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Abstract

Objective: Nonalcoholic Fatty Pancreas Disease (NAFPD) is characterized by excessive lipid

accumulation within the pancreas in the absence of alcohol intake, potentially leading to pan-

creatic dysfunction and metabolic complications, including type 2 diabetes mellitus, acute and

chronic pancreatitis, and pancreatic carcinoma. The authors aim to estimate the prevalence of

NAFPD and its association with anthropometric parameters in a cohort of Chilean adolescents.

Method: The authors conducted a cross-sectional analysis of the "Growth and Obesity Chilean

Cohort Study" (GOCS), a longitudinal study involving nearly 1000 children, followed yearly since

2006. All participants underwent anthropometric measurements and abdominal ultrasonography.

Results: A total of 741 adolescents were included; 30 exhibited ultrasonography findings com-

patible with fatty pancreas (4 %). Adolescents with NAFPD had higher BMI z-score (2.33

(1.52�2.69) vs 0.67 (-0.2�1.4), p < 0.001), waist circumference (WC) (90.9 (81.53�98.58) vs

72.2 (67.55�79.83), p < 0.001), waist-to-height ratio (0.55 (0.48�0.6) vs 0.44 (0.41�0.49),

p< 0.001), triponderal index (17.35 (15.14�19.25) vs 13.62 (12.07�15.54), p< 0.001), subcuta-

neous fat (32.4 (21.77�44.95) vs 16.2 (9.3 - 25.3), p < 0.001), visceral fat (45.15 (36.92�62.08)

vs 35.5 (28.55�44.25), p < 0.001), systolic blood pressure (p = 0.009), and diastolic blood pres-

sure but only in boys (p = 0.004) compared with controls. The prevalence of liver steatosis was

significantly higher in the NAFPD group (63.3% vs 5.2 %, p < 0.001). After adjusting for sex and

BMI, only the association with waist circumference and liver steatosis remains statistically

significant.
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Conclusion: In adolescents, NAFPD has a prevalence of 4 % and is associated with a higher BMI z-

score, WC, superficial fat, and blood pressure levels. Liver steatosis exhibited a strong associa-

tion with NAFPD.

© 2024 Sociedade Brasileira de Pediatria. Published by Elsevier Editora Ltda. This is an open

access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction

Obesity has become a significant global health challenge,
playing a key role in the escalating prevalence of chronic
non-communicable diseases. According to the World Health
Organization (WHO), the worldwide prevalence of obesity
has nearly tripled over the last 40 years. Specifically, the
prevalence of overweight and obesity among children and
adolescents aged 5�19 has surged from 4 % in 1975 to over
18 % in 2016 [1]. In Chile, adolescent overweight and obesity
prevalence saw a 50.3 % increase in 2022 [2].

Obesity, especially central obesity, induces ectopic fat
accumulation in various organs such as the liver, heart, and
pancreas, leading to a pro-inflammatory state. Fatty pancreas
(FP) or non-alcoholic fatty pancreas disease (NAFPD) involves
excessive lipid accumulation in the pancreas without alcohol
intake, viral infections, toxins, or congenital metabolic syn-
dromes [3,4]. NAFPD was initially described by Ogilvie in 1933
in individuals with obesity [5]. In 2010, van Geenen et al. [6].
suggested that obesity, particularly its association with insulin
resistance, plays a crucial role in adipocyte infiltration into
the pancreas. Analogous to liver steatosis (LS), NAFPD clini-
cally ranges from simple fat deposition to pancreatic inflam-
mation and fibrosis [7]. The main pathogenic mechanism of
NAFPD involves fat accumulation within the pancreas, either
intralobular or interlobular, leading to dysfunction. Excessive
weight gain causes fat to accumulate in both acinar and islet
cells, resulting in cell death and replacement by adipocytes.
Additionally, fat deposits around large vessels and ducts acti-
vate pancreatic stellate cells, contributing to fibrosis. These
changes impair insulin secretion and b-cell function, poten-
tially leading to conditions like diabetes [8].

Despite the global prevalence of NAFPD and its associa-
tion with obesity, its occurrence in adolescence remains
unknown, and its true clinical impact is unclear. Human
studies have linked FP with type 2 diabetes mellitus, acute
and chronic pancreatitis, pancreatic carcinoma (PC), LS,
and atherosclerotic markers. A recently published system-
atic review found that 32 % of patients with FP had PC (OR
1.32, 95 % CI 0.42�4.16), and the likelihood of having FP
among patients with PC was over six times higher (OR 6.13,
95 % CI 2.61�14.42) than in those without PC, suggesting
that FP could be a significant risk factor for PC [9]. Addition-
ally, pancreatic fatty infiltration correlates with metabolic
risk factors, potentially serving as a significant manifestation
of metabolic syndrome.

It is imperative to determine the authentic prevalence of
NAFPD in the adolescent population and proactively identify
the disease in its early stages to prevent its progression into
metabolic or tumoral pathologies. The primary objective of
this research is to examine the frequency of NAFPD occur-
rence in a well-characterized cohort of Chilean adolescents
and its correlation with anthropometric parameters and adi-
posity markers.

Methods

Participants

Cross-sectional study within the Chilean Growth and Obesity
Cohort Study (GOCS), an ongoing longitudinal study initiated
in 2006. Children born between 2002 and 2003, attending
public schools in Santiago, were invited to participate if
they met specific criteria: single birth, birth weight between
2500 and 4500 g, and no physical or psychological conditions
that could impact their growth. A total of 1190 children
were recruited and assessed annually since 2006. The GOCS
participants were representative of the general population
regarding gender, socioeconomic status, and anthropometric
measurements at birth [10]. For this study, 784 adolescents
underwent evaluation between 2016 and 2019 to determine
the presence of NAFPD.

Participants with any of the following conditions were
excluded: a previous history of acute or chronic pancreas
disease or chronic liver disease, significant alcohol consump-
tion (over 20 g/day), and the presence of malignant disease
or severe health conditions that could interfere with the
study’s results.

Anthropometric assessment

Weight and height were obtained using a digital weight scale
(TANITA 418 BCE, 0.1 Kg precision) and a portable stadiometer
(SECA 222, 0.1 cm precision), respectively. Body mass index
(BMI) was calculated as the ratio of weight (in kg) to the
square of height (in meters). BMI-for-age (BMI z-score) was
determined using the WHO 2007 growth reference [11]. Clas-
sification included normal weight for BMI-z scores between
�1 and 1 SD, overweight for BMI-z scores greater than 1 SD up
to 2 SD, and obesity for BMI-z scores exceeding 2 SD.

Waist circumference (WC) was measured using an inex-
tensible metal tape measure (W606PM model; Lufkin,
0.1 cm precision), taken just above the iliac crest at the end
of a normal expiration. The waist-height ratio (WHtR) was
calculated by dividing the waist by height, in centimeters.
The triponderal mass index (TPI) was calculated as weight
(kg) divided by height (m) cubed. Blood pressure (BP) was
assessed utilizing the OMRON 705�IT digital sphygmoma-
nometer, model LUFKIN W606PM. Participants were seated
with their arms resting on a table after a minimum of 10
min. Four BP readings were taken, with the initial reading
excluded, and the average of the subsequent three readings
was used to determine systolic and diastolic BP.

Diagnosis of NAFPD and LS

Transabdominal ultrasound (US) was performed using an
Acuson S-2000 unit with 6�2 MHz convex and 9�4 MHz linear
transducers by two pediatric radiologists. The diagnosis of
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NAFPD was established when the echogenicity of the pancre-
atic parenchyma exceeded that of the adjacent liver (in the
absence of fatty liver) or the renal cortex (in the presence
of fatty liver) [12]. Liver steatosis was diagnosed based on
the echogenicity of the liver in comparison with the renal
cortex [13]. Additionally, the thickness of subcutaneous and
visceral abdominal fat was measured with the US at the
supraumbilical region using a previously established method
[14]. One radiologist performed and reported findings for
half of the cohort, while the other radiologist conducted
and reported findings for the remaining half of the cohort.

Statistical analysis

The participants in the study were categorized into two
groups: the cases group, consisting of individuals with
NAFPD, and the control group, comprising those individuals
without NAFPD. Anthropometric characteristics were sum-
marized using mean, standard deviation, median, and inter-
quartile range for continuous variables. To compare
continuous variables, the authors employed Wilcoxon’s rank
test and reported corresponding p-values.

Crude and adjusted logistic models were performed to esti-
mate the odds ratio (OR) and its 95 % confidence intervals
(95 % CI) for each studied anthropometric measure and
NAFPD. These models were adjusted for potential confound-
ers, such as age (years) and sex. Additionally, to assess the
association of fat distribution measures (WC, WHtR, TPI) with
NAFPD independent of BMI, the logistic regression models
were further adjusted for BMI. This approach ensured a com-
prehensive examination of the association between anthropo-
metric measures and NAFPD, considering potential
confounders and the impact of BMI on fat distribution meas-
ures.

Ethics

The Ethics committee of the School of Medicine of the Pon-
tificia Universidad Cat�olica de Chile (ID: 200312012) and of

the Institute of Nutrition and Food Technology (INTA) of the
Universidad de Chile approved the protocol and the
informed consent used in the study. Signed informed consent
and assent were obtained prior to the enrollment from the
parents and children, respectively.

Results

Characteristics of the participants

A total of 784 adolescents were assessed, and successful
pancreas visualization was achieved in 741 participants
(Figure 1). The mean age of the participants was 15.43 years
(SD § 0.97, range 13.2 to 17.9), with 49.1 % males. Table 1
shows the general characteristics of the participants. In the
sample analyzed, the percentage distribution of each nutri-
tional status was as follows: obesity 12.4 % (severe obesity
1.5 %), overweight 27.2 %, underweight 6 %, and normal
nutritional status 54.4 %. Out of the total participants, 30
(4 %) exhibited NAFPD, and 56 (7.6 %) had LS. Among the par-
ticipants with NAFPD, 19 (63.3 %) also presented LS.

Characteristics of the groups with and without fatty
pancreas

Table 2 compares the cohort characteristics between the
cases and controls. Regarding age, participants in the FP
group had a median age of 14.77 years (IQR 14.36�15.74),
slightly lower than the mean age of 15.38 years (IQR
14.66�16.27) in the control group. This age difference
between the two groups was statistically significant
(p = 0.021). In terms of sex distribution, the NAFPD group
comprised 18 males and 12 females, while the control group
had 346 males and 365 females. The difference in sex distri-
bution between the two groups was not statistically signifi-
cant (p = 0.2649).

When comparing the anthropometric measurements, the
NAFPD group showed significantly higher values in weight,

Figure 1 Flowchart of participants.
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BMI, WC, WHtR, and TPI (p < 0.001). Similarly, subcutaneous
and visceral fat measurements were significantly higher in
the NAFPD group (p < 0.001). Regarding blood pressure
measurements, SBP was significantly higher in the NAFPD
group (p = 0.009). However, there was no significant differ-
ence in DBP between the two groups (p = 0.059). Addition-
ally, liver steatosis was more prevalent in the NAFPD group
(63.3 %) than in the control group (5.2 %) (p < 0.001).

Logistic regression models

The study results, adjusting for age and sex, as well as age,
sex, and z-BMI, are presented in Table 3.

Adjusted for age and sex: All anthropometric and adipos-
ity markers exhibited strong associations with NAFPD: BMI
had an OR of 4.3 (2.71�6.82, p < 0.001), WC an OR of 1.13
(1.09�1.17, p < 0.001), WHtR had an OR of 1.23 (1.16�1.3,
p < 0.001), and the TPI an OR of 1.61 (1.4�1.86, p < 0.001).
Additionally, SBP and DBP also showed significant associa-
tions, with ORs of 1.06 (1.02�1.11, p = 0.002) and 1.07
(1.02�1.12, p = 0.01), respectively. Subcutaneous fat and
visceral fat demonstrated significant associations with
NAFPD, with ORs of 1.09 (1.06�1.12, p < 0.001) and 1.07
(1.05�1.1, p < 0.001), respectively.

Adjusted for age, sex, and z-BMI: After additional adjust-
ment for z-BMI, the association between WC and NAFPD
remained significant, with an OR of 1.09 (p = 0.022). WHtR
exhibited a borderline association, with an OR of 1.13
(p = 0.053), while the TPI showed no significant association.
SBP, DBP, subcutaneous fat, and visceral fat did not maintain
significant associations after adjusting for age, sex, and z-
BMI.

Liver steatosis exhibited a remarkably strong association
with NAFPD in both models, with an OR of 34.37 (p < 0.001)
in the age and sex-adjusted model and an OR of 13.02
(p < 0.001) in the model further adjusted for z-BMI.

Discussion

The present findings revealed a 4 % prevalence of NAFPD in
adolescents of 15.43 years. Individuals with NAFPD in the
cohort displayed distinctive anthropometric characteristics,
elevated blood pressure, and increased subcutaneous and
visceral fat compared to those without fatty pancreas. Fur-
thermore, z-BMI, WC, and weight-to-height ratio remained
strongly associated with NAFPD in adolescents even after
adjusting for age and sex. Although other anthropometric
measurements exhibited significant associations in models
adjusted for sex and age, these associations did not maintain
significance after BMI adjustment. Remarkably, this study
revealed a robust association between liver steatosis and
NAFPD in adolescents.

Transabdominal ultrasound is a rapid, cost-effective, and
safe method, but it lacks sensitivity for detecting mild to
moderate fatty infiltration of the pancreas and may not con-
sistently visualize this organ, particularly in patients with
obesity [15]. This modality is operator-dependent, and the
subjective comparison of pancreatic echogenicity to hepatic
or nephrotic echogenicity introduces variability [16].
Despite these limitations, the US remains widely used for FP
detection, primarily due to its easy accessibility, cost-effec-
tiveness, and the absence of complications associated with
its implementation.

To our knowledge, this is the first study aiming to deter-
mine the prevalence of NAFPD in the general population of
adolescents. The authors found a prevalence of NAFPD of
4 %, reaching almost 20 % in participants with obesity. It is
important to highlight that there was a percentage of chil-
dren in which the pancreas was not visualized (5.5 % of the
total sample), but they did have US findings compatible with
LS (44.2 % of those in whom the pancreas was not visual-
ized). Therefore, and considering the strong association
between LS and NAFPD, the authors believe that the preva-
lence of fatty pancreas may be underestimated. A system-
atic review published in 2023, showed a bidirectional
relationship between fatty pancreas and LS, with LS associ-
ated with a 6.18-fold increased risk of fatty pancreas and
fatty pancreas linked to a 9.56-fold increased risk of LS.
Additionally, a transabdominal ultrasound revealed a higher
likelihood of severe LS in patients with a fatty pancreas, and
the coexistence of a fatty pancreas was linked to an
increased risk of Non-Alcoholic SteatoHepatitis (NASH) and
advanced fibrosis in LS patients [17]. The authors should also
mention that it is possible that the observed prevalence of
NAFPD in this study may not accurately represent the true
prevalence due to the limited sensitivity of the ultrasound
method.

Notably, the prevalence of NAFPD in pediatrics remains
ambiguous. In 2016, Pham et al. conducted a study to assess
the prevalence of NAFPD in 232 patients 2 to 18 years old,
which was found to be 10 %. However, this result may not be
representative of the general pediatric population since the
study was performed in hospitalized patients [18]. In Asian
adult populations, prevalence data has been reported to
range from 16 % to 35 % in various studies [19,20].

Obesity is considered the most significant risk factor for
developing NAFPD. This association was initially proposed by
Ogilvie and has been consistently validated in subsequent
studies [12,21,22]. The present study supports this

Table 1 General characteristics of the participants.

Variables (n = 741) Mean § SD

Age, years 15,43 § 0,97

Sex, N (%)

Male 364 (%)

Female 377 (%)

Weight, kg 61,67 § 13,56

Height, cm 163,6 § 7,8

BMI, kg/m2 23,03 § 4,64

z - BMI 0,79 § 1,94

WC, cm 74,89 § 10,8

WHtR 0,46 § 0,065

TPI 14,12 § 2,97

Subcutaneous fat, mm 19,04 § 13,16

Visceral fat, mm 37,42 § 12,41

Fatty pancreas, n (%) 30 (4 %)

Liver Steatosis, n (%) 56 (7.6 %)

BMI, body mass index; z-BMI, body mass index z score; WC, waist
circumference; WHtR, weight to height ratio; TPI, Triponderal

mass index; SBP, systolic blood pressure; DBP, diastolic blood

pressure.
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Table 2 Characteristics of the groups with and without fatty pancreas.

Variable FP (30) Controls (711) p- value Male FP (18) Male controls (346) p-value Female FP (12) Female controls

(365)

p-value

Age (years) 14.77

(14.36�15.74)

15.38

(14.66�16.27)

0.021 14.49

(14.22�15.12)

14.82

(14.37�15.61)

0.154 15.57

(15.03�16.14)

15.87 (15.2�16.45) 0.166

Sex (Male/Female) 18/12 346/365 0.2649

Weight, Kg 78.83

(66.85�90.34)

58.7 (52.83�67.45) <0.001 78.5 (65.58�91.65) 59.15 (52.9�68.45) <0.001 78.97

(70.12�85.09)

58 (52.8�65.6) <0.001

Height, cm 166.82

(160.95�171.35)

163.15

(158.18�168.82)

0.061 170.2

(167.72�173.4)

168.4

(163.85�172.39)

0.159 161.05

(155.39�164.14)

158.65 (154.50-

162.45)

0.401

BMI, kg/m2 28.47

(25.21�31.43)

22.15

(19.86�25.08)

<0.001 27.6 (24.36�30.4) 20.88

(18.99�23.97)

<0.001 30.4 (27.02�35.68) 23.14

(20.94�25.77)

<0.001

z- BMI 2.33 (1.52�2.69) 0.67 (�0.12�1.4) <0.001 2.34 (1.52�2.59) 0.44 (�0.35�1.31) <0.001 2.25 (1.84�2.95) 0.83 (0.14�1.48) <0.001

WC, cm 90.9 (81.53�98.58) 72.2 (67.55�79.83) <0.001 89.38

(82.09�99.66)

72.03 (68.1�79.1) <0.001 90.9 (78.06�96.26) 72.55 (67.25�80.2) <0.001

WHtR 0.55 (0.48�0.6) 0.44 (0.41�0.49) <0.001 0.54 (0.49�0.57) 0.43 (0.41�0.47) <0.001 0.56 (0.48�0.61) 0.46 (0.42�0.5) <0.001

TPI 17.35

(15.14�19.25)

13.62

(12.07�15.54)

<0.001 16.38

(14.44�17.88)

12.42 (11.3�14.12) <0.001 18.67

(16.97�22.87)

14.61

(13.17�16.33)

0.001

SBP, mmHg 114.33

(105.67�122)

109 (102�115.67) 0.009 117.67

(110.67�123)

110.67

(104.33�117)

0.002 104.83

(103.33�114.5)

107.33

(100.67�114.17)

0.773

DBP, mmHg 64.33

(59.67�70.67)

62.67 (57�67.67) 0.059 64.33 (61.33�71) 61 (55.67�65.42) 0.004 63.5 (58.67�69.67) 64.33

(59.33�69.33)

0.999

Subcutaneous fat,

mm

32.4 (21.77�44.95) 16.2 (9.3�25.3) <0.001 29.75

(21.25�36.15)

10.45 (6�18.48) <0.001 38.6 (24.25�49.88) 21.5 (14.6�29.6) 0.002

Visceral fat, mm 45.15

(36.92�62.08)

35.5 (28.55�44.25) <0.001 44.6 (35.62�53.55) 36.9 (30.45�44.95) 0.038 51.7 (37.3�67.12) 34.85 (26.88�43.6) 0.001

Liver Steatosis 19 (63.3 %) 37 (5.2 %) <0.001 11 (61.1 %) 13 (3.7 %) <0.001 8 (66.6 %) 24 (6.6 %) <0.001

The data is presented in the median and interquartile range.
BMI, body mass index; z-BMI, body mass index z score; WC, waist circumference; WHtR, weight to height ratio; TPI, Triponderal mass index; SBP, systolic blood pressure; DBP, diastolic blood

pressure.

The bold values indicate statistically significant results with p<0.05.
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association, revealing that adolescents with NAFPD exhib-
ited higher z-BMI compared to controls. This finding concurs
with prior human studies utilizing autopsy assessments or
various imaging modalities like US, computed tomography,
or MRI [23,24]. It is important to highlight that the majority
of previous studies have been conducted in the adult popula-
tion, and gaining insight into the prevalence of NAFPD at
earlier developmental stages could potentially enable inter-
ventions aimed at improving the prognosis of this condition.

Numerous surrogate indicators of visceral adiposity, such
as WC, WHtR, and TPI, have been explored extensively. Vari-
ous studies have demonstrated their correlation with body
fat mass and visceral adiposity, employing diverse methodol-
ogies in both children with obesity and adults [25,26]. In the
comparative analysis of anthropometric measurements, the
NAFPD group demonstrated significantly heightened values
in WC, WHtR, and TPI. Subcutaneous and visceral fat meas-
urements were also notably elevated in the NAFPD group.
These results suggest that adolescents with fatty pancreas
exhibit increased central adiposity and elevated levels of
subcutaneous and visceral fat, suggesting a potential link
between pancreatic fat accumulation and overall body fat
distribution. Moreover, these findings, adjusting for age and
sex, revealed a significant association between WC and
NAFPD. Importantly, this association remained significant
even after adjusting for z-BMI, indicating that WC might
independently contribute to NAFPD development beyond its
correlation with BMI.

Metabolic syndrome (MetS), characterized by abdominal
obesity, insulin resistance, hypertension, and hyperlipid-
emia, poses an increased risk of cardiovascular diseases
[27]. Evidence increasingly links NAFPD with all MetS compo-
nents in adolescents and adults [12,28,29]. Chiyanika et al.
[30]. published in 2019 a report that describes the relation-
ship between NAFPD, body fat, and the risk of metabolic
syndrome in 52 Chinese adolescents (14�18 years) with both
obesity and LS. They found that 50 % had NAFPD, 38 % had
metabolic syndrome, and 81 % exhibited insulin resistance.
NAFPD in obesity was associated with metabolic syndrome
(OR = 1.70). Although the sample lacked all the elements for
diagnosing metabolic syndrome, the authors had to include
two components: waist circumference and blood pressure.
Notably, a robust association with NAFPD, independent of
BMI, was observed for waist circumference. Additionally,

blood pressure was elevated in the NAFPD group compared
to controls, though not reaching hypertensive levels. These
elevated readings may suggest a potential predisposition to
hypertension in subsequent stages.

As mentioned above, recent studies have demonstrated a
significant correlation between NAFPD and LS. In a prospec-
tive study involving 293 patients, it was found that 68 % of
individuals with NAFPD also had LS. Furthermore, nearly all
subjects (97 %) with LS were found to have NAFPD as well
[12]. These findings strongly indicate a potential physiopath-
ological link between the two conditions [21]. Della Corte et
al. [4]. evaluated 121 pediatric patients with echogenic-
demonstrated LS, identifying 58 patients with NAFPD. The
NAFPD group exhibited notably higher z-BMI, fasting insulin
levels, and HOMA-IR. Moreover, they displayed a more
advanced liver disease phenotype, characterized by ele-
vated values of fibrosis, ballooning, and NAFLD Activity
Score, compared to the group without NAFPD. These results
suggest a close relationship between NAFPD and the severity
of liver disease in pediatric patients with LS.

The strengths of the present study include the represen-
tativeness of the adolescent population, the high number of
participants, and that it is one of the few studies that pro-
vide data on the fatty pancreas in the general population of
adolescents.

This study has some limitations. Firstly, the diagnosis of
NAFPD was based on US rather than MRI, which is currently
acknowledged as the most accurate imaging modality for
measuring pancreatic fat content. The use of the US was
driven by challenges in accessing MRI, primarily due to its
high cost. While the US is the most commonly used non-inva-
sive tool for abdominal imaging, its limitations include diffi-
culties in achieving clear visualization of the pancreas,
especially in individuals with obesity. The operator-depen-
dent and subjective nature of the US further complicates its
effectiveness. However, several authors have advocated the
abdominal US as a reliable screening tool for diagnosing pan-
creatic conditions, given its significant accuracy, cost-effec-
tiveness, and nonside effects. Additionally, alternative
diagnostic tools such as computed tomography (CT) and MRI
offer higher accuracy in quantifying pancreatic fat and could
be considered in future research to address these limita-
tions. The study lacks measurements of inter- and intra-
observer variability, which could have provided insights into

Table 3 Logistic regression models.

Adjusted by age and sex Adjusted by age, sex and z - BMI

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

z- BMI 4.3 (2.71�6.82) <0.001

WC 1.13 (1.09�1.17) <0.001 1.09 (1.01�1.17) 0.022

WHtR 1.23 (1.16�1.3) <0.001 1.13 (1�1.27) 0.053

TPI 1.61 (1�4�1.86) <0.001 1.28 (0.8�2.07) 0.306

SBP 1.06 (1.02�1.11) 0.002 1.03 (0.98�1.07) 0.212

DBP 1.07 (1.02�1.12) 0.01 1.05 (0.99�1.11) 0.083

Subcutaneous fat 1.09 (1.06�1.12) <0.001 1.04 (1�1.08) 0.029

Visceral fat 1.07 (1.05�1.1) <0.001 1.03 (1�1.06) 0.066

Liver steatosis 34.37 (14.81�79.77) <0.001 13.02 (5.07�33.45) <0.001

z-BMI, body mass index z score; WC, waist circumference; WHtR, weight to height ratio; TPI, Triponderal mass index; SBP, systolic blood

pressure; DBP, diastolic blood pressure.
The bold values indicate statistically significant results with p<0.05.
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the reliability and consistency of the results. Another limita-
tion is the imbalance between the number of NAFPD cases
and the control group, which may affect the robustness of
some of these analyses. Future studies with a larger and
more balanced sample will be necessary to further validate
the present results. The absence of biochemical data, such
as glycemia, insulin and lipid profiles, represents a limita-
tion, preventing a more comprehensive description of meta-
bolic alterations in adolescents with NAFPD.

Conclusions

In the Chilean adolescent population, the prevalence of
NAFPD is 4 %. Adolescents with obesity exhibit a higher accu-
mulation of pancreatic fat compared to non-obese adoles-
cents. Individuals with NAFPD display distinct
anthropometric characteristics, higher blood pressure, and
increased subcutaneous and visceral fat in comparison to
those without fatty pancreas. NAFPD is strongly associated
with WC and LS.

Authors’ contributions

All the included authors have made substantial contributions
to this work. Specifically, GA drafted the manuscript with
the assistance of JCG. JCG obtained funding for the abdomi-
nal US and the anthropometric data collection of the GOCS
cohort. FDB and CG performed the abdominal US. LV, GA and
JCG conducted the interpretation of the data. GA, JCG, AP,
LV and TC contributed to the conceptualization of the study.
All authors critically reviewed the manuscript and approved
the final version.

Source of funding

This study was supported by ‘‘Fondo Nacional de Desarrollo
Científico y Tecnol�ogico (FONDECYT)’’ 11190856 and
1200839.

Conflicts of interest

All authors declare that there is no conflict of interest that
could be perceived as prejudicing the impartiality of the
research reported.

Acknowledgments

The authors would like to thank all the study personnel, and
all the participants and their families.

References

1. World Health Organization. Obesity and overweight. Available

from: https://www.who.int/news-room/fact-sheets/detail/

obesity-and-overweight. [Accessed May 3, 2024].

2. Junta Nacional de Auxilio Escolar y Becas (Junaeb). Mapa nutri-

cional Junaeb 2022. Available from: https://www.junaeb.cl/
mapa-nutricional/. [Accessed April 5, 2023].

3. Alempijevic T, Dragasevic S, Zec S, Popovic D, Krstic M, Nikolic

M, et al. Non-alcoholic fatty pancreas disease. Postgrad Med J.
2017;93:226�30.

4. Della Corte C, Mosca A, Majo F, Lucidi V, Panera N, Giglioni E,

et al. Nonalcoholic fatty pancreas disease and Nonalcoholic

fatty liver disease: more than ectopic fat. Clin Endocrinol
(Oxf). 2015;83:656�62.

5. Ogilvie R. The island of Langerhans in 19 cases of obesity. J

Pathol. 1933;37:473�81.

6. van Geenen EJ, Smits MM, Schreuder TC, van der Peet DL, Bloe-
mena E, Mulder CJ. Nonalcoholic fatty liver disease is related to

nonalcoholic fatty pancreas disease. Pancreas.

2010;39:1185�90.

7. Romana BS, Chela H, Dailey FE, Nassir F, Tahan V. 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;18:547�54.
8. Pagkali A, Makris A, Brofidi K, Agouridis AP, Filippatos TD. Patho-

physiological mechanisms and clinical associations of non-alco-

holic fatty pancreas disease. Diabetes Metab Syndr Obes.

2024;17:283�94.
9. Lipp M, Tarj�an D, Lee J, Zolcs�ak �A, Szalai E, Teutsch B, et al.

Fatty pancreas is a risk factor for pancreatic cancer: a system-

atic review and meta-analysis of 2956 patients. Cancers (Basel).

2023;15:4876.
10. S�anchez U, Weisstaub G, Santos JL, Corval�an C, Uauy R. GOCS

cohort: children’s eating behavior scores and BMI. Eur J Clin

Nutr. 2016;70:925�8.
11. de Onis M, Onyango AW, Borghi E, Siyam A, Nishida C, Siekmann

J. Development of a WHO growth reference for school-aged

children and adolescents. Bull World Health Organ.

2007;85:660�7.
12. Lee JS, Kim SH, Jun DW, Han JH, Jang EC, Jo YJ, et al. Clinical

implications of fatty pancreas: correlations between fatty pan-

creas and metabolic syndrome. World J Gastroenterol.

2009;15:1869�75.
13. Strauss S, Gavish E, Gottlieb P, Katsnelson L. Interobserver and

intraobserver variability in the sonographic assessment of fatty

liver. AJR Am J Roentgenol. 2007;189:W320�3.

14. Sakuno T, Tomita LM, Tomita CM, Giuliano Ide C, Ibagy A, Perin
NM, Poeta LS. Sonographic evaluation of visceral and subcuta-

neous fat in obese children. Radiol Bras. 2014;47:149�53.

15. Smereczy�nski A, Ko»aczyk K. Is a fatty pancreas a banal lesion? J
Ultrason. 2016;16:273�80.

16. Jani BS, Rzouq F, Saligram S, Lim D, Rastogi A, Bonino J, et al.

Endoscopic ultrasound-guided fine-needle aspiration of pancre-

atic lesions: a systematic review of technical and procedural
variables. N Am J Med Sci. 2016;8:1�11.

17. Wongtrakul W, Untaaveesup S, Pausawadi N, Charatcharoenwit-

thaya P. Bidirectional association between non-alcoholic fatty

liver disease and fatty pancreas: a systematic review and meta-
analysis. Eur J Gastroenterol Hepatol. 2023;35:1107�16.

18. Pham YH, Bingham BA, Bell CS, Greenfield SA, John SD, Robin-

son LH, et al. Prevalence of pancreatic steatosis at a pediatric
tertiary care center. South Med J. 2016;109:196�8.

19. Lesmana CR, Pakasi LS, Inggriani S, Aidawati ML, Lesmana LA.

Prevalence of non-alcoholic fatty pancreas disease (NAFPD) and

its risk factors among adult medical check-up patients in a pri-
vate hospital: a large cross sectional study. BMC Gastroenterol.

2015;15:174.

20. Zhou J, Li ML, Zhang DD, Lin HY, Dai XH, Sun XL, et al. The cor-

relation between pancreatic steatosis and metabolic syndrome
in a Chinese population. Pancreatology. 2016;16:578�83.

ARTICLE IN PRESS
JID: JPED [mSP6P;December 22, 2024;0:41]

7

Jornal de Pediatria xxxx;000(xxx): 1�8

https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.junaeb.cl/mapa-nutricional/
https://www.junaeb.cl/mapa-nutricional/
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0003
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0003
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0003
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0003
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0004
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0004
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0004
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0004
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0004
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0005
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0005
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0005
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0006
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0006
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0006
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0006
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0006
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0007
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0007
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0007
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0007
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0007
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0008
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0008
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0008
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0008
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0008
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0009
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0009
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0009
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0009
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0009
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0009
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0009
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0010
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0010
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0010
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0010
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0010
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0010
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0011
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0011
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0011
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0011
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0011
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0012
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0012
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0012
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0012
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0012
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0013
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0013
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0013
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0013
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0014
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0014
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0014
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0014
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0015
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0015
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0015
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0015
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0015
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0016
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0016
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0016
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0016
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0016
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0017
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0017
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0017
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0017
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0017
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0018
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0018
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0018
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0018
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0019
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0019
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0019
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0019
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0019
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0020
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0020
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0020
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0020


21. Olsen TS. Lipomatosis of the pancreas in autopsy material and

its relation to age and overweight. Acta Pathol Microbiol Scand
A. 1978;86A:367�73.

22. Pezzilli R, Calculli L. Pancreatic steatosis: is it related to either

obesity or diabetes mellitus? World J Diabetes. 2014;5:415�9.
23. Smits MM, van Geenen EJ. The clinical significance of pancreatic

steatosis. Nat Rev Gastroenterol Hepatol. 2011;8:169�77.

24. Sepe PS, Ohri A, Sanaka S, Berzin TM, Sekhon S, Bennett G,

et al. A prospective evaluation of fatty pancreas by using EUS.
Gastrointest Endosc. 2011;73:987�93.

25. Borruel S, Molt�o JF, Alpa~n�es M, Fern�andez-Dur�an E, �Alvarez-Blasco

F, Luque-Ramírez M, et al. Surrogate markers of visceral adiposity

in young adults: waist circumference and body mass index are
more accurate than waist hip ratio, model of adipose distribution

and visceral adiposity index. PLoS ONE. 2014;9:e114112.

26. Al-Daghri NM, Al-Attas OS, Alokail M, Alkharfy K, Wani K, Amer

OE, et al. Does visceral adiposity index signify early metabolic
risk in children and adolescents?: association with insulin

resistance, adipokines, and subclinical inflammation. Pediatr

Res. 2014;75:459�63.
27. Kaur J. A comprehensive review on metabolic syndrome. Car-

diol Res Pract. 2014;2014:943162. Retraction in: Cardiol Res

Pract. 2019;2019:4301528.
28. Wu WC, Wang CY. Association between non-alcoholic fatty

pancreatic disease (NAFPD) and the metabolic syndrome:

case-control retrospective study. Cardiovasc Diabetol. 2013;

12:77.
29. Maggio AB, Mueller P, Wacker J, Viallon M, Belli DC, Beghetti M,

et al. Increased pancreatic fat fraction is present in obese ado-

lescents with metabolic syndrome. J Pediatr Gastroenterol

Nutr. 2012;54:720�6.
30. Chiyanika C, Chan DF, Hui SC, So HK, Deng M, Yeung DK, et al.

The relationship between pancreas steatosis and the risk of

metabolic syndrome and insulin resistance in Chinese adoles-

cents with concurrent obesity and non-alcoholic fatty liver dis-
ease. Pediatr Obes. 2020;15:e12653.

ARTICLE IN PRESS
JID: JPED [mSP6P;December 22, 2024;0:41]

8

G. Alberti, T. Cantillo, A. Pereira et al.

http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0021
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0021
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0021
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0021
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0022
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0022
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0022
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0023
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0023
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0023
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0024
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0024
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0024
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0024
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0025
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0025
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0025
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0025
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0025
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0025
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0025
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0025
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0025
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0025
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0026
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0026
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0026
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0026
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0026
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0026
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0027
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0027
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0027
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0028
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0028
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0028
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0028
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0029
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0029
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0029
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0029
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0029
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0030
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0030
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0030
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0030
http://refhub.elsevier.com/S0021-7557(24)00145-1/sbref0030

	Prevalence of Fatty Pancreas and its relation with anthropometric values on the Growth and Obesity Cohort Study
	Introduction
	Methods
	Participants
	Anthropometric assessment
	Diagnosis of NAFPD and LS
	Statistical analysis
	Ethics

	Results
	Characteristics of the participants
	Characteristics of the groups with and without fatty pancreas
	Logistic regression models

	Discussion
	Conclusions
	Authors´ contributions
	Source of funding
	Conflicts of interest
	Acknowledgments
	References


