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Abstract
The present cross-sectional study aimed to assess the association of daily irregularity in energy intake and diet quality among apparently healthy
adults in Iran. The research was conducted on 850 adult men and women (age range: 20–59 years) who attended health care centres in Tehran.
Dietary intake was assessed by three, 24-h dietary recalls. Diet quality was assessed using the Dietary Approaches to Stop Hypertension (DASH)
diet score and Healthy Eating Index-2015 (HEI-2015). An irregularity score of daily energy intake was calculated based on the deviation from the
3-d mean energy intake, with a higher score indicating more fluctuations in daily energy intake. Multiple linear regression analysis was used to
assess the association of irregularity score of daily energy intake with food group intakes and DASH diet score and HEI-2015, controlling for age,
sex, BMI, physical activity, education level and occupation status. The range of irregularity score was 0·55–133·3 (22·4 (SD 19·0)). Higher irregu-
larity score of daily energy intakewas significantly associated with a lower consumption of fruit, vegetables, legumes, low-fat dairy products and
poultry, higher consumption of soft drinks, processed meat and nuts, and lower overall DASH diet score and HEI-2015. Overall, our findings
showed that more day-to-day variations in energy intake may be correlated with a lower diet quality. More research is needed to confirm the
associations observed in the present study and to clarify potential mechanisms explaining these associations.
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The effects of diet quality on human health have been of interest
for a long time. There is evidence that higher diet quality may be
associated with better quality of life in children and adoles-
cents(1) and adults(2). There is also convincing evidence that
greater adherence to healthy or unhealthy dietary patterns is
associated with the risk of cardiometabolic disease and mortal-
ity(3). According to current evidence, about 11 million deaths in
2017 were attributable to dietary factors(4). Therefore, clarifying
determinants of healthy eating may help develop more useful
recommendations to improve the quality of eating habits.

Chronobiology is a field of biology that examines periodic
variations in living organisms(5). Chronobiology assesses time-
dependent variations in biological functions considering three
aspects of time including clock time (defined as time of day),
frequency (defined as events per time span) and regularity
(defined as events at specific time). Similarly, chrononutrition
is a field of nutrition science that assesses circadian-related
changes in dietary habits including change in meal timing,
change in distribution of energy intake throughout the day or

changes in eating frequency (the number of eating occasions
throughout the day)(6).

Several investigations have assessed the association of differ-
ent aspects of chrononutrition on quality of the diet. Results from
cross-sectional studies suggest that higher eating frequency
during the day may be associated with higher diet quality and
lower energy intake(7–11). Meal timing has been thought to
be associated with diet quality(12). Epidemiological studies
have indicated that more frequent eating occasions during the
evening hours, defined as later temporal eating pattern, may
be associated with lower diet quality(13,14) and higher energy
intake(15–17).

The 2017 American Heart Association scientific statement(18)

reported that irregular eating habits and day-to-day inconsisten-
cies in the timing and frequency of meals have increased during
the past decades(19). The report suggested that irregular eating
styles such as irregular meal timing and frequency and breakfast
skipping are associatedwith lower diet quality and unfavourable
cardiometabolic profile and highlighted the need for focus on
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the timing and frequency of meals and snacks to achieve
healthier lifestyle and improved risk factor management(18).

These findings indicated that irregular patterns of dietary
intake including irregular meal frequency or timing may be asso-
ciated with a lower diet quality. However, another aspect of
irregularity including day-to-day variation in dietary intake has
been poorly investigated. A recent cross-sectional evaluation
indicated that more day-to-day variation in energy intake was
associated with a higher likelihood of adiposity(20). A cohort
study suggested that more fluctuations in daily energy intake
during the week may be associated with a higher risk of the met-
abolic syndrome(21). However, the association of irregularity in
daily energy intake with the diet quality has not been investi-
gated. Therefore, the aim of this cross-sectional study was to
evaluate the potential association of irregularity in daily energy
intake with diet quality and intake of different healthy and
unhealthy food groups.

Materials and methods

Study participants

The present study was a cross-sectional study in Tehran from
2018 to 2019. Participants were apparently healthy men and
women, aged 20–59 years who attended the local health
care centres during the study period and had willingness to take
part in the study. The present study was performed by using
data from a cross-sectional study designed to investigate the
association of diet quality and adiposity. The following formula
was used for sample size calculation: n = (pqz2)/E2(22,23).
Considering the prevalence of overweight and obesity in
Tehranian adults (65 %)(24), an error coefficient of d= 0·04 and
at α level of 0·05, the sample size of 546 people was obtained.
With design effect of 1·5 and in order to compensate for the
potential exclusion of participants due to under- and over-
reporting of total energy intake, or attrition due to other reasons,
the final sample size of 850 participants was selected for
inclusion.

A two-stage cluster sampling was used to recruit participants
from health care centres. First, we classified health centres into
five districts of the city including North, South, East, West and
centre. Next, a list of all health centres existed in each district
was provided. Then, we randomly chose eight health centres
from each district (forty health centres). Finally, to obtain
the number of subjects in each health centre, we divided the
total number of sample size (850) by the number of health
centres(40).

Ethical approval

The sample collection was facilitated by the coordination of
the Health Bureau of the Municipality of Tehran and the
cooperation of the health care centres of Tehran. The ethical
committee of the Tehran University of Medical Sciences
approved the study protocol and informed consent form
(Ethic Number: IR.TUMS.VCR.REC.1397.157). All patients received
written information regarding the background and procedures

of the study and gave written informed consent prior to entering
the study.

Data collection

During the first visit, participant’s characteristics were obtained
by using pre-specified data extraction forms. Subjects completed
a questionnaire designed to assess the participants’ demo-
graphics including age (years), sex, BMI, educational level
(illiterate, under diploma = uncompleted primary or secondary
education, diploma = completed secondary education,
educated = bachelor’s degree or higher), marital status (married
or other (not married or divorced)), occupation (employed,
retired, housekeeper or unemployed) and smoking status (never
smoked, former smoker and current smoker).

Dietary assessment

Dietary intakes of participants were assessed by using three 24-h
dietary recalls. Trained dietitians completed the first 24-h dietary
recall by face-to-face interview at the first visit at each health
centre. The other two 24-h dietary recalls were completed at
random days including one weekend, by telephone interviews.
All 24-h dietary recall interviews were carried out by trained
dietitians. For dietary analysis, daily intakes of all food items
obtained from 24-h dietary recalls were computed and thenwere
converted into grams by using household measures(25). The 3-d
dietary intakes were summed and then averaged over the 3 d.
Dietary intakes were expressed as food groups including total
grains, fruit, vegetables, green leafy vegetables, red/yellow veg-
etables, legumes, nuts, red meat, processed meat, poultry, fish,
low- and high-fat dairy products, eggs, soft drinks, salty snacks,
and solid and liquid oils. Liquid oil includes vegetable oils
that were liquid in room temperature. Solid oil includes animal
fat and hydrogenated vegetable oils that were solid in room
temperature. Dietary intakes were adjusted for energy intake
by using the residual method(26).

Physical examinations

Weight was measured using a digital adult scale (Seca model
808, measurement accuracy ±100 g)(27). Participant’s height
was measured unshod using a wall stadiometer with a precision
of 1 cm (Seca)(27). The BMI was calculated as weight in kg
divided by the square of height in metres. Waist circumference
was measured with a tape measure to the nearest 0·1 cm
between the iliac crest and the lowest rib during exhalation.
Hip circumference was recorded at maximal point, over light
clothing, using a non-stretch tape measure and without exerting
any pressure on body surface.

Systolic and diastolic blood pressure were measured with a
standard mercury sphygmomanometer by a trained physician,
on the right arm, while sitting after a resting period of 15 min.
The second measurement was performed 1–2min later. The
mean of the two measurements was calculated. Physical activity
was assessed by using the International Physical Activity
Questionnaire(28), and data were expressed as metabolic equiv-
alent min/week (MET-min/week)(29). Accordingly, International
Physical Activity Questionnaire scores were categorised as ‘low
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physical activity’ (point score <600 MET-min/week),
‘moderate physical activity’ (point score between 600 and
3000 MET-min/week) and ‘high physical activity’ (point score
>3000 MET-min/week).

Calculating score of irregularity in daily energy intake

To evaluate day-to-day variations in total daily energy intake
for each participants, a newly developed irregularity score,
introduced by Pot et al.(20), was calculated. First, the absolute dif-
ference of the individual daily energy intake from the 3-d mean
energy intake was divided by the 3-d mean energy intake. Then,
these values were multiplied by 100 and then averaged over the
3 d. This score served as a proxy of irregularity in daily energy
intake. Accordingly, a low score indicates smaller day-to-day
variation in daily energy intake and more regular daily energy
intake, and a high score indicates larger day-to-day variation
in daily energy intake.

Diet quality

The overall quality of the diet was evaluated by using the Dietary
Approaches to Stop Hypertension (DASH) score and Healthy
Eating Index-2015 (HEI-2015)(30). The DASH diet score was
calculated according to the recommendations of Fung et al.(31).
The score includes eight components in the DASH diet. All eight
components were categorised into quintiles, in which for fruits,
vegetables, nuts, legumes and low-fat dairy products; one point
was assigned to the lowest intake (quintile first), and five points
were assigned to the highest intake (quintile fifth). An inverse
scoring was used for red and processed meat, sugar-sweetened
beverages and Na. The scores of eight components were added
together to calculate the overall DASH diet score. Due to lack of
consumption of whole grains in the Iranian diet, we did not
include whole grains when calculating the DASH diet score
and considered nuts and legumes as two different components.
The minimum and maximum scores possible are, respectively, 5
and 40, with higher score indicating higher adherence to the
DASH dietary pattern and better diet quality.

The HEI-2015 score measures the degree of adherence to the
2015–2020USDietaryGuidelines for Americans and ranges from
0 to 100 points(30). Healthy components that received points for
higher consumption included total fruits, whole fruits, total
vegetables, greens and beans, whole grains, dairy products, total
protein, seafood and plant proteins, and ratio of unsaturated fat:
saturated fat. Unhealthy components that received points for
lower consumption included refined grains, saturated fat, Na
and added sugar. We did not include wholegrain intake in the
score due to lack of consumption of whole grains in the
Iranian diet, and therefore, the minimum and maximum scores
possible are, respectively, 0 and 90 (compared with 0 and 100 in
the traditional HEI-2015), with higher score indicating higher
adherence to 2015–2020 US Dietary Guidelines for Americans
and better diet quality.

Statistical analysis

The irregularity score of daily energy intake was categorised into
tertiles, and then characteristics of the study participants were

reported across tertiles of the score. Demographic characteristics
of participants across tertiles of the score were compared using
χ2 for categorical variables and ANOVA for continuous
variables. Total and meal-specific energy intake and intake of
macronutrients and food groups were expressed as means
and standard deviations and compared by using ANOVA.
Multiple linear regression analysis was used to investigate the
association of DASH diet score, HEI-2015 and intake of different
food groups (g/d) with irregularity score (treated as a continuous
variable) controlling for age, sex, BMI, physical activity, smoking
status, educational level and occupation as covariates. Potential
covariates included in the model were selected based on the
literature search and their hypothetical relation with indepen-
dent (irregularity score) and dependent (food group intakes)
variables. All analyses were carried out by using SPSS software
(SPSS Inc., version 22), and P< 0·05 was defined significant.

Results

Characteristics of the participants

This cross-sectional study included 850 adults, including
584 women and 266 men aged 20–59 years, with a mean age
of 44·7 (SD 10·8) years and a mean BMI of 27·9 (SD 5·6) kg/m2.
The irregularity score ranged from 0·55 to 133·3 (22·4
(SD 19·0)). The mean irregularity score of participants was 21·4
(SD 1·0) in men and 22·8 (SD 0·8) in women (P= 0·3).
The DASH diet score and the HEI-2015 ranged from 12 to 37
(24·0 (SD 3·8)) and 24 to 79 (54·0 (SD 9·0)), respectively.

Characteristics of participants across tertile of irregularity
score of daily energy intake are presented in Table 1. Participants
in the third tertile of irregularity score were at younger age
and had lower levels of leisure-time physical activity. The
educational level was higher in participants whose values of
irregularity score were higher (Table 1).

Energy intake

Table 2 shows the values of total andmeal-specific energy intake
across tertiles of irregularity score. Participants in the top tertile
of irregularity score consumed less daily energy intake. The
absolute intake of carbohydrates and proteins and the propor-
tion of daily energy intake obtained from carbohydrates and
proteins did not differ significantly across tertiles. However,
there was a significant decrease in fat intake along with the
increase in irregularity score (P= 0·008).

Intakes of food groups and diet quality

The intake of different food groups across tertiles of irregularity
score of daily energy intake is presented in Table 3. There was a
significant decrease in the consumption of fruit, vegetables,
legumes, poultry, liquid oil and DASH diet score and
HEI-2015 along with increase in the score of irregularity in daily
energy intake. In contrast, participants in the third tertile of
irregularity score consumed more processed meat, soft drinks
and nuts.

The association of irregularity score with the intake of differ-
ent foods and food groups and DASH diet score and HEI-2015
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is presented in Table 4. In the analysis where the irregularity
score of daily energy intakewas treated as a continuous variable,
there was an inverse association between irregularity score and
the intake of total grains, fruit, vegetables, green leafy vegeta-
bles, legumes, poultry, low-fat dairy products, liquid oil,
DASH diet score and HEI-2015, after controlling for age, sex,
physical activity, smoking status, educational level, occupation
and BMI. Therewas also significant positive association between
irregularity score of daily energy intake and the intake of proc-
essed meat, soft drinks and nuts.

There was substantial difference in physical activity levels
across tertiles of irregularity score. We therefore performed a
subgroup analysis to assess the potential effect modification
by physical activity. The subgroup analysis indicated that there
was an inverse association between irregularity score and DASH
diet score (β-coefficient: −0·04, 95 % CI −0·06, −0·03; P< 0·001)
and HEI-2015 (β-coefficient: −0·11, 95 % CI −0·15, −0·07;
P< 0·001) in individuals with low physical activity level

((<600 MET)/h per week, n 539). However, the associations
became non-significant in participants with moderate physical
activity ((600–3000 MET)/h per week, n 310), DASH diet score
(β-coefficient:−0·02, 95 %CI−0·04, 0·00;P= 0·07) andHEI-2015
(β-coefficient: −0·03, 95 % CI −0·08, 0·02; P= 0·30).

Discussion

The present cross-sectional study investigated the association of
irregularity in daily energy intake with diet quality and food
group intake. The results showed that larger day-to-day variation
in energy intake, as represented by higher irregularity score of
daily energy intake, was associatedwith a lower DASHdiet score
and HEI-2015. A higher irregularity score was also accompanied
by lower intake of healthy food groups such as fruit, vegetables,
legumes, low-fat dairy products and poultry, as well as higher
intake of soft drinks and processed meat. The subgroup analysis

Table 1. Descriptive characteristics of participants across tertile of irregularity score of daily energy intake
(Mean values and standard deviations; percentages)

Daily irregularity score...
T1

(0·55–12·34), n 282
T2

(12·35–23·82), n 284
T3

(23·88–133·33), n 284

Pfor trend*Mean SD Mean SD Mean SD

Age (years) 46·1 10·5 44·5 10·4 43·7 11·2 0·026
Sex (% female) 69·5 65·7 70·7 0·41
Socio-economic status (% no job) 3·2 2·5 3·5 0·76
Smoking status (% current) 5·3 6·7 3·5 0·23
Physical activity level (% low) 48·9 69·3 72·1 <0·001
Educational status (% diploma

and educated)
61 62·6 71·7 0·04

BMI (kg/m2) 27·9 4·8 28·1 6·7 27·5 5·1 0·97
Waist circumference (cm) 92·7 12·6 92·2 12·8 91·4 12·0 0·48
Hip circumference (cm) 104·3 11·4 103·7 10·7 104·1 10·7 0·60
Systolic blood pressure (mmHg) 121·7 26·1 118·6 19·0 118·8 21·3 0·25
Diastolic blood pressure (mmHg) 79·0 14·9 78·1 12·2 77·9 14·4 0·15

* Obtained from ANOVA for continuous variables or χ2 test for categorical variables. P value is considered significant at <0·05.

Table 2. Dietary intake of energy and macronutrients across tertile of irregularity score of daily energy intake
(Mean values and standard deviations)

Daily irregularity score...
T1

(0·55–12·34), n 282
T2

(12·35–23·82), n 284

T3
(23·88–133·33),

n 284

Pfor trend*Mean SD Mean SD Mean SD

Total energy intake (kcal/d)† 1724·1 319·3 1724·3 339·4 1579·4 448·9 <0·001
Energy intake during mealtime slots
Breakfast (kcal/d)† 420·8 122·4 451·0 154·9 401·6 172·1 0·001
Breakfast (% energy per d) 24·6 6·4 26·3 7·2 25·3 8·9 0·03
Lunch (kcal/d)† 569·3 170·9 537·0 152·5 501·2 204·5 <0·001
Lunch (% energy per d) 33·1 7·9 31·4 8·0 31·3 9·8 0·03
Dinner (kcal/d)† 504·4 183·8 514·3 177·0 500·3 220·6 0·68
Dinner (% energy per d) 29·2 9·0 29·8 7·8 31·2 10·6 0·04

Carbohydrate intake (g/d) 251·3 5·2 245·5 5·2 251·4 5·2 0·65
Carbohydrate intake (% of energy per d) 59·8 1·2 58·5 1·2 59·4 1·2 0·74
Fat intake (g/d) 60·9 1·6 53·9 1·6 56·8 1·6 0·008
Fat intake (% energy per d) 31·7 0·6 29·2 0·6 30·1 0·6 0·008
Protein intake (g/d) 57·6 0·7 58·4 0·7 57·7 0·7 0·73
Protein intake (% energy per d) 13·8 0·2 14·0 0·2 13·9 0·2 0·65

* Obtained from ANOVA. P value is considered significant at <0·05.
† To convert kcal to kJ, multiply by 4·184.
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suggested a potential effect modification by physical activity.
The associations remained significant in the subgroup with
low physical activity, but attenuated substantially (for DASH diet
score) or became non-significant (for HEI-2015) in participants
with moderate physical activity level. To our knowledge, this

study is the first try to investigate the association between daily
irregularity in energy intake and diet quality in adults.

The association of irregularity in dietary habits with diet qual-
ity and cardiometabolic risk factors has been recently taken into
consideration. The 2017 American Heart Association scientific
statement suggested that irregular eating patterns such as irregu-
lar meal frequency and timing and breakfast skipping may be
associated with lower diet quality and an unhealthy cardiometa-
bolic profile(18). The Sister Study cohort among 46 000 women
indicated that having a consistent and regular breakfast con-
sumption pattern, defined as eating breakfast every day or never,
was associated with better diet quality, higher energy intake and
lower risk of developing obesity as compared with those who
had irregular breakfast consumption pattern (3–4 d/week)(32).
Another cross-sectional study on young adults indicated that
larger fluctuations in the timing of food intake during the week
was significantly associated with a higher BMI(33). The study pro-
posed that greater variation in the timing of food intake during
the week may be associated with internal misalignment.

A large cross-sectional study on 14 000 school-aged children
in Iran indicated that skipping main meals, an irregular eating
style, was associated with low frequency of fruit and vegetable
intake(34). A report from the National Health and Nutrition
Examination Survey (1999–2002) indicated that breakfast skip-
ping was associated by higher percentage energy from added
sugar, lower micronutrients intake, lower mean adequacy ratio
for nutrient intakes and lower diet quality(35). A cross-sectional
study in Korean adults reported that rare breakfast eaters
consumed less rice, potatoes, vegetables, fish, milk and dairy
products, fibre, Ca and K as compared with breakfast eaters(36).
Another cross-sectional study on young adults in the USA
indicated that a high percentage of breakfast skippers did not
meet two-thirds of the RDA(37). Findings from interventional

Table 4. Associations of irregularity score of daily energy intake with diet
quality and food group intakes among Iranian adults (n 850)
(β-Coefficients and 95% confidence intervals)

Food intakes

Irregularity score of daily
energy intake†

P*β 95% CI

HEI-2015 −0·08 −0·12, −0·05 <0·001
DASH diet score −0·04 −0·05, −0·02 <0·001
Total grains (g/d) −0·48 −0·79, −0·18 0·002
Fruits (g/d) −0·41 −0·68, −0·14 0·04
Vegetables (g/d) −0·65 −0·93, −0·37 <0·001
Green leafy vegetables (g/d) −0·36 −0·53, −0·19 <0·001
Red/yellow vegetables (g/d) −0·04 −0·18, 0·09 0·53
Legumes (g/d) −0·25 −0·35, −0·15 <0·001
Nuts (g/d) 0·06 0·04, 0·08 <0·001
Red meat (g/d) −0·04 −0·08, 0·003 0·06
Processed meat (g/d) 0·14 0·07, 0·20 <0·001
Poultry (g/d) −0·13 −0·24, −0·02 0·02
Fish (g/d) 0·001 −0·04, 0·05 0·96
Low-fat dairy products (g/d) −0·59 −0·95, −0·24 0·001
High-fat dairy products (g/d) 0·00 −0·007, 0·006 0·12
Eggs (g/d) −0·02 −0·10, 0·06 0·62
Soft drinks (g/d) 0·21 0·01, 0·38 0·01
Salty snacks (g/d) 0·01 −0·04, 0·06 0·67
Liquid oil (g/d) −0·06 −0·09, −0·03 <0·001
Solid oil (g/d) 0·00 −0·01, 0·03 0·36

DASH, Dietary Approaches to Stop Hypertension; HEI, Healthy Eating Index.
* P value is considered significant at <0·05.
† Results are frommultiple linear regression analyses controlling for age, sex, physical
activity, smoking status, BMI, educational status and employment status.

Table 3. Energy-adjusted dietary intake of food groups across tertile of irregularity score of daily energy intake
(Mean values and standard deviations)

Daily irregularity score... T1 (0·55–12·34),
n 282

T2 (12·35–23·82),
n 284

T3 (23·88–133·33),
n 284

Pfor trend*Mean SD Mean SD Mean SD

Healthy Eating Index-2015 (score) 55·4 9·4 54·4 9·1 52·1 8·4 <0·001
DASH diet score (units) 24·6 3·6 24·3 3·8 23·2 3·8 <0·001
Total grains (g/d) 298·7 4·8 301·6 4·8 294·4 4·9 0·59
Fruits (g/d) 111·8 4·2 112·9 4·1 97·5 4·2 0·02
Vegetables (g/d) 144·1 4·4 143·9 4·4 131·3 4·4 0·07
Green leafy vegetables (g/d) 65·9 2·7 66·9 2·7 57·7 2·7 0·03
Nuts (g/d) 3·6 0·6 4·4 0·6 6·7 0·6 <0·001
Red/yellow vegetables (g/d) 43·5 2·1 45·5 2·1 46·5 2·1 0·59
Legumes (g/d) 31·1 1·5 29·6 1·5 24·2 1·7 0·005
Red meat (g/d) 7·6 0·7 9·4 0·7 7·5 0·7 0·13
Processed meat (g/d) 5·3 1·0 5·1 1·0 11·1 1·0 <0·001
Fish (g/d) 3·8 0·7 3·3 0·7 3·6 0·7 0·89
Poultry (g/d) 32·3 1·7 34·8 1·7 28·0 1·7 0·08
Low-fat dairy products (g/d) 123·7 5·5 123·4 5·4 108·7 5·5 0·09
High-fat dairy products (g/d) 15·1 1·9 15·3 1·9 17·7 1·9 0·57
Eggs (g/d) 23·0 1·3 24·1 1·3 23·1 1·3 0·79
Soft drinks (g/d) 17·8 2·6 23·6 2·5 31·4 2·6 0·001
Liquid oil (g/d) 17·5 0·4 16·9 0·4 15·6 0·4 0·006
Solid oil (g/d) 2·8 0·3 3·4 0·3 3·4 0·3 0·25
Salty snacks (g/d) 8·5 0·8 8·2 0·8 9·4 0·8 0·56

DASH, Dietary Approaches to Stop Hypertension.
* Obtained from ANOVA. P value is considered significant at <0·05.
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studies also confirmed that more regular eating frequency
(regular six occasions/d v. variable 3–9meals/d) may favourably
affect lipid profile and insulin resistance(38,39).

There was also evidence that irregular distribution of eating
occasions during the day may be associated with diet quality.
Two cross-sectional investigations indicated that later temporal
eating patterns and higher frequency of eating occasions
in the evening hours may be associated with a lower diet
quality(13,14). The 2017 American Heart Association scientific
statement suggested that late-night eating may be associated
with an unfavourable cardiometabolic profile(18).

However, the association between another aspect of irregu-
larity in dietary intake, as reflected by day-to-day variation in
energy intake, and diet quality has not been investigated. To
our knowledge, only a recent cross-sectional evaluation within
a British cohort study suggested that larger day-to-day variation
in daily and meal-specific energy intake may be associated with
a higher likelihood of general and abdominal adiposity(20).
Another prospective study within that cohort suggested a
positive association between larger day-to-day fluctuation in
energy intake, as reflected by higher irregularity score, may be
associated with a higher odds of the metabolic syndrome and
its components(21). The present study used variability in daily
energy intake as a proxy of irregular eating style and indicated
that the observed association between daily irregularity in
energy intake and adiposity and the metabolic syndrome may
be mediated, in part, by diet quality.

Current evidence suggests that there are common temporal
fluctuations in dietary intakes during a week. The results suggest
that there is an increase in the consumption of energy, fats and
added sugar duringweekends as comparedwithweekdays, with
the weekends having lower diet quality(40–42). However, there is
no exact theory to explain howmore fluctuations in daily energy
intake can be associatedwith lower diet quality. Participantswith
more irregular energy intake consumed more soft drinks and
processedmeat and less fruit, vegetables, low-fat dairy products,
poultry and legumes. It is likely that they consumed more fast
foods and snacks and thus had an unhealthy diet. Although
higher eating frequency is associated with better diet quality,
higher snack frequency can be associated with a lower diet
quality(7,10,11), especially snacks from desserts and sugar-
sweetened beverages(43).

Human behaviours, including eating habits, are structured
during weekdays and depend on time spent at work or school(44).
It seems that participants with less variations in daily energy intake
have a more structured and distinct daily programme and, as a
results, have a more consistent diet. Irregular changes in daily pro-
grammes and structures leading to irregular energy intake can
unfavourably affect habitual behaviours such as eating habits(42).
For instance, changes in routine daily programmes such as not
working in paid employment or having part-time jobs may exert
adverse effects on eating habits(44). This, at least in part, may
explain the positive correlation observed between irregular daily
energy intake and poor diet quality.

In addition, it has been reported that weekly fluctuations
in meal timing may be associated with chronotype. In a cross-
sectional study on young adults, a higher variation inmeal timing
during the week was observed in evening-type subjects(33).

A review study suggested that evening-type individuals, defined
as those who prefer to perform activities in the evening hours
and sleep and wake up late or those who have an eveningness
preference, are most likely to have unhealthy dietary habits(45).
Therefore, the association between greater day-to-day variations
in energy intake and lower diet quality observed in the present
study can be attributed to chronotype. However, we did not
evaluate the individual’s chronotype and thus, more research
is needed to investigate the potential association of chronotype
with daily irregularity in energy intake.

Our results showed that adults with larger variability in energy
intake were at younger age, were less physically active and had
higher educational level. It is likely that participantswith less varia-
tion in energy intake had a healthier lifestyle and accordingly,
consumed a more regular, consistent and healthy diet.

There is evidence that some sociodemographic factors
including physical activity, educational level and participant’s
age are important determinants of diet quality(46–48). In the
present study, participants with more irregular daily energy
intake were at younger age and had lower levels of physical
activity and higher education. It is possible that irregular daily
energy intake may be a consequence of the aforementioned
sociodemographic characteristics and, therefore, the association
observed in the present study may be due to chance. However,
in the multiple linear regression analyses, we controlled for age,
physical activity, education level and occupation status and,
therefore, more research is needed to clarify potential mecha-
nisms behind the observed associations. There is some evidence
that more irregular daily and meal-specific energy intake may
be associatedwith a higher risk of adiposity(20) and themetabolic
syndrome(21). The present study suggests that this association
may be mediated partly by low diet quality resulting from more
irregular daily energy intake.

In the present study, we used the DASH diet score and
HEI-2015 to evaluate the overall quality of the diet. The mean
of DASH diet score in our study (24·1 (SD 4·2)) was similar with
that of a cohort study of Tehranian adults (24·0 (SD 3·8))(49). The
range of HEI in our studywas 24–79whichwas comparable with
a cohort study of Iranian adults (17–88)(50). The DASH diet score
was originally developed to reduce blood pressure in patients
with high blood pressure(51). The HEI-2015 measures the
degree of adherence to 2015–2020 US Dietary Guidelines for
Americans(18). Among different dietary metrics developed to
evaluate the overall quality of the diet, there is convincing
evidence that higher adherence to the DASH dietary pattern
and HEI-2015 is associated with a lower risk of all-cause
mortality and non-communicable chronic disease(52).

This study has several strengths. To the authors’ knowledge,
this is the first study to evaluate the association of variability in
daily energy intake and diet quality. Previous research showed
that irregular eating styles such as irregular meal and snack
frequency and irregular distribution of eating occasions during
the day may be associated with low diet quality. Here, we con-
sidered another aspect of irregularity and indicated that more
irregular daily energy intake may be associated with a lower diet
quality. We recruited a relatively large number of adults with
various socio-economic, education and welfare levels. In addi-
tion, we used validated tools and trained dietitians to collect data.
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There are also some important limitations that need to be
considered. First and most importantly, this study was a cross-
sectional evaluation and, thus, the direction of the associations
cannot be determined. It is possible that more day-to-day varia-
tion in energy intakemay be a consequence of lower diet quality
instead of being a determinant of diet quality. In addition, in this
study, we used 3-d 24-h dietary recalls, including one weekend,
to calculate irregularity score of daily energy intake. The original
score was developed by using 5-d 24-h dietary recalls. There are
some common temporal variations in daily energy intake during
the week and, therefore, 5- or 7-d 24-h dietary recalls may better
represent daily variations in energy intake. Finally, due to insuf-
ficient data, we were unable to compare the values of whole
grains across tertiles of irregularity score of daily energy intake.
Finally, themajority of the study populationswere female (70 %).
This highlights the need for more research to confirm the find-
ings across either sex.

Conclusions

Previous research has indicated that irregular eating styles may be
associated with lower diet quality and unhealthy cardiometabolic
profile. The present study suggested that more day-to-day varia-
tions in energy intake may be associated with lower diet quality
as assessed by DASH diet score and HEI-2015, lower con-
sumption of healthy food groups such as fruit, vegetables, legumes
and low-fat dairy products, and higher consumption of soft drinks
and processed meat. More research is needed to confirm the asso-
ciations observed in the present study and to clarify the potential
theory behind these associations. The research also highlights the
need for more research to clarify whether irregular daily energy
intake is associated cardiometabolic profile.
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