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with Hormone Replacement Therapy

José Luiz da Costa Vieira, Marcos Emanuel W. Gomes, Aurea Beltrdo de Almeida,
Emilio H. Moriguchi

Porto Alegre, RS - Brazil

Objective— To report the effects of 2 regimens of hor-
mone replacement therapy during the postmenopausal pe-
riod on the profile of the major lipoprotein subfractions
(HDL, LDL, and VLDL).

Methods — We carried out a cohort study in 38 post-
menopausal patients who were starting their hormone re-
placement therapy due to gynecological indications, for a
period of 12 weeks. Analysis of lipoprotein subclasses was
performed through nuclear magnetic resonance spectros-

copy.

Results — Hormone replacement therapy cause an
increasein the proportion of larger subfractions of VLDL and
HDL (p=0.008 and 0.03, respectively) and in the proportion
of larger particles of VLDL due to a 36% increasein the levels
of larger particles (p=0.004), concomitantly with a 15% re-
duction in the levels of smaller particles (p=0.04). In regard
to HDL, the increase occurred only a 17% increase in the
levels of larger particles (p=0.002). No significant change
occurred in the distribution pattern of LDL subfractions.

Conclusion — The proportion of larger subfractions of
VLDL and HDL increases after hormone replacement the-
rapy. The increase in the proportion of larger particles of
VLDL occurs due to an increase in the levels of the larger
subclasses concomitantly with a reduction in the smaller
particles. However, an increase in the proportion of larger
particles of HDL occurs only due to an increase in the le-
vels of the larger subfractions.
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Despite the evidence, at the present time challenged
by theresultsof thefirst 2 randomized clinical trialsof se-
condary prevention inischemic heart disease'?, that estro-
gen may protect against coronary heart disease, the me-
thod by which this protective effect can be mediated has
never been properly explained. Among the proposals, the
estrogen impact onthelipid profile hasalwaysbeen high-
lighted, withareductioninL DL -cholesterol and anincrease
in HDL-cholesterol. However, some studies have shown
that only 25% to 50% of risk reduction could be attributed
to this change*®. In thelast decade, addition of progestin
has been routinely recommended in postmenopausal hor-
monereplacement to reducetherisk of endometrial carcino-
mainduced by estrogen®. In observational studies™s, this
practice seemsnot to have attenuated the cardioprotective
effect of postmenopausal estrogen therapy.

Inrecent years, hasgai ned relevancethat each group of
lipoproteins—high density lipoprotein (HDL), low density
lipoprotein(LDL), andvery low density lipoprotein(VLDL)—
isformed by very heterogeneous and different particlesin
their association with coronary heart disease®*2, Based on
this, increasing importance hasbeen attributed to theinflu-
ence of the distribution pattern of subfractions of each of
thesemagjor lipoproteinsin coronary risk. Therefore, indivi-
dua swithsmilar ssrumlevelsof L DL-cholesterol and HDL-
cholesterol may also havevery different levelsof risk for co-
ronary heart disease because of differencesin thedistri-
bution of subclasses. Currently, evidence existsthat for a
certainlevel of LDL-cholesteral, patientswithaprofileof li-
poprotein subclassesinwhich small and denseLDL s(pat-
tern B) predominate haveasubstantialy higher risk of deve-
loping coronary heart disease and acutemyocardial infarc-
tion than those patientsin whom large and floating LDLs
(pattern A) predominate’®*4, Likewise, subclassesof HDL
measured by electrophoresis show astriking differencein
their associationswith coronary heart disease, asfollows:
the 3 largest subclasses (HDL ,, HDL ,, and HDL , ) show
theexpectedinversecorrel ation with progression and seve-
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rity of thedisease, but the 2 smallest subclasses(HDL , and
HDL, ) show apositivecorrelation *>%°.

Only some studies considered the possibility that the
cardioprotective mechanism of postmenopausal hormone
replacement therapy could also be mediated by changes
imposed on the profile of these subfractions™1°,

We report acohort study aiming to assessthe effects
of an estrogen-progestin replacement regimen and another
of estrogen replacement, classically used in the period
following menopause, on the distribution of the subfrac-
tions of the mgjor lipoproteins—HDL, LDL, and VLDL.
These subfractions were determined by nuclear magnetic
resonanceto test the hypothesisthat hormone replacement
therapy may |lead to aless atherogenic distribution profile
of thelipoprotein subfractions.

Methods

We carried out a cohort study on postmenopausal
patientsfromthe Outpatient Care Clinicsof Climacterium of
the Gynecological Serviceof thelrmandade daSantaCasa
de Misericérdiade Porto Alegre, who had gynecological
indication for initiating hormone replacement therapy.
Postmenopausal patients of any age referred to the
ambulatory clinicsdueto symptomsof climacterium or for
treatment or prevention of osteoporosis were accrued.
After complete gynecological assessment, including
mammography and endometrial evaluation, these patients
werereferred for hormone replacement therapy during the
period from July ‘97 to December *97. Two regimens of
hormone replacement were used out of those usually
employedintheoutpatient clinics. Theregimenscomprised
eguine conjugated estrogens at the dosage of 0.625mg
associated with 2.5mg of medroxyprogesterone(Premelle®),
administered daily in a continuousway for those patients
with an intact uterus, and equine conjugated estrogens at
thedosageof 0.625mgdaily (Premarin 0.625®) usedisolated
for hysterectomized patients. Patients on isolated or
combined estrogen therapy who effectively used the
medication for morethan 75% of thedayswereenrolledin
the same group (group of hormone replacement therapy)
because, after the statistical analysis, no difference was
found between the 2 forms of therapy in regard to reper-
cussions on the profile of distribution of the subclasses of
lipoproteins. The patientswho did not use the medication
for at least 75% of the days were excluded from the treat-
ment group. Those patientswith lessthan 50% adherence
or whodid not usethemedicationfor at least 4 weekswhen
returning at the 12" week became part of the control group
(group C). The patients with an intermediary level of
adherence to treatment were considered as lost and
excluded fromthestudy. Of the44 postmenopausal patients
who wereeffectively enrolled, 7wereincluded in group C
because of the already cited reasons. Two patients did not
return and 4 used the medi cation during 50%to 75% of the
days,; therefore, they were considered aslost. Thegroup of
hormone replacement therapy comprised 31 patients, 26
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with combined estrogen-progestin therapy, and 5withiso-
lated estrogen therapy. Group C comprised 7 patients.

Right after arriving at the laboratory, the fraskswith
withdrawn blood werecentrifuged for 15minutesat 1,600 G
for plasmaseparation. Theplasmawasthenfrozeninaspe-
cid freezer at thetemperatureof -75°C. Measurementsof the
subfractionsof lipoproteinswere performed at Wake Forest
University School of Medicine, Winston-Salem, NC, USA,
inaBrucker WM-250 spectrometer. The basis of theana
lysisthrough nuclear magneticresonanceisthat, in plasma,
each particleof lipoprotein, withinadiameter band, irradia-
tesadistinct signal of nuclear magnetic resonance, whichis
proportional to the total concentration of thelipid mass.
Quantificationisobtai ned through a 3-step process compri-
sing measurement of the plasmalipid spectrum through nu-
clear magnetic resonance, followed by splitting, and compu-
terized cal culation using special software. Theentire pro-
cesslastsgpproximately 1 minute, and an excel lent degreeof
accuracy and precision was demonstrated in validation
tests. A strict concordance exists between distribution of
the LDL and HDL subclasses determined by electropho-
resis and nuclear magnetic resonance >, |n addition to
chylomicrons, thismethod quantifies 15 different subclas-
ses of lipoproteins asfollows: 6 subclassesof VLDL, 1 of
IDL,30of LDL,and50f HDL, exploring natura differencesof
proton nucl ear magneti c resonance spectraexhibited by li-
poprotein particlesof different sizes, without requiring rea-
gents, and usi ng minimum mani pul ation.

The significance level was£0.05 in the 2-tailed test.
Analysisof efficacy wasperformed for the patientswho ef-
fectively used themedication. Thebasal differencesbetwe-
en the groups, in regard to demographic and biochemical
variables, were analyzed with the Student # test for inde-
pendent sampleswhen conti nuousvariableswereconside-
red, and with the chi-squaretest for categorical variables.
Foreachmgjor lipoprotein(VLDL, LDL,andHDL ), thesub-
fractionsweregrouped into large and small for analysisof
their distribution. Inregardto VLDLs, theV, V,,andV,
subfractions(corresponding tothelargest VL DL s) consti-
tutedthelargeVL DL subgroup, andV,,V ,,andV, (corres-
pondingtothesmallest VL DL s) congtituted thesmall VL DL
subgroup. Inregardto LDLs, the L, and L, subfractions
(correspondingtolarge, floating, and intermediate LDL s)
congtitutedthelarge LDL group, and L, (correspondingto
small and denseL DL s) constituted thesmall LDL group. Of
the5SHDL subfractions, H, and H, (correspondingtoHDL ,,
andHDL, ) congtituted thelargeHDLs,andH_,H,,andH,
(correspondingto HDL ., HDL , , and HDL , ) constituted
thesmall HDL group. Valueswithin each group of subfrac-
tions were transformed in percentage of the total sum of
lipoprotein subfractions for analysis of their distribution.
For analyzing the results of the variations of the profile of
subfractionsfrom the week 0to week 12, we used the Stu-
dent ¢ test for sampl es paired for each group.

Results

Basa datarelated to age, yearsafter menopause, race,
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weight, body massindex, blood pressure, reason for
searching theoutpatient careclinicof climacterium, acohol

ingestion, coronary risk factors, and useof medicationare
shownintablel and do not differ inthe2 groups.

During the 12-week follow-up, no significant change
occurred inthe mean weight of the patientsin both groups.
Two patientsin thegroup using hormonereplacement the-
rapy and 1 patient inthe control group started regular phy-
sical exercisepractice(p=0.46).

Basal andfinal distribution profilesof lipoprotein sub-
fractionsinthedifferent groupsstudied, according to grou-
pingforanaysis, areshownintablell. Thecorresponding
variation of thisdistributionisdepictedinfigure 1.

A significant increasein the proportion of thelarger
VLDL subfractions(largeVLDLscomprisngV V., andV )
occurredinregardtothesmaller subfractions(small VLDLSs
comprisingV.,,V,,andV ) inthehormonerepl acement the-
rapy group (p<0.008). Inthisgroup, the proportion of larger
particlesof thislipoproteinincreased from 47%to 57%in
the 12 weeksof treatment, and the proportion of smaller par-
ticlesdecreased correspondingly from 53%t043%. Group C
showed no variationinthe proportion of particles.

Inregardto LDL subfractions, nosignificant variation
intheproportion of large (correspondingtoL ,andL ) and
small (correspondingtoL ,) LDLsoccurredinboth groups
during the 12 weeksof treatment.
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InregardtoHDL s, asignificant increaseinthepropor-
tionof large HDL s(correspondingtoH,andH,, or HDL
andHDL,,) occurred ascompared withsmall HDL s(corres-
pondingtoH,,H,,andH,,orHDL_,HDL , ,andHDL ) in
thegroup of hormonereplacement therapy (p<0.025). This
resulted from an increase in the larger subfractionsfrom
46%to 50% and correspondingly reductioninthesmaller
subfractionsfrom 54%t0 50%. Group C showed novariation
intheproportion of particles.

Analyzing the changes occurring in plasmalevel s of
VLDL subclassesto verify how aterationsin proportion oc-
curred after hormone replacement therapy, we observed a
36% increasein thelarger VLDL subfractions (p<0.004)
concomitantly with a15% reductioninthesmaller VLDL
subfractions(p<0.036). InregardtoHDL , al17%increasein
thelarger subfractions(p<0.002) occurred with no changein
thesmaller subfractions(Tablelll andfig. 2).

Discussion

Even though the clinical relevance of the heteroge-
neity of the lipoprotein subfractions has been difficult to
assess because of the extremely laborious nature of the
methodsfor determining the subfractions of lipoproteins,
differencesin association with coronary heart disease
suggest that dataon lipoprotein subfractionsmay improve
theevaluation of coronary risk. Thissituationissimilar to

Table II — Distribution of lipoprotein subfractions (% of total +
standard deviation) in the two groups

Groups of subfractions Group C Group HRT
(n=7) (n=31)
Week OWeek 12 p Week OWeek 12 p

Large VLDLs 51+15 50+6 0.83 47+18 57+15 0.008
Small VLDLs 49+15 50+6 0.83 53+18 43+15 0.008
Large LDLs 67+21 65+22 0.69  80+17 79+17 0.814
Small LDLs 33+21 35+#22 0.69 20£17 21+17 0.814
Large HDLs 37+23 37+22 0.75  46+19 50+31 0.03'5
Small HDLs 63+23 63+22 0.75 54422 50+21 0.03'5

"PE0.05; Week 0 - basal measurement; Week 12 - measurement after 12
weeks ; p- Student ¢ test for paired variables.
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Table I — Basal characteristics of patients in the different groups
Basal characteristics Group C Group HRT p
(n=7) (n=31)
Agein years, mean + SD 54+4.1 53+6.2 0.44
Y ears after menopause, mean + SD 4.2+1.6 4.3+3.7 0.97
Race, number (%) 1.00
White 7 (100) 30 (97)
Black 0 13
Weight in kg, mean + SD 69.3 +11.7 65.6+10.8 0.43
Body massindex in g/m?, mean + SD 26.9x4.7 26.2+4.4 0.73
Blood pressure in mm Hg, mean + SD
Systolic 122+9.5 121+14.8 0.74
Diastolic 77£7.5 81+10.3 0.40
Glucose in mg/dL, mean + SD 87+11 90+18 0.71
Reason for outpatient care clinic referra, 1.00
number (%)
Climacteric syndrome 6 (86) 28 (90)
Preventive treatment for osteoporosis 1 (14) 3(10)
Coronary risk factors, number (%)
Hypertension 4 (57) 11 (35 0.40
Diabetes 0 13 1.00
Current smoker 1(14) 5 (16) 1.00
Obesity - BMI >30kg/m?* 2 (29) 9 (29) 1.00
Sedentary lifestyle 4 (57) 20 (65) 1.00
Family history of ischemic heart disease 1 (14) 4(13) 1.00
Tota cholesterol >240mg/dL 1(14) 7 (23) 1.00
LDL-cholesterol >160mg/dL 1 (14) 5(16) 1.00
HDL-cholesterol <35mg/dL 2 (28) 3(100 0.22
Triglycerides >200mg/dL 1(14) 4(13) 1.00
Alcohol consumption, number (%)
Occasiona or frequent 0 0
Medication use, number (%)
Diuretics 3 (43) 4 (13) 0.09
Beta-blockers 0 3(10) 1.00
Corticosteroids 1(14) 0 0.18
SD- standard deviation; * - criteria for obesity according to Wood et a *.

Fig. 1 - Variag8o médiaporcentual dadistribuicdo das subfracdes de lipoproteinas
entrea122semanaeabasal nosdoisgrupos.
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that observedinthe*50sand * 60s, when dataon cholesterol
levelsof lipoproteins could better predict thecoronary risk
than thetotal cholesterol serumlevelsisolated.

Most methods usually used for separating and
quantifying subfractionsof lipoprotei nsincludetechniques
such asultracentrifugation, electrophoresis, or chromato-
graphy, which are very laborious and slow and, therefore,
becomeunfeasiblefor clinica researchonalargescaleor for
assessment of coronary risk in the general population. A
recently validated method that employs nuclear magnetic
resonance spectroscopy isamore precise, rapid, and less
expensivedternativeascompared withthealready existing
methodsfor ng and handling coronary risk based on
measurements of subfractions?. Thistechnique explores
the natural spectral difference that exists between the
subfractions of each lipoprotein, depending only on the
size of the particles. The technique avoids the steps of
physical separation, the use of reagents, and employs a
totally automated process, thus providing a high rate of
efficiency and precisionintheevaluation. Thisalowsthe
simultaneous cal cul ation of the concentrations of each of
the 16 lipoprotein subclasses, 1 being chylomicron, 6 of
VLDL,1ofIDL,30f LDL,and50f HDL %,

Despitethegreat methodol ogical difference between
nuclear magnetic resonance and the other methods used to
quantify lipoproteins, some studieshave shown aproximity
between the sizesof LDL and HDL particles measured by
nuclear magnetic resonance and by electrophoresiswith
gel gradient 2%, Asno appropriate and high-resolution

Table III — Plasma levels of the groups of VLDL and HDL ubfractions
(mg/dL + standard deviation) and their variation (%) in the group HRT

Groups de Correspondence Plasma Variation
subfractions levels (%)
Week OWeek 12 p
Large VLDLs V6,V5eV4 49+34 67+41 0.004" 36
Small VLDLs V3,V2eV1l 51+23 43+17 0.040 -15
Large HDLs H5 and H4 28+18 33+19 0.002" 17
(HDL,, and HDL,)
Small HDLs H3, H2 and H1 28+7 28+99 0.744° O

(HDL,, HDL,, and HDL,)

"P£0.05; Week 0—basa measurement; Week 12 —measurement after 12 weeks;
p — Student ¢ test for paired variables.
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Fig. 2 - Variagao médiaporcentua dos niveis médios das subfragdes delipoproteinas
entreal122semanaeabasal no grupo TRH.
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techniquewasavailablefor measuringVLDL subfractions,
only afew studies could separate VLDL subfractions that
effectively represented distinct subclasses 22627, There-
fore, comparison of nuclear magnetic resonancewith other
methodsisimpairedinthisregard.

Inour study, weobserved anincreaseintheproportio-
nof larger VL DL sascomparedwiththat of smaller VLDLs
duetoanincreaseinthelevel of larger particlesand acon-
comitant reduction in smaller particles. Another study 22
using the same method has aready shown areductionin
thesmaller VL DL subfractionsafter hormonereplacement
therapy. Intheliterature, only afew studiesreport the effect
of hormonereplacement therapy ontheprofileof VLDL sub-
fractions, because of the difficulties in separating these
subfractions by the conventional techniques used prior to
nuclear magnetic resonance. Estrogens seem to increase
hepatic synthesisof VL DL-triglyceridesforming particu-
larly largeVLDLs, richintriglycerides, acting directly upon
the hepatocyte®. Mot VL DL sarewithdrawnfromcircula-
tiondirectly by theliver without being metabolizedto small
VLDL orLDL. Inthisway, theelevationintriglyceridesin-
duced by estrogensis supposed to be less harmful than
that present in other clinical situations®. Theincreaseinthe
proportion of larger VL DL subfractionswassimilarinpa
tientsusing isolated or combined estrogen therapy, which
could be expected because progestinsdo not block theme-
tabolic effects of estrogen inthehepatocyte. Whether large
VLDLsactudly produce small and dense LDL s?in caseof
no inhibition of the hepatic lipase by estrogen, with the
increaseinV L DL scaused by hormonereplacement therapy,
agreater amount of small and dense, more atherogenic,
L DL scould beproduced, whichinreality doesnot occur ®.

No change was observed in the distribution of LDL
subfractionsin the present study. Even though an induc-
tion to a predominance of larger and less atherogenic
(pattern A) particles could be expected because of the
supposed cardioprotective effect, afew studieshavefound
an opposite trend 1”3, This action of reducing the larger
andlessdense L DL sindetriment to the smaller and denser
particles could be due to the fact that the former are more
eadily captured by hepatic receptorsof LDL , whoseactionis
stimulated by estrogens®.

Theincreaseintheproportion of larger subfractionsof
HDL found agreeswith dataintheliterature®=. Anincrease
intheproportion of larger particles(H, andH,, corresponding
toHDL,, and HDL, ) as compared with that of smaller
particles(H,,H,, andH,, correspondingtoHDL , , HDL , ,and
HDL , ) occurred duetoanincreaseinthelarger subfractions
withnochangesinthelevelsof thesmaller fractions, whichis
inaccordancewith datain theliterature**3* Thecatabo-
lismof HDL , ismediated by hepatic lipase, alipolytic en-
zyme present intheendothelial cellslining the hepatic si-
nusoids and highly specificfor HDL ,, thelarger subfrac-
tion of HDL *. Theeffectsof sexual steroidsonthelevelsof
HDL, particularly HDL ,, are believed to be mediated by
changesin the activity of hepatic lipase®, becausethein-
creaseinHDL, withtheuseof estrogenisassociated witha
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reductionintheactivity of thisenzyme. Ontheother hand,
addition of aprogestin hasaninverseeffect, whichismore
marked astheandrogeni c effect increases (the effect of me-
droxyprogesteroneislow), and it may evenreversethein-
creasein HDL,, and thereductionin the activity of the he-
patic lipase.

Clinical significance of the changesimposed by hor-
monereplacement therapy inthe profile of lipoprotein sub-
fractions should be better evaluated in further larger cli-
nical trials.

In the present study, in addition to the possibility of
potential contamination of the cohort model by confoun-
ding factors, the control group was composed of patients
not adhering to thetreatment. Asall patients starting hor-
monereplacement therapy intheoutpatient careclinicshad
precisemedical indicationsfor it (climacteric symptomsor
osteoporosis), from the ethical point of view they were not
amenableto being directly allocated to the control group.

Vieira et al
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Even though all basal variablesobserved were not signifi-
cantly different in both groups, atendency to ahigher pre-
valence of hypertension occurred in the control group, as
did HDL below 35mg/dL andtheuseof diuretics. Thisand
the known fact that the adherence factor in many studies
may beassociated with healthier habitsmay haveinterfered
withthefinal result of the study.
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