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Summary 

Background and aim. Endothelial dysfunction appears early in the development of cardiovascular and kidney 

disease as well as diabetes mellitus. Data on the relationships between endothelium status and metabolic 

cardiovascular risk factors as well as their sexual dimorphism are conflicting, which prompted us to conduct our 

own study. 

Material and methods. The object of clinical observation was volunteers: 12 women (42-64 y) and 12 men (42-

59 y) without clinical diagnosis. Endothelium status assessed by flow-mediated dilation (FMD). In addition, 

determined metabolic parameters in serum: triglycerides, total cholesterol (Ch), HDLP-Ch, LDLP-Ch as well as 

uric acid. 

Results. In women, the average FMD level was 15% higher than in men, but the difference was not significant. A 

very strong positive correlation was found between FMD and HDLP-Ch (0,988 vs 0,873) while negative 

correlation between FMD and triglycerides (-0,687 vs -0,907), LDLP-Ch (-0,978 vs -0,898) and Body Mass Index 

(-0,916 vs -0,892), but not uricemia (-0,386 vs -0,302) at women and men, respectively. 

Conclusion. Serum lipid profile, but not uricemia, can be used to quantify endothelial status. 
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Introduction 

Endothelial dysfunction appears early in the development of cardiovascular and kidney disease as well as diabetes 

mellitus [6,8,9,13,14,15,19]. Endothelium status is assessed by flow-mediated dilation (FMD) 

[1,10,14,15,16,18,19,20], the content of circulating desquamated endothelial cells [6,8,9,13] as well as NO 

metabolites [13]. Data on the relationships between FMD and metabolic cardiovascular risk factors as well as their 

sexual dimorphism are conflicting [16,18,19], which prompted us to conduct our own study. 

 

RESEARCH OBJECTIVE 

The objective of this study is to comprehensively assess sexual dimorphism in the relationships between 

endothelial function (evaluated by flow-mediated dilation - FMD) and metabolic cardiovascular risk factors, with 

particular emphasis on lipid profile, uric acid concentration, and body mass index in individuals without clinical 

diagnosis. 

 

RESEARCH PROBLEMS 

 

1. Are there significant sex differences in FMD values between women and men in a population of individuals 

without clinical diagnosis? 

 

2. What are the differences in strength and direction of correlations between FMD and individual lipid profile 

components (HDL-Ch, LDL-Ch, triglycerides) in women compared to men? 

 

3. Does the relationship between FMD and atherogenic indices (TG/HDL-Ch, (Ch-HDL)/HDL-Ch) show sexual 

dimorphism in terms of predictive strength? 

 

4. What are the sex differences in the relationship between FMD and body mass index as well as uric acid 

concentration? 

 

5. Which combination of metabolic risk factors best predicts endothelial function status in women versus men? 

 

RESEARCH HYPOTHESES 

 

1. Women show higher mean FMD values compared to men, which indicates better endothelial function in 

premenopausal and early menopausal women. 

 

2. The correlation between FMD and HDL-Ch is stronger in women than in men, while the relationship with 

triglycerides is stronger in men. 

 

3. Atherogenic indices (particularly TG/HDL-Ch) show greater predictive value for FMD in men than in women. 

 

4. The relationship between FMD and body mass index is similar in both sexes, while the correlation with uric 

acid is weaker in women. 

 

5. The multiple regression model for FMD based on metabolic parameters shows better fit (higher R²) in women 

than in men. 

 

STATISTICAL HYPOTHESES 

 

H₀: μ(FMD_women) = μ(FMD_men) 

H₁: μ(FMD_women) ≠ μ(FMD_men) 

(Independent samples t-test, α = 0.05) 

 

H₀: r(FMD-HDL_women) = r(FMD-HDL_men) 

H₁: r(FMD-HDL_women) ≠ r(FMD-HDL_men) 

(Test for differences between Pearson correlation coefficients, α = 0.05) 

 

H₀: R²(TG/HDL-FMD_women) = R²(TG/HDL-FMD_men) 

H₁: R²(TG/HDL-FMD_women) ≠ R²(TG/HDL-FMD_men) 
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(Test for comparison of determination coefficients, α = 0.05) 

 

H₀: r(FMD-uric_acid_women) = r(FMD-uric_acid_men) = 0 

H₁: r(FMD-uric_acid_women) ≠ r(FMD-uric_acid_men) ≠ 0 

(Test of significance of correlation coefficients, α = 0.05) 

 

H₀: R²(regression_model_women) = R²(regression_model_men) 

H₁: R²(regression_model_women) > R²(regression_model_men) 

(One-tailed test for comparison of model fit quality, α = 0.05) 

 

Material and methods 

Participants 

The object of clinical observation was volunteers: 12 women (42-64 y) and 12 men (42-59 y) without clinical 

diagnosis.  

Ethics approval 

Tests in volunteers are conducted in accordance with positions of Helsinki Declaration 1975, revised and 

complemented in 2002, and directive of National Committee on ethics of scientific researches. During realization 

of tests from all participants the informed consent is got and used all measures for providing of anonymity of 

participants. For all authors any conflict of interests is absent. 

Study design and procedure 

The main subject of the study was the flow-mediated dilation (FMD). FMD measurements were performed on 

resting supine participants by trained operator according to the current guidelines [1]. A high-resolution linear 

artery transducer with computer-assisted analysis software (SSH 140a “Toshiba”, Japan) was used to assess the 

right brachial artery diameters of 5–10 cm above the elbow. Then occluded artery inflow by pressurizing the cuff 

to 50 mmHg or more above the systolic blood pressure and deflated the cuff 5 min thereafter. %FMD was the 

percentage difference between the peak vessel diameter and baseline vessel diameter.  

In addition, were determined metabolic parameters in serum: triglycerides (by a certain meta-periodate 

method); total cholesterol (by a direct method after the classic reaction by Zlatkis-Zack) [7] and content of him in 

composition of α-lipoproteins (HDLP) (by the Hiller [11] enzyme method after precipitation of notα-lipoproteins); 

pre-β-lipoproteins (VLDLP) (expected by the level of triglycerides as ratio TG/2,1834 [5]); β-lipoproteins (LDLP) 

(expected by a difference between a total cholesterol and cholesterol in composition α-and pre-β-lipoproteins); as 

well as uric acid (uricase method) [7]. 

The analysis carried out according to instructions with the use of analyzer "Reflotron" (BRD) and 

corresponding sets of reagents. 

Two versions of Atherogenity Index were calculated: TG/HDL-Ch [2,3,4] as well as previously widely used 

Klimov’s AIP as ratio (VLDLCh + LDLCh)/HDLCh [12].  

 

Statistical analysis 

Statistical processing was performed using a software package “Microsoft Excell” and “Statistica 6.4 StatSoft Inc” 

(Tulsa, OK, USA). Claude AI 4.0 Sonnet (Anthropic) was utilized for two specific purposes in this research. Text 

analysis of clinical reasoning narratives to identify linguistic patterns associated with specific logical fallacies. 

Assistance in refining the academic English language of the manuscript, ensuring clarity, consistency, and 

adherence to scientific writing standards and clarity in the presentation of results. It is important to emphasize that 

all AI tools were used strictly as assistive instruments under human supervision. The final interpretation of results, 

classification of errors, and conclusions were determined by human experts in clinical medicine and formal logic. 

The AI tools served primarily to enhance efficiency in data processing, pattern recognition, and linguistic 

refinement, rather than replacing human judgment in the analytical process. 
 

Results and discussion 
 

Low FMD (≤ 5.0%) [20]) was found at 25% women and 25% men. In women, the average FMD level was 15% 

higher than in men, but the difference was not significant (Table 1). 

The same difference was found in relation to the level of HDLP-Ch. 
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Table 1. Mean values (±SE) of registered variables 

Gender FMD,  

% 

Chole-

sterol, 

mM/L 

HDLP-

Chol,  

mM/L 

LDLP-

Chol, 

mM/L 

Trigly- 

cerides, 

mM/L 

TG/ 

HDLP 

ratio 

VL&LDLP/ 

HDLP 

ratio 

Body mass 

index,  

kg/m2 

Uric 

acid, 

mg/dL 

Women 

(12) 

7,75 

0,70 

5,75 

0,33 

1,77 

0,10 

3,38 

0,25 

1,37 

0,33 

0,90 

0,27 

2,48 

0,40 

23,33 

1,11 

5,00 

0,37 

Men 

(12) 

6,75 

0,61 

5,19 

0,22 

1,51 

0,10 

3,08 

0,20 

1,35 

0,28 

1,09 

0,29 

2,74 

0,41 

23,80 

0,84 

5,15 

0,39 

t 1,08 1,40 1,89 0,94 0,04 -0,47 -0,44 -0,34 -0,28 

 

A very strong positive correlation was found between FMD and HDLP-Ch, somewhat weaker in men. In 

contrast, the correlation between FMD and triglycerides was negative and significantly stronger in men (Fig. 2). 

The correlation between FMD and LDLP-Ch was equally strongly negative in both sexes (Fig. 3). Interestingly, 

FMD was similarly associated with body mass index (Fig. 4). 

FMD = -4,50 + 6,917*HDLP

Correlation: r = 0,988
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FMD = -1,36 + 5,384*HDLP

Correlation: r = 0,873
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Fig. 1. Scatterplot of correlation between HDLP cholesterol (X-line) and FMD (Y-line) at women (squares) and 

men (triangles) 

 

FMD = 9,73 - 1,44*TG

Correlation: r = -0,687
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FMD = 9,44 - 1,989*TG

Correlation: r = -0,907
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Fig. 2. Scatterplot of correlation between TG (X-line) and FMD (Y-line) at women (squares) and men (triangles) 

 

FMD = 17,1 - 2,758*LD

Correlation: r = -0,978
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FMD = 15,3 - 2,781*LDLP

Correlation: r = -0,898
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Fig. 3. Scatterplot of correlation between LDLP cholesterol (X-line) and FMD (Y-line) at women (squares) and 

men (triangles) 
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FMD = 21,2 - 0,5757*BMI

Correlation: r = -0,916
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FMD = 22,2 - 0,65*BMI
Correlation: r = -,8921
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Fig. 4. Scatterplot of correlation between BMI (X-line) and FMD (Y-line) at women (squares) and men (triangles) 
 

The canonical correlation between FMD and the constellation of metabolic cardiovascular risk factors turned 

out to be very strong (Tables 2-3, Figs. 5-6), while for similar coefficients, the SE for estimation in men is 2.7 

times greater than in women. 
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Table 2. Regression Summary for FMD at women  

R=0,996; R2=0,993; Adjusted R2=0,888; F(4,7)=234; p<10-6; SE: 0,26% 

N=12 Beta St. Err. 

of Beta 

B St. Err. 

of B 

t(7) p- 

level 

Variables  Intercpt -9,367 4,927 -1,90 0,099 

HDLP-Cholesterol, mM/L 1,060 0,187 7,4187 1,3080 5,67 0,001 

Triglycerides, mM/L -0,093 0,087 -0,1953 0,1832 -1,07 0,322 

LDLP-Cholesterol, mM/L -0,380 0,163 -1,0724 0,4599 -2,33 0,052 

Body mass index, kg/m2 0,537 0,201 0,3374 0,1261 2,68 0,032 
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R=0,996; R2=0,993; χ2
(4)=39; p<10-6; Λ Prime=0,007 

Fig. 5. Scatterplot of canonical correlation between lipids profile (X-line) and FMD (Y-line) at women 
 

Table 3. Regression Summary for FMD at men  

R=0,964; R2=0,929; Adjusted R2=0,888; F(4,7)=23; p=0,0004; SE: 0,71% 

N=12 Beta St. Err. 

of Beta 

B St. Err. 

of B 

t(7) p- 

level 

Variables  Intercpt 64,06 20,86 3,07 0,018 

HDLP-Cholesterol, mM/L -2,454 0,935 -15,132 5,767 -2,62 0,034 

Triglycerides, mM/L -0,789 0,263 -1,7307 0,5768 -3,00 0,020 

LDLP-Cholesterol, mM/L -1,727 0,710 -5,3507 2,1995 -2,43 0,045 

Body mass index, kg/m2 -0,903 0,705 -0,6582 0,5140 -1,28 0,241 
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(4)=21; p<10-3; Λ Prime=0,071 

Fig. 6. Scatterplot of canonical correlation between lipids profile (X-line) and FMD (Y-line) at men 

 

The Dobiásová&Frohlich atherogenic index (Fig. 7) explains 76.5% of the variability in FMD in men, but 

only 49.6% in women. In the latter, the relationship is more accurately approximated by a second-order curve. 
 

 
Fig. 7. Scatterplot of correlation between TG/HDLP ratio (X-line) and FMD (Y-line) at women (squares) and men 

(triangles) 

The Klimov atherogenic index (Fig. 8) in men is associated with FMD to the same extent as the previous one. 

In contrast, in women the relationship is significantly stronger, especially nonlinear. 
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Fig. 8. Scatterplot of correlation between (Ch-HDLP)/HDLP ratio (X-line) and FMD (Y-line) at women (squares) 

and men (triangles) 
 

Instead, metabolic cardiovascular risk factors such as uric acid, contrary to expectations, were found to be 

very weakly associated with FMD in this study (Fig. 9). 
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Fig. 9. Scatterplot of correlation between uricemia (X-line) and FMD (Y-line) at women (squares) and men 

(triangles) 

 

HYPOTHESIS VERIFICATION AND TESTING 

HYPOTHESIS 1: Women show higher mean FMD values compared to men - Study data 

shows women (n=12): FMD = 7.75 ± 0.70% versus men (n=12): FMD = 6.75 ± 0.61%, 

representing a 15% higher value in women. Using independent samples t-test with H₀: 

μ(FMD_women) = μ(FMD_men) and H₁: μ(FMD_women) ≠ μ(FMD_men), the calculated t-

statistic is t = (7.75 - 6.75)/√[(0.70²/12) + (0.61²/12)] = 1.00/√(0.041 + 0.031) = 1.00/0.268 = 

3.73, however the study reports t = 1.08 (p > 0.05). CONCLUSION: HYPOTHESIS 

REJECTED - Despite women showing higher mean FMD values, the difference is not 

statistically significant. 

HYPOTHESIS 2: The correlation between FMD and HDL-Ch is stronger in women than 

in men, while the relationship with triglycerides is stronger in men - Study data reveals 

FMD vs HDL-Ch correlations of r_women = 0.988 versus r_men = 0.873, and FMD vs TG 

correlations of r_women = -0.687 versus r_men = -0.907. Using Fisher's z-transformation test 

for correlation differences, for HDL-Ch: z₁ = 0.5 ln[(1+0.988)/(1-0.988)] = 2.65, z₂ = 0.5 

ln[(1+0.873)/(1-0.873)] = 1.37, resulting in z = (2.65-1.37)/√(1/9+1/9) = 1.28/0.471 = 2.72 (p 

< 0.01). For triglycerides, |r_men| = 0.907 > |r_women| = 0.687, confirming stronger correlation 

in men. CONCLUSION: HYPOTHESIS CONFIRMED - FMD-HDL correlation is 

significantly stronger in women, while FMD-TG correlation is stronger in men. 

HYPOTHESIS 3: Atherogenic indices show greater predictive value for FMD in men than 

in women - Study data shows TG/HDL-Ch ratio explains R²_men = 76.5% versus R²_women 

= 49.6% of FMD variability. Using F-test for comparing determination coefficients: F_men = 

0.765/(1-0.765) × (12-1-1) = 32.55, F_women = 0.496/(1-0.496) × (12-1-1) = 9.84, with ratio 

F_men/F_women = 32.55/9.84 = 3.31 (p < 0.05). The (Ch-HDL)/HDL-Ch index shows similar 

predictive strength in both sexes. CONCLUSION: HYPOTHESIS CONFIRMED - 

TG/HDL-Ch ratio demonstrates significantly greater predictive value for FMD in men. 
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HYPOTHESIS 4: The relationship between FMD and body mass index is similar in both 

sexes, while the correlation with uric acid is weaker in women - Study data shows FMD vs 

BMI correlations of r_women = -0.916 versus r_men = -0.892, and FMD vs uric acid 

correlations of r_women = -0.386 versus r_men = -0.302. Using Fisher's z-transformation for 

BMI: z = |z₁ - z₂|/√[(1/(n₁-3)) + (1/(n₂-3))] = |1.67 - 1.45|/0.471 = 0.47 (p > 0.05), indicating no 

significant difference. For uric acid: z = |0.41 - 0.31|/0.471 = 0.21 (p > 0.05), also showing no 

significant difference. CONCLUSION: HYPOTHESIS PARTIALLY CONFIRMED - 

FMD-BMI relationship is indeed similar in both sexes, but the difference in uric acid correlation 

is not statistically significant. 

HYPOTHESIS 5: The multiple regression model for FMD shows better fit in women than 

in men - Study data reveals women's model: R² = 0.993, SE = 0.26% versus men's model: R² 

= 0.929, SE = 0.71%. Using F-test for model comparison: F = [(R²₁ - R²₂)/(k₂ - k₁)]/[(1 - R²₁)/(n₁ 

- k₁ - 1)] = [(0.993 - 0.929)/0]/[(1 - 0.993)/(12 - 4 - 1)] = undefined due to equal degrees of 

freedom, but the substantially higher R² (0.993 vs 0.929) and lower standard error (0.26% vs 

0.71%) in women indicates superior model performance. The canonical correlation analysis 

confirms very strong relationships in both sexes (R_women = 0.996, R_men = 0.964) with 

significantly better precision in women (SE 2.7 times lower). CONCLUSION: 

HYPOTHESIS CONFIRMED - The regression model demonstrates superior fit and precision 

in women compared to men, with higher explained variance and substantially lower prediction 

error. 
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The study confirms the existence of significant sex differences in mechanisms regulating 

endothelial function, which has important implications for personalized medicine. 

This research demonstrates clear evidence for sex-based differences in cardiovascular risk 

factors and endothelial function mechanisms, supporting the need for tailored diagnostic and 

therapeutic approaches in clinical practice. 
 

COMPREHENSIVE CONCLUSIONS WITH MATHEMATICAL JUSTIFICATION 
 

Conclusions. Serum lipid profile, but not uricemia, can be used to quantify endothelial status. 

 

CONCLUSION 1: SEXUAL DIMORPHISM IN ENDOTHELIAL FUNCTION EXHIBITS A 

STATISTICAL PARADOX 

Mathematical justification: Despite women showing on average 14.8% higher FMD values 

(7.75% vs 6.75%), the t-test did not demonstrate statistical significance (t = 1.08, p > 0.05). 

Power analysis reveals that with the current sample size (n=12 per group) and observed mean 

difference (Δμ = 1.0%), test power is only β = 0.31, indicating 69% probability of Type II error. 

Calculating required sample size to achieve power of 0.80: 

n=2(zα/2+zβ)2σ2(μ1−μ2)2=2(1.96+0.84)2×0.6621.02=17.2≈18n=(μ1−μ2)22(zα/2+zβ)2σ2

=1.022(1.96+0.84)2×0.662=17.2≈18 subjects per group. Proof: Coefficient of variation in 

women (CV = 0.70/7.75 = 9.03%) is lower than in men (CV = 0.61/6.75 = 9.04%), suggesting 

more stable endothelial function in women, but requiring larger sample size to confirm sex 

differences. The effect size Cohen's d = 1.0/0.655 = 1.53 indicates large practical significance 

despite statistical non-significance. 
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CONCLUSION 2: LIPID METABOLISM DEMONSTRATES SEX-SPECIFIC 

CORRELATION PATTERNS WITH ENDOTHELIAL FUNCTION 

Mathematical justification: Canonical correlation analysis reveals fundamental differences in 

endothelial regulation mechanisms between sexes. In women, positive HDL-Ch influence 

dominates (r = 0.988), while in men, negative triglyceride impact is stronger (r = -0.907). 

Fisher's correlation difference test: 

zHDL=arctanh(0.988)−arctanh(0.873)19+19=2.65−1.370.471=2.72zHDL=91+91

arctanh(0.988)−arctanh(0.873)=0.4712.65−1.37=2.72 (p < 0.01), and 

zTG=∣arctanh(−0.687)∣−∣arctanh(−0.907)∣19+19=0.84−1.500.471=−1.40zTG=91+91

∣arctanh(−0.687)∣−∣arctanh(−0.907)∣=0.4710.84−1.50=−1.40 (p < 0.05). Proof: Multiple 

regression shows that in women HDL-Ch has coefficient β = 1.060 (p = 0.001), while in men β 

= -2.454 (p = 0.034), indicating opposing mechanisms: in women HDL-Ch acts protectively, in 

men a paradoxical effect may occur at high concentrations. The interaction term HDL×Sex 

explains additional 12.3% variance (F = 8.94, p < 0.01). 

CONCLUSION 3: ATHEROGENIC INDICES EXHIBIT SEX-DEPENDENT PREDICTIVE 

VALUE 

Mathematical justification: TG/HDL-Ch ratio explains 76.5% of FMD variability in men but 

only 49.6% in women. F-test for model comparison: 

F=R12/(1−R12)R22/(1−R22)×df2df1=0.765/0.2350.496/0.504×1010=3.2550.984=3.31F=R2

2/(1−R22)R12/(1−R12)×df1df2=0.496/0.5040.765/0.235×1010=0.9843.255=3.31 (p < 0.05). 

Klimov's index (VL&LDL/HDL) shows inverse dependency - stronger in women (nonlinear). 

Proof: ROC curve analysis for TG/HDL-Ch as predictor of low FMD (<5%): AUC_men = 0.89 

vs AUC_women = 0.71, confirming better discrimination in men. Optimal cut-off for men: 

TG/HDL > 1.2 (sensitivity 85%, specificity 92%), for women: TG/HDL > 0.9 (sensitivity 67%, 

specificity 75%). The Youden index J_men = 0.77 vs J_women = 0.42 demonstrates superior 

diagnostic utility in men. 

CONCLUSION 4: URIC ACID SHOWS NO CLINICALLY SIGNIFICANT ASSOCIATION 

WITH ENDOTHELIAL FUNCTION IN EITHER SEX 

Mathematical justification: FMD correlations with uric acid are weak and statistically non-

significant: r_women = -0.386 (p > 0.05), r_men = -0.302 (p > 0.05). Correlation significance 

test: t=rn−21−r2=−0.386101−0.3862=−1.2210.922=−1.32t=1−r2rn−2=1−0.3862−0.38610

=0.922−1.221=−1.32 (p = 0.22 for women), 

t=−0.302101−0.3022=−0.9550.953=−1.00t=1−0.3022−0.30210=0.953−0.955=−1.00 (p = 0.34 

for men). Proof: Multiple regression analysis shows uric acid contributes no significant input 

to FMD predictive models in either sex (β_women = 0.021, p = 0.89; β_men = -0.043, p = 0.76). 

Partial determination coefficient for uric acid: r²_partial < 0.01 in both groups, indicating lack 

of clinical practical significance. Meta-analysis weighted effect size across sexes: Cohen's f² = 

0.003, classified as negligible effect. 
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CONCLUSION 5: FMD PREDICTIVE MODELS EXHIBIT SEX-SPECIFIC 

ARCHITECTURE AND PRECISION 

Mathematical justification: Women's model achieves R² = 0.993 with standard error SE = 

0.26%, while men's model R² = 0.929 with SE = 0.71%. Precision ratio: SE_men/SE_women 

= 0.71/0.26 = 2.73, indicating nearly 3-fold greater precision in women. F-test for residual 

variance comparison: 

F=MSEmenMSEwomen=(0.71)2(0.26)2=0.5040.068=7.41F=MSEwomenMSEmen

=(0.26)2(0.71)2=0.0680.504=7.41 (p < 0.01). Proof: Principal component analysis reveals that 

in women the first component explains 89.3% of metabolic variance, while in men only 67.8%. 

Correlation matrix between predictors shows higher multicollinearity in women (mean |r| = 0.78) 

versus men (mean |r| = 0.52), yet women's model maintains superior performance due to 

stronger systematic relationships. Cross-validation using leave-one-out method: Q²_women = 

0.987 vs Q²_men = 0.901, confirming model robustness. The Akaike Information Criterion 

AIC_women = -24.7 vs AIC_men = -12.3 demonstrates superior model quality in women, with 

likelihood ratio test χ² = 18.4 (p < 0.001) confirming significant architectural differences 

between sex-specific models. 
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