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Abstract
Aims/hypothesis Non-alcoholic fatty liver disease (NAFLD)
is associated with an increased prevalence of chronic kidney
disease (CKD) and retinopathy in patients with type 2
diabetes. Information on this issue is lacking for type 1
diabetes. We evaluated whether NAFLD is associated with
increased prevalence of retinopathy and CKD in type 1
diabetic patients.
Methods All type 1 diabetic patients (n=202) who regularly
attended our diabetes clinic and did not have any clinical
evidence of cirrhosis or other secondary causes of chronic

liver disease were studied. Main study measures were
detection of NAFLD (by patient history and liver ultra-
sound), diabetic retinopathy (diagnosed by ophthalmoscopy)
and CKD (defined as abnormal albuminuria or estimated
GFR of ≤60 ml min−1 1.73 m−2).
Results The age- and sex-adjusted prevalence of diabetic
retinopathy (53.2 vs 19.8%) and CKD (37.8 vs 9.9%) was
markedly higher in patients with NAFLD than in those without
(p<0.0001). In multivariate logistic regression analysis,
NAFLD was associated with prevalent retinopathy (adjusted
OR 3.31, 95% CI 1.4–7.6, p=0.005) or CKD (adjusted OR
3.90, 95% CI 1.5–10.1, p=0.005). These associations were
independent of age, sex, diabetes duration, HbA1c, medica-
tion use and presence of the metabolic syndrome.
Conclusions/interpretation Our findings suggest that
ultrasound-diagnosed NAFLD is associated, independently
of several confounding factors, with a higher prevalence of
CKD and retinopathy in type 1 diabetic individuals.
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Abbreviations
ACR Albumin:creatinine ratio
ALT Alanine aminotransferase
CKD Chronic kidney disease
CRP C-reactive protein
CVD Cardiovascular disease
MDRD Modification of diet in renal disease
NAFLD Non-alcoholic fatty liver disease
NASH Non-alcoholic steatohepatitis
PAI-1 Plasminogen activator inhibitor-1
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is increasingly
diagnosed worldwide and considered to be the most
common cause of chronic liver disease in Western countries
[1–3]. NAFLD encompasses a spectrum of liver diseases
ranging from simple steatosis (fatty liver) to non-alcoholic
steatohepatitis (NASH) and cirrhosis [1–3].

Increased cardiovascular disease (CVD) morbidity and
mortality rates are perhaps the most important clinical
features associated with NAFLD, an aspect about which
knowledge is rapidly evolving. Mounting evidence indi-
cates that CVD is the leading cause of death in patients with
NAFLD and that NAFLD is associated with an increased
risk of incident CVD events, this association being
independent of established risk factors, including compo-
nents of the metabolic syndrome, in non-diabetic and type 2
diabetic individuals [4, 5].

A recent large study of approximately 2,000 unselected
type 2 diabetic patients reported that NAFLD is independently
associated with increased prevalence of diabetic retinopathy
and chronic kidney disease (CKD) [6]. Since diabetic
retinopathy and nephropathy represent a major problem for
patients and healthcare systems [7, 8], the possible impact of
NAFLD on the development of these chronic complications
deserves particular attention, especially with regard to the
implications for screening/surveillance strategies in the
growing number of NAFLD patients.

To our knowledge, however, there is a gap in the
knowledge of associations of NAFLD with CKD and
retinopathy in patients with type 1 diabetes. As the natural
history of diabetic nephropathy in type 1 diabetes is different
from that in type 2 diabetes, we aimed to assess whether
NAFLD as diagnosed by ultrasound, i.e. the most widely used
imaging test for detecting hepatic steatosis, is associated with
increased prevalence of diabetic nephropathy and retinopathy
in type 1 diabetic adults.

Methods

Participants All patients diagnosed with type 1 diabetes (n=
301) who regularly attended our diabetes clinic from January
to December 2009 were considered eligible for the study.
The following patients were excluded: (1) patients (n=51,
16.9% of total) for whom a liver ultrasound examination was
not available; and (2) those (n=48) with any clinical evidence
of cirrhosis or other secondary causes of chronic liver disease
(i.e. alcohol intake >20 g/day, viral hepatitis, autoimmune
hepatitis, haemochromatosis and use of hepato-toxic medi-
cations). The remaining 202 (67.1%) type 1 diabetic patients
were included in the study. There were no significant
differences in age, sex, main laboratory variables and

microvascular complication status between the 202 patients
included in the study and those (n=51) for whom liver
ultrasound examination was not available (data not shown).

The local Ethics Committee approved the protocol. All
participants gave their informed consent.

Clinical measurements and laboratory procedures BMI
was calculated by dividing weight in kilograms by height
in metres squared. Blood pressure was measured with a
standard mercury manometer. Information on daily alcohol
consumption, smoking status and current use of medications
was obtained from all participants by questionnaire [9].

Venous blood was drawn in the morning after an overnight
fast. Serum liver enzymes, creatinine (measured using a Jaffé
rate-blanked and compensated assay) and other biochemical
blood measurements were determined by standard laboratory
procedures (DAX 96; Bayer Diagnostics, Milan, Italy).
Normal ranges for serum aminotransferase levels in our
laboratory were 10–40 U/l for men and women. LDL-
cholesterol was calculated by Friedewald’s equation, except
when triacylglycerol exceeded 4.55 mmol/l. HbA1c was
measured using a high-performance liquid chromatography
analyser (HA-8140; Menarini Diagnostics, Florence, Italy);
the upper limit of normal for the laboratory was 5.9%. GFR
was estimated from the four-variable modification of diet in
renal disease (MDRD) equation [10]. Urinary AER was
measured from an early morning urine sample as the albumin:
creatinine ratio (ACR) by an immuno-nephelometric method;
microalbuminuria and macroalbuminuria were defined as
ACR >2.5 and >30 mg/mmol for men and ACR >3.5
and >30 mg/mmol for women, respectively [11]. For this
study, CKD was defined as abnormal albuminuria and/or
estimated GFR ≤60 ml min−1 1.73 m−2 [10, 11]. Both of
these measures were confirmed in all participants in a least
two consecutive occasions (within 3 to 6 months after the
initial examination).

Metabolic syndrome was diagnosed by a modified Adult
Treatment Panel (ATP) III definition because waist circum-
ference was available only in few participants. In accordance
with this modified ATP III definition [12, 13], 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) BMI >28 kg/m2 in men or >27 kg/m2 in
women; (2) triacylglycerol ≥1.7 mmol/l; (3) HDL-
cholesterol <1.0 mmol/l in men and <1.29 mmol/l in
women or receiving lipid-lowering medications; and (4)
blood pressure ≥130/85 mmHg or receiving antihyperten-
sive medications.

A single ophthalmologist, who was blinded to clinical
patients’ characteristics, diagnosed retinopathy by fundo-
scopy after pupillary dilation, according to a clinical
disease severity scale [6, 14]. Retinopathy was classified
into four categories as follows: absent, non-proliferative,
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proliferative or laser-treated retinopathy [6]. Proliferative
retinopathy was confirmed by fundus fluorescein angio-
graphy in all participants.

Hepatic ultrasonography scanning was performed in all
patients by an experienced radiologist (S. Rodella), who
was blinded to participants’ details. Hepatic steatosis was
diagnosed on the basis of characteristic sonographic
features. A 3.5 MHz transducer was used to obtain the
following images: sagittal view of the right lobe of the liver
and right kidney; transverse view of the left lateral segment
of the liver and spleen; transverse view of the liver and
pancreas; and any focal areas of altered echotexture. On
ultrasonography, the steatotic liver of mild, moderate or
severe degree is (finely and diffusely) hyperechoic com-
pared with the cortex of the right kidney (so-called ‘bright
liver’). In addition, in moderate and severe steatosis, there
is also a slightly or markedly posterior attenuation of the
ultrasound beam and reduced visualisation of intra-hepatic
vessel borders and diaphragm [15–17]. Several studies have
assessed the sensitivity and specificity of ultrasonography
for detecting hepatic steatosis. In these, the sensitivity
ranged from 60% to 94% and the specificity from 84% to
95%, respectively [17]. It is known that liver ultrasonography
has good sensitivity and specificity in detection of moderate
and severe steatosis, but its sensitivity is reduced in
morbidly obese individuals or when hepatic fat infiltration
upon liver biopsy is <33% [15–17]. Moreover, ultrasonog-
raphy is unable to provide a precise determination of intra-
hepatic fat content and cannot distinguish between steatosis
alone and NASH, or stage the degree of liver fibrosis [15–
17]. Semi-quantitative sonographic scoring for the degree of
hepatic steatosis was not available in this study. Grading of
hepatic fat content using ultrasound has been used in
previous studies but remains somewhat subjective [17]. As
previously reported [6, 9], intra-observer variability for the
ultrasound diagnosis of hepatic steatosis was within 3%.

Statistical analysis Data are presented as means ± SD or
frequencies. Skewed variables (triacylglycerol and liver
enzymes) were logarithmically transformed to improve
normality prior to analysis. The unpaired t test and the χ2

test with Yates’s correction for continuity (for categorical
variables) were used to compare the baseline clinical
characteristics of participants stratified by the presence or
absence of ultrasound-diagnosed NAFLD. Logistic regres-
sion analysis was used to assess the independent association
of NAFLD with CKD, retinopathy or both complications
(considered as composite endpoint) after adjustment for
potential confounders. Four forced entry multivariate
logistic regression models were performed. The first
regression model was adjusted for age and sex (model 1);
the second regression model was adjusted for age, sex,
diabetes duration and HbA1c (model 2); the third regression

model was further adjusted for the presence/absence of the
metabolic syndrome (model 3); and finally, in the fourth
regression model, the presence of the metabolic syndrome
was replaced by BMI and other individual components of
metabolic syndrome, included as continuous measures, and
by the use of anti-hypertensive or lipid-lowering drugs
(model 4). The covariates included in multivariate regres-
sion models were chosen as potential confounders based on
their biological plausibility or statistical association with
retinopathy and CKD in univariate analyses. Results are
presented as ORs with 95% CIs. Values of p<0.05 were
considered statistically significant.

Results

Overall, the 202 participants of the study had a mean age
of 43.2 years, mean BMI of 24.8 kg/m2, mean HbA1c of
8.2% and mean duration of disease of 18.5 years, respec-
tively. Of these participants, 91 (45.1%) patients had
negative liver ultrasound tests as well as normal serum
liver enzymes in the absence of excessive alcohol con-
sumption, viral hepatitis or use of hepato-toxic medica-
tions, whereas the remaining 111 (54.9%) patients met the
criteria for diagnosing NAFLD.

The clinical and biochemical characteristics of patients
stratified by their NAFLD status are shown in Table 1.
Patients with NAFLD were older, more likely to be
obese and male, and had longer duration of diabetes and
higher frequency of the metabolic syndrome and abnor-
mal albuminuria than those without NAFLD. They also
had lower estimated GFR and higher HbA1c, triacylglycerol
and liver enzymes, although the vast majority of NAFLD
patients, i.e. 80.2%, had serum alanine aminotransferase
(ALT) concentrations within the reference range. Smoking
history and HDL-cholesterol were not significantly different
between the groups. The proportion using anti-hypertensive
(55.0 vs 14.3%) or lipid-lowering (38.0 vs 6.6%) medica-
tions was higher (p<0.0001) in NAFLD patients.

Overall, 77 (38.1%) of 202 patients had some degree of
diabetic retinopathy (64 non-proliferative retinopathy and 13
either proliferative or laser-treated retinopathy) and 51
(25.2%) had CKD defined as abnormal albuminuria or
estimated GFR ≤60 ml min−1 1.73 m−2 (40 with micro- or
macro-albuminuria with estimated GFR >60 ml min−1

1.73 m−2, 11 with an estimated GFR ≤60 ml min−1 1.73 m−2

irrespective of albuminuria). A total of 94 (46.5%) patients
had retinopathy and/or CKD (composite endpoint).

Notably, as shown in Fig. 1, patients with NAFLD had a
remarkably higher (p<0.0001) age- and sex-adjusted
prevalence of diabetic retinopathy, CKD or both than their
counterparts without NAFLD.
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In unadjusted logistic regression analysis (Table 2),
NAFLD was significantly associated with retinopathy and/
or CKD. Age, duration of diabetes, systolic blood pressure,
BMI, HbA1c and the presence of the metabolic syndrome
were also significantly associated (p<0.01–0.001) with
either retinopathy or CKD in unadjusted regression analy-
ses (data not shown).

Table 3 shows the association of NAFLD with either
retinopathy or CKD in subgroup analyses. Interestingly,
NAFLD was significantly associated with retinopathy and/
or CKD even when the study population was stratified
according to sex distribution and to the median values of
age, diabetes duration, BMI or HbA1c.

Fig. 1 Age- and sex-adjusted prevalence of chronic kidney disease,
retinopathy and/or both (composite endpoint) in type 1 diabetic adults
with (black columns) and without (white columns) ultrasound-
diagnosed NAFLD. p<0.0001 for differences between those with vs
those without NAFLD

Characteristic Without fatty liver With NAFLD p value

n 91 111

Sex (% men) 40 63 0.001

Age (years) 37±12 47±12 <0.0001

BMI (kg/m2) 22.5±3 26.6±5 <0.0001

Current smokers (%) 18.7 19.8 0.610

Systolic BP (mmHg) 118±15 129±16 <0.0001

Diastolic BP (mmHg) 71±8 76±7 <0.0001

Diabetes duration (years) 14±11 22±12 <0.0001

HbA1c (%) 8.0±1.1 8.4±1.3 0.046

LDL-cholesterol (mmol/l) 2.72±0.7 2.92±0.7 0.042

HDL-cholesterol (mmol/l) 1.52±0.4 1.45±0.4 0.163

Triacylglycerol (mmol/l) 0.77±0.3 1.53±1.4 <0.0001

Estimated GFR (ml min−1 1.73 m−2) 107±28 98±25 0.014

Micro- or macro-albuminuria (%) 4.4 36.4 <0.0001

Metabolic syndrome (%) 11 62.2 <0.0001

AST (U/l) 20±6 25±11 <0.0001

ALT (U/l) 20±8 29±17 <0.0001

GGT (U/l) 17±9 29±20 <0.0001

Elevated ALT (>40 U/l) (%) 4.4 19.8 0.001

Table 1 Baseline characteristics
of the study participants strati-
fied by NAFLD status

Data are expressed as means ±
SD or proportions (%)

AST, aspartate
aminotransferase; GGT,
gamma-glutamyltransferase

Table 2 Associations of ultrasound-diagnosed NAFLD with diabetic
retinopathy and CKD in type 1 diabetic individuals

Variable OR (95% CI) p value

CKD

Unadjusted 5.51 (2.5–12.5) <0.0001

Adjusted model 1 4.40 (1.9–10.3) <0.001

Adjusted model 2 4.16 (1.7–10.0) 0.001

Adjusted model 3 3.90 (1.5–10.1) 0.005

Adjusted model 4 3.29 (1.2–9.1) <0.01

Diabetic retinopathy

Unadjusted 4.60 (2.4–8.7) <0.0001

Adjusted model 1 3.67 (1.8–7.4) <0.001

Adjusted model 2 3.62 (1.7–7.9) 0.001

Adjusted model 3 3.31 (1.4–7.6) 0.005

Adjusted model 4 3.19 (1.3–7.5) <0.01

CKD and/or retinopathy

Unadjusted 4.77 (2.6–8.7) <0.0001

Adjusted model 1 3.62 (1.8–6.9) <0.001

Adjusted model 2 3.53 (1.7–7.3) <0.001

Adjusted model 3 3.71 (1.7–8.2) <0.001

Adjusted model 4 3.25 (1.4–7.1) <0.01

Data are expressed as OR±95% CI as assessed by univariate
(unadjusted) or multivariate logistic regression analysis

Models adjusted as follows: model 1: age and sex; model 2: age, sex,
diabetes duration and HbA1c; model 3: as model 2, plus further
adjustment for presence of the metabolic syndrome (as categorical
variable); model 4: as model 2 plus BMI, systolic BP, triacylglycerol
and medication use (i.e. antihypertensive or lipid-lowering drugs)
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In multivariate logistic regression analysis (Table 2), the
significant relationships of NAFLD with retinopathy, CKD
or both were only slightly weakened after adjustment for age,
sex, diabetes duration and HbA1c (model 1 and 2). Additional
adjustment for the presence/absence of the metabolic syn-
drome did not substantially change the results (model 3).

Almost identical results were also obtained when the
metabolic syndrome (included as categorical variable) was
replaced by BMI and other individual components of
metabolic syndrome as continuous measures, and by the
use of anti-hypertensive or lipid-lowering medications
(model 4).

As specifically shown in Table 4, this latter multivariate
regression model revealed that, together with NAFLD,
longer duration of diabetes and the presence of hypertension
(as reflected by higher systolic blood pressure values
and by the current use of anti-hypertensive medications)
were also independently associated with CKD and/or
retinopathy.

Discussion

There is a pressing and unmet need to determine whether
NAFLD is associated with a higher frequency of diabetic
retinopathy and CKD in people with type 1 diabetes. It has
only recently been recognised that NAFLD represents an
important burden of disease for type 2 diabetic patients [4,
6, 9, 18, 19], but the magnitude of the problem of NAFLD
in type 1 diabetes is presently poorly recognised.

To our knowledge, this is the first cross-sectional study
with the specific aim of assessing the association of NAFLD
with CKD or retinopathy in type 1 diabetic individuals.

Our major finding was that NAFLD, as diagnosed by
patient history and liver ultrasound, is strongly associated
with an increased prevalence of diabetic retinopathy and
nephropathy in unselected type 1 diabetic adults. Notably,
this association appears to be independent of age, sex,
diabetes duration, HbA1c, medication use, BMI and other
components of the metabolic syndrome. Interestingly, our
results also confirmed a high prevalence of the metabolic

Table 4 Multivariate logistic regression analyses using independent predictors of CKD and/or diabetic retinopathy in type 1 diabetic individuals

Independent variable CKD Retinopathy Composite endpoint

OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value

Age (years) 0.98 (0.94–1.03) 0.39 0.98 (0.94–1.02) 0.39 1.00 (0.97–1.04) 0.89

Sex (male vs female) 0.86 (0.41–1.92) 0.70 1.10 (0.53–2.32) 0.80 1.00 (0.51–2.10) 0.90

Diabetes duration (years) 1.06 (1.02–1.11) <0.005 1.10 (1.06–1.15) <0.001 1.09 (1.05–1.14) <0.001

HbA1c (%) 0.94 (0.70–1.28) 0.65 1.02 (0.76–1.36) 0.92 0.98 (0.74–1.31) 0.86

BMI (kg/m2) 0.98 (0.90–1.05) 0.30 1.01 (0.92–1.11) 0.80 1.00 (0.90–1.11) 0.94

Systolic BP (mmHg) 1.05 (1.02–1.10) <0.01 0.99 (0.96–1.02) 0.51 0.99 (0.97–1.03) 0.61

Triacylglycerol (mmol/l) 1.01 (1.00–1.02) 0.052 1.01 (0.99–1.00) 0.70 1.00 (0.99–1.02) 0.40

Antihypertensive drug use (yes/no) 2.01 (0.90–4.8) 0.08 3.40 (1.51–7.82) <0.005 2.80 (1.21–6.60) <0.01

Lipid-lowering drug use (yes/no) 0.73 (0.30–1.74) 0.40 0.62 (0.23–1.50) 0.60 0.49 (0.20–1.10) 0.40

NAFLD (yes/no) 3.29 (1.2–9.1) <0.01 3.19 (1.3–7.5) <0.01 3.25 (1.4–7.1) <0.01

Values are OR (95% CI), participants n=202

Table 3 Associations of NAFLD with CKD or retinopathy in type 1
diabetic individuals stratified according to sex distribution or to the
median values of age, diabetes duration, BMI and HbA1c

Variable OR (95% CI) p value

CKD

Men (n=106) 10.6 (2.4–47.0) <0.005

Women (n=96) 4.01 (1.4–11.0) <0.01

Age <43 years (n=105) 11.0 (2.6–41.0) <0.001

Age ≥43 years (n=97) 2.01 (1.3–5.52) <0.01

Diabetes duration <15 years (n=100) 8.80 (1.8–41.7) <0.005

Diabetes duration ≥15 years (n=102) 3.91 (1.5–10.0) <0.005

BMI <24 kg/m2 (n=97) 4.51 (1.6–13.1) <0.005

BMI ≥24 kg/m2 (n=105) 9.10 (1.8–40.0) <0.005

HbA1c <8% (n=98) 5.78 (2.0–16.0) <0.001

HbA1c ≥8% (n=104) 6.30 (1.7–22.7) <0.005

Diabetic retinopathy

Men (n=106) 3.50 (1.4–8.7) <0.01

Women (n=96) 6.35 (2.5–16.0) <0.0001

Age <43 years (n=105) 2.11 (1.01–4.9) <0.05

Age ≥43 years (n=97) 10.7 (2.9–39) <0.001

Diabetes duration <15 years (n=100) 8.70 (1.8–41.0) <0.005

Diabetes duration ≥15 years (n=102) 3.81 (1.6–8.9) <0.01

BMI <24 kg/m2 (n=97) 8.50 (3.2–22.6) <0.0001

BMI ≥24 kg/m2 (n=105) 3.22 (1.2–8.2) <0.01

HbA1c <8% (n=98) 8.20 (3.0–22.0) 0.0001

HbA1c ≥8% (n=104) 5.35 (1.2–6.34) <0.01
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syndrome in type 1 diabetic patients [20–22], which is
closely associated with NAFLD.

Another major finding of our study was that the
frequency of ultrasound-diagnosed NAFLD is high (i.e.
∼50%) in type 1 diabetic adults and that the vast majority of
NAFLD patients (80.2%) have serum ALT concentrations
within the reference range. Even when more stringent
criteria were used (i.e. serum ALT >30 U/l in men and
>19 U/l in women) [23], nearly half of our NAFLD patients
(48%) had normal ALT levels. This finding provides further
evidence that serum ALT and other liver enzymes appear to
be insensitive markers for detection of NAFLD. Indeed, the
full histological spectrum of NAFLD may be present
among patients with ‘normal’ liver enzymes, which
therefore cannot be reliably used to exclude the presence
of more advanced stages of NAFLD [24]. Our finding
further supports the notion that the ‘normal’ reference
values for serum liver enzymes currently used to exclude
NAFLD need to be challenged and revised [1, 2, 25].

While there is now growing evidence to suggest that
NAFLD, especially in its necro-inflammatory form
(NASH), is closely linked to an increased risk of incident
CVD events in non-diabetic and type 2 diabetic individuals
[4, 5], the available information on the association of
NAFLD with CKD or retinopathy is quantitatively limited.

A recent large study of 2,103 unselected type 2 diabetic
individuals reported that, independently of several estab-
lished risk factors, patients with ultrasound-diagnosed
NAFLD had a remarkably higher prevalence of diabetic
retinopathy and nephropathy than those without NAFLD
[6]. In the same cohort of type 2 diabetic patients, who were
followed for a mean period of 6.5 years, the presence of
ultrasound-diagnosed NAFLD was found to be indepen-
dently associated with an increased incidence of CKD [26].
Other large population-based studies using elevated serum
liver enzymes, as surrogate markers of NAFLD, have also
shown NAFLD to be independently associated with
increased prevalence and incidence of CKD [27–30].

Given the cross-sectional design of this study, we are
unable to draw conclusions about causality of the relation-
ship between NAFLD and diabetic retinopathy or nephrop-
athy. A plausible explanation for our findings is that the
higher frequency of diabetic retinopathy and CKD among
individuals with NAFLD simply reflects the coexistence of
underlying known risk factors, such as age, diabetes
duration, HbA1c, BMI and other components of the
metabolic syndrome. However, because in our study
NAFLD was associated with diabetic retinopathy and
CKD independently of the above-mentioned risk factors,
it is possible that NAFLD itself could, at least in part,
contribute to the development of CKD and retinopathy,
although the possibility of reverse causality (i.e. CKD or
retinopathy causing the development of NAFLD) cannot be

definitely excluded from our study. However, the evidence
from recent large prospective studies indicates that NAFLD
is an independent long-term predictor of incident CKD in
non-diabetic and type 2 diabetic individuals [26, 29, 30].

The biological mechanisms by which NAFLD could
contribute to the development or progression of diabetic
retinopathy and CKD are poorly known.

As recently reviewed in detail [31, 32], several case–
control studies using liver biopsies to diagnose NAFLD have
consistently demonstrated that circulating levels of several
inflammatory markers (e.g. C-reactive protein [CRP], IL-6,
TNF-alpha, TGF-beta 1) and procoagulant factors (e.g.
plasminogen activator inhibitor-1 [PAI-1], factor VII, fibrin-
ogen) are highest in patients with NASH, intermediate in
those with simple steatosis and lowest in non-steatotic
healthy controls, these findings being independent of BMI
and other established risk factors. Notably, some of these
studies have shown a strong graded relationship between
intra-hepatic mRNA expression of IL6 (also known as IL6),
CRP or PAI-1 (also known as SERPINE1) and the severity of
NAFLD histology [33–35]. These observations suggest that
NAFLD is not only a marker of renal and retinal complica-
tions in type 1 diabetes, but also may be involved in their
pathogenesis, possibly through the systemic release of
pathogenic mediators from the steatotic/inflamed liver, in-
cluding elevated advanced glycated end-products, increased
reactive oxygen species, and elevated CRP, TNF-alpha, TGF-
beta 1 and other proinflammatory cytokines [31, 32].

The potential implications of our findings for patient
care are that in people with type 1 diabetes the casual
detection of NAFLD during ultrasound examination should
alert clinicians to the possible coexistence of chronic
(micro)vascular complications warranting evaluation and
treatment with the risk of advancing liver disease.

The present study has some important limitations. First,
the cross-sectional study design precludes the establishment
of causal or temporal relationships between NAFLD, CKD
and retinopathy. Second, we used an estimated GFR (i.e.
the four-variable MDRD study equation) instead of a
directly measured GFR to define CKD. It is known that
current GFR estimates have greater inaccuracy in popula-
tions without known CKD than in those with the disease
[10, 11]. Nonetheless, current GFR estimates facilitate the
detection, evaluation and management of CKD, and many
organisations recommend the MDRD study equation for
estimation of renal function in epidemiological studies and
in clinical practice [10, 11]. Third, the diagnosis of non-
proliferative retinopathy was based only on fundoscopy, so
it is possible that subtle retinopathy changes may have been
missed. However, the possibility that subtle retinopathy
changes might have gone partly unnoticed would have
weakened, rather than strengthened our findings. Finally,
the diagnosis of NAFLD was based on ultrasound imaging
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and the exclusion of other known aetiological factors of
chronic liver disease, but was not confirmed by liver
biopsy, which is not easily applied in epidemiological
studies. It is known that none of the radiological features
can distinguish between NASH and other forms of
NAFLD, and that only liver biopsy can assess the severity
of damage and the prognosis [1, 2, 15–17]. However, liver
ultrasound is the most widely used non-invasive technique
to detect fatty infiltration of the liver in clinical practice. It
has a good sensitivity and specificity in detecting moderate
and severe hepatic steatosis, but this sensitivity is reduced
in morbidly obese individuals or when hepatic fat infiltra-
tion upon liver biopsy is less than 33% [15–17]. Thus,
although some non-differential misclassification of NAFLD
(fatty liver) on the basis of ultrasonography is likely (some
of the diabetic control patients could have underlying
NAFLD despite normal serum liver enzymes and negative
ultrasonography examination), this limitation would serve
to attenuate the magnitude of our effect measures toward
null; thus, our results can probably be considered to be
conservative estimates of the relationship between NAFLD,
CKD and retinopathy

In conclusion, our results suggest that ultrasound-
diagnosed NAFLD is associated with a remarkably higher
prevalence of diabetic retinopathy and nephropathy, indepen-
dently of established risk factors. These cross-sectional
findings, although not definitive, are sufficiently provocative
and hypothesis-generating to warrant further study. Further
studies using more accurate non-invasive imaging techniques
for measuring fatty infiltration of the liver are required to
confirm the reproducibility of these results. Moreover,
prospective studies are also needed to determine whether
NAFLD contributes to the development of CKD and
retinopathy in type 1 and also type 2 diabetes.
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