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Background: Non-alcoholic fatty liver disease (NAFLD) is an overlooked

complication of type 2 diabetes (T2D). Current recommendations for the

management of NAFLD are mainly focused on weight reduction, overlooking

the role of macronutrient composition. Although dietary carbohydrates play a

major role in intrahepatic fat synthesis, their association with the progression

of liver steatosis has not been fully investigated in patients with T2D.

Aim: To investigate the association between higher carbohydrate intake and

the presence of liver steatosis in patients with T2D.

Methods: This cross-sectional study included men and women aged 18–

60 years diagnosed with T2D. Anthropometric measurements, hepatic

steatosis assessment using the controlled attenuation parameter (CAP), blood

samples, and dietary data were analyzed. Participants were divided into two

groups: NAFLD and NAFLD-free. A two-sample t-test was used to evaluate

the differences between the two groups. Stepwise multiple linear regression

models adjusted for potential confounders were used to determine the

association between CAP values and higher carbohydrate intake.

Results: In total, 358 participants were included. NAFLD was present in

79.3% of the participants. Body mass index, waist circumference, ALT,

HbA1c, and triglycerides showed direct, while HDL-Cholesterol revealed

inverse associations with CAP values. No significant relationship was found

between carbohydrate intake and steatosis in the total study sample; however,

multiple linear regression analysis revealed a significant relationship between

carbohydrate intake and CAP values in patients aged ≤50 years.
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Conclusion: In patients with T2D, higher carbohydrate intake was associated

with liver steatosis in those aged 50 years and below. Further studies

are required to confirm the causality between carbohydrate intake and

liver steatosis.
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Introduction

Type 2 diabetes (T2D) is one of the fastest-growing diseases
worldwide, representing a great healthcare challenge at present
(1). Recent reports have demonstrated that T2D is rising in
parallel with the increasing incidence of non-alcoholic fatty
liver disease (NAFLD) (2), an overlooked complication of T2D.
NAFLD is the most widespread form of chronic liver disease (2)
and represents a spectrum of chronic hepatic diseases caused by
fat accumulation in more than 5% of hepatocytes in the absence
of significant alcohol abuse (3, 4). The global pooled prevalence
of NAFLD in T2D is 59.67% as reported in a meta-analysis (5).
In Saudi Arabia (SA), the prevalence of NAFLD was estimated
at 72.8% among patients with T2D (6).

In patients with T2D, chronic increased levels of glucose,
insulin, and free fatty acids contribute to resistance to insulin-
stimulated glucose uptake in skeletal muscles and adipose tissue,
in addition to resistance to the insulin-mediated suppression
of lipolysis in adipose tissue (7). Moreover, elevated blood
glucose concentrations lead to increased glucose uptake by
the liver, resulting in increased conversion of glucose to fatty
acids via de novo lipogenesis. As a result of the high blood
glucose and free fatty acid concentrations, and to prevent the
lipotoxicity of free fatty acids, fat is mildly accumulated in
the liver as an adaptive response. As free fatty acids continue
to flow into the liver, hepatic intracellular triglycerides will
increase, leading to excessive hepatic lipid accumulation. Unlike
healthy individuals, the exportation of hepatic fat by very low-
density lipoprotein (VLDL) is either insufficient or impaired
in patients with NAFLD and/or T2D (7, 8). Patients with T2D
usually experience increased liver lipogenesis (9, 10), along with
reduction in fatty acid oxidation (11) and triglycerides secretion
through VLDL (12). A patient with T2D who has developed
NAFLD is exposed to many complications, such as increased
microvascular comorbidities of T2D (13, 14), increased risk
of cardiovascular events (15), and the progression of the fatty
liver into more severe and fatal conditions such as fibrosis,
cirrhosis, and hepatocellular carcinoma. These adverse health
conditions pose an extra burden on the national healthcare
systems, especially with the increasing rates of T2D in SA
(16, 17).

The current literature suggests weight reduction as a
primary approach to managing NAFLD (4, 18, 19). However,

these recommendations are mainly focused on calorie deficit,
overlooking the role of dietary macronutrient composition.
Macronutrient composition, and more specifically carbohydrate
content, may modulate the success of intrahepatic fat reduction,
as suggested by multiple studies (20–22). Theoretically,
increased intake of dietary carbohydrates is known to be a
strong contributor to the development of NAFLD, since they
stimulate de novo lipogenesis and induce the synthesis of
intrahepatic fat (23, 24). However, research in this area is
limited and evidence is still scarce, which may be attributed
to methodological limitations in collecting dietary data and
achieving a representative sample size (25). Moreover, limited
data is available to support the role of carbohydrate intake on
the progression of NAFLD in patients with T2D. Knowledge
achieved in this area will sufficiently contribute to the current
dietary guidelines for patients with T2D, thus helping prevent
NAFLD and its advanced stages. Therefore, in this cross-
sectional study, we aim to investigate the relationship between
carbohydrate intake and the presence of hepatic steatosis in
patients diagnosed with T2D. We hypothesize that higher
carbohydrate intake is associated with hepatic steatosis in
patients diagnosed with T2D.

Materials and methods

Study design

This is a cross-sectional analysis conducted on a sub-sample
randomly selected from the CORDIAL cohort study (non-
alcoholic fatty liver disease in a Saudi Cohort with type 2
diabetes mellitus) at the Obesity Research Center, King Saud
University, Riyadh, Saudi Arabia. Details on the study have been
published previously (26). In brief, the CORDIAL study is a
large ongoing prospective cohort started in 2015 that aims to
identify the history of hepatic steatosis in patients with T2D over
10 years, with 1,000 participants currently recruited.

The present study was focused on analyzing anthropometric
measurements, liver imaging (FibroScan R©), blood samples, and
completing and analyzing dietary data for recruited participants
to explore associations between carbohydrate intake and the
presence of liver steatosis in patients with T2D. Signed consent
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forms were collected from each participant prior to their
inclusion in the study and participants had the right to withdraw
at any time. The study was approved by the Local Research
Ethics Committee in King Fahad Medical City (IRB 12-344).

Sample size

The sample size was calculated based on local data (6, 27)
to determine the prevalence of NAFLD among patients with
T2D with a two-sided significance level of 5% and a confidence
level of 95%. The required sample size was 368 participants.
Considering a 10% dropout rate, the final sample size was
approximately 405 participants.

Study participants

The CORDIAL study included men and women aged 18–
60 years and diagnosed with T2D. Subjects were excluded if
they showed evidence of hepatic decompensation, or if they have
preexisting hepatocellular carcinoma, causes of fatty liver other
than NAFLD, or a presence of significant alcohol intake (i.e.,
daily intake of ≥30 g for men and ≥20 g for women). For the
current analyses, we excluded participants who did not complete
three non-consecutive days of the 24-h dietary recall or had
missing liver imaging data. The recruitment process is illustrated
in Figure 1.

Dietary data

Dietary data were assessed using a detailed 24-h recall
assessment method for three non-consecutive days, two on
weekdays and one on weekends. The 24-h recall data were
collected by trained clinical dietitians utilizing the United States
Department of Agriculture 5-step multiple-pass technique (28,
29). Owing to the COVID-19 restrictions, the protocol was
adjusted to one dietary assessment conducted in an in-person
visit and two by phone.

During the dietary assessment, three-dimensional
measurement aids (such as food models and household
measures) and two-dimensional measurement aids (such
as food photographs) were used to estimate portion sizes
of consumed food. Moreover, participants were provided
a brochure that contains photographs and descriptions of
different portion sizes and household measures to be utilized in
phone interviews. Most of the two-dimensional measurement
aids were obtained from the Nutritional Assessment Guide for
Saudi Arabia (30), which contains comprehensive information
on different local dishes displayed in various amounts and sizes.
All dietary data were transformed into metric units and analyzed
using ESHA’s Food Processor R© Nutrition Analysis software

(ESHA Research, OR, USA) (31) to estimate macronutrient
compositions. Saudi local dishes that were not available in
ESHA’s database were entered as separate ingredients depending
on the original recipe, using the Nutritional Assessment Guide
for Saudi Arabia. In case a food item was unavailable, this was
added manually if the nutritional information of that food was
available, or the most similar available food item was used.
Trained dietitians followed a study-specific operational manual
and a standard protocol for data coding and entry.

Liver steatosis assessment

To detect liver steatosis, a controlled attenuation parameter
(CAP) test using FibroScan R© (Echosens Ltd., Paris, France)
was conducted by a trained specialist. CAP is a valid, non-
invasive measuring method that is used to diagnose and quantify
hepatic steatosis. It can provide higher accuracy in diagnosing
and assessing steatosis compared to circulating biomarkers or
ultrasonography (32). Hepatic steatosis was determined based
on FibroScan

R©

CAP cutoff values that range from S0, which
indicates no steatosis, to S3, indicating severe steatosis. Steatosis
stages were defined as follows: (i) S0 for no steatosis (CAP
values less than 248 dB/m); (ii) S1 for mild steatosis (CAP
values from 248 to <268 dB/m, indicating ≥10% of hepatocytes
with fat); (iii) S2 for moderate steatosis (CAP values from 268
to <280 dB/m, indicating ≥33% hepatocytes with fat); (iv) S3
for severe steatosis (CAP values equal to 280 dB/m or more,
indicating ≥66% hepatocytes with fat) (33).

Anthropometric and biochemical
measurements

Anthropometric parameters [height, weight, and waist
circumference (WC)] were recorded once, using a standard
protocol, with participants wearing light clothing and no shoes.
Body mass index (BMI) was calculated as kg/m2. All blood
samples were collected after overnight fasting, well-contained
and stored in the main study site. Blood samples were collected
mainly to measure liver enzymes, lipid profile, and glycated
hemoglobin (HbA1c). Anthropometrics and blood samples
were collected by a certified nurse. Serum lipids and liver
enzymes were measured using Abbott – Architect Plus, a
clinical chemistry autoanalyzer (Abbott, Abbott Park, IL, USA).
Glycated hemoglobin (HbA1c) determination was performed
using D-100 R©, a high-performance liquid chromatography
analyzer (Bio-Rad Laboratories, Hercules, CA, USA).

Statistical analysis

A normality test was performed for all variables and data
were checked for outliers and data transfer errors. All included
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FIGURE 1

A flow chart of the recruitment process.

data were normally distributed. Participants were divided into
two groups, NAFLD and NAFLD-free, and a two-sample t-test
was used to evaluate the differences between the two groups.
Continuous data were presented as mean ± standard deviation
(SD) and categorical data were presented as frequencies
and percentages.

Pearson’s correlation test was used to measure the
association between continuous variables. Moreover,
participants were stratified into subgroups based on steatosis
severity (S0–S3). Analysis of variance (ANOVA) and χ2 tests
were used to analyze differences between continuous and
categorical variables, and Tukey’s post-hoc test was performed
to detect the significant differences between groups.

We used stepwise multiple linear regression models adjusted
for potential confounders to determine associations with CAP
values for each 2 SD higher carbohydrate intake. Model 1 was
adjusted for age and sex. Model 2 was additionally adjusted
for demographic data (marital status, education, employment,
and income) and smoking. Model 3 was additionally adjusted
for BMI. Model 4 is model 2 adjusted for LDL-cholesterol
(LDL-C) and HDL-cholesterol (HDL-C). Finally, model 5 is
model 2 adjusted for triglycerides. Additionally, we evaluated
potential effect modifications by age, sex, BMI, and WC.
P-values of <0.05 were considered statistically significant for
all analyses. Logistic regression analysis was also conducted
to investigate the association between carbohydrate intake and
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the presence/absence of NAFLD, using the previously defined
models. Moreover, receiver operating characteristic (ROC)
curve analysis was performed to assess the models. All statistical
analyses were performed using the Statistical Package for Social
Science (IBM SPSS R©) version 23.0 (SPSS Inc., IBM, Armonk, NY,
USA).

Results

Baseline characteristics

A total of 358 participants were included in the current
study. Descriptive characteristics of the study sample are
presented in Table 1. All variables were normally distributed.
Approximately 79% of participants were diagnosed with
NAFLD, of which 97.2% were overweight or obese. BMI was
significantly higher in the NAFLD group (33.4 ± 5.1 kg/m2)
compared to the NAFLD-free group (30.9 ± 6.3 kg/m2,
P < 0.001). Similarly, the mean WC was higher in the NAFLD
group (107.1 ± 13.0 cm) compared to the NAFLD-free group
(103.3 ± 12.9 cm, P = 0.03). Significant differences were
found between the NAFLD and NAFLD-free groups in ALT
(25.6 ± 14.1 U/L vs. 21.1 ± 8.9 U/L, P = 0.009), HDL-C
(1.1 ± 0.3 mmol/L vs. 1.2 ± 0.3 mmol/L, P = 0.04), and
triglycerides (1.6 ± 0.8 mmol/L vs. 1.3 ± 0.6 mmol/L, P = 0.001)
(Table 1).

Associations between hepatic steatosis
and other parameters

In the total study sample, CAP values were significantly
and directly correlated with BMI (r = 0.2, P < 0.001), WC
(r = 0.2, P < 0.001), and being overweight (r = 0.3, P < 0.001).
CAP values were significantly correlated with higher ALT levels
(r = 0.3, P < 0.001), triglyceride levels (r = 0.2, P = 0.003),
and lower HDL-C levels (r = −0.2, P = 0.002) in the total
study sample. Moreover, greater HbA1c levels were significantly
correlated with higher CAP values (r = 0.1, P = 0.02).
No significant associations were found between NAFLD and
nutrient intake (Tables 1, 2).

Associations between hepatic steatosis
severity, blood biochemistry, and body
mass index

When the means of steatosis severity groups were compared
to each other, the ANOVA test revealed significant differences
in BMI, WC, overweight, ALT, triglycerides, and HDL-C. In
Tukey’s post-hoc analysis, participants with no steatosis have
significantly lower BMI, WC, ALT, and triglycerides compared

to the severe steatosis group (P = 0.001, P = 0.03, P = 0.004, and
P = 0.005, respectively) (Table 2).

Associations between carbohydrate
intake and controlled attenuation
parameter values

Linear regression analysis showed no statistically significant
association between carbohydrate intake and CAP in all models
for the total study sample (Supplementary Table 1).

Test of interaction revealed a significant effect of age as a
modifier; therefore, we stratified the study sample by median age
(51 years) and repeated the regression analysis (Supplementary
Table 1). In participants aged 50 years and below, carbohydrate
intake was significantly associated with CAP in model 3
(B = 1.249, P = 0.034) and model 4 (B = 1.400, P = 0.025)
(Table 3). No significant associations were observed in the
other age group (>50 years) (Supplementary Table 1). In the
logistic regression analysis, carbohydrate intake did not have any
significant contribution in all models (Supplementary Table 2).
In the total sample, ROC curve analysis revealed significant
results in models 2–5 (P < 0.001) (Supplementary Figure 1
and Supplementary Table 3). Similar findings were observed
in participants aged ≤50 and >50 years (Supplementary
Figures 2, 3 and Supplementary Table 3).

Discussion

To the best of our knowledge, this is the first national
study investigating carbohydrate intake in relation to CAP-
confirmed NAFLD in participants diagnosed with T2D. In this
study, hepatic steatosis was associated with higher carbohydrate
consumption in participants aged ≤50 years in the linear
regression model 3, which was adjusted for sex, demographic
data, smoking, and BMI, and model 4, which was adjusted
for sex, demographic data, smoking, LDL-C, and HDL-C.
Moreover, we found significant associations between hepatic
steatosis and higher BMI, WC, triglycerides, ALT, HbA1c, and
lower HDL-C in the total study sample.

Frequency of non-alcoholic fatty liver
disease among patients with type 2
diabetes

Non-alcoholic fatty liver disease was present in 79.3% of
the study participants. Similarly, a study conducted in Abha
city (2018) showed that NAFLD was present in 72.8% of
245 participants previously diagnosed with T2D (6). Another
study in Jeddah (2003) showed that the prevalence of NAFLD
among 116 patients with T2D was 55% (34). Both SA studies
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TABLE 1 Baseline characteristics of the study sample stratified by the presence of non-alcoholic fatty liver disease (NAFLD), n = 358.

Characteristics Total
sample

(n = 358)

NAFLD
(CAP ≥ 248)

(n = 284)

NAFLD-free
(CAP < 248)

(n = 74)

P-value

Age (years) 49.8 ± 7.5
(range: 25–60)

49.6 ± 7.5 50.7 ± 7.4 0.274

Sex

Female 175 (48.9%) 147 (51.8%) 28 (37.8%) 0.033

Male 183 (51.1%) 137 (48.2%) 46 (62.2%)

Anthropometric measurements

BMI (kg/m2) 32.9 ± 5.5 33.4 ± 5.1 30.9 ± 6.3 <0.001

Lean (<25) 22 (6.1%) 8 (2.8%) 14 (18.9%)

Overweight (≥25) 336 (93.9%) 276 (97.2%) 60 (81.1%) <0.001

Waist circumference 106.3 ± 13 107.06 ± 12.96 103.25 ± 12.89 0.025

Men 107.3 ± 13.6 109.1 ± 13.2 102.1 ± 13.4 0.002

Women 105.2 ± 12.4 105.2 ± 12.5 105.2 ± 12 0.996

Liver steatosis

CAP (dB/m) 295.9 ± 58.9 318.1 ± 41 210.5 ± 33.4 <0.001

Biochemistry

ALT (U/L) 24.7 ± 13.3 25.6 ± 14.1 21.08 ± 8.88 0.009

AST (U/L) 20.6 ± 8.8 20.9 ± 9.3 19.6 ± 6.3 0.273

GGT (U/L) 33 ± 32.8 31.5 ± 24.7 38.9 ± 6.3 0.108

Total cholesterol (mmol/L) 4.3 ± 1.2 4.3 ± 1.2 4.2 ± 1.1 0.457

HDL-C (mmol/L) 1.1 ± 0.3 1.1 ± 0.3 1.2 ± 0.3 0.044

LDL-C (mmol/L) 2.7 ± 0.9 2.7 ± 0.9 2.6 ± 0.9 0.326

Triglycerides (mmol/L) 1.6 ± 0.8 1.6 ± 0.8 1.3 ± 0.6 0.001

HbA1c (%) 8.3 ± 1.9 8.3 ± 1.9 8 ± 1.9 0.146

Dietary intake

Carbohydrate (%energy/day) 57.8 ± 8.4 58.1 ± 8 56.9 ± 8.6 0.237

Protein (%energy/day) 17 ± 3.9 16.9 ± 3.9 17.4 ± 4.2 0.282

Fat (%energy/day) 25.3 ± 7 25 ± 6.5 25.7 ± 7.3 0.418

%Saturated fat 6.8 ± 2.8 6.7 ± 2.4 6.8 ± 2.5 0.626

%Monounsaturated fat 6.5 ± 3 6.4 ± 2.9 6.8 ± 3.4 0.304

%Polyunsaturated fat 3.1 ± 1.9 3.1 ± 1.9 3.1 ± 2.1 0.978

%Trans fat 0.1 ± 0.2 0.1 ± 0.1 0.2 ± 0.2 0.086

%Other fat 8.8 ± 4.2 8.7 ± 4 8.9 ± 4.3 0.721

Dietary cholesterol (mg/1000 cal) 109.1 ± 58.7 107.1 ± 56.2 115.7 ± 64.1 0.252

Energy (kcal/day) 1737.4 ± 661.8 1747.6 ± 673.9 1651.9 ± 580.5 0.265

Fiber (g/1000 kcal) 12.1 ± 4.3 11.9 ± 3.8 12.5 ± 4.8 0.265

Sugar (g/1000 kcal) 27.4 ± 13.5 27.1 ± 13 28.4 ± 14.4 0.427

Data presented as mean ± SD for continuous variables and n (%) for categorical variables; p < 0.05 is considered significant. NAFLD, non-alcoholic fatty liver disease; CAP, controlled
attenuation parameter; ALT, alanine transaminase; AST, aspartate aminotransferase; GGT, gamma-glutamyl transferase; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density
lipoprotein cholesterol; HbA1c, glycated hemoglobin.

used abdominal ultrasound examination to diagnose NAFLD,
whereas FibroScan R© was used in our study. Globally, the pooled
prevalence of NAFLD in patients with T2D in a meta-analysis
that included 24 studies involving 35,599 patients with T2D
was 59.67% (5). Another meta-analysis of 17 studies involving
10,897 patients with T2D reported an overall NAFLD prevalence
of 54% (35). In both reports, the highest prevalence rates were
reported in Romania (87.1%), India (87%), and Italy (75%). In
our study, the detected frequency of NAFLD among patients

with T2D is thought to be in line with the recent local and global
data.

Carbohydrate consumption and its
association with hepatic steatosis

Although participants in the NAFLD group consumed
slightly more carbohydrates than the NAFLD-free group, this
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TABLE 2 Analysis of variance between hepatic steatosis severity and weight, biochemical, and dietary data, n = 358.

Factors S0
(n = 74)

S1
(n = 34)

S2
(n = 23)

S3
(n = 227)

ANOVA
P-value

BMI 30.9 ± 6.3c 32.8 ± 3.9 32.5 ± 4.4 33.6 ± 5.3 0.003

Lean 14 (18.9%)a, b, c 0 1 (4.3%) 7 (3.1%) <0.001

Overweight 60 (81.1%)a, b, c 31 (100%) 22 (95.7%) 220 (96.9%) <0.001

Waist circumference 103.3 ± 12.9c 103 ± 10.6 102.7 ± 11.5 108.1 ± 13.2 0.007

AST (U/L) 19.6 ± 6.3 17.6 ± 4.9 18.8 ± 6 21.5 ± 9.9 0.059

ALT (U/L) 21.1 ± 8.9c 19.2 ± 8 20.6 ± 8.5 27.0 ± 14.9 <0.001

GGT (U/L) 38.9 ± 53.6 32 ± 41 24.5 ± 14.4 32.1 ± 22.3 0.331

Total cholesterol (mmol/L) 4.2 ± 1.1 4.3 ± 1.3 4.3 ± 0.9 4.3 ± 1.2 0.895

HDL-C (mmol/L) 1.2 ± 0.3 1.2 ± 0.3 1.2 ± 0.4 1.1 ± 0.3 0.027

LDL-C (mmol/L) 2.6 ± 0.9 2.7 ± 1.1 2.6 ± 0.9 2.7 ± 0.9 0.649

Triglycerides (mmol/L) 1.3 ± 0.6c 1.5 ± 0.8 1.7 ± 0.9 1.7 ± 0.8 0.008

HbA1c (%) 8 ± 1.9 8.2 ± 2.2 8 ± 1.6 8.4 ± 1.8 0.359

Carbohydrate (%energy/day) 56.9 ± 8.6 56.8 ± 7.2 59.7 ± 6.7 58.2 ± 8.3 0.372

Protein (%energy/day) 17.4 ± 4.1 17.1 ± 4.2 16.3 ± 3.5 16.9 ± 3.9 0.627

Fat (%energy/day) 25.7 ± 7.3 26.1 ± 6.4 24 ± 5.1 25 ± 6.6 0.548

%Saturated fat 6.8 ± 2.5 7.4 ± 3.0 6 ± 1.5 6.6 ± 2.4 0.165

%Monounsaturated fat 6.8 ± 3.2 7 ± 3.3 5.6 ± 2 6.4 ± 2.9 0.256

%Polyunsaturated fat 3.1 ± 2.1 3.2 ± 2.1 3.1 ± 2.2 3.1 ± 1.8 0.993

%Trans fat 0.2 ± 0.2 0.2 ± 0.2 0.1 ± 0.1 0.1 ± 0.1 0.201

%Other fat 8.9 ± 4.4 8.4 ± 4.0 9.2 ± 4 8.7 ± 4 0.871

Dietary cholesterol (mg/1000 kcal) 115.7 ± 64.1 110.8 ± 54.5 104.1 ± 47 106.8 ± 57.5 0.680

Energy (kcal/day) 1651.9 ± 580.5 1780.5 ± 544.0 1522.7 ± 614.4 1765.4 ± 695 0.241

Fiber (g/1000 kcal) 12.5 ± 4.8 11.7 ± 3.1 12.5 ± 4.3 11.9 ± 3.9 0.614

Sugar (g/1000 kcal) 28.4 ± 14.4 27.8 ± 11.7 25.1 ± 12.3 27.2 ± 13.3 0.737

Data presented as mean ± SD for continuous variables and n (%) for categorical variables; p < 0.05 is considered significant. NAFLD, non-alcoholic fatty liver disease; CAP, controlled
attenuation parameter; ALT, alanine transaminase; AST, aspartate aminotransferase; GGT, gamma-glutamyl transferase; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density
lipoprotein cholesterol; HbA1c, glycated hemoglobin.
aSignificant difference between S0 and S1.
bSignificant difference between S0 and S2.
cSignificant difference between S0 and S3.

was not statistically significant. Moreover, the results of our
study showed no significant association between carbohydrate
intake and CAP values and with steatosis stages in the
total study sample. Several studies found otherwise (21,
36, 37); less carbohydrate intake was associated with lower
intrahepatic fat. It is noteworthy that some of these studies
used absolute consumption in grams instead of energy-adjusted
intake (21).

Interestingly, linear regression models revealed a significant
association between carbohydrate intake and CAP in
participants aged ≤50 years, after adjusting for demographic
variables, smoking, BMI, LDL-C, and HDL-C. The underlying
mechanism remains unclear; however, this may suggest that
younger individuals with T2D are more likely to benefit from
lower carbohydrate intake to prevent the development of
NAFLD. Similar to our findings, the Rotterdam study did not
find an association between steatosis and carbohydrate intake
in their predominantly older study sample (38). Although
the studies that found a desirable effect of less carbohydrate
consumption on liver steatosis were not focused on those

diagnosed with T2D, it is noticeable that the mean age of the
included participants in some of these studies was comparable
to the mean age of our younger group (43.2 ± 5.8 years) (20,
36, 39).

Clinical and biochemical parameters
and their relation to non-alcoholic
fatty liver disease

In our study, higher weight was associated with the
presence of hepatic steatosis in patients with T2D. These
findings contribute to the accumulating evidence that NAFLD
is associated with increased body weight and central obesity
(40–43). According to a meta-analysis of 16 studies, BMI
and WC were both independently associated with NAFLD
(44). Individuals with central obesity had a higher risk of
NAFLD than individuals with general obesity (44, 45), as central
obesity may interrupt the secretion of adipose tissue-derived
adipokines, leading to an increase in harmful and a decrease
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TABLE 3 Stepwise multiple linear regression analysis between CAP values and two standard deviation higher carbohydrate intake in participants
aged 50 years and below, n = 163.

Model Unstandardized coefficient Standardized coefficient t P-value 95% CI

B Standard
error

Lower bound Upper bound

Model 3

Carbohydrate intake
(%energy/day)

1.249 0.583 0.171 2.143 0.034 0.097 2.401

Sex 18.100 11.450 0.154 1.581 0.116 −4.531 40.731

Marital status −10.804 6.118 −0.137 −1.766 0.079 −22.895 1.287

Level of education 3.830 2.570 0.120 1.490 0.138 −1.249 8.909

Employment −7.341 3.108 −0.211 −2.362 0.020 −13.484 −1.197

Average family income 0.378 2.963 0.010 0.127 0.899 −5.478 6.233

Smoking 8.802 17.220 0.042 0.511 0.610 −25.232 42.835

BMI (kg/m2) 3.243 0.842 0.326 3.852 <0.001 1.579 4.907

Model 4

Carbohydrate intake
(%energy/day)

1.400 0.618 0.191 2.267 0.025 0.180 2.621

Sex 1.750 12.533 0.015 0.140 0.889 −23.024 26.525

Marital status −10.843 6.267 −0.137 −1.730 0.086 −23.232 1.545

Level of education 4.157 2.618 0.131 1.588 0.115 −1.018 9.332

Employment −4.748 3.147 −0.136 −1.509 0.134 −10.969 1.473

Average family income −0.172 3.022 −0.005 −0.057 0.955 −6.145 5.800

Smoking 4.932 17.707 0.023 0.279 0.781 −30.069 39.934

LDL-C (mmol/L) 11.074 4.795 0.187 2.309 0.022 1.595 20.553

HDL-C (mmol/L) −38.685 18.448 −0.185 −2.097 0.038 −75.152 −2.219

p< 0.05 is considered significant. CAP, controlled attenuation parameter; CI, confidence interval; BMI, body mass index; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density
lipoprotein cholesterol.

in protective adipocytokines (46, 47), which may accelerate the
occurrence of NAFLD (48, 49).

The present study showed that HbA1c was significantly
associated with CAP values. This suggests that poor diabetes
control could be a significant contributor to the development of
liver steatosis. It has been suggested that in T2D, hyperglycemia
induces the generation of oxidative stress markers and
inflammatory mediators leading to cell dysfunction (50, 51).
In patients with both T2D and NAFLD, the emission of
inflammatory mediators takes place in an early stage of the
disease prior to liver damage. Therefore, to prevent further
progression of NAFLD into its more severe stages, more focus
should be given to monitoring blood glucose levels, HbA1c, and
lipid profile, in addition to encouraging a healthy lifestyle (51).

We found that liver steatosis in patients with T2D was
correlated with dyslipidemia (i.e., high triglycerides and low
HDL-C), which was observed in previous studies as well (51, 52).
It is known that T2D-induced hyperglycemia is likely to enhance
the pathogenicity of NAFLD by inducing dyslipidemia (53).
Furthermore, increased serum triglyceride level is associated
with insulin resistance, which also leads to hepatocyte fat
deposition. With respect to liver enzymes, ALT was correlated
with hepatic steatosis, which is comparable to previous studies
(40, 54). Ultrasonography-detected NAFLD was the most

common cause of abnormal liver biochemistry, according to
a large prospective cohort study from the United Kingdom
(55). In this study, participants diagnosed with NAFLD had
significantly higher WC, triglycerides, and HbA1c and lower
HDL-C, which are the characteristics of metabolic syndrome
(56). NAFLD is currently considered a hepatic manifestation of
metabolic syndrome in patients with T2D (57, 58). The links
between NAFLD, metabolic syndrome, and T2D are probable
due to the shared pathogenic factors (59).

This is the first national study to investigate carbohydrate
intake in relation to CAP-confirmed NAFLD in participants
diagnosed with T2D in Saudi Arabia and the first to identify
age as a potential effect modifier. A key strength of our study is
the use of a non-invasive diagnostic tool to assess liver steatosis,
the CAP. Moreover, we performed a comprehensive, detailed
dietary assessment using the best available method (24-h recall),
which was conducted on three non-consecutive days to allow
for the correction of within-subject variability in nutrient intake
(60). Furthermore, dietary data were analyzed using a validated
food analysis software, with reliance on local food guides to
estimate the nutritional values of the traditional dishes. On the
contrary, this study has potential limitations that need to be
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considered. The cross-sectional nature of the study makes it
difficult to infer causality. Further limitations include residual
confounding and measurement errors and the possibility of
misreporting the actual dietary intake, which is a common
limitation of the 24-h recall method.

Conclusion

In adult patients who are diagnosed with T2D, the results
of our study support our hypothesis that higher carbohydrate
intake is associated with liver steatosis in patients aged
≤50 years. Further studies are needed to confirm causality
and help make dietary recommendations for patients with
T2D and/or NAFLD. Future studies are needed to investigate
whether younger individuals with T2D are more likely
to benefit from lower carbohydrate intake to prevent the
development of NAFLD.
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