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Over the past decade, Taiwan has seen rising rates of overweight and obesity across all age groups. 
In a large cross-sectional analysis involving 27,473 adults from the MJ Health Research Foundation, 
we examined how sleep duration and dietary patterns, stratified by age, relate to obesity and excess 
adiposity. Participants completed the MJ Health Questionnaire, blood tests, and anthropometric 
assessments. Four dietary patterns emerged via factor analysis: vegetables and fruits, processed/ultra-
processed foods, protein-based, and dairy–complex carbohydrates. Chi-square and t-tests evaluated 
baseline differences, and multivariable logistic regression modeled the relationships among sleep, 
diet, and obesity. Short sleep duration was linked to 21% greater odds of obesity than adequate sleep 
(OR 1.21; 95% CI, 1.15–1.29). The processed/ultra-processed (OR 1.24; 95% CI, 1.16–1.33) and protein-
based patterns (OR 1.52; 95% CI, 1.42–1.64) were associated with higher odds of obesity and excess 
body fat, while the dairy–complex carbohydrate pattern was protective (OR 0.81; 95% CI, 0.76–0.87). 
Notably, younger adults with insufficient sleep exhibited increased odds of obesity than older adults. 
These findings underscore inadequate sleep amplifies odds of obesity across dietary patterns and 
age modifies these interrelationships, highlighting the need for age‑tailored, integrative lifestyle 
interventions.
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Obesity has become an increasing global public health concern. Several countries worldwide have witnessed a 
double or triple prevalence rate of obesity in the last three decades, probably due to westernization, sedentary 
lifestyle, and increasing consumption of high-calorie, high-fat processed foods1–3. Health Promotion 
Administration statistics indicate that roughly 23% of Taiwanese adults are classified as obese, corresponding 
to nearly one in four individuals4. Obesity arises from a dynamic interplay among genetic predispositions, 
biological mechanisms, environmental influences, and behavioral choices5. While genes contribute to 40–70% 
of interindividual differences—impacting metabolism, appetite regulation, hormonal signaling (e.g., leptin, 
ghrelin), fat storage, and gut microbiota—genetic susceptibility alone does not account for the rapid global 
rise in obesity6. Instead, it is the convergence of this biological susceptibility with an obesogenic environment 
characterized by sedentary lifestyles, widespread access to calorie-dense ultra‑processed foods, chronic stress, 
insufficient sleep, and socioeconomic disparities that drives the epidemic5.

Habitual consumption of calorie- and fat-rich foods is a significant contributor to metabolic syndrome, 
type 2 diabetes, insulin resistance, and obesity7. Prior studies have demonstrated that inadequate sleep quality 
and duration contribute causally to adverse metabolic outcomes, primarily through circadian disruption and 
enhanced fat deposition8,9. The National Sleep Foundation advises that young and middle-aged adults obtain 7 to 
9 h of sleep per night, while older adults are recommended to sleep between 7 and 8 h10. Notably, approximately 
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half of Americans indicate sleeping 7 to 9 h per night, whereas 15% report obtaining less than 7 h of sleep 
on weekday nights11. In Taiwan, a nationwide, walk-in survey on sleep quality revealed a high prevalence of 
poor sleep, particularly among Taiwanese residents in the northern area12. Sleep duration was derived based on 
participants’ answers to the following self-administered question: “During the past month, how many hours of 
actual sleep did you get at night?”12. Participants with poor sleep quality reported an average of 5.5 h of sleep 
per night, which was notably shorter than the 6.8 h reported by those with good sleep quality12. Insufficient and 
poor-quality sleep have been correlated with decreased dietary fiber intake alongside elevated consumption 
of carbohydrates, sugars, cholesterol, and saturated fats. This imbalance can result in excess calorie intake and 
disrupt the body’s energy balance13. Long-term energy imbalance can lead to overweight and obesity.

Numerous well-designed investigations on the relationship between eating behaviors and obesity or 
overweight have been documented in the literature13–15. While the dietary patterns in individual studies were 
characterized using varying statistical approaches (i.e. principal component analysis, factor analysis), studies 
concluded a prudent dietary pattern (a diet rich in fruit, vegetables, lean meat, fish and unprocessed grains) may 
decrease overweight/obesity risk, while a western dietary pattern (a diet rich in processed foods and foods high 
in sugars and fats) may increase overweight/obesity risk14,15.

Age may modify the association between sleep duration and overweight/obesity. Prior research has indicated 
that the impact of sleep duration on obesity risk may differ by age group3,16. The association between sleep and 
age follows a nonlinear pattern, implying that its characteristics and consequences may differ notably across 
various life stages3. For instance, sleep needs are higher in children and adolescents than in both young and 
older adults16. Previous research also found a weakened relationship between sleep and weight with aging17. 
Insufficient sleep duration, especially in younger individuals, is strongly linked to increased dietary intake, 
hormone imbalances, and a higher risk of obesity, with these effects diminishing or becoming more complex 
with age and influenced by both dietary patterns and circadian factors13. This investigation seeks to address: 
(1) how sleep duration relates to obesity, (2) how dietary patterns contribute to obesity, and (3) whether such 
associations differ across age groups.

Methods
Data source
The present cross-sectional analysis draws on information gathered from 2001–2015 from the Mei Jau (MJ) 
International Health Management Institution in Taiwan. The MJ International Health Management Institution 
operates as an autonomous entity specializing in health screening and management within Taiwan, encompassing 
a network of 8 screening centers in Asia,  including 4 located in key urban cities in Taiwan (Kaohsiung, 
Taichung, Taoyuan and Taipei). The MJ Health Screening Database consists of three integrated components: 
a comprehensive questionnaire database, a detailed biomedical data repository, and an extensive biobank. At 
each screening visit, participants complete a self-administered health questionnaire, undergo blood testing, 
and have key anthropometric measurements recorded. The MJ Health Questionnaire obtains information on 
demographics, medical history, dietary behaviors, lifestyle factors, and physical activity patterns. Subsequently, 
participants were asked to complete a written consent form allowing MJ International Health Management 
Institution to collect personal data solely for the use of research purpose. The study population consisted of 
27,473 individuals aged 18 years or over—11,891 men and 15,582 women.

Ethical consideration
Ethical approval for this research was obtained from the Joint Institutional Review Board of Taipei Medical 
University (TMU-JIRB No.: N202010035). All procedures were performed in compliance with the principles of 
the Declaration of Helsinki and pertinent regulatory guidelines. Participation was voluntary, and all individuals 
gave written informed consent, permitting the use of their de-identified data for academic research.

Participants
This study enrolled participants aged eighteen and above and excluded those with the following conditions: 1)
Taking psychiatric medications; 2) pregnant women; 3)cancer patients; 4) missing data.

Sleep duration assessment
Participants’ sleep duration assessment was based on self-reported sleep hours. For example, “How long do you 
sleep every day?” with response options include: < 4, 4–6, 6–7, 7–8, ≥ 9 h. Sleep duration was classified into 
inadequate (< 7 h/day) and adequate (≥ 7 h/day) The classification of sleep duration was based on findings from 
previous literature18,19.

Definitions on overweight and obesity
Definitions of overweight and obesity follows the Ministry of Health and Welfare in Taiwan’s recommendation 
(BMI of 24 kg/m² ≤ BMI < 27 kg/m² for overweight and BMI ≥ 27 kg/m² for obesity), rather than the higher 
thresholds recommended by the WHO (25  ≤  BMI  <  29.9 kg/m² for overweight and BMI  ≥  30 kg/m² for 
obesity)20–23.

Definition on excessive body fat
Body fat percentage can be measured by the following methods, including skinfold thickness, bioelectric 
impedance (BIA), underwater weighing (Densitometry or Hydrostatic Weighing), Dual Energy X-ray 
Absorptiometry (DEXA), and computerized tomography (CT) and Magnetic Resonance Imaging (MRI)24. For 
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non-Asian populations, obesity is defined as body fat exceeding 30% in men and 40% in women25,26. Taiwan 
adopts stricter criteria, classifying men with body fat >25% and women with body fat > 30% as obese27,28.

Dietary patterns
Participants provided dietary information by reporting how often they consumed specified portion sizes of each 
item in the preceding month, expressed in daily or weekly servings. The serving size of the food item consumed 
was clearly defined for each question. For instance, participants reported vegetable intake (light- and dark-
colored, oil/dressing-prepared, root crops) using five categories: < 0.5, 0.5–1, 1–1.5, 1.5–2 and 2 bowls/day (1 
bowl = 11 cm in diameter). Fruit and rice/flour consumption was recorded as < 1, 1–2, 2–3, 3–4 and ≥ 4 servings/
day (1 serving = 1 medium-sized apple, 1 bowl of rice, 2 bowls of noodles). For milk, the categories were: none 
or < 1, 1–3, 4–6, 1 and ≥ 2 glasses/day (1 glass = 240 mL). For all remaining food items, the responses consisted 
of: < 1, 1–3, 4–6 servings/week, 1 and ≥ 2 servings/day28.

Other baseline variables
Participants reporting daily, occasional, or intermittent smoking were classified as current smokers, while all 
others were considered as non-smokers. Alcohol consumption of ≥ 1–2 times per week was defined as current 
drinkers, while lower intake or abstinence was defined as non-drinkers. Physical activity was classified into 
two groups:  active (≥ 150 minutes per week) or inactive (< 150 minutes per week). BMI was categorized as 
underweight (< 18.5 kg/m²), normal weight (18.5 to 23.9 kg/m²), and overweight (24 to 26.9 kg/m²). A sex-
specific criterion was applied to define central obesity: waist circumference > 90 cm for males and > 80 cm for 
females. Educational level was divided into two groups: below college and college or above.

Blood Collection and Laboratory Assessments
Serum analyses were conducted at the central laboratory of the MJ Health Management Institution.Prior to 
testing, participants were required to undergo an overnight fast of 12–14 h. Levels of total cholesterol (TC), high-
density lipoprotein cholesterol (HDL-C), triglycerides (TG), fasting plasma glucose (FPG), C-reactive protein 
(CRP), alanine aminotransferase (ALT), and aspartate aminotransferase (AST) were determined using validated 
commercial assays. LDL-C concentration was estimated by the Friedewald formula28.

Statistical analysis
Factor analysis was employed to derive dietary patterns, retaining factors based on the Kaiser criterion with 
orthogonal rotation. Food items with factor loadings < 0.20 were excluded. In cases where an item had absolute 
loadings > 0.20 across multiple patterns, it was assigned to the pattern with the higher value. Four factors were 
extracted and labeled based on the interpretation of the observed data. Factor scores for each dietary pattern were 
obtained from the weighted sum of food intakes based on factor loadings. Participants were then categorized 
into tertiles within each pattern, reflecting low, moderate, and high consumption. Categorical data are reported 
as number or percentage, and continuous data as mean ± SD. Chi-square tests were used to evaluate categorical 
differences, while t-tests were applied for continuous variables across dietary pattern tertiles. The relationships 
of sleep duration and dietary patterns with obesity and excess body fat were investigated through multivariable 
logistic regression. Stratified analyses by age group were performed to evaluate effect modification.  Baseline 
covariates for adjustment included sport, smoking, drinking, gender, age, education, TG, TC, HDL, and LDL. 
All statistical analyses were performed with STATA version 16MP. All p-values were two-tailed, with statistical 
significance set at p < 0.05.

Results
Baseline Characteristics of Study Population
The characteristics of study population are summarized in Tables  1 and 2. Among the 27,473 participants, 
there were 15,455 participants (56%) without obesity (BMI < 27) and 12,018 participants (44%) with obesity 
(BMI ≥ 27). Among the participants with obesity, the majority were females (52.98%), between age 31–40 
(32.33%), non-smokers (82.69%), doing exercise (54.17%), drinking less than once/week (87.17%), having sleep 
time ≥ 7 h (73.08%), having excessive body fat (94.77%), and education below college (63.47%). In terms of blood 
lipids, people with obesity (BMI ≥ 27) had a significantly higher HDL and LDL levels compared to those without 
obesity (BMI < 27). The individuals with excessive body fat had significantly higher TC, HDL, and LDL levels 
compared to those with normal body fat.

Additionally, among participants with excessive body fat, the majority were females (87.76%), aged between 
41 and 60 (52.29%), non-smokers (87.76%), doing exercise (55.40%), drinking less than once/week (89.31%), 
having sleep duration ≥ 7 h (72.81%), BMI ≥ 27 (52.26%), and education below college (72.07%).

When cross-comparing BMI with excess body fat, 94.77% of individuals from the BMI ≥ 27 group carry 
excessive body fat. Conversely, among the group with excessive body fat, 52.26% of participants have a BMI ≥ 27.

Dietary patterns
Factor analysis (FA) yielded four dietary patterns, as shown in Table  3. Dietary Pattern I, the “Vegetable & 
fruit diet”, accounted for 30.76% of the variance and comprised four food items: vegetables cooked with oil, 
light-colored vegetables, dark-colored vegetables, and fruit. Dietary Pattern II, labeled the “Processed and 
Ultra-processed Food Diet,” accounted for 28.85% of the variance and included nine food groups: organ meats, 
oil-cooked rice/flour, rice/flour products, jam/honey, sugar-sweetened beverages, processed foods, deep-fried 
foods, instant noodles, and assorted sauces. Dietary Pattern III, referred to as the “Protein-based diet”, accounted 
for 24.71% of the variance and included four food items: pork or beef steak, eggs (e.g., quail eggs, duck eggs, 
chicken eggs, etc.), seafood, and bean products. Dietary Pattern IV, the “Dairy-Complex Carbohydrate diet”, 
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explained 15.68% of the variance and comprised five food items: whole grains, milk, root crops, dairy products 
(e.g., yogurt, cheese) and bread.

Logistic regression analysis of sleep duration and dietary patterns associated with obesity
Table 4 shows participants with inadequate sleep duration (< 7 h/day) had significantly greater odds of obesity 
(OR: 1.21, 95% CI: 1.15–1.29) and excessive body fat (OR: 1.36, 95%CI: 1.25–1.49) compared to those havin 
≥  7  h of sleep. No significant link was observed between the “Vegetables-Fruit” dietary pattern and obesity 
or body fat. In contrast, high adherence to the “Processed Food” dietary pattern increased the risk of obesity 
(OR:1.24, 95% CI: 1.16–1.33) and excessive body fat (OR: 1.18, 95% CI: 1.07–1.31). The “Protein-Based” dietary 
pattern showed similar associations with higher risks of obesity (OR = 1.52, 95% CI 1.42–1.64) and excess body 
fat (OR: 1.62, 95% CI: 1.45–1.81). Conversely, the “Dairy-Complex Carbohydrate” dietary pattern conferred 
protective effects, lowering the risk of obesity (OR: 0.81, 95% CI: 0.76–0.87) and excess body fat (OR: 0.87, 95% 
CI: 0.79–0.96).

Non-obesity 
group a 
(BMI < 27)
n = 15,455

Obesity group 
b (BMI ≥ 27)
n = 12,018

p-valuen % n %

Sex < 0.001

 Female 9215 59.62 6367 52.98

 Male 6240 40.38 5651 47.02

AGE < 0.001

 18–30 766 4.96 1511 12.57

 31–40 3619 23.42 3885 32.33

 41–50 4228 27.36 2968 24.70

 51–60 3833 24.80 2234 18.59

 ≥60 3009 19.47 1420 11.81

Smoke < 0.001

 NO 13,281 85.93 9938 82.69

 YES 2174 14.07 2080 17.31

Sport 0.552

 NO 7139 46.19 5508 45.83

 YES 8316 53.81 6510 54.17

Drinking 0.799

 < 1 time/week 13,488 87.27 10,476 87.17

 ≥ 1–2 times/week 1967 12.73 1542 12.83

Sleep duration < 0.001

 ≥ 7 h 11,707 75.75 8783 73.08

 < 7 h 3748 24.25 3235 26.92

Body fat < 0.001

 Normal 5051 32.68 628 5.23

 Excessive 10,404 67.32 11,390 94.77

BMI

 < 27

 ≥ 27

Education < 0.001

 Below College 10,581 68.46 7628 63.47

 College or above 4874 31.54 4390 36.53

Laboratory values MEAN SD MEAN SD

TG 183.88 0.68 175.30 0.82 < 0.001

TC 206.18 0.30 206.36 0.33 0.702

HDL 46.66 0.09 47.04 0.10 0.004

LDL 124.06 0.27 126.29 0.30 < 0.001

Table 1.  Demographic characteristics of study participants according to BMI. Note: a Non-obesity group: 
Individuals with BMI < 27; b Obesity group: Individuals with BMI ≥ 27.
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Subgroup analyses
Association between sleep duration, obesity and excessive body fat stratified by dietary pattern
Table  5 summarizes the stratified associations of sleep duration with obesity and excessive body fat across 
different dietary patterns. Our results showed regardless of dietary pattern, participants with sleep duration 
< 7 h were at increased odds of obesity, and the odds further increased across the tertiles. Among participants 
sleeping fewer than 7 h, those in the highest tertile of the dairy–complex carbohydrate dietary pattern exhibited 
the greatest likelihood of obesity (OR: 1.31, 95% CI: 1.18–1.46), followed by the vegetable–fruit pattern (OR: 
1.25, 95% CI: 1.13–1.39), the processed and ultra-processed food pattern (OR: 1.25, 95% CI: 1.13–1.38), and 
the protein-based pattern (OR: 1.23, 95% CI: 1.11–1.37). Likewise, participants with sleep duration less than 7 h 
were at increased odds for having excessive body fat regardless of dietary pattern, and the risk further increased 
across the tertiles. When sleep time was less than 7 h, participants from the highest tertile of vegetable–fruit 
pattern had the highest odds of obesity (OR:1.60, 95%CI: 1.35–1.90), followed by dairy-complex carbohydrate 
dietary pattern (OR:1.49, 95% CI: 1.27–1.77), processed and ultra-processed food pattern (OR:1.43, 95% CI: 
1.24–1.64), and protein-based pattern (OR: 1.41, 95% CI: 1.23–1.61).

Normal body 
fat a

Excessive 
body fat b

p-value

n = 5679 n = 21,794

n n n

Sex % < 0.001

 Female 558 9.83 15,024 87.76

 Male 5121 90.17 6770 12.24

AGE < 0.001

 18–30 925 16.29 1352 6.20

 31–40 2851 50.20 4653 21.35

 41–50 1587 27.95 5609 25.74

 51–60 280 4.93 5787 26.55

 ≥60 36 0.63 4393 20.16

Smoke < 0.001

 NO 4093 72.07 19,126 87.76

 YES 1586 27.93 2668 12.24

Sport < 0.001

 NO 2926 51.52 9721 44.60

 YES 2753 48.48 12,073 55.40

Drinking < 0.001

 < 1 time/week 4500 79.24 19,494 89.31

 ≥ 1–2 times/week 1179 20.76 2330 10.69

Sleep duration < 0.001

  ≥ 7 h 4621 81.37 15,869 72.81

 < 7 h 1058 18.63 5925 27.19

Body fat

 Normal

 Excessive

BMI < 0.001

 < 27 5051 88.94 10,404 47.74

 ≥ 27 628 11.06 11,390 52.26

Education < 0.001

 Below College 2501 44.04 15,708 72.07

 College or above 3178 55.96 6086 27.93

Laboratory values MEAN SD MEAN SD

TG 200.55 1.15 174.81 0.58 < 0.001

TC 200.80 0.47 207.68 0.25 < 0.001

HDL 42.33 0.12 47.99 0.08 < 0.001

LDL 120.33 32.74 126.26 33.02 < 0.001

Table 2.  Demographic characteristics of study participants according to body fat status. Note: a Normal body 
fat: Male < 25%; Female < 30%. b Excessive body fat: Male ≥ 25%; Female ≥ 30%.
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Association between sleep duration, obesity and excessive body fat stratified by age
The link of sleep duration with obesity and excess body fat seems to vary by age. Our study results (Table 6) 
indicated that prior to age 51, age moderated the relationship between sleep duration, obesity, and excessive 
body fat. Participants from the age group 18–30 had significantly higher odds (OR = 1.58; 95% CI = 1.27–1.97) 
of being obese and having excessive body fat (OR = 1.40; 95% CI = 1.13–1.75) compared to those from the age 
group of 31–40 (OR = 1.36; 95% CI = 1.28-1.66) and age group of 41–50 (OR = 1.23; 95% CI = 1.05–1.44). No 
significant relationship between sleep duration, obesity, and excess body fat was observed among participants 
aged over 50 years.

Discussion
The study analyzed the associations of sleep duration and dietary patterns with obesity, with particular attention 
to effect modification by dietary practices and age. Sleeping fewer than 7 h per day was significantly linked to 
increased odds of obesity. Additionally, younger participants with inadequate sleep duration were at significantly 
greater odds of obesity and having excessive body fat compared to older participants; however, such significant risk 
diminishes at age over 50. Moreover, our study showed there was no association between vegetable-fruit pattern 
with obesity. The processed and ultra-processed food pattern and protein-based patterns were obesogenic, being 
associated with greater risks of obesity and excess body fat, whereas the dairy–complex carbohydrate pattern 
exhibited a protective relationship. Participants with insufficient sleep duration had increased odds of obesity 
regardless of dietary pattern.

The interconnection among inadequate sleep duration, dietary intake, and obesity is multifaceted and 
complex because these factors influence each other through various physiological, behavioral, and environmental 
mechanisms29,30. Our study shows that insufficient sleep duration will amplify the odds of obesity and having 
excessive body fat. Sleep duration has been shown to influence metabolic hormones and body weight. Sleep 
affects the levels of two important hormones in our body – leptin and ghrelin. A reduction in leptin levels 
coupled with an elevation in ghrelin associated with insufficient sleep duration may stimulate orexin activity, 
ultimately promoting increased caloric intake21,31. Allied with our study findings, Watanabe et al. found in a 
Japanese population study that sleeping < 7 h/day was significantly associated with higher BMI, relative to 7–8 h/
day32. Consistently, another investigation of 740 adults aged 21–64 years reported that individuals sleeping 7–8 h 
exhibited lower fat accumulation and a reduced prevalence of obesity relative to those with only 5–6 h of sleep33. 
Current evidence speculates that multiple pathways may underlie the association between obesity and sleep 
duration: (1) Disrupted signaling of appetite and satiety hormone; (2) Suppressed metabolic activity leading to 

Food groups

Factor I Factor II Factor III Factor IV

Fruit & vegetable dietary pattern Processed and ultra-processed food dietary pattern
Protein-based
dietary pattern

Dairy & complex carbohydrate
dietary pattern

Milk - - - 0.4243

Yogurt or cheese - - - 0.5293

Eggs - - 0.474 -

Pork or beef steak - - 0.7571 -

Seafood - - 0.3642 -

Innards organs - 0.3466 - -

Bean products - - 0.2446 -

Light-colored vegetables 0.8119 - - -

Dark-colored vegetables 0.8642 - - -

Vegetables with oil 0.4423 - - -

Fruit 0.3392 - - -

Rice/flour products - 0.2139 - -

Whole grains - - - 0.2751

Rice/flour cooked in oil - 0.4945 - -

Root crops - - - 0.306

Bread - - - 0.3611

Jam/honey - 0.3337 - -

Sugar-added beverages - 0.3324 - -

Deep-fried food - 0.5127 - -

Processed food - 0.5255 - -

Instant noodle - 0.3671 - -

Sauces - 0.4979 - -

Table 3.  Factor loadings and dietary patterns derived by factor analysis for the 22 food groups. Note: Only 
factor loadings ≥ 0.30 are shown. Values showed in the table indicate the strength and direction of association 
between each food item and the dietary pattern. Higher factor loadings suggest a greater contribution of the 
food item to the corresponding dietary pattern.
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decreased energy expenditure; and (3) abnormal glucose metabolism34. In the face of altered appetite/satiety 
regulation hormones, even participants from the healthy dietary pattern may not have reduced odds of obesity 
and excessive body fat. The evidence consistently demonstrates that obesity is not driven by one factor alone: 
genetic predisposition interacts with diet, physical activity, sleep, socioeconomic environment, and behavioral 
traits (like appetite), manifesting complex gene–environment–behavior interplays35,36. Experimental studies 
indicated short sleep duration may increase circulating ghrelin level and decrease leptin level, a hormonal 
pattern that is consistent with increased appetite and decreased energy expenditure prompting obesity35. From a 
behavioral perspective, prolonged awake time increases the likelihood of individual consuming additional food 
and beverages, and as a result leading to weight gain36.

Poor eating behaviors and food choices have been linked to weight gain and obesity37. Evidence indicates that 
diets rich in whole, unprocessed foods and low in calorie-dense items help reduce energy intake and prevent 
obesity38. Longitudinal data from Chinese adults demonstrated protective effects of diets abundant in vegetables, 

BMI ≥ 27 a Excessive Body Fat b

L M H L M H

OR
(95% Cl)

OR
(95% Cl)

OR
(95% Cl)

OR
(95% Cl)

OR
(95% Cl)

OR
(95% Cl)

Fruit &Vegetable x Sleep duration 1.24***
(1.12–1.37)

1.18***
(1.08–1.30)

1.25***
(1.13–1.39)

1.28**
(1.10–1.48)

1.31***
(1.13–1.52)

1.60***
(1.35–1.90)

Processed and ultra-processed food x Sleep duration 1.12*
(1.00-1.25)

1.26***
(1.16–1.38)

1.25***
(1.13–1.38)

1.32**
(1.08–1.61)

1.32***
(1.14–1.51)

1.43***
(1.24–1.64)

Protein-based
x Sleep duration

1.20**
(1.08–1.34)

1.23***
(1.13–1.35)

1.23***
(1.11–1.37)

1.39**
(1.12–1.72)

1.32***
(1.15–1.52)

1.41***
(1.23–1.61)

Dairy-Complex Carbohydrate x Sleep duration 1.08
(0.97–1.20)

1.25***
(1.15–1.36)

1.31***
(1.18–1.46)

1.26**
(1.06–1.49)

1.35***
(1.19–1.54)

1.49***
(1.27–1.77)

Table 5.  Association between sleep duration and obesity stratified by dietary patterm. Note: Statistical 
significance of interactions between sleep and dietary patterns is shown as following: *P<0.05 **P<0.01 
***P<0.001.a Model was adjusted by Fruit &Vegetable, Processed and ultra-processed food, Protein-based, 
Dairy-Complex Carbohydrate, Sleep duration, Sport, Smoking, Drinking, Gender, Age, Education, TG, TC, 
HDL, LDL, etc. bExcessive body fat: Male≥25%; Female≥30%

 

Obesity a Excessive Body Fat b

Crude Adjust c Crude Adjust c

OR
(95% Cl)

OR
(95% Cl)

OR
(95% Cl)

OR
(95% Cl)

Sleep duration 1.15***
(1.09–1.22)

1.21***
(1.15–1.29)

1.63***
(1.52–1.75)

1.36***
(1.25–1.49)

Fruit &Vegetable_Ld Ref. Ref. Ref. Ref.

Fruit &Vegetable _Md 0.86***
(0.81–0.91)

0.98
(0.92–1.04)

1.18***
(1.10–1.27)

1.02
(0.94–1.11)

Fruit &Vegetable _Hd 0.97
(0.92–1.03)

1.05
(0.98–1.11)

1.43***
(1.32–1.54)

1.07
(0.98–1.17)

Processed and Ultra-Processed food _Ld Ref. Ref. Ref. Ref.

Processed and Ultra-Processed food _Md 1.14***
(1.08–1.21)

1.04
(0.98–1.11)

0.63***
(0.58–0.68)

1.03*
(0.93–1.13)

Processed and Ultra-Processed food _Hd 1.57***
(1.48–1.67)

1.24***
(1.16–1.33)

0.49***
(0.45–0.53)

1.18**
(1.07–1.31)

Protein-based _Ld Ref. Ref. Ref. Ref.

Protein-based _Md 1.31***
(1.23–1.39)

1.14***
(1.07–1.22)

0.53***
(0.49–0.57)

1.18**
(1.07–1.31)

Protein-based _Hd 2.08***
(1.95–2.22)

1.52***
(1.42–1.64)

0.41***
(0.38–0.45)

1.62***
(1.45–1.81)

Dairy-Complex Carbohydrate _Ld Ref. Ref. Ref. Ref.

Dairy-Complex Carbohydrate_Md 0.92**
(0.86–0.97)

0.92**
(0.86–0.97)

0.90**
(0.84–0.97)

0.93
(0.85–1.02)

Dairy-Complex Carbohydrate _Hd 0.84***
(0.78–0.89)

0.81***
(0.76–0.87)

0.90*
(0.83–0.98)

0.87**
(0.79–0.96)

Table 4.  Multivariable logistic regression analysis of sleep duration and dietary patterns associated with 
obesity and body fat. Note: Statistical significance is indicated as following: *P < 0.05 **P < 0.01 ***P < 0.001. 
a obesity group BMI ≥ 30 kg/m2; b Excessive body fat %: Male ≥ 25%; Female ≥ 30%; c Model was adjusted by 
sport, smoking, drinking, gender, age, education, TG, TC, HDL, LDL, etc.; d Dietary consumption where L: low 
consumption, M: medium consumption, and L: large consumption.
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fruits, whole grains, and fish against obesity, whereas patterns characterized by ultra-processed foods, sugar, and 
convenience items are obesogenic39. Consistent with earlier studies, we observed that the processed and ultra-
processed food pattern and protein-based patterns were associated with greater risks of obesity and excessive 
body fat. Processed foods typically rich in salt, sugar, and unhealthy fats40, and excessive consumption of these 
nutrients is regarded as a major contributor to the increased risk of obesity41. However, no significant link was 
found between the vegetable–fruit dietary pattern and obesity. This finding may be attributable to the traditional 
Taiwanese practice of preparing vegetables with cooking oil (e.g., stir-frying or sautéing), which increases total 
caloric intake. For obesity prevention, the dairy–complex carbohydrate dietary pattern appeared protective, 
showing lower risks of obesity and excess body fat. This finding is consistent with prior research. Observational 
research have shown that both dairy consumption and Mediterranean diet (MD) may have a protective effect 
against obesity4344.

Interestingly, our study suggests that insufficient sleep duration will increase the odds of obesity and having 
excessive body fat regardless of dietary pattern. Sleep deprivation can cause behavioral changes in food cravings. 
In younger individuals, sleep loss can often cause junk food cravings, particularly nighttime snacking44.

Current evidence indicates that sleep deprivation markedly reduces activity in brain regions involved in 
appetite regulation, thereby promoting greater food consumption, particularly of calorie-dense foods46,47. 
Reduced sleep duration, resulting in more awake time for food intake, also contributes to weight gain and 
obesity48. On the other hand, alterations in energy expenditure may represent another mechanism linking 
short sleep duration with obesity. For instance, insufficient sleep duration can cause fatigue and thus reduce 
one’s ability to engage in physical activity49. One study concluded insufficient sleep duration was associated 
with increased sedentary activities such as screen time use among middle-aged adults50. In summary, short 
sleep disrupts hormonal regulation of appetite, promotes cravings for high-calorie foods, and impairs decision-
making around eating behaviors, all of which can lead to increased energy intake42,43. Simultaneously, insufficient 
sleep reduces physical activity and metabolic efficiency, further tipping the energy balance toward weight gain. 
These interrelated pathways underscore the critical role of sleep in shaping dietary habits and long-term obesity 
risk34–36,50.

Sleep duration in this study was measured with a single self-reported item. This approach was also being 
used in the Behavioral Risk Factor Surveillance System (BRFSS), where a single-item sleep question “On average, 
how many hours of sleep do you get in a 24‑h period?”51. This approach had been validated in a subsample 
of 300 community-dwelling adults against objective measures such as actigraphy and in-home sleep studies51. 
Self-reported sleep duration, though overestimated by 0.72–1.13 h/day, is still commonly used in observational 
research because it is inexpensive and easy to administer52. By contrast, more standardized procedures to 
access sleep duration are accelerometry and sleep diary52. Accelerometry is considered the standard approach 
for measuring sleep in free-living environments 53. The downside of this approach is accelerometry tends to 
overestimate sleep duration53. A sleep diary demonstrates greater validity than a questionnaire, as it is completed 
daily and more accurately captures variations in respondents’ sleep54. Nevertheless, reliance on sleep diaries can 
create notable respondent burden and generated systematic bias, as recorded onset and wake times often diverged 
from actual sleep behavior52. Therefore, despite concerns regarding their validity, self-reported questionnaires 
continue to be a practical approach for assessing sleep duration.

In age-stratified subgroup analyses, insufficient sleep duration was linked to greater odds of obesity among 
participants aged 18–50, whereas this association was attenuated in those age >  50 years. Our results are 
consistent with a cross-sectional analysis of the NHANES 2015–2016 data, which found no association between 
sleep duration and obesity in older American adults50. A plausible explanation is that aging, a natural biological 
process, involves progressive declines in sensory and oral functions—such as vision, taste, smell, chewing, and 
swallowing—that shape habitual dietary intake of energy and macronutrients in later life55. Furthermore, for 
older adults, the likelihood of having chronic diseases and complications may promote chronic inflammation, 
resulting in decreased dietary consumption and body weight56,57. Evidence from a study of Chinese adults aged 
≥ 60 indicated that increasing age correlated positively with healthier dietary patterns, characterized by higher 

Overweight & obesity a Excessive body fat b

Crude Adjust a Crude Adjust a

OR
(95% Cl)

OR
(95% Cl)

OR
(95% Cl)

OR
(95% Cl)

Age 18–30 x
Sleep duration

1.59***
(1.28–1.97)

1.58***
(1.27–1.97)

1.42**
(1.16–1.74)

1.40**
(1.13–1.75)

Age 31–40 x
Sleep duration

1.39***
(1.25–1.56)

1.37***
(1.23–1.54)

1.40***
(1.24–1.57)

1.36***
(1.28–1.66)

Age 41–50 x
Sleep duration

1.35***
(1.21–1.51)

1.34***
(1.19–1.49)

1.37***
(1.19–1.58)

1.23**
(1.05–1.44)

Age > 50 x
Sleep duration

1.03
(0.95–1.13)

1.02
(0.93–1.11)

1.89***
(1.42–2.51)

1.22
(0.90–1.65)

Table 6.  Association between sleep duration, obesity, excessive body fat by age. Note: Statistical significance 
of interactions between age and sleep duration is shown as following: *P < 0.05 **P < 0.01 ***P < 0.001. 
a Model was adjusted by Age 18–30, Age 31–40, Age 41–50, Age > 50, Sleep duration, Sport, Smoking, 
Drinking, Gender, Education, TG, TC, HDL, LDL, etc. a Obesity: BMI ≥ 27; b Excessive body fat: Male ≥ 25%; 
Female ≥ 30%.
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vegetable and fruit intake and lower reliance on highly processed foods. This pattern was attributed to increasing 
health awareness with age and strategies to manage chronic diseases. In summary, our finding illustrates the 
importance of adequate sleep duration in obesity prevention among the younger adult population (aged 18–50 
years).

There are several strengths of this study. First, the substantial sample size (n = 27,473) enabled comprehensive 
adjustment for potential confounding factors. Second, our study is distinctive in being among the limited number 
of investigations that link sleep duration to obesity, extending the analysis to include body fat percentage and 
dietary patterns. The findings hold significant scientific value and contribute to the relatively limited literature 
exploring the relationships among sleep duration, dietary patterns, and obesity. Nonetheless, this study has 
limitations. First, sleep duration was self-reported, making recall bias unavoidable. Individuals with short sleep 
durations tended to overestimate their sleep time compared to those who slept longer, potentially leading to 
misclassification of sleep duration. Second, the cross-sectional design prevents causal inference regarding the 
relationship between sleep duration and obesity-related indicators. Third, although several confounders were 
controlled for, unmeasured or residual confounding may remain. Sleep disorders—including insomnia, sleep 
apnea, narcolepsy, and restless legs syndrome—could influence both sleep duration and obesity58. Moreover, 
total energy intake should be considered as a covariate in the analysis of sleep duration and obesity/adiposity. 
However, because the dietary assessment used in this study was qualitative (capturing only food frequency rather 
than actual caloric intake), it was not possible to accurately estimate participants’ average energy consumption.

Conclusion
Short sleep was related to greater risks of obesity and excess body fat. Processed and ultra-processed food pattern 
and protein-based pattern increased these risks, whereas the dairy–complex carbohydrate dietary pattern 
reduced them. Participants with inadequate sleep duration were at increased odds of obesity and excessive body 
fat regardless of dietary pattern. Finally, inadequate sleep markedly increased the odds of obesity and excess 
body fat among younger participants, but this association attenuated in those over age 50.

Data availability
“The datasets analyzed during the current study are not publicly available due Mei Jau (MJ) Health Management 
Institute policy. Data are available from the author upon reasonable request and with permission of Mei Jau (MJ) 
Management Institute. Please contact the first author, Li-Yin Lin, to request access to the datasets used in this 
study.
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