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Is Aerated Soft Drink and Packaged Juice Consumption an Independent 
Risk Factor to Cause Non-Alcoholic Fatty Liver Disease

Introduction
Nonalcoholic fatty liver disease (NAFLD) is characterized 
by hepatic steatosis, confirmed either by imaging or by 
histology and there are no causes for secondary hepatic 
fat accumulation such as significant alcohol consumption, 
use of steatogenic medication, viral diseases or hereditary 
disorders1. Normally, less than 5% of the liver is fat by 
weight, but in patients with nonalcoholic steatohepatitis 
(NASH), as much as 50% to 80% of liver weight may be 
made up of fat, mostly in the form of triglycerides (TG).

The dietary habits have drastically changed over last 
few decades. There has been a surge in introduction of 
sweeteners such as fructose and sucrose by the food 
industries. Regular aerated soft drinks and packaged fruit 
drinks have become major sources of high fructose or 
sugar2. Consumption of sugar sweetened beverages per 

capita in India is reported to be about 11 litres a year, which 
is low compared with other nations as per 2013 report 
from the global marketing research firm Euromonitor 
International that also found that the consumption is 
increasing by 13% a year3.  1,80,000 deaths in the world in 
2010 were reported due to consumption of sugar-sweetened 
beverages, with 72.3 per cent from diabetes, 24.2 per cent 
from cardiovascular disease and 3.5 per cent from cancers4. 

NAFLD in majority of patients is associated with 
metabolic risk factors such as obesity, diabetes mellitus, 
and dyslipidemia1. Recent evidence suggests an association 
between the intake of sugar sweetened soft drinks and the 
risk of obesity and diabetes resulting from large amounts 
of fructose used in their manufacture, which raises blood 
glucose similar to sucrose5. The newer type of low calorie 
aerated soft drinks contain aspartame sweetener and 
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ABSTRACT
Background: There has been an increase in consumption of aerated sweetened soft drinks and packaged juices high in carbohydrates/fructose 
by humans across the globe. There have been various studies with contradictory inferences of association of chronic sweetened soft drink 
(rich in high fructose corn syrup) intake and NAFLD. This study was undertaken with the aim to determine the quantity, frequency, duration 
and type of sweet soft drinks /packaged fruit juices consumption in patients with NAFLD as compared to that in control population. Other 
objectives included assessment of the independent role of sweetened soft drinks as a risk factor for NAFLD in the absence of metabolic 
syndrome and to correlate the level of steatosis (objectively graded by ultrasonography) with the amount of intake of soft drinks in patients 
of NAFLD.

Method:  50 patients of NAFLD as diagnosed clinically and by ultrasonography were identified and compared with 50 age matched control 
population reporting to the hospital with ailments other than NAFLD. The presence or absence of metabolic syndrome was noted in all the 
patients. The history of soft drink intake was obtained from the patient under following heads: a) quantity consumed, b) type of soft drink/
packaged juice consumed, c) period of ingestion and d) frequency of consumption.

Result: The average monthly consumption, duration of consumption and the mean total sugar consumption of sweetened soft drinks / packaged 
juices were significantly higher in patients with NAFLD versus those in the control group (p=0.0002; <0.0001; p=0.002 respectively). 
The quantity and chronicity of intake correlated well with the grade of NAFLD. As the average monthly consumption and mean sugar 
consumption increased the grade of fatty liver on USG also increased (p= 0.004). A total of 11 patients out of all the 100 patients (study and 
control groups combined) had a daily intake of 150-300ml of SSD for a period ranging from 5 to 20 years. Two of these had grade I NAFLD 
whereas 9 had grade II-III NAFLD. Five of these 11 patients had a daily intake of 250ml or greater. All these 5 patients had grade II-III 
NAFLD documented on ultrasound findings. 

Conclusion: The consumption of sweetened soft drinks and packaged juice is on the rise in India. The intake of these drinks is significantly 
higher in patients with NAFLD.
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caramel coloring, which are rich in advanced glycation 
end products that also increase insulin resistance and 
inflammation6. Research both in humans and animals has 
confirmed that diet rich in sucrose/fructose can affect fatty 
infiltration and lipid peroxidation in various types of liver 
disease including NAFLD6,8. The increased intake of soft 
drinks has been associated with NAFLD9. NAFLD patients 
have been detected to have 5 times more consumption of 
carbohydrates from soft drinks/packaged juice as compared 
to healthy persons10.

We studied/investigated this phenomenon in patients 
of NAFLD without features of metabolic syndrome 
with a hypothesis that excess soft drink intake can be an 
independent risk factor to cause non-alcoholic hepatic 
steatosis. The detailed objectives were: (i) To categorize 
NAFLD patients reporting to our gastroenterology clinic 
into two subgroups:- with /without metabolic syndrome; 
(ii) To determine the quantity, frequency, duration and type 
sweet soft drinks /packaged fruit juices consumption in 
these set of patients; (iii) Assess the association between 
consumption of soft drinks/packaged juices and fatty 
liver in patients with or without metabolic syndrome as 
against age-matched controls; (iv) To correlate the level of 
steatosis (objectively rated by USG) with the amount of 
intake of soft drinks in patients of NAFLD 

Materials and Methods
Study Population: 50 patients of NAFLD diagnosed by 
clinical, radiological or histopathological criteria reporting 
to gastroenterology clinic were included in the study. The 
serum biochemical analysis, liver ultrasound and liver 
biopsy histopathology report were analyzed to confirm the 
diagnosis of NAFLD. 50 age-matched controls reporting to 
gastroenterology clinic with ailments other than NAFLD, 
which would not bias the findings, were also included in 
the study.

Data Collection: Following readings were obtained from 
the patient to confirm the presence of metabolic syndrome 
(NCEP 2005 criteria): Waist hip ratio, Blood pressure values, 
Serum lipid profile and blood sugar levels51. The history of 
sweetened soft drink (SSD) intake was obtained from the 
patient under following heads: a) quantity consumed, b) 
type of soft drink/packaged juice consumed, c) period of 
ingestion and d) frequency of consumption. The fructose/
sugar content and calories/100ml of commonly consumed 
soft drinks were deciphered from the market. 

The NAFLD conventionally are graded and staged using 
2005 NAS criteria on liver biopsy52. Herein the extent of 
steatosis, ballooning of hepatocytes, lobular inflammation 
and fibrosis is objectively used to objectively stratify the 
patient. The radiologist use a 4 grade system to grade the 

extent of fatty liver49,50. The sonographic grading criteria for 
NAFLD are50: (i) Mild: Minimally increased parenchymal 
echogenicity and normal appearing intra hepatic vessel 
walls; (ii) Moderate: Further increased parenchymal 
echogenicity causing decreased resolution of intrahepatic 
vessel walls; (iii) Severe: Markedly increased parenchymal 
echogenicity causing inability to resolve intrahepatic vessel 
walls and obscured diaphragmatic outline.

Statistical Analysis: All the data were prospectively entered 
in excel sheets. Discrete categorical data were expressed as 
number and percentage. Continuous data were expressed 
as mean±standard deviation. Continuous variables were 
compared between the two groups using independent 
samples unpaired single tailed Student ‘t’ test. A p value 
< 0.05 was considered as signifiant. Spearman correlation 
coefficient was used to correlate the objective radiological 
extent of NAFLD against the quantity of soft drink intake. 

Results
The mean age of patients with NAFLD was 48.2 years 
with 72% of these cases showing presence of metabolic 
syndrome (Table 1).

The 50 patients of NAFLD were compared with 50 
control patients. Both the groups were equally age and 
sex matched. The average monthly consumption, duration 
of consumption and the mean total sugar consumption of 
sweetened soft drinks / packaged juices were significantly 
higher in patients with NAFLD versus those in the control 
group (Table 2).

The radiological grade of NAFLD was also compared with 
the average monthly consumption, duration of consumption 
and the mean total sugar consumption of sweetened soft 
drinks / packaged juices. These were significantly higher 
in patients with grade II-III versus those in grade I patients 
(Table 3).

A total of 11 patients out of all the 100 patients (study and 
control groups combined) had a daily intake of 150-300ml 
of SSD for a period ranging from 5 to 20 years. Two of 
these had grade I NAFLD whereas 9 had grade II NAFLD. 
Five of these 11 patients had a daily intake of 250ml or 
greater. All these 5 patients had grade II-III NAFLD 
documented on ultrasound findings. Since only 2/50 cases 
had undergone a liver biopsy, no correlation of fat content 
in biopsy was done against the consumption of SD as it 
would have a been too small a number.

Patients with NAFLD were categorized into those with 
presence or absence of metabolic syndrome. There was no 
significant difference in the intake of sweetened soft drinks 
/ packaged juices amongst these groups (Table 4).
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Patients with NAFLD but without the presence of 
metabolic syndrome were compared to the control group. 
The intake of sweetened soft drinks / packaged juices 
was significantly higher in this subgroup versus the 
control (Table 5). This finding indicates that sweetened 
soft drinks / packaged juices are independent risk factors 
for development of NAFLD in the absence of metabolic 

syndrome. The risk stratification increases in the presence 
of metabolic syndrome.

Discussion
Nonalcoholic fatty liver disease (NAFLD) is characterized 
by hepatic steatosis, with no secondary causes of steatosis:- 
alcohol consumption, drugs, infections or hereditary 

Table 1: Demographic details of patients with NAFLD (N=50).

Age (Mean) 48.2 years (range: 24-67 years)

Sex (M/F) 42/8

Presence of Metabolic Syndrome 36 (72%)

Table 2: Consumption of Sweetened Soft Drinks / Packaged Juices.

NAFLD Control p value

N 50 50

Age (years) 48.2±12 45.1±12.6 0.1 (NS)

Sex (M/F) 42/8 43/7

Average Consumption (ml/month) 1766±2789.6 240±362.4 0.0002

Period (years) 14.84±11.6 3.96±6.5 <0.0001

Mean Sugar consumption (gms) 47492.66±82527.4 2587.96±5478.6 0.0002

Table 3: Association of Grade of NAFLD with Intake of Sweetened Soft Drinks.

Grade I NAFLD Grade II-III NAFLD p value

N 37 13

Average Consumption (ml/month) 652.7±1212.9 4934.61±3558.6 0.0004

Period (years) 13.43±11.4 18.84±11.7 0.08

Mean Sugar consumption (gms) 25886.23±67062.3 114112.5±92677.6 0.004

Table 4: Association of metabolic syndrome with Intake of Sweetened Soft Drinks in patients with NAFLD.

Metabolic Syndrome Present Metabolic Syndrome absent p value

N 36 14

Average Consumption (ml/month) 1958.33±2896.8 1271.43±2524.5 0.207

Period (years) 15.88±11.6 12.14±11.4 0.15

Mean Sugar consumption (gms) 51844.15±87637.5 36613.92±69871.2 0.26

Table 5: Association of Sweetened Soft Drinks / Packaged Juices with NAFLD in patients without metabolic syndrome.

NAFLD without Metabolic syndrome Control p value

N 14 50

Average Consumption (ml/month) 1271.43±2524.5 240±362.4 0.07

Period (years) 12.14±11.4 3.96±6.5 0.01

Total Consumption (ml) 340714±672552.7 20100±41934.1 0.05

Mean Sugar consumption (gms) 36613.92±69871.2 2587.96±5478.6 0.046
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disorders. It affects 2.8-24% of the general population11. 
The incidence of NAFLD in the Indian subcontinent ranges 
from 8-32% in different population settings (Table 1)12-17. 
The natural history of the disease is still unclear. NAFLD 
can progress to nonalcoholic steatohepatitis (NASH), a fatty 
liver with hepatitis. This form of liver injury carries a 20%-
50% risk for progressive fibrosis, 30% risk for cirrhosis, 
and 5% risk for hepatocellular carcinoma (HCC)18-20. In 
studies with paired biopsies (one biopsy performed after 
the period of follow-up), the disease progressed in 32-41%, 
remained stable in 34- 50%, and improved in a minority of 
the patients with NAFLD.

The dietary habits have drastically changed over last 
few decades. There has been a surge in introduction of 
sweeteners such as fructose and sucrose by the food 
industries. Regular aerated soft drinks and packaged fruit 
drinks have become major sources of high fructose or 
sugar. It is well known that dietary factors can affect fatty 
infiltration and lipid peroxidation in various types of liver 
disease including NAFLD23,24. Increased ingestion of SD 
has been found to be one of the dietary factors linked to 
NAFLD independent of metabolic syndrome.

The term SSD (soda, soda pop, pop, colas etc) refers to a 
nonalcoholic beverage that is usually carbonated. Two types 
of SSD are used; regular SSD which are sweetened with 
sugar (fructose) and diet SSD which are sweetened with 
non-caloric sweeteners (aspartame). High fructose corn 
syrup (HFCS) is used almost exclusively as a sweetener 
because of its lower cost. HFCS made by enzymatic 
isomerization of glucose to fructose was introduced as 
HFCS-42 (42% fructose) and HFCS-55 (55% fructose) 
in 1967 and 1977, respectively. Worldwide, SD is the 
leading cause of added sugar. Recent evidence suggests 
an association between the intake of sugar sweetened SD 
and the risk of obesity and diabetes resulting from large 
amounts of high fructose corn syrup (HFCS) used in 
their manufacture, which raises blood glucose similar to 
sucrose5. In addition, diet SD contain aspartame sweetener 
and caramel coloring, which are rich in advanced glycation 
end products that potentially increase insulin resistance 
and inflammation6,26. Increased ingestion of SD has been 
found to be linked to NAFLD independent of metabolic 
syndrome. Assy et al proved that increased ingestion of soft 
drinks was found to be linked to NAFLD independent of 
metabolic syndrome9. It is conjectured that hepatic fructose 
metabolism begins with phosphorylation of fructokinase. 
Fructose carbon enters the glycolyticpathway at the triose 
phosphate level. Fructose thereby bypasses the main 
regulator point by which glucose carbon enters glycolysis. 
This permits excess fructose to function as an unregulated 

source of glycerol-3-phosphate and acetyl-CoA for hepatic 
lipogenesis10. 

In our study, the intake of sweetened Soft Drinks (SSD) 
/ packaged juices was found to be statistically higher 
in patients with NAFLD versus that in controls (1766 
ml/month vs 240 ml/month; p<0.0002) (Table 2). The 
chronicity of intake also mattered and was significantly 
higher in the NAFLD group (p<0.0001). We graded the 
degree of NAFLD based on ultrasound criteria and grouped 
the patients into 2 categories: Low grade (grade I) and High 
Grade (II-III). The intake of SSDs was again significantly 
higher in high grade NAFLD as compared to low grade 
NAFLD (p= 0.0004) indicating that SSDs are not just 
linked to the higher incidence of NAFLD but also to the 
grade of NAFLD (Table 3). A total of 11 patients out of all 
the 100 patients (study and control groups combined) had a 
daily intake of 150-300ml of SSD for a period ranging from 
5 to 20 years. Two of these had grade I NAFLD whereas 9 
had grade II NAFLD. Five of these 11 patients had a daily 
intake of 250ml or greater. All these 5 patients had grade II-
III NAFLD documented on ultrasound findings indicating 
the risk of NAFLD amongst people with daily high volume 
intake of SSDs. Our results correlate well with those of 
Assy et al who found a significant correlation between 
the amount of soft drink consumed and the extent of fatty 
infiltration25. 

The amount of sugar consumed due to sweetened Soft 
Drinks (SSD) / Packaged Juices was found to be statistically 
higher in patients with NAFLD versus that in controls in 
our study (p<0.0002). In a study by Abid et al, the NAFLD 
group consumed five times more carbohydrates from soft 
drinks compared to healthy controls26. 

We categorized patients with NAFLD into those with 
and those without metabolic syndrome (Table 4). The 
intake of SSD did not differ significantly amongst both 
the groups. This probably hints towards SSDs being an 
independent risk factor in the etiology of NAFLD. Patients 
with NAFLD and without metabolic syndrome were 
compared with controls (Table 5). The intake of SSDs was 
again significantly higher in these patients as compared 
to the controls (p=0.05). This proves that SSDs are an 
independent risk factor in the development of NAFLD. 
Studies by Assy et al25 and Siddiqi et al47 also documented 
similar results. Assy et al studied the association between 
soft drink consumption and the presence of fatty liver in 
NAFLD patients who do not have classic risk factors. 
They observed that 80% of patients (25 of 31) consumed 
an excessive amount of soft drink beverages (more than 50 
g/day of added sugar) for 36 months, compared with 20% 
in healthy controls.
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Recent evidences regarding the association of fructose and 
soft drinks with NAFLD however have been conflicting. 
Armiliato and colleagues and a recent meta-analysis did 
a review of existing literature and found that even though 
growing evidence suggests that fructose contributes to the 
development and severity of NAFLD, available evidence 
is not sufficiently robust to draw conclusions regarding 
effects of fructose, HFCS, or sucrose consumption on 
NAFLD43-45. Further studies would be needed to highlight 
the individual role of each of these in the development of 
NAFLD and other diseases like diabetes. 

Conclusion
The consumption of sweetened soft drinks and packaged 
juice is on the rise in India. The intake of these drinks is 
significantly higher in patients with NAFLD. Increasing 
consumption of these drinks is an independent risk factor 
not only for the development of NAFLD but also for a 
higher grade of NAFLD especially in population with high 
daily and chronic intake. It is important to highlight the 
hazardous effects of regular ingestion of these drinks to the 
population. 

Declarations: The study was funded through ICMR as a 
STS project in 2017-18
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