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Abstract: Background: The aim of this study was to explore the association between the frequency of 

milk tea consumption and HRV among college students. Methods: A total of 313 healthy college students 

(124 males and 189 females) participated in this cross-sectional study. The frequency of milk tea 

consumption was assessed using a questionnaire, and the participants were divided into three groups: 

<1 drink/month, 1-3 drinks/month, and >4 drinks/month. The 5-minute electrocardiogram signals of all 

subjects were collected in the sitting state and analysed for the HRV frequency domain parameters (VLF, 

LF, HF, TP, LF/HF) Results For male college students, some HRV frequency domain parameters were 

significantly different among the groups (P < 0.05). After adjusting for age, body mass index, and mean 

heart rate, the VLF, HF, and TP for male college students in the >4 drinks/month group were still 

significantly higher than those for male college students in the <1 drink/month group. The LF/HF in the 

<1 drink/month group was still significantly higher than that in the 1-3 drinks/month group. There was 

no significant difference in any HRV frequency domain parameter among female college students (P > 

0.05) Conclusions The male students who consume more milk tea have higher HRV and female college 

students with different frequencies of milk tea consumption have no significant difference in HRV. There 

may be sex differences in the effect of milk tea consumption on HRV among college students 
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1. Introduction 

Milk tea is currently one of the most widely consumed beverages in the world. In China, the sales 

volume of milk tea in 2019 exceeded 7 billion cups, of which college students are the main consumer 

group, with an average consumption of 1-2 drinks/week [1]. A survey by consumer protection committees 

in many places in China found that milk tea contains a large amount of caffeine, in addition to sugar and 

trans fatty acids (TFAs) [2]. Studies have shown that the habitual consumption of 3-5 cups of coffee per 

day can reduce the risk of cardiovascular diseases (CVDs) by 15% and that the habitual consumption of 

coffee may reduce the risk of atrial fibrillation [3]. However, there is a consensus that excessive sugar 

intake is harmful to health. Studies have shown that compared with low-sugar diets, high-sugar diets 

promote weight gain and obesity [4], thereby indirectly promoting the development of CVDs and type II 

diabetes [5]. In addition, a study by Mozaffarian et al. showed that for every 2% increase in TFAs intake, 

the incidence of coronary heart disease increased by 23% [6]. Furthermore, TFAs intake also increases 

the risk of myocardial infarction [7]. 

The cardiovascular system has a homeostatic regulatory function, and its activities are controlled and 

regulated by the autonomic nervous system [8]. Heart rate variability (HRV) is a recognized, noninvasive 

quantitative tool for assessing the functional status of the autonomic nervous system and the homeostasis 

of the cardiovascular system [9]. Within a certain range, elevated HRV is a manifestation of good 

cardiovascular system function, and reduced HRV indicates weakened cardiovascular system function or 

poor prognosis of CVDs [10]. Many previous studies have used HRV as an indicator to investigate the 

association between coffee, chocolate, and energy drinks and cardiac autonomic nerves. For example, de 

Oliveira et al. proposed that long-term coffee consumption was associated with the inhibition of the 

autonomic regulation of heart rate by the vagus nerve [11]. Latif et al. showed that the frequency of 

chocolate consumption did not change the regulation of cardiac autonomic nerves in women [12]. A 

randomized controlled trial conducted by Clark et al. showed that after consuming energy drinks, HRV 

indicators during the exercise rest period significantly increased [13]. However, to date, the effect of milk 

tea consumptions on HRV has not been reported. The purpose of this study was to explore whether there 
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is an association between milk tea consumptions and HRV, so as to provide a reference for revealing the 

effect of milk tea on the human cardiovascular system. 

2. Methods 

2.1. Subjects and data collection 

The subjects of this study were 330 healthy college students at Bengbu Medical College (Bengbu, 

Anhui, China). All the participants met the following criteria: (1) no smoking, alcohol consumption or 

coffee consumption; (2) and no history of chronic diseases, such as heart disease, hypertension, diabetes, 

or depression. This study was approved by the Medical Research Ethics Committee of Bengbu Medical 

College (2021071). All participants were informed of the purpose and content of the experiment before 

the experiment and received remuneration after the experiment. The experimental process was performed 

in strict accordance with the ethical standards stipulated in the 1964 Declaration of Helsinki and its 

amendments. 

Electrocardiogram (ECG) data were collected between 8 am and 6 pm. The participants were required 

to get adequate sleep the night before the measurement and to not engage in strenuous exercise, and to 

not consume coffee, drugs, or other substances that may cause excitement within 24 hours before the 

experiment. Before the ECG, the participants were required to sit still for 10 minutes to reach a relaxed 

state. The test environment was kept quiet, and the participants maintained a normal respiratory rate. The 

ECG signals were collected with the participants sitting for 5 minutes using a single-lead miniature ECG 

recorder (Healink-R211B, Healink Ltd., Bengbu, China). After the test, participant grouping was 

determined using the following 3 questions. 

1) “Do you drink milk tea?” 

2) “Have you been consuming milk tea > 6 months?” 

3) “What is the frequency of your milk tea consumption?” 

a. “Less than 1 drink per month” 

b. “1-3 drinks per month” 

c. “4 drinks or more per month” 

2.2. Heart rate variability analysis 

The Pan-Tompkins algorithm was used to extract the time series of ECG RR intervals [14]. The RR 

interval time series were uniformly resampled using cubic spline interpolation (4 Hz) [15]. The power 

spectral density of the RR interval time series was estimated using fast Fourier transforms (Welch 

periodogram method: 150 s window width and 50% overlap window) [16]. HRV frequency domain 

indicators included total-frequency power (TP), very low-frequency power (VLF), low-frequency power 

(LF), high-frequency power (HF), and the ratio of LF to HF (LF/HF). Among the frequency domain 

indicators, HF represents respiratory sinus arrhythmia, which is influenced by the parasympathetic nerve 

(vagus nerve), and LF is considered to be coregulated by the sympathetic and vagal nerves [17]. LF/HF is 

an indicator to assess the balance between the sympathetic nerves and vagus nerves. Although there is 

no consensus on the origin and interpretation of VLF [18], this indicator is included in this study. The 

above analysis was performed using Kubios HRV Premium software (version 3.1.0, https://www. 

kubios.com, Kubios Oy, Kuopio, Finland). 

2.3. Statistical analysis 

The Kolmogorov-Smirnov test and histograms were used to test the normality of the data, and 

nonnormal data (VLF, LF, HF, TP, LF/HF) were subjected to logarithmic transformation for subsequent 

analysis. One-way analysis of variance (ANOVA) was used to compare the HRV frequency domain 

indicators among different milk tea consumption frequency groups. When ANOVA result indicated a 

statistically significant difference, pairwise comparisons between the 3 groups was performed using the 

Bonferroni method. A multivariate linear regression model was used to exclude the effects of 

confounding factors, including age, body mass index (BMI), and mean heart rate (mean HR). The above 

analysis was performed using SPSS software (ver. 23.0, IBM Corp., USA). The significance of all tests 

was set to 0.05. 
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3. Results 

A total of 330 participants were recruited for this study, and those with incomplete questionnaire 

information (n = 2), ectopic heart beat (n = 3), and compromised ECG data (n = 6) were excluded. 

Ultimately, 313 participants were included. Among them, 124 subjects (39.6%) were male, and 189 

subjects (60.4%) were female. The BMI, mean HR, and HRV frequency domain parameters (VLF, LF, 

TP, LF/HF) for males and females are provided in Table 1. 

Table 1: Baseline characteristics of the study participants. 

 Male (n = 124) Female (n = 189) t P 

Age (year) 19.5 ± 1.6 19.5 ± 1.2 0.063 0.950 

BMI (kg/m2) 22.8 ± 3.1 20.5 ± 2.6 -6.801 <0.001 

Mean HR (bpm) 74.4 ± 9.7 79.7 ± 10.5 4.496 <0.001 

VLF (ms2) 6.73 ± 0.82 6.42 ± 0.77 -3.423 0.001 

LF (ms2) 6.57 ± 0.81 6.05 ± 0.80 -5.531 <0.001 

HF (ms2) 6.36 ± 1.06 6.32 ± 1.10 -0.306 0.760 

TP (ms2) 7.77 ± 0.76 7.52 ± 0.73 -3.018 0.003 

LF/HF 0.21 ± 0.86 -0.27 ± 0.98 -4.430 <0.001 

Values are expressed as the mean ± standard deviation. Bold text indicates statistical significance at P < 

0.05. 

Abbreviations: n, number of participants; BMI, body mass index; bpm, beats per minute; mean HR, 

mean heart rate; VLF, very low-frequency power; LF, low-frequency power; HF, high-frequency power; 

TP, total-frequency power; LF/HF, ratio of LF to HF.  

The subjects were divided into groups based on the frequency of milk tea consumption, i.e., <1 

drink/month, 1-3 drinks/month, and >4 drinks/month group. The HRV frequency domain parameters for 

males and females in the different milk tea consumption groups are shown in Figure 1 and Figure 2, 

respectively. There were statistically significant differences in the HRV frequency domain parameters for 

males in the different milk tea consumption groups (P < 0.05). The Bonferroni post-hoc test results 

showed that in males, VLF, HF, and TP in the <1 drink/month group were significantly lower than those 

in the >4 drinks/month group and that LF in the 1-3 drinks/month group was significantly lower than that 

in the >4 drinks/month group. Compared with that of the <1 drink/month group, the LF/HF of the 1–3 

drinks/month group was lower. There was no significant difference in the HRV frequency domain 

parameters for females among the different milk tea consumption frequency groups (P > 0.05). 

 

Figure 1: HRV parameters for males in the milk tea consumption groups (<1, 1-3 and >4 

drinks/month). Statistical significance was set at P < 0.05. *, P < 0.05; **, P < 0.01. 
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Figure 2: HRV parameters for females in the milk tea consumption groups (<1, 1-3 and >4 

drinks/month). Statistical significance was set at P < 0.05. *, P < 0.05; **, P < 0.01. 

Age, BMI, and Mean HR were controlled in the multivariate linear regression; the results are provided 

in Table 2. VLF, HF, TP LF/HF were still significantly correlated with milk tea consumption frequency 

among male participants. Specifically, the VLF, HF, and TP for males in the >4 drinks/month group were 

significantly higher than those of males in the <1 drink/month group (VLF: B = 0.365, 95% confidence 

interval (CI) = 0.038 – 0.692, P = 0.029; HF: B = 0.498, 95% CI = 0.097 – 0.899, P = 0.015; TP: B = 

0.411, 95% CI = 0.125 – 0.697, P = 0.005); in contrast, the LF/HF for males in the 1-3 drinks/month 

group decreased compared with that for males in the <1 drink/month group (B = -0.368, 95% CI = -0.731 

– -0.006, P =0.046). 

Table 2: Multiple linear regression models adjusted for age, BMI and mean HR (males) 

Variables 

<1 drink/month 

(n = 56) 

1-3 drinks/month 

(n = 32) 

>4 drinks/month 

(n = 36) 

B (95% CI) P value B (95% CI) P value B (95% CI) P value 

VLF Reference -0.175 (-0.503, 0.154) 0.295 0.365 (0.038, 0.692) 0.029 

LF Reference -0.259 (-0.600, 0.082) 0.135 0.307 (-0.032, 0.647) 0.076 

HF Reference 0.111 (-0.292, 0.513) 0.587 0.498 (0.097, 0.899) 0.015 

TP Reference -0.126 (-0.412, 0.161) 0.386 0.411 (0.125, 0.697) 0.005 

LF/HF Reference -0.368 (-0.731, -0.006) 0.046 -0.191 (-0.551, 0.170) 0.298 

Bold text indicates statistical significance at P < 0.05. 

Abbreviations: n, number of participants; B, regression coefficient; BMI, body mass index; mean HR, 

mean heart rate; VLF, very low-frequency power; LF, low-frequency power; HF, high-frequency power; 

TP, total-frequency power; LF/HF, ratio of LF to HF. CI, confidence interval. 

4. Discussion 

To our knowledge, this is the first study to explore the association between milk tea consumption and 

HRV. This study of 313 college students found that there were significant differences in a number of 

HRV frequency domain parameters among male college students in different milk tea consumption 

frequency groups, with the differences increasing with increasing consumption frequency. The HRV 

frequency domain parameters for female college students were not significantly different among the 

different milk tea consumption frequency groups. 

In general, the increase in parameters such as HF, TP, and VLF indicates enhanced parasympathetic 

nerve activity or sympathetic nerve inhibition, suggesting that the cardiovascular system is in a healthier 

and more ideal state. Therefore, from the perspective of cardiac autonomic nerve regulation, our results 
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support the conclusion that moderate milk tea consumption (>4 drinks/month) may be beneficial to the 

cardiovascular system health of male college students. Caffeine is the main psychoactive substance in 

milk tea and can affect the regulation of cardiac autonomic nerves. Studies have shown that the 

cardiovascular effect of caffeine acts through adenosine receptor antagonism [19]. The binding of 

adenosine to the A1 receptor can reduce the heart rate and atrial contractility and attenuate the stimulating 

effect of catecholamines on the heart; the binding of adenosine to the A2a receptor can relax the aorta 

and the coronary artery [20]. Caffeine has a similar structure to adenosine and can competitively inhibit 

the binding of adenosine to its receptors and increase the activity of parasympathetic nerves, thereby 

delaying fatigue and protecting the cardiovascular system [21]. In addition, caffeine can also affect 

endothelial function and arterial stiffness. Shechter et al. showed that in healthy volunteers and patients 

with coronary artery disease, caffeine administration can lead to significant blood vessel dilation and 

decreased high-sensitivity C-reactive protein (hs-CRP) levels; notably, high hs-CRP levels (>3.0 mg/L) 

indicated coronary artery disease [22, 23]. 

An interesting phenomenon is that there are sex differences in the effects of milk tea consumption, 

and the HRV of female college students was not different among different milk tea consumption 

frequency groups. This finding may be related to the difference in endocrine regulation or tolerance to 

milk tea between males and females. Regarding caffeine, studies have confirmed that it competitively 

inhibits the oestrogen metabolism enzyme cytochrome P450, family 1, subfamily A, polypeptide 2 

(CYP1A2), which can cause an increase in oestrogen levels in women [24]. Increases in the levels of 

oxytocin and oestrogen lead to the disappearance of parasympathetic nerve activity [25]. This may be one 

of the reasons why milk tea consumption has no significant effect on HRV in the female population. In 

addition, previous studies have shown that the effects of caffeine-containing beverages on the 

neurological activity of the cardiovascular system exhibit sex differences after puberty and that the 

sensitivity of women is generally significantly lower than that of men [26, 27]. Clark et al. also found that 

increases in HF and the root mean square of successive heartbeat interval differences (RMSSDs) in 

females were significantly lower than those in males after consuming energy drinks. This phenomenon 

can be explained by differences in steroid hormone levels and adenosine receptors [13]. 

Milk tea also contains substances such as TFA, milk, and tea. TFAs can increase the risk of CVDs by 

increasing the concentration of serum low-density lipoprotein cholesterol (LDL-C) and reducing the 

concentration of serum high-density lipoprotein cholesterol (HDL-C) [28]. TFAs also promote the release 

of inflammatory mediators, such as tumour necrosis factor-α (TNF-α), interleukin-1 beta (IL-1β), and 

interleukin-6 (IL-6), and concurrently promotes the synthesis of a large amount of CRP [29], thereby 

increasing the risk of CVDs. Milk and tea are considered to have protective effects on the cardiovascular 

system. For example, a cohort study published by Matsuyama et al. in an authoritative journal in the 

cardiovascular field suggested that green tea significantly benefited the health of cardiovascular patients 
[30]. Saito et al. reported that HF and RMSSD increased in healthy young people after consuming milk. 

Nakamura et al. found that casein hydrolysate in milk may reduce sympathetic nerve activity and increase 

parasympathetic nerve activity [31,32]. However, Ueno et al. found that women had reduced HF after 

consuming milk and dairy products [33] a finding that is consistent with the results of this study. Therefore, 

the effect of milk tea on the HRV of consumers may be the result of the comprehensive effects of multiple 

ingredients. We should fully consider that the results of this study may also be caused by multiple 

components in milk tea or their combined effects with the above substances. 

This study, for the first time, explored the association between milk tea consumptions and HRV, 

providing a reference for the effect of milk tea on the cardiovascular system. However, this study also 

has some limitations. First, there may be a two-way relationship between milk tea consumptions and 

HRV. The experimental results suggested that men who rarely consumed milk tea had relatively low HRV, 

a finding that may be related to their learning or living habits. Second, this study used a questionnaire to 

determine the frequency of milk tea consumption, potentially introducing recall bias. Third, this study 

did not consider the differences in the types of milk tea consumed between males and females that may 

exist due to factors such as taste preferences. Future studies should include replication experiments with 

larger samples and more refined milk tea classification and population grouping. 
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