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A B S T R A C T

Background: The risk of lifestyle-related diseases in normal weight obesity (NWO), a condition, in which the body
mass index (BMI) is normal but the body fat mass is high, has attracted a lot of attention. However, there are no
reports on the association between NWO and lifestyle, eating habits, and other health risks in Thai people. BMI
alone cannot be used to identify individuals with NWO; thus, some students with NWO develop metabolic ab-
normalities without receiving any intervention. This study aimed to examine the differences in anthropometrics,
lifestyle, and eating habits among young Thai women and their association with the BMI and the body fat ratio
(BFR).
Methods: A total of 250 female Thai university students of normal body type (18.5 � BMI<25.0 kg/m2) were
classified as having non-normal weight obesity (NO-NWO) if their BFR was <30.0% or NWO if their BMI and BFR
were >30.0%. The lifestyle and eating habits of the two groups were compared. We conducted logistic analysis
with the presence or absence of NWO as the dependent variable, and the dietary habit items of “eating greasy
foods,” “eating ultra-processed foods (UPF),” and “drinking sweetened beverages” as the objective variables.
Results: Among the study participants who were of normal body type, 46.8% were NWO. The participants in the
NWO group consumed UPF more frequently (odds ratio [OR], 2.04; p ¼ 0.014) and sweetened beverages more
regularly (OR, 1.92, p ¼ 0.041) than those in the NO-NWO group.
Conclusion: UPF and sweetened beverage consumption was more common in individuals with NWO. Identifying
the risk factors for NWO is essential to help individuals make lifestyle changes to prevent its progression and
complications.
1. Introduction

Thailand's population with obesity is increasing in tandemwith rising
income levels and the adoption of westernized diets [1,2]. In 2016, the
percentage of the overweight population exceeded 30%, and the obese
rate (body mass index [BMI] m > 30 kg/m2), also exceeded 10%. Thai-
land's high obese rate is the second highest among the Association of
Southeast Asian Nations after Malaysia [3]. According to Global Health
Metrics (2020), Thailand's leading causes of death have changed from
infectious diseases and injuries a decade ago to lifestyle-related diseases,
such as ischemic heart disease and stroke, for which obesity is a risk
factor [4]. Thailand's population with obesity extends to its youth, with
the obesity rate among Thai youth in their 20s reportedly increasing from
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13.0% to 24.1% between 2012 and 2018 [5].
Meanwhile, normal weight obesity (NWO), a condition in which the

BMI is normal but high body fat content is present, has become
increasingly concerning worldwide. NWO has been reported to increase
the risk of cardiovascular morbidity and mortality [6]. It is essential to
identify the health risks associated with this condition, as body compo-
sition is not measured during routine physical examinations. However,
there are no reports on the relationship between NWO and lifestyle,
eating habits, and other health risks among Thai people.

Maintaining proper body shape from adolescence is one of the most
critical factors in preventing lifestyle-related diseases and extending
healthy life expectancy. Thus, nutrition and health education are essen-
tial. However, it is challenging to identify university students as having
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Table 1
Basic information and biological indicators of the participants.

NO-NWO (n¼ 133) NWO (n ¼ 117) p-valuea

Mean � SD Mean � SD

Age years 20.1 � 0.9 20.3 � 1.3 0.098
Height cm 159.7 � 6.0 159.1 � 5.9 0.445
Weight kg 51.4 � 5.3 56.1 � 6.3 <0.0001
BMI kg/

m2
20.1 � 1.3 22.1 � 1.7 <0.0001

Body fat ratio % 25.3 � 4.0 33.6 � 2.9 <0.0001
Muscle mass g 28.4 � 9.5 25.5 � 16.9 0.084
Basal metabolic
rate

kcal 1185.4 � 105.7 1190.2 � 94.6 0.707

NO-NWO: (18.5 � BMI<25.0 kg/m2) and the body fat ratio is <30%.
NWO: (18.5 � BMI<25.0 kg/m2) and body fat ratio is >30.0%.
SD, standard deviation; BMI, body mass index.

a Student's t-test.
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NWO based solely on their BMI; thus, some students with NWO develop
metabolic abnormalities without receiving adequate medical care.
Identifying the risk factors for NWO may help young people make life-
style changes to prevent its progression [7]. Therefore, in this study we
used the BMI and the body fat ratio (BFR) to examine differences in
anthropometrics, lifestyle, and eating habits among young Thai students.

2. Methods

2.1. Participants

Between 2017 and 2020, 507 Thai female university students living
near Thaniyaburi and Chiang Mai were recruited for this cross-sectional
study, and 113 thin (BMI <18.5 kg/m2) and 144 overweight women
(BMI �25.0 kg/m2) were excluded from the analysis. We enrolled 250
women who were in the normal BMI range, as classified by the World
Health Organization (18.5 � BMI<25.0 kg/m2) (8). The participants
were fully informed of the nature of the study prior to participation, and
consent was obtained by their response to the questionnaire. The study
was conducted with the approval of the Otsuma Women's University Life
Science Research Ethics Review Committee (date of approval: July 2,
2014). The author received a research grant from the Asahi Group Sci-
enceFoundation to conduct this study. The authors declare that the
research was conducted without any commercial or financial relation-
ships that could be construed as a potential conflict of interest. All au-
thors reviewed the manuscript, and all approved the submission for
publication.

2.2. Measurements and variables

Height was measured by In Lab 550 (In Body Japan Inc., Tokyo,
Japan), while the body weight, BFR, basal metabolic rate, and muscle
mass were measured by ACCUNIQ BC300 (Toyo Medic Co., Ltd., Tokyo,
Japan).

The BMI (kg/m2) was calculated based on the height and weight, and
patients were categorized as “thin,” “normal,” and “obese” if their BMI
<18.5, 18.5–25, and �25 kg/m2, respectively. In this study, only those
with a “normal” body size between a BMI of 18.5 and 25.0 were included
in the analysis. Those with a BFR <30.0% were classified as having non-
NWO (NO-NWO), and those with a BFR >30.0% as having NWO, based
on the combination of BMI and BFR.

A survey on lifestyle and eating habits was conducted using a self-
administered questionnaire. For lifestyle, respondents were asked to
choose from “live alone,” “live with a roommate,” or “in a dormitory.”
Regarding exercise, the respondents were asked to respond to the ques-
tion concerning their habitual exercise habits by selecting “none,” “once
a week,” “twice a week,” or “three or more times a week.” The average
daily walking time in everyday life, including commuting to university,
was answered in a descriptive format. The respondents were asked, “How
much sleep did you get every night in the last year?,” and they chose “less
than 5 h,” “between 5 and 6 h,” “between 6 and 7 h,” “between 7 and
8 h,” or “more than 8 h” Regarding the frequency of bowel movements,
responses to the question, “How often do you have bowel movements?”
were obtained from the following options: “at least once daily,” “5–6
times a week,” “3–4 times a week,” and “less than twice a week.” For the
question “How soft are your usual stools?,” the respondents were asked to
choose “soft stools,” “normal stools,” “hard stools,” or “diarrhea and
constipation repeatedly.” Regarding smoking habits, responses were
obtained to the question, “Have you ever smokedmore than one cigarette
a day?” from the options of “yes,” “in the past but not at present,” and
“currently smoking.” Regarding the menstrual cycle, the respondents
were asked, “Is your menstrual cycle regular?” Their answers were ob-
tained by selecting “approximately regular” or “irregular.” The re-
spondents were also asked concerning their usual eating habits and
answered questions regarding “eating breakfast,” “eating until full,”
“eating a meal with nutritional balance in mind,” “eating a variety of
2

foods,” “eating fast,” “eating an evening meal after dinner,” “eating
snacks between meals,” “eating meat dishes,” “eating fish,” “eating dairy
products,” “eating fruits,” “eating vegetables,” “eating salty seasonings,”
“eating spicy seasonings,” “eating sweet snacks,” “eating salty snacks,”
“eating traditional Thai snacks,” “eating oily foods,” “eating ultra-
processed foods (UPF),” “eating fast food,” “drinking sugar-sweetened
beverages,” “trying new foods and dishes,” and “using umami season-
ings.” For each question, the respondents were given the options of
“rarely,” “1–2 days a week,” “3–4 days a week,” or “almost every day.”
2.3. Statistical analysis

Participants of this cross-sectional study were classified into the NO-
NWO and NWO groups, and physical measurements, lifestyle, and eating
habits were compared between the two groups. Qualitative variables
were analyzed by the Chi-square test or Fisher's exact probability test,
and quantitative variables were analyzed by Student's t-test.

In addition, logistic analysis was conducted with the presence of
NWO as the dependent variable and the food habit items of “eating
greasy food,” “eating UPF,” and “drinking sugar-sweetened beverages” as
the objective variables. In the analysis, multivariate analysis was also
conducted using “menstrual cycle” and “softness of usual stool” as
adjustment variables, which are items that showed differences between
the “NO-NWO” and “NWO” groups in the lifestyle items. SAS version 9.4
(SAS Institute Inc., Cary, NC, USA) was used for the analysis, and the
significance level was set at 5% (two-tailed test).

3. Results

3.1. Basic information and body measurements

NWO was detected in 46.8% of the study participants who were of
normal body type (BMI, 18.5–25.0 kg/m2). There was no difference in
age or height between the NO-NWO and NWO groups. The weight, BMI,
and BFR of the NWO group were significantly higher than those of the
NO-NWO group (all p < 0.001). Muscle mass in the NWO group was
lower than that in the NO-NWO group, but this difference was not sta-
tistically significant (p ¼ 0.084). There was no difference in the basal
metabolic rate between the NWO and NO-NWO groups (Table 1).
3.2. Lifestyle

There was no difference in the frequency of bowel movements be-
tween the NO-NWO and NWO groups, but the NWO group had a smaller
proportion of participants with normal stools that were not diarrhea or
constipation than the NO-NWO group. However, the difference was not
significant (p ¼ 0.070). The NWO group had a higher percentage of



Table 3
Dietary habits of non-normal weight-obese and normal weight obese individuals.

NO-NWO
(n ¼ 133)

NWO
(n ¼ 117)

p-
valuea

I eat _____ almost daily % %
breakfast 20.3 22.2 0.443
until full 48.9 53.9 0.522
meals with nutritional balance
in mind

9.8 8.6 0.572

a variety of foods 17.3 24.8 0.320
fast 16.0 20.7 0.693
an evening meal after dinner 18.8 19.8 0.910
snacks between meals 19.6 28.2 0.294
meat dishes 52.6 56.0 0.633
fish 6.8 7.7 0.684
dairy products 12.8 18.0 0.453
fruits 19.6 16.2 0.614
vegetables 33.1 31.6 0.896
salty seasonings 6.8 6.8 0.276
spicy seasonings 7.5 9.5 0.749
sweet snacks 10.5 6.8 0.404
salty snacks 13.6 11.1 0.161
traditional Thai snacks 0.8 2.6 0.769
oily foods 8.3 5.1 0.047
ultra-processed foods (UPF) 7.6 17.1 0.036
fast food 10.5 10.3 0.405
new foods and dishes 3.1 6.8 0.113

M. Kobayashi et al. Obesity Pillars 5 (2023) 100055
irregular menstrual cycles than the NO-NWO group, but this difference
was not significant (p ¼ 0.079). No differences in exercise habits, resi-
dential type, sleep duration, or smoking habits were observed. The par-
ticipants in the NWO group walked less per day than those in the NO-
NWO group, but this difference was not significant (p ¼ 0.291; Table 2).

3.3. Dietary habits

The NWO group of young Thai women was less likely than the NO-
NWO group to respond “almost daily” to the item “eat oily food”
(p¼ 0.047). The NWO group was more likely than the NO-NWO group to
respond “almost daily” to the item “eat UPF” (p ¼ 0.036). Moreover, the
NWO group was more likely than the NO-NWO group to respond “almost
daily” to the item “drink sugar-sweetened beverages; ” however, the
difference was not significant (p ¼ 0.073) (Table 3).

3.4. Association between NWO and dietary habits

Logistic analysis showed that frequently eating UPF was positively
associated with NWO. Results of the multivariate analysis adjusting for
walking time, menstrual cycle, and typical stool softness were similar,
with a 2.04-fold higher risk of NWO in participants who ate UPF “almost
daily” compared to those who ate UPF “rarely” (p ¼ 0.014). The
Table 2
Lifestyle habits of non-normal weight-obese and normal weight obese
individuals.

NO-NWO
(n ¼ 133)

NWO
(n ¼ 117)

p-
valuea

Walking time (per day)
Minutes (mean � SD) 78.7 � 105.4 64.4 � 74.2 0.291

Exercise habits
Not habitually 23.6 19.8 0.311
Once a week 24.3 23.3
Twice a week 35.7 31.0
More than three times a week 16.4 25.9

Type of residence
Living alone 4.7 6.1 0.200
Living with family 34.7 44.7
Dormitory 60.6 49.1

Sleep duration
Less than 5 h 7.5 6.0 0.919
5 h to less than 6 h 33.8 32.5
6 h to less than 7 h 34.6 32.5
7 h to less than 8 h 19.6 23.9
8 h or more 4.5 5.1

Frequency of bowel movements
At least once daily 57.9 61.5 0.949
5–6 times/week 12.8 12.0
3–4 times/week 21.1 18.8
Less than twice weekly 8.3 7.7

State of bowel movements
Loose stools 2.3 6.0 0.070
Normal stools 87.1 74.1
Hard stools 4.6 9.5
Cycles of diarrhea and
constipation

6.1 10.3

Smoking habits
Never 91.7 90.6 0.869
Previous smoker 3.8 5.1
Current smoker 4.5 4.3

Menstrual Cycle
Generally regular 54.1 41.6 0.079
Irregular 46.0 58.4

NO-NWO: (18.5 � BMI<25.0 kg/m2) and the body fat ratio is <30%.
NWO: (18.5 � BMI<25.0 kg/m2) and the body fat ratio is >30.0%.
BMI, body mass index.

a Chi-square test except for walking time, which was derived via Student's t-
test.

sugar-sweetened beverages 13.6 20.5 0.073
umami seasonings 15.9 24.8 0.229

NO-NWO: (18.5 � BMI<25.0 kg/m2) and the body fat ratio is <30%.
NWO: (18.5 � BMI<25.0 kg/m2) and the body fat ratio is >30.0%.
Choices: 1, few; 2, 1–2 days per week; 3, 3–4 days per week; 4, almost every day.
BMI, body mass index.

a Chi-square test except for “eat until full” and “eat meat dish,” which was
derived via Fisher's exact test.
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frequency of drinking added sugar beverages was also associated with
NWO. The results of a multivariate analysis adjusting for walking time,
menstrual cycle, and typical stool softness were similar, with a 1.92-fold
higher risk of NWO in participants who drank sweetened beverages
“almost daily” compared to those who “rarely” drank them (p ¼ 0.041;
Table 4).

4. Discussion

This study aimed to determine the prevalence and factors associated
with NWO among young Thai women. The percentage of NWO among
Thai female university students of a normal body type (BMI,
18.5–25.0 kg/m2) was 46.8%. Compared with the participants in the NO-
NWO group, those in the NWO group ate UPF and consumed sugar-
sweetened beverages more frequently, indicating unhealthy dietary
habits. To the best of our knowledge, this is the first study to report the
prevalence of NWO and the factors associated with it in young Thai
women.

For a long time, obesity has been classified based on the BMI, as the
BMI can be easily calculated from height and weight and has been vali-
dated in various epidemiological studies [8]. However, BMI alone cannot
determine body fat composition. NWO with high body fat percentage,
even at a normal BMI, has been identified as an essential factor affecting
the health of college students and is associated with increased metabolic
disorders, cardiovascular disease, and all-cause mortality [9,10]. There-
fore, timely detection and intervention are essential to prevent obesity
and other metabolic diseases in individuals with NWO. The cutoff values
of BFR used to determine NWO vary by the study population, sex, and
ethnicity, and no clear criteria have been established [9]. Based on the
NWO definition, we set the cutoff value of BFR at �30% for the Thai
female university students who participated in this study [11]. The
percentage of participants with NWO in this study was higher than that of
Chinese [12] and Japanese female college students [13] reported in other
studies, in which similar cutoff values were adopted.



Table 4
Logistic analysis with normal weight obesity as the dependent variable.

Choices n (%) Univariate analysis Multivariate analysisa

OR (95% CI) OR (95% CI)

Eating oily foods
1 37 (14.8) ref. ref.
2 129 (51.6) 1.811 (0.853–4.024) 1.843 (0.745–4.931)
3 66 (26.4) 3.009 (1.314–7.190) 2.599 (0.972–7.444)
4 17 (6.8) 1.136 (0.325–3.772) 1.072 (0.178–5.407)
Ptrend 0.132 0.248

Eating ultra-processed foods (UPF)
1 25 (10.0) ref. ref.
2 111 (44.4) 0.805 (0.335–1.968) 0.653 (0.226–1.948)
3 83 (33.2) 1.368 (0.558–3.422) 1.719 (0.588–5.256)
4 30 (12.0) 2.545 (0.864–7.837) 2.035 (0.579–7.478)
Ptrend 0.012 0.014

Drinking sugar-sweetened beverages
1 29 (11.6) ref. ref.
2 92 (36.8) 0.721 (0.310–1.699) 0.821 (0.294–2.402)
3 86 (34.4) 1.415 (0.609–3.341) 1.765 (0.632–5.198)
4 42 (16.8) 1.641 (0.635–4.319) 1.917 (0.606–6.332)
Ptrend 0.039 0.041

Choices: 1, few; 2, 1–2 days per week; 3, 3–4 days per week; 4, almost every day.
OR, odds ratio; CI, confidence interval.

a Adjusted for walking time, menstrual cycle, and stool softness.
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Unhealthy practices, including a sedentary lifestyle and little physical
activity are known to be influential causes of body fat accumulation in
young individuals [14]. We compared daily physical activity between the
groups usingwalking time and frequency of exercise perweek. Thewalking
time was approximately 15 min more in the NO-NWO than in the NWO
group (no significant difference). Moreover, the percentage of respondents
who reported having a habitual exercise routine three or more times per
week was not significantly different between the groups. This was sup-
ported by a systematic review of sedentary behavior and obesity in youth
and a systematic reviewofmeta-analyses that found no evidence of a causal
relationship between sedentary behavior and obesity in childhood [15].
However, a combination of aerobic and resistance exercise for adolescents
with sarcopenic obesity, characterized by low muscle mass and high body
fat percentage, has been reported to reduce body fat mass [16]. The present
study cannot clarify whether obesity causes a sedentary lifestyle and lack of
exercise, or vice versa, or whether the two are simply related.

The prevalence of constipation in adults worldwide is approximately
16% [17], and women are twice as likely as men to be at risk for con-
stipation [18]. Obesity is suggested as a risk factor for constipation, but
findings are inconsistent [18–23]. Individuals with obesity are reported
to have unhealthy diets that lack sufficient vegetables, whole grains,
fiber, and fluid intake, in addition to lack of exercise, which are risk
factors for constipation [24]. Furthermore, the prevalence of diarrhea in
individuals who are obese has been reported to be higher than the cor-
responding in those of standard weight. Excessive carbohydrate and fat
intake in individuals who are obese is hypothesized to be the underlying
etiology of chronic diarrhea [25–28]. Moreover, malabsorption of bile
acids is suggested to be more common in individuals who are obese than
in those with an average BMI [29,30]. These findings regarding the as-
sociation between obesity and functional defecation disorders, such as
constipation and diarrhea, classify obesity by the BMI, but no reports
have examined NWOusing the body fat percentage. Our study showed no
difference in bowel movement frequency in the NWO and NO–NOW
groups, but a higher percentage of participants with NWO reported hard
stools and were also more likely to report soft stools.

Adiponectin is a bioactive substance derived from adipose tissue, and
its secretion is negatively correlated with obesity or increased body fat
percentage [31]. It has also been reported that adiponectin secretion does
not fluctuate throughout the menstrual cycle in women who are obese
[32]. Lack of adiponectin changes in women with obesity may be a factor
explaining the complex mechanism behind obesity-related female infer-
tility. In the present study, a higher proportion of participants with NWO
4

had irregular menstrual cycles. This suggests the need for weight man-
agement interventions that take body fat percentage into consideration,
to prevent fertility problems and achieve pregnancy and childbirth. In
contrast, it has been reported that the potential protective effects of
hormonal contraceptives and changes in adiponectin may be responsible
for irregular menstruation in obesity and normal-weight obesity [33], but
this is unclear in this study.

While it is inevitable that diet impacts the increase in body fat per-
centage [34], we focused on the effects of sugary beverage consumption
and UPF consumption among different dietary habits. Several studies have
reported that consuming sugar-sweetened beverages is a risk factor for
overweight, obesity, and type 2 diabetes [35]. This study suggests that the
consumption of sweetened beverages is associated with increased body fat
percentage in Thailand, as the odds ratio for NWO among those who drink
sweetened beverages almost daily was 1.9 times that of those who rarely
drink them. A meta-analysis of longitudinal data revealed that children
who consume one sugar-sweetened beverage daily are 55% more likely to
be overweight than those who consume less [35]. Moreover, a previous
report indicated that consuming sugar-sweetened beverages is associated
with increased body fat percentage and body weight [36]. Furthermore, a
meta-analysis of cohort studies reported that individuals who consume 1–2
servings of sweetened beverages per day have a 26% higher risk of
developing type 2 diabetes than those who drink none or very little [37].
Restrictions on the marketing and promotion of sweetened beverages to
children, regulations on the availability of sweetened beverages in schools,
and increased taxation have been implemented in some regions [38,39].
Interestingly, some reports have suggested that proactive environmental
measures that reduce exposure to taste cues, in the form of limiting the
marketing of sugar-sweetened beverages, can reduce the risk of obesity in
vulnerable populations [40]. However, this is not reflected in policies in
the Asian region, including Thailand.

Fast food intake is associated with overweight, increased abdominal
fat, impaired insulin and glucose homeostasis, lipid and lipoprotein dis-
turbances, and induction of systemic inflammation and oxidative stress,
and has also been reported to increase the risk of developing diabetes,
metabolic syndrome, and cardiovascular disease [41]. This study found
no association between NWO and the frequency of fast or snack food
consumption. Nevertheless, UPF consumption was higher in the NWO
group that reported almost daily UPF consumption. Both prospective
cohort studies and randomized controlled trials have reported a higher
risk of overweight or obesity in groups with a higher frequency than in
groups with a lower frequency of UPF intake [42–44].
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To our knowledge, this is the first study to accurately measure body
fat percentage using the ACCUNIQ BC300 in young Thai individuals and
to use the measurement results to examine related risk factors. In addi-
tion, the age range of the study was small because it was conducted on
female university students. Therefore, our results were not affected by
age or other factors associated with age. As the survey included questions
regarding 23 different dietary habits, it was possible to examine the as-
sociation of various dietary habits with NWO.

One of the limitations of this study was its cross-sectional nature.
Thus, temporal relationships between the factors identified could not be
inferred. Additionally, the respondents' lifestyle and eating habits were
self-reported, which may have introduced bias. Moreover, the number of
participants is also not large and the results of this study's survey of
university students may not be representative of all young women in
Thailand. To predict dietary risk for the progression of NWO among
young Thai people, it is necessary to expand the target population beyond
university students and perform longitudinal studies.

5. Conclusion

In this study, we found that 46.8% of young Thai women of normal
body size (BMI, 18.5–25.0 kg/m2) had NWO. Moreover, the NWO group
had a higher frequency of UPF and added-sugar beverage consumption.
Identifying the risk factors for NWO is essential to help individuals make
lifestyle changes to prevent its progression and complications.

Author contribution

MK and PP co-conceptualized and co-designed the study. AP and SK
coordinated and supervised data collection, and critically reviewed the
manuscript. MK is the first author on this study. All contributors
reviewed, edited, and approved the final submission and publication.

Ethical review and consent to participate

The study was conducted with the approval of the Otsuma Women's
University Life Science Research Ethics Review Committee (date of
approval: July 2, 2014). All the procedures involving human participants
were performed according to the ethical standards of the institutional
and/or national research committee and conformed with the 1964 Hel-
sinki Declaration and its later amendments or comparable ethical stan-
dards. All participants provided informed consent by participating in the
study.

Data availability

The authors confirm that the data supporting the findings of this study
are available within the article or its supplementary materials.

Declaration of competing interest

The authors declare the following financial interests/personal re-
lationships which may be considered as potential competing interests:
Minatsu Kobayashi reports financial support was provided by Asahi
Group Holdings Ltd.

Acknowledgments

We want to express our sincere gratitude to all the students who
participated in this research project.

References

[1] Aekplakorn W, Mo-Suwan L. Prevalence of obesity in Thailand. Obes. Rev. 2009;10:
589–92. https://doi.org/10.1111/j.1467–789X.2009.00626.x.

[2] Jitnarin N, Kosulwat V, Rojroongwasinkul N, Boonpraderm A, Haddock CK,
Poston WS. Prevalence of overweight and obesity in Thai population: results of the
5

national Thai food consumption survey. Eat Weight Disord 2011;16:e242–9.
https://doi.org/10.1007/BF03327467.

[3] Ng M, Fleming T, Robinson M, et al. Global, regional, and national prevalence of
overweight and obesity in children and adults during 1980-2013: a systematic
analysis for the Global Burden of Disease Study 2013. Lancet 2014;384:766–81.
https://doi.org/10.1016/S0140-6736(14)60460-8.

[4] Vos T, Lim SS, Abbafati C, et al. Global burden of 369 diseases and injuries in 204
countries and territories, 1990-2019: a systematic analysis for the Global Burden of
Disease Study 2019. Lancet 2020;396:1204–22. https://doi.org/10.1016/S0140-
6736(20)30925-9.

[5] Sakboonyarat B, Pornpongsawad C, Sangkool T, et al. Trends, prevalence and
associated factors of obesity among adults in a rural community in Thailand: serial
cross-sectional surveys, 2012 and 2018. BMC Publ Health 2020;20:850. https://
doi.org/10.1186/s12889-020-09004-w.

[6] Franco LP, Morais CC, Cominetti C. Normal-weight obesity syndrome: diagnosis,
prevalence, and clinical implications. Nutr Rev 2016;74:558–70. https://doi.org/
10.1093/nutrit/nuw019.

[7] Cota BC, Costa FR, Juvanhol LL, et al. Factors associated with normal-weight
obesity in adolescents. Br J Nutr 2022:1–32. https://doi.org/10.1017/
S0007114522000307.

[8] WHO Consultation on Obesity (1999: geneva SWHOOpamtgeroaWc. Obesity :
preventing and managing the global epidemic : report of a WHO consultation. 2000.

[9] Kapoor N, Furler J, Paul TV, Thomas N, Oldenburg B. Normal weight obesity: an
underrecognized problem in individuals of South Asian descent. Clin Therapeut
2019;41:1638–42. https://doi.org/10.1016/j.clinthera.2019.05.016.

[10] Tian Q, Wang H, Kaudimba KK, et al. Characteristics of physical fitness and
cardiometabolic risk in Chinese university students with normal-weight obesity: a
cross-sectional study. Diabetes Metab. Syndr. Obes. 2020;13:4157–67. https://
doi.org/10.2147/DMSO.S280350.

[11] Franco LP, Morais CC, Cominetti C. Normal-weight obesity syndrome: diagnosis,
prevalence, and clinical implications. Nutr Rev 2016;74:558–70. https://doi.org/
10.1093/nutrit/nuw019.

[12] Maitiniyazi G, Chen Y, Qiu YY, Xie ZX, He JY, Xia SF. Characteristics of body
composition and lifestyle in Chinese university students with normal-weight
obesity: a cross-sectional study. Diabetes Metab. Syndr. Obes. 2021;14:3427–36.
https://doi.org/10.2147/DMSO.S325115.

[13] Yasuda T. Anthropometric, body composition, and somatotype characteristics of
Japanese young women: implications for normal-weight obesity syndrome and
sarcopenia diagnosis criteria. Interv. Med. Appl. Sci. 2019;11:117–21. https://
doi.org/10.1556/1646.11.2019.14.

[14] Tremblay MS, LeBlanc AG, Kho ME, et al. Systematic review of sedentary behaviour
and health indicators in school-aged children and youth. Int J Behav Nutr Phys
Activ 2011;8:98. https://doi.org/10.1186/1479-5868-8-98.

[15] Biddle SJ, García Bengoechea E, Wiesner G. Sedentary behaviour and adiposity in
youth: a systematic review of reviews and analysis of causality. Int J Behav Nutr
Phys Activ 2017;14:43. https://doi.org/10.1186/s12966-017-0497-8.

[16] Hsu KJ, Liao CD, Tsai MW, Chen CN. Effects of exercise and nutritional intervention
on body composition, metabolic health, and physical performance in adults with
sarcopenic obesity: a meta-analysis. Nutrients 2019;11:2163. https://doi.org/
10.3390/nu11092163.

[17] Brenner DM, Shah M. Chronic constipation. Gastroenterol Clin N Am 2016;45:
205–16. https://doi.org/10.1016/j.gtc.2016.02.013.

[18] Dukas L, Willett WC, Giovannucci EL. Association between physical activity, fiber
intake, and other lifestyle variables and constipation in a study of women. Am J
Gastroenterol 2003;98:1790–6. https://doi.org/10.1111/j.1572-
0241.2003.07591.x.

[19] Papatheodoridis GV, Vlachogiannakos J, Karaitianos I, Karamanolis DG. A Greek
survey of community prevalence and characteristics of constipation. Eur J
Gastroenterol Hepatol 2010;22:354–60. https://doi.org/10.1097/
MEG.0b013e32832bfdf0.

[20] Pashankar DS, Loening-Baucke V. Increased prevalence of obesity in children with
functional constipation evaluated in an academic medical center. Pediatrics 2005;
116:e377–80. https://doi.org/10.1542/peds.2005-0490.

[21] Peppas G, Alexiou VG, Mourtzoukou E, Falagas ME. Epidemiology of constipation in
Europe and Oceania: a systematic review. BMC Gastroenterol 2008;8:5. https://
doi.org/10.1186/1471-230X-8-5.

[22] Silveira EA, Santos ASEAC, Ribeiro JN, Noll M, Dos Santos Rodrigues AP, de
Oliveira C. Prevalence of constipation in adults with obesity class II and III and
associated factors. BMC Gastroenterol 2021;21:217. https://doi.org/10.1186/
s12876-021-01806-5.

[23] Sorouri M, Pourhoseingholi MA, Vahedi M, et al. Functional bowel disorders in
Iranian population using Rome III criteria. Saudi J Gastroenterol 2010;16:154–60.
https://doi.org/10.4103/1319-3767.65183.

[24] Alsheridah N, Akhtar S. Diet, obesity and colorectal carcinoma risk: results from a
national cancer registry-based middle-eastern study. BMC Cancer 2018;18:1227.
https://doi.org/10.1186/s12885-018-5132-9.

[25] Aro P, Ronkainen J, Talley NJ, Storskrubb T, Bolling-Sternevald E, Agr�eus L. Body
mass index and chronic unexplained gastrointestinal symptoms: an adult
endoscopic population based study. Gut 2005;54:1377–83. https://doi.org/
10.1136/gut.2004.057497.

[26] Ballou S, Singh P, Rangan V, Iturrino J, Nee J, Lembo A. Obesity is associated with
significantly increased risk for diarrhoea after controlling for demographic, dietary
and medical factors: a cross-sectional analysis of the 2009-2010 National Health
and Nutrition Examination Survey, Aliment. Pharmacol Ther 2019;50:1019–24.
https://doi.org/10.1111/apt.15500.

https://doi.org/10.1111/j.1467&ndash;789X.2009.00626.x
https://doi.org/10.1111/j.1467&ndash;789X.2009.00626.x
https://doi.org/10.1007/BF03327467
https://doi.org/10.1016/S0140-6736(14)60460-8
https://doi.org/10.1016/S0140-6736(20)30925-9
https://doi.org/10.1016/S0140-6736(20)30925-9
https://doi.org/10.1186/s12889-020-09004-w
https://doi.org/10.1186/s12889-020-09004-w
https://doi.org/10.1093/nutrit/nuw019
https://doi.org/10.1093/nutrit/nuw019
https://doi.org/10.1017/S0007114522000307
https://doi.org/10.1017/S0007114522000307
http://refhub.elsevier.com/S2667-3681(23)00001-3/sref8
http://refhub.elsevier.com/S2667-3681(23)00001-3/sref8
https://doi.org/10.1016/j.clinthera.2019.05.016
https://doi.org/10.2147/DMSO.S280350
https://doi.org/10.2147/DMSO.S280350
https://doi.org/10.1093/nutrit/nuw019
https://doi.org/10.1093/nutrit/nuw019
https://doi.org/10.2147/DMSO.S325115
https://doi.org/10.1556/1646.11.2019.14
https://doi.org/10.1556/1646.11.2019.14
https://doi.org/10.1186/1479-5868-8-98
https://doi.org/10.1186/s12966-017-0497-8
https://doi.org/10.3390/nu11092163
https://doi.org/10.3390/nu11092163
https://doi.org/10.1016/j.gtc.2016.02.013
https://doi.org/10.1111/j.1572-0241.2003.07591.x
https://doi.org/10.1111/j.1572-0241.2003.07591.x
https://doi.org/10.1097/MEG.0b013e32832bfdf0
https://doi.org/10.1097/MEG.0b013e32832bfdf0
https://doi.org/10.1542/peds.2005-0490
https://doi.org/10.1186/1471-230X-8-5
https://doi.org/10.1186/1471-230X-8-5
https://doi.org/10.1186/s12876-021-01806-5
https://doi.org/10.1186/s12876-021-01806-5
https://doi.org/10.4103/1319-3767.65183
https://doi.org/10.1186/s12885-018-5132-9
https://doi.org/10.1136/gut.2004.057497
https://doi.org/10.1136/gut.2004.057497
https://doi.org/10.1111/apt.15500


M. Kobayashi et al. Obesity Pillars 5 (2023) 100055
[27] Delgado-Aros S, Locke GR, Camilleri M, et al. Obesity is associated with increased
risk of gastrointestinal symptoms: a population-based study. Am J Gastroenterol
2004;99:1801–6. https://doi.org/10.1111/j.1572-0241.2004.30887.x.

[28] Talley NJ, Howell S, Poulton R. Obesity and chronic gastrointestinal tract symptoms
in young adults: a birth cohort study. Am J Gastroenterol 2004;99:1807–14.
https://doi.org/10.1111/j.1572-0241.2004.30388.x.

[29] Pattni SS, Brydon WG, Dew T, et al. Fibroblast growth factor 19 in patients with bile
acid diarrhoea: a prospective comparison of FGF19 serum assay and SeHCAT
retention. Aliment Pharmacol Ther 2013;38:967–76. https://doi.org/10.1111/
apt.12466.

[30] Sadik R, Abrahamsson H, Ung KA, Stotzer PO. Accelerated regional bowel transit
and overweight shown in idiopathic bile acid malabsorption. Am J Gastroenterol
2004;99:711–8. https://doi.org/10.1111/j.1572-0241.2004.04139.x.

[31] Balsan GA, Vieira JL, Oliveira AM, Portal VL. Relationship between adiponectin,
obesity and insulin resistance. Rev Assoc Med Bras 2015;61:72–80. https://doi.org/
10.1590/1806-9282.61.01.072.

[32] Salem AM, Latif R, Rafique N. Comparison of adiponectin levels during the
menstrual cycle between normal weight and overweight/obese young females.
Physiol Res 2019;68:939–45. https://doi.org/10.33549/physiolres.934197.

[33] Robinson JA, Burke AE. Obesity and hormonal contraceptive efficacy. Womens
Health (Lond) 2013;9:453–66. https://doi.org/10.2217/whe.13.41.

[34] Sanders LM, Allen JC, Blankenship J, et al. Implementing the 2020-2025 dietary
guidelines for Americans: recommendations for a path forward. J Food Sci 2021;86:
5087–99. https://doi.org/10.1111/1750-3841.15969.

[35] Te Morenga L, Mallard S, Mann J. Dietary sugars and body weight: systematic
review and meta-analyses of randomised controlled trials and cohort studies. BMJ
2012;346:e7492. https://doi.org/10.1136/bmj.e7492.

[36] Laverty AA, Magee L, Monteiro CA, Saxena S, Millett C. Sugar and artificially
sweetened beverage consumption and adiposity changes: national longitudinal
6

study. Int J Behav Nutr Phys Activ 2015;12:137. https://doi.org/10.1186/s12966-
015-0297-y.

[37] Malik VS, Popkin BM, Bray GA, Despr�es JP, Willett WC, Hu FB. Sugar-sweetened
beverages and risk of metabolic syndrome and type 2 diabetes: a meta-analysis.
Diabetes Care 2010;33:2477–83. https://doi.org/10.2337/dc10-1079.

[38] Silver LD, Ng SW, Ryan-Ibarra S, et al. Changes in prices, sales, consumer spending,
and beverage consumption one year after a tax on sugar-sweetened beverages in
Berkeley, California, US: a before-and-after study. PLoS Med 2017;14:e1002283.
https://doi.org/10.1371/journal.pmed.1002283.

[39] Alcaraz A, Pichon-Riviere A, Palacios A, et al. Sugar sweetened beverages
attributable disease burden and the potential impact of policy interventions: a
systematic review of epidemiological and decision models. BMC Publ Health 2021;
21:1460. https://doi.org/10.1186/s12889-021-11046-7.

[40] Sigala DM, Stanhope KL. An exploration of the role of sugar-sweetened beverage in
promoting obesity and health disparities. Curr Obes Rep 2021;10:39–52. https://
doi.org/10.1007/s13679-020-00421-x.

[41] Bahadoran Z, Mirmiran P, Azizi F. Fast food pattern and cardiometabolic disorders:
a review of current studies. Health Promot Perspect 2015;5:231–40. https://
doi.org/10.15171/hpp.2015.028.

[42] Mendonça RD, Pimenta AM, Gea A, et al. Ultraprocessed food consumption and risk
of overweight and obesity: the University of Navarra Follow-Up (SUN) cohort study.
Am J Clin Nutr 2016;104:1433–40. https://doi.org/10.3945/ajcn.116.135004.

[43] Hall KD, Ayuketah A, Brychta R, et al. Ultra-processed diets cause excess calorie
intake and weight gain: an inpatient randomized controlled trial of ad libitum food
intake. Cell Metabol 2019;30:67–77. https://doi.org/10.1016/j.cmet.2019.05.008.

[44] Canhada SL, Luft VC, Giatti L, et al. Ultra-processed foods, incident overweight and
obesity, and longitudinal changes in weight and waist circumference: the Brazilian
Longitudinal Study of Adult Health (ELSA-Brasil). Publ Health Nutr 2020;23:
1076–86. https://doi.org/10.1017/S1368980019002854.

https://doi.org/10.1111/j.1572-0241.2004.30887.x
https://doi.org/10.1111/j.1572-0241.2004.30388.x
https://doi.org/10.1111/apt.12466
https://doi.org/10.1111/apt.12466
https://doi.org/10.1111/j.1572-0241.2004.04139.x
https://doi.org/10.1590/1806-9282.61.01.072
https://doi.org/10.1590/1806-9282.61.01.072
https://doi.org/10.33549/physiolres.934197
https://doi.org/10.2217/whe.13.41
https://doi.org/10.1111/1750-3841.15969
https://doi.org/10.1136/bmj.e7492
https://doi.org/10.1186/s12966-015-0297-y
https://doi.org/10.1186/s12966-015-0297-y
https://doi.org/10.2337/dc10-1079
https://doi.org/10.1371/journal.pmed.1002283
https://doi.org/10.1186/s12889-021-11046-7
https://doi.org/10.1007/s13679-020-00421-x
https://doi.org/10.1007/s13679-020-00421-x
https://doi.org/10.15171/hpp.2015.028
https://doi.org/10.15171/hpp.2015.028
https://doi.org/10.3945/ajcn.116.135004
https://doi.org/10.1016/j.cmet.2019.05.008
https://doi.org/10.1017/S1368980019002854

	Association of normal weight obesity with lifestyle and dietary habits in young Thai women: A cross-sectional study
	1. Introduction
	2. Methods
	2.1. Participants
	2.2. Measurements and variables
	2.3. Statistical analysis

	3. Results
	3.1. Basic information and body measurements
	3.2. Lifestyle
	3.3. Dietary habits
	3.4. Association between NWO and dietary habits

	4. Discussion
	5. Conclusion
	Author contribution
	Ethical review and consent to participate
	Data availability
	Declaration of competing interest
	Acknowledgments
	References


