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Abstract: Ultra-processed foods have been associated with increased risk of chronic disease, poor
overall health and psychological outcomes. This study explored the association of ultra-processed
foods with quality of life in adolescent girls from northeastern Iran. In an interdisciplinary cross-
sectional study, n = 733 adolescent girls were recruited by random cluster sampling. Assessments
were completed for demographics, physical activity, anthropometric and biochemical parameters,
psychological health and dietary intake. The participants were categorized into quartiles of ultra-
processed food intake, and multivariable logistic regression was used in several models to investigate
the association between ultra-processed food intake and psychological health. The mean age of the
participants was 14 years. There were no significant differences in participant demographics for
the quartiles of ultra-processed food intake including weight, waist-hip ratio, waist circumference,
depression, insomnia and cardiometabolic markers related to cardiovascular disease risk. Adjusted
logistic regression showed participants in the highest category of ultra-processed food consumption
had an increased likelihood of reduced quality of life (OR: 1.87, 95% CI: 1.13-3.11), with a greater
chance for insomnia (OR: 4.04, 95% CI: 1.83-8.94) across all models. However, no significant associ-
ations were observed between consumption of ultra-processed foods and daytime sleepiness. We
highlight the association between ultra-processed food consumption and poor quality of life and
insomnia amongst adolescent girls. Large longitudinal integrated public health studies in different
ethnicities are needed to confirm these associations and evaluate their possible impact for optimizing
health promotion programs.

Keywords: ultra-processed foods; insomnia; health behavior; health promotion

1. Introduction

A plethora of recent evidence shows strong links between ultra-processed food con-
sumption and the prevalence of non-communicable diseases (NCDs) such as cardiovascular
disease [1-3], type 2 diabetes [4], certain cancers [5] and metabolic syndrome [6], all linked
to obesity. Furthermore, emerging evidence shows associations of ultra-processed food con-
sumption with childhood obesity and early-onset NCDs in children [7-9]. Ultra-processed
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foods are ready-to-eat or ready-to-heat formulations of products mostly or entirely compris-
ing substances derived from foods that typically contain little or no whole foodstuff [10,11].
Most of these foods are considered to be inferior from a nutrition perspective, providing
high levels of energy and free sugars and poor in fiber, proteins and micronutrients [12,13].
In addition to an increased risk of NCDs, ultra-processed food consumption correlates with
decreased quality of life and sleep and other psychological outcomes [3]. Ultra-processed
foods are defined within the NOVA classification system, which groups foods according to
the extent and purpose of their industrial processing [13].

Childhood obesity is becoming increasingly common in Iran, where obesity prevalence
is greater than in South East Asia, Africa and Europe [14], accounting for 8% of children
under 5 years of age in 2019 [15] and 9.3% and 8.1% of adolescent boys and girls, respectively.
Iranian children overconsume processed food containing high amounts of sugar and/or
fats, with girls consuming higher quantities of a range of sweet and savory ultra-processed
foods than boys [16].

The aim of this study was to explore the association of ultra-processed food consump-
tion with quality of life in adolescent girls from northeastern Iran.

2. Materials and Methods
2.1. Study Population

In this cross-sectional study, a total of 988 adolescent girls were recruited using a
random cluster sampling method, from several schools in different areas in the cities of
Mashhad and Sabzevar, in northeastern Iran. After random sampling was completed, the
participants were invited to come to public health centers for clinical examination and
anthropometric assessments. Only adolescent girls between the ages of 12 and 18 years
and those without a history of chronic diseases such as colitis, diabetes, CVD, cancer and
hepatitis were included. Moreover, individuals taking anti-inflammatory, antidepressant,
anti-diabetic, or anti-obesity drugs as well as those on vitamin D, calcium supplementation,
or hormone therapy within the last 6 months were not included. All the subjects and their
parents were asked to complete a written informed consent before participating in the
study. Furthermore, we excluded those who under- and over-reported their dietary intake
(daily energy intake less than -3SD or more than +3SD) (n = 255). The study was approved
by the ethic committee of Shahid Sadoughi University of Medical Sciences.

2.2. Demographic and Physical Activity Assessment

Demographic data, medical history, dietary supplements or drug use were collected
through a standard questionnaire and by trained interviewers. Physical activity informa-
tion was obtained by using the validated Modifiable Activity Questionnaire (MAQ) [17].
Physical activity levels were computed based on metabolic equivalent task (MET) hours
per week, (MET-h/wk).

2.3. Anthropometric and Biochemical Assessment

Weight, height, waist circumferences (WC) and waist-to-height ratio (WHR) were mea-
sured by using standard protocols, and the mean of two measurements is reported. Body
mass index (BMI) was calculated as weight (kg) divided by the square of the height (m?).

Fasting blood samples were obtained early in the morning between 8 and 10 a.m. by
venipuncture of an antecubital vein after a 14 h overnight fast. The samples were collected
in vacuum tubes from the subjects in a sitting position, according to a standard protocol.
Serum concentrations of fasting blood glucose (FBG), triglycerides (TG), total cholesterol
(TC), high-density lipoprotein—cholesterol (HDL-C), aspartate aminotransferase (AST) and
alanine aminotransferase (ALT) were measured using commercial kits (Pars Azmun, Karaj,
Iran) and the BT-3000 auto-analyzer (Biotechnica, Rome, Italy). LDL-C was calculated using
Friedewald formula if the serum concentration of TG was lower than 4.52 mmol /L.
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2.4. Dietary Assessment

Assessment of dietary intakes was performed by a qualified dietitian using a validated
food frequency questionnaire (FFQ) containing 147 food items [18]. The frequency of food
items intake during the last year was evaluated by asking the participants about their daily,
weekly, monthly and yearly intake. The conversion of the food portion sizes to grams was
performed by household measures. We used the Nutritionist IV software (version 7.0; N4
Computing, Salem, OR, USA), modified for Iranian foods, to analyze the dietary intakes.
Ultra-processed food was defined by total intake of mass-produced packaged breads,
sausages and other reconstituted meat products, confectionary, ice cream, ice pops and
frozen yogurts, biscuits, pastries, buns, cakes, industrial French fries, sugar-sweetened
milk-based drinks, sauces, dressing and gravies, fruit drinks and iced teas, carbonated soft
drinks, packaged salty snacks, frozen pizza, margarine and other spreads identified as
ultra-processed foods in the Australian processed food classification system [19].

2.5. Assessment of Psychological Health

The Insomnia Severity Index (ISI) questionnaire was used to evaluate insomnia [20].
The ISI questionnaire has seven questions and evaluates the answers with a score in the
range between 0 and 4, that stratify insomnia into four categories as follows: 0 (None),
1 (Mild), 2 (Moderate), 3 (Severe) and 4 (Very Severe). The total score of ISI ranges from 0
to 28 points. Insomnia was defined if the total ISI score was >7.

A Persian translation of the Epworth Sleepiness Scale (ESS) was used for the assess-
ment of daytime sleepiness, and a confirmation of its reliability and validity has been
published previously [21]. This questionnaire asks the respondents to rate their sleepiness
in eight daily situations from 0 to 3, giving a total score of 0 (no daytime sleepiness) to
24 (the highest degree of daytime sleepiness). EDS was defined as an ESS score >10 [22].

To assess health-related quality of life, the SF-12v2 questionnaire was used. This
questionnaire is a short form of the SF-36 questionnaire and an improved version of SF-
12v1 [23]. The validity and reliability of the questionnaire were confirmed in Iran [24]. The
questionnaire has 12 items evaluating 8 domains of health including physical functioning,
role limitations because of physical problems, bodily pain, general health, vitality, social
functioning, role limitations because of emotional problems, and mental health. The range
of quality of life scores is between 0 (the worst quality of life) and 100 (the best quality of
life). The median quality of life score is 43. The subjects were considered as having a poor
quality of life if their scores were lower than 43.

2.6. Statistical Analysis

The participants were categorized by quartiles of ultra-processed food intake. The
normality of the data was assessed using the Kolmogorov-Smirnov test. To compare the
general characteristics of the study participants across quartiles of ultra-processed food
intake, one-way ANOVA was used. Linear regression analysis was performed to explore
differences for dietary intakes of ultra-processed food components between quartiles of
ultra-processed food intake. The association between quartiles of ultra-processed food
intake with insomnia, poor quality of life and daytime sleepiness was evaluated using a
multivariate regression in the crude and adjusted models. Age and energy intake were ad-
justed in Model I. Additionally, BMI percentile was adjusted in Model II. A final adjustment
was done for physical activity. Statistical analyses were conducted using the statistical
package for social sciences (SPSS), version 23. A p-value < 0.05 was considered significant.

3. Results
3.1. General Characteristics of the Study Participants

The general characteristics of the study participants across categories of ultra-processed
food intake are shown in Table 1. There were no significant differences for age, BMI per-
centile, WC, WHR, physical activity, scores of insomnia, daytime sleepiness and quality of
life, FBG, TG, TC, HDL-C, AST and ALT between quartiles of ultra-processed food intake.
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Table 1. General characteristics of the study participants by quartile of ultra-processed food intake.

01 Q2 Q3 Q4 p-Value *

Age (year) 14.51 +£1.52 14.51 £1.57 14.53 £+ 1.49 14.49 £+ 1.55 0.99
Height (cm) 156.97 £+ 5.92 156.89 £ 6.79 158.20 £ 6.01 157.58 + 5.65 0.14
Percentile BMI (kg/m?) 51.60 & 29.85 47.39 + 27.93 45.05 + 28.26 47.30 £+ 29.43 0.17
Weight (kg) 53.92 £+ 13.53 51.90 + 10.50 52.44 + 11.13 52.73 +11.78 0.41
Waist circumference (cm) 71.25 £ 9.99 69.96 £ 8.30 70.72 £ 8.68 70.08 £9.33 0.49
Waist-to-hip ratio 0.76 + 0.06 0.76 &+ 0.05 0.77 £ 0.07 0.76 + 0.05 0.39
Metabolic equivalent for task (h/week) 45.09 +2.81 5.11+3.26 54.60 + 3.68 45.70 +3.91 0.19
Depression score 9.89 £9.04 11.23 £9.89 11.81 £9.31 10.75 £ 8.79 0.23
Insomnia score 6.55 + 5.05 8.16 + 6.25 7.80 &+ 5.89 8.76 +5.28 0.06
Aggression score 78.96 + 19.29 76.53 £ 19.95 77.48 +21.25 80.98 + 20.81 0.17
Daytime sleepiness score 6.60 &= 3.86 7.41 +3.78 7.32 4 3.60 7.07 4= 3.84 0.2

Quality of life score 42.67 £ 8.09 42.71 + 8.02 41.34 £8.22 41.57 +7.54 0.22
Total cholesterol (mg) 163.22 £25.28 15823 +31.61  162.56 +=27.64  160.00 2849  0.37
Triglyceride (mg) 83.68 + 38.61 84.37 £ 42.28 89.40 £ 40.45 83.00 £ 37.80 0.43
Low-density lipoprotein (mg) 100.61 2395  97.29 £+ 26.84 102.88 £25.74  98.36 £ 25.71 0.2

High-density lipoprotein (mg) 47.67 £9.06 46.18 £ 8.42 47.43 £ 8.04 46.68 £ 9.00 0.38
Fast blood sugar (mg) 86.78 + 10.77 85.30 £ 12.27 86.93 £+ 12.66 85.88 £+ 10.57 0.53
Aspartate aminotransferase (IU/L) 19.71 £ 5.67 20.09 + 6.92 20.18 4+ 6.58 19.31 £543 0.55
Alanine aminotransferase (IU/L) 11.74 + 5.50 11.50 £ 7.15 12.08 + 7.94 11.20 £ 6.18 0.68
Gamma-glutamyltransferase (IU/L) 14.04 £+ 10.17 11.64 £7.13 12.54 £+ 6.68 12.21 £9.19 0.21

BMI: body mass index. Values are means & SDs. * Obtained from one-way ANOVA for continuous variables and
chi-squared test for categorical variables.

3.2. Dietary Intakes of the Study Participants

The dietary intakes of ultra-processed food components across quartiles of ultra-
processed food intake are provided in Table 2. The participants in the fourth quartiles
of ultra-processed food intake consumed significantly higher amounts of mass-produced
packaged breads, sausages and other reconstituted meat products, confectionary, ice cream,
ice pops and frozen yogurts, biscuits, pastries, buns and cakes, industrial French fries,
sweetened milk-based drinks, sauces, dressing and gravies, fruit drinks and iced teas,
carbonated soft drinks, packaged salty snacks, and frozen pizza.

Table 2. Dietary intake of the study participants by quartile of ultra-processed food intake.

Q1 Q2 Q3 Q4 "

(n = 183) (n = 183) (n = 184) (n = 183) p Trend
Energy (kcal) 2049.95 + 669.83  2584.21 +-680.84  2897.45 + 671.77  3355.68 &+ 702.49 <0.001
Mass-produced packaged breads (gr) 2.06 4 4.45 5.63 + 14.44 9.30 4 19.30 16.06 £ 32.89 <0.001
Sausages and other reconstituted meat 2.966 4 3.94 598 + 7.8 9.84 +12.196 11.93 + 11.39 <0.001
products (gr)
Confectionary (gr) 13.306 4 11.26 18.75 £ 14.56 25.30 4+ 19.30 32.98 + 24.39 <0.001
Ice cream, ice pops and frozen Yogurts (gr) 5.326 = 7.38 9.81 = 12.86 13.84 = 17.47 23.60 £ 47.13 <0.001
Biscuits (gr) 2.536 + 5.07 3.83 +8.48 5.23 £9.05 7.77 £ 14.90 <0.001
Pastries, buns and cakes (gr) 8.766 + 11.47 16.32 £ 15.74 2441 £ 22.63 28.76 + 36.88 <0.001
Industrial French fries (gr) 4.516 +5.70 11.94 + 11.63 20.78 £ 23.33 33.10 £ 34.88 <0.001
Margarine and other spreads (gr) 0.05 £ 0.38 0.37 £ 2.36 0.71 £ 4.56 0.45 + 2.64 0.99
Sugar-sweetened milk-based drinks (gr) 13.92 +35.22 18.85 + 35.52 30.48 + 53.22 38.13 + 64.25 <0.001
Sauces, dressing and gravies (gr) 2.84 £ 3.66 551 +6.41 7.98 £ 14.69 10.20 +11.26 <0.001
Fruit drinks and iced teas (gr) 433 +£742 11.72 £ 16.16 19.35 £ 26.68 62.30 + 87.62 <0.001
Soft drinks, carbonated (gr) 7.08 4 10.32 24.49 + 24.87 42.14 £42.18 157.49 4 167.96 <0.001
Packaged salty snacks (gr) 210£2.71 413 +£5.15 6.47 £+ 6.67 10.13 £11.97 <0.001
Frozen pizza (gr) 7.646 + 34.27 7.66 £15.12 10.86 4 20.01 15.33 +23.36 <0.01

Values are means + SDs. * Obtained from linear regression.
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3.3. The Association between Ultra-Processed Food Intake and Insomnia, Daytime Sleepiness and
Poor Quality of Life

The crude and adjusted associations between ultra-processed food intake and insom-
nia, daytime sleepiness and poor quality of life are indicated in Table 3. The participants
in the highest quartile of ultra-processed food intake compared with those in the lowest
quartile had 2.77 higher odds of insomnia (OR: 2.77; 95% CI: 1.5-5.10, p <0.01). This associa-
tion remained significant after adjustments in several adjusted models [(Model I; OR: 3.90;
95% CI: 1.81-8.77, p <0.01), (Model II; OR: 4.04; 95% CI: 1.83-8.92, p <0.01), (Model III; OR:
4.04; 95% CI: 1.83-8.94, p <0.01)]. Although no significant relation was observed between
ultra-processed food intake and poor quality of life in the crude model, greater adherence
to ultra-processed food intake was associated with higher odds of poor quality of life in
the adjusted models [(Model I; OR: 1.87; 95% CI: 1.13-3.10, p = 0.01), (Model II; OR: 1.83;
95% CI: 1.10-3.04, p = 0.01), (Model III; OR: 1.87; 95% CI: 1.13-3.11, p = 0.01)]. There was no
significant association between ultra-processed food intake and daytime sleepiness in both
crude and adjusted models.

Table 3. Multivariable-adjusted odds ratio of the associations between ultra-process food intake and
insomnia, depression, aggression, poor quality of life, daytime sleepiness.

Q1 Q2 Q3 Q4 p-Valuel p Trend
Insomnia
Crude 1.00 1.65(0.90-3.02) 1.93(1.06-3.51) 2.77(1.50-5.10) <0.01 <0.01
Model 1 1.00 1.92(1.00-3.67) 2.41(1.23-4.74) 3.90(1.81-8.77) <0.01 <0.01
Model 2 1.00 1.94(1.01-3.72) 2.45(1.24-4.85) 4.04(1.83-8.92) <0.01 <0.01
Model 3 1.00 1.96(1.02-3.76) 2.46(1.24-4.86) 4.04(1.83-8.94) <0.01 <0.01
Depression
Crude 1.00 1.43(0.88-2.32) 1.58(0.98-2.55) 1.06(0.64-1.76) 0.79 0.7
Model 1 1.00 1.54(0.94-2.55) 1.80(1.06-3.04) 1.30(0.71-2.36) 0.38 0.32
Model 2 1.00 1.53(0.93-2.53) 1.77(1.05-2.00) 1.28(0.70-2.33) 0.41 0.35
Model 3 1.00 1.53(0.93-2.53) 1.74(1.04-2.99) 1.27(0.70-2.33) 0.42 0.37
Aggression
Crude 1.00 0.82(0.54-1.23) 0.79(0.52-1.19) 0.95(0.63-1.44) 0.34 0.8
Model 1 1.00 0.80(0.52-1.22) 0.76(0.48-1.19) 0.90(0.54-1.48) 0.68 0.66
Model 2 1.00 0.80(0.52-1.22) 0.76(0.48-1.99) 0.90(0.54-1.48) 0.67 0.66
Model 3 1.00 0.80(0.52-1.23) 0.76(0.47-1.17) 0.87(0.53-1.44) 0.6 0.57
Poor quality of life
Crude 1.00 1.14(0.75-1.72) 1.40(0.93-2.12) 1.43(0.95-2.17) 0.08 0.05
Model 1 1.00 1.26(0.82-1.93) 1.67(1.06-2.63) 1.87(1.13-3.10) 0.01 <0.01
Model 2 1.00 1.23(0.80-1.90) 1.62(1.03-2.57) 1.83(1.10-3.04) 0.01 0.01
Model 3 1.00 1.23(0.80-1.90) 1.66(1.05-2.62) 1.87(1.13-3.11) 0.01 <0.01
Daytime sleepiness
Crude 1.00 1.33(0.82-2.17) 1.01(0.61-1.66) 0.90(0.54-1.49) 0.68 0.44
Model 1 1.00 1.36(0.82-2.26) 1.04(0.60-1.80) 0.95(0.51-1.75) 0.88 0.63
Model 2 1.00 1.36(0.82-1.26) 1.04(0.60-1.80) 0.95(0.51-1.76) 0.88 0.63
Model 3 1.00 1.36(0.82-1.26) 1.04(0.60-1.80) 0.95(0.51-1.76) 0.88 0.63

! Last quartile compared to first quartile. Model 1: Adjusted for age and energy intake. Model 2: Additionally
adjusted for BMI percentile. Model 3: Additionally adjusted for physical activity.

4. Discussion

Emerging evidence of the detrimental impact of child and adolescent diets with a high
content of ultra-processed food is highlighting an important aspect of public health strate-
gies [25,26]. Furthermore, links have been established between increased ultra-processed
food consumption, early onset of NCDs and decreased quality of life in children and adoles-
cents [7,9,14,27]. Childhood obesity is becoming increasing common in Iran where children
are overconsuming processed food containing high amounts of sugar and/or fats [16].
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This study used an interdisciplinary, cross-sectional approach to explore the association of
ultra-processed foods with quality of life in adolescent girls from northeastern Iran.

4.1. The Impact of Ultra-Processed Food Intake on General Health Characteristics

One-way ANOVA showed no significant differences for age, BMI percentile, WC,
WHR, physical activity, scores of insomnia, daytime sleepiness and quality of life, FBG,
TG, TC, HDL-C, AST and ALT between quartiles of ultra-processed food intake in the
study participants. Our findings are in partial agreement with a systematic review and
meta-analysis of 43 observational studies by Lane et al. [9], where cardiometabolic risk
parameters such as overweight, obesity, abdominal obesity and metabolic diseases were
shown to be associated with the consumption of ultra-processed food in adults; however,
associations in children and adolescents were less clear. These findings suggest the frequent
consumption of ultra-processed food over time may lead to negative effects on subclinical
cardiovascular disease markers that may be more apparent later in life, for example in early
adulthood. Further longitudinal follow-up studies are needed to confirm these associations.

4.2. The Impact of Ultra-Processed Foods on Quality of Life

Adjusted logistic regression showed that the participants in the highest category of
ultra-processed food consumption had an increased likelihood of reduced quality of life
(OR: 1.87, 95% CI: 1.13-3.11,) across all models in our study. Our findings relating to
the impact of ultra-processed food consumption on quality of life are novel to Iran and
are in agreement with recent literature focusing on other countries. da Costa et al. [28]
evaluated the association between lifestyle behaviors and quality of life in 739 Brazilian
adolescents. The processed food score was unfavorably associated with participant re-
ported health-related quality of life (95%CI: —0.78; —0.13, p < 0.05). In a systematic review
and meta-analysis of 17 studies (47,932 participants), Wu et al. [29] evaluated the influence
of diet quality and dietary behavior on health-related quality of life in children and adoles-
cents in the general population. For the 10 studies included in the meta-analysis, children
with an unhealthy diet had a significantly lower health-related quality of life than children
with a healthy diet (pooled mean difference = 3.45, 95% CI 2.40, 4.50, p < 0.0001). However,
diet quality was assessed using a number of methods and variables, which did not specifi-
cally measure total ultra-processed food consumption. For the main part, unhealthy diets
were defined as those with a high content of fatty foods, sweets and salty snacks [29], in
line with other studies that evaluated processed and ultra-processed food intake in this age
group. Further evidence showed links between ultra-processed food intake and excessive
free sugar intake. Babashahi et al. [16] showed processed sugar and sweets, followed by
oils, biscuits and cakes, were the most commonly consumed processed food groups in a sys-
tematic review and meta-analysis of 10 studies on 67,093 Iranian children aged 4-12 years.
Other countries have shown similar results; for example, Machado et al. [30] showed that
ultra-processed food consumption drives an excessive free sugar intake among all age
groups in Australia. Older children and adolescents were the highest consumers (53.1%
and 54.3% of total energy, respectively) of processed foods, and a statistically significant
linear association was found between quintiles of ultra-processed food consumption and
both the average intake of free sugars (p < 0.001) and the prevalence of excessive free sugar
intake (p < 0.001).

Emerging evidence suggests interventions to reduce ultra-processed food consumption
in this age group offer the opportunity to improve the quality of life. Poll et al. [27], showed
reductions in the consumption of ultra-processed foods resulted in (non-significantly)
decreased body mass index and waist circumference and a tendency towards increased
quality of life in 62 Brazilian adolescents with overweight or obesity during a 6-month
nutrition education intervention. However, larger sample sizes and longer follow-up
periods are needed to ratify these results.
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4.3. The Impact of Ultra-Processed Foods on Sleep Quality

Adjusted logistic regression showed participants in the highest category of ultra-
processed food consumption had a greater chance of insomnia (OR: 4.04, 95% CI: 1.83-8.94).
Our findings are in agreement with a number of studies in different locations. Sousa
et al. [31] showed those with a higher energy intake from ultra-processed foods and a
lower energy intake from fresh minimally processed foods had higher prevalence of poor
sleep quality in 2499 older Brazilian adolescents (aged 18-19 years). The majority of
participants (57.1%) reported having poor sleep quality; however, the fourth quartile of
ultra-processed food consumption (44.3%—-81.8% of total calories; PR = 1.14; 95% CI: 1.03,
1.27) was associated with a higher prevalence of poor sleep quality. A study of 509 Italian
children/adolescents showed the overall energy intake from ultra-processed foods (defined
using NOVA classification) was 25-9% [95% CI (24-8, 27-0); IQR: 17-0-34-1]. Increased
ultra-processed food consumption showed direct links to low sleep quality [3 = 2-34; 95%
CI (1-45, 3-23)], with boys consuming 2 percent points more ultra-processed foods in total
energy than girls [3 = 2-01; 95% CI (0-20, 3-82)] [32].

There are limitations to the present study. Firstly, this was a cross-sectional study;
therefore, it is fundamentally difficult to determine whether or not the observed relation-
ships are causal. Secondly, data provided on ultra-processed food consumption and quality
of life used self-reported questionnaires, and lifestyle choices and lived experiences were
not considered. Finally, sleep quality can be influenced by other factors such as psychologi-
cal outcomes that were not addressed in our statistical model. It should also be considered
that the study participants were selected from the cities of Mashhad and Sabzevar, in
northeastern Iran, and a generalization of the findings should be carried out with cau-
tion. In addition, ultra-processed food consumption was evaluated using the Australian
processed food classification system [33], in which foods are categorized based on the
level of food processing under the NOVA classification system [10,13]. Whilst the NOVA
classification system is widely used in the literature [1,2,4,5], its use may also represent a
limitation. There is a lack of consensus over its use instead of traditional epidemiologic
approaches that rely on forging links between nutrient intakes and chronic diseases, with
the subsequent identification of foods that merit consideration in public health nutrition
strategies [12,34]. In consideration of the emerging relationship between ultra-processed
foods and the risk of NCDs, the Australian processed food classification system represents
a useful dietary assessment tool to establish both the level of processing and the oppor-
tunity to extend knowledge on diet quality and dietary patterns. However, the use of an
Australian classification system in the present study may present a limitation, as it might
not translate to specific versions of ultra-processed foods unique to the Iranian culture.
Babashabhi et al. [16] showed Iranian children have high consumption of miscellaneous
food groups that include foods high in fats and sugars that do not appear as processed
foods in the Iranian food pyramid.

5. Conclusions

In conclusion, the present study highlighted associations between ultra-processed food
consumption and quality of life in 733 adolescent girls from northeastern Iran. There were
no significant differences in participant demographics for the quartiles of ultra-processed
food intake including weight, waist-hip ratio, waist circumference, depression, insomnia
and cardiometabolic markers related to cardiovascular disease risk. We established that
participants in the highest category of ultra-processed food consumption have an increased
likelihood for reduced quality of life and a greater chance of insomnia. These findings are in
agreement with those from other countries, where studies have shown similar associations.
No significant associations were observed between consumption of ultra-processed foods
and daytime sleepiness. Furthermore, large longitudinal integrated public health studies
in different ethnicities are needed to confirm these associations and inform intervention
studies for health promotion.



Int. |. Environ. Res. Public Health 2022, 19, 6338 80f9

Author Contributions: Conceptualization, S.5.K., M.M. and M.G.-M.; methodology, Z.D. and M.M,;
software, S.5.K.; validation, S.S.K. and Z.D.; formal analysis, M.G.-M., K.E.L.; investigation, M.G.-M.,
K.E.L,; resources, S.S.K. and M.G.-M.; data curation, K.E.L.; writing—original draft preparation,
writing—review, editing, K.E.L., L.G.D.; writing—review and editing, K.E.L., 1.G.D., M.M,; visualiza-
tion, M.G.-M.; supervision, S.5.K., M.M. and Z.D.; project administration, 5.5.K.; funding acquisition.
All authors have read and agreed to the published version of the manuscript.

Funding: This study was financially supported by Shahid Sadoughi University of Medical Sciences,
Yazd, Iran, grant number, 12662.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the ethics committee of Shahid Sadoughi University of Medical Sciences.
(IR.SSU.SPH.REC.1400.126 and 16.9.2021).

Informed Consent Statement: Informed consent was obtained from all subjects and involved in the
study and their parents.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

References

1.

10.

11.

12.

13.

14.

Srour, B.; Fezeu, L.K.; Kesse-Guyot, E.; Alles, B.; Méjean, C.; Andrianasolo, R.M.; Chazelas, E.; Deschasaux, M.; Hercberg, S.;
Galan, P; et al. Ultra-processed food intake and risk of cardiovascular disease: Prospective cohort study (NutriNet-Santé). BM]
2019, 365, 11451. [CrossRef] [PubMed]

Bonaccio, M.; Di Castelnuovo, A.; Costanzo, S.; De Curtis, A.; Persichillo, M.; Sofi, F.; Cerletti, C.; Donati, M.B.; de Gaetano, G.;
Tacoviello, L.; et al. Ultra-processed food consumption is associated with increased risk of all-cause and cardiovascular mortality
in the Moli-sani Study. Am. J. Clin. Nutr. 2021, 113, 446-455. [CrossRef] [PubMed]

Pagliai, G.; Dinu, M.; Madarena, M.P.; Bonaccio, M.; Iacoviello, L.; Sofi, F. Consumption of ultra-processed foods and health
status: A systematic review and meta-analysis. Br. J. Nutr. 2021, 125, 308-318. [CrossRef] [PubMed]

Srour, B.; Fezeu, L.K.; Kesse-Guyot, E.; Alles, B.; Debras, C.; Druesne-Pecollo, N.; Chazelas, E.; Deschasaux, M.; Hercberg, S.;
Galan, P; et al. Ultraprocessed Food Consumption and Risk of Type 2 Diabetes Among Participants of the NutriNet-Santé
Prospective Cohort. JAMA Intern. Med. 2020, 180, 283-291. [CrossRef] [PubMed]

Fiolet, T.; Srour, B.; Sellem, L.; Kesse-Guyot, E.; Alles, B.; Méjean, C.; Deschasaux, M.; Fassier, P.; Latino-Martel, P; Beslay, M.; et al.
Consumption of ultra-processed foods and cancer risk: Results from NutriNet-Santé prospective cohort. BMJ 2018, 360, k322.
[CrossRef]

Gallardo-Alfaro, L.; Bibiloni, M.D.M.; Mascar6, C.M.; Montemayor, S.; Ruiz-Canela, M.; Salas-Salvadé, J.; Corella, D.; Fit6, M.;
Romaguera, D.; Vioque, J.; et al. Leisure-Time Physical Activity, Sedentary Behaviour and Diet Quality are Associated with
Metabolic Syndrome Severity: The PREDIMED-Plus Study. Nutrients 2020, 12, 1013. [CrossRef]

Sparrenberger, K.; Friedrich, R.R.; Schiffner, M.D.; Schuch, I.; Wagner, M.B. Ultra-processed food consumption in children from a
Basic Health Unit. . Pediatr. 2015, 91, 535-542. [CrossRef]

Neri, D.; Martinez-Steele, E.; Khandpur, N.; Levy, R. Associations between Ultra-processed Foods Consumption and Indicators of
Adiposity in US Adolescents: Cross-Sectional Analysis of the 2011-2016 National Health and Nutrition Examination Survey. J.
Acad. Nutr. Diet. 2022, in press. [CrossRef]

Lane, M.M.; Davis, ].A.; Beattie, S.; Gomez-Donoso, C.; Loughman, A.; O'Neil, A.; Jacka, E; Berk, M.; Page, R.; Marx, W.; et al.
Ultraprocessed food and chronic noncommunicable diseases: A systematic review and meta-analysis of 43 observational studies.
Obes. Rev. 2021, 22, e13146. [CrossRef]

Moubarac, J.-C.; Parra, D.C.; Cannon, G.; Monteiro, C.A. Food Classification Systems Based on Food Processing: Significance
and Implications for Policies and Actions: A Systematic Literature Review and Assessment. Curr. Obes. Rep. 2014, 3, 256-272.
[CrossRef]

Juul, E; Vaidean, G.; Parekh, N. Ultra-processed Foods and Cardiovascular Diseases: Potential Mechanisms of Action. Adv. Nutr.
2021, 12, 1673-1680. [CrossRef] [PubMed]

Gibney, M.]. Ultra-Processed Foods: Definitions and Policy Issues. Curr. Dev. Nutr. 2018, 3, nzy077. [CrossRef] [PubMed]
Monteiro, C.A.; Cannon, G.; Levy, R.B.; Moubarac, ].C.; Louzada, M.L.; Rauber, F; Khandpur, N.; Cediel, G.; Neri, D.; Martinez-
Steele, E.; et al. Ultra-processed foods: What they are and how to identify them. Public Health Nutr. 2019, 22, 936-941. [CrossRef]
[PubMed]

Jenabi, E.; Khazaei, S. Trends in Obesity among Iranian Children and Adolescents: 2000-2016. J. Tehran Univ. Heart Cent. 2020,
15, 41. [CrossRef]


http://doi.org/10.1136/bmj.l1451
http://www.ncbi.nlm.nih.gov/pubmed/31142457
http://doi.org/10.1093/ajcn/nqaa299
http://www.ncbi.nlm.nih.gov/pubmed/33333551
http://doi.org/10.1017/S0007114520002688
http://www.ncbi.nlm.nih.gov/pubmed/32792031
http://doi.org/10.1001/jamainternmed.2019.5942
http://www.ncbi.nlm.nih.gov/pubmed/31841598
http://doi.org/10.1136/bmj.k322
http://doi.org/10.3390/nu12041013
http://doi.org/10.1016/j.jped.2015.01.007
http://doi.org/10.1016/j.jand.2022.01.005
http://doi.org/10.1111/obr.13146
http://doi.org/10.1007/s13679-014-0092-0
http://doi.org/10.1093/advances/nmab049
http://www.ncbi.nlm.nih.gov/pubmed/33942057
http://doi.org/10.1093/cdn/nzy077
http://www.ncbi.nlm.nih.gov/pubmed/30820487
http://doi.org/10.1017/S1368980018003762
http://www.ncbi.nlm.nih.gov/pubmed/30744710
http://doi.org/10.18502/jthc.v15i1.3340

Int. |. Environ. Res. Public Health 2022, 19, 6338 90f9

15.

16.

17.

18.

19.

20.
21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Khateri, S.; Moradi, Y.; Khazaei, Z.; Mirzaei, H.; Hanis, 5S.M.; Aliabadi, M.A.; Ranjbaran, M.; Varse, E; Parang, S. Prevalence of
obesity and overweight in Iranian children aged less than 5 years: A systematic review and meta-analysis. Korean J. Pediatr. 2019,
62,206-212.

Babashahi, M.; Omidvar, N.; Yazdizadeh, B.; Heidari-Beni, M.; Joulaei, H.; Narmcheshm, S.; Zargaraan, A.; Kelishadi, R.
Systematic review and meta-analysis of the most common processed foods consumed by Iranian children. East. Mediterr. Health ].
2021, 27,918-930. [CrossRef]

Delshad, M.; Ghanbarian, A.; Ghaleh, N.R.; Amirshekari, G.; Askari, S.; Azizi, F. Reliability and validity of the modifiable activity
questionnaire for an Iranian urban adolescent population. Int. J. Prev. Med. 2015, 6, 3.

Mirmiran, P.; Esfahani, FH.; Mehrabi, Y.; Hedayati, M.; Azizi, F. Reliability and relative validity of an FFQ for nutrients in the
Tehran lipid and glucose study. Public Health Nutr. 2010, 13, 654—-662. [CrossRef]

Machado, PP; Steele, E.M.; Monteiro, C. (Eds.) A novel processed food classification system applied to disaggregated food codes
in the Australian food nutrient database 2011-13. In Annals of Nutrition and Metabolism; Karger: Basel, Switzerland, 2017.
Morin, C.M. Insomnia: Psychological Assessment and Management; Guilford Press: New York, NY, USA, 1993.

Sadeghniiat Haghighi, K.; Montazeri, A.; Khajeh Mehrizi, A.; Aminian, O.; Rahimi Golkhandan, A ; Saraei, M.; Sedaghat, M. The
Epworth Sleepiness Scale: Translation and validation study of the Iranian version. Sleep Breath. 2013, 17, 419-426. [CrossRef]
Hayley, A.C.; Williams, L.J.; Kennedy, G.A.; Berk, M.; Brennan, S.L.; Pasco, J.A. Excessive daytime sleepiness and body
composition: A population-based study of adults. PLoS ONE 2014, 9, e112238. [CrossRef]

Cheak-Zamora, N.C.; Wyrwich, K.W.; McBride, T.D. Reliability and validity of the SF-12v2 in the medical expenditure panel
survey. Qual. Life Res. 2009, 18, 727-735. [CrossRef] [PubMed]

Montazeri, A.; Vahdaninia, M.; Mousavi, S.J.; Asadi-Lari, M.; Omidvari, S.; Tavousi, M. The 12-item medical outcomes study
short form health survey version 2.0 (SF-12v2): A population-based validation study from Tehran, Iran. Health Qual. Life Outcomes
2011, 9, 12. [CrossRef] [PubMed]

Adams, J.; Hofman, K.; Moubarac, J.-C.; Thow, A.M. Public health response to ultra-processed food and drinks. BMJ 2020, 369,
m2391. [CrossRef] [PubMed]

Khandpur, N.; Neri, D.A.; Monteiro, C.; Mazur, A.; Frelut, M.L.; Boyland, E.; Weghuber, D.; Thivel, D. Ultra-Processed Food
Consumption among the Paediatric Population: An Overview and Call to Action from the European Childhood Obesity Group.
Ann. Nutr. Metab. 2020, 76, 109-113. [CrossRef] [PubMed]

Poll, F.A.; Miraglia, F,; D’avila, H.E; Reuter, C.P.; Mello, E.D. Impact of intervention on nutritional status, consumption of
processed foods, and quality of life of adolescents with excess weight. J. Pediatr. 2020, 96, 621-629. [CrossRef]

Da Costa, B.G.; Chaput, ].-P.; Lopes, M.V.; da Costa, R.M.; Malheiros, L.E.; Silva, K.S. Association between Lifestyle Behaviors and
Health-Related Quality of Life in a Sample of Brazilian Adolescents. Int. . Environ. Res. Public Health 2020, 17, 7133. [CrossRef]
Wu, X.Y;; Zhuang, L.H.; Li, W.; Guo, HW.,; Zhang, ] H.; Zhao, Y.K.; Hu, ].W.; Gao, Q.Q.; Luo, S.; Ohinmaa, A.; et al. The influence
of diet quality and dietary behavior on health-related quality of life in the general population of children and adolescents: A
systematic review and meta-analysis. Qual. Life Res. 2019, 28, 1989-2015. [CrossRef]

Machado, P.P; Steele, EIM.; Louzada, M.L.D.C.; Levy, R.B.; Rangan, A.; Woods, J.; Gill, T.; Scrinis, G.; Monteiro, C.A. Ultra-
processed food consumption drives excessive free sugar intake among all age groups in Australia. Eur. J. Nutr. 2020, 59, 2783-2792.
[CrossRef]

Sousa, R.D.S.; Braganga, M.; Oliveira, B.R.; Coelho, C.; Silva, A. Association between the Degree of Processing of Consumed
Foods and Sleep Quality in Adolescents. Nutrients 2020, 12, 462. [CrossRef]

Ruggiero, E.; Esposito, S.; Costanzo, S.; Di Castelnuovo, A.; Cerletti, C.; Donati, M.B.; de Gaetano, G.; Iacoviello, L.; Bonaccio, M.
Ultra-processed food consumption and its correlates among Italian children, adolescents and adults from the Italian Nutrition &
Health Survey (INHES) cohort study. Public Health Nutr. 2021, 24, 6258-6271.

O’Halloran, S.A.; Lacy, K.E.; Grimes, C.A.; Woods, J.; Campbell, K.J.; Nowson, C.A. A novel processed food classification system
applied to Australian food composition databases. . Hum. Nutr. Diet. 2017, 30, 534-541. [CrossRef] [PubMed]

Gibney, M.].; Forde, C.G.; Mullally, D.; Gibney, E.R. Ultra-processed foods in human health: A critical appraisal. Am. J. Clin. Nutr.
2017, 106, 717-724. [CrossRef] [PubMed]


http://doi.org/10.26719/emhj.21.032
http://doi.org/10.1017/S1368980009991698
http://doi.org/10.1007/s11325-012-0646-x
http://doi.org/10.1371/journal.pone.0112238
http://doi.org/10.1007/s11136-009-9483-1
http://www.ncbi.nlm.nih.gov/pubmed/19424821
http://doi.org/10.1186/1477-7525-9-12
http://www.ncbi.nlm.nih.gov/pubmed/21385359
http://doi.org/10.1136/bmj.m2391
http://www.ncbi.nlm.nih.gov/pubmed/32591348
http://doi.org/10.1159/000507840
http://www.ncbi.nlm.nih.gov/pubmed/32344405
http://doi.org/10.1016/j.jped.2019.05.007
http://doi.org/10.3390/ijerph17197133
http://doi.org/10.1007/s11136-019-02162-4
http://doi.org/10.1007/s00394-019-02125-y
http://doi.org/10.3390/nu12020462
http://doi.org/10.1111/jhn.12445
http://www.ncbi.nlm.nih.gov/pubmed/28124481
http://doi.org/10.3945/ajcn.117.160440
http://www.ncbi.nlm.nih.gov/pubmed/28793996

	Introduction 
	Materials and Methods 
	Study Population 
	Demographic and Physical Activity Assessment 
	Anthropometric and Biochemical Assessment 
	Dietary Assessment 
	Assessment of Psychological Health 
	Statistical Analysis 

	Results 
	General Characteristics of the Study Participants 
	Dietary Intakes of the Study Participants 
	The Association between Ultra-Processed Food Intake and Insomnia, Daytime Sleepiness and Poor Quality of Life 

	Discussion 
	The Impact of Ultra-Processed Food Intake on General Health Characteristics 
	The Impact of Ultra-Processed Foods on Quality of Life 
	The Impact of Ultra-Processed Foods on Sleep Quality 

	Conclusions 
	References

