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Abstract. The aim of this study was to evaluate sex- and age-related differences in blood
pressure (systolic, SBP, and diastolic, DBP), pulse rate, and related hemodynamic indices (pulse
pressure, PP, and mean arterial pressure, MAP) among medical students, and to identify their
independent determinants. In a cross-sectional design, self-reported indices were collected from 71
participants (47 women, 24 men, aged 18—42 years) by means of an anonymous online questionnaire.
In addition to the hemodynamic variables, data on height, weight, lifestyle (smoking, alcohol, caffeine
intake, physical activity, sleep, stress level), and health history were obtained; body mass index
(BMI), PP, and MAP were calculated as derived indices. The Welch t-test, the Mann-Whitney U test,
Pearson/Spearman correlation, two-way ANOVA (sex x age), and multivariable linear regression
were used in the analysis. SBP (127.0+18.6 vs 111.7+12.3 mmHg; p<0.001; d=1.04), DBP (78.8+11.5
vs 72.9+11.7 mmHg; p=0.049), and PP (48.2+13.3 vs 38.8+10.6 mmHg; p=0.004) were significantly
higher in men than in women, whereas pulse rate did not differ between the sexes (84.0£18.9 vs
81.2+16.0 beats/min; p=0.54). The sex x age interaction was significant for SBP (p=0.004) and DBP
(p=0.023): SBP increased with age in men but did not change in women. The results showed that
male sex (f=+12.4; p=0.022) and age (f=+0.80/year; p=0.049) are independent predictors of SBP,
whereas BMI was the main independent predictor of DBP (=+1.20; p=0.004). Body mass index
(BMI) and sex proved to be the main determinants of SBP.

Annomayus. 1lenplo HaCTOALIETO MCCIEIOBaHUS SIBIISJIACH OLIEHKA IMOJIOBBIX M BO3PACTHBIX
paznuuuii aprepuanbHoro naBieHus (cucrommdeckoro — CAJl, m mumacromuueckoro — JIAJI),
4acTOTHI 1yJIbCA U CBA3AHHBIX C HUMHU F€MOAMHAMUYECKUX TOKa3aTesel (I1yJbCOBOrO JIABICHUS —
II1, u cpennero aprepuanbHoro aasiaeHus — CpAJl) y CTyI€HTOB-MEAMKOB, a TAK)KE BBIIBICHHUE UX
HE3aBUCHMBIX JeTepMHUHAHT. lcciienoBaHue BBIOJIHEHO B IIONEPEYHOM JM3ailHe; HaHHBIE O
CaMOCTOSITENIbHO U3MEPEHHBIX MOKa3aTessIX Noay4yeHsl oT 71 yyacTHuKa (47 XeHIIMH, 24 MyXYUHBI,
Bo3pacT 18—42 roma) ¢ MOMOIIbIO AHOHMMHON OHJIAH-aHKeThl. [loMMMO reMOoTMHAMHUYECKUX
MEepPEMEHHBIX COOpaHbl JaHHBIE O POCTe, Macce Tena, oOpase >XKU3HU (KypeHHe, yrnoTpedneHue
ankoroyig U KodenHa, ¢puanyeckass akTUBHOCTb, COH, YPOBEHb CTpecca) U aHaMHe3€; B KauyecCTBE
MIPOM3BOIHBIX TOKa3zarenel paccumtanbl wHACKC Macchl Tena (MUMT), IIJI u CpAJl. B anamuze
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WCIIONb30BaHkI t-kputepuil Yamua, U-kputepuiit Manna — Yuthu, koppensiuus [Tupcona/Crninpmena,
IBYX(aKTOPHBIN TUCHIEPCUOHHBIN aHanu3 (0 X BO3PacT) U MHOrO(aKTOpHas JIMHEHHas perpeccusl.
Pesynwrarer. CAl (127,0£18,6 mpotus 111,7+12,3 mm pt. cT.; p <0,001; d = 1,04), AAJ (78,8+11,5
npotuB 72,9£11,7 mm pt. cT.; p = 0,049) u I1]] (48,2+13,3 nportus 38,8+10,6 mm pt. cT.; p = 0,004)
ObUTH JOCTOBEPHO BBIIIE Y MY)KYUH, YEM Y JKEHIINH, TOIJa KaK 4acToTa MyJIbca MKy MoJaMHu He
paznuuanack (84,0+18,9 nporus 81,2+16,0 yn/mun; p = 0,54). BlauMmonelicTBre «I0OJI X BO3pacT»
obu10 3HaUMMBIM st CAJL (p = 0,004) u JA L (p = 0,023): ¢ Bo3pactom CA /] MOBBIIIANIOCH Y MYKXYHH
U HE U3MCHSUIOCH Y skeHIIUH. Myskckoii o (f = +12,4; p = 0,022) u Bo3pacr ( = +0,80 B rox; p =
0,049) sBnsnuce HezaBUcUMBbIMU mpenukropamu CAJl, Torma Kak OCHOBHBIM HE3aBHCHMBIM
npeauktopom JAJl 6p1 UMT (B = +1,20; p = 0,004). Mugekc macchl Tela U MOJ OKa3aJIUCh
OCHOBHBbIMU JieTepMuHanTamu CAJI.

Keywords: blood pressure, pulse rate, sex, age, body mass index, student.

Knrouesvie cnosa: aprepualibHOE TaBIICHHUE, YaCTOTA MYJIbCA, MOJI, BO3PACT, HHIEKC MACCHI TEJIa,
CTY/ICHT.

Arterial blood pressure and heart rate are the principal physiological indices reflecting the
functional state of the cardiovascular system. Elevated blood pressure is the most widespread
cardiovascular risk factor worldwide: in the 30-79-year age group, its prevalence amounts to 32% in
women and 34% in men [1].

In 2024, the European Society of Cardiology introduced a new classification of blood pressure,
defining the range of 120-139/70-89 mmHg as a separate category of “elevated blood pressure,”
which increases the importance of early assessment at a young age [2].

The normal range and the variability of these parameters depend on a number of biological
factors, including sex and age. Epidemiological studies show that during young adulthood, systolic
pressure is higher in men than in women; this difference is explained in part by the effects of
androgens, muscle mass, and body dimensions, as well as the vasodilatory effect of estrogen in
women [3].

According to review data on this subject, this difference between the sexes is observed most
markedly in young age groups and gradually decreases with age [4].

Since medical students constitute an accessible and relatively homogeneous population, they
are a convenient group for the preliminary assessment of hemodynamic indices according to sex and
age. Although the overall prevalence of hypertension in student populations is relatively low, it is
several times higher in men than in women (6.2% vs. 1.1%) and has shown an increasing trend over
the past decade [5].

The aim of the present work is to evaluate sex- and age-related differences in blood pressure,
pulse rate, and related indices (pulse pressure, mean arterial pressure) and to identify their
independent determinants while taking into account the role of lifestyle and anthropometric factors.

Material and methods
The study used a cross-sectional design. Data were collected by means of a voluntary and
anonymous online questionnaire from 71 participants (47 women [66.2%], 24 men [33.8%]) aged
18-42 years (mean 21.6 + 4.8 years). Data on systolic and diastolic pressure (mmHg), pulse/heart
rate (beats/min), height, weight, lifestyle (smoking, alcohol, caffeine intake, physical activity, sleep,
stress level), and health history (diagnosis of hypertension, antihypertensive medication, chronic
disease, family history of hypertension) were collected. Body mass index (BMI), pulse pressure (PP),
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and mean arterial pressure (MAP) were calculated as derived indices. Quantitative variables are
reported as mean + standard deviation. The normality of the distribution was tested using the Shapiro—
Wilk test; the Welch’s t-test and the non-parametric Mann—Whitney U test were applied for
comparisons between the sexes, and the effect size was assessed with Cohen’s d. The associations
between age and the indices were measured with Pearson and Spearman correlation coefficients. The
joint effect of sex and age was computed via two-way ANOVA. The threshold of statistical
significance was set at p < 0.05. Statistical analyses were performed using SPSS software.

Results and discussion
The general and sex-specific characteristics of the study population are presented in Table 1.
Men are older (23.7 vs. 20.6 years), taller (179.2 vs. 163.1 cm), and heavier (82.5 vs. 56.0 kg) than
women and have a higher BMI (25.6 vs. 21.1 kg/m?). The proportion of current smokers is
considerably higher in men (37.5% vs. 6.4%).

Table 1
GENERAL CHARACTERISTICS OF THE SAMPLE (BY SEX)
Parameter Men (n=24) Women (n=47) Total (n=71)
Age, years 23.7+£6.5 20.6£3.3 21.6+4.8
Height, cm 179.2+6.1 163.1+£5.5 168.5£9.5
Weight, kg 82.5+17.1 56.0+7.3 65.0£17.0
BMI, kg/m? 25.6+4.6 21.1£2.5 22.6+4.0
Current smoker, n (%) 9(37.5) 3(64) 12 (16.9)
Family history of hypertension, n (%) 9(37.5) 15 (31.9) 24 (33.8)
Caffeine, cups/day 2.5£1.9 2.8£2.0 2.7£1.9
Physical activity, hours/week 6.8+6.5 4.34£5.6 5.1£6.0
Sleep, hours 6.8£1.9 6.5£2.3 6.6+2.1
Stress (1-5) 2.8+1.2 3.7¢1.3 3.4+1.4

The comparison of hemodynamic indices by sex is presented in Table 2. Systolic pressure in
men was, on average, 15.3 mmHg higher than in women (127.0 vs. 111.7 mmHg; t=3.65; p<0.001),
and the effect size was large (Cohen’s d=1.04). For diastolic pressure, the difference was smaller (5.9
mmHg; p=0.049; d=0.51), whereas for pulse pressure, the difference was greater (9.5 mmHg;
p=0.004; d=0.82). Mean arterial pressure was also higher in men (94.8 vs. 85.8 mmHg). No
significant difference between the sexes was detected in pulse rate (84.0 vs. 81.2 beats/min; p=0.54).
The higher pulse pressure in men is consistent with the findings of a study conducted on 1,719
students in China [6].

All significant differences were also confirmed by the Mann—Whitney test (Figures 1 and 2).

Table 2
COMPARISON OF THE HEMODYNAMIC INDICES BY SEX
Parameter Men Women  Difference (95% CI) t p@ P d
(MW)
SBP, mmHg 127.0£18.6 111.7+12.3  +15.3(6.8;23.9)  3.65 <0.001 <0.001 1.04
DBP, mmHg 78.8€11.5  72.9+11.7 +5.9 (0.0; 11.7) 2.02 0.049 0.021 0.51
Pulse, /min 84.0+18.9  81.2+16.0 +2.8(-6.3;11.9)  0.61 0.543 0423 0.16

Pulse pressure, nmHg  48.2+13.3  38.8+£10.6 +9.5(3.2; 15.8) 3.03 0.004 0.005 0.82
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Figure 1. Comparison of cardiovascular parameters by sex
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Figure 2. Mean blood pressure by sex (mean = SEM). *** p<0.001, * p<0.05
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In the sample as a whole, age showed a positive correlation with systolic pressure (Pearson r =
0.33; p=0.005) and, particularly, with pulse pressure (r = 0.38; Spearman p =0.47; p <0.001). Two-
way ANOVA showed that the sex x age interaction was significant for systolic (F =9.06; p = 0.004)

and diastolic pressure (F = 5.40; p = 0.023) (Table 3).

Table 3
RESULTS OF THE TWO-WAY ANOVA (sex x age group <20/>20)
Dependent variable Source F p
Systolic pressure (SBP) Sex 13.95 0.0004
Age group 2.21 0.142
Sex x Age 9.06 0.0037
Diastolic pressure (DBP) Sex 6.21 0.015
Age group 2.51 0.118
Sex x Age 5.40 0.023
Pulse pressure (PP) Sex 5.04 0.028
Age group 13.03 0.0006
Sex x Age 2.18 0.144
Pulse Sex 0.59 0.447
Age group 0.25 0.617
Sex x Age 0.03 0.855
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In men, SBP increased with age (<20 years: 115.0 mmHg — >20 years: 134.2 mmHg), whereas
in women it remained practically unchanged (112.5 mmHg — 109.7 mmHg) (Figure 3). In men, DBP
increased slightly with age (76.1 mmHg — 80.3 mmHg), whereas in women it decreased (75.7 mmHg
— 66.2 mmHg); this latter decrease, while physiologically unexpected, may be related to the small
size of the subgroup and the variability of the self-reported values.
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Figure 3. Relationship between age and systolic blood pressure by sex

In the multivariable linear regression for systolic blood pressure, male sex (f=+12.4 mmHg;
p=0.022) and age (B=+0.80 mmHg/year; p=0.049) remained independent predictors. For diastolic
blood pressure, however, the primary independent predictor was BMI (f=+1.20 mmHg/unit;
p=0.004). The correlation matrix showed that BMI was the variable most strongly associated with
both systolic (r=0.37; p=0.001) and diastolic blood pressure (r=0.43; p<0.001) (Figure 4). The
associations between blood pressure and physical activity, sleep, stress, and caffeine intake were weak
and statistically non-significant (all [r|<0.22).
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Figure 4. Relationship between body mass index and blood pressure

The principal finding of this study is that systolic and diastolic pressure, as well as pulse
pressure, are significantly higher in men than in women in a young, predominantly student population.
The effect size for systolic pressure was large (d=1.0). This result is consistent with the literature
demonstrating sex differences in blood pressure during early adulthood and may be explained by the
vasodilatory effect of estrogen in women and by the role of androgens, greater muscle mass, and body
dimensions in men [3].
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In mechanistic terms, the retardation of vascular aging by endogenous 17pB-estradiol in
premenopausal women is indicated as one of the principal biological explanations for this difference
[7].

The difference in diastolic pressure disappears after adjustment for BMI, which indicates that a
large part of the crude difference is mediated by body mass. Thus, BMI acts as the strongest
modifiable correlate of blood pressure in this young sample. This is also important from a preventive
point of view. A meta-analysis conducted in student populations has likewise identified overweight
and obesity as the main risk factors for hypertension [5].

In a study conducted on 842 university students in South Africa, overweight and obesity were
strongly associated with elevated blood pressure [8].

The sex x age interaction (the increase of systolic pressure with age only in men) is a
conceptually interesting finding of the study, but one that must be interpreted with caution. The
observed interaction pertains mainly to the early adulthood stage and may be partly conditioned by
the small subgroup of older men (up to 42 years of age), as well as by the higher BMI in this group.
The absence of sex and age differences in pulse rate is to be expected. Resting pulse rate is an index
with high individual variability that depends greatly on the conditions of measurement (caffeine,
stress, activity).

Conclusions

In a young, predominantly student population, systolic and diastolic blood pressure, as well as
pulse pressure, were significantly higher in men than in women, whereas there was no difference in
pulse rate. In the multivariable analysis, male sex and age were independent predictors of systolic
pressure, whereas for diastolic pressure, the sex difference was explained mainly by body mass index.
A sex x age interaction was observed, showing that systolic pressure increased with age only in men.
The results are consistent with known early-adulthood sex differences in blood pressure and
emphasize the central role of body mass.
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