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Abstract: Background and Objectives: Generation Z and millennials in Saudi Arabia both experienced
the stress of the COVID-19 pandemic and the accompanying factors that may have had an impact
on the incidence of functional gastrointestinal diseases (FGIDs) in both generations. This study
aims to explore how prevalent FGIDs are among adolescents and their parents. Methods and Study
Design: A cross-sectional, school-based study conducted in public high schools for boys and girls in
Jeddah, Saudi Arabia. We adapted 37 items from the ROME IV Diagnostic Questionnaires for children
and adults, as well as other questionnaires. IBM SPSS Statistics (Version 28.0) was used. Results:
Generation Z showed a higher prevalence of FGIDs (33.5%, n = 126) in comparison with millennials
(20.0%, n = 28). In both generations, the most prevalent FGID was functional constipation; the least
prevalent were irritable bowel syndrome and abdominal migraine, with no significant change in the
severity or frequency of symptoms during the pandemic. The type of commonly consumed beverages
was a risk factor for FGIDs. Participants in generation Z were less likely to use complementary and
alternative medicine (67.4%) to prevent diseases and enhance immunity compared with millennials
(82.9%). Conclusions: The study results confirmed disparities in the prevalence of FGIDs between the
two generations before and during the COVID-19 pandemic, which requires further research in other
areas of Saudi Arabia. Recognizing the differences between the millennial parents and the generation
Z high schoolers could assist health professionals in planning individualized, generation-based
interventions and educators in designing and tailoring programs based on generational differences.

Keywords: functional gastrointestinal diseases; COVID-19; generations; complementary and
alternative medicines

1. Introduction

Functional gastrointestinal disorders (FGIDs), or disorders of gut–brain interaction, are
diagnosed noninvasively using the Rome Diagnostic Questionnaire (DQ), which inquires
about symptoms and severity [1–3]. Saudi studies have shown that FGIDs are common in
both females and males. Half of the women in one study had a minimum of one FGID [4].
Functional constipation was reported to have the highest prevalent among children in Saudi
Arabia, compared with other countries [5]. The prevalence of functional constipation and
functional abdominal pain was found to be 8.1% and 6.2%, respectively, among 319 children
aged 3 to 18 years in the country’s Central Region [6]. However, the two conditions were
less prevalent in a similar population in the Western Region [7], and a higher prevalence rate
was reported for functional constipation among preschoolers (5%, 3 out of 59 children) [8].
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According to Saudi reports, risk factors for FGIDs included age, sex, dietary factors, marital
status, living situation, parental educational level, smoking, sleeping pattern, consumption
of carbonated drinks, and infection with COVID-19 [4,6,9]. Clinical studies have shown that
COVID-19 patients reported having gastrointestinal symptoms [10], and the prevalence
of FGIDs was found to be higher in children during the pandemic when compared with
studies conducted prior to the pandemic [11].

Considering the impact of generation on health, generational studies provide insights
into key findings from recent studies exploring the relationship between generational
characteristics and the prevalence of FGIDs. Recent reports reveal that generation Z has
an increased awareness of and concern for environmental issues [12,13]. This generational
feature becomes remarkably significant when considering studies investigating the con-
nection between FGID symptoms and partner attitudes. Some studies have even noticed
differences in the prevalence of FGID symptoms across different generations [14]. Living
in a world of movement, the current two Saudi generations of parents and high schoolers
grew up experiencing different environmental and life events. Their lifestyles, habits, and
perspectives are different, but they both experienced the stressful times and anxiety, fear,
sadness, and loneliness that resulted from the lockdown enforced during the COVID-19
pandemic. All those factors may have had an impact on the incidence of FGIDs in both
generations. This study investigates the prevalence of FGIDs and the accompanying dif-
ferences in dietary and lifestyle patterns in the current two Saudi generations: millennials
(parents born between 1981 and 1996) and generation Z (high schoolers born between 1997
and 2012). The study also explores how this influence may be affected by the ongoing
impact of COVID-19.

2. Materials and Methods
2.1. Study Design

This study is part of a larger study exploring differences in dietary habits and lifestyle
between the two current generations before and during the COVID-19 pandemic. This
cross-sectional, school-based study using an electronic self-reported survey was conducted
in public high schools for boys and girls in Jeddah, Saudi Arabia, from September 2021 to
April 2022.

2.2. Participants and Sampling

The sample included male and female students aged 15 to 18 years (grades 10 through
12) enrolled during the academic year 2021–2022 in public education high schools whose
parents resided in Jeddah city. We excluded students outside the specified age range and
students with all medically diagnosed gastrointestinal diseases.

The Epi Info calculator was used to identify the required sample size, considering the
total number of high school students in Jeddah to be 153,641 students [15]. Based on an
estimated dropout rate of 20%, a 95% confidence level, a 5% error margin, and a design
effect of 1, the estimated sample size was 245 students. After doubling that number to
include parents, the total sample size needed to be 490 (245 students and 245 parents). Based
on previously published works on sample selection in similar populations (Figure 1) [16]
and the Ministry of Education’s school districts for Jeddah city (Eastern, Western, Northern,
Southern) at the time of data collection (Table 1) [17], participants were selected through
their schools by multistage random sampling. The first stage was to select an equal number
of students from each school district. The second stage was to randomly select two schools
(one for boys and one for girls) from each district. Three classes (one from each grade) from
each school were randomly selected and enrolled in the study (average 41–60 students
per class). Each class was considered a cluster, and all the students in that class and their
parents were invited to participate in the study (Figure 2).
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Table 1. Sample size summary.

Total
Population

Calculated
Sample Size Actual Sample Size

No. of eligible students 153,641 * 245 † 376

No. of schools 566 12 8

* Total number of students in the academic year 2021–2022. † Minimal sample size required for the present study.
Source: Statistics Department at the Ministry of Education [17]

Diagnostics 2024, 14, x FOR PEER REVIEW 4 of 13 
 

 

Table 1. Sample size summary. 

 Total 
Population 

Calculated 
Sample Size 

Actual Sample 
Size 

No. of eligible students 153,641 * 245 † 376 
No. of schools 566  12 8 
* Total number of students in the academic year 2021–2022. † Minimal sample size required for the 
present study. Source: Statistics Department at the Ministry of Education [17] 

 

 

Figure 2. Sample selection criteria and participant recruitment. 

2.3. Data Collection and Study Tool 
An online self-administered questionnaire was developed, with permission, guided 

by the literature on epidemiological studies and surveillance of FGIDs, generational stud-
ies of students’ and their parents’ food patterns, lifestyle, and infection with COVID-19 
[18–20], and Rome foundation criteria [21]. The study tool was adapted from the Rome IV 
DQ for adolescents and adults and included other questions to define participant 

 

Step 
1

• Stratification 

Step 2 • Cluster selection

Step 3 •School and class levels

Multistage stratification was based on: - 
Geographical location of schools (East, 
West, North, South). 
- Public high schools for boys and girls 
inside Jeddah city. 
 

Within each geographical area: -One 
school for boys and one for girls were 
randomly selected (total of 8 schools). 
 

From each school:  
-A class was randomly selected from 
each grade (total 3 classes per school).  
(Total classes: 24) 
- All students in the selected classes and 
their parents were recruited for the 
study (if they agreed to participate).  
(Total students: 376 students and 140 
parents) 
 
 
 

Figure 2. Sample selection criteria and participant recruitment.

2.3. Data Collection and Study Tool

An online self-administered questionnaire was developed, with permission, guided by
the literature on epidemiological studies and surveillance of FGIDs, generational studies of
students’ and their parents’ food patterns, lifestyle, and infection with COVID-19 [18–20],
and Rome foundation criteria [21]. The study tool was adapted from the Rome IV DQ for
adolescents and adults and included other questions to define participant demographics
and assess food and lifestyle patterns. An expert panel of eight health professionals
with medical and clinical nutrition backgrounds reviewed, edited, and approved the
questionnaire. The questionnaire included four sections. The first section comprised
11 questions on sociodemographic characteristics. The second section, adapted from both
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Rome IV DQs, was concerned with the diagnosis and prevalence of FGIDs. The third
and fourth sections evaluated food and lifestyle patterns as well as changes during the
pandemic, including dietary patterns, sleep patterns, and physical activity.

After fine-tuning, the questionnaire was shared online and tested in a pilot study on a
sample of 94 individuals (58 students and 36 parents) using the same recruitment criteria.
The aim of the pilot study, conducted two months prior to this one, was to examine and
refine the measurement instrument.

2.4. Statistical Analysis

Frequency and percentage are used in this report to present sociodemographic vari-
ables. Scoring of questions on FGIDs followed Rome Foundation guidelines. Identifying
risk factors and significant differences in food and lifestyle patterns between the two genera-
tions and before and after the pandemic was carried out using chi-square test. Associations
between different factors and exploration of predictors for FGIDs were carried out using
multivariate regression analysis. There were no missing data, because the Google Forms
toolrequires mandatory responses to all questions before continuing through the survey.
Significance level was set at a p value of 0.05 or below. IBM SPSS Statistics (Version 28) was
used to analyze the data.

2.5. Ethical Approval and Consent to Participate

The Research Ethics Committee of the Faculty of Applied Medical Sciences at King
Abdulaziz University granted the study approval on 2 November 2021, under the reference
number FAMS-EC2021-15. Conducting the study in schools was approved by the Ministry
of Education’s directorate of schools in Jeddah and principals of the selected schools.
All participants signed an electronic consent form before proceeding to answer survey
questions. To confirm clear and thorough reporting of the approach and findings of this
work, the authors followed the STROBE checklist [22].

3. Results

Eight schools (4 each for girls and boys) with a total of 24 classes were included. The
questionnaires were completed by 516 participants (140 parents (27.1%) and 376 students
(72.9%)). The parent group consisted of 47 men (33.6%) and 93 women (66.4%), and the
student group comprised 147 males (39.1%) and 229 females (60.9%). Participants in
the parent group were aged 30 years and over (41 parents, 29.2%, were between 30 and
40 years old and 99 parents, 70.7%, were aged 41 or older), while the students were aged
between 15 and 19 years. Thirty-two parents (22.9%) and 36 students (9.6%) reported
having chronic diseases, and 41 parents (29.3%) and 100 students (26.6%) reported infection
with COVID-19.

3.1. Prevalence of Functional Gastrointestinal Disorders

Twenty-eight parents (20.0%) and 126 students (33.5%) were classified as having
FGIDs. In both generations, functional constipation was the most prevalent FGID, followed
by functional abdominal pain. The least prevalent FGIDs were abdominal migraine and
irritable bowel syndrome (Table 2). Moreover, both groups showed no significant change
in severity or frequency of symptoms during the pandemic (p > 0.05).

Table 2. Prevalence of FGIDs among the sample.

Prevalence of
FGIDs

Irritable Bowel
Syndrome

Abdominal
Migraine

Functional
Abdominal
Pain-Nos

Functional
Constipation

Parents, n (%) 0 0 1 (0.7) 27 (19.2)

Students, n (%) 1 (0.2) 2 (0.5) 21 (5.5) 103 (27.3)
Abbreviations: FGIDs, functional gastrointestinal disorders; nos, not otherwise specified.
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3.2. Relationship Between FGIDs and Lifestyle Habits and COVID-19

The parent group showed no significant associations between FGID prevalence and
the seven variables related to lifestyle and dietary behavior (p > 0.05) (Tables 3 and 4). Con-
versely, significant associations were found between the prevalent FGIDs and commonly
consumed meals (homemade vs. ready), number of takeout meals, and type of commonly
consumed beverage, p < 0.05 in all cases of the students group (Tables 5 and 6). However,
the significance only extended to the type of commonly consumed beverage (sugary) in
the multinomial regression analysis (p = 0.01; odds ratio (OR) = 1.18, confidence interval
(CI) = 1.03–1.35) (Table 7).

Table 3. Relationship between lifestyle factors affecting functional gastrointestinal diseases among
the parents (n = 140).

Variable Cases
No. (%)

Controls
No. (%) p Value

Infected with COVID-19 previously
Yes 7 (17.1) 34 (82.9)

0.57No 21 (21.2) 78 (78.8)
Exercises regularly
Yes 16 (25.4) 47 (74.6)

0.14No 12 (15.6) 65 (84.4)
Practices CAM
Yes 24 (20.9) 91 (79.1)

0.58No 4 (16.0) 21 (84.0)
Commonly consumed meals
Home meals 27 (20.9) 102 (79.1)

0.34Ready meals 1 (9.1) 10 (90.9)
Dining out
Yes 25 (23.4) 82 (76.6)

0.07No 3 (9.2) 30 (90.9)
Number of takeout meals per day
None 3 (9.2) 30 (90.9)

0.30
1 17 (25.0) 51 (75.0)
2 7 (21.2) 26 (78.8)
3 1 (16.7) 5 (83.3)

Data were analysed using chi-square test.

Table 4. Relationship between dietary factors affecting functional gastrointestinal diseases among the
parents (n = 140).

Variable Cases
No. (%)

Controls
No. (%) p Value

Type of restaurants
Does not eat in restaurants 3 (9.1) 30 (90.9)

0.17Fast food 12 (25.5) 35 (74.5)
Casual dining 13 (21.7) 47 (78.3)

Type of commonly consumed beverages
Water 18 (24.7) 55 (75.3)

0.36Hot drinks 5 (12.8) 34 (87.2)
Fresh fruit juice 3 (27.3) 8 (72.7)
Sugar-sweetened carbonated drinks 2 (20.0) 80 (80.0)
Sugar-free carbonated drinks 0 (0.0) 100 (100.0)
Sugar-sweetened drinks 28 (20.0) 112 (80.0)
Cups of water consumed per day
Does not drink water 0 (0.0) 0 (0.0)

0.151 1 (50.0) 1 (50.0)
2–3 7 (15.6) 38 (84.4)
4–6 9 (15.5) 49 (84.5)
7 or more 11 (31.4) 24 (68.6)

Data were analysed using chi-square test. Abbreviations: CAM, complementary and alternative medicine.
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Table 5. Relationship between lifestyle factors affecting functional gastrointestinal diseases among
students (n = 376).

Variable Cases
No. (%)

Controls
No. (%) p Value

Infected with COVID-19 previously
Yes 38 (38.0) 62 (62.0)

0.26No 88 (31.9) 188 (68.1)
Exercises regularly
Yes 36 (27.1) 97 (72.9)

0.05No 90 (37.0) 153 (63.0)
Practices CAM
Yes 87 (34.3) 167 (65.7)

0.58No 38 (31.4) 83 (68.6)
Commonly consumed meals
Home meals 64 (28.3) 162 (71.7)

0.00 †Ready meals 62 (41.3) 88 (58.7)
Dining out
Yes 112 (34.6) 212 (65.4)

0.27No 14 (26.9) 38 (73.1)
Number of takeout meals per day
None 15 (28.3) 38 (71.7)

0.04 *
1 42 (27.5) 111 (72.5)
2 49 (38.3) 79 (61.7)
3 20 (47.6) 22 (52.4)

Data were analysed using chi-square test. * p ≤ 0.05. † p ≤ 0.01

Table 6. Relationship between dietary factors affecting functional gastrointestinal diseases among
students (n = 376).

Variable Cases
No. (%)

Controls
No. (%) p Value

Type of restaurants
Does not eat in restaurants 14 (26.9) 38 (73.1)

0.41Fast food 73 (33.2) 147 (66.8)
Casual dining 39 (37.5) 65 (62.5)

Type of commonly consumed
beverages
Water 50 (27.5) 132 (72.5)

0.03 *Hot drinks 14 (34.1) 27 (65.9)
Fresh fruit juice 10 (31.3) 22 (68.8)
Sugar-sweetened carbonated drinks 29 (36.7) 50 (63.3)
Sugar-free carbonated drinks 10 (52.6) 9 (47.4)
Sugar-sweetened drinks 13 (56.5) 10 (43.5)
Cups of water consumed per day
Does not drink water 1 (100.0) 0 (0.0)

0.071 16 (48.5) 17 (51.5)
2–3 47 (34.6) 89 (65.4)
4–6 35 (26.5) 97 (73.5)
7 or more 27 (36.5) 47 (63.5)

Data were analysed using chi-square test. Abbreviations: CAM, complementary and alternative medicine.
* p ≤ 0.05.
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Table 7. Multinomial regression analysis for predictors of FGIDs among students (n = 376).

Variable p Value OR 95% CI

Exercise 0.12 1.45 0.90–2.35
Commonly consumed meals 0.09 1.48 0.93–2.35
Number of takeout meals per day 0.06 1.27 0.98–1.65
Types of commonly consumed beverages 0.01 * 1.18 1.03–1.35
Cups of water consumed per day 0.95 0.99 0.76–1.28

Data were analysed using multinomial regression analysis. Abbreviations: FGIDs, functional gastrointestinal
diseases; OR: odds ratio; CI: confidence interval. * p ≤ 0.05.

Moreover, no significant association was found between the prevalence of FGIDs
and infection with COVID-19 in either the parent or student group (p = 0.57, p = 0.26,
respectively) (Tables 3 and 5). Participants in both groups reported having FGIDs before
the pandemic.

3.3. Practice of Complementary and Alternative Medicine

The results showed that 116 parents (82.9%) practiced more CAM as compared with
252 students (67.4%), p < 0.01. The most common reason reported for practicing CAM in
both groups was to prevent diseases and enhance immunity. Moreover, 71 parents (50.7%)
practiced more CAM in response to COVID-19 as compared with 109 students (29.0%),
p < 0.01.

4. Discussion

The main objective of this study was to highlight the prevalence of FGIDs and the
accompanying differences in food and lifestyle patterns among millennials and generation
Z. A key novel finding is that functional constipation was the most common FGID among
the two generations and that type of consumed beverages affected the prevalence of FGIDs
most in generation Z. Twenty percent of millennials and 33.5% of individuals in generation
Z were classified as having FGIDs. These findings are in line with reports in the literature,
which showed that the prevalence of FGIDs in Saudi Arabia ranged between 9% and
40% [4,6,7,23,24]. The variation of prevalence rates from different parts of the country
suggests a multifactorial etiology.

In the present study, the prevalence of FGIDs was strongly associated with some
food and lifestyle patterns, such as commonly consumed meals (homemade vs. ready
meals), number of takeout meals per day, and type of commonly consumed beverages.
Takeout food, ready meals, and sugary beverages are generally energy dense, high in fats,
added salts, and sugars, and low in fiber, vitamins, and minerals [25–27], all of which
contribute to disease mortality and morbidity [26,27]. In the context of FGIDs, there have
been limited reports of a link between the prevalence of FGIDs and negative dietary habits.
In Kundur et al. study, individuals who regularly consumed fatty meals and fast food
had a higher prevalence of FGIDs compared with the healthy group [4]. This finding is
in line with similar observations regarding fried foods [28–30]. The link can be related
to the fact that consumption of a lot of fatty and fast foods triggers the development
of reflux symptoms by reducing esophageal sphincter pressure, increasing exposure of
the esophagus to gastric juices and, thus, increasing gut sensitivity and irritation and
causing functional upper gastrointestinal disorders [30–32]. Moreover, previous research
has highlighted the influence of high energy meals on gastrointestinal transit time, causing
disturbances and deregulation of proper digestion and leading to constipation [33–36].
These associations were found to be significant in generation Z but not millennials. A
similar trend was seen previously, with higher prevalence of FGIDs in the younger group
when compared with the older group [4], which is to be expected logically, as such negative
lifestyle habits are known to be common among younger generations [37].

On the other hand, the incidence of FGIDs among millennials, although lower when
compared with generation Z, suggests a different association that was not intended to be
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studied currently. Kundur et al. found a link between age and the incidence of FGIDs, which
can be explained physiologically [4]. For instance, acid reflux and gas formation increase
with age [4,38,39]. Addressing these associations in different age groups is important, as it
can direct both the health care provider and patients on how to manage symptoms and
inform the role of dietetics on what nutritional advice should be followed [40–43].

Of note in the present study is the finding that functional constipation was among the
most prevalent FGID in both generations and that commonly consuming sugary drinks
was the only lifestyle habit that contributed significantly to the prevalence of FGIDs. It is
well documented in the literature that functional constipation is highly prevalent among
people of different age groups in Saudi Arabia, due to a variety of discussed contribut-
ing causes [5–8,44–46]. Moreover, a positive association between many gastrointestinal
problems, such as constipation, and sugary dietary items, specifically refined sugars, has
been established previously [33–36,47,48]. Sugary drinks are mostly rich in refined sugars
and energy and low in fiber [47]. There have been hypotheses discussing the complex
relationship between functional constipation and the gut microbiota, which, in this case,
can be affected by lifestyle habits, stressors, and diet [49]. Dysbiosis, which often refers
to disruption in the gut microbiota, has been linked to increased rates of FGIDs including
functional constipation [50–52]. Indeed, data from animal models have supported the
interplay between regulation of gastrointestinal motility and the gut microbiome through
complex metabolic and neuroendocrine mechanisms that are driven by dietary metabolites,
such as short-chain fatty acids [53–55]. These hypotheses support the link between low fiber
intake and, consequently, high sugar intake, and functional constipation, which explains
the results of the present study and others [4]. However, whether there is a cause-and-
effect relationship is still not fully understood given the inherent risk of bias related to the
observational study design.

Observations have shown that the incidence of FGIDs was higher among COVID-19
patients when compared with healthy controls [56,57]. Some of the reports suggested
“post-infectious” mechanisms, including direct viral invasion of the gastrointestinal tract,
increased fecal calprotectin, presence of viral RNA in feces, altered intestinal permeability,
gut microbiota dysbiosis, mucosal damage on gastrointestinal endoscopy, and involvement
of enteric nervous system mechanisms that lead to FGID development [10]. However, the
present findings showed no difference in FGID prevalence before and after the COVID-
19 pandemic or before and after participants were infected with COVID-19. In fact, the
participants reported having FGIDs before being infected with COVID-19, which explains
the discrepancy with the literature. More research is needed to clarify the nature of
this relationship.

Out of interest, the authors were keen to examine differences between the two genera-
tions in how important they regarded CAM, which is commonly practiced among people
in Saudi Arabia and other countries [58–62]. In the present study, 82.9% of millennials
and 67.4% of participants in generation Z practiced CAM to prevent diseases and enhance
immunity. Moreover, 50.7% of millennials and 29.0% of those in generation Z reported
practicing CAM in response to COVID-19. However, no significant relationship was found
between practicing CAM and FGID symptom alleviation. This result comes contrary to
theories in the literature, as recent review articles concluded that significant benefits were
shown in patients with FGIDs following the use of some herbal therapies [63,64]. Future
studies focusing on testing this link are required.

The key novelty in this study is exploring the generational difference in prevalence of
FGIDs and related risk factors including food habits, lifestyle, and COVID-19 in both men
and women. The use of the validated ROME IV DQ has made identification of FGIDs in
larger samples much easier and more reliable. Nevertheless, data collection was carried
out by inviting the students directly and their parents indirectly. Hence, participation was
greater from the students than the parents. Nevertheless, limitations of this study include
reliance on self-reporting at a single point in time to assess dietary and lifestyle behaviors
and the use of an online and anonymous questionnaire. Moreover, it would be interesting
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for future research to consider the use of public toilets while at school, since the current
results showed that functional constipation was the most common FGID. Furthermore,
future research is should also be directed to comparing the current results to the COVID-19
and non-COVID-19 periods and to evaluate the depression symptoms that are commonly
associated with anxiety during stressful period of times, such as the COVID-19 pandemic
and its impact on FGIDs.

5. Conclusions

In conclusion, this study showed that 20.0% of millennials and 33.5% of individuals
in generations Z had FGIDs. The most prevalent FGID among both generations was
functional constipation, and type of beverages consumed was identified as the factor
affecting the prevalence of FGIDs most in generation Z but not in millennials. FGIDs
showed no association with COVID-19 infection in either generation. Interestingly, both
generations were found to practice CAM to prevent diseases and enhance immunity. These
findings can direct public health campaigns to raise awareness of the general population
about FGIDs and the associated lifestyle factors that can prevent symptoms and promote a
healthy lifestyle for both generations
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