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Abstract

consumption with elevated levels of aminotransferases.

unhealthy foods.

snacks and elevated aminotransferases.

Background: Abnormal levels of liver enzymes, particularly aminotransferases, are prognostic features of non-
alcoholic fatty liver disease (NAFLD). Considering the important role of dietary intakes in development of NAFLD,
we aimed to determine possible association of unhealthy foods (fast foods, soft drinks, sweet and salty snacks)

Methods: This cross-sectional study was conducted within the framework of sixth phase of the Tehran Lipid and
Glucose Study (2014-2017), on 187 adult men and 249 adult women (19-70 y). Usual intakes of unhealthy foods
(kcal/week) were measured using a validated semi-quantitative 147-items food frequency questionnaire. Serum
levels of alanine aminotransferase (ALT), aspartate aminotransferase (AST) were measured. Multivariable logistic
regression models were used to estimate the odds of elevated aminotransferases in each tertile of energy-dense

Results: Mean age of participants was 44.44 + 15.09 years, 43% of participants were men. Higher consumption of
fast foods (> 11.39% kcal/week) was associated with elevated ALT to AST ratio (OR: 3.27; 95% Cl: 1.90-5.63) and
elevated ALT (OR: 2.74; 95% Cl: 1.57-4.76). Also, each 1 SD increased energy intakes from fast foods was related to
increased chance of having elevated ALT and ALT to AST ratio by 35% (OR: 1.35; 95% Cl: 1.08-1.68, OR: 1.35; 95% Cl:
1.10-1.66, respectively). There was no significant association between consumption of soft drinks, sweet or salty

Conclusions: Higher intakes of energy from fast foods seems to be associated with an elevated serum levels of ALT
and ALT to AST ratio, as indicators of development of NAFLD.
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Background

Nonalcoholic fatty liver disease (NAFLD), encompassed
a large spectrum of conditions from simple hepatocellu-
lar steatosis to inflammatory fibrosis, cirrhosis and in
some cases hepatocellular carcinoma [1], is associated
with increased risk of liver transplantation and all-cause
mortality [2]. Epidemiological studies indicate that the
global prevalence of NAFLD varies among different
population with different ethics, with a higher degree in
Asians and Hispanics [3]. The prevalence of NAFLD has
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been estimated 33.9% in Iran [4], in line with increased
prevalence of obesity which has been estimated 31.3% in
Iranian population [5], as a major risk factor for NAFLD.
With that said, there is a growing interest in regard to
NAFLD dietary risk factors, which along with the lack of
inconsistent data, necessitates the attention of academic
community.

Along with reliable diagnostic methods for NAFLD
such as radiologic or histologic features, abnormal liver
enzyme levels, particularly aminotransferases, are sug-
gested as prognostic features of liver dysfunction [6].
Alanine aminotransferase (ALT) is the most important
surrogate of liver dysfunction [7]; elevated levels of ALT
has been shown to be strongly correlated with NAFLD
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[8-10]. Some reports suggest that serum ALT to aspar-
tate aminotransferase (AST) ratio (ALT/AST) is the
most relevant predictor of fatty liver [11], insulin resist-
ance [12] and metabolic syndrome [13, 14]. The ac-
cepted upper limit of aminotransferases i.e. 40 U/L, is
now under the debate [15—17]. The upper limits of nor-
mal ALT in Iranian populations has been estimated
lower than cut-offs determined by laboratory manufac-
tures [18-20]. Currently no optimal cut-off value has
been defined for liver enzymes to predict NAFLD in
population-based studies [21].

Dietary factors have major role in development of
NAFLD and its related disorders [22]. Poor dietary pat-
terns such as Western pattern, characterized by high in-
takes of unhealthy foods with high calorie and poor
nutrients (fast foods, soft drinks and snacks), were re-
lated to increased risk of metabolic syndrome [23, 24],
obesity, cardiovascular disease [25, 26], and NAFLD [27,
28]. Although the association between Western dietary
pattern and NAFLD was reported previously, there is
limited data on the association between specific compo-
nents of Western diet, including fast foods, soft drinks
and snacks and liver enzyme levels. The aim of the
current study was to determine the association of un-
healthy foods (fast foods, soft drinks, sweet and salty
snacks) with elevated levels of ALT and ALT to AST ra-
tio in the framework of a population-based study.

Methods

Study population

In the present study we used data collected from the
Tehran Lipid and Glucose Study (TLGS). Briefly, TLGS
is a population-based study on a representative sample
including 15,005 individuals of residents from district 13
of Tehran [29], which was initiated from 1999 and data
collection is ongoing at 3-year intervals [30]. For the
current analysis, subjects were excluded from the study
if they were under the age of 18, had incomplete data on
liver function test (LFT), demographics, anthropomet-
rics, biochemical measurements and dietary intakes in
the sixth TLGS examination (2014—2017). Finally, we re-
cruited 436 adult men and women (age > 19 years) into
the analysis.

Anthropometric and demographic measures

Weight of participants was measured using digital scales
(Seca, Hamburg, Germany), while the subjects were min-
imally clothed and without shoes, and reported to the
nearest 100 g. Height was measured using a tape meter,
in a standing position and without shoes, and recorded
to the nearest of 0.5 cm. Body mass index (BMI) calcu-
lated as weight (kg) divided by height in square (m?).
Waist circumference was measured using a tape meter,
without any pressure to the body, between the lower
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border of the ribs and the iliac crest at the widest por-
tion, while the subjects were lightly clothed.

For measurements of systolic (SBP) and diastolic
(DBP) blood pressures, we used a standard mercury
sphygmomanometer calibrated by the Iranian Institute
of Standards and Industrial Researches [31]. Two mea-
surements of blood pressure were taken on the right
arm of the participants, with at least a 30-s interval be-
tween two measurements, and a 15-min rest before
measurement, while they were in a sitting position.
Mean of the two measurements was considered as the
participant’s blood pressure.

Biochemical measures

Blood samples was drawn in the fasting state, be-
tween 7:00 and 9:00 AM. Serum liver enzymes (ALT
and AST) were assayed using enzymatic colorimetric
methods. All blood analysis were done using Pars
Azmoon kits (Pars Azmoon Inc., Tehran, Iran) and a
Selectra 2 auto-analyzer (Vital Scientific, Spankeren,
The Netherlands) at the research laboratory of the
TLGS. Both inter- and intra-assay coefficients of vari-
ations (CVs) were less than 5%.

Dietary assessment

Dietary assessment of typical food intakes over the previ-
ous year was done using a validated 147-item food fre-
quency questionnaire (FFQ), since this method is simple,
cost-effective and time-saving, and is suitable for epi-
demiological studies [32]. The intake frequency of each
food item asked on a daily, weekly, or monthly basis in
household measures, and then converted to grams [33].
Participants were questioned about frequency of con-
suming fast-foods, soft drinks, sweet and salty snacks in
the preceding year. The principal dietary exposure of
interest was considered weekly energy intakes from fast
foods (including pizza, sausage and hamburger), soft
drinks (including industrial or cola beverages, industrial
fruit juices), sweet-snacks (including biscuits, crackers,
cakes, cookies, candies, and chocolates) and salty-snacks
(including potato chips, French fries, and puff snacks).
Since the Iranian Food Composition Table (FCT) has
limited data on nutrient content of raw foods and bever-
ages, we used the US Department of Agriculture’s
(USDA) Food Composition Table to analyze foods and
beverages for their energy and nutrient contents.

The validity of the food frequency questionnaire has
been previously evaluated by comparing dietary values
determined from the FFQ with values estimated from
the average of twelve 24-h dietary recall surveys, and the
reliability has been assessed by comparing dietary values
of two FFQs [34].
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Statistical analyses
General characteristics of the participants were com-
pared across median of ALT to AST ratio using inde-
pendent sample t-test or chi square test, for
dichotomous and continues variables, respectively.

Elevated levels of ALT and ALT to AST ratio were
considered as the values above the median (12 U/L and
0.62, respectively). Multivariable binominal logistic re-
gression models with adjustment for sex, age (year), and
body mass index (BMI) (l(g/mz) were used to estimate
the odds ratio of elevated ALT and ALT to AST ratio in
each tertile category of fast-foods, soft drinks, sweet and
salty snacks consumption. The first tertile was consid-
ered as reference. Total weekly consumption of dietary
exposures in the first, second, and third tertiles were <
3.16, 3.16 to 11.38, >11.38% from kcal/week for fast
foods, <1.50, 1.50 to 5.68, >5.68% from kcal/week for
soft drinks, 3.04 to 13.48, 13.48 to 30.42, > 30.42% from
kcal/week for sweet snacks, and < 3.08, 3.08 to 11.66, >
11.66% from kcal/week for salty snacks. In the continues
models, the odds of elevated ALT and ALT to AST ratio
were calculated per one SD increased intakes of energy
from unhealthy foods. To assess the overall trends across
increasing tertiles of each unhealthy food group intake
and elevated liver enzymes and to determine P values
for trend, the median of each tertile of fast foods, soft
drinks, sweet and salty snacks were used as continues
variables in the regression models. Elevated levels of
ALT and ALT/AST ratio was used as dependent vari-
ables in the regression models. P values obtained
from regression models were considered as P values
for trend.

All statistical analyses were performed using the Statis-
tical Package for Social Science (version 20; IBM Corp.,
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Armonk, NY, USA). P-values <0.05 being considered
significant.

Results

The mean age of participants was 44.44 + 15.09 years,
and mean BMI was 27.71 + 5.04 kg/m>. Forty-three per-
cent of the participants were men. The mean calorie in-
take from fast foods, soft drinks, sweet and salty snacks
were 254 + 307 kcal/week, 143 + 215 kcal/week, 698 +
758 kcal/week, 292 + 469 kcal/week, respectively. The
mean percentage of calorie intake from fast foods, soft
drinks, sweet and salty snacks in a week were 10.77 +
12.62%, 5.94+8.29%, 29.03 +27.78%, 11.85+16.23%,
respectively.

Compared with participants who had ALT to AST ra-
tio lower than median, those with the higher values were
more likely to be younger (41.33 vs. 47.61 y; P =0.001),
more likely to be male (53% vs. 32.4%; P =0.001), had
significantly higher weight (79.7 vs. 71.5kg; P=0.001),
waist circumference (93.9 vs. 91.2cm; P=0.001), and
higher level of ALT (22.78 vs. 9.42U/L; P=0.001)
(Table 1).

Dietary intakes of participants across median of ALT
to AST ratio are shown in Table 2. Participants with ele-
vated ALT to AST ratio had higher energy intakes (2442
vs. 2219 kcal; P=0.001) and energy density (101 vs. 93.7;
P =0.001), compared with those who had ALT to AST
ratio lower than median. Participants who had elevated
ALT to AST ratio had significantly higher dietary intakes
of protein (95.6 vs. 82.3; P=0.001), total carbohydrate
(358 vs. 332; P=0.041), complex carbohydrate (227 vs.
205; P =0.036), total fat (83.3 vs. 72.8; P =0.001), mono-
unsaturated fats (27.82 vs. 24.36; P=0.017), Trans fats
(0.15 vs. 0.06; P=0.004), cholesterol (258 vs. 218; P =

Table 1 General characteristics of participants across median of ALT to AST ratio

Characteristic ALT/AST < 0.62 ALT/AST 2 0.62 P-Value
Age (year) 4761 +£1648 413341276 0.001
Male (%) 324 530" 0001
Weight (kg) 71.5+£14.18 797 £1611 0.001
Body mass index (kg/m?) 2725+523 28.19+482 0.053
Waist circumference (cm) 91.2£1353 939+ 1141 0.023
Systolic blood pressure (mm Hg) 114+ 1872 113+16.62 0.483
Diastolic blood pressure (mm Hg) 754+ 1044 763 +11.09 0367
Triglyceride (mg/dl) 120+79.2 144 +80.2 0.142
High density lipoprotein (mg/dl) 49.82+10.14 45.96 +10.95 0.192
Alanine transaminase (U/L) 942+733 2278 +1351" 0.001
Aspartate transaminase (U/L) 22.80+19.10 21.37+899 0.320
Alkaline phosphatase (U/L) 191+ 114 189+618 0.846
gamma-glutamy! transferase (U/L) 2523+45.29 2631+19.30 0.749

Data are mean + SD

“Significant differences across median of ALT to AST ratio (P < 0.05) (Independent sample t-test was used)
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Table 2 Dietary intakes of participants across median of ALT to AST ratio

Characteristic ALT/AST < 0.62 ALT/AST 2 0.62 P-Value
Energy (kcal/d) 2219 + 771 2442 + 857 0.005
Protein (g/d) 823 +30.82 956 + 39.19" 0.001
Total carbohydrate (g/d) 332+ 124 358 + 133" 0.041
Simple sugars (g/d) 127 + 589 131+ 579 0.830
Complex carbohydrate (g/d) 205 + 773 227 + 905 0.036
Total fat (g/d) 728 +29.04 833 +36.12° 0.001
Saturated fat (g/d) 22.87 £ 1037 2593 £ 1252 0.094
Mono-unsaturated fat (g/d) 2436 + 9.96 2782 + 1254 0017
Poly-unsaturated fat (g/d) 1490 + 6.99 16.80 + 9.06 0.147
Trans fatty acid (g/d) 0.06 £ 049 015+ 075 0.004
Cholesterol (mg/d) 218 + 108 258 + 142" 0.001
Total fiber (g/d) 4193 £ 20.09 4708 + 2306 0014
Fast food (% from energy/week) 854 + 1263 13.08 + 1232 0.001
Soft drink (% from energy/week) 514 £7.10 681 + 933 0.037
Sweet snacks (% from energy/week) 2647 + 2566 31.34 + 2960 0.069
Salty snacks (% from energy/week) 11.89 £ 1856 11.87 £13.72 0.989
Energy density 93.7 £ 2157 101 + 2363 0.001

Data are mean + SD

“Significant differences across median of ALT to AST ratio (P < 0.05) (Independent sample t-test was used)

0.001), total fiber (47.08 vs. 41.93; P =0.014), as well as
percentage of energy intakes from fast foods (13.08 vs.
8.54; P=0.001) and soft drinks (6.81 vs. 5.14; P =0.037).
There was no significant difference of percentage of en-
ergy intakes from sweet and salty snacks between two
groups.

The odds ratio and 95% confidence interval of elevated
ALT to AST ratio across tertiles of dietary exposure
consumption are presented in Table 3. The chance of

elevated ALT to AST ratio (20.62) in participants with
the highest consumption of fast foods and salty snacks
were significantly increased in the crude models (odds
ratio (OR): 3.84; 95% confidence interval (CI): 2.35-6.26,
and OR: 1.96; 95% CI: 1.23-3.14, respectively). Also,
higher consumption of soft drinks in continues and
crude model was significantly related to elevate ALT to
AST ratio (OR: 1.23; 95% CIL: 1.01-1.50). After adjust-
ment for potential confounding variables, the chance of

Table 3 Odds ratio (95% confidence interval) of elevated ALT to AST ratio across tertiles of unhealthy foods: Tehran Lipid and

Glucose Study

Tertile 1 Tertile 2 Tertile 3 p for trend Continues

Fast-food (%kcal/week) <316 3.16-11.38 >11.39

Crude 1.00 1.81 (1.13-2.92) 3.84 (2.35-6.26) 0.001 1.49 (1.20-1.86)

Adjusted model 1.00 1.64 (0.97-2.77) 3.20 (1.86-5.51) 0.001 124 (1.01-1.04)
Soft drink (%kcal/week) < 1.50 1.50-5.68 > 5.69

Crude 1.00 1.14 (0.71-1.81) 1.57 (0.98-2.50) 0.060 1.23 (1.01-1.50)

Adjusted model 1.00 0.82 (049-1.36) 0.99 (0.58-1.67) 0.905 1.01 (0.98-1.03)
Sweet snack (%kcal/week) <1348 13.48-30.42 > 3043

Crude 1.00 0.86 (0.54-1.36) 1.36 (0.86-2.17) 0.195 1.20 (0.98-1.46)

Adjusted model 1.00 0.71 (043-1.17) 1.11 (0.66-1.85) 0.832 1.00 (1.00-1.01)
Salty snack (%kcal/week) <3.08 3.08-11.66 >11.67

Crude 1.00 1.94 (1.21-3.10) 1.96 (1.23-3.14) 0.006 1.00 (0.83-1.20)

Adjusted model 1.00 1.65 (0.99-2.74) 1.36 (0.80-2.32) 0.281 0.99 (0.98-1.00)

Logistic regression model was used (adjusted for sex, age, body mass index, diabetes status)

Elevated ALT to AST ratio was considered as values >0.62
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having elevated ALT to AST ratio was 3.20 (95% CL:
1.86-5.51) in the participants who had highest energy
intakes from fast foods (>11.39% of weekly energy in-
take). Each 1 SD increased in energy intakes of fast foods
was related to odds of elevated ALT to AST ratio by
35% (OR: 1.24; 95% CI: 1.01-1.04).

Odds and 95% CI of elevated ALT (=12 U/L) across
tertiles of unhealthy foods are shown in Table 4. Higher
consumption of fast foods (> 11.39% of weekly energy in-
take), was associated with elevated ALT in crude model
(OR: 2.70; 95% CI: 1.68-4.34) and adjusted model (OR:
2.74; 95% CI: 1.57-4.77). In continues model, more en-
ergy intakes of fast foods were significantly associated
with elevated ALT in crude model (OR: 1.33; 95% CI:
1.09-1.63). There was no significant association between
consumption of sweet or salty snacks and elevated ALT.

Discussion

The results of our study indicated that higher energy in-
takes from fast foods were associated with an elevated
serum levels of ALT and ALT to AST ratio in adults.
Participants who had more energy intakes from fast
foods (> 11.39% kcal/week) had more than two folds in-
creased risk of elevated ALT (values 212 U/L), as a pre-
dictor of NAFLD. Furthermore, higher intake of fast
foods was accompanied with more than three folds
increased odds of elevated ALT to AST ratio (values
>0.62). Other unhealthy foods, including soft drinks,
sweet and salty snacks, were not associated with ele-
vated ALT and ALT to AST ratio. Although the ef-
fect of diet on NAFLD and some liver enzymes was
investigated in previous studies, to the best of our
knowledge this is the first study to assess the associ-
ation of unhealthy foods and ALT to AST ratio, as a
clinical prognostic feature of fatty liver.
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A growing number of evidences suggest that diet plays
a key role in the development of NAFLD. One prospect-
ive cohort study in adolescents showed that Western
dietary pattern including high consumption of soft
drinks, sauces and dressings, was significantly associated
with increased development of NAFLD after 3 years of
follow-up [27]. Another observational studies also re-
vealed that subjects with NAFLD had higher consump-
tion of meat and fast foods [35] and exceeded energy
and saturated fat intakes [36]. Results from two studies
conducted in China reported that Western dietary pat-
tern, with high amount of refined grains, soft drinks and
red meat, as well as “Animal food” dietary pattern, with
high amount of meat and egg, were related to an in-
creased risk of NAFLD [37, 38].

Despite the reports for the relation between dietary
factors and NAFLD, whether dietary factors are related
to elevated levels of aminotransferases are less docu-
mented. Abnormal levels of liver enzymes, particularly
aminotransferases, are commonly used in clinical setting
to diagnose liver dysfunctions [6]. ALT and ALT to AST
ratio are two important prognostic features of NAFLD
and metabolic disorders e.g. insulin resistance [7, 11,
12]. A prospective cohort study by Lee et al. showed that
higher consumption of fast foods or sugar-sweetened
beverages increased risk of elevated ALT [39]. Daily eat-
ing of at least two high-calorie fast-food-based meals re-
sulted in pathologic elevated levels of ALT; most of the
participants showed ALT above reference limits (women
>19 U/l, men > 30 U/1) after 4 weeks [40]. A positive as-
sociation between sugar-sweetened beverages and ALT
or AST was also shown in a recent prospective cohort
study [41]. Every 1 cup/day increased consumption of
sugar-sweetened beverages, resulted in elevated loga-
rithm of serum ALT concentration by 0.079 U/L (95%

Table 4 Odds ratio (95% confidence interval) of elevated ALT across tertiles of unhealthy foods: Tehran Lipid and Glucose Study

Tertile 1 Tertile 2 Tertile 3 p for trend Continues

Fast-food (%kcal/week) <316 3.16-11.38 >11.39

Crude 1.00 1.32 (0.82-2.11) 2.70 (1.68-4.34) 0.001 1.33 (1.09-1.63)

Adjusted model 1.00 141 (0.82-242) 2.74 (1.57-4.77) 0.001 1.02 (1.00-1.04)
Soft drink (%kcal/week) < 1.50 1.50-5.68 > 5.69

Crude 1.00 1.00 (0.63-1.60) 1.44 (0.90-2.29) 0.124 1.35 (1.10-1.66)

Adjusted model 1.00 0.71 (042-1.20) 0.93 (0.54-1.60) 0.798 1.02 (1.00-1.05)
Sweet snack (%kcal/week) <1348 13.48-30.42 > 3043

Crude 1.00 0.95 (0.59-1.50) 1.28 (0.81-2.04) 0.291 1.18 (0.97-1.43)

Adjusted model 1.00 0.80 (0.48-1.34) 1.09 (0.64-1.85) 0.768 1.00 (1.00-1.01)
Salty snack (%kcal/week) <3.08 3.08-11.66 >11.67

Crude 1.00 1.54 (0.97-2.46) 1.54 (0.97-2.46) 0.069 1.02 (0.84-1.23)

Adjusted model 1.00 144 (0.85-242) 1.23 (0.71-2.14) 0468 1.00 (0.98-1.01)

Logistic regression model was used (adjusted for sex, age, body mass index, diabetes status)

Elevated ALT was considered as values > 12 (U/L)
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CI 0.022,0.137) [41]. Our findings provide further evi-
dence regarding contribution of dietary factors on devel-
opment of liver disorders. Furthermore, current
literature indicates that increase increased level of liver
enzymes even within normal ranges, increased risk of
metabolic syndrome and diabetes mellitus [42, 43]. To
put our findings within the context of these studies, diet
can accelerate fatty liver progression even prior to ap-
pearance of clinical signs, which is detectable by in-
creased levels of liver enzymes.

There are some proposed mechanisms through which
unhealthy foods contribute to development of elevated
liver enzymes. Most commonly consumed unhealthy
foods, such as fast foods, soft drinks, sweet and salty
snacks, are energy-dense and nutrient-poor foods, and
contain high levels of fats, saturated and trans-fats, refined
sugars and salts [44—46]. High amounts of refined and
high glycemic index carbohydrates in energy-dense un-
healthy foods, as well as high amounts of sweeteners such
as sucrose and fructose in soft drinks and sweet snacks,
are contributing factors in elevated liver enzymes and liver
disorders [1, 41, 47, 48]. Some evidences suggest that fruc-
tose intake could stimulate de novo lipogenesis and inhibit
mitochondrial beta-oxidation of fats [49-51], which leads
to increased liver fat content and elevated liver enzymes
levels. Unhealthy food intakes are also related to lower in-
takes of essential nutrients (e.g. fiber, protein, B vitamins)
which are required for normal liver function [45, 52].

In the present study, the mean calorie intake from
sweet and salty snacks were higher than other unhealthy
foods (698 + 758 kcal/week and 292 + 469 kcal/week, re-
spectively), but it was lower than per capita mean calorie
intake from snacks in US adults (516 kcal/d in adults
aged 19-29 y, 484 kcal/d in adults aged 30-59y) [53]. A
null association between sweet or salty snack and ele-
vated liver enzymes in our study, in contrast to previous
studies, may relate to differences in amount of snacks
consumption and mean calorie intake from snacks in
different populations, or different definitions of sweet
and salty snacks in studies, as well as various constitu-
ents in snacks and different preparation methods.

The current study had some limitations that should be
considered; we used FFQ for dietary assessment which
has some disadvantages including low accuracy due to
recall bias, inaccurate estimation, under or over reports,
and inherent limitation to capture eating habits. Also,
we used the USDA food composition table to analyze
energy and nutrient content of foods, rather than a
complete Iranian table. Moreover, it was a cross sec-
tional study which could not reveal any cause and effect
relationship between unhealthy foods and liver enzymes.
Inability to define a specific and reliable cut-off for ele-
vated liver enzymes in relation to NAFLD, is also con-
sider as a limitation.
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Conclusions

In conclusion, we provided further evidence to support
previous investigations regarding adverse effects of fast
foods consumption on liver function. An elevated serum
concentration of ALT and ALT to AST ratio was ob-
served in subjects who consumed more energy from
energy-dense, poor-nutrients fast foods. There was no
significant association between soft drinks, sweet and
salty snacks with elevated levels of aminotransferases.
More population-based studies with prospective design
and long follow-up period in a larger sample size, are
needed to confirm the effect of regular consumption of
unhealthy foods on development of NAFLD and elevated
liver enzymes.
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