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Abstract
Background  Ultra-process foods (UPF) were suspected to induce many diseases and threaten consumers’ health. The 
aim of this study was to examine the association between the consumption of highly processed foods and adiposity 
indexes in Tehranian adults.

Method  In a cross-sectional design, 850 Tehranian adults were included. NOVA classification was used to assess the 
intake of UPF in participants. The amount of calorie intake through processed foods was assessed. Adiposity indexes 
outcomes include body mass index (BMI), waist circumference (WC), waist-to-hip ratio (WHR), waist-to-height ratio 
(WHtR), visceral adiposity index (VAI), body roundness index (BRI), and body adiposity index (BAI). Lipid accumulation 
product (LAP) and triglyceride-glucose index (TyG) were also assessed. Binary logistic regression was used to evaluate 
the association between the intake of UPF and adiposity indexes measurements.

Result  there was a higher intake of UPF in men than women (p < 0.001). The results of logistic regression revealed 
that there is a significant association between intake of UPF with WHR (odds ratio (OR): 1.09, 95% confidence interval 
(CI): 0.73–1.61) and BRI (OR: 2.10, 95% CI: 1.38–3.19) in the crude model. Nevertheless, after adjusting for confounders, 
the results were insignificant (WHR: OR, 0.77, 95% CI, 0.46–1.27, and BRI: OR, 1.70, 95% CI, 1.05–2.73). No significant 
association was seen for other outcomes (p > 0.001 for all). The results of dose-response analyses revealed a substantial 
association between UPF intake and BMI, WHrT, WC, VAI, BRI, BAI, LAP, and TyG.

Conclusion  UPF consumption was significantly related to increased risk of high-risk adiposity indexes in the dose-
response analysis. More studies are needed to strengthen the results of this study.

Keywords  Food, Processed, Anthropometry, Adult, Body mass index, Waist circumference, Waist-hip ratio, Waist-
height ratio, Lipid accumulation product

The association between ultra-processed food 
consumption and adiposity indexes in adults 
living in Tehran: a dose-response analysis 
within a cross-sectional study
Mahsa Ranjbar1, Neda Asgari Avini2 and Sakineh Shab-Bidar2,3*

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12889-025-22812-2&domain=pdf&date_stamp=2025-4-22


Page 2 of 15Ranjbar et al. BMC Public Health         (2025) 25:1548 

Introduction
Obesity, which is induced by multi-causal processes, 
led to an epidemic that affects all around the world [1]. 
The World Health Organization (WHO) reported that 
in 2014, over 1.9  billion adults were classified as over-
weight, with 650  million of them being obese [2]. Obe-
sity is a significant risk factor for several other diseases, 
including coronary heart disease, ischemic stroke, and 
type 2 diabetes [3]. Moreover, it is considered a metabolic 
disease itself [4]. The quality of diet is known as a major 
modifiable risk factor for weight management, and it has 
considerable evidence for protective factors [5]. Further-
more, the causes of the worldwide epidemic of obesity 
may lie in changing social behaviors and environmental 
factors [6]. Changes in the food system are mainly char-
acterized by the increasing supply of energy-efficient and 
cost-effective food products [7, 8]. This shift in food sys-
tems has been accompanied by notable changes in diets 
over the past few decades, particularly marked by a sharp 
rise in the consumption of ultra-processed foods (UPFs) 
[9]. Like the higher incidence and prevalence of obesity, 
there has been a notable rise in the production and con-
sumption of UPF, and research indicated that currently, 
about 50 to 60 of the total daily energy in some individu-
als is allocated to UPFs [10]. These food groups are often 
high in calories, but they lack nutritional value, contrib-
uting to excessive calorie consumption without providing 
essential nutrients, which can result in obesity [11]. It is 
worth mentioning that studies suggest that the consump-
tion of UPFs may also disrupt metabolic processes, which 
is another potential stem of weight gain and obesity-
related complications [12].

The NOVA classification is a system that categorizes 
foods into groups based on the degree and amount of 
their industrial processing [13]. According to NOVA, 
UPF is a group that includes foods or beverages formu-
lated mainly or entirely from food-derived materials, with 
little or no presence of the original unaltered food [14]. 
UPFs are known for their high content of simple sugars, 
fats, and salt while being low in fiber and micronutri-
ents. They often contain numerous additives, including 
flavor enhancers (such as phosphates, sweeteners, emul-
sifiers, colors, and wetting agents), and generally, they 
have lower dietary quality than UPFs [15]. These foods 
undergo multiple processing methods, including high-
temperature extrusion, molding, and frying. They often 
contain various food additives and industrial substances 
used to replicate or improve the sensory qualities of foods 
or mask undesirable ingredients [16]. UPF consumption 
is growing worldwide [17, 18]. UPF consumption in Iran 
is a crucial problem due to the nutritional transition from 
traditional to more Western food patterns [19]. Numer-
ous ecological studies have indicated that as the con-
sumption of UPFs increases, so does the prevalence of 

overall obesity [18, 20]. In many past studies, it has been 
shown that UPF consumption was associated with over-
weight or obesity [20–23]. In a two-week randomized 
crossover study, Hall KD and colleagues demonstrated 
that participants on an ultra-processed diet consumed 
approximately 500 extra calories per day compared to 
those on an unprocessed diet, which was closely associ-
ated with weight gain [24]. More than primary indicators 
of obesity, including weight and body mass index (BMI), 
which may not illustrate obesity properly, other anthro-
pometric indexes are drawing attention these days [25]. 
Visceral adiposity index (VAI), body roundness index 
(BRI), body adiposity index (BAI), lipid accumulation 
product (LAP), and triglyceride-glucose index (TyG) are 
some cases in point [26]. Although some studies have 
revealed an association between the consumption of 
UPFs and obesity, this association is unclear for the adi-
posity indexes. Because of this, this study aimed to inves-
tigate the relationship between the consumption of UPF 
and adiposity indexes in adults living in Tehran.

Methods
This study utilized data from a previous research project 
titled ‘The Association Between Lunch Composition and 
Obesity in Iranian Adults,’ conducted between 2018 and 
2019, which aimed to assess the link between meal-based 
dietary patterns and obesity [27]. Five healthcare centers 
in Tehran city were selected using the clustered method. 
Medical Ethics Committee of the Tehran University of 
Medical Sciences, Tehran, Iran (Ethic number: IR.TUMS.
MEDICINE.REC.1401.695) approved this study.

Study participants
The population of this study included 850 adult partici-
pants. Inclusion criteria were: (1) healthy adult dwellers 
in Tehran city, (2) aged between 20 and 59, and (3) willing 
to participate. Furthermore, participants were excluded if 
they were suffering from diseases such as diabetes, can-
cer and cardiovascular diseases, Alzheimer’s, Parkinson’s, 
chronic liver and kidney diseases, history of stroke, brain 
and heart attack, rheumatoid arthritis, and other chronic 
diseases based on the person’s statement, and did not 
complete the food recall questionnaires.

Sampling
According to past reports, the prevalence of obesity in 
the population of the study is about 65% [28], As a result, 
the sample size was calculated using the following for-
mula: n = z2.p (1-p)/d2 = 546, with a maximum estima-
tion error of 5%, and 0·04 for the d value. Because two 
two-stage clustered methods were used, and the effect of 
the response rate in different health centers on the total 
results, considering the effective coefficient of the cluster 
design of 1.5, the total calculated sample size was 816. In 
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this study, 850 participants were entered equally from 
different health centers using a two-stage cluster and 
simple random sampling.

Dietary assessment
In this study, a 168-item food frequency questionnaire, 
validated before, was used by a trained researcher to 
examine participants’ dietary intake. Dietary data were 
changed to grams per day. We used Nutritionist IV (N4) 
software to estimate the energy and nutrient intakes by 
the US Department of Agriculture’s food composition 
database modified for Iranian foods [29]. In order to 
assess the intake of UPF in participants, NOVA classifica-
tion was used [16]. Due to NOVA, UPF includes creamy 
cheese, ice creams, chocolate milk, sausages, burg-
ers, hotdogs, pizza, cakes, biscuits, candies, chocolates, 
mayonnaise, margarine, and hydrogenated oils, carbon-
ated soft drinks, potato chips, and pufak. For the inter-
individual and UPF differences in intake, an estimate of 
normal intake was made by considering the contribution 
to energy consumption as a percentage of total energy 
consumption. Moreover, the individual intakes from dif-
ferent food groups were also defined to represent a total 
energy intake of UPF%.

Clinical assessment
All participants were instructed to fast for 8–12 h prior 
to blood sampling. The serum samples were centrifuged 
and transferred into clean cryotubes for storage at − 80 °C 
until analysis. High-density lipoprotein cholesterol (HDL 
cholesterol) was measured using the cholesterol oxidase 
phenol-amino-pyridine method, while triglycerides (TG) 
were assessed using an enzymatic method based on glyc-
erol-3-phosphate oxidase phenol-amino-pyrene, utilizing 
an automatic machine (Selectra E, Vitalab, Netherlands). 
The inter- and intra-assay coefficient variances (CVs) 
were both below 10%.

Assessment of adiposity indexes
Weight was assessed using a digital scale with a preci-
sion of 0.1  kg (808Seca), with participants not wearing 
shoes or heavy clothing. Height was measured in stand-
ing without shoes using a wall stadiometer, accurate 
to 0.1  cm (Seca, Germany). BMI was determined by 
dividing weight in kilograms by the square of height in 
meters. Waist circumference (WC) was measured at the 
midpoint between the lowest rib and the iliac crest while 
the participant was exhaling, and hip circumference was 
taken with a tape measure. The waist-to-hip ratio (WHR) 
and waist-to-height ratio (WHtR) were calculated for 
each individual. The VAI was computed using a specific 
formula that incorporates WC (cm), BMI (kg/m²), TG 
(mg/dl), and high-density lipoprotein (HDL) (mg/dl) [30].

	
Men VAI :

(
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39.68 + (1.88 × BMI

)
×

(
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×

(
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Other indicators that have been introduced for body fat 
are BRI and BAI. BRI depends on WC and height (both 
in cm), and BAI on hip circumference (cm) and height 
(m) [30, 31].

	
BRI : 364.2 − 365.5
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BAI : Hip circumference

Hieght1.5

LAP is known as an indicator for lipid accumulation, 
depending on WC (cm) and TG (mmol/L) [32].

	 Men LAP : (WC − 65) × TG

	 Woman LAP : (WC − 58) × TG

TyG, introduced as a new indicator of metabolic diseases, 
is calculated using TG and fasting blood glucose (FBS) 
(mg/dL for both) [33].

	 TyG : ln (TG × FBS) /2

Covariates
A trained interviewer collected pertinent information 
regarding age (continuous), gender (categorical), educa-
tion (categorical), marital status (categorical), tobacco 
use (categorical), and occupation (categorical). The Inter-
national Physical Activity Questionnaire (IPAQ) was 
utilized to evaluate participants’ physical activity levels, 
which includes seven questions concerning the frequency 
and duration of activities. The findings are expressed in 
terms of the metabolic equivalent of task minutes (MET-
minutes) [34]. Participants were then classified into 
three activity levels as categorical variable: high (> 3000 
MET-minutes/week), moderate (600–3000 MET-min-
utes/week), and low (< 600 MET-minutes/week). In our 
analysis, we utilized adjusted effect sizes within a dose-
response framework, employing restricted cubic splines 
to model the relationship between the covariates and 
the outcome variable. This approach allowed us to flex-
ibly capture potential non-linear associations without 
imposing strict parametric assumptions. Regarding the 
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covariates, we treated them as continuous variables to 
preserve the granularity of the data and to avoid poten-
tial information loss that might arise from categorization. 
For instance, age was modeled as a continuous variable, 
enabling us to explore its nuanced effects across the 
entire spectrum rather than grouping it into predefined 
categories. This decision aligns with best practices in epi-
demiological studies, where continuous modeling is often 
preferred to maintain statistical power and to accurately 
reflect the underlying biological or behavioral processes.

Statistical analysis
Statistical analyses in this study were run by SPSS ver-
sion 26 (IBM). UPF intake, obtained from NOVA classi-
fication, was categorized into 4 quartiles by the software. 
In order to compare the demographic and clinical vari-
ables of included participants according to the quartiles 
of UPF intake, we used the independent sample t-test for 
continuous and Chi-square test for categorical variables. 
For showing the UPF consumption and relative contri-
bution of food groups in different quartiles, the one-way 
analysis of variance (ANOVA) was used. Anthropomet-
ric measurements were categorized into two groups with 
the following cut-offs: BMI: 25  kg/m2 < vs. ≥ 25  kg/m2 
[35], WC: <90 vs. ≥90 cm in men and < 80 vs. ≥80 cm in 
women [36]. WHR: including < 0.95 vs. ≥0.95 in men and 
< 0.80 vs. ≥0.80 in women [37]. WHtR: <0.5 vs. ≥0.5 for 
both genders [38]. VAI: <4.11 vs. ≥4.11 in men and < 4.28 
vs. ≥4.28 in women [30]. BRI: <4.75 vs. ≥4.75 in men 
and < 6.17 vs. ≥6.17 in women [30]. BAI < 25.6 vs. ≥25.6 
in men and < 37.7 vs. ≥37.7 in women [39]. LAP: 45.65 
in men and 46.91 in women [40]. TyG: 8.63 in men and 
8.54 in women [40]. Except for BMI, WC, and LAP, other 
outcomes were indexes that did not have units [41–43]. 
Logistic regression was done in order to assess the UPF 
intake and odds of adiposity measurements, and results 
were reported as odds ratio (OR) and 95% confidence 
intervals (95% CI). The results were further adjusted 
for age, sex, education level, occupation, marital status, 
smoking, supplement intake, physical activity, and energy 
intake. For all analyses, the statistical significance level 
has been set at 0.05. Moreover, we examined the poten-
tial non-linear relation between % UPF intake from total 
calorie intake (continuous) and adiposity outcomes with 
restricted cubic splines (RCS) [44] using STATA software 
version 17. The results were adjusted for age, sex, educa-
tion level, occupation, marital status, smoking, supple-
ment intake, physical activity, and energy intake.

Results
850 eligible adults who fulfilled the inclusion criteria 
entered the study. Table  1 shows the detailed demo-
graphic and clinical variables according to the quartiles of 
UPF intake. There were significant differences regarding 

sex (p < 0.001), occupation (p = 0.002), and smoking sta-
tus (p = 0.005). Moreover, weight, VAI, and BIA were 
significantly increased in the higher quartile compared 
to the lower one (p < 0.05 for all). There was no signifi-
cant difference considering other outcomes (p > 0.05 for 
all). Table  2 displays the relative contribution of food 
groups in UPF consumption. Regarding the results, all 
food groups revealed significant differences between 
quartiles of UPF consumption (p < 0.05 for all), except 
for soft drinks (p = 0.268). The results of the association 
between adiposity indexes and the UPF categories are 
presented in Table  3. Logistic regression revealed a sig-
nificant difference between higher quartiles compared 
to lower quartiles in WHR, WC, and BAI in the crude 
model (p < 0.05 for both). However, after adjusting for 
potential confounders, including age, sex, education 
level, occupation, marital status, smoking, supplement 
intake, and physical activity, the results were insignifi-
cant. The results for other adiposity measurements were 
insignificant (p > 0.05 for all). Further, the results of dose-
response analyses using restricted cubic splines analysis 
show a significant association between BMI, WHrT, WC, 
VAI, BRI, BAI, ALP, TyG, and the proportion of UPF 
intake (Table  4). Figure  1 illustrates the results of dose-
response analysis for BMI. BMI experienced a marginal 
decline to 10% of UPF intake, followed by a substantial 
increase for higher proportions of UPF intake (Pnonlinearity 
<0.001, Pdose−response <0.001). WHrT saw a moderate 
increasefor higher proportions of UPF intake (Pnonlinearity 
<0.001, Pdose−response <0.001) (Fig.  2). The figure for WC 
indicates a sharp increase to approximately 10% of the 
percentage of UPF intake, which continued by a moder-
ate rise (Pnonlinearity <0.001, Pdose−response <0.001) (Fig.  3). 
VAI remained unchanged at 0 to UPF intake of 10%, 
after which it dropped (Pnonlinearity <0.001, Pdose−response = 
0.007) (Fig.  4). BRI increased markedly over the whole 
proportion of intakes (Pnonlinearity <0.001, Pdose−response 
= 0.085) (Fig. 5). BAI and LAP rose steadily to 10% and 
then plateaued with a slight upward curve (Pnonlinearity 
<0.001, Pdose−response <0.001, for both) (Figs. 6 and 7). Also, 
the trend for TyG was the same until 10%; however, it 
decreased moderately in the higher percentages of UPF 
intake (Pnonlinearity <0.001, Pdose−response <0.001) (Fig.  8). 
The results for WHR were insignificant (Pnonlinearity = 
0.399, Pdose−response = 0.926) (Fig. 9).

Discussion
The findings of this study indicated that greater con-
sumption of UPFs did not have a significant association 
with WHR, BRI, after adjusting for confounders and 
BMI, WHrT, WC, VAI, BRI, BAI, LAP, and TyG in the 
crude model and after adjusting for confounders through 
logistic regression. The dose-response analysis showed 
UPF intake was associated with an elevated risk of higher 
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BMI, WHtR, WC, BRI, BAI, and LAP. For TyG, the risk 
increased by 10%, but after that, it declined. A higher 
intake of UPF was related to the lower amount of VAI. 
WHR showed insignificant results.

Similarly to the results of our study, the study by Suky-
oung Jung et al. on Korean adults concluded there was 
an association between higher intake of UPFs, higher 

adiposity, and lower skeletal muscle mass [45]. A cohort 
study by Mengxi et al. concluded that increased con-
sumption of UPFs was linked to a slight but significant 
rise in BMI [46]. Marie Beslay et al., in a French cohort, 
demonstrated that Increased intake of UPF was linked 
to a rise in BMI and a greater risk of being overweight 
and obese [47]. Junxiu Liu et al. reported that increased 

Table 1  Demographic and clinical variables according to the quartiles of ultra-processed foods intake
Quartiles of ultra-processed food intake

Variables Q1
(0-24.9%)

Q2
(25-49.9%)

Q3
(50-74.9%)

Q4
(75–100%)

P-value

(n = 212) (n = 213) (n = 213) (n = 212)
Age (years) 45.27 (10.56) 43.72 (10.41) 44.56 (11.13) 45.49 (10.61) 0.313a

Sex, n (%)
Male 41 (19.3) 43 (20.2) 79 (37.1) 103 (48.6) 0.001 > b

Female 171 (80.7) 170 (79.8) 134 (62.9) 109 (51.4)
Physical activity status, n (%)
Low 135 (63.7) 138 (64.8) 129 (60.6) 137 (64.6) 0.787b

Moderate 77 (36.3) 75 (35.2) 84 (39.4) 75 (35.4)
Education status, n (%)
illiterate 20 (9.4) 12 (5.6) 20 (9.4) 21 (9.9) 0.013b

Under diploma 47 (22.2) 46 (21.6) 62 (29.1) 69 (32.5)
Diploma 79 (37.3) 46 (30.0) 65 (30.5) 53 (25.0)
University educated 66 (31.1) 91 (42.7) 66 (31.0) 69 (32.5)
Occupation, n (%)
Employee 42 (19.8) 58 (27.2) 59 (27.7) 61 (28.8) 0.048b

Housekeeper 131 (61.8) 119 (55.9) 117 (54.9) 109 (51.4)
Retired 28 (13.2) 27 (12.7) 34 (16.0) 39 (18.4)
Unemployed 11 (5.2) 9 (4.2) 3 (1.4) 3 (1.4)
Marital status, n (%)
Single 15 (7.1) 32 (15.0) 25 (11.7) 20 (9.4) 0.219b

Married 179 (84.4) 164 (77.0) 173 (81.2) 172 (81.1)
Divorced 18 (8.5) 17 (8.0) 15 (7.0) 20 (9.4)
Smoking status, n (%)
Not smoking 197 (92.9) 187 (87.8) 189 (88.7) 197 (92.9) 0.373b

Quit smoking 5 (2.4) 12 (5.6) 12 (5.6) 7 (3.3)
Low smoking 10 (4.7) 14 (6.6) 12 (5.6) 8 (3.8)
Supplement intake, n (%)
Yes 30 (14.2) 29 (13.6) 34 (16.0) 38 (17.9) 0.601b

No 182 (85.8) 184 (86.4) 179 (84.0) 174 (82.1)
BMI (kg/m2) 27.94 (4.31) 28.81 (4.25) 27.97 (4.76) 28.05 (4.65) 0.013a

WC (cm) 91.90 (11.49) 90.12 (12.59) 92.45 (12.79) 93.82 (12.62) 0.021a

WHR 0.88 (0.08) 0.86 (0.88) 0.89 (0.08) 0.90 (0.08) 0.001 > a

WHtR 0.57 (0.07) 0.56 (0.08) 0.56 (0.08) 0.57 (0.07) 0.466a

VAI 5.69 (3.74) 5.47 (3.81) 5.27 (3.90) 5.01 (3.37) 0.269a

BRI 4.89 (1.70) 4.75 (1.89) 4.78 (1.71) 4.95 (1.68) 0.602a

BAI 33.20 (6.74) 33.08 (7.48) 31.88 (6.60) 31.47 (6.60) 0.018a

LAP
(cm.mmol/L)

51.20 (33.35) 52.12 (32.40) 51.99 (32.53) 51.09 (33.07) 0.992a

TyG 8.74 (0.59) 8.85 (0.62) 8.82 (0.63) 8.81 (0.53) 0.266a

Abbreviations: Q, quartiles, BMI, body mass index; kg/m2, Kilogram per square meter; WC, waist circumference; cm, centimeter; WHR, waist−to−hip ratio; WHtR, 
waist−to−height ratio; VAI, visceral adiposity index; BRI, Body roundness index BAI, body adiposity index; LAP, lipid accumulation product; mmol, milli mole; L, liter; 
TyG, triglyceride−glucose index

The data are presented as mean ± standard deviation (SD) or numbers (percent)

a ANOVA, b Pearson Chi−Square
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intake of UPFs was linked to more body fat levels in the 
abdominal area of U.S. adults [48]. Another study on 
Brazilian women showed that a higher intake of UPF is 
related to higher fat mass [49]. Camila Zancheta et al., in 
a study that assessed UPF intake and adiposity indicators, 
reported a significant association between UPF intake 
and an increase in the risk of higher BM, WCP, and 
percentage body fat [50]. However, the study results by 
Crisóstomo et al. showed that BMI and WC had no sig-
nificant association with UPF consumption in older peo-
ple and adults [51]. As this study expected a considerable 
relation, they considered the reverse causality observed 
could be related to potential changes in dietary habits 
and lifestyle, as well as the underreporting or exclusion 
of certain food items by participants. A different cross-
sectional study in the United Kingdom yielded similar 
findings, revealing no positive correlation between UPF 
consumption and BMI. The authors attribute this out-
come to the combined analysis of processed and ultra-
processed food groups [52]. Based on our research, 
studies on other indicators that we assessed in this study 
were scarce. Gholami et al., in a cross-sectional study of 

overweight and obese women, assessed the NOVA score 
and genetic risk score and its association with BAI and 
lipid profile and reported significant results regarding 
higher BAI and NOVA scores [53]. Mirmiran et al. con-
ducted a restricted cubic spline analysis, similar to our 
study, which indicated that the risk of being metabolically 
unhealthy while maintaining a normal weight increases 
progressively when UPFs account for at least 20% of total 
energy intake. Additionally, their findings showed a posi-
tive correlation between energy intake from UPFs and 
the risk of being metabolically unhealthy in both normal-
weight and overweight/obese individuals [54]. For TyG, 
the study by Hosseininasab et al., which aimed to assess 
UPF consumption and cardiometabolic risk factors in 
overweight and obese women, showed TyG has no sig-
nificant association to their UPF intake [55]. It is worth 
noting that participants in higher tertiles of NOVA had 
significantly higher TyG-WC. This study only included 
women who were overweight or obese, so it may have 
impacted the results compared to the general popula-
tion. Our study revealed that the TyG increases until 10% 
and then decreases, so its relation is unclear and should 
be examined in future studies. An unpredicted result was 
obtained for VAI, significantly reducing higher amounts 
of UPF intake. This index is calculated by BMI, WC, 
HDL, and TG levels. Since BMI and WC revealed a sig-
nificant dose-response association, we hypothesized that 
HDL and TG levels may be responsible for this result. 
As mentioned before, in our study, TyG also decreased 
after a 10% intake of UPF, and it seems the results related 
to lipid profile were insignificant. Few studies assess 
the association of WHR and UPF intakes. Lane et al. 
reported there were no significant differences in WHR 
between quartiles of UPF intakes among adolescent girls 
in northeastern Iran [56]. In another study by Cristina et 
al. in Brazilian adolescents, the results were the same and 
no significant association was found with higher intakes 
of UPF [57]. A possible reason why our study found no 
association between waist-to-hip ratio WHR and UPF 
consumption could be due to the complex nature of 
body fat distribution and the multiple factors influenc-
ing WHR beyond diet al.one [58, 59]. For example, WHR 
is strongly influenced by genetics and hormones, par-
ticularly sex hormones like estrogen and testosterone 
[60]. Even with high UPF intake, genetic predisposition 
may play a larger role in fat distribution. It seems there 
is no association between WHR and UPF intakes; how-
ever, because of a small number of studies, future studies 
should assess this association.

The indexes examined in this study were anthropo-
metric (including BMI, BRI, WC, VAI, and BRI), a com-
bination of anthropometric and biochemical (including 
BAI, LAP), and just biochemical (TyG). As the physi-
ology of complications in obesity is a combination of 

Table 2  Ultra-processed food consumption and relative 
contribution of food groups

Quartiles of ultra-processed food intake
Variables Q1

(0-24.9%)
Q2
(25-49.9%)

Q3
(50-
74.9%)

Q4
(75–
100%)

P-
value

(n = 212) (n = 213) (n = 213) (n = 212)
Food groups (Kcal/d)
Hydroge-
nated fat, 
mayon-
naise, and 
margarine

9.76 (16.11) 31.90 
(40.05)

88.88 
(90.65)

243.27 
(243.60)

0.001>

Sweets 
snacks a

20.04 (21.40) 43.41 
(35.30)

73.77 
(80.66)

134.25 
(138.47)

0.001>

Salty snacks 
b

4.64 (9.04) 23.00 
(30.09)

42.07 
(61.38)

91.33 
(155.25)

0.001>

Dairy prod-
ucts c

5.76 (9.04) 15.10 
(17.52)

27.37 
(37.59)

49.48 
(65.11)

0.001>

Processed 
meat d

3.44 (6.80) 6.31 (11.95) 8.01 
(14.13)

22.63 
(41.99)

0.001>

Soft drink 2.34 (6.19) 5.44 (9.23) 12.70 
(29.10)

24.12 
(43.09)

0.001>

Creamy 
cheese

3.66 (10.10) 15.26 
(27.42)

25.67 
(49.44)

45.18 
(73.55)

0.001>

Energy 
from UPF 
(Kcal/d)

49.67 (29.81) 140.55 
(39.72)

278.49 
(175.27)

610.28 
(286.89)

0.001>

% of total 
energy 
from UPF

2.16 (1.20) 6.15 (1.21) 12.20 
(2.45)

32.13 
(15.91)

0.001>

Abbreviations: Q, quartiles, a includes cakes, biscuits, candies, and chocolate b 
potato chips and pufak; c includes ice creams and chocolate milk; d includes 
sausages, burgers, and cut colds

The data are presented as mean ± standard deviation (SD)
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anthropometric and biochemical processes [61], LAP 
and BAI could cover both sides and help to better exam-
ine the effects of UPFs intakes. These two indexes, signifi-
cantly increased by higher intakes of UPFs.

The mechanism that induces the association between 
UPF intake and higher anthropometric adiposity indexes 
lies in the high caloric density of these food items. UPFs 
are often high in calories, added sugar, and saturated fat 
(SFA) but low in nutrients such as fiber, and this leads 
to consuming more calories without feeling full and 
promoting weight gain [62, 63]. Diets high in UPF offer 
insufficient dietary fiber that prevents physiological sati-
ety and feeling of fullness, leading to excessive eating 
and gradual weight gain over time [24]. High levels of 
sugar, unhealthy fats, and salt in UPFs can trigger reward 
pathways in the brain, resulting in cravings and overcon-
sumption in individuals [64]. Other ingredients, such as 
artificial flavors and sweeteners, can make UPFs more 

palatable and increase their appeal and consumption 
frequency [65, 66]. Another worthy note that we should 
consider is that these food items are often marketed in 
more significant portions, so they encourage overeating 
as a result [67]. Furthermore, the imbalance of macronu-
trients can disrupt hunger and satiety hormonal signals 
such as leptin and ghrelin [68]. Leptin and ghrelin are 
crucial hormones regulating appetite and energy bal-
ance [69, 70]. Leptin, produced by adipose tissue, signals 
satiety and hinders hunger, while ghrelin, secreted by the 
stomach, stimulates appetite [71]. A rapid blood glucose 
spike occurs after ingesting high levels of simple sug-
ars, leading to hyperglycemia. After that, a sharp insulin 
response can change leptin sensitivity [72, 73]. Leptin sig-
naling may be diminished by chronic high sugar intake, 
leading to leptin resistance where the body fails to rec-
ognize satiety cues [74]. On the other hand, high-calorie, 
low-nutrient UPFs may not adequately suppress ghrelin 

Table 3  The association between anthropometric indexes and the UPF categories
Quartiles of ultra-processed food intake

Variables Q1
(0-24.9%)

Q2
(25-49.9%)

Q3
(50-74.9%)

Q4
(75–100%)

(n = 212) (n = 213) (n = 213) (n = 212) P trend
BMI (kg/m2)
Crude 1.00 0.54 (0.36–0.83) 0.93 (0.60–1.45) 0.95 (0.61–1.79) 0.537
adjusted 1.00 0.57 (0.37–0.90) 0.95 (0.59–1.53) 0.84 (0.52–1.36) 0.983
WC (cm)
Crude 1.00 1.83 (1.13–2.95) 0.91 (0.59–1.40) 1.03 (0.66–1.59) 0.037
adjusted 1.00 0.56 (0.33–0.94) 0.68 (0.40–1.15) 0.65 (0.381–1.06) 0.959
WHR
Crude 1.00 2.11 (1.38–3.23) 0.98 (0.66–1.46) 1.09 (0.73–1.61) 0.002
adjusted 1.00 0.45 (0.27–0.73) 0.68 (0.42–1.12) 0.77 (0.46–1.27) 0.666
WHrT
Crude 1.07 (0.63–1.08) 0.80 (0.49–1.32) 0.73 (0.45–1.20) 0.720
adjusted 1.00 0.92 (0.52–1.62) 0.76 (0.43–1.34) 0.95 (0.52–1.73) 0.720
VAI
Crude 1.00 1.21 (0.82–1.77) 1.12 (0.76–1.64) 1.00 (0.68–1.46) 0.267
adjusted 1.00 0.96 (0.64–1.42) 0.99 (0.66–1.48) 1.095 (0.72–1.65) 0.659
BRI
Crude 1.00 1.02 (0.65–1.59) 1.45 (0.94–2.23) 2.10 (1.38–3.19) 0.001>
adjusted 1.00 1.24 (0.76–2.03) 1.33 (0.82–2.16) 1.70 (1.05–2.73) 0.030
BAI
Crude 1.00 0.95 (0.64–1.41) 1.11 (0.75–1.65) 1.84 (1.25–2.72) 0.001
adjusted 1.00 1.09 (0.70–1.71) 0.79 (0.49–1.25) 1.10 (0.69–1.74) 0.999
LAP (cm.mmol/L)
Crude 1.00 1.22 (0.83–1.79) 1.24 (0.84–1.82) 0.96 (0.65–1.41) 0.878
adjusted 1.00 1.33 (0.90–1.97) 1.33 (0.89–1.98) 0.97 (0.64–1.45) 0.939
TyG
Crude 1.00 1.33 (0.90–1.97) 1.22 (0.83–1.81) 1.04 (0.70–1.53) 0.950
adjusted 1.00 1.32 (0.88–1.96) 1.24 (0.83–1.85) 1.05 (0.70–1.58) 0.824
Abbreviations: Q, quartiles, OR, odds ratio; CI, confidence interval; UPF, ultra−processed food; BMI, body mass index; kg/m2, Kilogram per square meter; WC, waist 
circumference; cm, centimeter; WHR, waist−to−hip ratio; WHtR, waist−to−height ratio; VAI, visceral adiposity index; BRI, Body roundness index BAI, body adiposity 
index; LAP, lipid accumulation product; mmol, milli mole; L, liter; TyG, triglyceride−glucose index

The data are presented as OR (95% CI)

Adjusted for age, sex, education level, occupation, marital status, smoking, supplement intake, physical activity, and energy intake
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secretion, resulting in prolonged hunger signals that 
promote weight gain [75, 76]. Moreover, UPFs may have 
a disruptive effect on the standard rhythmic patterns of 
ghrelin secretion. Studies indicate that consuming highly 
palatable, energy-dense foods can alter the timing and 
promote ghrelin release, resulting in unhealthy eating 
behaviors [77, 78].

The strength of this study lies in the assessment of vari-
ous adiposity-related anthropometric and biochemical 
indexes. Additionally, applying both linear and nonlinear 
methods, such as logistic regression and dose-response 
analysis, to all outcomes adds robustness to our findings.

Nevertheless, some limitations should be acknowl-
edged. First, the FFQ used in this study might be subject 
to reporting bias from participants. Second, we did not 
categorize the age groups of participants, which limited 
our ability to investigate the associations within specific 
categories (e.g., adults or the elderly). Third, the cross-
sectional design of this study precludes the establishment 
of causal relationships. Finally, while the sample size of 
850 Tehranian adults provides valuable insights, the find-
ings may not be generalizable to broader populations.

Conclusion
Based on this study’s findings, individuals may consider 
moderating their intake of UPFs as part of a balanced 
diet. While our study observed an association between 
higher UPF consumption and unfavorable adiposity-
related measures such as BMI, WHtR, and LAP, it is 

Table 4  The parameters of the restricted cubic spines model for 
outcomes of the study
Variables Dose Mean 

Differ-
ence 
(MD)

Stan-
dard 
Error 
(SE)

95% CI 
(Lower, 
Upper)

P-value

BMI (kg/m2) 1 -0.01 0.01 (-0.03, -0.00) 0.043
2 0.04 0.01 (0.02, 0.06) < 0.001

WC (cm) 1 0.12 0.02 (0.08, 0.16) < 0.001
2 -0.08 0.02 (-0.12, -0.04) < 0.001

WHR 1 0.00 0.00 (-0.00, 0.00) 0.842
2 0.00 0.00 (-0.00, 0.00) 0.926

WHtR 1 0.00 0.00 (0.00. 0.00) < 0.001
2 -0.00 0.00 (-0.00, -0.00) < 0.001

VAI 1 0.00 0.01 (-0.10, 0.01) 0.733
2 -0.02 0.01 (-0.03, -0.00) 0.007

BRI 1 0.01 0.00 (0.01, 0.02) < 0.001
2 -0.00 0.00 (-0.01, 0.00) 0.082

BAI 1 0.05 0.01 (0.03, 0.07) < 0.001
2 -0.04 0.01 (-0.06, -0.02) < 0.001

LAP
(cm.mmol/L)

1 0.35 0.06 (0.23, 0.46) < 0.001
2 -0.35 0.06 (-0.50, -0.23) < 0.001

TyG 1 0.00 0.00 (0.00, 0.01) < 0.001
2 -0.00 0.00 (-0.01, -0.00) < 0.001

Abbreviations: BMI, body mass index; WC, waist circumference; WHR, waist−to−
hip ratio; WHtR, waist−to−height ratio; VAI, visceral adiposity index; BRI, Body 
roundness index BAI, body adiposity index; LAP, lipid accumulation product; 
TyG, triglyceride−glucose index

The data are presented as mean difference (MD) (95% confidence intervals (CI))

Adjusted for age, sex, education level, occupation, marital status, smoking, 
supplement intake, physical activity, and energy intake

Fig. 1  Body mass index (BMI)
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Fig. 3  Waist circumference (WC)

 

Fig. 2  Waist-to-height ratio (WHtR)
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Fig. 5  Body roundness index (BRI)

 

Fig. 4  Visceral adiposity index (VAI)
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Fig. 7  Lipid accumulation product (LAP)

 

Fig. 6  Body adiposity index (BAI)
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important to note that this is a cross-sectional study, and 
causation cannot be inferred.

Nevertheless, limiting UPF intake, when feasible, may 
contribute to healthier dietary patterns and better over-
all health. Future research is needed to validate these 

findings further and provide stronger evidence for public 
health recommendations.

Abbreviations
UPF	� Ultra-process foods
BMI	� Body mass index
WC	� Waist circumference

Fig. 9  Waist-to-hip ratio (WHR). The solid black lines indicate the estimated values, while the red dashed lines highlight the knot points, and the black 
dashed lines illustrate the 95% confidence intervals (CI)

 

Fig. 8  Triglyceride-glucose index (TyG)
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