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Introduction

Nonalcoholic fatty liver disease (NAFLD) includes
steatosis and nonalcoholic steatohepatitis (NASH), which
can be complicated by cirrhosis and hepatocellular car-
cinoma [1]. NAFLD affects over 30 % of the general
population and is associated with type 2 diabetes mellitus
(T2DM), obesity and metabolic syndrome [2, 3]. NAFLD
prevalence in T2DM patients is about 70 % using ultra-
sonography (US) [4]. NAFLD and T2DM share insulin-
resistance, which in the liver increases gluconeogenesis
and glycogenolysis, resulting in hyperglycemia. The
pancreatic beta islet cells adapt to hyperglycemia by
increasing insulin secretion. Hyperinsulinemia up-
regulates several lipogenic transcription factors, pro-
moting hepatic lipid synthesis [5]. The association
between NAFLD and T2DM seems to be the result of a
“common soil” [3]. Several studies showed that NAFLD
predicts T2DM and vice versa, and that each condition
may act as a progression factor for the other [4]. There is
evidence of a high risk of NASH and its progression to

hepatocellular carcinoma in T2DM patients [6]. Con-
versely, recent studies showed that NAFLD not only
predicts diabetes [7], but also contributes to poor gly-
cemic control and chronic complications [8]. Despite its
clear link with T2DM, the association of NAFLD with
family history of diabetes has been poorly investigated. A
recent cross-sectional study in nondiabetic individuals
with NAFLD demonstrated that family history of diabetes
increased the risk of NASH and fibrosis [9].

The aim of this study was to evaluate the prevalence of
NAFLD in healthy first degree relatives of T2DM patients
(T2DM-rel) and in healthy subjects without family history
of T2DM and to assess the risk factors associated with
NAFLD development.

Patients and methods

One hundred twenty-five healthy subjects were enrolled.
A medical history was obtained, and vital and anthro-
pometric parameters were assessed. The exclusion cri-
teria were: known diabetes mellitus, impaired fasting
glucose and dyslipidemia; body mass index (BMI) ≥ 30
kg/m2; alcohol consumption 420 g/d for women and
430 g/d for men; drug abuse; history of liver diseases;
current use of hepatotoxic drugs; psychiatric and neo-
plastic diseases. A 75 g-oral glucose tolerance test
(OGTT) with assessment of fasting and 2-h plasma glu-
cose (2-h PG) was performed. Basal insulinemia, home-
ostasis model assessment index (HOMA index), lipid
profile, renal and liver function markers, and inflamma-
tion indices were assessed.

Ninety four healthy subjects were eligible, 60 T2DM-
rel (37 females, 23 males, median age 35.5 years, range
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22–65) and 34 control subjects without family history of
T2DM (26 females, 8 males, median age 27.5 years,
range 20–60).

After an overnight fasting, all elegible subjects under-
went transabdominal US with a 3.5 MHz convex (Toshiba
Tosbee Tokyo, Japan), performed by two gastro-
enterologists with experience of more than 5000 abdominal
US examinations (41500 scans/year). Presence and
severity of liver steatosis was established according to a
previously published method [10]. After having rehearsed
together several times and after agreement on the modality
to identify the presence and severity of fatty liver, the two
ultrasonographers independently performed US and repor-
ted their results in the standardized form. The interobserver
agreement in detecting presence and severity of fatty liver
was evaluated using the concordance index by kappa sta-
tistics [11]. In case of conflict, the examinations were
reviewed together to provide the best interobserver agree-
ment. The operators were blinded of the laboratory data.

All subjects gave written informed consent. The protocol
was approved by the hospital ethics committee.

Statistical analysis

Continuous variables are expressed as mean± standard
deviation (SD) or median and range. Differences between
groups were evaluated using Wilcoxon rank sum test for
unpaired samples, and by Fisher’s exact test for categorical
variables. The independent variables assessed were: family
history, gender, age, BMI, waist circumference, smoking
habits, physical activity, triglycerides, HDL-cholesterol and
LDL-cholesterol, fasting and 2-h PG at OGTT. The asso-
ciation between steatosis and each variable was assessed

fitting a logistic model after adjustment for gender, age, and
BMI. Values of p o 0.05 were considered significant. All
analyzes were performed with the software R v3.13.

The sample sizes of the two groups allow for a power of
around 0.8 with α= 0.05, when a t-test for unmatched
samples and test for proportions are being considered with
medium effect sizes (e.g., equal to 60 % of the common SD
for the t-test). Analogous power can be provided using
a χ2 test.

Results

None of the subjects had OGTT alterations. T2DM-rel and
control groups were different for age (p= 0.005) and BMI
(p= 0.010). T2DM-rel had higher values of total cholesterol
(p= 0.016) and LDL-cholesterol (p= 0.015), after adjust-
ment for age and BMI, although in the normal range
(Table 1). CRP levels were in the normal range and were
not different between T2DM-rel and control groups.
NAFLD was present in 70 % of T2DM-rel and 47 % of
control subjects. There was an association between presence
of steatosis and T2DM-rel (p= 0.046), not confirmed after
adjustment for age, gender, and BMI (p= 0.118), in the
logistic model.

In T2DM-rel, and not in control subjects, the odds of
having steatosis, after adjustment for age, gender, and BMI,
increased by 6 % for each unit of 2-h PG (mg/dl) (p=
0.027), although in the normal range. No differences were
found in the severity of steatosis and no association was
observed between grades of NAFLD and CRP levels in all
subjects. The agreement between the two ultrasonographers
was almost perfect with a k value of 0.93.

Table 1 Clinical and
biochemical parameters of
T2DM-rel and control subjects

Variable (mean± SD or median range) T2DM-rel Control group p

Age (years) 35.5 (range 22–65) 27.5 (range 20–60) 0.005

BMI (kg/m2) 22.72± 2.38 21.62± 1.77 0.010

Waist (cm) 78.85± 7.89 73.82± 5.47 0.003

FPG (mmol/L) 4.65± 0.49 4.46± 0.30 ns

PPG (mmol/L) 4.88± 1.07 4.35± 0.87 ns

Insulinemia (µU/mL) 11.56± 5.77 13.11± 5.02 ns

HOMA index 2.36± 1.12 2.59± 1.02 ns

Total cholesterol (mmol/L) 4.93± 0.84 4.47± 0.83 0.016

LDL-cholesterol (mmol/L) 2.91± 0.81 2.41± 0.74 0.015

HDL-cholesterol (mmol/L) 1.64± 0.4 1.68± 0.3 ns

Triglycerides (mmol/L) 0.91± 0.32 0.71± 0.29 ns

GPT (UI/L) 17.5± 9.7 13.6± 4.9 ns

Gamma-GT (UI/L) 14.3± 7.7 12.0± 6.0 ns

CRP (μg/L) 1250± 1271 901± 1582 ns

FPG fasting plasma glucose, PPG 2-h plasma glucose at OGTT, GPT glutamic pyruvate transaminase,
CRP C-reactive protein
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Discussion

In this study, a frequent occurrence of steatosis was
observed. Moreover, T2DM-rel showed a higher prevalence
of steatosis, not confirmed after adjustment for age and
BMI. Since T2DM-rel had higher BMI and age, the pre-
valence of NAFLD in this population was not indepen-
dently associated with T2DM family history.

In T2DM-rel the odds of having steatosis increased by
6 % for each unit of 2-h PG, at OGTT, after adjustment for
age and BMI, showing a strong effect of higher values of
2-h PG, although within the normal range. Moreover,
T2DM-rel had a worse lipid profile after adjustment for age
and BMI.

Previous studies demonstrated an increased prevalence
of cardiovascular disease and metabolic syndrome with
increasing fasting plasma glucose levels, both in normo-
glycemic adults and in children/adolescents [12–14].
Elevated 1-h postload plasma glucose levels, in subjects
with normal glucose tolerance, are also predictive of T2DM
and 1-h OGTT glucose ≥ 155 mg/dL is associated with
1.5-fold increased risk of having NAFLD [15, 16]. Elevated
1-h OGTT glucose correlates with an unfavorable inflam-
matory profile, predictor of cardiovascular diseases [17].
Although other studies showed an association between
grades of NAFLD and CRP levels, in this study this cor-
relation was not found [18, 19]. Moreover, 2-h postload
plasma glucose levels, within normal glucose tolerance, and
LDL-cholesterol are associated with carotid intima-media
thickness, a marker of early atherosclerosis [20, 21].

In this view, in the presence of family history of T2DM,
high values of 2-h PG and a worse lipid profile may be not
only predictive of steatosis but also of T2DM and cardio-
vascular disease.

In nondiabetic individuals with NAFLD, family history
of diabetes increases the risk of NASH and fibrosis [9].
Considering the higher risk of steatosis and its progression
to steatohepatitis and fibrosis, it could be appropriate to
search for steatosis in T2DM-rel.

NAFLD worsens glycemic control and contributes to
chronic complications in people with T2DM [8]. Thus,
T2DM-rel with steatosis may have not only a further
increase in the risk of developing T2DM but also a higher
risk of chronic complications.

Given the high prevalence of NAFLD in T2DM-rel and
the higher risk of development of T2DM and its compli-
cations in patients with NAFLD, it could be of importance
to screen this population for NAFLD and for T2DM early,
to provide an appropriate therapy (i.e., lifestyle interven-
tion) to reduce the development of diabetes and liver
complications.

In conclusion, first-degree family history of T2DM is
associated with high prevalence of NAFLD in young

healthy subjects. Moreover, in the same population, there is
a strong effect of 2-h postload plasma glucose levels in the
risk of development of steatosis.

Author contributions S.M. and N.P. contributed to the conception
and the design of the study. A.C. and T.F. contributed to the acqui-
sition and the collection of data. P.M. performed laboratory assays. N.
P. and G.V. performed abdominal ultrasound. L.N. performed the
statistical analysis. S.M., N.P., T.F., and L.N. have been involved in
the interpretation of data and in drafting the manuscript. A.L. critically
revised the manuscript for important intellectual content. All authors
approved the version to be submitted.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical approval All procedures performed in studies involving
human participants were in accordance with the ethical standards of
the institutional and/or national research committee and with the 1964
Helsinki declaration and its later amendments or comparable ethical
standards.

Informed consent Informed consent was obtained from all indivi-
dual participants included in the study.

References

1. G.C. Farrell, D. van Rooyen, L. Gan, S. Chitturi, NASH is an
inflammatory disorder: pathogenic, prognostic and therapeutic
implications. Gut Liver 6, 149–171 (2012)

2. R. Loomba, A.J. Sanyal, The global NAFLD epidemic. Nat. Rev.
Gastroenterol. Hepatol. 10, 686–690 (2013)

3. K.H. Williams, Diabetes and nonalcoholic fatty liver disease: a
pathogenic duo. Endocr. Rev. 34, 84–129 (2013)

4. G. Musso, R. Gambino, M. Cassader, G. Pagano, Meta-analysis:
natural history of non-alcoholic fatty liver disease (NAFLD) and
diagnostic accuracy of non-invasive tests for liver disease severity.
Ann. Med. 43, 617–649 (2011)

5. R. Lomonaco, C. Ortiz-Lopez, B. Orsak, A. Webb, J. Hardies, C.
Darland, J. Finch, A. Gastaldelli, S. Harrison, F. Tio, K. Cusi,
Effect of adipose tissue insulin resistance on metabolic parameters
and liver histology in obese patients with nonalcoholic fatty liver
disease. Hepatology 55, 1389–1397 (2012)

6. I.R. Willner, B. Waters, S.R. Patil, A. Reuben, J. Morelli, C.A.
Riely, Ninety patients with nonalcoholic steatohepatitis: insulin
resistance, familial tendency, and severity of disease. Am. J.
Gastroenterol. 96, 2957–2961 (2001)

7. C. Ortiz-Lopez, R. Lomonaco, B. Orsak, J. Finch, Z. Chang, V.G.
Kochunov, J. Hardies, K. Cusi, Prevalence of prediabetes and
diabetes and metabolic profile of patients with nonalcoholic fatty
liver disease (NAFLD). Diabetes Care 35, 873–878 (2012)

8. G. Targher, M. Chonchol, I. Pichiri, G. Zoppini, Risk of cardio-
vascular disease and chronic kidney disease in diabetic patients
with non-alcoholic fatty liver disease: just a coincidence?.
J. Endocrinol. Invest. 34, 544–555 (2011)

9. R. Loomba, M. Abraham, A. Unalp, L. Wilson, J. Lavine, E.
Doo, N.M. Bass, Association between diabetes, family history of
diabetes, and risk of nonalcoholic steatohepatitis and fibrosis.
Hepatology 56, 943–951 (2012)

10. C.R.A. Lesmana et al. Development of non-alcoholic fatty liver
disease scoring system among adult medical check-up patients: a

Endocrine

Author's personal copy



large cross-sectional and prospective validation study. Diabetes
Metab. Syndr. Obes. 8, 213–218 (2015)

11. S.M. Kramer, A.R. Feinstein, Clinical biostatistics: LIV. The
biostatistics of concordance. Clin. Pharmacol. Ther. 29, 111–123
(1981)

12. K. Shaye, T. Amir, S. Shlomo, S. Yechezkel, Fasting glucose
levels within the high normal range predict cardiovascular out-
come. Am. Heart. J. 164(1), 111–116 (2012)

13. F.C. Hsiao, C.H. Hsieh, C.Z. Wu, C.H. Hsu, J.D. Lin, T.I. Lee, D.
Pei, Y.L. Chen, Elevated fasting glucose levels within normal
range are associated with an increased risk of metabolic syndrome
in older women. Eur. J. Intern. Med. 24(5), 425–429 (2013).
doi:10.1016/j.ejim.2013.03.013

14. P. Di Bonito, E. Sanguigno, C. Forziato, F. Saitta, M.R. Iardino,
B. Capaldo, Fasting plasma glucose and clustering of cardio-
metabolic risk factors in normoglycemic outpatient children
and adolescents. Diabetes Care 34(6), 1412–1414 (2011).
doi:10.2337/dc10-1783

15. T.V. Fiorentino, M.A. Marini, F. Andreozzi, F. Arturi, E. Suc-
curro, M. Perticone, A. Sciacqua, M.L. Hribal, F. Perticone,
G. Sesti, One-hour postload hyperglycemia is a stronger predictor
of type 2 diabetes than impaired fasting glucose. J. Clin.
Endocrinol. Metab. 100(10), 3744–3751 (2015). doi:10.1210/
jc.2015-2573

16. G. Sesti, M.L. Hribal, T.V. Fiorentino, A. Sciacqua, F. Perticone,
Elevated 1 h postload plasma glucose levels identify adults with

normal glucose tolerance but increased risk of non-alcoholic fatty
liver disease. Br. Med. J. Open Diabetes Res. Care 2(1), e000016
(2014). doi:10.1136/bmjdrc-2014-000016

17. G. Sesti, T.V. Fiorentino, E. Succurro, M. Perticone, F. Arturi, A.
Sciacqua, F. Perticone, Elevated 1-h post-load plasma glucose
levels in subjects with normal glucose tolerance are associated
with unfavorable inflammatory profile. Acta Diabetol. 51(6),
927–932 (2014). doi:10.1007/s00592-013-0539-x

18. C.H. Chiang, C.C. Huang, W.L. Chan, J.W. Chen, H.B. Leu, The
severity of non-alcoholic fatty liver disease correlates with high
sensitivity C-reactive protein value and is independently asso-
ciated with increased cardiovascular risk in healthy population.
Clin. Biochem. 43(18), 1399–1404 (2010). doi:10.1016/j.
clinbiochem.2010.09.003

19. M. Foroughi, Z. Maghsoudi, S. Khayyatzadeh, R. Ghiasvand, G.
Askari, B. Iraj, Relationship between non-alcoholic fatty liver
disease and inflammation in patients with non-alcoholic fatty liver.
Adv. Biomed. Res. 5, 28 (2016). doi:10.4103/2277-9175.176368

20. K. Kato, T. Otsuka, N. Kobayashi, Y. Kon, T. Kawada, Two-hour
post-load plasma glucose levels are associated with carotid intima-
media thickness in subjects with normal glucose tolerance. Diabet.
Med. 31(1), 76–83 (2014). doi:10.1111/dme.12288

21. R. Takahashi, N. Taguchi, M. Suzuki, X.W. Cheng, Y. Numaguchi,
H. Tsukamoto, N. Ikeda, T. Murohara, K. Okumura, Cholesterol
and triglyceride concentrations in lipoproteins as related to carotid
intima-media thickness. Int. Heart J. 53(1), 29–34 (2012)

Endocrine

Author's personal copy

http://dx.doi.org/10.1016/j.ejim.2013.03.013
http://dx.doi.org/10.2337/dc10--1783
http://dx.doi.org/10.1210/jc.2015--2573
http://dx.doi.org/10.1210/jc.2015--2573
http://dx.doi.org/10.1136/bmjdrc--2014--000016
http://dx.doi.org/10.1007/s00592--013--0539--x
http://dx.doi.org/10.1016/j.clinbiochem.2010.09.003
http://dx.doi.org/10.1016/j.clinbiochem.2010.09.003
http://dx.doi.org/10.4103/2277--9175.176368
http://dx.doi.org/10.1111/dme.12288

	Two-hour postload glycemia is associated to an increased risk of NAFLD in healthy subjects with family history of type 2 diabetes: a case control study
	Introduction
	Patients and methods
	Statistical analysis

	Results
	Discussion
	ACKNOWLEDGMENTS
	References


