
Abstract

Background: Type 4 retinol binding protein (RBP4) is a novel adipocytokine that has been related with 
insulin resistance (IR). In pediatric population, RBP4 levels are higher in obese subjects compared with 
lean subjects. In adults with type 2 diabetes (T2D) a positive correlation has been found between RBP4 
levels and hepatic steatosis (HS). There is scarce information on RBP4 levels in children and adolescents 
with T2D. The aim of our study was to evaluate RBP4 levels in T2D adolescents and its association to HS.
Methods: 34 T2D adolescents were included. Fasting glucose, glicated hemoglobin (HBA1c), lipid profile, 
and RBP4 levels were determined. The degree of HS was evaluated by hepatic Doppler-ultrasound.
Results: Of the 34 patients, 64.7% were female. Mean age was 14.37±2.27 years and HbA1c was 9.27± 
3.27%. 33.3% did not have steatosis (NHS), 41.7% had mild HS (MHS) and 25% had severe HS (SHS). No 
differences were found between the 3 groups in age, weight, BMI, waist, years of DM2, and Tanner stage. 
ALT, AST and RBP4 concentrations were higher in patients with SHS compared with those with MHS 
and NHS (p=0.04). There was a positive correlation between HS and RBP4 levels (r=0.487, p=0.043).
Conclusion: In children and adolescents with T2D RBP4 levels are associated with the degree of HS. This 
adipocytokine could be used as an HS serum marker.
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Introduction

Type 2 diabetes (T2D) in children and adolescents is emerging as 
a health problem worldwide due to the global epidemic of obesity, 
accounting for as many as 46% of new cases in Latin populations [1]. 
In the majority of these cases, chronic complications can be detected 
since its diagnosis, such as hypertension, nephropathy, neuropathy 
or dyslipidemia [2]. Hepatic steatosis (HS) and non-alcoholic 
steatohepatitis (NASH), is seldom searched for in these patients, 
although it has been reported in up to 78% of adults with T2D [3] 
and it is considered the most common liver pathology in adults and 
children [4].

The gold-standard for the diagnosis of HS is liver biopsy, but this is 
a costly procedure that is not exempt of possible severe complications. 
This is why, in the last decade many other non-invasive diagnostic 
methods have been used instead. Some imaging modalities include 
ultrasound, computed tomography or magnetic resonance imaging, 
have been used with excellent results [5]. The hepatic ultrasound has 
reported a 100% sensitivity in detecting more than 33% liver fat and 
a positive predictive value of 62%. Other authors have used different 
serum markers and biochemical scales to diagnosis HS, such as the 
SteatoTest and fatty liver index [6].

RBP4 is a member of the lipocalin family of proteins with 201 
amino acids. It is mainly expressed in liver and adipose tissue, and 
it transports retinol and binds to transthyretin, which prevents its 
renal excretion [7]. Studies in humans have linked this molecule 
with obesity and insulin resistant (IR) states, such as the metabolic 
syndrome (MS) or T2D [8]. Its also been associated with increased 
levels of visceral fat [9]. In pediatric population, RBP4 is elevated in 
obese patients, and it showed a positive correlation with body mass 
index (BMI), higher visceral fat, different components of the MS and
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some serum markers of systemic inflammation [10]. In recent years, 
the relationship between this molecule and HS has been evaluated, 
finding positive correlations with increased liver enzymes in several 
studies [11]. RBP4 levels are also increased in, obese and non obese 
T2D patients, compared with non-diabetic weight matched controls 
[12,13].

There is scarce information with regard to the presence of HS in T2D 
in pediatric population, and to the expression of this adipcytokine in 
these patients. The aim of this study was to identify the frequency of 
HS in T2D children and adolescents and evaluate the RBP4 serum 
levels, and its relationship to HS.

Materials & Method

A cross sectional study was conducted in 34 T2D children and 
adolescents aged 8 –18 years attending the outpatient diabetic clinic 
at the Hospital Infantil de Mexico Federico Gomez (Mexico City, 
Mexico). All patients were diagnosed according to the American 
Diabetes Association criteria [14,15], and were on multiple dose 
dietary treatment according to age, BMI and Tanner stage and either 
metformin (41%) or insulin (24%), or a combination of both (35%). 
Exclusion criteria were evidence of thyroid dysfunction, hepatic, renal 
or liver disease, chronic or acute infections, micro or macrovascular
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complications. The patients were divided into 3 groups according 
to the degree of HS on ultrasound for their analysis: No HS (NHS) 
(n=13), mild HS (MHS) (n=15) and severe HS (SHS) (n=6) patients. 
Parental informed written consent and child assent were obtained 
from all participants. The protocol was approved by the Institutional 
Review Board of the Hospital Infantil de Mexico Federico Gomez.
 
Measurements

All patients with help from their parents completed a brief 
questionnaire regarding age, sex, age at diagnosis, pharmacologic 
treatment and presence of complications or other diseases. Weight, 
height, body mass index (BMI), waist circumference, blood pressure 
and Tanner stage was evaluated by a trained pediatric endocrinologist. 
A blood sample was taken, after an overnight fast, to determine 
glucose, glycosilated hemoglobin A1c (HbA1c), total cholesterol, 
high density lipoprotein cholesterol (HDL-c), low density lipoprotein 
cholesterol (LDL-c), triglycerides, hepatic enzymes (ALT, AST and 
GGT) and RBP4 levels.

Serum glucose, ALT, AST and GGT concentrations as well as 
HbA1c, total cholesterol, HDL-c and triglycerides were measured 
with the Siemens Dimension RXLMAX System (Siemens Healthcare 
Diagnostics). The LDL-c levels were calculated using the Friedewald 
formula modified by De Long. RBP4 levels were measured by ELISA 
(Millipore Linco-Research kit). Coefficient of variation for this 
determination was 7.7%.

To evaluate the presence of HS, an hepatic Doppler ultrasound 
(Siemens, 5.5Hz) was performed to all patients by a trained pediatric 
radiologist, taking into consideration 3 aspects to determine the degree 
of hepatic steatosis: 1) echo levels of liver and kidney parenchyma, 
2) echo penetration into liver (diaphragm visibility) and 3) clarity of 
liver blood vessel structures (veins) [modified form Tominaga 1995] [ 
16]. Each of these was given a value from 0 to 3, zero being of normal 
characteristics, and 3 being completely abnormal. The 3 values were 
added and the degree of HS was determined by the total score in this 
manner: 0: NHS, 1-3:MHS and >4:SHS, and thus patients categorized 
into the 3 different groups.

Data Analyses
Data are expressed as mean ± SD or median (maximum and 

minimum value) if the data were skewed distributed. Statistical 
analyses were performed using analysis of variance or Kruskall Wallis 
test for comparison. Pearson correlation test was used to examine 
relationships between variables. All analyses were conducted using 
the Stata SE V. 11. All p-values≤0.05 were considered statistically 
significant.

Results and Discussion

Clinical and antrophometric features of the 3 groups are depicted 
in Table 1. No differences were found between the 3 groups in age, age 
at diagnosis, weight, height, BMI waist circumference (WC), blood 
pressure and Tanner stage.

With regards to the level of disease control, the HbA1c levels 
and lipid profile were similar between the 3 groups (p>0.05). There 
were a significant increase in the levels of ALT and AST in the SHS 
(p=0.002 and p=0.001 respectively). The levels of GGT did not have 
a statistical difference, but the level in patients with SHS was twice as 
high as the other 2 groups (Table 2). RBP4 levels were also higher in 
the SHS group (p=0.04). RBP4 showed a positive correlation with HS 
(r=0.487, p=0.043) and ALT levels (r=0.367, p=0.035). Table 3.

The prevalence of HS in T2D adult patients varies widely, ranging 
from 21 to 78%, and the presence of diabetes is a strong independent 
predictor of progression to fibrosis [17]. There are very few reports 
concerning to the presence of this disease in children and adolescents 
with T2D. Dean and Sellers [18] studied 49 patients, from 8 to 18 
years of age, and reported that 44% had elevation in ALT, AST or both. 
Nadeau, et al [19] reported elevation in ALT in 48% of 115 adolescent 
patients with T2D. In our study the frequency of HS was 61%, with 
17% showing signs of SHS in the ultrasound. Only 20% had high 
levels of ALT, and non were higher than twice the normal value. This 
data shows the presence of HS in many patients with normal levels of 
liver enzymes, and could indicate the need for an earlier detection, 
either by ultrasound or with some other serum marker, to avoid the 
progression to steatohepatitis.
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No HS (n=13) Mild HS (n=15) Severe HS (n=6) p

Age at diagnosis (years) 12.16 ± 2.02 10.98 ± 2.03 10.61 ± 2.77 0.136

Age (years) 15.61 ± 1.61 13.23 ± 1.97 13.63 ± 3.46 0.030

Disease evolution (years) 3.50 (0.83-9.0) 2.0 (0.5-6.33) 3.75 (0.16-10.83) 0.277

Sex (M/F) 3 / 10 4 / 11 4 /2 0.105

Weight (kg) 71.00 (43.0-88.0) 51.00 (41.50-120.80) 50.65 (33.30-75.50) 0.391

Height(m) 1.61 ± 0.73 1.56 ± 0.11 1.46 ± 0.17 0.151

BMI (kg/m²) 25.63 ± 3.63 24.79 ± 7.00 25.35 ± 3.5 0.236

WC (cm) 87.03 ± 8.33 83.31 ± 1.13 84.37 ± 1.09 0.545

Waist-height ratio 0.53 ± 0.03 0.52 ± 0.08 0.56 ± 0.06 0.507

Tanner stage

I 0 2 0 0.143

II/III 1 7 2

IV/V 12 6 4

Systolic BP (mmHg) 110.23 ± 9.69 107.60 ± 8.36 113.6 ± 6.70 0.434

Dyastolic BP (mmHg) 72.15 ± 7.32 70.47 ± 8.30 63.01 ± 4.47 0.575
Table 1. Clinical and antrophometric features in patients with T2D.
BMI=body mas index, BP= bl ood pressu r e, WC =w aist circumfer ence.
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In our study we found that RBP4 correlates with the degree of HS 
in children and adolescents with T2D. These results are in agreement 
to those published by Romanowska, et al [13], who found elevation of 
this adipocytokine in obese pediatric patients with NASH compared 
with normal weight controls, and who also found a positive correlation 
between RBP4 levels and degree of HS by ultrasound (r=0.45;P=0.05). 
Shaker O et al [12] published data on RBP4 in T2D adult patients, 
and also found a positive correlation between fatty liver and RBP4 
(r=0.7, P=0.001). We also found a positive correlation between ALT 
and RBP4. Conroy et al [10], also found this relationship in pediatric 
nondiabetic population. They suggest that RBP4 could be used as an 
early serum marker of HS, as do we. Our study has some potential 
limitations. First, its cross-sectional nature does not allow us to 
establish a causal relationship between RBP4 levels and HS. Second, 
our small sample size. Nevertheless, to our knowledge, no previous 
information exists regarding the behavior of in adolescents with T2D 
and its association to HS.

Conclusion
In conclusion, we think that this adipocytokine could be a useful 

marker of HS not only in obese pediatric patients, but also in pediatric 
patients with T2D. 
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No HS (n=13) Mild HS (n=15) Severe HS(n=6) p

HbA1c% 9.76 ± 3.18 9.56 ± 3.33 10.68 ± 3.02 0.161

Total cholesterol (mg/dL) 161.60 ± 33.43 159.92 ± 33.51 184.61 ± 42.25 0.934
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LDL-c (mg/dL) 97.21 ± 88.49 94.75 ± 26.05 112.84 ± 41.12 0.901

ALT (UI/L) 33.87 ± 10.02 33.64 ± 11.59 55.25 ± 11.84 0.002
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GGT (UI/L) 25.0 (14.0-78.0) 25.0 (14.0-78.0) 50.01 (21.0- 72) 0.331*

RBP4 (μgr/mL) 12.76 ± 7.80 15.61 ± 6.80 22.65 ± 4.08 0.026

Table 2: Biochemical characteristics in patients with T2D.
High density lipoprotein cholesterol=HDL-c, low density lipoprotein cholesterol=LDL-c, RBP4= retinol binding protein type 4.

RBP4 (μgr/mL)

r p

BMI (kg/m²) 0.112 0.526

WC (cm) -0.176 0.319

ALT (UI/L) 0.062 0.730

AST (UI/L) 0.367 0.035

HDL -c (mg/dL) -0.048 0.785

LDL-c (mg/dL) 0.181 0.306

Tryglicerides (mg/dL) 0.075 0.671

HbA1c (%) 0.159 0.375

Disease evolution (years) -0.006 0.971

Hepatic steatosis (y/n) 0.487 0.043
Table 3: Correlation analyses between RBP4 and biochemical 
variables.
RBP4= retinol binding protein type 4, BMI=body mas index, 
WC=waist circumference.

http://www.ncbi.nlm.nih.gov/pubmed/17595272
http://www.ncbi.nlm.nih.gov/pubmed/17595272
http://www.ncbi.nlm.nih.gov/pubmed/17595272
http://www.ncbi.nlm.nih.gov/pubmed/17531891
http://www.ncbi.nlm.nih.gov/pubmed/17531891
http://www.ncbi.nlm.nih.gov/pubmed/12643175
http://www.ncbi.nlm.nih.gov/pubmed/12643175
http://www.ncbi.nlm.nih.gov/pubmed/19637286
http://www.ncbi.nlm.nih.gov/pubmed/19637286
http://www.ncbi.nlm.nih.gov/pubmed/12198701
http://www.ncbi.nlm.nih.gov/pubmed/12198701
http://www.ncbi.nlm.nih.gov/pubmed/12198701
http://www.ncbi.nlm.nih.gov/pubmed/22101800
http://www.ncbi.nlm.nih.gov/pubmed/22101800
http://www.ncbi.nlm.nih.gov/pubmed/22101800
http://www.ncbi.nlm.nih.gov/pubmed/21835764
http://www.ncbi.nlm.nih.gov/pubmed/21835764
http://www.ncbi.nlm.nih.gov/pubmed/19875582
http://www.ncbi.nlm.nih.gov/pubmed/19875582
http://www.ncbi.nlm.nih.gov/pubmed/19875582
http://www.ncbi.nlm.nih.gov/pubmed/19816414
http://www.ncbi.nlm.nih.gov/pubmed/19816414
http://www.ncbi.nlm.nih.gov/pubmed/19816414
http://www.ncbi.nlm.nih.gov/pubmed/22308842
http://www.ncbi.nlm.nih.gov/pubmed/22308842
http://www.ncbi.nlm.nih.gov/pubmed/22308842
http://www.ncbi.nlm.nih.gov/pubmed/22983378
http://www.ncbi.nlm.nih.gov/pubmed/22983378
http://www.ncbi.nlm.nih.gov/pubmed/22983378
http://www.ncbi.nlm.nih.gov/pubmed/21939650
http://www.ncbi.nlm.nih.gov/pubmed/21939650
http://www.ncbi.nlm.nih.gov/pubmed/21939650
http://www.ncbi.nlm.nih.gov/pubmed/21939650
http://www.ncbi.nlm.nih.gov/pubmed/21383997
http://www.ncbi.nlm.nih.gov/pubmed/21383997
http://www.ncbi.nlm.nih.gov/pubmed/21383997
http://dx.doi.org/10.15344/2455-2364/2015/110


Int J Pediatr Neonat Care                                                                                                                                                                                        IJPNC, an open access journal                                                                                                                                          
ISSN: 2455-2364                                                                                                                                                                                                       Volume 1. 2015. 110    

14. Angulo P, Keach JC, Batts KP, Lindor KD (1999) Independent predictors of 
liver fibrosis in patients with nonalcoholic steatohepatitis. Hepatology 30: 
1356-1362.

15. American Diabetes Association (2012) Standards of medical care in 
diabetes--2012. Diabetes Care 35 Suppl 1: S11-63.

16. MacAllister RJ, Parry H, Kimoto M, Ogawa T, Russell RJ, et al. 
(1996) Regulation of nitric oxide synthesis by dimethylarginine 
dimethylaminohydrolase. Br J Pharmacol 119: 1533-1540.

17. Tominaga K, Kurata JH, Chen YK, Fujimoto E, Miyagawa S, et al. (1995) 
Prevalence of fatty liver in Japanese children and relationship to obesity. 
An epidemiological ultrasonographic survey. Dig Dis Sci 40: 2002-2009.

18. Dean H, Sellers E (2001) Steatohepatitis in children with type 2 diabetes 
mellitus. Diabetes 2001 50: A378. 

19. Nadeau KJ, Klingensmith G, Zeitler P (2005) Type 2 diabetes in children 
is frequently associated with elevated alanine aminotransferase. J Pediatr 
Gastroenterol Nutr 41: 94-98.

Citation: de Tito ACH, García HM, Klünder MK, Reyes MTV, Huang F, et al. (2015) Type 4 Retinol Binding Protein as a Marker of Hepatic Steatosis in Children 
and Adolescents with Type 2 Diabetes. Int J Pediatr Neonat Care 1: 110. doi: http://dx.doi.org/10.15344/2455-2364/2015/110

       Page 4 of 4

http://www.ncbi.nlm.nih.gov/pubmed/10573511
http://www.ncbi.nlm.nih.gov/pubmed/10573511
http://www.ncbi.nlm.nih.gov/pubmed/10573511
http://www.ncbi.nlm.nih.gov/pubmed/22187469
http://www.ncbi.nlm.nih.gov/pubmed/22187469
http://www.ncbi.nlm.nih.gov/pubmed/8982498
http://www.ncbi.nlm.nih.gov/pubmed/8982498
http://www.ncbi.nlm.nih.gov/pubmed/8982498
http://www.ncbi.nlm.nih.gov/pubmed/7555456
http://www.ncbi.nlm.nih.gov/pubmed/7555456
http://www.ncbi.nlm.nih.gov/pubmed/7555456
http://www.ncbi.nlm.nih.gov/pubmed/15990637
http://www.ncbi.nlm.nih.gov/pubmed/15990637
http://www.ncbi.nlm.nih.gov/pubmed/15990637
http://dx.doi.org/10.15344/2455-2364/2015/110

