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Abstract 

 

Postmenopausal estrogen therapy exerts beneficial effects on plasma lipids by reducing plasma concentrations 

of LDL particles and increasing those of high-density lipoprotein (HDL) particles. Additionally, estrogen 

exhibits antioxidant effects by decreasing the susceptibility of LDL and HDL to oxidative modification. Low-

density lipoprotein (LDL) is heterogeneous in size and density, and not all LDL subfractions are equally 

atherogenic. Smaller and denser LDL particles are associated with increased risk of coronary heart disease 

because they are more susceptible to oxidative modification, an initial step in the atherosclerotic process. The 

study subjects were 100 women aged 50-65 years, who had been amenorrhoeic for at least two years, which 

means they were in the menopausal period, divided into two groups of 50 individuals, to whom oral or 

transdermal estrogen therapy was applied, respectively. The material, specifically the statistical data for 

analyzing the levels of parameters, including total cholesterol, triglycerides, HDL, LDL, Apo L(a), and estradiol, 

was provided by the Biochemical Laboratory at the "Mother Teresa" Clinic in Skopje, during the period from 

June to December 2024. 
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1. Introduction 

 

Several studies have shown that the menopausal transition is associated with adverse effects on 

the lipid profile, characterized by increases in total cholesterol, low-density lipoprotein (LDL), 

triglycerides (TG), and lipoproteins, sometimes accompanied by a decrease in high-density 

lipoprotein (HDL) levels (Anagnostis et al., 2015). It is well known that an unfavorable lipid 

profile plays a crucial role in the development and progression of cardiovascular disease 

(McQueen et al., 2008), which is the leading cause of morbidity and mortality in 

postmenopausal women (Tandon et al., 2010). Menopause refers to the permanent cessation of 

menstruation because of the loss of ovarian follicular activity and estrogen deficiency. Since 

postmenopausal women have significantly higher LDL and cholesterol levels than 

premenopausal women (Ambikairajah et al., 2019), it has been found that estrogen plays a 

protective role in regulating lipid metabolism. In this case, estrogen-based menopausal hormone 

therapy (MHT) may affect the lipid profile in postmenopausal women. MHT has been reported 

to be the most effective treatment for menopausal symptoms caused by estrogen loss (Baber et 

al.,2016). In addition, MHT has been shown to have a favorable risk-benefit ratio for women 

without dyslipidemia who underwent treatment at the age of less than 60 years or within 10 

years of menopause onset (2019 Surveillance of Menopause, 2019). A meta-analysis conducted 

in 2001 concluded that MHT can reduce total and LDL cholesterol levels and increase HDL 

levels (Godsland,2001). A review conducted in 2017 showed that MHT significantly reduced 

lipoprotein(a) concentration (Anagnostis et al.,2017). Some studies have shown that MHT 

negatively affects TG levels (Nii et al.,2016). However, a study conducted in 2016 showed that 

TG levels were lower in the MHT group than in the non-MHT group (Ki et al.,2016). Pu et al., 

noted that hormone therapy with 17β-estradiol offered more potential for reducing TG levels, 

while conjugated equine estrogen (CEE) showed a better effect in reducing HDL and LDL 
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levels (Pu et al.,2017). Oral and transdermal estrogen therapies have been found to increase 

HDL and decrease LDL and total cholesterol (Sacks and Walsh, 1994). However, oral estrogen 

therapy increases triglyceride production, whereas transdermal estrogen therapy has a neutral 

effect on triglyceride levels. Thus, estrogen therapy should be considered in women with 

hyperlipidemia since elevated triglycerides are known to be an independent risk factor for 

coronary heart disease and increased mortality (Fletcher et al., 2005). Furthermore, the 

American Association of Clinical Endocrinologists (AACE) recommends considering 

transdermal hormone therapy instead of oral therapy for women with elevated triglycerides or 

hypertension (American Association of Clinical Endocrinologists. AACE medical guidelines 

for clinical practice for management of menopause, 2006). C-reactive protein (CRP) is an acute-

phase protein that has been recognized as a marker of vascular inflammation and atherosclerosis 

(Ridker et al., 2000). Elevated CRP levels are considered an important predictor of risk for first 

myocardial infarction and stroke in humans (Pradhan et al., 2002). Because of the usefulness of 

CRP in predicting future cardiovascular disease, the Centers for Disease Control (CDC) and the 

American Heart Association (AHA) recommend CRP testing and lipid screening in healthy 

individuals if they are at risk (Smith et al., 2004). Transdermal estrogen therapy does not affect 

CRP production and may even decrease levels to some extent (Sattar et al., 1999). Transdermal 

estrogen therapy affects the levels and activity of several blood-clotting factors. Antithrombin 

III (AT III) is a potent coagulation inhibitor that can increase the risk of thrombosis if not present 

at adequate levels (Bonduki et al., 1998). Oral estrogen therapy reduces AT III levels, while 

transdermal estrogen therapy appears to not affect antithrombin III levels. Numerous other 

studies have found that, compared with oral estrogen therapy, transdermal estrogen therapy has 

minimal negative effects on other coagulation factors, including fibrinogen, factor VII, von 

Willebrand factor, and prothrombin fragments 1 + 2 [(Oger et al., 2003) (Schmidt et al., 2006) 

(Menon and Vongpatanasin, 2006)]. In excess, SHBG reduces free testosterone levels and can 

thus decrease libido. Hepatic metabolism and continued hepatic exposure to estrogen and its 

metabolites after oral estrogen therapy increases SHBG production (Campagnoli et al., 1993). 

Conversely, transdermal estrogen therapy has little effect on SHBG production or circulating 

free testosterone. Therefore, women with low testosterone or those experiencing sexual 

dysfunction may benefit from transdermal estrogen therapy rather than oral estrogen therapy 

[(Campagnoli et al., 1993) (Vehkavaara et al., 2000)]. Human studies have shown that young 

adult women oxidize relatively greater amounts of fat and less carbohydrate than men when 

exercising at the same relative intensity (Horton et al., 1998). In addition, recent research has 

shown that postmenopausal women exhibit an increased incidence of type 2 diabetes, reduced 

insulin sensitivity, increased fat mass, and increased systemic inflammatory markers. The same 

features are seen in ovariectomized rodents, suggesting that estrogen may play a role in reducing 

the incidence of type 2 diabetes, insulin insensitivity, and weight gain in older women (Ribas 

et al., 2010). 

The positive association of bone mass and density with estrogen in older women is well 

documented in the scientific literature (Brown, 2008). Bone mineral loss accelerates after 

menopause in women, and this accelerated bone loss is prevented by hormone replacement 

therapy (HRT) [(Brown, 2008) (Wu et al., 2002)]. 

Exercise and HRT may also independently help maintain bone mineral density in older women 

(Brown, 2008). 
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2.  Materials and Methods  
 

The material, including the statistical data for the analysis of the levels of parameters: total 

cholesterol, triglycerides, HDL, LDL, Apo L(a), and estradiol, was provided by the Biochemical 

Laboratory at the "Mother Teresa" Clinic in Skopje, during the period from June to December 

2024.The study subjects were 100 women between the ages of 50 and 65 years who had a lack 

of menstruation for at least two years, indicating that they were in the menopause period. They 

were divided into two groups of 50 individuals, to whom oral and transdermal estrogen therapy 

was applied, respectively. Of the participants, menopausal women to whom oral therapy was 

applied in the form of pills (17 beta-estradiol), 2 mg/day, and equivalent transdermal estrogen 

therapy (17 beta-estradiol) 0.1 mg/day, in the form of (patches) for 30 consecutive days. 

After this period, 5 ml of venous blood was collected from each individual and centrifuged to 

separate the serum. Serum samples were analyzed for total cholesterol, triglycerides, HDL, 

LDL, Apo L(a), and estradiol, by standard methods (immunoturbidimetry, immunometric 

immunoassay, competitive immunoassay, aminooxidase-oxidase-cholesterol-ODP4P). 

 

3. Results and Discussion 
 

The results of our analyses related to transdermal and oral administration routes of estrogen 

hormone replacement therapy in postmenopausal women, which include the parameters: total 

cholesterol, triglycerides, HDL, LDL, Apo L(a), BMI and estradiol, as well as their effect on 

the oxidative sensitivity of low-density lipoprotein (LDL) particles in postmenopausal women, 

are presented in tabular and graphical form as follows: 

 
Table 1. Total cholesterol, triglycerides, HDL, LDL, Apo L(a), BMI, and Estradiol values obtained in 

postmenopausal women as a result of transdermal and oral administration of estrogen therapy 

 
p<0.05 is considered significant, statistics expressed as arithmetic mean (x̄) and standard 

deviation (SD). NS-not significant. 

 

 

 

Parametrat 

Administrimi oral  

(n=50) 

Administrimi 

transdermal 

(n=50) 

 

p-vlera 

Kolesteroli total (mg/dL) 189.23±32 177.67±38.29 <0.01 

Trigliceridet  

(mmol/L) 

177.44±83.21 144.48±54.86 0.001 

HDL (mg/dL) 

 

35.86±7.86 40.63±8.62 0.05 

LDL (mg/dL) 

 

114.53±32.4 103.14±33.51 0.01 

Apo L(a) (mg/dL) 

 

126.16±29.03 100.79±24.70 0.05 

BMI (kg/m2) 

 
24.77±2.19 24.77±1.76 NS 

Estradioli 

(pg/ml) 

32.48±13.02 17.62±7.36 <0.001 
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Table 2. Total cholesterol, triglycerides, HDL, LDL, Apo L(a), BMI and Estradiol values in normal weight and 

obese postmenopausal women with transdermal and oral administration of estrogen therapy. 

 

Parameters Normal weight Obese p-value 

Kolesteroli total 

(mg/dL) 

175.33±27.4 191.41±32.7 <0.001 

Trigliceridet  

(mmol/L) 

141.17±42.7 185.81±78.51 <0.001 

HDL (mg/dL) 

 

31.4±5.2 43.5±8.79 <0.01 

LDL (mg/dL) 

 

111.62±35.6 117.32±32.4 <0.05 

Apo L(a) (mg/dL) 

 

97.17±21.4 128.27±26.4 <0.01 

BMI (kg/m2) 

 

22.61±1.72 28.73±3.13 <0.05 

Estradiol 

(pg/ml) 

15.6±3.37 30.4±12.3 <0.001 

 

In postmenopausal women who received oral and transdermal estrogen replacement therapy, 

total cholesterol levels in individuals who received transdermal therapy were significantly lower 

(p < 0.01) than in those who received oral estrogen. The triglyceride level in individuals who 

received transdermal therapy was significantly (p<0.001) lower compared to individuals 

receiving oral estrogen.  

The level of HDL in individuals who received transdermal therapy was significantly (p<0.05) 

higher compared to individuals who received oral estrogen. 

The results show that in postmenopausal women who received oral and transdermal estrogen 

replacement therapy, the LDL level in individuals who received transdermal therapy was 

significantly (p<0.01) lower than in individuals who received oral estrogen. 

Apo L(a), in individuals who have applied transdermal therapy is significantly (p<0.05), lower 

compared to individuals with oral estrogen application. 

Regarding the analyzed parameter Body Mass Index (BMI), which accompanies other 

parameters in a positive correlation, the results show that in postmenopausal women, to whom 

oral and transdermal administration of estrogen hormone replacement therapy was applied, in 

both groups together, the total cholesterol level is significantly (p<0.001) higher in obese 

individuals, compared to those with normal weight. 
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Figure 1. Cholesterol level depends on body weight 

 

BMI results for triglycerides show that in postmenopausal women to whom oral and 

transdermal estrogen hormone replacement therapy was applied, the level is significantly (p < 

0.001) higher in both groups together in obese individuals compared to those with normal 

weight. Regarding HDL and LDL levels, the results show that BMI in postmenopausal women 

to whom oral and transdermal administration of estrogen hormone replacement therapy was 

applied, in both groups together, the HDL level is significantly (p<0.01) higher in obese 

individuals, while the LDL level is significantly (p<0.05) lower, compared to normal weight 

individuals. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2.. Triglyceride, HDL, and LDL levels, in addition to body weight, in individuals on therapy. 

 

Regarding triglycerides analyzed in postmenopausal women who have undergone estrogen 

hormone replacement therapy, with the transdermal application method, they correspond to the 

results of Wakatsuki (Wakatsuki A. et al., 2002), who found lower triglyceride values of 

(91.4±44.3 mg\dL), while the values of this parameter in women where estrogen was 
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administered orally, show that these values have increased from the level of (108.5±61.7 mg\dL, 

to 122.7±66.7 mg\dL), with a significance of p<0.05. 

HDL analyzed in postmenopausal women who have undergone estrogen hormone replacement 

therapy, with the oral and transdermal application method, according to the results of Wakatsuki 

(Wakatsuki A. Et al., 2002), corresponds to our results because they find higher HDL values 

(63.1±12.5 mg\dL) in individuals with transdermal estrogen administration, compared to lower 

HDL values of (62.7±13.5 mg\dL) in women with oral estrogen administration. 

Our results regarding the reduction of LDL levels, respectively the increase of HDL levels, 

correspond to the data of (Victor Guetta, Richard O. Cannon, III,), who in their study conclude 

that the effects of transdermal estrogen therapy and lipid lowering in postmenopausal women 

are evident. 

Wakatsuki (Wakatsuki A. et al., 2002) also found higher LDL values (158.4 mg/dL vs 144.7 

mg\dL) in postmenopausal women who had undergone hormone replacement therapy, with oral 

or transdermal estrogen. 

The estradiol level analyzed in postmenopausal women who have undergone estrogen hormone 

replacement therapy, with oral and transdermal application, also corresponds to the results of 

Wakatsuki (Wakatsuki A. et al., 2002), who found lower estradiol values (8.8±8.8 pg\mL) in 

individuals with transdermal estrogen administration, compared to higher total cholesterol 

values (14.1±5.3 pg\mL) in women with oral estrogen administration. 

 

4. Conclusions 

 

From our results that include lipid profile analysis, after the application of transdermal therapy 

in women in the menopausal and postmenopausal period, the obtained values of these 

parameters are presented as follows: 

• Total cholesterol levels were significantly (p<0.001) lower in women receiving 

transdermal therapy compared to those receiving oral estrogen. 

• Triglycerides were also significantly (p<0.001) lower in women receiving transdermal 

therapy compared to those receiving oral estrogen. 

• HDL or high-density lipoprotein levels, commonly known as good cholesterol, were 

significantly (p<0.01) higher in women receiving transdermal estrogen compared to those 

receiving oral estrogen. 

• Regarding “bad cholesterol”, namely LDL particles (low-density lipoproteins), their 

values are significantly (p<0.05) lower, after transdermal estrogen administration, in 

postmenopausal women, compared to oral administration in the same category of women. 

• Even in the case of Apolipoprotein (a) particles, our results show significantly lower values 

(p<0.05), in women where the transdermal form of estrogen was applied compared to those 

with oral application. 

• Looking at the values of estradiol analyzed after 30 days of transdermal and oral estrogen 

administration in postmenopausal women, a significant decrease in its level is also observed 

(p<0.001), in women with transdermal estrogen application, compared to those with oral 

application. 

• In terms of comparing the method of estrogen administration in women during menopause 

and postmenopause, in relation to body mass, respectively BMI, there are no significant 

differences in the two analyzed groups. 
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