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. A growing body of evidence suggests that NAFLD is associated with an increased risk of incident

. CVD events both in patients without diabetes and in those with type 2 diabetes (T2DM). However, no

. published data are available regarding the association between NAFLD and C-IMT in TIDM. A total

. of 722 patients (371 men) with TLDM were included in this cross-sectional study. The main outcome

. measures were detection of NAFLD, C-IMT and classical risk factors. The mean age of the subjects

. was 46.2 years, and 51.1% were male. The prevalence of NAFLD was 15.9%. NAFLD patients had a

. markedly greater C-IMT (0.81 4-0.25 vs. 0.69 - 0.18 mm; p < 0.001) and frequency of carotid plaque
(28.9% vs. 16.9%; p < 0.05) than those without fatty liver. Moreover, the differences in C-IMT remained
. after adjusting for potential confounders. A stepwise linear regression analysis revealed that age

. (standardized 3, 0.326; p < 0.001), NAFLD (standardized 3, 0.151, p < 0.001), and hsCRP (standardized
© B,0.115, p=0.008) were independently associated with C-IMT in all subjects. Our data show NAFLD

. isassociated with elevated C-IMT in TLDM independent of conventional cardiovascular disease risk

. factors.

. Nonalcoholic fatty liver disease (NAFLD) has emerged as a growing public health problem worldwide. In the
. last decade, it has become apparent that the clinical burden of NAFLD is not restricted to liver-related morbid-
© ity or mortality, and the majority of deaths in NAFLD patients are related to cardiovascular disease (CVD) and
- cancer. These findings have fuelled concerns that NAFLD may be a new and added risk factor for extrahepatic
. diseases such as CVD. A growing body of evidence suggests that NAFLD is associated with an increased risk of
. incident CVD events both in patients without diabetes and in those with type 2 diabetes (T2DM)!-%. However,
. very few data are available regarding the prevalence of NAFLD and its association with the CVD in type 1 diabetes
. (T1DM).

Retrospective and prospective studies provide evidence of a strong association between NAFLD and the sub-
clinical manifestations of atherosclerosis (increased intima-media thickness, endothelial dysfunction, arterial
. stiffness, impaired left ventricular function, and coronary calcification)*””. Measurement of carotid intima-media
. thickness (C-IMT) and plaque burden by ultrasound is a well-validated and widely accepted screening approach
. to the prediction of CVD in asymptomatic subjects®. Importantly, the severity of the histological features of
 NAFLD appear to be independently correlated with increasing C-IMT?®. Several cross-sectional studies'*-!* have
. shown that NAFLD is strongly associated with increased C-IMT and increased coronary artery calcium scores
. in nondiabetic patients and in those with T2DM, although not all studies have agreed with these findings'*1°.
. Moreover, studies have suggested that preclinical CVD (such as C-IMT, plaque, and endothelial dysfunction) are
: seen more frequently and to a greater extent in patients with T1DM, even at an early age. Some data suggest that
© its presence may predict CVD events. However, no published data are available regarding the association between
: NAFLD and C-IMT as a marker of subclinical atherosclerosis or subclinical CVD in T1IDM.
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Figure 1. Details of the study design.

It is important for both physicians and patients to be aware of increased CVD risk as a potential extrahepatic
association of NAFLD in T1DM, as many of the tools used for screening are readily available in clinical practice
(i.e., intravascular ultrasound or virtual histology). If disease is identified early, it should be managed appropri-
ately with standard medical therapies. Therefore, the objective of this study was to investigate whether there is a
difference in carotid atherosclerotic burden as a marker of subclinical CVD according to the presence of NAFLD
in a large cohort of patients with TIDM and, if so, to evaluate whether NAFLD is related to C-IMT, independent
of traditional CVD risk factors and metabolic syndrome.

Research Design and Methods

Study Participants. All patients diagnosed with type 1 diabetes (n =913) who regularly attended Diabetic
Clinic of Shanghai Jiao Tong University Affiliated Sixth People’s Hospital from January 2005 to December 2014
were initially eligible for the study. Type 1 diabetes was diagnosed by the typical onset of disease, the absolute
dependence on insulin treatment for survival, and by the presence of severe deficiency of insulin secretion (i.e.,
very low or undetectable fasting C-peptide levels) and of anti-islet cell auto-antibodies. The following patients
were excluded: (1) patients for whom a liver ultrasound examination or carotid arteries ultrasound data were not
available (n=138), (2) those who had known causes of chronic liver disease (alcohol-induced or drug-induced
liver disease, Wilson’s disease, total parenteral nutrition, autoimmune or viral hepatitis) (n=53). The remaining
722(79.1%) patients with type 1 diabetes were included in final analysis. Figure 1 shows the details of the study
design. All participants were interviewed to obtain their history of alcohol consumption and smoking habits, and
underwent an ultrasonographic evaluation of IMT, plaque in the carotid. The study was conducted in accord-
ance with the Declaration of Helsinki and approved by the Ethics Committee of Shanghai Jiao Tong University
Affiliated Sixth People’s Hospital. All study participants provided written informed consent prior to enrollment.

Anthropometric and Biochemical measurements. Body weight was measured in light clothing and
without shoes to the nearest half kilogram. Height, waist were measured to the nearest half centimeter. Body mass
index (BMI) was calculated as the measured body weight in kilograms divided by the square of the measured
height in meters. Blood pressure was measured using a standard mercury sphygmomanometer after the subject
had been seated for at least 10 min.

Venous blood samples were drawn after an overnight fast. All the biochemical indices were measured on a
Hitachi 7600 analyzer (Hitachi, Ltd., Tokyo, Japan). Fasting plasma glucose (FPG) was measured using the hex-
okinase method. Serum levels of total cholesterol (TC), triglyceride (TG), high-density lipoprotein cholesterol
(HDL-C) and low-density lipoprotein cholesterol (LDL-C) were determined enzymatically. Alanine aminotrans-
ferase (ALT) and aspartate aminotransferase (AST) were measured using the UV method. GGT was measured by
the Szasz-Persijn method. Hemoglobin Alc (HbAlc) was measured by high performance liquid chromatography
with HLC-723G7 automated glycohemoglobin analyzer (Tosoh, Tokyo, Japan).

Liver and carotid artery ultrasound. Guidelines for the diagnosis of nonalcoholic fatty liver diseases
proposed by the Asia-Pacific Working Party were used to characterize subjects with NAFLD'®. NAFLD was clin-
ically defined as manifestations of B ultrasonography, ruling out the habit of drinking and the history of specific
diseases that could result in fatty liver. Such diseases include viral hepatitis, drug-induced liver disease, Wilson’s
disease, autoimmune hepatitis, and total parenteral nutrition. Abdominal ultrasonography was performed by
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experienced radiologists who were blinded to clinical presentation and laboratory findings. Hepatic steatosis was
defined as a diffuse increase of fine echoes in the liver parenchyma compared with that in the kidney or spleen
parenchyma based on standard criteria.

The common carotid arteries were scanned bilaterally using a high-resolution real-time B-mode ultra-
sonograph with an Acuson Sequoia 512 scanner (Siemens Medical Solutions, Mountain View, CA) equipped
with a 5-13 MHz linear array transducer. Carotid ultrasonography was performed by three experienced
ultra-sonographers under a standardised protocol. All subjects were examined in a supine position with their
head turned 45 degrees from the site being scanned. Measurements were made manually on still images magni-
fied to standard size on-line. The IMT was defined as the distance between the leading edge of the lumen-intima
echo and the leading edge of the media-adventitia echo. The common carotid artery IMT was measured on-line
in the posterior wall 10-20 mm proximal to the carotid bifurcation in a region free of focal plaque. Three meas-
urements were made on each side, and the values were averaged to produce a mean IMT for each side. The mean
Carotid intima-media thickness (C-IMT) was defined as the mean of the right and left IMT of the common
carotid artery. A carotid plaque was defined as a distinct area of hyperechogenicity and/or protrusion into the
lumen of the vessel with at least 50% greater thickness than the surrounding area.

Metabolic syndrome was diagnosed according to criteria proposed by the Adult Treatment Panel (ATP) III
for Asian-Americans. In accordance with this definition, a person with type 1 diabetes was classified as having
the metabolic syndrome if he/she had at least two of the following four components: (1) waist circumference
>90 cm in males or 80 cm in females; (2) triglycerides > 1.7 mmol/L; (3) HDL cholesterol < 1.03 mmol/L in males
and < 1.29 mmol/L in females or receiving lipid-lowering medications; and (4) blood pressure > 130/85 mm Hg
or receiving anti-hypertensive medications.

Statistical Analysis. Data are means+ SD or frequencies. Normality was checked using the Kolmogorov-Smirnov
test for continuous variables. If the data were distributed normally, independent sample t tests were used for compari-
sons of continuous variables between two groups. The Mann-Whitney U test was used if the data were not distributed
normally, such as triglycerides, hsCRP, ALT, AST and GGT values, and the chi-squared test for categorical variables.
For descriptive purposes, mean values were presented on skewed variables. Odds ratios (ORs) for Carotid plaque in
each group were determined using logistic regression analysis, and the group without NAFLD was used as the refer-
ence. Multivariate-adjusted ORs are presented with 95% confidence intervals. An analysis of covariance was used to
control for potential confounders for multivariate comparisons of C-IMT. Statistical correlations were determined by
the nonparametric Spearman test. Stepwise liner regression analysis was used to elucidate the independent relation-
ships between C-IMT and clinical parameters. The variables selected to enter into stepwise regression were those that
correlated significantly with C-IMT(p < 0.05) by nonparametric Spearman test and variables that have a possible, con-
founding effect on the association between C-IMT and NAFLD (include smoking history and metabolic syndrome).
All of the statistical analyses were performed by SPSS version 13.0 (IBM, Inc., Chicago, IL, USA). In all statistical test,
P values < 0.05 was considered statistically significant.

Results

Clinical characteristics of the study population. The clinical characteristics of the study participants
according to their NAFLD status are shown in Table 1. Overall, the 722 participants in the study had a mean age of
46.2 years, a mean body mass index (BMI) of 21.7 kg/m? a mean HbA1c of 9.2%, and a mean duration of disease
of 7.6 years. Of these subjects, 599 had negative liver ultrasound tests and the absence of excessive alcohol con-
sumption (alcohol intake >20 g/day), viral hepatitis, or use of hepatotoxic medications, whereas the remaining
123 patients fulfilled the criteria for NAFLD. Of the 775 subjects initially included in the study (Fig. 1), NAFLD
was present in 15.9% of the cohort.

Age, sex, HbAlc, diabetes duration, and fasting glucose did not differ between the two groups (without fatty
liver and with NAFLD). Patients with NAFLD had significantly higher BMI, waist circumference, SBP, DBP, and
a higher frequency of metabolic syndrome than those without NAFLD. They also had lower HDL-c and higher
high-sensitive C-reactive protein (hsCRP), TC, TG, LDL-c, and liver enzyme levels, although the majority of
NAFLD patients (i.e., 84.6%) had serum alanine aminotransferase (ALT) concentrations within the reference
range. The proportions using antihypertensive (6.3% vs. 17.5%) or lipid-lowering (5.5% vs. 25.1%) medications
were significantly higher in the NAFLD group.

Comparison of C-IMT and carotid plaque between the diabetics with and without NAFLD.
NAFLD patients had markedly greater C-IMT (0.81 £0.25 vs. 0.69 £ 0.18 mm; p < 0.001) than those without the
condition, with no significant differences between males (0.73 4 0.32; #=371) and females (0.70 £ 0.16; n=351),
p=0.117). Moreover, the frequency of carotid plaque was significant higher in NAFLD patients than in those
without NAFLD (Table 1). An analysis of covariance (ANCOVA) was performed to verify whether the marked
differences in C-IMT observed between subjects with and without NAFLD remained statistically significant after
adjustment for potential confounders (Table 2). The differences remained unchanged after adjustment for age,
sex, BMI, waist circumference, SBP, DBP, TC, TG, LDL-c, and HDL-c (model 1). Further adjustment for the pres-
ence of metabolic syndrome did not appreciably change the results (model 2). The results remained essentially
unchanged even after additional adjustment for ALT, AST, GGT, hsCRP, and medication use (anti-hypertensives,
and lipid-lowering agents). However, the relationship between NAFLD and the frequency of carotid plaque dis-
appeared after adjusting for potential confounders (Table 2).

Association between carotid intima-media thickness and clinical variables. Next, we inves-
tigated the relationships between C-IMT and a cluster of anthropometric parameters and biochemical indices
(Supplementary Table 1). The analysis demonstrated significant positive associations of C-IMT with age (r=0.531;
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n 599 123

Age (years) 46.01+13.1 4744132 0.437
Gender (%, male) 51.1 52.8 0.722
Diabetes duration (years) 7.71+4.75 7.08 +3.41 0.450
BMI (kg/mz) 21.4+3.7 23.5+3.6 <0.001
Waist circumference (cm) 77.9+9.5 85.0+£11.5 | <0.001
SBP (mmHg) 122.1£15.8 125.5+13.9 0.009
DBP (mmHg) 749+8.8 78.1+£8.7 0.002
HbAlc (%) 9.16£2.57 9.48+2.57 0.158
Fasting glucose (mmol/L) 8.48 £4.00 8.57+£3.85 0.814
TC (mmol/L) 4.59+1.03 4.86+1.32 0.014
TG (mmol/L) 0.93£0.59 1.71+1.80 | <0.001
LDL-c (mmol/L) 2.67£0.92 3.06£1.13 | <0.001
HDL-c (mmol/L) 1.4440.40 1.244+0.39 | <0.001
ALT (U/L) 19.824+16.89 | 29.09+20.46 | <0.001
AST (U/L) 20.78+13.34 | 25.83+16.34 | <0.001
GGT (U/L) 22.93+42.94 | 29.85+34.63 | <0.001
hsCRP (mg/L) 1.34+£1.27 248+1.62 | <0.001
Elevated ALT® (%) 5.7 15.4 <0.001
Metabolic syndrome (%) 34.4 55.3 <0.001
Lipid-lowering drug users 5.5 25.1 <0.001
ﬁsréiigl'(lg;sertensive drug 63 175 0.009
Active smoker (%) 14.5 15.1 0.723
Carotid IMT (mm) 0.69+£0.18 0.81+£0.25 | <0.001
Carotid plaque, % 16.9 289 0.005

Table 1. Characteristics of subjects according to NAFLD. Data are means £ SD or frequencies.
Abbreviations: BMI: Body mass index; HbAlc, hemoglobin Alc; SBP: Systolic blood pressure; DBP: Diastolic
blood pressure; TC: total cholesterol; TG: triglyceride; HDL-c: high density lipoprotein cholesterol; LDL-c: low
density lipoprotein cholesterol; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; GGT:
~-glutamyl transpeptidase, hsCRP, high sensitive C-reactive protein. *Men > 50 U/L; women > 35 U/L.

n 599 123
C-IMT
Unadjusted 0.6940.18 0.814+0.25 <0.001
Multiple adjusted association
Model 1 0.70040.007 0.81640.018 <0.001
Model 2 0.70140.009 0.815+0.011 <0.001
Model 3 0.70440.007 0.79040.019 <0.001
Carotid plaque, %
Unadjusted 1 1.994 (1.218-3.264) 0.006
Multiple adjusted association
Model 1 1 1.683 (0.819-3.459) 0.157
Model 2 1 1.670 (0.812-3.434) 0.163
Model 3 1 1.021 (0.450-2.317) 0.960

Table 2. Association of mean C-IMT and frequency of carotid plaque with NAFLD. Data are expressed as
mean % SE and odds ratios == 95% CI as assessed by an analysis of covariance or multivariate logistic regression
analysis. The models adjusted as follows: model 1: Adjusted for age, sex, BMI, waist circumference, systolic
blood pressure, diastolic blood pressure, TC, TG, LDL cholesterol, HDL cholesterol; model 2: as model 1, plus
further adjustment for presence of the metabolic syndrome (as categorical variable); model 3: as model 2 plus
ALT, AST, GGT, hsCRP, and medication use (anti-hypertensive, and lipid-lowering).

p<0.001), BMI (r=0.226; p < 0.001), WC (r=10.246; p < 0.001), diabetes duration (r =0.240; p < 0.001), SBP
(r=0.280; p=0.005), DBP (r=0.164; p < 0.001), TC (r=0.121; p=0.002), LDL-c (r=0.110; p = 0.004), GGT
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Variable B 95% CI P value
Age < 49 years(n=2354) 0.357 0.103-0.202 <0.001
Age > 49 years(n=368) 0.245 0.074-0.180 <0.001
Men (n=371) 0.104 0.004-0.124 0.036
Women (n=351) 0.251 0.071-0.172 <0.001
Without the metabolic syndrome (n = 448) 0.199 0.076-0.208 <0.001
With the metabolic syndrome (n=274) 0.141 0.011-0.110 0.016
Diabetes duration < 5 years (n = 356) 0.247 0.074-0.181 <0.001
Diabetes duration > 5 years (n = 366) 0.122 0.012-0.125 0.018
BMI < 21.5kg/m? (n=359) 0.196 0.065-0.211 <0.001
BMI >21.5kg/m* (n=2363) 0.143 0.021-0.121 0.005
HbAlc< 8.7 (n=357) 0.264 0.083-0.194 <0.001
HbAlc>8.7 (n=365) 0.276 0.089-0.201 <0.001
Systolic blood pressure < 120 (n=336) 0.316 | 0.110-0.228 | <0.001
Systolic blood pressure > 120 (n = 386) 0.113 0.010-0.112 0.019

Table 3. Associations of ultrasound-diagnosed NAFLD with C-IMT in type 1 diabetic individuals
stratified according to sex distribution, presence/absence of the metabolic syndrome or to the median
values of age, diabetes duration, body mass index, systolic blood pressure, hemoglobin Alc and with
insulin therapy alone.
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Figure 2. The prevalence of NAFLD and the mean Carotid IMT according to the hsCRP quartile categories.
Q1, Q2, Q3, Q4 of hsCRP was <0.47 mg/L, 0.48-1.14mg/L, 1.15-2.23 mg/L and >2.24 mg/L respectively.
*p value for tr

(r=0.179; p <0.001), and hsCRP (r=0.361; p < 0.001) in the 722 subjects with T1DM, but no significant correla-
tions were found between C-IMT and TG, fasting glucose, ALT, and AST (see Supplementary Table S1).

The independence of the association of C-IMT with NAFLD was also assessed by stepwise linear regression
analysis in which we included all the study variables with significant correlations with C-IMT (including NAFLD)
and a possible confounding effect on the association between C-IMT and NAFLD (including smoking history
and metabolic syndrome) as covariates. According to the fully adjusted regression models, age (standardized {3,
0.307; p < 0.001), NAFLD (standardized 3, 0.148, p=10.001), and hsCRP (standardized 3, 0.148, p =0.001) were
independently associated with C-IMT in all subjects. Moreover, the association of NAFLD with C-IMT in sub-
group analyses is shown in Table 3. The presence of NAFLD was significantly associated with C-IMT even when
the study population was stratified to the median values of age, diabetes duration, BMI, SBP and HbAlc, and
according to sex, presence/absence of the metabolic syndrome

Association of hsCRP level with C-IMT and NAFLD.  AshsCRP level was significantly higher in patients
with NAFLD than in those without fatty liver and as hsCRP was independently associated with C-IMT, we fur-
ther analyzed the prevalence of NAFLD and the differences in mean carotid IMT after stratification according to
hsCRP quartiles. The prevalence of NAFLD in subjects with hsCRP = Q1 was 3.4%. Notably, the rates increased to
10.6%, 20.6%, and 33.1% in subjects with Q2, Q3, and Q4 hsCRP levels, respectively (p < 0.001) (Fig. 2). Similarly,
the mean carotid IMT increased gradually with increasing CRP in both subjects with NAFLD and in those with-
out fatty liver (p < 0.001). Moreover, C-IMT was significantly higher in those with NAFLD than in those without
fatty liver when CRP level was kept constant (Fig. 2).

Discussion

Despite many studies of NAFLD, the prevalence, etiology, and consequences of the condition in conjunction
with TIDM seem to have attracted relatively little attention. The prevalence of elevated liver enzymes has
been reported to be higher in association with type 1 diabetes than in the general population'”!¥; NAFLD, as
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determined by ultrasound of the liver has also been considered very common in these patients!**. More recently,
in a longitudinal cohort of patients with type 1 diabetes, Harman ef al. demonstrated that type 1 diabetes mellitus
appears to be linked to a 1.875-fold increase in liver cirrhosis when compared with the general population in the
UK?L Notably, liver-related outcomes among patients with Type 1 and Type 2 diabetes mellitus were similar in
this study.

To our knowledge, this is the first study to investigate the association of NAFLD and carotid atherosclerotic
burden in a large cohort of patients with T1IDM. The major finding of this study was that NAFLD is strongly
associated with C-IMT as an index of subclinical atherosclerosis*? in individuals with TIDM. Notably, these
associations remained statistically significant even after controlling for several potential confounding factors,
including a broad spectrum of classical CVD risk factors and metabolic syndrome. We also found that the fre-
quency of carotid plaque was significantly higher in NAFLD patients than in those without NAFLD, although this
relationship disappeared after adjusting for potential confounders.

Another novel observation of this study was that patients with NAFLD had significantly higher hsCRP levels
than those without NAFLD, and the prevalence of NAFLD increased gradually with increasing CRP in T1IDM.
Moreover, we showed that hsCRP was independently associated with C-IMT in T1DM. This suggests that inflam-
matory factors (hsCRP) may play an important role in linking TIDM and NAFLD to subclinical atherosclerosis
or CVD. However, the precise mechanism by which this is achieved remains unclear. In the general population,
inflammation is a central pathological process of atherosclerosis®. Limited pathology data suggest that inflam-
mation is more prominent in patients with diabetes than in nondiabetic control subjects?*, and those with TIDM
in particular are affected. C-reactive protein is elevated within the first year of diagnosis of TIDM?. The liver is a
key metabolic organ and is central to the regulation of systemic inflammation. It is a generator as well as a target
of various inflammatory and humoral factors, working in concert and against secreted molecules from adipose
tissue, macrophages, and endothelial cells in the context of CVD initiation and progression?>?”. The increasing
severity of NAFLD likely represents a worsening of inflammatory and insulin-resistant states, with poorer car-
diometabolic outcomes. hsCRP, which is primarily produced by the liver and is a marker of inflammation, has
been linked to early or subclinical atherosclerosis?*?, and was shown to be an independent predictor of CV
events in several large studies®®*!. Our study confirmed this phenomenon and extends these findings to patients
with NAFLD and TIDM. We showed that NAFLD was independently associated with C-IMT, independent of
the classical cardiovascular risk factors in TIDM. We suspect that inflammatory factors (hsCRP) rather than
other traditional risk factors may play an important role in this process. Further prospective and basic studies are
required to confirm this suggestion.

The prevalence of NAFLD in T1DM was 15.9% in the present study (mean age, 46.2 years; mean BMI, 21.7 kg/m?
mean diabetes duration, 7.6 years). There is currently a lack of available information on the prevalence of NAFLD
in T1DM, as only a few previous reports, all of which used ultrasonography to analyze the presence of liver fat, are
available. Targher et al. observed fatty liver in 44.4% of a sample of 202 patients with TIDM (mean age, 43 years;
mean BMI, 24.8 kg/m? mean diabetes duration, 18.5 years)'®. In another sample of 343 patients with T1DM,
Targher et al. found a prevalence of 53.1% for hepatic steatosis (mean age, 44 years; mean BMI, 24.4kg/m?%
mean diabetes duration, 18 years)®2. The differences in the prevalence of NAFLD between our findings and these
two studies may relate to factors such as a higher BMI and an increased duration of diabetes in their samples,
and the contribution of dietary pattern to the development of NAFLD may vary among different populations.
Accordingly, our results may differ from those in other ethnic groups.

We found that serum ALT was within the normal range in 84.6% of subjects with TIDM. These results provide
further evidence that a “normal” serum ALT level provides little diagnostic or prognostic value when assessing
patients for NAFLD, as suggested by a previous study by Targher et al.* indicating that approximately four fifths
(~80%) of patients with TIDM and NAFLD had serum ALT levels within the reference range. Therefore, serum
ALT levels or other liver enzymes appear to be insensitive markers for NAFLD*%,

Our data showed that NAFLD is associated with elevated C-IMT independent of conventional cardiovascular
disease risk factors in a large cohort of patients with TIDM. For patients with T2DM, however, the association
between fatty liver and atherosclerosis is less clear, with conflicting results between various studies. Targher et al.'?
studied a population of 200 diet-controlled type 2 diabetic subjects, reported that NAFLD patients had a mark-
edly greater carotid IMT and that the increase of carotid IMT was largely explained by HOMA-estimated insulin
resistance. In contrast, another two studies reported that hepatic steatosis was not associated with carotid ath-
erosclerosis and suggested that the association of hepatic steatosis and cardiovascular disease might be just an
epiphenomenon in diabetic population'*'>. This inconsistency might be due to considerable heterogeneity in
these studies in terms of outcomes measured as well as confounding variables not adequately adjusted for, and
in the method of NAFLD diagnosis or the relatively small sample sizes. Furthermore, diabetes itself is consid-
ered a coronary-risk equivalent and so may have masked the association between NAFLD and carotid disease,
especially when analysing relatively small sample sizes. Recently, Harman et al.! demonstrated that longitudinal
liver-related outcomes were similar comparing the T1DM cohort and respective type 2 diabetes cohorts—when
adjusted for important confounder, moreover, the histological severity of NAFLD predicts C-IMT independent of
traditional risk factors, insulin resistance, and metabolic syndrome components’. Taken together with our find-
ings, we think that it is possible that NAFLD itself could, at least in part, contribute to accelerated atherogenesis in
patients with both TIDM and T2DM, however, this need further basic research and prospective clinical studies
to confirm in future.

Our findings may have important clinical and public health implications. These results support the suggestion
that, among patients with T1DM, those with NAFLD should be considered at increased CVD risk. Therefore,
the detection of NAFLD on a routine ultrasound examination should alert clinicians to the coexistence of mul-
tiple underlying CVD risk factors warranting evaluation and treatment as much as the risk of advancing liver
disease. It should also be noted that it is currently unclear whether improving NAFLD will ultimately prevent
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the development and progression of CVD. Moreover, the prognostic value of NAFLD in CVD risk stratification
remains debatable and will require further prospective studies and formal prediction analyses.

The present study had some important limitations. First, the cross-sectional study design limited our conclu-
sions regarding the direction of the association or causal relationship between NAFLD and subclinical CVD risk.
Our study showed that NAFLD is independently associated with increased C-IMT, but we did not assess cardio-
vascular events or mortality. Second, we did not perform liver biopsy with histological examination or magnetic
resonance spectroscopy (MRS), and we used ultrasound to assess the presence of NAFLD. Liver biopsy is consid-
ered the gold standard for identifying steatosis. However, this invasive procedure is neither feasible nor ethical
in a population-level study of this magnitude. Conversely, liver ultrasound is the most widely used non-invasive
technique to detect fatty infiltration of the liver in clinical practice, and it has good sensitivity and specificity for
detecting moderate and severe steatosis. Third, the contribution of dietary patterns to the development of NAFLD
may vary among different populations. Accordingly, our results may differ from those in other ethnic groups.
Finally, although liver ultrasound examination was available in the majority of patients who attended our diabetes
clinic (i.e., 84.9% of the total sample) and there were no significant differences in demographic or main laboratory
variables (including liver enzymes) between those who did and those who did not have a liver ultrasound exami-
nation, selection bias cannot be definitely excluded, and this may influence the prevalence of NAFLD in patients
with TIDM more than its association with C-IMT.

In conclusion, NAFLD is associated with elevated C-IMT in T1DM, independent of conventional cardiovas-
cular disease risk factors and metabolic syndrome. Moreover, hsCRP, an early and independent marker of sub-
clinical atherosclerosis, may play an important role in linking TIDM and NAFLD to subclinical atherosclerosis
or CVD.
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