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Background: Early-life nutritional factors play a crucial role in child health, but 
their association with palatine tonsil grading is not well understood. This study 
aimed to investigate the relationship between early-life nutrition and palatine 
tonsil grading in preschool children.
Methods: A cross-sectional study of 2,786 children from 17 kindergartens in Yulin 
City was conducted. Palatine tonsil grading was assessed via physical examina-
tion, and early-life nutritional data were collected through parent questionnaires, 
with 816 valid matches to examination records. Associations between early-life 
nutrition and palatine tonsil grading were analyzed using age-adjusted ordered 
logistic regression, stratified by sex.
Results: Among 2,786 preschool children aged 2–7 years, palatine tonsillar 
hypertrophy (grades III–IV) was observed in 5.28%. Females aged 2–4 years had 
a significantly lower risk than males (OR = 0.438, p = 0.028), with no sex differ-
ence in older children. Univariate analysis of 454 males revealed no significant 
associations between feeding patterns (0–6, 6–12, 12–24 months), durations of 
breastfeeding and formula feeding, timing of formula milk introduction, or timing 
of complementary food introduction feeding and palatine tonsil grading. In 362 
females, exclusive formula feeding during 0–6 months was significantly associ-
ated with increased risk of higher palatine tonsil grading (OR = 2.625, p = 0.013), 
whereas formula introduction at 6–12 months was linked to a decreased risk 
(OR = 0.494, p = 0.047). Multivariable analysis suggests a possible increased risk 
for exclusive formula feeding during the first 6 months (OR = 2.409, p = 0.066), 
whereas formula introduction between 6 and 12 months showed no statistically 
significant (OR = 0.729, p = 0.494).
Conclusion: Our results suggested a possible association between exclusive for-
mula feeding during 0–6 months and a higher palatine tonsil grading in females, 
while larger studies are needed for confirmation. Other early nutritional expo-
sures showed no significant effect, and no associations were observed in males.
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1 Introduction

Breastfeeding serves as the most critical source of nutrition and 
immunological support in infancy, providing a rich composition of 
microbiota, immune components, and bioactive factors (1, 2). The 
World Health Organization (WHO) and United Nations International 
Children’s Emergency Fund (UNICEF) recommend exclusive breast-
feeding for the first 6 months of life, followed by continued breastfeed-
ing alongside complementary foods for up to 2 years or longer (3). 
Numerous studies have shown that breastfeeding protects against vari-
ous otorhinolaryngological diseases. For example, breastfeeding 
beyond 6 months reduces the risk of allergic rhinitis (4), and exclusive 
breastfeeding for 3 or 6 months lowers the incidence of acute otitis 
media (OR = 0.18 and 0.25, respectively) (5). However, these protec-
tive effects are disease-specific and not universal; evidence linking 
breastfeeding to reduced risk of sleep-disordered breathing or atopic 
conditions such as asthma and eczema is inconsistent (6, 7). Moreover, 
prolonged breastfeeding may increase certain risks, including early 
childhood caries after 12 months (8) and food allergies with breast-
feeding beyond 6 months (4). Taken together, these findings highlight 
a complex, nuanced relationship between breastfeeding duration and 
child health outcomes.

While breastfeeding has been linked to protection against some 
otorhinolaryngological diseases, its influence on palatine tonsillar 
hypertrophy has not been well elucidated. Palatine tonsillar hypertro-
phy is a common otorhinolaryngological condition that can cause 
upper airway obstruction, which leads to symptoms including snor-
ing, sleep-disordered breathing, and hypoxemia, thereby impairing 
sleep quality, physical growth, and overall quality of life. As such, it 
represents an important public health concern. Although alterations 
of the tonsillar microenvironment in chronic palatine tonsillitis and 
tonsillar hypertrophy have been documented (9, 10), the factors influ-
encing tonsillar growth and grading remain incompletely understood. 
Notably, differences in oral microbiota composition between breastfed 
and formula-fed infants have been demonstrated (11), suggesting that 
breastfeeding may influence tonsillar development not only through 
immune protection but also via shaping the early colonization and 
balance of oropharyngeal microbiota.

Meanwhile, numerous studies suggest that the influence of early 
nutrition on immune and microbial development is modulated by sex 
(12). For example, breastfeeding reduces the risk of neonatal respira-
tory tract infection in female but not male infants (13). Similarly, a 
randomized placebo-controlled trial among Tanzanian mothers living 
with HIV found that perinatal and postnatal vitamin supplementation 
was associated with a 32% reduction in female infant mortality, with 
no corresponding benefit observed in males (14). Vitamin A supple-
mentation administered alongside measles vaccination to children 
aged 6–23 months exhibited sex-specific immunomodulatory effects, 
including decreased leukocyte subsets in males and increased leuko-
cyte counts and ex vivo IFN-γ production in females (15).

Given that the palatine tonsils serve as a key mucosal immune site 
at the interface of microbial exposure, it is plausible that early-life 
nutritional factors such as breastfeeding, formula feeding, and the 
timing of complementary food introduction influence palatine tonsil-
lar growth and grading by modulating the oropharyngeal microbiota 
and immune development. However, to date, no studies have investi-
gated the association between early-life nutrition and palatine tonsil 
grading. Recognizing established sex differences in immunity, this 
study employs sex-stratified analysis to explore the relationship 

between early-life nutritional factors and palatine tonsil grading in 
preschool-aged children, providing novel insights into the role of 
early-life nutrition in shaping palatine tonsillar development and 
hypertrophy.

2 Materials and methods

2.1 Study design and participants

Palatine tonsillar hypertrophy is common in preschool children, 
and insufficient parental awareness may lead to pediatric sleep-disor-
dered breathing with consequent effects on growth and development. 
Our team coordinated with the local education department and kin-
dergarten administrators to provide complimentary physical examina-
tions for preschool children. The examination included assessment of 
the palatine tonsil grade, along with current height and weight. The 
study utilized a cluster sampling method to recruit participants from 
17 kindergartens across the region. Before the examinations, kinder-
garten teachers informed parents about the screening initiative and 
obtained informed consent. Exclusion criteria: (1) parental refusal to 
participate in the physical examination; and (2) inability of the child 
to cooperate adequately with the examination procedures. Inclusion 
criteria: (1) enrolled in one of the 17 selected kindergartens; (2) par-
ents agreed to participate; and (3) child able to cooperate with the 
physical examination. The specific research flowchart is presented in 
Figure 1. This study was reviewed and approved by the Medical Ethics 
Committee of the Yulin Maternal and Child Health Care Hospital, 
Guangxi, China (Approval No. [2025] Ethics Review (2)).

2.2 Data collection

Data were collected through structured physical examinations and 
parent-reported questionnaires from 2025-03-01 to 2025-05-30. The 
physical examinations were conducted by experienced otorhinolaryn-
gologists. All grading was performed by visual inspection following a 
standardized procedure: with the child in an appropriate seated position, 
a tongue depressor was used to gently press down the anterior two-thirds 
of the tongue, allowing clear observation and assessment of the palatine 
tonsils. The size of the palatine tonsils was then recorded according to 
the Brodsky grading scale (16), which classifies tonsillar enlargement 
based on the percentage of oropharyngeal width occupied: Grade 0 (ton-
sils within the tonsillar fossa or previously removed), Grade I (<25%), 
Grade II (25–50%), Grade III (51–75%), and Grade IV (>75%). Tonsil 
size was expressed as the proportion of oropharyngeal space occupied. 
Palatine tonsillar hypertrophy was defined as >50% occupation of the 
oropharyngeal width, corresponding to Brodsky Grades III and IV.

Upon reaching each kindergarten, our team will coordinate with 
the teachers to simultaneously provide a parent-reported question-
naire, designed to collect data on early-life nutritional factors and other 
relevant information. Teachers will distribute the questionnaire link 
within their respective parent communication groups, enabling parents 
or guardians to complete it voluntarily and independently at their con-
venience. Before participation, all parents or guardians provided elec-
tronic informed consent through an online platform after receiving full 
information about the study. The questionnaire included basic demo-
graphic characteristics, perinatal-related characteristics, and detailed 
feeding history during infancy and early childhood. Key feeding 

https://doi.org/10.3389/fnut.2026.1789543
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Guo et al.� 10.3389/fnut.2026.1789543

Frontiers in Nutrition 03 frontiersin.org

variables were defined according to standardized criteria: breastfeeding 
duration was recorded as the age at the last breastfeeding episode; for-
mula feeding variables included age at introduction and total duration, 
with formula intake defined as daily consumption of at least 300 mL; 
complementary foods were defined as all foods and beverages (exclud-
ing water, breast milk, and formula) introduced to supplement milk 
feeding. The timing of complementary food introduction was recorded 
as the age at which such foods or beverages were first regularly offered 
to the child. The full questionnaire is provided in Supplementary File 1.

2.3 Data security

To protect participant privacy, all collected questionnaire and 
physical examination data were assigned a unique study identification 
number after matching by name and kindergarten. Personally identifi-
able information was anonymized. All data were used solely for aggre-
gate statistical analysis, and no individually identifiable information 
was disclosed in any public reporting of the study findings.

2.4 Variables and statistical analysis

In this cross-sectional study, descriptive statistics were first used to 
summarize palatine tonsil grading among the examined children, and 
the prevalence of palatine tonsillar hypertrophy was calculated. To 
evaluate the representativeness of the analytic sample, baseline charac-
teristics of the questionnaire-included analytic sample were compared 
with those of the overall sample using chi-square tests for categorical 
variables (reported as frequencies and percentages). Palatine tonsil 
grading was treated as an ordered categorical variable (Grades 0–I, II, 
III, IV). The Spearman rank correlation coefficient was used to exam-
ine the association between palatine tonsil grading and age. Weight and 
height were regressed on age for each sex, and the standardized residu-
als from these models served as the age-independent Z-scores.

Feeding patterns were categorized according to age periods and 
feeding types. Specifically, feeding patterns during 0–6 months were 
classified as breastfeeding (exclusive breastfeeding from birth), for-
mula feeding (exclusive formula feeding from birth), or mixed feeding 

FIGURE 1

Flow diagram of the study.
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(receipt of both breast milk and formula milk from birth). During 
both the 6–12 month and the 12–24 month periods, feeding patterns 
were classified as breastfeeding with complementary food (breast milk 
plus complementary foods, without formula), formula feeding with 
complementary food (formula plus complementary foods, without 
breast milk), or mixed feeding with complementary food (breast milk, 
formula, and complementary foods), respectively. Key early feeding 
variables were also included and categorized as follows: breastfeeding 
duration (<6 months, ≥6 to <12 months, ≥12 months), formula feed-
ing duration (<12 months, ≥12 to <24 months, ≥24 months), timing 
of complementary food introduction (<5 months, ≥5 to <6 months, 
≥6 to <7 months, ≥7 months), and timing of formula feeding initia-
tion (no formula feeding, <6 months, ≥6 to <12 months, ≥12 months).

All models were adjusted for age to account for physiological age-
related enlargement of tonsils. To explore potential sex-specific asso-
ciations, analyses were stratified by sex, and separate ordinal logistic 
regression models were fitted for males and females. The proportional 
odds assumption was tested using the Brant test, and the omnibus test 
results are reported. Results are presented as odds ratios (ORs) with 
95% confidence intervals (CIs). p value < 0.05 was considered statisti-
cally significant. All analyses and figure generation were performed 
using R software (version 4.4.1).

3 Results

3.1 Prevalence and trends related to age 
and sex in palatine tonsillar hypertrophy

A total of 2,786 valid physical examination records were obtained 
from children enrolled in the 17 kindergartens. The distribution of 
palatine tonsil grading among the 2,786 preschool children was as 
follows: Grade 0 in 135 children (4.84%), Grade I in 2,136 (76.67%), 
Grade II in 368 (13.21%), Grade III in 134 (4.81%), and Grade IV in 
13 (0.47%). The overall prevalence of palatine tonsillar hypertrophy 

(defined as Grade III or higher) was 5.28% (Figure 2). Age-stratified 
analysis revealed distinct trends in palatine tonsil grading, with the 
proportion of children exhibiting Grade 0 to I tonsils decreasing with 
age, while those with Grade II to IV tonsils increased. Spearman cor-
relation analysis demonstrated a statistically significant positive asso-
ciation between tonsil grading and age (rho = 0.05, p < 0.01). 
Furthermore, ordinal logistic regression confirmed that increasing age 
was significantly associated with higher palatine tonsil grading, with 
an odds ratio of 1.123 (95% CI: 1.037–1.218, p < 0.01).

Subsequently, we conducted stratified analyses by age groups to 
examine the impact of sex on palatine tonsillar hypertrophy. In the 2 
to 4-year-old group, females demonstrated a significantly lower risk 
compared to males (OR = 0.438, 95% CI: 0.21–0.915, p = 0.028), sug-
gesting a protective effect of female sex in this age range. In contrast, 
no statistically significant difference was observed between females 
and males in the 5 to 7-year-old group (OR = 1.230, 95% CI: 0.836–
1.809, p = 0.294). These results indicate that the association between 
sex and palatine tonsillar hypertrophy is age-dependent, with a sig-
nificant protective effect of female sex apparent only in the younger 
age group.

3.2 Comparable baseline characteristics 
between analytic sample and overall 
cohorts

Online questionnaires were submitted by parents, yielding 990 
responses. After excluding 17 submissions in which parents refused 
participation and 12 duplicate entries, 961 valid questionnaires were 
retained, corresponding to a valid response rate of 34.5% (961/2,786) 
relative to all children who underwent physical examination. Using 
kindergarten and child names as unique identifiers, these question-
naire data were matched to physical examination records, resulting in 
a final analytic sample of 816 children with complete data from both 
sources. To assess the representativeness of this analytic sample, base-
line characteristics of these 816 preschool children were compared 
with those of the entire examination cohort (n = 2,786). No 

FIGURE 2

Distribution of palatine tonsil grading in preschool children (n = 2,786). Bars represent the percentage distribution of Brodsky tonsil grading within each 
age group, with respective sample sizes indicated below the age labels.
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statistically significant differences were observed in sex, age, or tonsil-
grade distribution between the two groups (p > 0.05) (Table 1), indi-
cating that the analytic sample is representative of the overall study 
population and provides a valid foundation for subsequent association 
analyses.

3.3 Breastfeeding duration and adherence 
to WHO recommendations in the study 
population

Analysis of breastfeeding practices among the 816 children 
revealed that a vast majority (92.5%) had been breastfed. However, 
compared with the WHO infant and young child feeding guidelines, 
which recommend exclusive breastfeeding for the first 6 months and 
continued breastfeeding up to 2 years or beyond, substantial gaps in 
adherence were evident (Figure 3). Specifically, 54.2% of children were 
breastfed for at least 6 months, while only 1.8% met the 24–month 
breastfeeding recommendation. Additionally, nearly one quarter 
(26.9%) of children were breastfed for less than 3 months. These find-
ings suggest that although breastfeeding initiation rates are high in 
this population, maintaining breastfeeding for the recommended 
duration remains a significant challenge.

3.4 Associations between early feeding 
patterns and palatine tonsil grading

To investigate the association of feeding patterns before 2 years of 
age on palatine tonsil grading, including exclusive breastfeeding, for-
mula feeding, mixed feeding, and introduction of complementary 
foods, we conducted age-adjusted ordered logistic regression analyses 
stratified by sex. Omnibus Brant tests for each feeding period and sex 
subgroup were nonsignificant (e.g., males 0–6 months: χ2 = 1.494, 
p = 0.684; females 0–6 months: χ2 = 2.251, p = 0.522), indicating no 
violation of the proportional odds assumption and supporting the use 
of ordered logistic regression. Among males, no feeding pattern during 
the studied age intervals (0–6 months, 6–12 months, and 12–24 months) 
showed a significant association with palatine tonsil grading. In females, 

exclusive formula feeding during the first 0–6 months was significantly 
associated with an increased risk of higher palatine tonsil grading 
(OR = 2.625, 95% CI: 1.228–5.61, p = 0.013), while other feeding pat-
terns and age periods showed no significant relationships (Table 2).

3.5 Associations of breastfeeding and 
formula feeding durations with palatine 
tonsil grading

To assess the association of breastfeeding and formula feeding 
durations on palatine tonsil grading, the Brant test for the proportional 
odds assumption indicated no violations in any subgroup. Specifically, 
for breastfeeding duration, the Omnibus Brant test showed χ2 = 1.025 
(p = 0.795) in males and χ2 = 1.554 (p = 0.669) in females. For formula 
feeding duration, the corresponding Omnibus Brant statistics were 
χ2 = 1.264 (p = 0.737) in males and χ2 = 3.626 (p = 0.305) in females. 
Breastfeeding durations of 6–12 months and ≥12 months showed no 
significant association with palatine tonsil grading compared to 
<6 months in either sex. Similarly, formula feeding durations of 
12–24 months and ≥24 months showed no significant association with 
palatine tonsil grading compared to <12 months in either sex (Table 3).

3.6 Association of timing of formula feeding 
and complementary food introduction with 
palatine tonsil grading

To further evaluate the associations between the timing of intro-
ducing formula milk or complementary foods and palatine tonsil 
grading. The proportional odds assumption was satisfied in all models, 
supported by Omnibus Brant tests showing non-significant results: 
formula milk introduction in males (χ2 = 2.395, p = 0.663) and females 
(χ2 = 2.724, p = 0.605), as well as complementary food introduction in 
males (χ2 = 4.013, p = 0.404) and females (χ2 = 0.761, p = 0.944). 
Notably, in females, introducing formula milk between 6 and 
12 months was associated with a significantly lower risk of higher 
palatine tonsil grading (OR = 0.494, 95% CI: 0.246–0.989, p = 0.047) 
compared to introduction before 6 months. No statistically significant 

TABLE 1  Baseline characteristics for the analytic sample and the entire cohort.

Characteristics
Overall cohort Analytic sample

χ2 P value
(n = 2786) No. (%) (n = 816) No. (%)

Sex 0.012 0.913

 � Male 1544 (55.4%) 454 (55.6%)

 � Female 1242 (44.6%) 362 (44.4%)

Age-tonsil grade (2–3 year) NA 1.000*

 � 0–II 335 (97.7%) 160 (97.6%)

 � III–IV 8 (2.3%) 4 (2.4%)

Age-tonsil grade (4–5 year) 0.087 0.769

 � 0–II 1358 (94.6%) 356 (94.2%)

 � III–IV 78 (5.4%) 22 (5.8%)

Age-tonsil grade (6–7 year) 0.351 0.553

 � 0–II 946 (93.9%) 260 (94.9%)

 � III–IV 61 (6.1%) 14 (5.1%)

* Fisher’s exact test. NA, not available.
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associations were observed between the timing of formula milk intro-
duction and palatine tonsil grading in males. Additionally, the timing 
of complementary food introduction did not show any significant 
relationship with palatine tonsil grading in either males or females 
across all examined time categories (Table 4).

3.7 Associations of demographic and 
perinatal factors with palatine tonsil grading

To explore whether demographic and perinatal factors are associ-
ated with palatine tonsil grading, model adequacy was confirmed using 
omnibus Brant tests for each variable within sex-stratified models. All 
tests yielded non-significant results (e.g., birth order in males: χ2 = 0.712, 
p = 0.700; in females: χ2 = 1.082, p = 0.582), supporting the use of ordi-
nal logistic regression. Overall, most perinatal and demographic vari-
ables showed no statistically significant associations with tonsil grading 
(all p > 0.05). In the female subgroup, two marginal findings were 

observed: gestational age <37 weeks was associated with higher tonsil 
grading (OR = 2.735, 95% CI: 0.991–7.552, p = 0.052), while birth order 
≥2 was associated with lower tonsil grading (OR = 0.584, 95% CI: 
0.340–1.002, p = 0.051). Maternal history of upper respiratory infection 
during pregnancy, maternal age at pregnancy, mode of delivery, location 
of residence, birth weight, and age-adjusted weight and height Z-scores 
were not significantly associated with tonsil grading (Table 5).

3.8 Independent early feeding factors and 
associations with palatine tonsil grading

A multivariable analysis was performed in females to assess the 
combined effects of feeding patterns during the first 0–6 months 
and the timing of formula milk introduction on palatine tonsil 
grading. The proportional odds assumption was satisfied (Omnibus 
Brant test χ2 = 4.57, p = 0.600). None of the formula milk introduc-
tion timing categories showed a statistically significant association 

FIGURE 3

Distribution of breastfeeding duration among study participants (n = 816).

TABLE 2  Sex-stratified associations of feeding patterns from 0 to 24 months with palatine tonsil grading.

Feeding pattern Male (N=454) Female (N=362)

OR (95%CI) p value OR (95%CI) p value

0–6 months

 � Breastfeeding Reference Reference

 � Formula feeding 0.885 (0.385–2.035) 0.774 2.625 (1.228–5.61) 0.013

 � Mixed feeding 0.651 (0.345–1.231) 0.187 1.525 (0.834–2.789) 0.170

6–12 months

 � Breastfeeding+Complementary food Reference Reference

 � Formula feeding+Complementary food 0.806 (0.423–1.532) 0.510 1.616 (0.791–3.301) 0.188

 � Mixed feeding+Complementary food 0.518 (0.234–1.147) 0.105 1.242 (0.556–2.775) 0.598

12–24 months

 � Breastfeeding+Complementary food Reference Reference

 � Formula feeding+Complementary food 0.493 (0.176–1.383) 0.179 0.866 (0.236–3.183) 0.829

 � Mixed feeding+Complementary food 0.686 (0.208–2.261) 0.535 0.521 (0.107–2.535) 0.419
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with palatine tonsil grading. Compared to exclusive breastfeeding 
during 0–6 months, formula feeding showed a possible risk for 
increasing palatine tonsil grading, although this did not reach sta-
tistical significance (OR = 2.409, 95% CI: 0.943–6.152, p = 0.066). 
Mixed feeding was not significantly associated with palatine tonsil 
grading (OR = 1.454, 95% CI: 0.638–3.315, p = 0.373) (Table 6). 
However, given the low prevalence of palatine tonsillar hypertrophy 
(Grade III-IV, 5.28%) and the size of the subsample of females 
(n = 362), the study is likely to have low statistical power to detect 
associations, especially in multivariable analyses. The lack of 
observed associations (null statistical significance) could be due in 
part to insufficient power, not necessarily to the absence of a real 
association. The elevated point estimate associated with exclusive 
formula feeding during the first 6 months in females suggests a pos-
sible adverse effect that warrants further investigation.

4 Discussion

To our knowledge, this is the first study to illustrate the associa-
tion between early life nutrition and palatine tonsil grading in pre-
school children, which provides new evidence for re-evaluating the 
role of early nutrition in tonsillar development. Our study showed no 

significant association between breastfeeding duration and palatine 
tonsil grading in children. This result contrasts with the well-estab-
lished protective role of breastfeeding against other childhood otolar-
yngological disorders, such as otitis media and allergic rhinitis (4, 5). 
For example, Ding reported that breastfeeding beyond 6 months was 
associated with a reduced risk of allergic rhinitis (OR = 0.88, 95% CI: 
0.79–0.98) (4). Furat K demonstrated that both exclusive breastfeeding 
for 3 months (OR = 0.18) and for 6 months (OR = 0.25) were signifi-
cant protective factors against acute otitis media (5).

Previous studies have consistently demonstrated the protective 
effects of breastfeeding against infectious and allergic diseases (17–
20). Bioactive components in breast milk, including interferon-
gamma and long-chain polyunsaturated fatty acids, promote 
antigen-specific immune tolerance and modulate the Th1/Th2 balance 
by enhancing Th1 responses, thereby counteracting Th2-polarized 
allergic inflammation (19, 21). Furthermore, breastfeeding supports 
the establishment of a healthy infant gut microbiota. Microbial metab-
olites such as short-chain fatty acids can enhance the frequency and 
functional activity of regulatory T cells through epigenetic and other 
signaling pathways (22, 23). These mechanisms collectively contribute 
to the immunological profile observed in breastfed infants, character-
ized by higher proportions of regulatory T cells and lower levels of 
pro-inflammatory cytokines compared to formula-fed infants (24). In 
contrast, its impact on non-infectious, non-allergic health outcomes 

TABLE 3  Sex-stratified associations of early feeding durations with palatine tonsil grading.

Duration Male (N = 454) Female (N = 362)

OR (95%CI) p value OR (95%CI) p value

Breastfeeding

 � <6 months Reference Reference

 � ≥6 months & <12 months 1.132 (0.606–2.113) 0.697 0.713 (0.396–1.283) 0.259

 � ≥12 months 1.513 (0.697–3.283) 0.295 0.82 (0.361–1.863) 0.636

Formula feeding

 � <12 months Reference Reference

 � ≥12 months & <24 months 0.916 (0.386–2.172) 0.842 0.943 (0.427–2.083) 0.884

 � ≥24 months 1.333 (0.701–2.536) 0.381 1.265 (0.679–2.356) 0.459

TABLE 4  Sex-stratified associations of feeding introduction timing with palatine tonsil grading.

Timing of introducing Male (N = 454) Female (N = 362)

OR (95%CI) p value OR (95%CI) p value

Formula milk

 � <6 months Reference Reference

 � ≥6 months & <12 months 1.166 (0.589–2.308) 0.659 0.494 (0.246–0.989) 0.047

 � ≥12 months 2.207 (0.997–4.885) 0.051 0.843 (0.361–1.968) 0.693

 � No formula feeding 2.46 (0.762–7.941) 0.132 1.225 (0.372–4.032) 0.738

Complementary food

 � <5 months Reference Reference

 � ≥5 months & <6 months 0.688 (0.298–1.59) 0.382 0.676 (0.275–1.661) 0.393

 � ≥6 months & <7 months 0.494 (0.225–1.088) 0.080 0.944 (0.42–2.121) 0.889

 � ≥7 months 0.69 (0.29–1.643) 0.401 1.295 (0.518–3.236) 0.581

https://doi.org/10.3389/fnut.2026.1789543
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Guo et al.� 10.3389/fnut.2026.1789543

Frontiers in Nutrition 08 frontiersin.org

appears limited. For example, a large randomized controlled trial by 
Kramer found no significant developmental or behavioral benefits 
associated with prolonged breastfeeding (25), and extended breast-
feeding did not effectively mitigate cardio metabolic risk in healthy 
term-born children (26). Furthermore, some cohort studies have even 
suggested potential adverse effects of prolonged breastfeeding dura-
tion: breastfeeding beyond 12 months may increase the risk of early 
childhood caries (27) and is associated with a higher risk of food 
allergy (RR = 2.41) (28).

However, the pathophysiology of tonsillar hypertrophy is funda-
mentally distinct from that of allergic diseases. The core pathological 
process in tonsillar hypertrophy appears to be hyperplasia of the lym-
phoid tissue itself, which is strongly influenced by genetic factors. 
Zupin showed that specific rare haplotypes of the DEFB1 gene—which 
encodes the antimicrobial peptide human beta-defensin-1 (hBD-1)—
are significantly associated with susceptibility to tonsillar hypertrophy 

(OR = 9.90) (29). Additionally, Huang demonstrated that hypertro-
phic tonsil tissue exhibits extensive upregulation of innate immune 
and inflammatory pathways compared with normal tonsils, including 
enhanced activity in viral-sensing pathways (RIG-I/MAVS), multiple 
Toll-like receptors (TLR4/7), and key inflammatory mediators such as 
IL-1β, NF-κB, and IL-7 (30). When disease progression is driven pre-
dominantly by intrinsic genetic susceptibility or localized immune-
microenvironment dysregulation, the systemic immunomodulatory 
effects conferred by breastfeeding are likely insufficient to counteract 
these strong inherent proliferative and inflammatory tendencies. 
Therefore, breastfeeding appears to exert only a limited influence on 
the proliferation of tonsillar lymphoid tissue.

We observed no relationship between palatine tonsil grading and 
formula feeding duration in preschool children, which is consistent 
with a non-significant association with breastfeeding duration. This 
parallel null result further supports the concept that palatine tonsillar 

TABLE 5  Sex-stratified associations of perinatal and demographic factors with palatine tonsil grading.

Characteristics Male (N = 454) Female (N = 362)

OR (95%CI) p value OR (95%CI) p value

Maternal age at pregnancy (year)

 � <25 y Reference Reference

 � 25–29 y 1.373 (0.643–2.93) 0.413 1.897 (0.818–4.402) 0.136

 � 30–34 y 0.95 (0.421–2.144) 0.901 2.107 (0.88–5.046) 0.094

 � ≥35 y 0.641 (0.193–2.122) 0.466 1.578 (0.501–4.963) 0.436

Maternal history of URI during pregnancy

 � No Reference Reference

 � Yes (≥1 episode) 0.943 (0.494–1.799) 0.859 0.822 (0.460–1.467) 0.507

Gestational age (week)

 � ≥37w & <42w Reference Reference

 � <37w 1.013 (0.292–3.512) 0.984 2.735 (0.991–7.552) 0.052

 � ≥42w 1.770 (0.486–6.441) 0.387 0.995 (0.207–4.775) 0.995

Birth order

 � 1st Reference Reference

 � ≥2nd 0.983 (0.557–1.735) 0.952 0.584 (0.340–1.002) 0.051

Birth weight

 � ≥2500g & <4000g Reference Reference

 � <2500 g 1.614 (0.635–4.107) 0.315 0.686 (0.275–1.709) 0.418

 � ≥4000 g 0.542 (0.125–2.353) 0.414 1.000 (0.271–3.686) 1.000

Mode of delivery

 � Vaginal delivery Reference Reference

 � Cesarean delivery 0.595 (0.289–1.222) 0.157 1.394 (0.773–2.514) 0.269

Location of residence

 � Rural Reference Reference

 � Urban 1.015 (0.577–1.785) 0.959 0.938 (0.546–1.614) 0.818

Weight Z-score (Per 
1-SD increase)

0.940 (0.705–1.253) 0.672 0.939 (0.717–1.230) 0.649

Height Z-score (Per 
1-SD increase)

1.049 (0.790–1.392) 0.742 0.976 (0.750–1.271) 0.857

URI, upper respiratory infection.

https://doi.org/10.3389/fnut.2026.1789543
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Guo et al.� 10.3389/fnut.2026.1789543

Frontiers in Nutrition 09 frontiersin.org

hypertrophy is largely driven by genetic predisposition and intrinsic 
lymphoid hyperplasia. However, our findings reveal an interesting 
observation regarding the timing of formula feeding and its associa-
tion with tonsillar hypertrophy risk, especially in females. Specifically, 
exclusive formula feeding during the first 6 months showed a signifi-
cant association with increased risk of higher palatine tonsil grading 
in univariate analysis (OR = 2.625, p = 0.013), and maintained a simi-
lar but non-significant association after multivariable adjustment 
(OR = 2.409, p = 0.066) when compared to exclusive breastfeeding. 
These findings suggest that nutritional exposures during this critical 
early developmental period may influence tonsillar immune matura-
tion and hypertrophy risk. This concept aligns with evolving pediatric 
allergy prevention strategies, where early introduction of allergens 
such as peanuts at 4–6 months has been shown to promote immune 
tolerance (31). Additionally, the observed sex-specific differences are 
consistent with previous reports in developmental nutrition. Nepal 
found that antenatal multiple micronutrient supplementation 
increased mean birthweight substantially in females but not males 
(32), and Friis observed a comparable female-predominant effect on 
birth length (33). These studies suggested that females may benefit 
more than males from maternal micronutrient supplements.

This sex-specific difference in biological response may be 
explained not only by nutritional factors but also by early-life immune 
development. For instance, Klein showed that males and females differ 
in their immunological responses to foreign and self-antigens (12). 
Bellamy reported significantly higher monocyte and basophil counts 
in male than female infants at 13 months of age (34). Lee demon-
strated that natural killer cell frequencies are generally higher in male 
than female children (35). Furthermore, male infants have greater pro-
inflammatory responses than females following stimulation with 
either lipopolysaccharide or mitogens (36). These observations col-
lectively suggest that males develop a more robust innate immune 
profile than females in early life. Based on these findings, we propose 
that exclusive formula feeding during the first 6 months may increase 
the risk of higher tonsil grading in females owing to a double vulner-
ability: greater sensitivity to early nutritional factors and less robust 
innate immune protection during infancy. Nonetheless, given the bor-
derline statistical significance in adjusted models, these results should 
be interpreted with caution. Larger, well-powered studies are needed 
to verify these observations and to further elucidate the underlying 
biological mechanisms.

Our study indicated that the timing of complementary food intro-
duction did not significantly influence palatine tonsil grading in pre-
school children. This lack of significant association likely reflects the 
complexity of immune programming in response to diverse early 
antigen exposures. Complementary food introduction involves expo-
sure to a broad spectrum of plant and animal proteins, along with 
various other food-derived components. The immunogenicity, diver-
sity, and variability of these exposures are substantially greater than 
those associated with formula feeding alone. Such a strong multi-
antigenic stimulus may dominate the tonsillar immune response, 
potentially overshadowing any timing-related effects. This interpreta-
tion is consistent with findings from several large cohort studies 
reporting no clear association between the timing of complementary 
feeding and immune-related outcomes such as allergic diseases (7, 37). 
In summary, these results suggest that in the context of highly diverse 
dietary antigen exposure, the window of introduction may be less 
critical for tonsillar immune maturation compared to more controlled, 
single-antigen exposures like formula feeding.

In this study, we found that the prevalence of palatine tonsillar 
hypertrophy in preschool children (2–7 years old) is 5.28%, with pala-
tine tonsil grading showing an increasing trend across this age range. 
These findings are consistent with those reported by Akcay (38), who 
reported a palatine tonsillar hypertrophy prevalence of 3.4% in chil-
dren aged 4–17 years and noted that tonsil size peaks between 4 and 
8 years of age. As secondary lymphoid organs, tonsils primarily medi-
ate B-lymphocyte proliferation in response to antigenic or polyclonal 
stimuli (39). During the preschool period, children’s expanding envi-
ronmental exposures heighten antigenic challenge, which likely drives 
physiological hyperplasia of the tonsils as part of Waldeyer’s ring, 
providing a plausible immunological explanation for the observed 
peak in palatine tonsil grading during these years. It is worth noting 
that tonsillar development follows a distinct age-dependent trajectory, 
with physiological involution typically initiating around 10 years of 
age. This process is characterized by structural remodeling of the 
reticulated epithelium and reduced density of Langerhans cells, which 
together diminish antigen recognition and presentation capacity, ulti-
mately lowering B-cell proliferation (39). Such involution may par-
tially account for the somewhat higher prevalence detected in our 
study (5.28%) compared with Akcay (3.4%), as our cohort was limited 
to children aged 2–7 years, which is a period of active tonsil immune 
activity, and Akcay’s cohort included older children who have already 
entered the degenerative stage.

This study systematically examined the associations between 
early-life nutrition and palatine tonsil grading through a cross-sec-
tional survey among preschool children. However, several limitations 
warrant consideration. According to anatomical location, tonsils can 
be divided into four types: palatine tonsils, pharyngeal tonsils (ade-
noids), lingual tonsils, and eustachian tube tonsils. In this study, we 
only focus on the palatine tonsils due to several methodological and 
clinical reasons. Palatine tonsils are the predominant site of acute and 
chronic tonsillitis and symptomatic hypertrophy in preschool chil-
dren. Their superficial location allows standardized, large-scale clini-
cal examination and objective size grading. In addition, indications 
and techniques for palatine tonsillectomy are well established, forming 
a relatively independent clinical framework. By contrast, assessment 
of other lymphoid tissues, such as adenoids, typically requires nasal 
endoscopy or X-radiographic evaluation, which is difficult for large-
scale population-level physical examinations of preschool children.

TABLE 6  Early feeding patterns and formula introduction timing with palatine tonsil grading in 

females (N = 362).

Variables OR (95%CI) p value

Timing of introducing formula milk

 � <6 months Reference

 � ≥6 months & <12 

months

0.729 (0.295–1.802) 0.494

 � ≥12 months 1.124 (0.425–2.972) 0.813

 � No formula feeding 1.796 (0.459–7.027) 0.400

Feeding pattern (0–6months)

 � Breastfeeding Reference

 � Formula feeding 2.409 (0.943–6.152) 0.066

 � Mixed feeding 1.454 (0.638–3.315) 0.373
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The other limitation of this study is the retrospective collection of 
exposure data. All infant-feeding information was obtained via paren-
tal questionnaires, which introduces potential recall bias. Existing 
studies indicate that the accuracy of maternal recall for breastfeeding 
duration is influenced by sociodemographic factors, notably maternal 
education, household income, and urban versus rural residence. 
Haaga showed that women with little or no education and rural resi-
dents gave less reliable data on breastfeeding duration (40). Huttly 
found that others who were wealthier and more educated tended to 
overestimate the duration of breastfeeding during the follow-up (41). 
Li reported that the mothers tended to recall too early a date of intro-
duction for formula milk (42). Furthermore, past exposures may be 
more vivid or meaningful to the case group than controls group (43). 
Parents of cases may recall past exposures more thoroughly and accu-
rately, possibly due to heightened concern about their child’s condition 
or repeated questioning by health professionals. In contrast, parents 
of controls lack such prompts, tend to have vaguer memories, and may 
be more prone to systematic misreporting. Therefore, if control par-
ents disproportionately misclassified formula introduction actually 
occurring after 6 months as ≤6 months (i.e., artificially inflating the 
apparent exposure prevalence in the control group), while case parents 
recalled more accurately and were thus less misclassified, the true 
exposure difference between cases and controls would be diluted, 
thereby underestimating the true strength of the association between 
exposure and outcome. This bias is particularly relevant to the findings 
in the female subgroup. Our study observed that females aged 
2–4 years had a lower baseline risk of tonsillar hypertrophy than males 
(OR = 0.438), indicating that female cases already represent a group 
with lower underlying risk. Under this premise, the aforementioned 
recall bias operates similarly in the female subgroup (44); the observed 
association between exclusive formula feeding within the first 
6 months and increased tonsillar grading among females (OR = 2.409, 
p = 0.066) is likely an underestimate of the true effect. The actual effect 
size may be larger than this point estimate and might reach conven-
tional statistical significance if the bias were corrected. Despite these 
limitations, parental retrospective recall remains the most commonly 
used and practical method for assessing in pediatric epidemiological 
studies (45). We attempted to improve recall accuracy by using struc-
tured questionnaires with specific memory prompts. Nevertheless, full 
elimination of recall bias would require prospective data collection.

Additionally, all participants were recruited from a single geographic 
region, which may limit the generalizability of our findings to popula-
tions with differing cultural backgrounds or genetic profiles. Specifically, 
key factors such as infant feeding practices, population genetics, and the 
local prevalence of respiratory pathogens are likely to influence the 
result. Breastfeeding practices vary widely globally, with the highest 
prevalence of continued breastfeeding at 12 months observed in sub-
Saharan Africa, South Asia, and parts of Latin America. In contrast, 
most high-income countries report rates below 20%, with notable dis-
parities even among economically similar nations (46). Concurrently, 
the global epidemiology of respiratory pathogens shows substantial dis-
parities in both incidence rate and timing of infection. More than 95% 
of respiratory syncytial virus (RSV)-associated acute lower respiratory 
infection episodes and more than 97% of RSV attributable deaths are 
concentrated in low- and middle-income countries (47). In addition, 
peak RSV incidence occurs earlier (0–3 months) in lower-income coun-
tries, whereas it occurs later (3–6 months) in higher-income settings 
(47). Last but not least, individuals from different populations vary 

considerably in their susceptibility to immune-related disease (48). 
Many associated genome-wide association (GWAS) variants show 
highly divergent allele frequencies (Fst > 0.4) across groups, supporting 
a history of population-specific selection (49). Thus, validation in more 
diverse cohorts is needed to confirm the wider applicability of these 
results.

Household socioeconomic status is a potential unmeasured con-
founder in this study. According to the World Bank classification for 
the 2024 fiscal year, China is currently classified as an upper-middle-
income country (50), where formula feeding tends to be introduced 
earlier and more frequently in higher socioeconomic status families 
(51, 52). At the same time, higher socioeconomic status is generally 
associated with lower burdens of upper respiratory viral infections (47) 
and lower rates of household smoking exposure (53), both of which are 
established risk factors for tonsillitis (54, 55). Recurrent upper respira-
tory infections can lead to persistent antigenic stimulation and local 
immune dysregulation in the tonsils (55), while environmental tobacco 
smoke exposure has been linked to increased incidence of tonsillitis, 
snoring, adenoid hypertrophy, and a twofold higher risk of tonsillec-
tomy (56–60). Thus, in our study population, if formula feeding is more 
prevalent among higher socioeconomic status families, the formula-fed 
group would contain a larger proportion of children with lower infec-
tion-related risk and lower smoking exposure. Both factors would 
independently reduce the apparent risk in the formula-fed group, 
thereby biasing the association between early formula feeding and ton-
sillar hypertrophy toward the null.

Although individual-level socioeconomic status indicators were 
not directly collected in this study, urban–rural residence was included 
as a geographic proxy variable. Univariate analysis showed no signifi-
cant association between residential area and tonsillar grade, suggest-
ing that, within the geographic scope of this study, socioeconomic 
status differences proxied by residential location may have a limited 
impact on effect estimates. In addition, urban–rural residence may 
also, to some extent, reflect potential differences in exposure to pesti-
cides or environmental pollutants in rural industrial areas. The lack of 
a significant association between residential area and tonsillar grade 
in this study indirectly suggests that such environmental exposures, 
as captured by the urban–rural gradient, are unlikely to be major con-
founders of the observed associations. It should be noted that urban–
rural classification is a crude proxy that neither fully substitutes for 
individual-level socioeconomic status indicators such as education, 
income, or occupation, nor precisely quantifies individual-level envi-
ronmental exposure burden. Therefore, the possibility of residual con-
founding cannot be completely ruled out.

Finally, family history of tonsillar hypertrophy remains a potential 
unmeasured confounder, which was not collected in this study. Previous 
studies have demonstrated that breastfeeding for at least 6 months and 
the introduction of complementary solids between 4 and 6 months of 
age are effective strategies for allergy prevention (61). If a family history 
of palatine tonsillar hypertrophy is more prevalent in the case group and 
is similarly associated with longer breastfeeding duration or later for-
mula introduction, the apparent exposure rate of “early formula feed-
ing” in the case group would be systematically underestimated, thereby 
biasing the true association between exclusive formula feeding during 
the first 6 months and tonsillar grading toward the null. It should be 
noted that palatine tonsillar hypertrophy and allergic diseases are not 
completely equivalent in their pathogenesis, and direct evidence regard-
ing the influence of family history of tonsillar hypertrophy on 
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breastfeeding duration or timing of formula introduction is currently 
lacking. Therefore, the direction and magnitude of this unmeasured 
confounding on the effect estimates could not be quantitatively assessed.

5 Conclusion

Physiological age-related enlargement contributed to variations in 
palatine tonsil size during early childhood. Additionally, sex was associ-
ated with palatine tonsil grading, with females aged 2 to 4 years showing 
a lower risk of tonsillar hypertrophy compared to males. Most early-life 
feeding factors, including breastfeeding duration, formula feeding dura-
tion, timing of formula milk introduction, and timing of complemen-
tary food introduction, were not significantly associated with palatine 
tonsil grading in preschool children. However, exclusive formula feed-
ing during the first 6 months showed a possible risk of increasing pala-
tine tonsil grading in females, but this finding should be considered 
exploratory and hypothesis-generating, and requires validation in pro-
spective cohorts with larger sample sizes and more rigorous exposure 
assessment.
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