1.2) 106.4 (1.1) 107.8 (1.2) 112.3(1.4) 0.000

Change 6.4 (1.5 7.0(1.6) 9.2(1.6) 10.0 (1.9) 0.008
Pulse

Premenopause 34.3(0.8) 34.7(0.8) 35.6 (0.8) 39.4(0.9) 0.000

Change 6.9(1.2) 8.9(1.3) 10.4 (1.3) 11.4 (1.4) 0.000
LDL cholesterol, mmol/L

Premenopause 2.65 (0.09) 2.72 (0.08) 2.65(0.07) 3.06 (0.10) 0.003

Change 0.52 (0.08) 0.45 (0.08) 0.68 (0.07) 0.43 (0.09) 0.49
HDL cholesterol, mmol/L

Premenopause 1.63 (0.04) 1.64 (0.04) 1.50 (0.04) 1.46 (0.04) 0.001

Change 0.05 (0.03) 0.03 (0.03) 0.07 (0.03) 0.02 (0.03) 0.49
Triglycerides, mmol/L

Premenopause 0.78 (0.04) 0.88 (0.06) 0.90 (0.05) 1.14(0.08) 0.000

Change 0.35 (0.06) 0.42 (0.07) 0.31(0.07) 0.28 (0.07) 0.56
Fasting glucose, mmol/L

Premenopause 4.75(0.07) 4.76 (0.06) 4.83 (0.06) 4.87 (0.06) 0.09

Change —0.02 (0.09) 0.02 (0.06) 0.10 (0.09) 0.05(0.13) 0.06
Body mass index

Premenopause 23.6 (0.4) 24.2 (0.5) 24.9(0.5) 25.2 (0.6) 0.015

Change 1.9(0.3) 1.7(0.2) 2.3(0.3) 1.9(0.3) 0.95

Values in parentheses are SEM.
*Linear trends for changes scores adjusted for premenopausal levels, age, use of HRT. Quartile values for IMT are
0.71 for the 25th, 0.76 for the 50th, and 0.83 for the 75th percentiles.

factor profile at their premenopausal examination, with tions, adjusted for premenopausal level, age, and use of HRT
greater systolic blood pressure, pulse pressure, LDL choles-(Table 5). Those with a plaque score of 0 or 1 had larger
terol, triglycerides, and body mass index and lower HDL changes in HDL cholesterol (mean8.06 versus 0.005;
cholesterol (Table 5). Women who had a plaque score of 0 or P=0.02) and smaller changes in pulse pressure (mehits

1 tended to differ from those with a plaque scae in versus 2.2;P=0.04) between the premenopausal and first
magnitude of changes in HDL cholesterol and pulse pressureyear postmenopausal examinations than those with plaque
from premenopausal to fifth year postmenopausal examina- scores of=2. The changes in LDL cholesterol tended to be

TABLE 5. Unadjusted Mean Premenopausal Risk Factor Levels and Changes in Risk Factor Levels at
Follow-Up Examinations According to Plaque Index Score 2 (n=86) vs 0, 1 (n=228)

Premenopausal to Fifth Year

Premenopausal Postmenopausal

Characteristic PI<2 PI=2 P PI<2 PI=2 P

Systolic blood pressure, mm Hg 106.9 (0.7) 110.9(1.3) 0.006 .3(0.9) 8.3(2.0 0.49
Pulse pressure, mm Hg 35.1(0.5) 38.4(0.9) 0.002 .3(0.7) 10.4 (1.5) 0.06
LDL cholesterol, mmol/L 2.69 (0.05) 2.99 (0.09) 0.002 0.52 (0.05) 0.54 (0.09) 0.44
HDL cholesterol, mmol/L 1.58 (0.02) 1.49 (0.05) 0.09 0.06 (0.02) —0.01(0.03) 0.07
Triglycerides, mmol/L 0.86 (0.03) 1.11 (0.08) 0.002 0.37 (0.04) 0.25(0.07) 0.35
Fasting glucose, mmol/L 4.77 (0.04) 4.91 (0.06) 0.20 0.01 (0.06) 0.11(0.10) 0.20
Body mass index, kg/m? 24.3(0.3) 25.1(0.5) 0.13 .0(0.2) 2.0(0.3) 0.99

Values in parentheses are SEM. Pl indicates plague index.
P<0.05 for group differences adjusted for age for premenopausal levels and adjusted for age, premenopausal level, and use of
HRT for change scores.
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larger among those with more plaque during the perimeno- At least 5 years after the menopause, a substantial number

pausal transition as well (mean6.53 versus 0.43<0.08). of women had measurable plaque, with almost 25% having a
No changes in risk factors during the early postmenopausal plaque score o&2. As reported elsewhere in a subsample of
period predicted plaque group. the study group® women with elevated plaque or IMT scores

The stepwise logistic regression analysis showed that had an atherogenic risk factor profile when they were
plaque group was predicted by premenopausal triglyceride premenopausal, including elevated systolic blood pressure,
level (odds ratie=2.62; P<<0.002), HDL cholesterol change pulse pressure, LDL cholesterol, triglycerides, and body mass
from premenopausal to first year postmenopausal examina-index and low HDL cholesterol.

tion (odds ratie=0.97;P=0.05), and triglyceride change from Only the change in pulse pressure during the perimeno-
first to fifth year postmenopausal examination (odds ra- pause was a consistent predictor of both IMT and plaque
tio=0.99; P=0.03). groups, beyond the premenopausal level of pulse pressure,
and with adjustment for age and use of HRT. The importance
Discussion of pulse pressure change before and during the menopausal

transition in predicting future IMT is noteworthy. An increase
in pulse pressure accompanies the structural changes that
occur with age, including fragmentation and degeneration of

The present study had 2 major objectives. First, it described
the changes in risk factors for cardiovascular disease in

healthy middle-aged women over an interval of time when elastin, increases in collagen, and a thickening of the arterial

women underwent the transition from being premenopausal wall.20 Arterial stiffening occurs at different rates for different

to cessation of menses for .at least 5 years. Sec.ondj individuals and may be viewed as a process of aging of the
evaluated whether the magnitude of the changes in risk

. ) vascular system that is accelerated during a period of rapid
factors during the perimenopausal and early postmenopausagStrogen decline

transition predicted carotid disease, above and beyond what Why might premenopausal levels of risk factors be excel-

was predicted by premenopausal risk factor levels. lent predictors of postmenopausal carotid IMT and plaque?

Results showed that the overall changes in risk factors The associations between risk factors before and after the
from premenopause to 5 years after menopause were SUbStanr'nenopause indicate substantial stability in relative rank of

tial in healthy women in midlife, suggesting increasing \yomen's risk, ie, the women's absolute risk during the
absolute risk of atherosclerosis. However, the magnitude of \enonausal transition increases in a fairly uniform fashion.

the risk factor changes varied substantially between the 1o premenopausal levels of risk factors may be a good
perimenopausal and the early postmenopausal periods, i€measure of risk factor levels during the premenopausal years
between the premenopausal and first year postmenopausahefore women entered into the study. There is an incubation
examinations versus the first and fifth year postmenopausal period for the development of carotid atherosclerosis. Perhaps
examinations. The changes in LDL cholesterol, triglycerides, e length of follow-up of 4 years during the early postmeno-
and body mass index during the perimenopause were largeryaysal years in the present study is too brief for the effects of
than those after the menopause. The changes in systolic blooqpe sypstantial change in risk factors to appear on IMT or
pressure, pulse pressure, and fasting glucose were larger aftepjaque measure. Perhaps menopausal risk factor changes will
the menopause. Variation in the magnitude of change is pe stronger predictors of carotid disease when the women are
probably due to the differential determinants of risk factor aged 60 to 70 years. In any event, our findings indicate that
change, with reduced estradiol levels, weight gain, and pigh-risk women can be identified in the premenopausal
increased waist circumference important during the perim- years and that prevention strategies should not await the
enopausal period, and with aging effects, such as increasedsypstantial risk factor changes that occur during and after the
vascular stiffness and increased proportion of body fat, menopausal transition.
important during the early postmenopause. In conclusion, our results indicate that, in midlife, substan-
The changes in lipids varied across groups classified tial increases in absolute risk of cardiovascular disease occur
according to hormone use, with the largest increases in as women experience the cessation of menses and beyond.
LDL cholesterol and a small decline in HDL cholesterol The changes in lipids are larger between the premenopausal
apparent among the never users of HRT. The effects of and first postmenopausal years than between the first and
HRT use on lipid characteristics obtained in this observa- fifth postmenopausal years. Premenopausal levels of risk
tional study are by and large consistent with the findings of factors are strong determinants of carotid IMT and plaque
an early report based on 101 postmenopausal women frommeasured 5 to 8 years after the menopause, but only the
this samplé and with those of clinical trials, including the  change in pulse pressure during the perimenopausal years is
Postmenopausal Estrogen/Progestin Interventions ial. related to subsequent carotid disease. Risk factor modifica-
Even so, it is noteworthy that there is a significant increase tion aimed at middle-aged premenopausal women is worth-
in LDL cholesterol even among users of HRT at both while to prevent the development of atherosclerosis in the
postmenopausal examinations, with LDL cholesterol in- postmenopausal years.
creasing 0.25 mmol/L (9.6 mg/dL) between the premeno-
pausal and first year menopausal examinations and in- Acknowledgement

creasing another 0.11 mmol/L (4.1 mg/dL) between the This study was supported by National Institutes of Health grant
first and fifth year postmenopausal examinations. HL-28266.
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Editorial Comment

Premenopausal Risk Continuum for Carotid Atherosclerosis
After Menopause

In the preceding article, Matthews and colleagues report on tion to prevent the development of atherosclerosis. Perhaps
the shifting profile of important cardiovascular risk factors the most interesting aspect of this work is that absolute levels
during the transition into early menopause in healthy women of all of these premenopausal predictors of carotid athero-
and examine the relationship of these factors to carotid artery sclerosis, while significantly elevated compared with the
atherosclerosis. The authors describe the association of caWomen without atherosclerosis, were in the normal ranges.
rotid intima-media thickness (IMT) and carotid artery plaque ~ Cardiovascular risk appears to follow a continuum for
measured between 5 and 8 years after menopause to changd8@ny risk factors rather than respecting absolute cutoff
in cardiovascular risk factors during the perimenopause and Valuest Although the most recent recommendations suggest
early postmenopausal epoch in 372 women. Adverse varia-that lipid screening programs are hot cost effective for
tions in blood pressure, pulse pressure, lipid metabolism, asymptomatic premenopausal Wom%n_he work by
fasting blood glucose, and body mass index were seen by the’vlatthe.WS and polleagues supports the notion of a cardlo_vas-
i posimencpauel year. Of e, ol a hange n oo 27T 900 SU0ESs Wt e e henel o
pressure in the perimenopausal years were associated with th ymp g may P

. : ) Suill take many years to evolve into a clinical event. Recent
development of atherosclerosis, but this may simply reflect o in the risk associated with elevated blood pressure has

the relatively short follow-up time. Premenopausal levels of clearly shown that although a normal range is accepted, lower
systolic and pulse pressure, LDL and HDL cholesterol, mnay pe bette?. The interplay of cardiovascular risk factors
triglycerides, and body mass index all predicted IMT and may also be important in the development of atherosclerosis.
carotid plaque and showed a dose response when womenThere is, for example, evidence that carotid artery IMT is
were classified into quartiles of IMT at 5 to 8 years after more strongly related to LDL in the setting of elevated SBP,
menopause. As the authors note, this suggests middle-agedhus supporting the “response to injury” hypothesis of
premenopausal women can be targeted for primary interven-atherosclerosis.



Matthews et al

Given, as Matthews and colleagues note, that there are
substantial increases in the absolute risk of cardiovascular 1.

Menopause and Carotid Artery Atherosclerosis

disease associated with the transition into menopause, does

hormone replacement therapy (HRT) alter that risk? There is
strong evidence from large epidemiological studies that HRT 2,

are cardioprotectivealthough the beneficial effects decrease
with agé and advancing coronary diseas#®latthews and
colleagues stratify healthy young women by HRT use and

demonstrate that there is a beneficial effect on a number of 4.

individual risk factors. The correlation between risk factor

levels measured at the beginning and end of their study period
remained strong for women using HRT, as it did for the entire s,
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