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Abstract
Background: Nonalcoholic fatty liver disease (NAFLD) is proved to be related to insulin resistance and type 2 diabetes, and it is also not rare in individuals without diabetes. The present study attempts to identify the metabolic risk
factors of NAFLD among those individuals.
Results: ALT and HbA1c levels were independently associated with NAFLD development in individuals without
diabetes. Receiver operating characteristic (ROC) analysis identified the optimal cutoff point of ALT (> 19 IU/ml) with
AUC = 0.731, 95% CI 0.653–0.809. On the other hand, the optimal cutoff point of HbA1c was identified to be > 5.1%
with AUC = 0.665, 95% CI 0.581–0.750.
Conclusions: Early identification of NAFLD among subjects without diabetes is crucial. In this study, ALT and HbA1c
cutoff values had been identified, so we suggest that inclusion of both HbA1c and ALT levels may have significant
implications for prediction of NAFLD among individuals without diabetes.
Keywords: Insulin resistance, Triglycerides to high-density lipoprotein ratio, Glycosylated hemoglobin, Nonalcoholic
fatty liver disease
Background
Nonalcoholic fatty liver disease (NAFLD) became a
major epidemiological burden worldwide with a predictable global occurrence of 20–30% [1]. It includes a
considerable variety of illnesses ranging from hepatic
inflammation to fibrosis, cirrhosis, and/or liver cancer.
Moreover, NAFLD is at present the most common cause
of elevated liver enzymes [2]. The association between
NAFLD, diabetes, and obesity owing to insulin resistance
(IR) has been well proven [3, 4]. Glycosylated hemoglobin
(HbA1c) is one of the advanced glycation end-products
(AGEs), resulting from non-enzymatic glycation of
hemoglobin. The level of HbA1c reflects the duration and
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severity of hyperglycemia in diabetic and non-diabetic
individuals [5]. Although earlier studies showed a link
between HbA1c level and the prevalence of NAFLD [6,
7], their relationship is not yet well-established especially
among individuals without diabetes. Dyslipidemia is a
well-known influence factor of NAFLD [8, 9]. It has been
reported in 20 to 80% of NAFLD cases [10]. Recent study
showed the link between NAFLD and premature cardiovascular disease through atherogenic dyslipidemia which
comes from IR [11]. Triglyceride to high-density lipoprotein ratio (TG/HDL-C) has been validated as a predictive
indicator for IR, type 2 diabetes, cardiovascular disease,
and hypertension [12–14]. TG/HDL-C is supposed to
be associated with incident NAFLD [15]. To the best of
our knowledge, studies focusing specifically on NAFLD
among individuals without diabetes in the general population are limited [7, 16, 17]. Therefore, we aimed to evaluate their unique metabolic characteristics and to reveal
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the independent factors associated with NAFLD among
those individuals.

Methods
Study design and participant’s selection

This is a case control study included 178 participants
without diabetes recruited from Hepatology outpatient clinic in Alexandria Main University Hospital. We
excluded patients with alcohol consumption, viral, autoimmune, neoplastic, or hereditary liver diseases, thyrotoxicosis or hypothyroidism, fasting plasma glucose
(FPG) concentration ≥ 126 mg/dl or HbA1c ≥ 6.5%, and
hemoglobin less than 12 g/dl.
Sample size

Sample size was calculated based on previous literature
[18]; an expected difference of average HbA1c between
NAFLD and the control group is 0.2, and the standard
deviation is 0.3. Using the level of confidence of 95%
(alpha = 0.05) and power of 90 (beta = 0.10) and allocation of 1:2, the minimal sample size required to reject the
null hypothesis is 50 in the NAFLD group and 100 in the
control group. We targeted 53 participants with NAFLD
and 125 age and sex matched control subjects to compensate the missing data.
Clinical and biochemical data

All participants were subjected to clinical examination
including blood pressure, weight (Wt), standing height
(Ht), and waist circumference (WC) measurements. WC
was measured according to the WHO recommendation at the end of normal expiration from the midpoint
between highest point of the iliac crest and lowest point
of the costal margin. Body mass index (BMI) was calculated as body Wt (kg) divided by body Ht squared (m2).
Overnight fasting blood samples were obtained from the
antecubital vein for complete blood count, ALT, AST,
total cholesterol (TC), triglycerides (TG), high-density
lipoprotein (HDL-C), low-density lipoprotein (LDL-C),
fasting insulin, plasma glucose, and HbA1c analysis. TG/
HDL-C ratio was calculated by dividing serum TG level
by serum HDL-C level. The Homeostasis Model Assessment 2 (HOMA2) calculator was used to estimate insulin
resistance (HOMA-IR) according to the updated computer based HOMA2 mode [19].
Abdominal ultrasound examination

Abdominal ultrasonography was carried out by an expert
radiologist. NAFLD was defined by the presence of at
least two of four sonographic criteria: diffuse hyperechoic echo-texture (bright liver), increased echo-texture
compared with the kidneys, vascular blurring, and deep
attenuation [20].
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Ethical statement

The study was performed in alignment with revised
Declaration of Helsinki (2013) and with Good Clinical Practice guidelines. Our study was approved by the
Ethical Committee of Faculty of Medicine, Alexandria
University (IRB No. 0304901). Informed consent was
obtained from all subjects included in the study.
Statistical analysis

Analysis was done using SPSS 20.0. Chi-square test was
used to compare between groups for categorical variables. Student t test was used to compare two groups
for normally distributed quantitative variables, while
Mann-Whitney test was used to compare between two
groups for not normally distributed quantitative variables. Logistic regression (univariate and multivariate)
was used to analyze factors associated with NAFLD.
Receiver operating characteristic curve (ROC) is plotted to predict the role of HbA1c in identifying NAFLD
among subjects without diabetes. It showed the performance of the cutoff point in terms of sensitivity versus 1-specificity. The area under the curve (AUC) is an
estimate of the accurateness of cutoff point. Area more
than 50% gives acceptable performance. P value less
than 5% level is considered significant.

Results
Baseline characteristics of participants are shown in
Table 1. The NAFLD group has significantly higher
BMI, WC, HbA1c, ALT, and GGT than the control
group. Regarding lipid profile, total cholesterol, LDLC, and TG/HDL-C ratio were significantly higher in
NAFLD group than the control group (Table 1). Logistic regression analysis was used to evaluate the risk factors for NAFLD in subjects without diabetes. Eighteen
variables were included into the analysis (Table 2). Our
results showed that HOMA-IR, ALT, BMI, HbA1c,
total cholesterol, LDL-C, and TG/HDL-C ratio were
significantly associated with the risk of NAFLD. Upon
them, ALT and HbA1c levels were independently associated with NAFLD development after performing the
multivariate analysis. Receiver operating characteristic
(ROC) analysis was plotted to study the ability of ALT
level and HbA1c level for discrimination between those
with and without NAFLD among non-diabetic individuals. The analysis identified the optimal cutoff point
of ALT to be > 19 IU/ml. The corresponding sensitivity was 73.58%, specificity was 60.80%, and area under
the curve was 0.731 (95% CI 0.653–0.809) (Fig. 1). On
the other hand, the optimal cutoff point of HbA1c was
identified to be > 5.1% with corresponding sensitivity
and specificity being 79.25% and 41.60%, respectively.
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Table 1 Comparison between the two studied groups according to different parameters
Group I (n = 53)
Mean ± SD.

Group II (n = 125)
Mean ± SD.

Test of sig.

P

50.72 ± 4.24

51.1 ± 7

t = 0.443

0.658

Male

23 (43.4%)

74 (59.2%)

0.053

Female

30 (56.6%)

51 (40.8%)

χ2 = 3.749

Age (years)
Sex: number (%)

Hemoglobin (g/dl)

13.3 ± 1.2

Albumin (g/dl)

13.5 ± 0.9

4.5 ± 0.5

Diastolic BP (mmHg)

77.9 ± 6.5

Systolic BP (mmHg)
Fasting plasma glucose (mg/dl)

88.2 ± 7.2

HOMA–IR

88.2 ± 12

2.3 ± 2

AST (IU/L)

1.7 ± 1.4

Triglycerides (mg/dl)

23.8 ± 5.1

HDL (mg/dl)

0.311

5.5 ± 0.4

5.2 ± 0.5

U = 2217.0*

< 0.001*

27.1 ± 4.3

t = 2.280*

120.58 ± 43.03

U = 2848.0

171.8 ± 31.1

49.8 ± 10.3

Waist circumference (cm)

0.076
< 0.001*
< 0.001*

t = 3.733*

51.5 ± 12.7

115.3 ± 23.5

t = 0.873

93.1 ± 23.9

110.9 ± 13.5

TG/HDL

0.990
0.981

U = 17.0*

189.2 ± 21.4

LDL (mg/dl)

U = 2995.0

0.370
0.395

15.5 ± 3.6

127.74 ± 33.41

Total cholesterol (mg/dl)

U = 2755.0

U = 1782.0*

0.201
0.981

43.7 ± 15.7
28.7 ± 4.5

HbA1c (%)

t = 0.012

U = 3305.0

21.1 ± 10.4

25.8 ± 8.4

BMI (kg/m2)

t = 0.853

10.6 ± 7.5

30.3 ± 12.2

GGT (IU/L)

t = 0.901

121.9 ± 11.7

10.9 ± 8.0

ALT (IU/L)

t = 0.024

78.8 ± 5.8

120.3 ± 11.3

Fasting insulin (IU/ml)

t = 1.290

4.55 ± 0.45

t = 5.695*

94.3 ± 8.2

2.7 ± 1.0

t = 8.292*

2.65 ± 2.01

U = 2666.5*

0.024*
0.139
< 0.001*
0.384
< 0.001*
< 0.001*
0.040*

Table 2 Univariate and multivariate logistic regression analysis for the parameters affecting the NAFLD group
NAFLD group

#

Univariate

Multivariate

P

OR (95%C.I)

Age (years)

0.713

0.990 (0.941–1.043)

Sex

0.054

1.893 (0.988–3.625)

Hemoglobin

0.149

0.779 (0.555–1.094)

Albumin

0.980

0.991 (0.497–1.978)

Diastolic blood pressure

0.344

0.974 (0.923–1.028)

Systolic blood pressure

0.393

0.988 (0.961–1.016)

Fasting blood glucose

0.992

1.000 (0.971–1.030)

Fasting insulin

0.862

1.004 (0.963–1.046)

HOMA–IR

0.035*

ALT

< 0.001*

AST

0.057

1.049 (0.999–1.102)

BMI (kg/m2)

0.026*

HbA1c

< 0.001*

Triglycerides

0.236

1.005 (0.997–1.013)

Total cholesterol

0.001*

1.024 (1.010–1.037)

HDL

0.382

0.988 (0.963–1.015)

LDL

< 0.001*

TG/HDL (> 2.23)

0.037*

OR Odd`s ratio, C.I Confidence interval, BMI Body mass index
#

All variables with P < 0.05 were included in the multivariate analysis

*Statistically significant at P ≤ 0.05

P

OR (95%C.I)

1.229 (1.015–1.489)

0.187

1.172 (0.926–1.484)

1.070 (1.039–1.102)

< 0.001*

1.085 (1.046–1.125)

1.085 (1.010–1.167)

0.306

1.050 (0.956–1.152)

7.194 (2.759–18.758)

0.002*

7.110 (2.102–24.052)

0.675

1.006 (0.979–1.033)

1.041 (1.024–1.058)

0.281

1.020 (0.984–1.057)

2.004 (1.041–3.855)

0.622

1.262 (0.500–3.185)
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Fig. 1 ROC curve for ALT to diagnose NAFLD patients (n = 53 vs. 125).
Cutoff value 19 IU/L, sensitivity 73.58%, specificity 60.80%, and area
under the curve 0.731 (95% CI 0.653–0.809)

The area under the curve was 0.665 (95% CI 0.581–
0.750) (Fig. 2).

Discussion
Due to the high occurrence and important medical
consequences of NAFLD, early diagnosis and intervention are crucial for termination of progression and even
reversal of the disease [21]. Most NAFLD patients are
asymptomatic and usually identified when abnormal liver
studies particularly liver enzymes are noted. However,
these enzymes may not be elevated in all NAFLD cases
[22]. The present study showed that ALT is significantly
higher in NAFLD patients than non NAFLD. In addition,
our study revealed that the cutoff point of ALT > 19 IU/ml
can independently predict NAFLD development among
individuals without diabetes. Similarly, Wong et al. [23]
revealed that raising liver enzyme levels, chiefly ALT, may
predict incident diabetes and NAFLD. Similar observations were also obtained by a study among Montenegrin
population, found that ALT was independent predictor
for NAFLD but with a higher cutoff point of 22 IU/L [24].
These results are also consistent with that of Al Humayed
et al. [25] who identified that ALT is a predictor for
NAFLD with a threshold cutoff value of 22.1 nmol/L. Our
lower ALT cutoff point might be explained by that the
present study was done among individuals without diabetes while the participants of other studies had diabetes.
HbA1c and HOMA-IR are considered screening tools
for insulin resistance [26]. The relationship between
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Fig. 2 ROC curve for HbA1c to diagnose NAFLD patients (n = 53 vs.
125). Cutoff point > 5.1%, sensitivity 79.25%, specificity 41.60%, and
area under the curve 0.665 (95% CI 0.581–0.750)

NAFLD and insulin resistance is obscure. Previous studies declared that insulin resistance is a well-established
driver for NAFLD [27, 28], while another study showed
that presence of NAFLD is an important marker of multiorgan insulin resistance [29]. The present study revealed
that HbA1c level was independently associated with
NAFLD in individuals without diabetes. These results are
consistent with that of Chen et al. [7] who confirmed an
association between the levels of HbA1c and NAFLD in
metabolically intact patients with HbA1c levels of 5.6%
or less. Similar results were obtained by Masroor et al.
[16]. Independent association of NAFLD with HbA1c
was also observed by Sharma et al. [17] who showed
hepatic gluconeogenesis derangement in non-diabetic
and non-obese subjects with NAFLD. Moreover, hemoglobin glycation index showed its ability to identify the
non-diabetic individuals at risk of developing NAFLD
[30]. In addition, our study showed that insulin resistance assessed by HOMA-IR is significantly positively
correlated with NAFLD. These results go hand in hand
with the findings of Bae et al. [31]. The question about
whether or not glycemic derangement is a spectator,
a cause, or a consequence of NAFLD is still unsettled.
This relationship might be explained by one of the following two mechanisms. The first one is that it impaired
hepatic lipid settling and increased oxidative stress in
liver cells, played a crucial role in the hepatic insulin
signaling, impaired insulin inhibition of hepatic glucose
production, and affected insulin sensitivity in muscle

Naguib and Kassab Egyptian Liver Journal

(2021) 11:85

and adipose tissue resulting in insulin resistance [32].
The other possible mechanism is that the insulin resistance plays an important role in NAFLD pathogenesis
by allowing storage of free fatty acids in the liver [33].
Recent study showed that the activation of receptor for
advanced glycation end products pathway (AGEs/RAGE)
triggers further inflammation and oxidative stress and
impairs insulin signaling and thus provokes the development and progression of NAFLD [34].
Obesity represents an essential risk factor for NAFLD
development and progression, and weight loss can
improve lipid metabolism in the liver [35]. Our study
showed that high BMI is significantly associated with
NAFLD. These results go hand in hand with the findings of Masroor et al. [16]. These findings can be also
explained by that obesity may lead to an imbalanced production of pro- and anti-inflammatory adipokines, which
contributes to NAFLD development. The other justification is that obesity is usually associated with insulin
resistance and increase in HbA1c [36].
Deranged carbohydrate metabolism affects lipid
metabolism and results in increased production of TG
that deposits in various tissues including liver leading to
fatty liver [37]. One of main features of NAFLD is dyslipidemia including increased TG, increased LDL-C, and
decreased HDL-C [38].
In agreement with the results of the present study,
Fukuda et al. [39] found a significant positive correlation
between TG/HDL-C ratio and NAFLD, but on the other
hand, Fukuda et al. [39] and Fan et al. [15], in discordance
with the results of the current study, reported that TG/
HDL-C ratio was an independent predictor of NAFLD.
This difference could be attributed to the difference in
study population and the small sample size of the current
study compared to the other studies.
Though the relationship between TG/HDL-C and
NAFLD has not been fully decoded, insulin resistance is
a potential mediator. Compared with other lipid parameters, TG/HDL-C was declared to be strongly correlated with insulin resistance [40]. Experimentally, insulin
resistance was shown to increase the secretion of TG
over-enriched VLDL particles and decrease the level
of HDL-C [41]. In conclusion, our results showed that
serum ALT and HbA1c levels were independently associated with NAFLD in individuals without diabetes and
may be used as surrogates for NAFLD in this cohort.

Conclusions
Our study had some limitations that should be taken
into account. First, the diagnosis of NAFLD was performed by ultrasonography. Although ultrasonography
is non-invasive, reasonably accurate, and widely used in
clinical practice and epidemiological studies of NAFLD,
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it is not sensitive enough to identify mild steatosis. Second, the detection of the degree of steatosis and fibrosis
in NAFLD patients by fibroscan is highly recommended
nowadays. Unfortunately, it was not performed in the
current study since it is expensive, needs special experts,
and is not available in our institute. Third, there were
no follow-up to confirm the results. Despite these study
limitations, our study was unique in describing the predictors connected to NAFLD among individuals without
diabetes in Alexandria, Egypt. Furthermore, this study
highlights that the inclusion of both HbA1c and ALT levels may have significant clinical implications for prediction of NAFLD in individuals without diabetes. Thus, we
suggest that individuals without diabetes with ALT values of > 19 IU/ml and HbA1c > 5.1% should be referred
for ultrasound examination for the possibility of NAFLD.
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