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Abstract

Background: Adenoid hypertrophy is a common and frequently occurring disease in children, and the surgical rate is relatively high. Currently, the 
etiology is not yet clear, and it is of great significance to explore its pathogenesis and new treatment methods. To investigate the effect of milk 
consumption before bedtime on adenoid size and the tissue microbiota in children.
Methods: A total of 104 children who underwent surgical treatment for adenoid hypertrophy (AH) at our hospital between March 2023 and Jan-
uary 2024 were divided into a bedtime milk consumption group (n = 42) and a control group (n = 62) according to their milk consumption before 
bedtime. And the adenoid-nasopharyngeal (A/N) ratio was measured. The A/N ratio was measured, and adenoid tissue samples from a randomly 
selected subset of 20 participants in each group were subjected to five-region (5R) 16S rRNA amplicon sequencing.
Results: The average A/N ratio in the experimental group was 0.808 ± 0.070, vs 0.736 ± 0.037 in the control group, showing a significant differ-
ence (P < 0.001). There was no significant difference in total microbial diversity or dominant bacterial community distribution in adenoid tissue 
between the two groups. However, comparison revealed the experimental group's adenoid tissue was enriched in Ruminococcus, Dorea, and 
Lachnospiraceae, common in the gastrointestinal tract.
Conclusions: Bedtime milk consumption was associated with a larger adenoid size and altered adenoid tissue microbiota profiles in children with 
AH. The enrichment of gastrointestinal-associated taxa suggests a potential link with reflux-related microbial exposure, which warrants further 
validation.
Keywords: milk drinking; adenoid hypertrophy; gastroesophageal reflux; microorganisms
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Association of Bedtime Milk Consumption with Adenoid Size 
and Tissue Microbiota Profiles in Children with Adenoid Hypertrophy

Introduction

Adenoids, also known as pharyngeal tonsils, are located be-
tween the pharyngeal recesses on both sides at the junction of 
the roof and posterior wall of the nasopharynx. Adenoids are 
part of Waldeyer's ring and play an important role in immune 
system development. Adenoids are also the first organ of the 
immune system in contact with respiratory tract and digestive 
tract antigens and serve as a collective defense barrier against 
infection. Studies have shown that adenoids perform the ear-
liest immune function in nasal-associated lymphoid tissue 
(NALT). Immune activity is strongest in the adenoids at 4-10 
years of age in humans and begins to regress after puberty [1].
The number of children diagnosed with adenoid hypertro-
phy (AH) is increasing annually [2]. AH in children is typically 

accompanied by a series of clinical manifestations, such as 
nasal obstruction, oral breathing, snoring, hearing impairment, 
and changes in the structure and appearance of the cranio-
facial region [3]. Although these symptoms can be treated 
surgically, surgery has a psychological impact on children 
and parents and potentially results in complications, such as 
bleeding. These negative effects of surgical treatment have 
prompted doctors to investigate alternative nonsurgical means 
of treatment. However, the development of new diagnostic and 
treatment strategies has been challenging. One recent study 
indicated that drug therapy does not reduce the surgical rate 
in AH children. Nonsurgical treatment methods, such as the 
use of leukotriene receptor antagonists, nasal steroids, and/or 
oral antihistamines, are not directly linked to a decrease in the 
number of surgeries performed [4]. Although the causes of AH 
in children are incompletely understood, existing research sug-
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gests that AH may be related to infections, immune dysregu-
lation, environmental exposure, hormonal factors, and genetic 
susceptibility [5-7]. Adenoid tissue is exposed to both inhaled 
and swallowed microorganisms and may therefore reflect 
microbial signals from the upper airway and digestive tract. 
Recent microbiome studies have suggested that AH is asso-
ciated with altered local or intestinal microbial communities, 
but the relationship between daily feeding habits, reflux-relat-
ed exposure, and adenoid tissue microbiota remains poorly 
understood. Because adenoid tissue contains relatively low 
microbial biomass, careful contamination control and negative 
controls are essential for reliable microbial profiling.
In clinical practice, bedtime milk consumption is common in 
children and may be associated with AH.. Therefore, we divid-
ed children with AH who underwent surgical treatment into 
groups according to bedtime milk consumption, measured the 
adenoid-nasopharyngeal (A/N) ratio, and performed five-re-
gion (5R) 16S rRNA amplicon sequencing on adenoid tissue 
samples to explore the association between bedtime milk con-
sumption, adenoid size, and local microbial profiles.

Materials and Methods

Participant recruitment
The participants in this study comprised 104 children who 
underwent surgical treatment for AH at the Department of Oto-
laryngology-Head and Neck Surgery of the Affiliated Bozhou 
Hospital of Anhui Medical University between March 2023 
and January 2024. The participants included 60 males and 44 
females aged 3-10 (6.38 ± 1.81) years. All participants (legal 
guardians) provided written consent (provided by legal guard-
ians and children over 7 years old) for their participation. The 
diagnosis of AH was achieved through nasal endoscopy and 
nasopharynx imaging. The enrolled children with AH had over 
75% obstruction in their nasal airways, as confirmed by nasal 
endoscopy. Imaging was also performed to confirm an ade-
noid-nasopharyngeal (A/N) ratio greater than or equal to 0.7.

CT examination and measurement of the A/N ratio
Imaging was performed on the nasopharynx with the partic-
ipants remaining calm and adopting a supine position. Com-
puter software was used for data acquisition and analysis. In 
the A/N ratio, the adenoid size A is the vertical distance from 
the outermost point of convexity of the adenoid shadow to 
the tangent of the basiocciput, and the nasopharyngeal size 
N is the distance between the anterior edge of the sphenoba-
sioccipital synchondrosis and the posterior edge of the hard 
palate. The A/N ratio was obtained by dividing two of the mea-
sured values. All measurements were obtained by the imaging 
department using professional software.

Inclusion, exclusion, and grouping criteria
Enrolled children with AH were surveyed on their bedtime milk 
consumption behavior. Children who consumed > 100 ml of 
milk 1 h before bedtime for more than 5 days per week were 
assigned to the experimental group. Children who did not con-
sume milk before bedtime or consumed any other type of food 
1 h before bedtime were grouped into the control group. The 
exclusion criteria were as follows: a) the presence of other po-
tential diseases, such as cancer, gastrointestinal diseases, or 

inflammatory diseases; b) the use of antibiotics and probiotics 
in the month before the start of the study; c) surgical treat-
ment within three months before the study; and d) incomplete 
clinical information.
Of the 104 patients selected for the study, 42 were grouped 
into the bedtime milk consumption group, including 24 males 
and 18 females aged 3-10 (6.19 ± 1.95) years. The control 
group comprised 62 patients, including 36 males and 26 fe-
males aged 3-9 (6.50 ± 1.72) years. The final grouping was 42 
children in the bedtime milk consumption group and 62 chil-
dren in the control group.

Sample collection and sequencing
The clinical symptoms of the children with AH were observed 
and recorded. Fresh tissue samples were collected from every 
child during surgery and stored at −80°C for subsequent exper-
imental use. The following procedures were adopted: the na-
sopharynx of the children with AH was rinsed with saline water 
three times before adenoidectomy, and fresh adenoid tissue 
samples were collected during surgery. The samples were 
mung bean-sized with a length, width, and height of ≤0.5 cm. 
The samples were immediately washed with 1× PBS or saline 
prepared with sterile, nuclease-free water precooled to 2-6°C 
to remove any blood or stains from their surface. The samples 
were then dried with sterile and lint-free paper towels and 
quickly placed in precooled, sterile, and nuclease-free cryogen-
ic vials with threaded caps that can withstand temperatures 
of −192°C. The vials were frozen in liquid nitrogen for 1 h and 
stored at −80°C for later use. Repeated freeze-thaw cycles 
were avoided before DNA extraction. Due to the low bacterial 
content in the tissue samples and the difficulty in avoiding ex-
ternal bacterial contamination during sampling, negative con-
trol samples were collected along with the sequencing sam-
ples. More specifically, contaminating bacteria in the sampling 
environment were collected in a 1.5 mL sterile centrifuge tube. 
The tube was opened at the beginning of collection and closed 
at the end. Five negative control samples were collected to en-
sure the accurate identification of contaminating bacteria.

5R 16S rRNA amplicon sequencing
5R 16S rRNA amplicon sequencing, 20 children were randomly 
selected from the bedtime milk consumption group and 20 
children were randomly selected from the control group. In 
this study, 5R refers to the parallel amplification and sequenc-
ing of five 16S rRNA amplicon regions spanning the following 
hypervariable segments: V2, V3, V4, V6-V7, and V8-V9. This 
approach differs from conventional single-region 16S rRNA 
sequencing, which usually relies on one amplicon, such as V3-
V4 or V4, to profile microbial communities. By integrating se-
quence information from several non-contiguous 16S regions, 
the 5R approach provides broader taxonomic information for 
microbial community profiling. The short multiple regions 
framework (SMURF) [8] was then used to integrate reads from 
the five amplified regions and perform taxonomic identification 
of bacteria. Due to the low microorganism content in the tis-
sue samples collected, any microorganisms from the environ-
ment introduced during sample collection, DNA extraction, and 
PCR could cause significant interference in the identification of 
microorganisms already present in the sample. Hence, a filtra-
tion step to remove contaminating microorganisms (negative 
controls) introduced from the above sources was performed 
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[9]. Finally, bacterial data collected after the filtration step were 
used to analyze the intra- and intergroup bacterial diversity and 
perform comparisons among the bacterial communities. 5R 
16S rRNA amplicon sequencing was performed by Hangzhou 
Lianchuan Biotechnology Co., Ltd.

Comparison of bacterial communities
Five-region 16S rRNA sequencing data were pooled and ana-
lyzed with SMURF to identify the bacterial communities in the 
sample and calculate the relative abundance. Specifically, 
SMURF uses the expectation-maximization algorithm to com-
pile the sequencing data from multiple short, amplified regions 
and reconstruct them to find the most likely set of 16S se-
quences. Bacterial taxonomy identification was then per-
formed, and the relative abundance was calculated. The opti-
mized Greengenes (May 2013 version) database was used. To 
mitigate the impact of low-abundance noise on subsequent 
analysis, samples with a total number of reads < 1,000 (includ-
ing negative controls) and bacterial data with a relative abun-
dance of < 10−4 were removed. The number of reads was nor-
malized for each sample. Bacterial contaminants introduced 
during sampling and experimentation were identified accord-
ing to the prevalence of bacterial communities in the negative 
controls. In this study, a threshold of 50% prevalence was set 
for identifying bacterial contaminants. The bacterial communi-
ties remaining in the sample after removal of the contaminat-
ing bacteria were considered those present in adenoid tissue. 
Analyses of alpha diversity, beta diversity, and dominant bacte-
rial communities and comparisons of bacterial communities 
were subsequently conducted using these data.

Statistical analysis
For the comparison of the A/N ratio between groups, the mean 
difference and 95% confidence interval (CI) were calculated 
using Welch's method and reported to improve statistical 
transparency.

Results

Essential clinical traits of participants with AH
A total of 104 children with AH fulfilled the inclusion and exclu-
sion criteria described in the Materials and Methods section. 
Forty-two of them (40.4%) who regularly consumed milk 1 h 
before bedtime were included in the bedtime milk consump-
tion group, including 24 males and 18 females aged 3-10 (6.19 

AH children participating in the study
(n = 104)

Clinical characteristic Bedtime milk consumption group
(n = 42)

Control group
(n = 62) t/X 2 P

Gender (male/female) 24/18 36/26 0.009 0.926
Age (years, mean ± SD) 6.19 ± 1.95 6.50 ± 1.72 0.853 0.395

BMI (kg*m−2, mean ± SD) 16.50 ± 2.82 17.21 ± 3.47 1.147 0.254
Disease onset time
(years, mean ± SD) 1.65 ± 1.36 1.42 ± 0.90 −1.028 0.307

± 1.95) years. Sixty-two children (59.6%) who did not regularly 
consume milk before bedtime, including 36 males and 26 
females aged 3-9 years (6.50 ± 1.72), were included in the con-
trol group. No significant differences in sex, age, body mass 
index (BMI), or disease onset time were observed between the 
two groups (Table 1).

The A/N ratio was higher in children with bedtime milk con-
sumption behavior
A higher average A/N ratio (0.808 ± 0.070) was observed in 
children who consumed milk before bedtime, whereas those 
who did not had an average A/N ratio of 0.736 ± 0.037. The 
mean difference between groups was 0.072 (95% CI, 0.048 to 
0.096), and the intergroup difference was significant (P < 0.001) 
(Figure 1).

Note: Continuous variables are expressed as the means ± standard deviations. Categorical variables are ex-
pressed as percentages. Continuous variables were compared using Student’s t test, and categorical variables 
were compared using the chi-square test.

Table 1. Clinical characteristics of children with adenoidal hypertrophy (AH).A

Figure 1. Comparison of the A/N ratio between the bedtime milk con-
sumption group and the control group.
Children in the bedtime milk consumption group had a higher average 
A/N ratio than those in the control group. The mean difference was 
0.072 (95% CI, 0.048 to 0.096). *P < 0.001. 

A

Comparison of total bacterial diversity in adenoid tissue be-
tween children with AH with and without bedtime milk drink-
ing behavior
Alpha diversity is an indicator of diversity within a particular 
environment or ecosystem and is primarily used to reflect spe-
cies richness and evenness and sequencing depth. Various 
alpha diversity metrics, such as the Chao1, Good’s coverage, 
observed species, Shannon, and Simpson indices (Figure 2A-
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E), were used to quantify species richness and evenness in 
this study. Beta diversity measures the species diversity be-
tween different ecological communities. Together, alpha and 
beta diversity constitute the total species diversity or biologi-
cal heterogeneity of a certain ecological community. Analysis 
of the data obtained from the two groups of children with AH 
revealed no significant difference in the total bacterial diversity 
in their adenoid tissue regardless of bedtime milk consump-
tion behaviors.

Analysis of dominant bacterial communities in the adenoid 
tissue of AH children in the experimental and control groups
The distribution of bacterial communities in the adenoid tissue 
of the two groups of children with AH was analyzed at the do-
main, phylum, class, order, family, genus, and species levels. 
Figure 3 shows the results obtained at the phylum and genus 
levels. Figure 3A-B shows the overall distribution of bacteria 
in the adenoid tissue of the two groups of children at the phy-
lum level and the intergroup comparisons. At the phylum level, 
Proteobacteria, Firmicutes, Actinobacteria, Bacteroidetes, and 
Fusobacteria were the dominant bacteria in the adenoid tissue 
of both groups. No significant difference in the distribution of 
dominant bacterial communities was observed between the 
experimental and control groups. Figure 3C-D shows the total 

Figure 2. Characteristics of the total bacterial diversity in the adenoid tissue of the bedtime milk consumption group and the control group.
(A-E) Alpha diversity indices (Chao1, Good’s coverage, observed species, Shannon index, and Simpson index) showing the differences between 
the bedtime milk consumption group and the control group. Red lines indicate the bedtime milk consumption group, and blue lines indicate the 
control group. (F) Principal component analysis (PCA) showing the intragroup similarity and intergroup differences between the bedtime milk 
consumption group and the control group using biological replicates (P = 0.465; red: bedtime milk consumption group; blue: control group).

A

bacterial distribution in the adenoid tissue of the two groups at 
the genus and intergroup levels. At the genus level, Streptococ-
cus, Vibrio, Pseudoalteromonas, Fusobacterium, Pseudomo-
nas, and Corynebacterium were the dominant bacteria in the 
adenoid tissue of both groups. No significant difference was 
detected in the distribution of the dominant bacterial commu-
nities between the experimental and control groups.

Comparison of bacterial communities in the adenoid tissue of 
the two groups of children with AH
Linear discriminant analysis effect size (LEfSe) was used to 
analyze the differences in the bacterial communities between 
the two groups. The threshold value was set at LDA > 3 and P 
< 0.05. Compared to those in the control group, the adenoid 
tissue of children with AH who consumed bedtime milk was 
enriched in Ruminococcus, Mycobacterium, Dorea (a member 
of the Lachnospiraceae family), Lachnospiraceae, Peptidoph-
ilus, and Massilia (Figure 4). Ruminococcus, Dorea, and Lach-
nospiraceae commonly colonize the gastrointestinal tract.

Discussion

In recent years, there has been a steady increase in cases of 
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Figure 3. Analysis of the dominant bacterial communities in the adenoid tissue of the bedtime milk consumption group and the control group.
(A, C) Average composition and relative abundance of microorganisms in adenoid tissue at the phylum and genus levels in the two groups. (B, 
D) Comparison of the average composition and relative abundance of microorganisms at the phylum and genus levels between the bedtime milk 
consumption group and the control group (group B: bedtime milk consumption group; group C: control group).

Figure 4. Comparison of bacterial communities in the adenoid tissue of the bedtime milk consumption group (group B, red) and the control 
group (group C, green).
LEfSe analysis revealed differences in the microbial composition of adenoid tissue between the bedtime milk consumption group and the con-
trol group, as shown in the bar graph (A) and cladogram/tree graph (B). Taxa enriched in the bedtime milk consumption group are shown in red, 
whereas taxa enriched in the control group are shown in green. Among the differential taxa, Ruminococcus, Dorea, and Lachnospiraceae were 
enriched in the bedtime milk consumption group. LDA > 3, P < 0.05.

A

A

AH in children [10]. Although surgical treatment has achieved 
good results, the cause of this disease is still unclear [11]. 
The increase in the number of children receiving surgery has 

prompted doctors to look into the cause and pathogenesis 
of AH and new diagnosis and treatment methods. Studies 
have shown that changes in microbial community structure 
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could be related to various diseases in the human body [12], 
and scientists have previously investigated the relationship 
between microorganisms and AH [13-14]. In this study, 5R 16S 
rRNA amplicon sequencing was performed on adenoid tissue 
from children with AH. The dominant bacterial communities 
in adenoid tissue at the phylum level were Proteobacteria, 
Firmicutes, Actinobacteria, Bacteroidetes, and Fusobacteria. 
This result is consistent with the distribution of nasopharyn-
geal bacterial communities identified by Bogaert et al. [15]. At 
the genus level, Streptococcus, Vibrio, Pseudoalteromonas, 
Fusobacterium, Pseudomonas, and Corynebacterium were the 
dominant bacterial communities in adenoid tissue. Previous 
microbial analysis of adenoid tissue in children by Brook et al. 
also suggested a similar bacterial distribution [16]. The unique 
microbiology of AH and the interactions among various organ-
isms revealed in this study provide new directions for antimi-
crobial therapy for AH.
In clinical practice, bedtime milk consumption is common 
among children and may be associated with AH. In this study, 
children in the bedtime milk consumption group had a higher 
average A/N ratio than those in the control group (0.808 ± 0.070 
vs. 0.736 ± 0.037; mean difference, 0.072; 95% CI, 0.048 to 
0.096; P < 0.001), suggesting an association between bedtime 
milk consumption and larger adenoid size. 5R 16S rRNA ampl-
icon sequencing further showed that adenoid tissue from chil-
dren in the bedtime milk consumption group was enriched in 
Ruminococcus, Mycobacterium, Dorea, Lachnospiraceae, Pep-
toniphilus, and Massilia. Among these taxa, Ruminococcus, 
Dorea, and Lachnospiraceae are commonly associated with 
the gastrointestinal tract [17-19]. Their enrichment in adenoid 
tissue may therefore reflect reflux-related microbial exposure, 
microbial translocation along the aerodigestive tract, or broad-
er host–microbiome interactions involving mucosal immunity, 
diet, and local inflammatory status.
Previous studies have reported an association between GERD 
and AH. Niu et al. [20] reported a significant correlation be-
tween AH and GERD, and another study suggested that upper 
airway obstruction may be associated with increased GERD 
occurrence through changes in intrathoracic pressure [21]. 
Crapko et al. [22] also reported possible reflux-related inflam-
matory responses in adenoid tissue. Consistent with these 
findings, our results showed that children in the bedtime milk 
consumption group had larger adenoids and a higher abun-
dance of gastrointestinal-associated taxa in adenoid tissue. 
However, these observations do not establish causality, and re-
flux involvement can only be inferred indirectly. This study was 
limited by its single-center observational design, the relatively 
small number of sequenced samples, the absence of direct 
reflux-related assessments such as pH/impedance monitoring 
or pepsin detection, potential unmeasured dietary confound-
ers, and the lack of longitudinal follow-up.
In summary, bedtime milk consumption was associated with 
larger adenoid size and altered adenoid tissue microbiota 
profiles in children with AH. The enrichment of gastrointesti-
nal-associated taxa may be linked to reflux-related microbial 
exposure; however, direct reflux-related examinations were not 
performed, and further prospective studies incorporating pH/
impedance monitoring or pepsin detection are needed to clari-
fy this association.
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