
Page 1/13

Ultrasound Diagnosis of Nonalcoholic Fatty
Pancreas Disease in Children and Its Clinical
Signi�cance
Chuntian Hong 

Department of Ultrasonography, Quanzhou First Hospital A�liated to Fujian Medical University
Yonghao Yan 

Department of Ultrasonography, Quanzhou First Hospital A�liated to Fujian Medical University
A�liated First Quanzhou Hospital
Changdi Chen 

Department of Pediatric, Quanzhou First Hospital A�liated to Fujian Medical University
ShiLin Li  (  lslqz@139.com )

First A�liated Hospital of Fujian Medical University https://orcid.org/0000-0003-1195-2245

Research article

Keywords: Non-alcoholic fatty pancreatic disease, Waist-to-height ratio, Ultrasound Diagnosis

Posted Date: November 4th, 2020

DOI: https://doi.org/10.21203/rs.3.rs-75565/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-75565/v1
mailto:lslqz@139.com
https://orcid.org/0000-0003-1195-2245
https://doi.org/10.21203/rs.3.rs-75565/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/13

Abstract

Background
The purpose of this study was to investigate the incidence of non-alcoholic fatty pancreatic disease
(NAFPD) diagnosed by ultrasound in children and the related factors of NAFPD in children.

Methods
326 children (2–14 years old) were selected as the study subjects. All statistical analyses were performed
using SPSS software 23.0 (SPSS Inc., Chicago, IL, USA).

Results
A total of 41 cases (12.6%) of the 326 children had NAFPD. The two experimental groups showed
statistically signi�cant differences in age, height, WHtR, TC, LDL, ALT, AST and GGT (p < 0.05), among
which age and height were negatively correlated with NAFPD. Univariate analysis and multivariate
analysis showed that WHtR > 0.472(p = 0.007), TC > 5.3 mmol/L p < 0.001 , LDL > 2.49 mmol/L p = 0.002
and ALT > 23.8 U/L( p = 0.018) were independent risk factors for occurrence of NAFPD.

Conclusions
(1) The high incidence of NAFPD in children was worthy of attention; (2) WHtR was an independent risk
factor for NAFPD; (3) WHtR might be an sensitive index which could early screen children MetS and used
in epidemiological investigation; (4) NAFPD was closely related to obesity and metabolic syndrome, and
ultrasound could be used as the preferred imaging diagnosis method for NAFPD.

Background
In recent years, obesity has become a global public health problem, especially for children, whose growth
rate is signi�cantly higher than that of adults(1, 2). Without active and effective intervention on the
current situation, the number of overweight and obese children will continue to rise. The growing burden
of obesity worldwide has led to a dramatic rise in patients suffering from metabolic syndrome (MetS),
which included central obesity (WC ≥ 90th percentile) and 2 or more of the following 4 factors: TG level 
≧ 1.7 mmol/L, HDL cholesterol < 1.03 mmol/L, systolic blood pressure ≧ 130 mmHg or diastolic blood
pressure ≧ 85 mmHg, and fasting plasma glucose level ≥ 5.6 mmol/L(3). The excessive adipose tissue in
obese individuals is endocrinologically active, leading to a proin�ammatory state which generates several
complications in target organs (liver, pancreas, heart and vessels) and even an increased risk for certain
malignancies(4).
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Similar to non-alcoholic fatty liver disease (NAFLD), which has become a common cause of chronic liver
disease, non-alcoholic fatty pancreatic disease (NAFPD) also includes a variety of diseases, from
pancreatic fat deposition (fatty pancreas and pancreatic steatopancreatitis) to possible pancreatic
�brosis(5). Despite the parallelism with NAFLD, which has been extensively investigated, our knowledge
about NAFPD is still at the beginning, the interest in researching it is increasing(6). Currently, its clinical
signi�cance, outcome, relationship with chronic pancreatitis and pancreatic cancer are not well known
yet(7). In addition, the diagnosis was not standardized and treatment protocols were not evidence-based.

NAFPD is associated with the severity of pancreatitis, pancreatic dysfunction in type 2 diabetes mellitus,
pancreatic �stula and even the development of pancreatic cancer(8), Diagnostics is based on non-
invasive imaging methods. The most accessible is abdominal ultrasound(9, 10), also endoscopic
ultrasound, computed tomography or magnetic resonance imaging can be used(11).

In this study, we explored the detection rate of NAFPD through the abdominal ultrasound examination in
different age children's pancreas. Moreover, we compared the differences in various metabolic indicators
between NAFPD and non-NAFPD children, so that we could explore the application value and risk factors
of transabdominal ultrasound in childhood NAFPD. Finally, our study provided reference for early
diagnosis and treatment of clinical disease, then it could guide the clinical timely intervention, which can
reduce and avoid the occurrence of related diseases.

Methods
Patients

From June to December 2017, we retrospectively analyzed the clinical data of 326 patients who
underwent routine ultrasound examination at the Ultrasonic Department of Quanzhou First Hospital
A�liated to Fujian Medical University. There were 203 boys and 123 girls, and the ratio of boys to girls
was 1.65 to 1, with an average age of 6.3±3.5 years. The exclusion criteria were as follows: (1) BMI
greater than or equal to 35 kg/m2; (2) Drinking > 20g/d; (3) Patients with hepatitis A, B and autoimmune
hepatitis; (4) Patients with pancreatitis and chronic nephropathy; (5) Children with metabolic disorders
caused by drug treatment in the past year(12, 13). This retrospective study was approved by the Ethics
Committee of Quanzhou First Hospital A�liated to Fujian Medical University.

Collection the gender, age, height (m), weight (Kg), waist circumference (WC) (cm), Systolic blood
pressure (SBP, mmHg), Diastolic blood pressure (DBP, mmHg) and medical history of the subjects were
recorded. BMI and WHtR (BMI= weight/height 2, WHtR= waist circumference/height) were calculated. The
basic information, life habits, current medical history and previous history were uniformly inquired,
collected and sorted out by pediatricians. All enrolled children were isolated from peripheral venous blood
after 8 hours of fasting, and triglyceride (TG), total cholesterol (TC), high-density lipoprotein (HDL), low-
density lipoprotein (LDL), fasting glucose (FBG), uric acid (UA), alanine aminotransferase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase (ALP) and glutamyl transpeptidase (GGT) were measured
by automatic biochemical analyzer (DXC800).
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All patients were examined by a single ultrasound physician with 10 years' experience. In order to obtain
the pancreas ultrasonography in the evaluation of NAFPD, all patients were at least 12 hours on an empty
stomach and in supine position, with 5 MHZ probes (Philips iU Elite; Bothell,Washington) on abdominal
transverse and longitudinal scan line, which under the condition without the use of harmonic imaging.
Moreover, two sonographers worked together to assess the quality of ultrasonic ultrasonographic. Results
was reviewed by senior physician when there is disagreement.

De�nitions

Diagnostic criteria for NAFPD were as follows(8): echo enhancement of the pancreas was higher than
that of the kidney, but since the pancreas and kidney could not be displayed on the same screen at the
same time, the sonographers compared the liver with the pancreas, and then compared the right kidney
with the liver (�gure 1).

Statistical analysis

SPSS software 23.0 (SPSS Inc., Chicago, IL, USA) was used for data analysis. The data were presented
as the mean±standard deviation (±SD) for continuous variables and as a number for categorical
variables. Chi-squared tests was used to evaluate differences in proportions, and Student’s t-tests were
used to evaluate continuous variables. P values less than 0.05 (p<0.05) were considered statistically
signi�cant.

Results
Patient clinical characteristics

The clinical characteristics of the 326 patients (285 non-NAFLD vs. 41 NAFLD) are listed in Table 1. The
non-NAFPD cohort comprised more elderly patients and more higher patients than the NAFPD cohort (all
p<0.05). The WHtR of NAFPD group was signi�cantly higher than non-NAFPD group (p<0.001). The
peripheral venous blood biochemical indexes including TC, LDL, AST, ALT and GGT were signi�cantly
higher in the NAFPD group than in the non-NAFPD group (all p<0.05). However, there was no signi�cant
differences in BMI, WC, SBP (systolic blood pressure), DBP (diastolic blood pressure), TG, HDL, FBG, UA,
ALP between the two cohorts (p>0.05).

Predictable risk factors for NAFPD

Univariate analysis and multivariate analysis were used to evaluate the factors that that associated with
NAFPD. On univariate analysis, age, height , WHtR vlue, TC LDL, AST, ALT and GGT were associated with
NAFPD (Table 2).

Multivariate analysis found that WHtR, TC, LDL and ALT were independent risk factors for NAFPD. (Table
3) To evaluate the potential diagnostic value, a ROC curve was generated for WHtR value. WHtR≧0.454
was used as the standard for NAFPD prediction. We found that the area under the ROC curve (AUC) was
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0.722. In the cut off value of 0.454, the sensitivity and speci�city were 75.6%, and 66.7% respectively.
(Figure 2).

Discussion
Risk factors for NAFPD include obesity, age increase, male, hypertension and dyslipidemia(14). However,
most of the subjects studied are adults. Only a few studies(15) have been conducted on school-age
children and adolescents with obesity and metabolic syndrome, and no studies have been found in the
general children group.

Currently, the internationally recognized indicators to measure the degree of childhood obesity include
BMI, WC, WHtR, etc. Research has shown that WHtR was superior to BMI, WC and waist-hip ratio in
predicting Metabolic Syndrome(MetS)(16, 17). In our study also found that WHtR in the prediction of
dangerous NAFPD most relevant. Meanwhile, children who are overweight and obese need to consult BMI
and WC boundary table(18). Similarly, blood pressure level of children increases with age(19), which
requires us to refer to percentile boundary table of blood pressure of children of different ages and
heights to assess the risk of NAFPD(20), which increases the workload of screening and is not conducive
to epidemiological investigation. Therefore, WHtR as a routine physical examination indicator for children
can better assess and screen the risk factors of cardiovascular disease and MetS risk in children.

Our study found that the incidence of NAFPD in children was negatively correlated with age and height,
but not gender. What’s more, the amount of exercise of preschool children is less than that of school-age
children, and they are more prone to fat deposition, this may also be in line with the �ndings of Afshin A
et al, that childhood obesity rates �rst decline with age before age 14 and then increase(1). Also there
was no gender difference in obesity rates before age 20, and childhood obesity rates were the same for
boys and girls at all ages.

NAFPD includes features of MetS, which translates into strong association with type 2 DM, NAFLD and
cardiovascular risk(21).TG, TC and LDL levels of NAFLD patients were generally higher than those of
normal healthy people, while HDL levels were lower(22).Our study found that the TC, LDL, AST, ALT and
GGT in patients with NAFPD,TC, LDL, AST, ALT and GGT were higher than the non-NAFPD negative group,
however, HDL was lower than the non-NAFPD negative group. This result showed that NAFPD patients in
a variety of abnormal biochemical indexes, especially blood lipid metabolic disorder (TC, LDL
concentration increase HDL levels), with the risk of MetS. At the same time, this study demonstrated that
low levels of blood lipid metabolism disorders were more likely to happen NAFPD, which was similar to
our previous study found that the detection of the metabolic syndrome caused by ectopic fat deposition
in the examination, abdominal ultrasound examination of the pancreas was superior to the liver(9).

The AST and ALT of NAFPD patients in this study were also higher than those in the negative group,
which is the same as the research results of Kim DR et al(23) that in elder obese children and
adolescents. GGT has long been used as a marker of alcoholism and liver disease, also GGT can be used
as a predictor of MetS(24). In this study, it was found that the GGT level of NAFPD patients was higher
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than that of the negative group. However, previous studies have shown that the risk of MetS in obese
children and adolescents with increased GGT was signi�cantly increased compared to normal(25).

To our knowledge, this is the �rst and largest study assessing the clinical value of WHtR in children
NAFPD. At the same time, WHtR can be used as a sensitive indicator for early screening of children's MetS
and used for epidemiological investigation. When WHtR is found to exceed the optimal threshold during
the physical examination of children and adolescents, clinicians may be prompted to take necessary
measures, such as noninvasive ultrasonography to assess the occurrence of NAFPD and to assess the
need to reduce their chance of MetS by increasing exercise, diet control, etc.

This study has several limitations. First, this study is limited by its retrospective nature and its inherent
selection bias. Second, this is a single-center study. It would be necessary to conduct larger, multi-center
studies of the general population in the future. Third, we just ultrasound examination but no MRI, CT or
histological examination (biopsy) to assess NAFPD. Therefore, the results of MRI, CT and biopsy
specimens cannot be compared with the results of ultrasound examination, and further studies are
necessary to compare the results in the future.

In conclusion, we explored the detection rate of NAFPD through the abdominal ultrasound examination in
different age children's pancreas. The results showed that WHtR, TC, LDL and ALT were independent risk
factors for NAFPD. A ROC curve was generated for WHtR value to evaluate the potential diagnostic value
of WHtR. We found that the area under the ROC curve (AUC) was 0.722. The sensitivity and speci�city
were 75.6%, and 66.7% respectively. Thus, our study provided reference for early diagnosis and treatment
of clinical disease, then it could guide the clinical timely intervention, which can reduce and avoid the
occurrence of related diseases.

Conclusions
Our study shows that :(1) the incidence of NAFPD in children is more than 10%, which is worthy of
attention; (2) WHtR was an independent risk factor for NAFPD; (3) WHtR can be used as an early
screening indicator for children MetS, especially for epidemiological investigation.
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transpeptidase



Page 7/13

Declarations
Ethics approval and consent to participate

This retrospective study was approved by the Ethics Committee of Quanzhou First Hospital A�liated to
Fujian Medical University.

Consent to publish

We agreed to publish the article in BMC Endocrine Disorders.

Availability of data and materials

Data and materials are truly available.

Competing interest

There is no con�ict of interest here.

Funding

This work was supported by science and technology plan project of Quanzhou in 2018 (2018Z062).

Authors' Contributions

CH and YY were involved in diagnosis of NAFLD and NAFPD; CH and CC were involved in the collection
and assembly of patients’ data; CH and SL were involved in design and writing of this study. All authors
read and approved the �nal manuscript.

Acknowledgements

This work was supported by science and technology plan project of Quanzhou in 2018 (2018Z062).

References
1. Afshin A, Forouzanfar MH, Reitsma MB, et al. Health Effects of Overweight and Obesity in 195

Countries over 25 Years. N Engl J Med. 2017;377(1):13–27.

2. Ng M, Fleming T, Robinson M, et al. Global, regional, and national prevalence of overweight and
obesity in children and adults during 1980–2013: a systematic analysis for the Global Burden of
Disease Study 2013. Lancet. 2014;384(9945):766–81.

3. Zimmet P, Alberti KG, Kaufman F, et al. The metabolic syndrome in children and adolescents - an IDF
consensus report. Pediatr Diabetes. 2007;8(5):299–306.

4. Alempijevic T, Dragasevic S, Zec S, et al. Non-alcoholic fatty pancreas disease. Postgrad Med J.
2017;93(1098):226–30.



Page 8/13

5. Romana BS, Chela H, Dailey FE, et al. Non-Alcoholic Fatty Pancreas Disease (NAFPD): A Silent
Spectator or the Fifth Component of Metabolic Syndrome? A Literature Review. Endocr Metab
Immune Disord Drug Targets. 2018;18(6):547–54.

�. Majumder S, Philip NA, Takahashi N, et al. Fatty Pancreas: Should We Be Concerned? Pancreas.
2017;46(10):1251–58.

7. Pinte L, Balaban DV, Baicus C, et al. Non-alcoholic fatty pancreas disease - practices for clinicians.
Rom J Intern Med. 2019;57(3):209–19.

�. Le KA, Ventura EE, Fisher JQ, et al. Ethnic differences in pancreatic fat accumulation and its
relationship with other fat depots and in�ammatory markers. Diabetes Care. 2011;34(2):485–90.

9. Li S, Su L, Lv G, et al. Transabdominal ultrasonography of the pancreas is superior to that of the liver
for detection of ectopic fat deposits resulting from metabolic syndrome. Med (Baltim).
2017;96(37):e8060.

10. Hung CS, Tseng PH, Tu CH, et al. Increased Pancreatic Echogenicity with US: Relationship to
Glycemic Progression and Incident Diabetes. Radiology. 2018;287(3):853–63.

11. Yoon JH, Lee JM, Lee KB, et al. Pancreatic Steatosis and Fibrosis: Quantitative Assessment with
Preoperative Multiparametric MR Imaging. Radiology. 2016;279(1):140–50.

12. Fukuda Y, Yamada D, Eguchi H, et al. CT Density in the Pancreas is a Promising Imaging Predictor for
Pancreatic Ductal Adenocarcinoma. Ann Surg Oncol. 2017;24(9):2762–69.

13. Della Corte C, Mosca A, Majo F, et al. Nonalcoholic fatty pancreas disease and Nonalcoholic fatty
liver disease: more than ectopic fat. Clin Endocrinol (Oxf). 2015;83(5):656–62.

14. Catanzaro R, Cuffari B, Italia A, et al. Exploring the metabolic syndrome: Nonalcoholic fatty pancreas
disease. World J Gastroenterol. 2016;22(34):7660–75.

15. Kim DR, Lee MS, Lee JS, et al. Ultrasonographic Quantitative Analysis of Fatty Pancreas in Obese
Children: Its Correlation with Metabolic Syndrome and Homeostasis Model Assessment of Insulin
Resistance. J Pediatr 2018;193(134 – 38.e1.

1�. Jayawardana R, Ranasinghe P, Sheriff MH, et al. Waist to height ratio: a better anthropometric marker
of diabetes and cardio-metabolic risks in South Asian adults. Diabetes Res Clin Pract.
2013;99(3):292–9.

17. Wang X, Dong B, Ma J, et al. Role of tri-ponderal mass index in cardio-metabolic risk assessment in
children and adolescents: compared with body mass index. Int J Obes (Lond). 2020;44(4):886–94.

1�. Cole TJ, Bellizzi MC, Flegal KM, et al. Establishing a standard de�nition for child overweight and
obesity worldwide: international survey. Bmj. 2000;320(7244):1240–3.

19. Update on the 1987 Task Force Report on High Blood Pressure in Children and Adolescents: a
working group report from the National High Blood Pressure Education Program. National High
Blood Pressure Education Program Working Group on Hypertension Control in Children Adolescents
Pediatrics. 1996;98(4 Pt 1):649–58.



Page 9/13

20. Yan W, Liu F, Li X, et al. Blood pressure percentiles by age and height for non-overweight Chinese
children and adolescents: analysis of the China Health and Nutrition Surveys 1991–2009. BMC
Pediatr. 2013;13:195.

21. Pezzilli R, Calculli L. Pancreatic steatosis: Is it related to either obesity or diabetes mellitus? World J
Diabetes. 2014;5(4):415–9.

22. Chatrath H, Vuppalanchi R, Chalasani N. Dyslipidemia in patients with nonalcoholic fatty liver
disease. Semin Liver Dis. 2012;32(1):22–9.

23. Jeong HT, Lee MS, Kim MJ. Quantitative analysis of pancreatic echogenicity on transabdominal
sonography: correlations with metabolic syndrome. J Clin Ultrasound. 2015;43(2):98–108.

24. Park JM, Lee JY, Lee DC, et al. Serum γ-glutamyltransferase level and metabolic syndrome in children
and adolescents: Korean National Health and Nutrition Examination Survey. J Diabetes Investig.
2017;9(3):522–8.

25. Kong AP, Choi KC, Ho CS, et al. Associations of uric acid and gamma-glutamyltransferase (GGT) with
obesity and components of metabolic syndrome in children and adolescents. Pediatr Obes.
2013;8(5):351–7.

Tables



Page 10/13

Table 1. Comparison of NAFPD positive group and NAFPD negative group ±SD

indicators NAFPD(-) (n=285) NAFPD(+)(n=41) P

Sex(M/F)

Male

Female

 

179

106

 

24

17

0.598

Age(y) 6.5±3.4 4.3±3.0 <0.001

Height(m) 116.9±20.6 103.3±21.7 <0.001

BMI(kg/m2) 17.3±3.3 17.8±5.5 0.406

WC(m) 51.8±8.9 49.6±14.9 0.186

WHtR 0.448±0.036 0.472±0.054 <0.001

SBP(mmHg) 102.0±11.2 101.4±16.2 0.754

DBP(mmHg) 65.1±7.5 65.6±10.6 0.685

TG(mmol/L) 0.83±0.53 0.87±0.48 0.692

TC(mmol/L) 3.69±0.69 5.30±1.86 <0.001

HDL(mmol/L) 1.16±0.34 1.12±0.35 0.510

LDL(mmol/L) 2.25±0.66 2.49±10.75 0.030

FBG(mmol/L) 4.82±1.23 4.73±1.38 0.673

UA(umol/L) 310.4±115.4 309.0±123.8 0.944

AST(U/L) 29.9±14.3 39.0±16.5 0.001

ALT(U/L) 16.1±12.2 23.7±23.2 0.006

ALP(U/L) 198.4±136.0 229.0±211.2 0.250

GGT(U/L) 12.8±9.8 20.8±31.0 0.012
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Table 2. Univariate analysis of morbidity risk factors for NAFPD

variable B SE P OR(95%CI)

Age -0.2 0.003 <0.001 0.981(0.974,0.987)

 Sex -0.179 0.34 0.598 0.836(0.429,1.627)

Weight -0.118 0.112 0.276 0.977(0.947,1.007)

Height -0.42 0.012 <0.001 0.959(0.937,0.983)

BMI 0.035 0.042 0.406 1.036(0.954,1.125)

WC -0.026 0.020 0.186 0.974(0.938,1.013)

WHtR 1.080 0.351 0.002 2.833(1.427,5.625)

SBP -0.004 0.014 0.754 0.996(0.968,1.024)

DBP 0.008 0.020 0.685 1.008(0.969,1.050)

TG 0.121 0.305 0.692 1.126(0.621,2.051)

TC 2.195 0.328 <0.001 8.981(4.723,17.078)

HDL -0.327 0.495 0.510 0.721(0.273,1.904)

LDL 0.525 0.242 0.030 1.691(1.052,2.719)

FBG -0.057 0.135 0.673 0.945(0.726,1.230)

UA 0.000 0.001 0.944 1.000(0.997,1.003)

AST 0.030 0.009 0.001 1.030(1.012,1.049)

ALT 0.025 0.009 0.006 1.025(1.007,1.043)

ALP 0.001 0.001 0.250 1.001(0.999,1.003)

GGT 0.025 0.010 0.012 1.025(1.005,1.045)

 

Table 3. Multivariate analysis of morbidity risk factors for NAFPD
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variable P OR(95%CI)

Age 0.454 0.772.(0.651,0.915)

Height 0.090 1.388(0.951,2.028)

WC 0.258 1.075 0.948,1.220

WHtR 0.007 2.669(1.314,5.419)

TC <0.001 18.353(7.026,47.938)

LDL 0.002 1.293(1.133,1.648

ALT 0.018 1.037(1.006,1.069)

GGT 0.12 1.018(0.995,1.041)

Figures

Figure 1
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A. Enhanced pancreatic echo with normal liver echo; B. Enhanced pancreatic echo with normal hepatic
and renal echo; C. Enhanced pancreatic echo with enhanced hepatic echo; D. Enhanced pancreatic echo.

Figure 2

ROC curve of WHtR in predicting NAFPD in children.


