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s u m m a r y

Background & aims: The link between sugar-sweetened beverage consumption and metabolic syndrome 
has prompted the use of non-nutritive sweeteners(NNS). However, emerging evidence links NNS to 
elevated cardiovascular risk in children. This study examines the association between sweetener con
sumption and pediatric hypertension to guide cardiovascular health recommendations for children.
Methods: The Taiwan Pubertal Longitudinal Study, initiated in July 2018, is a multicenter, prospective 
cohort study involving 1696 patients aged 7–17 years. Baseline dietary exposures were collected using 
the validated NNS Food Frequency Questionnaire covering acesulfame potassium(AceK), aspartame, 
sucralose, glycyrrhizin, steviol glycosides, sorbitol, and added sugars. Spot urine samples were collected 
concurrently. Anthropometric and blood pressure measurements were recorded every 3 months. Pe
diatric hypertension was defined as systolic or diastolic blood pressure at or above 95th percentile for 
age, sex, and height, using the measurement closest to dietary assessment. Multivariate generalized 
linear mixed models were used to examine associations between sweetener exposure and pediatric 
hypertension, adjusting for age, sex, z-BMI, family history of hypertension, total calorie intake, sodium 
intake, physical activity, parental education, and household income. Participants were recruited on an 
ongoing basis, and data collected from July 2018 to September 2022 were analyzed.
Results: Aspartame and added sugars were dose-dependently associated with increased pediatric hy
pertension risk (aspartame: OR = 1.69, 95%CI:1.03–2.75; p = 0.04; added sugar: OR = 2.63, 95% 
CI:1.50–4.60; p < 0.001), while steviol glycosides showed borderline protective effects (p for 
trend = 0.05). AceK was negatively associated with hypertension in girls (OR = 0.30, 95%CI:0.09–0.98; 
p = 0.05), whereas aspartame was positively associated with hypertension risk in boys (OR = 3.13, 95% 
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CI:1.30–7.54; p = 0.01). The association between added sugar intake and hypertension was stronger in 
overweight children. Substituting added sugars with NNS was associated with lower hypertension risk. 
Urinary biomarker analysis further supported the inverse association between AceK and hypertension, 
particularly in girls.
Conclusion: This study demonstrated that aspartame and added sugars were associated with a higher 
pediatric hypertension risk, while steviol glycosides were linked to lower hypertension risk. Replacing 
added sugar with NNS was associated with lower pediatric hypertension risk. These findings emphasize 
the need for tailored dietary guidelines and further investigation on sweetener use in children.
© 2025 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights are reserved, 

including those for text and data mining, AI training, and similar technologies.

1. Introduction

The increased prevalence of obesity, metabolic syndrome, and 
cardiovascular diseases (CVDs) in adults has been closely linked to 
the consumption of sugar-sweetened foods and beverages [1]. In 
response, strategies to reduce sugar and limit caloric consumption 
have prompted the use of non-nutritive sweeteners (NNSs), which 
provide high sweetness with little or no additional energy. How
ever, emerging evidence suggests that NNS consumption may still 
carry risks for adverse metabolic outcomes.

In animal studies, NNS intake has been associated with weight 
gain and features of metabolic syndrome. One proposed mechanism 
suggests that NNSs interact with sweet taste receptors, creating a 
perceived fasting state. This may trigger the release of appetite- 
stimulating neuropeptides such as neuropeptide Y, potentially 
leading to increased food consumption [2]. Additionally, NNSs has 
been shown to alter gut microbiota composition, increasing Firmi
cutes and decreasing Bacteroidetes. These changes have been linked 
to glucose intolerance and metabolic dysregulation [3].

Human studies have yielded mixed results. Some research re
ports associations between NNSs consumption and elevated fast
ing glucose and triglyceride levels [4], though the link to metabolic 
syndrome remains inconclusive. One potential explanation is that 
NNSs may disrupt metabolic regulation through altered gut 
microbiota composition, impaired glucose homeostasis, and 
reduced secretion of metabolic hormones such as glucagon-like 
peptide-1(GLP-1) [5,6]. Further evidence suggests that NNSs may 
influence  calorie intake by modulating taste perception and 
appetite regulation [2,6], potentially counteracting their intended 
role in calorie reduction. These metabolic disruptions may 
contribute to an increased risk of CVD. A large cohort study 
demonstrated that habitual NNS consumption was associated with 
an increased risk of CVD in adults [7]. Moreover, several epide
miological studies have reported a potential positive association 
between NNS consumption and elevated blood pressure [8], 
raising public health concerns that NNSs may be a modifiable risk 
factor for CVD in adults.

Dietary habits established during childhood have long-term 
health implications. Sweetener consumption in early life may 
therefore exert lasting effects [9]. Childhood consumption of 
sugar-sweetened beverages (SSBs) is directly linked to increased 
body fat, higher body mass index (BMI), and greater waist 
circumference over time. Replacing SSBs with water, coffee, or tea 
is associated with improvements in these anthropometric mea
sures [10]. Although NNSs are commonly introduced to reduce 
total SSB intake, concerns have emerged regarding their potential 
metabolic impact in children. Evidence suggests a possible rela
tionship between NNS consumption and increased BMI in child
hood [11].

Animal models provide potential mechanisms to explain these 
findings.  Early-life exposure to NNSs through maternal milk has 

been shown to raise the sweet taste threshold. As a result, higher 
concentrations of sweeteners are required to achieve the same 
perceived sweetness. The reduced sensitivity to sweetness may 
lead to a preference for highly sweetened products and contributes 
to excessive caloric intake, obesity, and related metabolic disor
ders [12].

Pediatric hypertension is an emerging public health concern 
[13]. Prevalence rates have reached 19.2 % in boys and 12.6 % in 
girls in the United States [14]. In China, rates are similarly high, 
with 20.2 % in boys and 16.3 % in girls [15]. Pediatric hypertension 
not only contributes to metabolic disturbances in youth but also 
increases the risk of developing metabolic syndrome and hyper
tension in adulthood [16,17]. Moreover, children with pediatric 
hypertension have a 35 % higher risk of developing hypertension in 
adulthood compared to their normotensive peers [18].

Despite these concerns, few studies have specifically examined 
the relationship between sweetener consumption and pediatric 
hypertension. In our study, we investigated the association be
tween sweetener consumption and pediatric hypertension, as well 
as sex differences in this association. We collected urine samples 
from patients to analyze the association between urinary NNS 
levels, questionnaire assessments, and their link to pediatric hy
pertension. These findings can enhance our understanding of the 
effects of sweeteners on blood pressure in children, address the 
existing literature gap, and inform dietary recommendations for 
pediatric cardiovascular health.

2. Materials & methods

2.1. Study design and data collection

Data were obtained from the Taiwan Pubertal Longitudinal 
Study (TPLS), a multicenter, population-based prospective cohort 
study initiated in July 2018. The study was conducted at 4 pediatric 
departments within medical centers in Taiwan: Taipei Medical 
University Hospital, Taipei Municipal Wanfang Hospital, Cathay 
General Hospital in Taipei, and National Cheng Kung University 
Hospital (Supplementary Figs. 1 and 2). Participants aged 7–17 
years were enrolled through physician referrals during routine 
clinical visits, in-hospital recruitment posters, and outreach ef
forts, including direct invitations from healthcare providers. 
Informed consent was obtained from parents or guardians, and 
adolescents provided assent before participation. Detailed infor
mation is provided in the Supplementary Material, Supplementary 
Figs. 1 and 2.

The participants were followed up prospectively. Those with 
metabolic disorders or congenital conditions, such as diabetes, 
hyperlipidemia, maple syrup urine disease, or phenylketonuria, 
were excluded. Follow-up assessments were conducted every 3 
months, recording body weight, body height and blood pressure. 
Demographic information and 24-h dietary records were collected 
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during the recruitment phase. Participants were administered the 
Non-Nutritive Sweetener Food Frequency Questionnaire (NNS- 
FFQ) to investigate the consumption of the most commercially 
used sweeteners in Taiwan, including acesulfame potassium 
(AceK), aspartame, sucralose, glycyrrhizin, steviol glycosides, sor
bitol, and added sugars. Urine samples were also collected to 
assess NNS exposure.

This study was approved by the Institutional Review Boards of 
Taipei Medical University (N201802018), Cathay General Hospital 
(CGH-P108107), and National Cheng Kung University Hospital (B- 
BR-108-076) and adhered to the ethical principles outlined in the 
Helsinki Declaration.

2.2. Exposure assessment

Demographic data, namely sex, age, anthropometric data, 
family history of hypertension and CVDs, household secondhand 
smoke exposure, parental education level, household income, 
sleep duration, and physical activity records, were collected during 
the recruitment phase. Socioeconomic status (SES) was assessed 
via a self-reported questionnaire. Parental education was catego
rized as senior high school or below, college, and graduate school 
or above. Household income was grouped into three categories: 
less than 70,000 New Taiwan Dollar (NTD), 70,000–100,000 NTD, 
and greater than 100,000 NTD per month. Body height and weight 
were measured to the nearest 0.1 cm and 0.1 kg, respectively. BMI 
values were calculated and converted into age- and sex-specific z- 
scores (z-BMI) using the World Health Organization (WHO) 2007 
AnthroPlus R package (version 0.9.0) [19].

Dietary intake data, including daily food components, caloric 
and sodium intake, were collected by trained dietitians using 
mobile software (Nutritionist edition, COFIT Pro, Version 1.0.0) 
with reference to a Taiwanese food composition table validated in 
a pilot study [20]. The NNS-FFQ, delivered online, was previously 
validated for reproducibility in our prior research [21]. It assessed 
the frequency and portion sizes of food and beverage items con
taining NNSs consumed in the past month. Detailed validation 
methods and questionnaires are provided in the Supplementary 
Materials.

The NNS-FFQ included items such as hand-shaken drinks, spar
kling drinks, caffeine/tea beverages, dairy drinks, soy/rice milk, 
potato chips, sweet snacks (e.g., biscuits, cookies, desserts), candies 
(e.g., chewing gum, fudge, hard candy, jelly), processed frozen foods, 
dried fruits, instant noodles, and nutritional supplements. A sepa
rate item captured the use of tabletop sugar substitutes. Brand ex
amples were provided for each item to enhance recall accuracy and 
ensure comprehensive NNS exposure assessment. NNS intake was 
calculated as a proportion of the daily intake relative to the WHO- 
recommended acceptable daily intake (ADI) [22]. Since there is no 
recommended ADI for sorbitol, the maximum observed intake in 
the population was used as a reference.

Urine samples were analyzed according to established pro
tocols [23], reflecting  NNS intake by the participants within 
24–48 h [21]. Detailed methods are provided in the Supplementary 
Materials.

2.3. Outcome assessment

Blood pressure were measured using electronic (oscillometric) 
devices by trained technicians. Children were comfortably seated 
for at least 10 min before assessment. Blood pressure was 
measured 3 times on the right arm with an appropriate cuff size 
during a single visit, and the average was calculated for each child.

Hypertension was defined as an average systolic blood pressure 
(SBP) or diastolic blood pressure (DBP) at or above the 95th 

percentile for sex, age, and height, based on a large cross-sectional 
study involving children aged 7–17 years in the Chinese National 
Survey on Students’ Constitution and Health [24]. Advanced hy
pertension was defined  as SBP or DBP at or above the 99th 
percentile.

2.4. Statistical analysis and data management

Participants were continuously recruited and followed, and 
data collected from July 2018 to September 2022 were used in this 
study. For each participant, the blood pressure measurement 
closest in time to the dietary record assessment was used to 
ensure temporal alignment between exposure and outcome.

Data integrity and logical consistency were verified.  Blood 
pressure values were examined to ensure that SBP exceeded DBP, 
and extreme values (those exceeding 5 standard deviations from 
the sex- and age-specific mean [24]) were excluded.

T-tests and chi-square tests were used to compare continuous 
and categorical demographic variables between boys and girls. The 
participants were divided into two groups (M1 and M2) based on 
the median intake of each NNS, and compared to a non-exposure 
group. A multivariate generalized linear mixed model was intro
duced to examine the relationship between sweetener exposure 
and pediatric hypertension. Statistical models were adjusted for 
potential confounders, including sex, age, z-BMI, family history of 
hypertension, total caloric intake, total sodium intake, physical 
activity, parental education, and household income. Secondary 
analyses explored the association between NNS consumption and 
pediatric hypertension in greater detail. Dose–response relation
ships were analyzed using NNS consumption as a continuous 
variable to assess the trend of hypertension risk across increasing 
exposure levels, adjusted for the same potential confounders as in 
the primary analysis. Subgroup analyses were carried out by 
stratifying participants based on sex, using a multivariate gener
alized linear mixed model adjusting for age, z-BMI, family history 
of hypertension, total calorie intake, total sodium intake, physical 
activity, parental education, and household income. Furthermore, 
subgroup analysis stratifying participants based on BMI categories 
(non-overweight and overweight), defined  according to WHO 
recommendations (overweight: z-BMI≥1; non-overweight: z- 
BMI<1) [19].

Although dietary and lifestyle variables, including 24-h dietary 
records, NNS-FFQ, physical activity and sleep duration, were 
collected repeatedly during follow-up, this analysis utilized the 
values closest in time prior to the blood pressure measurement as 
baseline sweetener intake and lifestyle variables. This approach 
ensured temporal alignment between exposure and outcomes, 
minimized reverse causality and promoted data consistency across 
participants, as not all individuals completed repeated assess
ments at the same intervals.

To evaluate the substitution effect of replacing added sugars 
with NNSs, both added sugars and NNSs were categorized into 
three levels: non-consumers, low (below-median), and high 
(above-median) intake groups. For each NNS, a substitution vari
able was constructed to compare the “Low Sugar, High NNS” group 
with the “High Sugar, Low/No NNS” group. Logistic regression was 
used to estimate odds ratios (ORs) and 95 % confidence intervals 
(CIs) for hypertension, adjusting for sex, age, z-BMI, family history 
of hypertension, total calorie intake, total sodium intake, and 
physical activity. Although this approach does not represent a 
standardized serving size, it reflects a relative shift in consumption 
patterns, specifically  by substituting higher added sugar intake 
with relatively higher NNS intake. This allows us to explore the 
potential impact of dietary substitutions on pediatric hypertension 
risk.
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For the urine sample analysis, t-tests and chi-square tests were 
used to compare continuous and categorical demographic vari
ables between participants with and without urine samples. 
Sweetener urinary levels were categorized into two groups (M1 
and M2) based on median NNS levels, compared to a non-exposure 
group. Associations with hypertension were evaluated using the 
same adjusted generalized linear models.

The “mice” package was used to impute missing values [25]. All 
statistical tests were two-sided with a significance  threshold of 
0.05. Analyses were conducted using R version 4.2.2 (R Foundation 
for Statistical Computing).

3. Results

A total of 1696 children, including 1157 girls and 539 boys, were 
included in the study. The overall prevalence of hypertension in 
our study was 14.4 %, with advanced hypertension observed in 
6.3 % of the participants. Table 1 lists the baseline characteristics of 
these participants. Boys had higher SBP than girls, while DBP was 
comparable between sexes. Boys also had a higher average daily 
caloric intake (1780.26 kcal) compared to girls (1491.01 kcal). Girls 
were more frequently from higher-income households. There were 
no significant sex differences in family history of CVDs or hyper
tension, household secondhand smoke exposure, total sodium 
intake, parental education levels, or z-BMI.

3.1. Association between sweetener consumption and pediatric 
hypertension

Table 2 and Table 3 summarize the association between 
sweetener consumption and pediatric hypertension. Steviol con
sumption was not significantly association with hypertension risk 

in either the M1 or M2 group, though a borderline inverse 
dose–response trend was observed (p for trend = 0.05). In contrast, 
higher added sugar consumption was associated with greater odds 
of hypertension. The OR was 1.67 (95 % CI: 1.16–2.43; p = 0.006) in 
the M1 group and 1.99 (95 % CI: 1.38–2.87; p < 0.001) in the M2 
group, with a significant dose–response relationship (p for trend 
<0.001).

For advanced hypertension, aspartame consumption in the 
M2 group was associated with greater odds of hypertension 
(OR = 1.69, 95 % CI: 1.03–2.75; p = 0.04), with a significant dose- 
dependent effect (p for trend = 0.03). Furthermore, added sugars 
consumption showed a positive association with advanced hy
pertension. The OR was 2.04 (95 % CI: 1.14–3.63; p = 0.02) in the 
M1 group and 2.63 (95 % CI: 1.50–4.60; p < 0.001) in the M2 
group, with a significant  dose-dependent effect (p for 
trend<0.001).

Positive correlations were observed between added sugars 
intake and both systolic and diastolic hypertension with dose- 
dependent effect. Steviol intake was inversely associated with 
diastolic hypertension in the M2 group (OR = 0.49, 95 % CI: 
0.25–0.96; p = 0.04), with a significant dose-dependent effect (p 
for trend = 0.01). Though aspartame consumption showed a 
borderline association with advanced diastolic hypertension in 
the M2 group (OR = 1.70, 95 % CI: 1.0–2.89; p = 0.05), 
dose–response trend was observed (p for trend = 0.04). Other 
sweeteners did not show significant  association with 
hypertension.

Figure 1 illustrates the relationships between sweetener con
sumption and pediatric hypertension. Added sugar consumption 
showed positive association with systolic and diastolic hyperten
sion (Figures 1A and 1B). However, steviol consumption was 
negatively associated with diastolic hypertension.

Table 1 
Baseline participant characteristics.

Characteristics Girls Boys P value

Mean or N (SD or %) Mean or N (SD or %)

N 1157 (68.22 %) 539 (31.78 %) NA
Age 9.81 (1.80) 11.64 (1.82) <0.001
SBP (mmHg) 95.67 (12.84) 101.34 (12.86) <0.001
DBP (mmHg) 67.69 (10.20) 67.43 (8.79) 0.61
Family historya 263 (22.73 %) 100 (18.56 %) 0.29
Exposure to household secondhand smoke 254 (21.95 %) 108 (20.04 %) 0.84
Daily total calories (kcal) 1491.01 (421.08) 1780.26 (488.92) <0.001
Daily total sodium (mg) 2415.15 (1851.67) 2477.29 (1860.97) 0.59
Parental education

Senior high school or below 82 (7.09 %) 31 (57.51 %) 0.11
College 604 (52.20 %) 241 (44.71 %)
Graduate school or above 324 (28.00 %) 165 (30.61 %)

Household income (NTD)
<70,000 282 (24.37 %) 95 (17.63 %) 0.04
70,000–100,000 484 (41.83 %) 215 (39.89 %)
>100,000 240 (20.74 %) 121 (22.45 %)

z-BMI 0.248 (1.37) 0.35 (1.56) 0.18
Sleep (h) 8.77 (1.36) 8.5 (1.18) 0.05
Physical activityb 148 (12.79 %) 96 (17.81 %) 0.17
ADI_AceK (mg/kg)c 0.0012 (0.006) 0.0028 (0.016) 0.03
ADI_Aspartame (mg/kg)c 0.0006 (0.003) 0.0015 (0.011) 0.07
ADI_Sucralose (mg/kg)c 0.0029 (0.011) 0.0058 (0.020) 0.002
ADI_Glycyrrhizin (mg/kg)c 0.0012 (0.003) 0.0013 (0.004) 0.73
ADI_Steviol (mg/kg)c 0.0012 (0.007) 0.0038 (0.026) 0.02
ADI_Sorbitol (mg/kg)c 0.0003 (0.001) 0.0004 (0.001) 0.18
ADI_Added sugar (mg/kg)c 0.0040 (0.007) 0.0040 (0.008) 0.68

Abbreviation: SBP, systolic blood pressure; DBP, diastolic blood pressure; NTD, New Taiwan Dollar; BMI, Body Mass Index; ADI, acceptable daily intake; AceK, acesulfame 
potassium; CVDs, cardiovascular diseases.

a Positive family history defined as any family history of hypertension or CVDs.
b Physical activity was defined as exercising for 30 min daily.
c The sweetener exposure dose was estimated as the proportion of daily intake relative to the acceptable daily intake recommended by the WHO. Sorbitol was estimated 

as the proportion of daily intake relative to maximal intake level in the population.
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3.2. Sex-specific association between sweetener consumption and 
pediatric hypertension

Figure 1C and 1D illustrate sex-specific analysis of sweetener 
consumption in relation to advanced hypertension. In girls, added 
sugar consumption was associated with greater odds of hyper
tension, whereas AceK consumption was associated with lower 
odds of hypertension. In boys, both added sugars and aspartame 
consumption showed positive association with pediatric 
hypertension.

Supplementary Tables 1–4 provide a detailed breakdown of 
these associations. The association between added sugar and 
hypertension or advanced hypertension was consistent across 
both sexes. Aspartame consumption was linked to greater odds of 
hypertension in boys. In contrast, AceK consumption was nega
tively associated with hypertension in girls. Collectively, these 
associations appeared more pronounced for diastolic 
hypertension.

3.3. Stratified analysis of sweetener consumption and pediatric 
hypertension by BMI

Supplementary Table 5 presents the association between 
sweetener consumption and pediatric hypertension stratified  by 
BMI. Among overweight children, added sugar intake showed a 
stronger association with hypertension than in non-overweight 
children. Among non-overweight children, a borderline signifi
cant association was observed in the M2 group (OR = 1.61, 95 % CI: 
1.00–2.57; p = 0.05), with a dose-dependent effect (p for 
trend = 00.04). Although steviol intake did not show a statistically 
significant  inverse association with hypertension risk, but dose- 
dependent trend was observed (p for trend = 00.02). No signifi
cant association were observed for other sweeteners, including 
AceK, aspartame, and sucralose.

3.4. Dose–response analysis

Figure 2 displays β-values for each sweetener intake group for 
dose-dependent effects. Significant dose-dependent effects were 
observed for the aspartame, added sugars, and steviol in relation to 
hypertension. Higher added sugars consumption was associated 
with greater odds of hypertension and advanced hypertension, 
while aspartame intake showed a similar trend for advanced hy
pertension. Conversely, higher steviol intake was linked to lower 
hypertension risk, though this pattern was not observed for 
advanced hypertension.

3.5. Substitution analysis

To explore the potential impact of replacing added sugars with 
NNS, we conducted a substitution analysis (Fig. 3). Substituting 
added sugars with AceK (OR = 0.27, 95 % CI: 0.06–0.76, p = 0.013), 
sucralose (OR = 0.36, 95 % CI: 0.15–0.75, p = 0.007), glycyrrhizin 
(OR = 0.37, 95 % CI: 0.15–0.80, p = 0.011), steviol (OR = 0.26, 95 % 
CI: 0.04–0.86, p = 0.028) and sorbitol (OR = 0.31, 95 % CI: 0.13–0.65, 
p = 0.002) was associated with lower odds of advanced hyper
tension. Aspartame substitution showed a trend toward lower 
hypertension risk, but the association was not statistically signif
icant. These findings  suggest that replacing added sugars with 
specific  NNS may be associated with a lower likelihood of 
advanced hypertension.

3.6. Urinary biomarker validation and sensitivity analysis

To validate self-reported NNS intake, we analyzed urinary 
sweetener levels in participants with available urine samples. The 
correlation between NNS-FFQ sweetener consumption and uri
nary biomarkers was strong, with AceK (ρ = 0.903, p < 0.001) and 
steviol (ρ = 0.996, p < 0.001), supporting the validity of the dietary 

Table 2 
Association between sweetener consumption and pediatric hypertension.

Sweeteners Exposure dosea,b 95c 99d

OR 95 % CI P P for trend OR 95 % CI P P for trend

AceK 0 (N = 1120) ref 0.56 ref 0.09
M1 (N = 253) 0.65 0.41 1.03 0.07 0.48 0.23 1.01 0.05
M2 (N = 254) 1.01 0.67 1.51 0.98 0.69 0.36 1.33 0.27

Aspartame 0 (N = 976) ref 0.79 ref 0.03
M1 (N = 339) 0.91 0.63 1.32 0.63 1.34 0.80 2.24 0.26
M2 (N = 326) 0.97 0.67 1.41 0.89 1.69 1.03 2.75 0.04

Sucralose 0 (N = 917) ref 0.59 ref 0.38
M1 (N = 387) 1.18 0.84 1.65 0.35 1.36 0.86 2.16 0.19
M2 (N = 338) 1.06 0.74 1.53 0.75 0.64 0.35 1.17 0.15

Glycyrrhizin 0 (N = 984) ref 0.48 ref 0.21
M1 (N = 317) 0.69 0.47 1.02 0.07 0.66 0.37 1.19 0.17
M2 (N = 336) 0.96 0.67 1.38 0.84 0.77 0.45 1.32 0.34

Steviol 0 (N = 1273) ref 0.06 ref 0.05
M1 (N = 157) 0.70 0.42 1.17 0.18 0.59 0.27 1.29 0.19
M2 (N = 160) 0.65 0.37 1.14 0.13 0.48 0.19 1.21 0.12

Sorbitol 0 (N = 708) ref 0.19 ref 0.13
M1 (N = 481) 0.61 0.43 0.87 0.006 0.76 0.47 1.22 0.26
M2 (N = 452) 0.87 0.62 1.22 0.43 0.70 0.42 1.17 0.17

Added sugars 0 (N = 483) ref <0.001 ref <0.001
M1 (N = 586) 1.67 1.16 2.43 0.006 2.04 1.14 3.63 0.02
M2 (N = 592) 1.99 1.38 2.87 <0.001 2.63 1.50 4.60 <0.001

Abbreviation: OR, odds ratio; CI, confidence interval; AceK, acesulfame potassium; BMI, Body Mass Index.
a The exposure dose was estimated as the proportion of daily intake relative to the acceptable daily intake and was categorized into two groups (M1 and M2) on the basis 

of the median, with a reference to the no intake group. The models were adjusted for age, sex, family history, z-BMI, total calorie intake, total sodium intake, physical activity, 
parental education, and household income.

b Sample sizes vary slightly across sweeteners due to missing exposure data for specific sweetener types. Participants without valid intake data for a particular sweetener 
were excluded from that specific analysis.

c 95 means hypertension, using cutoff at 95th percentile of blood pressure, either systolic or diastolic hypertension.
d 99 means advanced hypertension, using cutoff at 99th percentile of blood pressure, either systolic or diastolic hypertension.
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Table 3 
Association between sweetener consumption and pediatric hypertension at various cutoffs.

Sweeteners Exposure dosea,b SBP95c SBP99d DBP95c DBP99d

OR 95 % CI P P for trend OR 95 % CI P P for trend OR 95 % CI P P for trend OR 95 % CI P P for trend

AceK 0 (N = 1120) ref 0.05 ref 0.13 ref 0.47 ref 0.19
M1 (N = 253) 0.54 0.26 1.14 0.11 0.74 0.25 2.13 0.57 0.62 0.37 1.02 0.06 0.50 0.23 1.10 0.09
M2 (N = 254) 0.55 0.26 1.17 0.12 0.34 0.08 1.47 0.15 0.98 0.63 1.52 0.92 0.76 0.38 1.52 0.44

Aspartame 0 (N = 976) ref 0.18 ref 0.41 ref 0.77 ref 0.04
M1 (N = 339) 0.62 0.33 1.16 0.13 0.88 0.33 2.37 0.80 1.12 0.77 1.64 0.55 1.48 0.86 2.54 0.16
M2 (N = 326) 0.74 0.41 1.34 0.32 1.48 0.66 3.31 0.34 1.03 0.69 1.53 0.89 1.70 1.00 2.89 0.05

Sucralose 0 (N = 917) ref 0.92 ref 0.18 ref 0.55 ref 0.70
M1 (N = 387) 1.22 0.73 2.03 0.45 0.96 0.42 2.20 0.93 1.00 0.69 1.45 0.99 1.36 0.82 2.24 0.23
M2 (N = 338) 0.90 0.50 1.62 0.73 0.45 0.15 1.33 0.15 0.87 0.58 1.31 0.51 0.77 0.41 1.43 0.41

Glycyrrhizin 0 (N = 984) ref 0.33 ref 0.40 ref 0.31 ref 0.55
M1 (N = 317) 0.51 0.26 1.01 0.05 0.46 0.14 1.55 0.21 0.73 0.48 1.11 0.14 0.77 0.41 1.43 0.41
M2 (N = 336) 0.88 0.50 1.53 0.64 0.78 0.33 1.83 0.56 0.88 0.59 1.30 0.51 0.89 0.51 1.56 0.68

Steviol 0 (N = 1273) ref 0.50 ref 0.31 ref 0.01 ref 0.14
M1 (N = 157) 0.52 0.21 1.30 0.16 0.54 0.13 2.33 0.41 0.63 0.35 1.13 0.12 0.63 0.27 1.49 0.30
M2 (N = 160) 0.94 0.44 2.01 0.88 0.56 0.13 2.39 0.43 0.49 0.25 0.96 0.04 0.57 0.23 1.45 0.24

Sorbitol 0 (N = 708) ref 0.12 ref 0.16 ref 0.22 ref 0.16
M1 (N = 481) 0.49 0.28 0.87 0.01 0.47 0.19 1.18 0.11 0.68 0.47 0.98 0.04 0.74 0.44 1.24 0.25
M2 (N = 452) 0.74 0.44 1.26 0.27 0.61 0.26 1.40 0.24 0.85 0.59 1.23 0.38 0.70 0.40 1.21 0.20

Added sugars 0 (N = 483) ref 0.01 ref 0.19 ref 0.003 ref <0.001
M1 (N = 586) 1.60 0.88 2.91 0.12 1.88 0.75 4.75 0.18 1.62 1.09 2.40 0.02 1.86 0.98 3.52 0.06
M2 (N = 592) 2.20 1.24 3.89 0.01 1.91 0.76 4.80 0.17 1.84 1.24 2.73 0.002 2.98 1.63 5.45 <0.001

Abbreviation: SBP, systolic blood pressure; DBP, diastolic blood pressure; AceK, acesulfame potassium; OR, odds ratio; CI, confidence interval; BMI, Body Mass Index.
a The exposure dose was estimated as the proportion of daily intake relative to the acceptable daily intake and was categorized into two groups (M1 and M2) on the basis of the median, with a reference to the no intake 

group. The models were adjusted for age, sex, family history, z-BMI, total calorie intake, total sodium intake, physical activity, parental education, and household income.
b Sample sizes vary slightly across sweeteners due to missing exposure data for specific sweetener types. Participants without valid intake data for a particular sweetener were excluded from that specific analysis.
c 95 means hypertension, using cutoff at 95th percentile of blood pressure, either systolic or diastolic hypertension.
d 99 means advanced hypertension, using cutoff at 99th percentile of blood pressure, either systolic or diastolic hypertension.
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questionnaire assessment. Supplementary Table 6 compares 
baseline characteristics of the participants with and without urine 
samples. Girls were more likely to provide urine samples. Partic
ipants with urine samples had higher DBP and z-BMI, while SBP 
and other variables did not differ significantly.

Table 4 demonstrates the relationship between urinary sweet
ener levels and pediatric hypertension. The urinary AceK level was 
inversely associated with hypertension risk. The OR was 0.59 (95 % 
CI: 0.35–0.99; p = 0.05) in the M1 group and 0.37 (95 % CI: 0.22–0.63; 

p < 0.001) in the M2 group, with a strong dose-dependent effect (p 
for trend<0.001). Conversely, urinary steviol level were not signifi
cantly associated with hypertension risk in either the M1 or M2 
group. In advanced hypertension, urinary AceK were inversely 
associated with hypertension risk in the M2 group (OR = 0.39, 95 % 
CI: 0.19–0.79; p = 0.009; p for trend = 0.01), while no significant 
association was observed in the M1 group or for urinary steviol.

In sex-specific  analyses, urinary AceK levels were inversely 
associated with hypertension in girls. The OR was 0.34 (95 % CI: 
0.18–0.66; p = 0.001) in the M1 group and 0.22 (95 % CI: 0.12–0.43; 
p < 0.001) in the M2 group. These associations remained signifi
cant for advanced hypertension. The OR was 0.28 (95 % CI: 
0.11–0.70; p = 0.006) in the M1 group and 0.30 (95 % CI: 0.13–0.68; 
p = 0.004) in the M2 group. No significant  associations were 
observed in boys.

4. Discussion

Our study revealed that added sugar consumption was associ
ated with a higher hypertension risk in a dose-dependent manner, 
with this relationship consistent across both sexes and notably 
stronger in overweight children. Regarding NNS, aspartame con
sumption was linked to higher diastolic hypertension risk, espe
cially in boys. Conversely, steviol intake showed an inverse dose- 
dependent relationship with diastolic hypertension, although the 
effect appeared subtle in cases of advanced hypertension. AceK 
consumption was negatively correlated with hypertension risk, 
particularly diastolic hypertension, with a more pronounced as
sociation observed in girls. Importantly, substitution analysis 
indicated that replacing added sugars with certain NNSs was 
associated with a reduced risk of hypertension. These findings 
from the NNS-FFQ was further supported by urinary biomarker 
analysis, which revealed a consistent inverse association observed 
between urinary AceK levels and hypertension risk.

Fig. 1. Effect of sweetener consumption on hypertension risk. The exposure dose was categorized into two groups (I and II) on the basis of the median, with a reference to the 
no intake group. The models were adjusted for age, sex, family history, z-BMI, total calorie intake, total sodium intake, and physical activity. A, Effect on systolic hypertension using 
cutoffs at 95th percentile in children. B, Effect on diastolic hypertension using cutoffs at 95th percentile in children. C and D, We conducted sex-specific analysis using cutoff at 
99th percentile of blood pressure, either systolic or diastolic hypertension. C, Effect on hypertension using cutoff at 99th percentile in girls. D, Effect on hypertension using cutoff 
at 99th percentile in boys. Abbreviation: SBP, systolic blood pressure; DBP, diastolic blood pressure; AceK, acesulfame potassium.

Fig. 2. Dose-dependent effect of sweetener consumption on diastolic hyperten
sion. P for trend was analyzed for dose-dependent effect of sweeteners on blood 
pressure with logistic regression models. The models were adjusted for age, sex, 
family history, z-BMI, total calorie intake, total sodium intake, physical activity, 
parental education, and family income. 95 means using cutoff at the 95th percentile of 
diastolic blood pressure. 99 means using cutoff at the 99th percentile of diastolic 
blood pressure.
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These findings  carry important public health implications in 
the Taiwanese dietary context, where added sugars are widely 
consumed through processed foods and popular beverages such as 
hand-shaken drinks (e.g., bubble tea). Aspartame is commonly 
found in diet sodas and sugar-free gum. Steviol is frequently used 
in low-sugar drinks and health foods, while AceK appears in sugar- 
free beverages, candies, and dairy products. These consumption 
patterns highlight the need to shape dietary guidelines. Educating 
parents and caregivers to monitor children's intake of added 
sugars and NNSs may be a valuable strategy for mitigating the risk 
of pediatric hypertension.

4.1. Added sugar and pediatric hypertension

Excessive added sugar consumption in children is a well- 
established contributor to adverse health outcomes, including 
obesity, metabolic syndrome, and type 2 diabetes. These conditions 
are recognized risk factors for elevated blood pressure [26]. Several 
biological mechanisms may explain how added sugars contributes 
to hypertension. High sugar intake can induce insulin resistance, 
which activates the renin-angiotensin-aldosterone system and 
upregulate angiotensin II type 1 receptor expression. These changes 
lead to endothelial dysfunction and promote hypertension [27,28].

Fig. 3. Substitution Analysis of Added Sugars with Non-Nutritive Sweeteners for Pediatric Hypertension. The substitution analysis examines the association between 
substituting added sugars with NNS and pediatric hypertension risk. The exposure dose was estimated as the proportion of daily intake relative to the acceptable daily intake, and 
participants were categorized as non-consumers or further stratified by median intake. The substitution model compared the “Low Sugar, High NNS” group with the “High Sugar, 
Low/No NNS” group, adjusting for age, sex, family history, z-BMI, total calorie intake, total sodium intake, and physical activity. This model reflects relative differences in con
sumption patterns rather than standardized serving sizes. Abbreviation: NNS, Non-Nutritive Sweeteners; ADI, acceptable daily intake; AceK, acesulfame potassium; Asp, 
aspartame; Suc, sucralose; Gly, glycyrrhizin; Ste, steviol; Sor, sorbitol; BMI, body mass index.

Table 4 
Association between levels of urinary sweetener and pediatric hypertension.

Group Sweeteners Urine levela,b 95c 99d

OR 95%CI P P for trend OR 95%CI P P for trend

Total group AceK 0 (N = 152) ref <0.001 ref 0.01
M1 (N = 194) 0.59 0.35 0.99 0.05 0.52 0.25 1.08 0.08
M2 (N = 229) 0.37 0.22 0.63 <0.001 0.39 0.19 0.79 0.009

Steviol glycosides 0 (N = 142) ref 0.42 ref 0.51
M1 (N = 255) 0.93 0.54 1.59 0.78 1.04 0.49 2.21 0.92
M2 (N = 163) 1.24 0.71 2.18 0.45 1.29 0.59 2.81 0.53

Girls AceK 0 (N = 112) ref <0.001 ref 0.004
M1 (N = 134) 0.34 0.18 0.66 0.001 0.28 0.11 0.70 0.006
M2 (N = 171) 0.22 0.12 0.43 <0.001 0.30 0.13 0.68 0.004

Steviol glycosides 0 (N = 101) ref 0.36 ref 0.27
M1 (N = 190) 0.69 0.36 1.32 0.26 0.87 0.35 2.18 0.77
M2 (N = 118) 1.33 0.68 2.60 0.41 1.60 0.64 4.00 0.32

Boys AceK 0 (N = 40) ref 0.34 ref 0.47
M1 (N = 60) 3.31 1.11 9.86 0.03 8.16 0.88 75.72 0.07
M2 (N = 58) 1.97 0.64 6.05 0.24 3.32 0.31 36.02 0.32

Steviol glycosides 0 (N = 41) ref 0.59 ref 0.40
M1 (N = 65) 2.60 0.81 8.33 0.11 1.41 0.28 7.20 0.68
M2 (N = 45) 1.66 0.49 5.64 0.42 0.44 0.06 3.19 0.42

Abbreviation: OR, odds ratio; CI, confidence interval; BMI, Body Mass Index; AceK, acesulfame potassium.
a Urine level was categorized into two groups (M1 and M2) on the basis of the median, with a reference to the no intake group. The models were adjusted for age, sex, 

family history, z-BMI, total calorie intake, total sodium intake, physical activity, parental education, and household income.
b Sample sizes vary slightly across sweeteners due to missing exposure data for specific sweetener types. Participants without valid intake data for a particular sweetener 

were excluded from that specific analysis.
c 95 means hypertension, using cutoff at 95th percentile of blood pressure, either systolic or diastolic hypertension.
d 99 means advanced hypertension, using cutoff at 99th percentile of blood pressure, either systolic or diastolic hypertension.
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Moreover, excessive sugar consumption has been shown to 
increase reactive oxygen stress, which may stimulate sympathetic 
nervous system and further raise pediatric hypertension risk 
[29,30]. Evidence from adult studies, such as the PREMIER trial, 
demonstrated that reducing SSB consumption by just one serving 
per day over 18 months significantly  lowered both systolic and 
diastolic blood pressure [31]. These findings support the biological 
plausibility of the impact of added sugar intake on blood pressure. 
However, more pediatric-specific  investigation is needed to 
confirm these effects in younger populations.

4.2. NNS and pediatric hypertension

The association between NNSs consumption and cardiovascu
lar health, particularly pediatric hypertension, remains complex 
and is still under debate. Some research, including a randomized 
controlled trial in young adults, have reported that reducing both 
naturally and artificially sweetened beverages intake led to lower 
blood pressure [32]. Systematic reviews have raised concerns that 
NNS consumption may lead to lasting adverse cardiometabolic 
outcomes. These include increased weight gain, larger waist 
circumference, and a higher risk of developing obesity, hyperten
sion, metabolic syndrome, type 2 diabetes, and cardiovascular 
events [8]. However, the mechanisms underlying these associa
tion, and whether they differ across specific  NNS types, remain 
unclear and warrant further clarification.

Aspartame is metabolized into phenylalanine, aspartic acid, 
and methanol, which can elevate oxidative stress and impair 
mitochondrial function [33]. Emerging research suggests that 
phenylalanine might impair nitric oxide availability and endo
thelial function [34]. These alternations could contribute to 
vascular remodeling, such as smooth muscle cell proliferation, 
hypertrophy, and collagen deposition, ultimately leading to 
vascular thickening and narrowing. In addition, elevated oxidative 
stress may damage endothelial cells, impair vascular relaxation, 
and increase vascular contractility [35]. These mechanisms may 
collectively promote the development of hypertension. In our 
study, aspartame consumption was positively associated with 
diastolic hypertension, especially among boys.

The evidence regarding AceK and cardiovascular risk is incon
clusive. While one animal study reported that AceK consumption 
was associated with increased atherosclerosis risk [36], the 
mechanisms remain uncertain. Interestingly, our findings showed 
an inverse association between AceK consumption and hyper
tension risk, particularly among girls. One possible explanation for 
this finding is AceK's antiglycation effect [37], which may reduce 
the accumulation of advanced glycation end-products and limit 
free radical activity. Both processes contribute to biomolecular 
damage and are implicated in the development of hypertension 
[38]. Notably, sex-specific differences have been observed in ani
mal studies. For instance, AceK consumption led to weight gain in 
male rats but not in females [39]. Another study revealed that AceK 
modulated gut microbiota and the expression of metabolic genes 
differently in male and female mice. In males, AceK intake altered 
gut bacteria related to carbohydrate metabolism and increased 
body weight. In contrast, in females, AceK intake shifted microbial 
composition and downregulated genes involved in carbohydrate 
absorption [40]. Although these observations are noteworthy, the 
relevance of these animal model findings  to human physiology 
remains uncertain and necessitates additional validation.

AceK is not metabolized and excreted unchanged in urine [41], 
making it an accurate urinary biomarker for dietary exposure [42]. 
In our study, urinary AceK levels were inversely associated with 
hypertension risk, supporting the questionnaire-based findings 
and providing objective evidence for the observed associations.

Steviol glycosides, natural sweeteners derived from the Stevia 
plant, have demonstrated antihypertensive effects in both exper
imental and clinical settings. In animal models, steviol consump
tion has been shown to reduce glucose accumulation in the liver 
and kidneys, lower blood glucose levels, and decrease insulin 
resistance [43]. Moreover, steviol consumption induces systemic 
and renal vasodilation, diuresis, and natriuresis, contributing to 
blood pressure reduction in hypertensive rats [44,45]. Human 
studies have reported similar effects, showing significant  re
ductions in both systolic and diastolic blood pressure following 
steviol consumption [46]. These effects are linked to vaso
relaxation mediated by inhibition of calcium influx [45,47], similar 
to the action of calcium-channel blockers such as verapamil [48]. 
Prostaglandin-mediated enhancement of diuretic and natriuretic 
effects may also play a role in reducing plasma volume and 
vascular resistance [49]. These mechanisms align with our findings 
of an inverse association between steviol intake and hypertension, 
although the effect appeared less pronounced in advanced hy
pertension cases.

Steviol glucuronide, a urinary metabolite of steviol glycosides 
[50], serves as valid biomarkers for detecting oral steviol con
sumption [23]. However, in our study, urinary steviol levels were 
not significantly associated with hypertension risk. This discrep
ancy may be attributed to relatively low steviol intake within our 
cohort or to other unmeasured confounding factors that warrant 
further exploration.

4.3. Strengths and limitations

To the best of our knowledge, this is the first prospective cohort 
study to examine the association between NNS consumption and 
pediatric hypertension. By evaluating commonly consumed 
sweeteners and their relationship with hypertension risk, our 
findings offer valuable information for clinicians, caregivers, and 
public health policymakers. In addition, we conducted a sub
analysis for both SBP and DBP outcomes. Systolic hypertension is 
widely recognized as a major predictor of cardiovascular events 
[51]. However, diastolic hypertension plays a more significant role 
in driving coronary risk among younger individuals, whereas 
systolic hypertension becomes the dominant indicator in older 
populations [52].

A major strength of our study is the comprehensive adjustment 
for multiple confounding factors, including age, sex, family history 
of hypertension, z-BMI, calorie and sodium intake, physical ac
tivity, parental education, and household income. Each of these 
factors critically influence blood pressure regulation. For instance, 
age reflects  a child's stage of biological maturation. As children 
grow, changes in height, weight, and body composition naturally 
affect blood pressure [53]. By adjusting for age, we aimed to ensure 
that the associations we observed were not merely artifacts of 
normal developmental processes.

Sex also influences  pediatric hypertension risk through hor
monal changes during puberty. Boys typically have higher blood 
pressure than girls, primarily due to differences in gonadal and 
adrenal steroids, growth hormones, and growth factors. These 
physiological differences impact blood pressure regulation inde
pendently of body fat [54]. A family history of hypertension further 
increases pediatric hypertension risk, driven by both shared ge
netic susceptibility and lifestyle factors within households [55]. 
Moreover, physical activity is a well-documented protective factor 
against pediatric hypertension, with evidence showing a 33 % 
reduction in risk, particularly for elevated DBP. The protective ef
fect is mediated through mechanisms such as reduced excess 
visceral fat, which mitigates systemic inflammation,  improves 
insulin sensitivity, and promotes endothelial function [56]. These 
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changes contribute to better blood pressure regulation. Sodium 
intake is another crucial dietary factor. A systematic review found 
that each additional grams of daily sodium intake was associated 
with a 0.8 mmHg increase in SBP and a 0.7 mmHg increase in DBP 
among children and adolescents [57].

Importantly, we identified BMI as a key confounding factor that 
often overlooked in previous studies on blood pressure. Childhood 
obesity is strongly associated with elevated blood pressure [58]. 
Higher BMI in early childhood are linked to an increased hyper
tension risk later in life [59]. Furthermore, obesity correlates with 
increased NNS intake and higher BMI, both of which are linked to a 
greater likelihood of developing pediatric hypertension over time 
[60]. Since NNS use may be linked to both BMI and blood pressure, 
we performed a stratified  analysis. Results revealed a stronger 
impact of added sugar on hypertension among overweight 
children.

SES, reflected by parental education and household income, is 
another essential determinant of pediatric cardiometabolic health. 
Adolescents from lower SES households are more likely to engage 
in unhealthy lifestyle behaviors, such as poor dietary habits, 
reduced physical activity, and excessive screen time, all of which 
contribute to obesity and elevated blood pressure [61]. These 
disparities are often driven by environmental factors, including 
limited access to nutritious foods and physical activity opportu
nities, and greater exposure to SSB [62]. In our study, both parental 
education and household income were included as covariates in 
the multivariate models to account for potential confounding. 
Notably, the associations between sweetener consumption and 
pediatric hypertension remained significant after SES adjustment, 
suggesting that these dietary exposures exert effects on blood 
pressure beyond the influence  of socioeconomic context. Never
theless, SES may still interact with other unmeasured environ
mental or behavioral factors, which warrants further exploration 
in future studies.

We also conducted a substitution analyses, which modeled the 
theoretical impact of replacing added sugars with NNS. This 
approach provides practical insights for dietary recommendations 
aimed at improving cardiovascular health in pediatric populations.

Despite these strength, our study still has several limitations. 
Participants were recruited during clinical visits for growth or 
pubertal evaluation, which may potentially introduce selection 
bias. This cohort may differ from the general pediatric population 
in health status, parental health awareness, or lifestyle factors. 
Such differences could limit the generalizability of our findings. 
Although the prevalence of pediatric hypertension in our study 
(14.4 %) was comparable to national data from China and Japan 
[15,63], subtle differences might still exist, even after excluding 
children with known medical conditions.

Recall biases is another limitation, particularly in 24-h dietary 
recalls and food frequency questionnaires. Although the validity 
and accuracy of the NNS-FFQ was confirmed when establishment 
[21], caregivers might overlook condiments containing sweeteners 
during meal preparation and underestimating sweeteners intake. 
To mitigate this problem, we collected urine samples and 
measured AceK and steviol levels through liquid chromatography 
tandem mass spectrometry [64]. These biomarkers showed strong 
agreement with questionnaire-based data in our study and pro
vided objective validation of associations with hypertension. 
However, urinary biomarkers only reflect recent exposure, and do 
not eliminate the recall bias for other sweeteners.

Pediatric hypertension resulted from multifaceted interactions 
between genetic, environmental, and lifestyle factors. While our 
analysis adjusted for key confounders, residual confounding from 
unmeasured variables cannot be entirely excluded. For example, 
while NNS is generally used to reduce total energy intake, NNS 

consumption may lead to compensatory eating behaviors [2,6]. 
Additionally, NNS consumption might indicate broader dietary 
patterns, such as dieting or frequent intake of processed, high- 
calorie foods, which can influence  overall caloric intake. Since 
total energy intake impacts weight and metabolic health regard
less of sweetener type [1], these dietary patterns may partly 
explain the observed variations of blood pressure. To account for 
this condition, we included total calorie intake in all statistical 
models. Notably, the associations between NNS and pediatric hy
pertension remained consistent after this adjustment, supporting 
the robustness of our findings.

In addition, our analysis did not specifically exclude secondary 
hypertension, which accounts for approximately 14.3 % of pedi
atric hypertension cases in Taiwan [65]. Nonetheless, given its 
rarity and the exclusion of known metabolic or congenital dis
eases, the impact on our results is likely minimal. Lastly, although 
most participants consumed sweeteners below the WHO- 
recommended ADI, we still observed significant  associations 
with hypertension risk. This suggests that even moderate con
sumption of sweeteners may have cardiovascular implications in 
pediatric populations.

5. Conclusion

This study provides evidence of the association between 
sweetener consumption and pediatric hypertension. Added 
sugars and aspartame were positively associated with hyper
tension risk in a dose-dependent manner, while steviol glyco
sides and AceK showed negative correlation with hypertension 
risk, particularly in diastolic hypertension. Furthermore, substi
tution modeling suggested that replacing added sugars with 
certain NNSs was associated with a lower pediatric hypertension 
risk.

Early identification of dietary factors contributing to pediatric 
hypertension is crucial for preventing long-term metabolic com
plications. While our findings  suggest potential dietary targets, 
definitive causal statements cannot be made due to the limita
tions. However, our findings underscore the importance of limiting 
added sugar intake in children and highlight that the effects of 
NNS may vary significantly by type and potentially by sex. Further 
rigorous research is crucial for clarifying the specific  roles of 
sweeteners in blood pressure and for the development of dietary 
recommendations. Ultimately, such efforts may help reduce the 
incidence of cardiovascular complications and mitigate the asso
ciated medical and societal burden.
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