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Abstract

Purpose Dietary fiber intake may influence the risk and severity of atopic dermatitis (AD), a common chronic allergic skin
condition. This cross-sequential study investigated the association between dietary fiber intake and various characteristics of
AD, including house dust mites (HDM) allergy and dry skin, in 13,561 young Chinese adults (mean years =22.51, SD +5.90)
from Singapore and Malaysia.

Methods Dietary habits were assessed using a validated semi-quantitative, investigator-administered food frequency ques-
tionnaire from the International Study of Asthma and Allergies in Childhood. We derived an amount-based dietary index
to estimate fiber intake while studying its correlation with probiotic drinks intake. AD status was determined by skin prick
tests for HDM and symptomatic histories of eczema. Multivariable logistic regression analysis, adjusting for demographic,
genetic predisposition, body mass index and lifestyle factors, and synergy factor analysis were used to explore the association
and interaction of dietary factors on disease outcomes.

Results High fiber intake (approximately 98.25 g/serving/week) significantly lowered the associated risks for HDM allergy
(Adjusted Odds Ratio [AOR]: 0.895; 95% Confidence Intervals [CI]: 0.810-0.989; adjusted p-value < 0.05) and AD (AOR:
0.831; 95% CI: 0.717-0.963; adjusted p-value <0.05), but not dry skin. While probiotic intake was not associated with AD,
it was significantly correlated with fiber intake (R?=0.324, p-value < 0.0001). Among those frequently consuming probiot-
ics, moderate fiber intake sufficiently lowered the AD risk (AOR: 0.717; 95% CI: 0.584-0.881; adjusted p-value <0.01).
Moreover, a fibre-rich diet independently mitigated risks associated with high intake of fats, saturated fats, and protein.
Conclusion A high-fiber diet is associated with AD and HDM allergy. Moderate-to-high fiber intake, particularly in conjunc-
tion with probiotics, may further mitigate AD risks.
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The rising prevalence of atopic dermatitis (AD) in recent
decades has become a pressing global health concern,
imposing significant societal and economic burdens across
diverse populations [1]. There is a growing recognition of
the potential influence of dietary habits on inflammatory
conditions. This shift reflects a broader acknowledgement
of the complex interplay between diet, immune function,
and inflammation, prompting individuals to explore dietary
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interventions as a means to manage and potentially prevent
allergic conditions like AD [2, 3]. While various macronutri-
ents and micronutrients contribute to overall health, dietary
fiber emerges as a particularly compelling focus due to its
unique ability to modulate the composition and function-
ality of the gut microbiota. This modulation may mitigate
the inflammatory cascade implicated in AD pathogenesis,
making dietary fiber a promising dietary intervention for
managing and potentially preventing AD.

Dietary fibers are a diverse group of carbohydrates found
in plant-based foods like fruits, vegetables, whole grains,
legumes, and nuts [4]. Unlike other carbohydrates, dietary
fibers resist digestion and undergo fermentation by gut
bacteria. This unique process is associated with numerous
health benefits, including improved digestive and immune
health, inflammation regulation, and promote a diverse and
balanced gut microbiota [5]. While several cross-sectional
investigations and animal research have suggested the poten-
tial benefits of increasing dietary fiber intake in managing
AD and allergic diseases [6—8], significant gaps persist in
understanding its precise effects on AD symptoms. Despite
numerous reported associations in children, exploration of
the association between dietary fiber intake and AD in adults
is limited. Moreover, studies examining how dietary fiber
intake influences various characteristics of AD, particularly
allergic sensitization and dry skin, are lacking. By focusing
on dietary fiber intake and its association with AD, we aim
to elucidate a specific aspect of the complex relationship
between diet and AD, thereby addressing the gaps in cur-
rent research and advancing our understanding of potential
dietary interventions to improve patient outcomes.

Therefore, the main objective of this cross-sectional
study involving a large clinically and epidemiologically
well-defined allergic cohort of young Chinese adults from
Singapore and Malaysia is to comprehensively investigate
the association between intake of dietary fiber, probiotics
and various aspects of AD, aiming to fill the existing gaps in
knowledge and provide insights into potential dietary inter-
ventions for managing AD.

Methods
Study population and design

In this cross-sequential study, volunteers were primarily
composed of university students from the National Uni-
versity of Singapore, Universiti Tunku Abdul Rahman, and
Sunway University, between 2005 and 2022. Recruitment of
participants was performed in a rigorous process of random,
unbiased, and consecutive sampling via ongoing volunteer
recruitment drives. The study adhered to the Helsinki Dec-
laration and Good Clinical Practices. Participants had to be
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over 18 years old, with parental consent mandatory for those
under 21 years old. All participants provided informed con-
sent. Otherwise, there were no specific inclusion or exclu-
sion criteria. We recruited participants from a university set-
ting, aiming to capture a diverse sample within the young
adult population. While we recognize that this may not
represent the entire general population, university settings
provide a broad recruitment base, including individuals from
various geographical, socio-economic, and cultural back-
grounds. This approach ensures a sufficiently large sample
size for reliable statistical analysis and focuses on the young
adult demographic relevant to our study objectives.

Initially, 18,528 subjects were recruited to form the Sin-
gapore/Malaysia Cross-sectional Genetics Epidemiology
Study (SMCGES) cohort. After excluding 2427 subjects due
to missing or invalid data for dietary habits, age, and sex, the
final analysis focused on 13,561 young Chinese adults (mean
years =22.51, SD +5.90). The exclusion of invalid data
ensures the reliability, statistical power, and data integrity
of the analysis, minimizing biases and inaccuracies in the
research findings. The study focused on the Chinese ethnic
group, reflecting Singapore’s largest ethnic group at 75.2%
[9], to ensure broad representation and minimize unneces-
sary ascertainment bias in the findings. A validated question-
naire based on the International Study of Asthma and Aller-
gies in Childhood (ISAAC) was investigator-administered to
collect lifestyle, dietary, personal and family symptomatic
histories of AD, demographic, and anthropometric informa-
tion [10].

Defining allergic sensitization, AD, and dry skin

Subjects underwent a skin prick test (SPT), a standard
method for assessing immediate allergic reactions, to detect
allergic sensitization to common house dust mite (HDM)
allergens (Blomia tropicalis and Dermatophagoides ptero-
nyssinus) in the tropical environment. Previous allergic stud-
ies established strong associations between HDM allergy
and allergic diseases, making HDM allergy a reliable indica-
tor for allergen-specific immunoglobulin-E responses [11,
12]. To ensure test reliability, SPT was not performed on
subjects who had taken antihistamines or related drugs for at
least three days before the test. The SPT involved the use of
positive (histamine) and negative (saline) controls to validate
the responses. A positive SPT response indicated a wheal
diameter > 3mm in response to either HDM allergens com-
pared to negative saline control. A negative SPT response
showed no wheal diameter > 3mm for both HDM allergens.
The majority (65.1%) showed a positive SPT response to
HDM allergens, compared to those with a negative SPT
response (34.1%).

For this study, we utilized validated guidelines from the
UK Working Party’s diagnostic criteria [ 13] and Hanifin and
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Rajka criteria [14] to define a personal symptomatic history
of AD. Subjects were specifically assessed for the presence
of an itchy rash intermittently for at least six months, affect-
ing flexural areas such as the folds of the elbows, behind the
knees, and including areas like the ankles, buttocks, neck,
cheeks, ears or eyes. Itchy rashes distributed in flexural
areas are major diagnostic indicators with high sensitivity
and specificity for AD [13-15]. Trained personnel concur-
rently assessed the presence of an itchy flexural rash during
data collection. These assessments were periodically cross-
validated by a dermatologist and found to be consistent. We
defined individuals with AD by combining two key criteria:
personal symptomatic history and SPT reactivity to HDMs.
AD cases were specifically identified based on the pres-
ence of an itchy flexural rash and a positive SPT response to
HDMs. Individuals who neither displayed an itchy flexural
rash nor had a positive SPT response to HDMs were clas-
sified as non-allergic non-eczema. There were 2316 indi-
viduals with AD (17.1%) and 3650 non-allergic non-eczema
individuals (26.9%). Comparing AD cases with non-allergic
non-eczema individuals helps identify potential risk factors
and associations within the population.

Individuals with dry skin were identified through a rig-
orous process. Subjects were directly assessed by trained
research personnel for dry skin according to predetermined
criteria. Additionally, a subset of subjects underwent skin
physiological measurement using a Corneometer, a device
commonly employed to assess skin hydration and water
retention capacity [16]. The subjective assessment dem-
onstrated a high level of concordance with the objective
measurements, thus ensuring accurate identification of
individuals with dry skin (n=2110; 15.5%) and those
without dry skin (n=2492; 18.4%).

Dietary intake frequency and amount-based dietary
index

In our study, we analysed the overall dietary fiber intake,
which includes both soluble and insoluble fibers. To
estimate total dietary fiber intake, we referred to the 16
food types listed in our validated semi-quantitative food
frequency questionnaire (FFQ) adapted from the ISAAC
Phase III study [17, 18]. The subjects were asked, “In
the past 12 months, how often, on average, did you eat
or drink the following: Meat (e.g. Beef, lamb, chicken,
pork); Seafood (including fish); Fruits; Vegetables (green
and root); Pulses (peas, beans, lentils); Cereals (includ-
ing bread); Rice; Butter; Margarine; Nuts; Potatoes;
Milk; Eggs; Burgers/fast food; Yakult®/Vitagen®/similar
yoghurt drinks (collectively known as probiotic drinks)?”
Response options included “never or only occasionally”,
“once or twice per week”, and “most or all days” for each

food type. These 16 food types represent a diverse range
of food items commonly consumed by various populations
and are known to contribute to overall nutrient intake and
health outcomes.

To assess the association between dietary fiber intake and
various outcomes, we developed an amount-based dietary
index, Dietary Fiber Amount Index (DFAI). The DFAI was
constructed by assigning intake frequency scores to 16 dif-
ferent food types (Fig S1). Following the criteria established
by Manousos et al. [19], frequency scores were allocated as
follows: 47 for most or all days, + 2 for once or twice per
week, or O for never or occasionally consumption. These
scores were then multiplied by the average total fiber amount
of each food type, sourced from the comprehensive United
States Department of Agriculture’s (USDA) nutritional data-
base (Table S1).

Subjects were stratified based on their estimated total
fiber intake, with cut-offs chosen at the 33rd and 66th per-
centiles of the preliminary distribution of the SMCGES
population. These cut-offs were determined after examining
the preliminary distribution of fiber intake in the SMCGES
population to ensure that each group represented meaningful
levels of intake for analysis. Subjects below the 33rd percen-
tile were categorized as having a low estimated total fiber
intake while those above the 66th percentile were catego-
rized as having a high estimated total fiber intake. Details on
the cut-offs and statistics of the DFAI are provided in Fig S2.

Statistical analysis

Data entries were documented using Microsoft Excel (http://
office.microsoft.com/en-us/excel/), while statistical analy-
ses were evaluated using R program version 2021.09.0.351
(RStudio Team, 2021). Logistic regression was employed
to model the association between dietary fiber intake and
various outcomes. Control for potential confounding factors,
including age, sex, body mass index (BMI) using Asian-spe-
cific categories, parental eczema, parental education (proxy
for socioeconomic status), and engagement in physical activ-
ity, was implemented in the multivariable logistic regres-
sion analyses. These factors were controlled as they were
previously significantly associated with AD and allergy risks
[20-24]. Controlling for these factors allowed us to isolate
the specific effects of dietary fiber on allergic outcomes and
ensured a more accurate assessment of the true association
between dietary fiber intake and various outcomes. Results
were presented as adjusted odds ratios (AORs) with corre-
sponding 95% confidence intervals (Cls). Statistical signifi-
cance was determined by p-value < 0.05, with AORs having
95% CI not including 1.000. P-values were adjusted using
the False Discovery Rate (FDR) to minimize the risk of type
I errors when making multiple statistical tests in the asso-
ciation analyses. Synergy factor (SF) assesses the potential
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interactions between risk factors in case—control studies,
particularly useful for complex diseases like AD [25]. SF
examines whether combined effects of dietary fiber intake
and other nutrient factors exhibit synergy (greater than addi-
tive) or antagonism (lesser than additive) in influencing AD
susceptibility.

Results
Baseline characteristics of study population

The study population comprised more females (59.4%)
than males (40.6%). The majority (54.9%) was within the
healthy BMI range of 18.0-23.0 kg/m>. A higher propor-
tion of AD individuals were overweight and having parental
eczema compared to non-allergic non-eczema individuals.
Overweight individuals were also significantly more com-
mon among those with SPT-positive compared to those
SPT-negative individuals. Additionally, individuals with
dry skin have a higher prevalence of parental eczema than
those without dry skin. The distribution of parental educa-
tion levels varied significantly between different allergic out-
comes. Most subjects participated in physical activities once
or twice per week (52.7%), and there was a significant differ-
ence in the engagement of physical activities across individ-
uals with allergic outcomes. Table 1 provides an overview of
the subject demographics across different outcomes.

Dietary fiber intake, probiotic drinks intake and AD

The mean dietary fiber intake was approximately 89.11 g/
serving/week (SD +39.58), ranging from 69.76 g/serving/
week for low intake to 98.25 g/serving/week for high intake
(Fig S2). The estimated average dietary fiber intake (12.73 g/
serving/day) falls below the recommended daily dietary fiber
intake (23.0 g/serving/day) for a typical healthy individual
in Singapore.

Individuals with high dietary fiber intake showed a lower
associated risk for HDM allergy (Adjusted Odds Ratio
[AOR]: 0.895; 95% Confidence Intervals [CI]: 0.810-0.989;
adjusted p-value <0.05) and AD (AOR: 0.831; 95% CI:
0.717-0.963; adjusted p-value <0.05). Dietary fiber intake
was not associated with dry skin (AOR: 1.054; 95% CI:
0.898-1.237; adjusted p-value: 0.520), indicating that die-
tary fiber may not influence the xerosis associated with AD
in our study (Table 2).

While a higher dietary fiber intake was associated with
lower inflammation, it alone may not sufficiently modulate
immune responses and inflammation [26]. Probiotic supple-
mentation may offer complementary benefits in modulating
immune responses by promoting a balanced gut microbiota
[27]. Therefore, concurrent analysis of probiotic intake
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within our cohort is also imperative for a comprehensive
assessment of the association between dietary fiber intake
and various outcomes. The intake frequency of probiotic
drinks showed a statistically significant positive correlation
with dietary fiber intake (RZ: 0.324, p-value <0.0001),
indicating a potential relationship between these two diet
components (Fig S3). There was a significant variation in
the frequency of probiotic drinks intake among individuals
with HDM allergy and dry skin (Table S2). Interestingly,
individuals with once or twice-per-week intake were sig-
nificantly associated with a lowered risk of allergic sen-
sitization (AOR: 0.860; 95% CI: 0.788-0.939; adjusted
p-value <0.001) but not those with frequent intake of most
or all days (AOR: 0.887; 95% CI: 0.786—1.001; adjusted
p-value=0.052).

Subsequently, the population was stratified by probiotic
drinks intake to examine how different levels of probiotic
consumption affect the relationship between dietary fiber
intake and allergic outcomes. Among subjects with fre-
quent intake of probiotic drinks (n=7776. 57.3%), high
dietary fiber intake remained significantly associated with
a lowered risk of both HDM allergy (AOR: 0.865; 95%
CI: 0.754-0.991; adjusted p-value <0.05) and AD (AOR:
0.720; 95% CI: 0.590-0.879; adjusted p-value < 0.01). How-
ever, no association was observed in subjects with never or
only occasional probiotic drinks intake (n=5685, 41.9%)
(Table 2). Moreover, SF analysis showed that the interaction
between dietary fiber intake and probiotic drink intake was
independent and not antagonistic in modulating the associ-
ated risks for HDM allergy and AD (Table S3).

Interactions between dietary fiber intake
and nutrients intake

Furthermore, we conducted a separate interaction analysis
to assess whether the association between dietary fiber and
allergic outcomes remained independent of other dietary fac-
tors. We examined the dietary intake of fiber alongside vari-
ous nutrients previously investigated in our cohort, including
dietary intake of total fat, proteins, carbohydrates, and satu-
rated fatty acids (SFA) [28-30]. This provides a compre-
hensive understanding of how overall dietary composition
influences outcomes and better reflects real-world dietary
patterns for clinically relevant insights into complex diseases
like AD. Even among individuals with high dietary fat, SFA,
or protein intake, high dietary fiber intake was sufficient to
lower the associated risks for AD. The association between
AD and dietary fiber intake was lost upon adjusting for car-
bohydrate intake (Fig. 1). Interactions between dietary fiber
intake and various nutrients intake were independent and
additive in influencing AD susceptibility (Table S3).
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Table 2 Association between dietary fiber intake and various outcomes among 13,561 young Chinese adults from the Singapore/Malaysia

Cross-sectional Genetics Epidemiology Study (SMCGES)

Dietary fiber intake® Atopic dermatitis (AD) (3650
non-atopic non-eczema individu-

als vs. 2316 AD cases)

House dust mite allergy (4622
individuals with a negative skin
prick test response vs. 8840 indi-
viduals with a positive skin prick
test response)

Dry skin (2492 individuals with-
out dry skin vs. 2110 individuals
with dry skin)

AOR?* 95% CI p-value AOR?* 95% CI p-value AOR?* 95% CI p-value

Overall cohort (n=13,561)

Low (£69.8) 1.000 REF - 1.000 REF - 1.000 REF -

Moderate (between 69.8 and 98.3) 0.872 0.753-1.009 0.066 (ns) 0.986 0.892-1.089 0.777 (ns) 0.919 0.784-1.078 0.301 (ns)

High (>98.3) 0.831 0.717-0.963 <0.05* 0.895 0.810-0.989 <0.05* 1.054 0.898-1.237 0.520 (ns)
Less frequent (never or only occasionally) intake of probiotic drinks (n=25685)

Low (£69.8) 1.000 REF - 1.000 REF - 1.000 REF -

Moderate (between 69.8 and 98.3) 1.071 0.864-1.328 0.531 (ns) 1.129 0.975-1.308 0.106 (ns) 0.902 0.708-1.150 0.407 (ns)

High (>98.3) 0.955 0.750-1.214 0.706 (ns) 0.962 0.818-1.133 0.643 (ns) 0.882 0.669-1.161 0.372 (ns)
Frequent (once or twice per week/most or all days) intake of probiotic drinks (n="7776)

Low (£69.8) 1.000 REF - 1.000 REF - 1.000 REF -

Moderate (between 69.8 and 98.3) 0.717 0.584-0.881 <0.01* 0.894 0.776-1.029 0.119 (ns) 0.932 0.749-1.159 0.524 (ns)

High (>98.3) 0.720  0.590-0.879 <0.01* 0.865 0.754-0.991 <0.05* 1.128 0.914-1.394 0.263 (ns)

*Results from multivariable logistic regression are presented as adjusted odds ratio (AOR) and 95% confidence intervals (CI). Confounding vari-
ables (age, sex, parental eczema, parental education, and engagement in physical activities) were controlled. ° Dietary fiber intake was expressed

in terms of g/serving/week

“P-value was adjusted by False Discovery Rate (FDR) for multiple comparisons. Adjusted p-value <0.05 is statistically significant, bolded, and

marked with an asterisk

Discussion

In our study, young adult individuals with high dietary
fiber intake showed significantly lower odds of allergic
outcomes, including HDM allergy and AD. Low dietary
fiber intake may promote mucus-degrading bacteria,
increasing allergen access [31], while high-fiber diets
support skin barrier function, effectively limiting aller-
gen ingress and reducing sensitization risk [32]. High
dietary fiber intake is associated with the stabilization
of gut microbial community diversity [33] and decreases
leptin levels, thus mitigating low-grade chronic inflam-
mation [34]. Clinical trials demonstrated that increased
consumption of whole grain foods, rich sources of dietary
fiber, can effectively reduce inflammatory markers such
as C-reactive protein, interleukin-6, and tumour-necrosis
factor [35, 36]. While our study provides valuable insights
into the relationship between dietary fiber intake and
allergic outcomes among young adults, it is important to
acknowledge a limitation regarding childhood atopy data.
We focused on current AD symptoms within the past 12
months, but the lack of detailed data on childhood atopic
conditions limits our ability to differentiate between child-
hood atopy continuation and new-onset AD in adulthood
accurately. Future research efforts, including collabora-
tions with established birth cohort studies like Growing

Up in Singapore Towards Healthy Outcomes (GUSTO)
[37] and Singapore PREconception Study of long-Term
maternal and child Outcomes (S-PRESTO) [38], will
enable us to explore the longitudinal trajectory of aller-
gic conditions from childhood into adulthood. This will
provide deeper insights into how early-life atopic condi-
tions influence the prevalence and manifestation of AD,
particularly in relation to dietary fiber intake.

While current evidence on symbiotic supplementation for
preventing and treating AD remains inconclusive [3, 39], the
World Allergy Organization recommends the use of pro-
biotics during pregnancy and breastfeeding [40]. A meta-
analysis highlighted the potential efficacy of symbiotics in
treating AD in children, but strong evidence supporting their
preventive use is limited. Despite the heterogeneity between
studies, the meta-analysis underscored potential benefits of
dietary interventions involving symbiotic [41]. In our study,
frequent consumption of probiotic drinks correlated with
dietary fiber intake, yet the relationship between probiotics
and AD was less clear. Our findings primarily highlights the
impact of overall dietary fiber intake on allergic outcomes,
with probiotic intake being an additional, but not definitive,
factor. This nuanced understanding underscores the impor-
tance of dietary fiber in managing allergic conditions, while
suggesting that further research is needed to clarify the role
of probiotics.
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Fig.1 Odds ratio plot showing the interaction between dietary fiber
intake and a dietary fat intake, b dietary saturated fatty acids (SFA)
intake, c¢ dietary protein intake, and d) dietary carbohydrates intake
among 13,561 young Chinese adults from the Singapore/Malaysia
Cross-sectional Genetics Epidemiology Study (SMCGES) cohort.
Results are presented in adjusted odds ratio (AOR), 95% confidence
intervals (CI), and p-value. * P-value was adjusted by False Discov-

The USDA database was selected for its extensive cover-
age and detailed nutritional information, which is essential
for accurate dietary fiber estimation. Although we acknowl-
edge that it may not perfectly match the exact varieties of
food in the Asian region, we took several steps to address
this concern. Given that the Singapore Health Promotion
Board database lacks detailed fiber information for sev-
eral food groups, we used the USDA database to fill these
gaps. To enhance cultural relevance and applicability, we
cross-referenced the USDA database entries with common
food items consumed by our study population. This process
involved selecting food items from the USDA database that
closely resembled those typically consumed in Singapore
and Malaysia, ensuring the accuracy and relevance of our
dietary assessments. However, the USDA database used in
our study provided information mainly on total dietary fiber
but may not consistently have data to distinguish between
soluble and insoluble fibers. Recognizing the importance
of this distinction, we plan to enhance future research by
incorporating advanced dietary assessment tools and rel-
evant biomarkers. Specifically, we will focus on short-chain
fatty acids including acetate, propionate, and butyrate, which
are key indicators of fiber fermentation and its effects on gut
microbiota and immune responses for future longitudinal
studies [27, 42].

When considering dietary interventions for managing
AD, it is essential to recognize the potential complications
related to individual tolerance, dietary restrictions, and
nutritional needs. Individuals with AD, especially those
with underlying gastrointestinal issues or sensitivities,

@ Springer
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ery Rate (FDR) for multiple comparisons. Adjusted p-value <0.05 is
statistically significant, bolded, and marked with an asterisk. Multi-
variable analysis was adjusted for age, sex, body mass index, parental
eczema, parental education, and engagement of physical activities. A
reference dotted line is drawn at the interception point where AOR
equals 1.000 and the 95% CI is represented by a single line that cuts
the AOR

may experience discomfort like bloating or diarrhoea
with high dietary fiber consumption, making consistent
adherence challenging [43, 44]. Moreover, common food
allergens like fruits, vegetables, and legumes, which are
rich in dietary fiber may limit dietary choices for those
with comorbid AD [45]. While increasing dietary fiber
may benefit AD management, focusing solely on its intake
may overshadow the importance of a diverse and bal-
anced diet. Instead, it should be effectively integrated into
a broader dietary strategy prioritizing overall nutritional
adequacy and diversity. Based on our findings, encour-
aging individuals to adopt a diet rich in fiber alongside
moderation in fat and protein intake may potentially offer
a practical and effective approach to reducing the risk of
AD development.

While we controlled for significant confounders such
as genetic predisposition and BMI, other factors like water
consumption [46] and allergen exposure [47] could influ-
ence the association between AD and dietary fiber intake.
Environmental factors such as air pollution and occupational
exposures may also exacerbate inflammation to worsen AD
symptoms [47]. The findings should be interpreted in con-
sideration of these potential confounding factors and future
research may benefit from a more comprehensive assess-
ment of such variables. Although there were concerns on the
influence of other residual confounders like residential and
stress factors on the association [48, 49], we did not include
it our main analysis to prevent overfitting of model. This will
obscure the true association between dietary fiber intake and
AD. However, in separate analyses where we controlled for
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stress and residential factors, and the association remained
consistent. Though non-Chinese ethnic groups (Malays and
Indians) were recruited, their smaller population size limits
extensive analysis in this study. Future studies could include
larger samples from these populations to investigate the
broader impact of dietary fiber on AD in other ethnicities.
We also aim to enhance the reliability and applicability of
our newly developed dietary index by replicating our find-
ings in an independent cohort for broader dietary research,
using a more detailed FFQ designed to capture various
dietary information, including caloric data. This approach
will allow us to contextualize our fiber index against other
established metrics for chronic diseases, such as the Alterna-
tive Healthy Eating Index, the Dietary Approaches to Stop
Hypertension and Dietary Guideline Index, all of which hold
significant public health relevance [50, 51].

Despite the limitations, there are several strengths of
our study. We conducted sensitivity analyses to ensure the
reliability and robustness of our findings. These analyses
rigorously assessed the stability, in terms of direction and
strength, of associations between the derived dietary index
and allergic outcomes, confirming the consistency of our
results. Additionally, we include a large and diverse sam-
ple size, enhancing the generalizability of our findings. The
FFQ was validated for adult population [52] and the protocol
has been adjusted to include dietary questions applicable
to adults, with guidelines for customizing the food list to
regional dietary patterns [53]. The investigator-administered
FFQ allowed for detailed and accurate measurement of die-
tary habits related to dietary fiber intake. Our findings con-
tribute to the growing body of evidence on the importance
of dietary fiber in managing allergic conditions and offer
insights for future research.
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