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A B S T R A C T

Background: Women develop cardiovascular disease (CVD) approximately 7–10 years later than men, but pro-
gress with similar risk after menopause. Recent studies suggest that hormone replacement therapy (HRT) is
cardioprotective when initiated early after menopause, but the mechanisms involved are still unclear.
Objective: In the current study, we aimed to examine the effects of HRT treatment on the plasma atherogenicity
in postmenopausal women. We studied the total lipid profile in blood samples collected in a randomized, double-
blinded, placebo controlled clinical trial of women with a history of venous thrombosis (VT), the EVTET study.
Methods: One-hundred and forty postmenopausal women<70 years were included in EVTET and randomized
either to active treatment (one tablet of 2mg estradiol and 1mg norethisterone acetate daily) (n=71) or
placebo (n=69). Blood samples were taken at baseline and after 3months and subjected to routine assessment
of hemostatic factors and lipids.
Results: Our study show that HRT compared to placebo significantly reduced plasma levels of Lp(a), ApoA1,
ApoB, total cholesterol (TC), HDL-C, LDL-C, TC/HDL-C and LDL-C/HDL-C ratio at 3months. No effect was ob-
served on ApoB/ApoA1 ratio or triglycerides. The change in Lp(a) was significantly and inversely correlated with
the change in estradiol (r=−0.32; P=0.001) and positively correlated to the change in lipids, tissue factor
pathway inhibitor activity and antigen, protein C and fibrinogen (r between 0.26 and 0.45, p < 0.01).
Conclusion: In sum, this study confirms a strong effect of HRT on atherogenic lipids with a large reduction in the
pro-thrombotic Lp(a), suggesting an overall favorable effect on thrombogenicity after HRT replacement therapy
in post-menopausal women at risk of VT.

1. Introduction

Lipid metabolism is of major importance for development of
atherosclerotic disorders, and it is well established that elevated serum
low density lipoprotein cholesterol (LDL-C) levels, as well as low levels
of high density lipoprotein cholesterol (HDL-C), are associated with
increased cardiovascular risk [1,2]. Further, elevated levels of apoli-
poprotein (APO) B, the major apolipoprotein in LDL, lipoprotein (a) (Lp
[a]) and circulating triglycerides (TG), are associated with increased

risk of coronary heart disease (CHD) [3–9]. On the other hand, a car-
dioprotective role of APOA1, a constituent of plasma HDL, has been
suggested [9,10].

In western societies, women develop CHD approximately 7–10 years
later than men, but after the age of 75 years, women represent the
majority of patients admitted with CHD [11]. The reason for these
differences is not fully understood, but could partly be explained by
clear differences in cardiovascular risk factors among women and men.
A Dutch cohort study of over 130,000 individuals reported that men are
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characterized by a higher degree of dyslipidemia and display a different
temporal profile in lipids with advancing age compared to women
[12,13]. High levels of non-HDL cholesterol and TG seem to be more
important risk factors for cardiovascular disease (CVD) in women than
in men, whereas the high HDL-C levels may be more protective in both
genders [14,15].

The transition phase when the women undergo a gradual loss of
estrogen (menopause), usually within the age range from 40 to
60 years, is associated with cardiovascular complications [16,17].
Further, menopause is associated with modest proatherogenic changes
in lipoprotein pattern, such as increased TC, LDL-C and APOB [18–20],
small dense LDL particles [21], and increased levels of Lp(a) [22,23].
The cardioprotective effect of female sex-hormones has been widely
discussed, but is still unclear [19,24]. However, observational data
have consistently demonstrated a decreased risk of CHD with use of
hormone replacement therapy (HRT) in postmenopausal women
[25–30] and a meta-analysis covering>100 randomized trials invol-
ving 39,049 postmenopausal women demonstrated that HRT reduced
CHD events when administered to younger postmenopausal women
[31].

Several studies have investigated isolated constituents of the lipid
profile after HRT, in relation to CHD risk [18,31–36]. Sex steroids, both
endogenously or given exogenously, are associated with changes of

lipoprotein pattern [18–23], however the effect of HRT on total lipid
profile, remains to be studied in order to better reflect the overall
atherogenic profile [8,37]. In the present study we therefore in-
vestigated the effect of HRT on total lipid profile in plasma obtained
during a randomized, double-blinded, placebo-controlled clinical trial
(RCT) [38].

2. Methods

In the current study, we used serum or plasma samples from the
Estrogen in Venous Thromboembolism Trial (EVTET) study; a rando-
mized, double-blinded, and placebo-controlled clinical trial (RCT) with
a double triangular sequential design [38]. A more detailed description
about the methodological aspects of the EVTET study has previously
been described [38,39]. Briefly, one-hundred and forty postmenopausal
women<70 years were included in the study. They were randomized
either to active treatment (one tablet of 2mg estradiol and 1mg nor-
ethisterone acetate (NETA) daily) (n=71) or placebo (n=69). Post-
menopausal was defined as not having had natural menstruation for at
least one year. The aim of the main study was to determinate if HRT
alters the risk of VT in high risk women defined as women with at least
one prior VT event, i.e., either deep vein thrombosis or pulmonary
embolism, before inclusion in the study. The primary outcome was

Table 1
Characteristics and laboratory data of study population.

Reference valuesa Baseline Placebo
3months

Change Baseline HRT
3months

Change

Age, years 55.0 (5.2) 55.5 (6.8)
BMI, kg/m2 27.4 (2.8) 26.7 (4.7)
n=b 66–68 59–60 59–60 66–70 62–65 62–65

Lipids
Total cholesterol, mmol/L 3.9–7.8c 6.61 (1.18) 6.55 (1.38) 0.04 (0.74) 6.51 (0.97) 5.46 (0.82)⁎⁎⁎,††† −0.93 (0.66)†††

HDL cholesterol, mmol/L 1.0–2.7 1.63 (0.40) 1.69 (0.51) 0.03 (0.25) 1.75 (0.45) 1.57 (0.39)⁎⁎⁎ −0.16 (0.27)†††

LDL cholesterol, mmol/L 2.0–5.3c 4.21 (1.29) 4.06 (1.23) −0.02 (0.65) 4.15 (0.95) 3.36 (0.77)⁎⁎⁎,††† −0.72 (0.56)†††

Non-HDL cholesterol 4.98 (1.20) 4.86 (1.40) 0.01 (0.72) 4.76 (1.02) 3.9 (0.83)⁎⁎⁎,††† −0.77 (0.59)†††

Triglycerides, mmol/L 0.45–2.6 1.36 (1.01, 1.86) 1.32 (1.00, 1.91) 0.03 (−0.17, 0.31) 1.24 (0.84, 1.66) 1.07 (0.88, 1.47)†† −0.05 (−0.31, 0.13)
ApoA1, g/L 1.1–2.3 1.42 (1.30, 1.59) 1.43 (1.29, 1.63) 0.02 (−0.06, 0.13) 1.44 (1.24, 1.60) 1.34 (1.22, 1.44)⁎⁎⁎,†† −0.09 (−0.18,

0.01)†††

ApoB, g/L 0.5–1.3 1.33 (1.16, 1.53) 1.27 (1.14, 1.50) −0.02 (−0.09,
0.08)

1.27 (1.10, 1.45) 1.16 (1.03, 1.34)⁎⁎⁎,†† −0.11 (−0.2, 0.00)†††

Lipoprotein (a), pmol/L < 250d 288 (148, 819) 382 (151, 878)⁎ −29 (−71, 14) 267 (169, 739) 221 (125, 518)⁎⁎⁎,† −72 (−197, −24)††

apoB/apoA 0.91 (0.75, 1.16) 0.88 (0.72, 1.06) −0.02 (−0.10,
0.05)

0.86 (0.74, 1.09) 0.85 (0.75, 1.02) −0.02 (−0.11, 0.07)

TC/HDL-C 3.94 (3.29, 4.94) 3.83 (3.15, 4.92) 0.01 (−0.33, 0.28) 3.81 (3.03, 4.63) 3.53 (2.98, 4.17)⁎⁎ −0.29 (−0.60, 0.10)†

LDL-C/HDL-C 2.55 (2.03, 3.33) 2.32 (1.73, 3.05) −0.06 (−0.37,
0.20)

2.41 (1.73, 3.17) 2.22 (1.80, 2.57)⁎⁎⁎ −0.28 (−0.59, 0.12)†

Coagulation
Fibrinogen, g/L 2.0–4.0 3.78 (0.67) 3.7 (0.50) −0.11 (0.55) 3.73 (0.68) 3.8 (0.75) 0.05 (0.64)
Protein C, IU/dL 70–130 130 (20) 128 (21) −2 (15) 124 (18)† 113 (19)⁎⁎⁎,††† −12 (14)†††

TFPI activity 129 (26) 127 (24) −1 (13) 134 (25) 117 (29)⁎⁎⁎,† −17 (16)†††

TFPI antigen 29 (7) 27 (6) −1 (5) 29 (7) 21 (5)⁎⁎⁎,††† −8 (6)†††

Miscellaneous
Estradiol, nmol/L 14 (10, 18) 16 (11, 22) 1 (−2, 6) 15 (10, 23) 166 (90, 223)⁎⁎⁎††† 129 (63, 206)†††

CRP, mg/L < 4 1.85 (0.70, 3.56) 2.19 (0.61, 3.91) −0.02 (−0.63,
0.64)

1.28 (0.73, 2.71) 2.59 (1.50, 6.12)⁎⁎⁎† 1.04 (0.08, 2.77)†††

NAMPT, pg/mL 456 (225, 1104) 428 (188, 1048) −84 (−245, 237) 443 (224, 1006) 629 (398, 923) 89 (−280, 253)

Mean (SD) or median (25–75) or frequency (%). Apo, apolipoprotein; g/L, grams per litre; HDL, high density lipoprotein; kg, kilograms; LDL, low density lipoprotein;
Lp(a), lipoprotein (a); m, meters; mg, milligram; mmol/L, millimoles per litre; nmol/, nanomoles per litre. Coagulation markers previously published [38].

a From the Norwegian “National user manual for medical biochemistry”.
b Numbers vary due to variation in sample availability.
c > 49 years.
d Reference value according to method of analysis.
⁎
p < 0.05.

⁎⁎
p < 0.01.

⁎⁎⁎
p < 0.001 vs. baseline.

†
p < 0.05.

††
p < 0.01.

†††
p < 0.001 vs. same time-point placebo.
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recurrent VT. The study was terminated prematurely as other studies
were reporting increased risk of VT on HRT, during execution of the
study [39,40]. The study was approved by the Norwegian Medicines
Agency and the eastern Norway Regional Committee for Medical and
Health Research Ethics, and all participants gave their written informed
consent to participate. The study was executed during 1996–1998 be-
fore introduction of mandatory trial registration prior to trial execution.

2.1. Analyses

The EVTET study included follow-up visits at 3, 12 and 24months.
However, in the present study, only plasma and data from baseline and
at three months were used, as lipids were our primary target of in-
vestigation and changes in lipid levels are usually stable 12 weeks after
an intervention. The hemostatic parameters including fibrinogen, tissue
factor protein inhibitor (TFPI) and protein C were assayed in batches at
the Hematological Research Laboratory at Oslo University Hospital
(formerly Ullevål University Hospital) during 1999–2001, as described
earlier [38]. In detail, commercial kits were used and run essentially as
described by the manufacturer. Fibrinogen was assayed on an ACL
Futura coagulometer (Instrumentation Laboratories, Milan, Italy) with
reagents from Instrumentation Laboratories. Protein C activity was as-
sayed with the chromogenic assay Coamatic Protein C from Chromo-
genix AB (Mölndal, Sweden). Tissue factor pathway inhibitor (TFPI)
activity and free TFPI antigen were assayed with in-house methods as
described earlier [41,42]. Estradiol was measured using the Vidas Es-
tradiol II enzyme linked fluorescent assay (Biomerieux, Marcy-l'Étoile,
France) in the same laboratory. Routine measurements of HDL-C, TG,
total cholesterol [TC], APOA1, APOB (total) and Lp(a) were measured
consecutively at the Department of Clinical Biochemistry, Oslo Uni-
versity Hospital. LDL-C was calculated using Friedewald's formula for
mmol/L given by: TC-HDL-C-(0.45*TG). For some of the participants,
follow up samples were missing or available in limited amount, ex-
cluding some of the analysis. The analyzed number for the respective
factors is indicated in Tables 1 and 2.

2.2. Statistics

All data at baseline and 3months intervention were tested para-
metric or non-parametric according to their distribution. Treatment
effects were calculated as the difference from baseline to 3months, and
presented as percentage change from baseline within each group. Data
were presented as mean (SD or 95% confidence intervals) or median
(25–75 percentiles). Independent samples test (t-test or Mann Whitney
U) were used for testing for differences in change score between pla-
cebo and treatment group. The Wilcoxon or paired t-test was used to
test for within group differences. Correlation analyses were calculated
by the Spearman rank test. All statistical testing were conducted with
the software IBM SPSS statistics 22 and GraphPad Prism 8, a probability
value of ≤0.05 was set as significant.

3. Results

Data from 138 women were available, 68 from the placebo group
and 70 from the HRT group. There was no difference between the two
intervention groups at baseline in any of the markers except for protein
C (Table 1). As expected, estradiol increased significantly in the HRT
group. Moreover, three months of HRT treatment significantly reduced
plasma levels of Lp(a), ApoA1, ApoB, TC, HDL-C, LDL-C, TC/HDL-C and
LDL-C/HDL-C ratio, compared to placebo. In contrast, no significant
differences were found in plasma levels of ApoB/ApoA1 ratio and TG
between the groups (Fig. 1, Table 1).

The regulation of Lp(a) is not fully understood, but in the present
study we found that the change in Lp(a) in the total group was sig-
nificantly and inversely correlated with the change in estradiol
(r=−0.32; P < 0.001), and positively correlated to the change in

total cholesterol (r=0.31; P < 0.001), apoB (r=0.38; P < 0.001),
LDL-C (r=0.29; P=0.002), LDL/HDL ratio (r=0.21, P=0.027), and
non-HDL (r=0.30, P=0.001) (Fig. 2). The change in Lp(a) levels were
also positively correlated with the changes in several hemostatic
parameters; TFPI activity (r=0.45; P < 0.001), TFPI antigen
(r=0.37; P < 0.001), protein C (r=0.36; P < 0.001), and fi-
brinogen (r=0.26; P=0.005) (Fig. 2). No such correlations were
found for the other lipid parameters which underscore the targeted
impact HRT may have on the Lp(a) level.

3.1. Adverse events

During follow up, 8 women in the intervention group suffered from
VT. In a post hoc analysis, these women had higher levels of ApoA1 and
HDL at baseline than the women who did not develop VT (ApoA
(median [min-max]): 2.0 (1.7–2.1) g/L versus 1.4 (1.2–1.6) g/L,
p < 0.01; HDL (mean [SD]): 2.2 (0.5) mmol/L versus 1.7 (0.4),
p < 0.01) (Table 2). The apoB/apoA ratio was also significant lower in
the 0.7 (0.5–0.9) versus 0.9 (0.8–1.1), p < 0.05. Also, three months of
HRT gave a larger reduction in both ApoA1 and HDL levels in these
women compared to the rest of the group (Table 2).

4. Discussion

In the present study we found that HRT altered the lipid profile with
significant reductions in the levels of Lp(a), ApoB, and LDL-C, non-HDL,
TC/HDL-C- and LDL-C/HDL-C ratio as well as a reduction in HDL-C and
ApoA1 in postmenopausal women, with no effect on TG. A similar re-
sponse on the lipid profile has previously been found after use of the
same HRT regime [32–36], and both LDL and HDL were reduced by
HRT treatment supplemented with an androgenic progestin
[18,31–36]. HRT is in general considered cardioprotective, but its
connection with atherosclerosis has been widely debated due to its
complex relationship. To start, the beneficial effect of HRT seems to be
dependent on administration of HRT before the development of ad-
vanced atherosclerosis. Estrogen seems to differently affect the en-
dothelial, vascular smooth muscle and inflammatory cells involved in
the atherosclerotic process, depending on the stage of its development.
Early in the atherosclerotic process, estrogen seems to exhibit anti-
atherogenic effects whereas later it seems to have proatherogenic ef-
fects [43–46]. Of further importance for the atherogenic effect of HRT,
aging is associated with a down regulation of ERs [47,48] and conse-
quently, loss of response to estrogen and protective effects on the vas-
cular endothelium [49]. Further, the administration route of HRT will
also affect the atherogenecity, and transdermal HRT administration is
suggested as safer than oral HRT for women with increased cardio-
vascular risk, due to increased levels of TG and CRP after oral, but not
transdermal HRT administration [50,51]. On the other side, oral es-
trogen is shown to cause greater reduction in Lp(a) concentrations than
transdermal estrogen [52]. In our study, reduction of the anti-athero-
genic lipid particles HDL-C and ApoA1 may seem unfavorable, but
importantly, TC/HDL-C and LDL-C/HDL-C ratios were also decreased
during HRT, suggesting a net anti-atherogenic effect on the lipid profile.
Atherosclerosis and VT share common risk factors, such as age and
obesity, however in contrast to the well-established role of plasma li-
pids in atherogenesis, the role in development of VT needs further in-
vestigation [53].

Plasma levels of Lp(a) were significantly reduced after HRT which is
in line with previous studies [6,31–36]. The independent role of Lp(a)
in increasing CVD risk has recently been well documented. Moreover,
Lp(a) has also been suggested to have pro-thrombotic properties. In-
deed, its similarity to plasminogen, causing thrombosis through anti-
fibrinolytic properties, and a variety of clinical studies support this Lp
(a)-thrombus axis [54,55]. However, few factors (pharmaceutical or
dietary) influences the plasma level of this lipid parameter; even though
treatment with PCSK9 inhibitors seem to have a Lp(a) lowering effect of
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approximately 30% [56]. Notably, the change in Lp(a) was significantly
and inversely correlated with the change in estradiol and positively
correlated to the change in total cholesterol, apoB and LDL, TFPI,
protein C and fibrinogen, suggesting interaction with other pro-
atherogenic factors and also further suggest an interaction with he-
mostatic factors and risk of thrombosis. This observation supports the
role of Lp(a) as an important risk factor that can be modulated by HRT.

An extensive meta-analysis was performed by Anagnostis et al. in
2017 analyzing 47 publications which had monitored the effect of HRT
and tibolone on Lp(a) concentrations in postmenopausal women. The
overall finding of this analysis was that HRT may significantly reduce
Lp(a) concentrations compared with placebo or no treatment [52].
These studies were, however, performed in individuals with no pre-
vious cardiovascular disease and only a very few studies have studied
the effect of HRT on Lp(a) in women with established disease [57]. This
study is to our knowledge, the first to address this in a population of
postmenopausal women with previous VT receiving HRT.

The degree of androgenicity seems to determine the estrogen op-
posing effect of the progestogen [35,36,58]. The progesterone used in
EVTET was NETA which is considered one of the androgenic proges-
togens [58]. We found no effect of HRT on TG levels; however HDL-C
levels were decreased which may be caused by the androgenic NETA
[35,36,58]. In addition to finding an opposing effect of HRT (with

NETA) on HDL-C and TG, Kwok et al. found NET-Ac to reduce Lp(a)
more effectively than less androgenic progestogens, such as desogestrel,
but less effective in opposing the estrogen related increase in CRP [18].
In support of the findings by Kwok et al. [18] and also Farish et al. [59],
we found a decrease in serum Lp(a) after HRT accompanied by an in-
crease in serum CRP and thrombotic markers, such as fibrinogen and
protein C after HRT in the women as previously published [51]. These
observations suggest that HRT affects the liver and cause a complex
regulation of the overall metabolism.

In our cohort, six of the women, all in the HRT group, suffered re-
current VT during the three months follow-up period. These women had
higher levels of ApoA and HDL at baseline, and despite marked de-
crease after three months HRT, HDL levels remained higher than the
women not experiencing these events. HDL has been suggested to have
anti-thrombotic effects, and our findings may apparently seem in con-
flict with previous data, showing no or a negative association between
HDL levels and recurrent VT [60,61]. However, these studies did not
include HRT and it is possible that it was the observed decrease in HDL-
C levels after HRT, and not the baseline levels that predisposed these
women for VT in our study. Moreover, recent studies suggest that the
relationship between HDL and cardiovascular risk and thrombus for-
mation is more complex. HDL functionality and composition, as well as
HDL:ApoA1 ratio are probably important to determine the

Table 2
Characteristics and laboratory data of women randomized to HRT.

Reference valuesa No recurrence Recurrence

Baseline 3months Change Baseline 3months Change

Age, years 55.2 (6.9) 58.3 (5.6)
BMI, kg/m2 27.2 (4.7) 21.7 (0.2)
n=b 61–62 55–59 55–59 7–8 5–7 5–7
Lipids
Total cholesterol, mmol/L 3.9–7.8c 6.40 (0.90) 5.41 (0.74)⁎⁎⁎ −0.91 (0.65) 7.34 (1.12)†† 6.08 (1.40)⁎ −1.18 (0.78)
HDL cholesterol, mmol/L 1.0–2.7 1.69 (0.40) 1.54 (0.39) −0.15 (0.25) 2.23 (0.52)†† 1.82 (0.40) −0.31 (0.45)
LDL cholesterol, mmol/L 2.0–5.3c 4.10 (0.89) 3.32 (0.73)⁎⁎⁎ −0.71 (0.57) 4.52 (1.34) 3.81 (1.15)⁎ −0.81 (0.57)
Non-HDL cholesterol 4.71 (0.98) 3.87 (0.79)⁎⁎⁎ −0.77 (0.60) 5.10 (1.32) 4.26 (1.30)⁎ −0.87 (0.49)
Triglycerides, mmol/L 0.45–2.6 1.24 (0.84, 1.69) 1.08 (0.88, 1.58) −0.03 (−0.29,

0.13)
1.23 (1.02, 1.55) 0.96 (0.72, 1.28) −0.07 (−0.33,

−0.06)
ApoA1, g/L 1.1–2.3 1.39 (1.23, 1.55) 1.34 (1.22, 1.42)⁎⁎⁎ −0.08 (−0.17,

0.01)
1.99 (1.65, 2.07)†† 1.51 (1.33, 1.81) −0.26 (−0.41,

−0.15)
ApoB, g/L 0.5–1.3 1.28 (1.10, 1.44) 1.16 (1.03, 1.34)⁎⁎⁎ −0.12 (−0.20,

0.00)
1.24 (1.09, 1.66) 1.19 (1.08, 1.53) −0.08 (−0.14,

−0.08)
Lipoprotein (a), pmol/L < 250d 264 (169, 739) 199 (125, 518)⁎⁎⁎ −86 (−214, −16) 433 (130, 777) 329 (156, 928) −65 (−133, −46)
apoB/apoA 0.88 (0.76, 1.10) 0.85 (0.75, 1.02) −0.03 (−0.11,

0.07)
0.68 (0.54, 0.90)† 0.80 (0.79, 0.86) 0.04 (0.02, 0.13)

TC/HDL-C 3.91 (3.22, 4.71) 3.55 (3.04, 4.17)⁎⁎ −0.29 (−0.60,
0.10)

2.87 (2.66, 4.10) 3.17 (2.89, 3.52) −0.04 (−0.38, 0.17)

LDL-C/HDL-C 2.54 (2.01, 3.17) 2.23 (1.80, 2.57)⁎⁎⁎ −0.29 (−0.59,
0.12)

1.72 (1.42, 2.82) 1.97 (1.67, 2.27) −0.03 (−0.44, 0.24)

Coagulation
Fibrinogen, g/L 2.0–4.0 3.74 (0.64) 3.79 (0.74) 0.05 (0.65) 3.65 (0.98) 3.96 (0.97) 0.07 (0.62)
Protein C, IU/dL 70–130 124 (19) 114 (20)⁎⁎⁎ −11 (14) 120 (17) 106 (12)⁎ −14 (11)
TFPI activity 132 (25) 114 (29)⁎⁎⁎ −17 (15) 149 (17) 149 (15)†† −2 (25)†

TFPI antigen 29 (7) 21 (5)⁎⁎⁎ −7 (6) 29 (7) 23 (3) −7 (6)

Miscellaneous
Estradiol, nmol/L 15 (10, 24) 167 (90, 235)⁎⁎⁎ 129 (63, 210) 14 (11, 16) 166 (151, 168)⁎⁎ 152 (126, 153)
CRP, mg/L < 4 1.28 (0.75, 2.71) 2.56 (1.48, 5.96)⁎⁎⁎ 1.00 (0.08, 2.49) 1.22 (0.71, 3.62) 6.05 (2.48, 6.82) 5.32 (1.80, 6.04)
NAMPT, pg/mL 469 (224, 979) 663 (380, 925) 95 (−279, 322) 325 (217, 1827) 522 (435, 895) 86 (−730, 164)

Mean (SD) or median (25–75) or frequency (%). Apo, apolipoprotein; g/L, grams per litre; HDL, high density lipoprotein; kg, kilograms; LDL, low density lipoprotein;
Lp(a), lipoprotein (a); m, meters; mg, milligram; mmol/L, millimoles per litre; nmol/, nanomoles per litre. Coagulation markers previously published [38].

⁎
p < 0.05.

⁎⁎
p < 0.01.

⁎⁎⁎
p < 0.001 vs. baseline.

a From the Norwegian “National user manual for medical biochemistry”.
b Numbers vary due to variation in sample availability.
c > 49 years.
d Reference value according to method of analysis.
†
p < 0.05.

††
p < 0.01.
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cardiovascular risk [62], and potentially also its effects on thrombus
formation. Further, it has been suggested that the protective effects of
HDL is lost after menopause [63]. Nevertheless, our data suggest that
HDL and ApoA levels should be addressed to evaluate cardiovascular
risk in postmenopausal women before and during HRT, but these
findings need to be validated in a larger cohort.

A major strength of the present study is the randomized controlled
design. A weakness was that the EVTET study was restricted to patients
with a history of VT, and may thus not necessarily be applied on other
groups of postmenopausal women. Also, the number of women suf-
fering VT was very modest restricting the significance of the findings
related to VT. Nonetheless, our findings suggest that HRT reduced the
amount of atherogenic lipoproteins including Lp(a) in plasma and had

an overall favorable effect on lipid profile. Further studies should
clarify the mechanisms and consequences of the decrease in HDL-C and
ApoA1 during such therapy.
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