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Abstract
Objective  To determine the prevalence of fatty pancreas disease (FPD) diagnosed by transabdominal ultrasound in 
Chinese elderly aged 65 years and above to explore the correlation between triglyceride glucose index (TyG index) 
and FPD and its severity, and to evaluate the ability of TyG index to identify FPD and its severity.

Methods  The study population was derived from the Thyroid Diseases in Older Population: Screening, Surveillance, 
and Intervention (TOPS) study conducted in the iodine-adapted areas of Jiangsu Province from May to July 2021. 
A total of 567 participants aged 65 years and above in rural areas were included in the final analysis. TyG index was 
calculated by the established formula: Ln [TG (mg/dL) × FBG (mg/dL)/2]. FPD and the degree of intra-pancreatic 
fat deposition (IPFD) were diagnosed by abdominal ultrasound. The logistic regression model was performed to 
determine the correlation between clinical parameters, including TyG index, and FPD and its severity. The diagnostic 
power of TyG index was assessed by receiver operating characteristic curve (ROC).

Results  Overall, 72.66% (412/567) of subjects had FPD, of which over half had moderate to severe FPD. The 
proportions of overweight, obesity, NAFLD, and dyslipidemia were significantly higher in the moderate-to-severe 
FPD group than in the mild FPD group. Multivariate logistic regression showed that TyG index was independently 
associated with FPD in the elderly population, but was not significantly associated with the severity of IPFD. As the 
level of TyG index increased, the metabolic disorders in the population worsened and the prevalence of FPD increased 
significantly. TyG index had a good diagnostic performance for FPD. The combination of BMI or NAFLD and TyG index 
improved the diagnostic ability for FPD.

Conclusion  The prevalence of FPD diagnosed by abdominal ultrasound is high in the elderly aged 65 years and 
above in rural areas in China. TyG index has good identification of FPD but poor recognition of the severity of IPFD. 
TyG index, when combined with other clinical parameters, may have more diagnostic advantages.
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Introduction
As the world’s population ages, a variety of chronic dis-
eases are gradually becoming the leading cause of dis-
ability and mortality in the elderly [1]. Aging increases 
the risk of many chronic diseases, including diabetes, 
cardiovascular disease, and metabolic syndrome [2]. 
Non-alcoholic fatty liver disease (NAFLD) is considered 
as a hepatic manifestation of metabolic syndrome, and 
its prevalence rises among the old population. Because 
of the close histological and embryological relationship 
between the liver and the pancreas, fat deposition in the 
pancreas has become a focus of research. The pancreas 
can contain small amounts of fat in healthy people, and 
the deposition of fat in the pancreas has recently been 
described as intrapancreatic fat deposition (IPFD). When 
IPFD exceeds the upper normal limit, the condition is 
known as fatty pancreas disease (FPD) [3].

The prevalence of FPD in adults usually ranges from 16 
to 35%, with significant variations between age groups 
and comorbidities [4]. Previous studies have shown 
that patients with FPD have a significantly increased 
risk of metabolic diseases such as diabetes mellitus and 
metabolic syndrome, and are closely associated with the 
development and progression of cardiovascular diseases 
such as atherosclerosis. Furthermore, FPD may be asso-
ciated with an increased risk of pancreatic cancer [5, 6]. 
Therefore, early identification and diagnosis of FPD in 
the elderly is of particular importance. Currently, trans-
abdominal ultrasound (US), computer tomography (CT), 
magnetic resonance imaging (MRI), or endoscopic ultra-
sound (EUS) are the most common methods for diag-
nosing FPD in the clinic. These methods have certain 
limitations as well as variations in diagnostic sensitivity 
and accuracy [7]. Currently, MRI has good performance 
as a non-invasive tool for assessing IPFD [6, 8, 9], but 
the relatively high cost and the need for experienced 
operators make it less widely used than transabdominal 
ultrasound in primary care. Therefore, a reliable and cost-
effective biomarker to diagnose FPD is still needed.

Fat deposition in the pancreas may be associated with 
β-cell dysfunction and insulin resistance. Previous pop-
ulation-based studies have found that pancreatic fat 
content is inversely related to insulin sensitivity. Among 
these, the index of insulin resistance (homeostasis model 
assessment-insulin resistance, HOMA-IR) was indepen-
dently associated with FPD and tended to increase with 
the severity of FPD [10, 11]. However, assessment tools 
such as HOMA-IR are based on fasting plasma insulin 
and have some limitations in clinical practice. Recent 
studies have highlighted the triglyceride-glucose (TyG) 
index as a reliable alternative tool for assessing insulin 
resistance [12]. Several small studies have shown that 
TyG index has a good diagnostic performance for the 
prevalence of NAFLD and non-alcoholic steatohepatitis 

(NASH) in the general population and is positively cor-
related with the severity of hepatic steatosis and liver 
fibrosis in patients with NAFLD [13–15]. Therefore, we 
hypothesized that TyG index is related to the prevalence 
of FPD and has certain diagnostic performance for FPD. 
Thus, our study aimed to clarify the prevalence of FPD 
diagnosed by transabdominal ultrasound in the Chinese 
elderly population by conducting a cross-sectional study 
in two rural areas in China. We also aimed to investigate 
the correlation between TyG index and the prevalence 
and severity of FPD in the elderly population and to eval-
uate the diagnostic value of TyG index in identifying FPD 
and its severity.

Materials and methods
Study population
The participants of this cross-sectional study were 
selected from the Thyroid Diseases in Older Population: 
Screening, Surveillance, and Intervention (TOPS) study, a 
population-based study of thyroid disorders in the elderly 
population in iodine-adapted areas of Jiangsu Province, 
which aimed to establish age-specific thyroid-stimulating 
hormone (TSH) reference ranges among people aged ≥ 65 
years and observe the natural history of subclinical hypo-
thyroidism (SCH) [16–18]. It was approved by the Ethics 
Committee of Affiliated Hospital of Integrated Tradi-
tional Chinese and Western Medicine, Nanjing Univer-
sity of Chinese Medicine. A total of 2460 participants 
aged ≥ 65 years were recruited using cluster sampling. 
Exclusion criteria included severe organic diseases, psy-
chiatric disorders, and impaired cognition and communi-
cation. The baseline assessment was conducted from May 
2021 to July 2021. All procedures were performed under 
the relevant guidelines and regulations. An informed 
consent was also required from the participants.

An adequate sample size of 299 was calculated by Epi 
Info (the software was developed by the Centers for Dis-
ease Control and Prevention, available via the link ​h​t​t​p​​s​
:​/​​/​w​w​w​​.​c​​d​c​.​​g​o​v​​/​e​p​i​​i​n​​f​o​/​i​n​d​e​x​.​h​t​m​l.), based on the ​e​s​t​i​m​
a​t​e​s of the target population (n = 2460), expected preva-
lence (33%), statistic corresponding to confidence level 
(95% CI) and allowable absolute deviation (5%) [19, 20]. 
Finally, we used cluster-stratified random sampling from 
July 2022 to September 2023 in both Suqian and Xuzhou. 
We selected the top 4 communities based on the popula-
tion size of the residents and stratified by age and sex to 
select 1000 older adults to participate in the FPD assess-
ment. A total of 881 older adults aged ≥ 65 years finally 
agreed to participate in this study, with a response rate of 
88.10%. The study was approved by the Ethics Committee 
of Affiliated Hospital of Integrated Traditional Chinese 
and Western Medicine, Nanjing University of Chinese 
Medicine. All methods were performed in accordance 

https://www.cdc.gov/epiinfo/index.html
https://www.cdc.gov/epiinfo/index.html
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with the relevant guidelines and regulations. All partici-
pants signed the informed consent.

Participants were excluded if they had cardiac, pulmo-
nary, and renal insufficiency; had infections or malignant 
tumors; consumed excessive alcohol (> 210  g of alcohol 
per week for men and > 140 g per week for women) [21]; 
had chronic pancreatic or hepatic disease; had undergone 

liver or pancreatic partial resection; had language, cog-
nitive, hearing impairments, or psychiatric disorders. 
Finally, 567 eligible participants were enrolled in our 
study (Fig. 1).

Fig. 1  Flow chart of the study
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Data collection and measurement of biochemical and 
metabolic index
All participants were given a questionnaire and physical 
examinations. Clinical data including age, gender, height, 
weight, blood pressure, medical history (thyroid, diabe-
tes, hypertension, dyslipidemia, etc.) and medication his-
tory were recorded.

After an overnight fasting, 10  ml of venous blood of 
each participant was collected between 8 a.m. and 10 a.m. 
The supernatant serum sample obtained by a 15-minute 
centrifugation at 1500×g was stored at -80  °C and sent 
for testing in the Laboratory of the Affiliated Hospital of 
Integrated Traditional Chinese and Western Medicine, 
Nanjing University of Chinese Medicine. Total choles-
terol (TC), triglyceride (TG), high-density lipoprotein 
cholesterol (HDL-C), low-density lipoprotein cholesterol 
(LDL-C) and fasting blood glucose (FBG) were measured 
by Swiss Roche Cobas 702 biochemical analyzer via colo-
rimetric method. Serum free triiodothyronine (FT3), free 
thyroxine (FT4), and TSH were measured by Swiss Roche 
Cobas 601 biochemical analyzer via electrochemilumi-
nescence method.

NAFLD and FPD were evaluated using the Hivision 
Preirus color Doppler ultrasound diagnostic device 
manufactured by Hitachi, Japan. During the abdomi-
nal examination, a convex array probe with a frequency 
of 1–5  MHz was used, and the preset abdominal mode 
of the device was selected to comprehensively scan the 
liver and pancreas, and ultrasound images were recorded. 
Participants were in the supine position with the abdo-
men fully exposed for the examination. Echo intensity, 
edges, and posterior echogenic changes of the pancreas 
and liver were assessed and recorded by two experienced 
sonographers. The decision was made after discussion in 
case of disagreement.

Diagnostic criteria
NAFLD was defined as abnormal accumulation of 
hepatic fat on ultrasound images after excluding exces-
sive alcohol consumption (≤ 210 g per week for men and 
≤ 140 g per week for women), chronic liver disease, drug 
use, or hereditary disorders. The degree of hepatic steato-
sis was graded as mild, moderate, or severe based on liver 
echogenicity and the visualization of the diaphragm and 
intrahepatic vessels [22, 23]. Similarly, FPD was graded 
by comparing pancreatic echogenicity to renal and ret-
roperitoneal fat echogenicity, with mild, moderate, and 
severe levels corresponding to progressively higher pan-
creatic echogenicity based on the literature [24].

TyG index = Ln [TG (mg/dL) × FBG (mg/dL)/2] [25]. 
The formula used for converting mmol/L to mg/dL 
is as follows: for FBG, 1 mmol/L = 18  mg/dL; for TG, 1 
mmol/L = 88.5 mg/dL [26].

Other clinical parameters
In our center, the laboratory reference ranges for TSH, 
FT3 and FT4 are 0.27–4.20 mIU/mL, 3.1–6.8 pmol/L and 
12.0–22.0 pmol/L, respectively. Subclinical hypothyroid-
ism was defined as TSH > 4.2 mIU/mL with FT4 levels 
within the normal range, whereas overt hypothyroidism 
was defined as TSH > 4.2 mIU/mL with FT4 levels below 
the lower limit of the normal range. Both conditions were 
termed as hypothyroidism in the present study. Hyper-
thyroidism was defined as TSH < 0.27mIU/mL with both 
FT3 and FT4 levels above the upper limit of the normal 
range.

Dyslipidemia was defined according to the Chinese 
guideline for the management of dyslipidemia in adults 
[27]: TC ≥ 5.2 mmol/L and/or TG ≥ 1.7 mmol/L and/or 
LDL-c ≥ 3.4 mmol/L and/or HDL-c < 1.0 mmol/L and/or 
use of lipid-lowering medication.

Body mass index (BMI) = weight (kg)/height2 (m2). 
Participants were categorized according to BMI into 
underweight (BMI < 18.5  kg/m2), normal weight (BMI: 
18.5–23.9  kg/m2), overweight (BMI: 24.0–27.9  kg/m2), 
and obesity ranges (BMI ≥ 28.0 kg/m2) [28].

Hypertension was defined as systolic blood pres-
sure (SBP) ≥ 140 mmHg and/or diastolic blood pressure 
(DBP) ≥ 90 mmHg and/or use of antihypertensive medi-
cation [29].

Statistical analysis
Statistical processing was performed using SPSS 26.0 
(IBM Corporation, Armonk, NY, USA) and R 4.3.2 soft-
ware. The Kolmogorov-Smirnov test was applied to 
examine the normality. Normally distributed measure-
ment data were expressed as mean ± standard deviation 

(
−
x ± SD), and differences were analyzed by the Student’s 

t-test or ANOVA; otherwise, they were expressed as the 
median (interquartile range [IQR]), and differences were 
analyzed by the Mann-Whitney U test or Kruskal-Wallis.

Binary logistic regression models were constructed 
to examine the association of demographic and clinical 
parameters, including TyG index, with the presence and 
severity of FPD. To determine which factors were inde-
pendently associated with FPD, in addition to potential 
confounders selected based on clinical applicability, non-
collinear factors associated at P < 0.05 in univariate analy-
sis were proposed in the multivariable logistic regression 
model. (VIF ≤ 10 as a non-collinear diagnostic criterion 
for the variables). The conditional (ENTER method) 
logistic regression models were used to improve the 
accuracy of the analysis. Receiver operating characteris-
tic (ROC) curve analysis and area under the curve (AUC) 
were used to evaluate the diagnostic performance of TyG 
index for.
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FPD and its severity. To further compare the diagnostic 
performance of different parameters, the area under the 
curve was compared using the DeLong method to deter-
mine whether the combination of other parameters pro-
vided a more significant diagnostic advantage than TyG 
index alone. We further performed sensitivity analyses. 
With the collection of the subjects’ medication by ques-
tionnaire, we repeated the analyses after excluding indi-
viduals taking either glucose-lowering or lipid-lowering 
medication. All statistical tests were two-tailed and sta-
tistically significant at P < 0.05.

Results
Baseline characteristics of participants
The mean age of 567 analyzed participants was 
73.39 ± 5.14 years and 54.85% (311/567) were female. 
Among them, 25.75% (146/567) of subjects had NAFLD 

and 72.66% (412/567) had FPD. Participants were 
divided into two groups according to whether they had 
FPD or not. Those with FPD had significantly higher 
body weight, BMI, SBP, DBP, FBG, TG, and TyG index, 
and lower HDL-C than those without FPD (all P < 0.05) 
(Table  1). Furthermore, the proportion of subjects with 
NAFLD, hypertension, and dyslipidemia was significantly 
higher in the FPD group than in the non-FPD group 
(all P < 0.05). The majority of participants in two groups 
had normal thyroid function, with no significant differ-
ences in FT3, FT4 and TSH levels or in the proportion 
of abnormal thyroid function. Smoking and alcohol con-
sumption were similar as well.

Table 1  Demographic and clinical characteristics of the study participants
Overall
(567)

FPD
(n = 412)

Non-FPD
(n = 155)

P value

Age(yr) 73.39 ± 5.14 73.48 ± 5.13 73.17 ± 5.17 0.487
Female(%) 311(54.85) 235(57.03) 76(49.03) 0.088
Height(kg) 156.26 ± 8.85 156.38 ± 8.56 155.95 ± 9.61 0.758
Weigth(cm) 61.37 ± 10.61 63.31 ± 10.68 56.21 ± 8.53 <0.001
BMI(kg/m2) 25.11 ± 3.71 25.86 ± 3.65 23.14 ± 3.09 <0.001
Normal weight(%) 194(34.21) 111(26.94) 83(53.55) <0.001
Over weight(%) 250(44.09) 195(47.33) 55(35.48)
Obesity(%) 108(19.05) 99(24.03) 9(5.81)
SBP(mmHg) 145.40 ± 23.31 146.85 ± 23.59 141.53 ± 22.15 0.029
DBP(mmHg) 83.37 ± 11.48 83.97 ± 11.62 81.75 ± 10.99 0.040
FT3(pmol/L) 5.06 ± 0.90 5.02 ± 0.63 5.17 ± 1.37 0.548
FT4 pmol/L 17.58 ± 2.45 17.59 ± 2.45 17.55 ± 2.46 0.616
TSH(mIU/ml) 2.62(1.76–3.84) 2.59(1.78–3.84) 2.66(1.61–3.86) 0.897
Hypothyroidism(%) 106(18.69) 79(19.17) 27(17.42) 0.464
Hyperthyroidism(%) 2(0.35) 2(0.49) 0(0)
Euthyroid(%) 459(80.95) 331(80.33) 128(82.58)
FBG(mmol/L) 5.25(4.77–5.90) 5.37(4.89–6.13) 4.99(4.52–5.44) <0.001
TC(mmol/L) 4.72(4.06–5.39) 4.75(4.05–5.43) 4.69(4.09–5.32) 0.477
TG(mmol/L) 1.20(0.87–1.66) 1.33(0.97–1.75) 0.95(0.76–1.30) <0.001
HDL-C(mmol/L) 1.28(1.08–1.51) 1.26(1.04–1.45) 1.36(1.18–1.66) <0.001
LDL-C(mmol/L) 2.72(2.10–3.25) 2.75(2.08–3.29) 2.61(2.17–3.16) 0.434
TyG index 6.98 ± 0.61 7.09 ± 0.61 6.68 ± 0.49 <0.001
NAFLD(%) 146(25.75) 139(33.74) 7(4.52) <0.001
Hypertension(%) 382(67.37) 289(70.15) 93(60.00) 0.022
Dyslipidemia(%) 334(58.91) 257(62.37) 77(49.68) 0.006
Non-smokers(%) 451(79.54) 332(80.58) 119(76.77) 0.603
Current smokers(%) 78(13.76) 54(13.11) 24(15.48)
Ex-smokers(%) 38(6.70) 26(6.31) 12(7.74)
Non-drinkers(%) 503(88.71) 371(90.05) 132(85.16) 0.151
Occasional drinkers(%) 33(5.82) 23(5.58) 10(6.45)
Ex-drinkers(%) 31(5.47) 18(4.37) 13(8.39)
BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; TSH, thyroid-stimulating hormone; FT3, free triiodothyronine; FT4, free thyroxine; 
SCH, subclinical hypothyroidism; FBG, fasting blood glucose; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TC, total 
cholesterol; TG, triglyceride; TyG, triglyceride-glucose; FPD, fatty pancreas disease; NAFLD, non-alcoholic fatty liver disease
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Clinical characteristics of participants with different 
degrees of IPFD
To further compare clinical characteristics, participants 
with fatty pancreas were divided into mild FPD group 
(n = 180) and moderate-to-severe FPD group (n = 232). As 
shown in Table 2, participants in the moderate-to-severe 
FPD group had significantly higher weight, BMI, SBP, 
DBP, TG, TyG index, and lower HDL-C compared with 
those in the mild FPD group (all P < 0.05). The propor-
tions of overweight, obesity (P < 0.001), and hypertension 
(P = 0.044) were significantly higher in the moderate-to-
severe FPD group than in the mild FPD group. However, 
there was no significant difference in the proportion of 
dyslipidemia between the two groups.

Correlation of TyG index with FPD and its severity
Binary logistic regression analysis was performed to 
determine the association between clinical parameters, 
including TyG index, and FPD (Table 3). Univariate anal-
ysis showed that BMI, SBP, DBP, FBG, TG, HDL-C, TyG 
index and NAFLD were significantly associated with FPD 

(all P < 0.05). After adjustment for potential confounders, 
TyG index remained independently associated with FPD 
(OR 2.096, 95%CI 1.403–3.134, P < 0.001).

The correlation between TyG index and FPD severity 
was further analyzed (Table 4). In the univariate model, 
TyG index was significantly correlated with the degree of 
IPFD (P = 0.023). The association was no longer found in 
the multivariate model (P = 0.652). In contrast, age (OR 
1.075, 95% CI 1.030–1.122, P = 0.001), BMI (OR 1.213, 
95% CI 1.126–1.307, P < 0.001), DBP (OR 1.027, 95% CI 
1.008–1.047, P = 0.006) and NAFLD (OR 1.637, 95% CI 
1.004–2.672, P = 0.001) were still positively associated 
with IPFD.

To further verify whether there was a threshold effect 
for the association of TyG index with FPD and its sever-
ity, multivariate logistic regression was performed after 
grouping participants according to TyG index tertiles. 
Compared with the lowest TyG index tertile group, 
higher levels of TyG index tertiles were significantly asso-
ciated with FPD after adjustment for relevant confound-
ers (tertile 2: OR 1.993, 95%CI 1.247–3.186, P = 0.004; 

Table 2  Demographic and clinical characteristics of participants with mild FPD and moderate to severe FPD
Mild FPD
(n = 180)

Moderate to severe FPD
(n = 232)

P value

Age(yr) 72.92 ± 4.82 73.91 ± 5.34 0.076
Female(%) 105(58.33) 130(56.03) 0.640
Height(kg) 155.83 ± 8.47 156.80 ± 8.62 0.185
Weigth(cm) 59.62 ± 9.66 66.18 ± 10.56 <0.001
BMI(kg/m2) 24.57 ± 3.77 26.85 ± 3.24 <0.001
Normal weight(%) 74(41.11) 38(16.38) <0.001
Over weight(%) 77(42.78) 118(50.86)
Obesity(%) 24(13.33) 75(32.33)
SBP(mmHg) 143.95 ± 24.84 149.11 ± 22.36 0.047
DBP(mmHg) 81.77 ± 11.19 85.68 ± 11.68 0.003
FBG(mmol/L) 5.33(4.79–6.09) 5.43(4.95–6.23) 0.360
TC(mmol/L) 4.81(4.04–5.43) 4.72(4.05–5.43) 0.597
TG(mmol/L) 1.26(0.89–1.61) 1.39(1.07–1.86) 0.003
HDL-C(mmol/L) 1.30(1.11–1.53) 1.20(0.99–1.40) <0.001
LDL-C(mmol/L) 2.84(2.11–3.33) 2.66(2.06–3.25) 0.204
TyG index 7.02 ± 0.58 7.15 ± 0.62 0.013
Hypertension(%) 117(65.00) 172(74.14) 0.044
Non-NAFLD(%) 139(77.22) 134(57.76) <0.001
Mild NAFLD(%) 36(20.00) 57(24.57)
Moderate to severe NAFLD(%) 5(2.78) 41(17.67)
Dyslipidemia(%) 104(57.78) 153(65.95) 0.090
Non-smokers(%) 145(80.56) 187(80.60) 0.267
Current smokers(%) 27(15.00) 27(11.64)
Ex-smokers(%) 8(4.44) 18(7.76)
Non-drinkers(%) 164(91.11) 207(89.22) 0.138
Occasional drinkers(%) 6(3.33) 17(7.33)
Ex-drinkers(%) 10(5.56) 8(3.45)
BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose; HDL-C, high-density lipoprotein cholesterol; LDL-C, 
low-density lipoprotein cholesterol; TC, total cholesterol; TG, triglyceride; TyG index, triglyceride-glucose index; FPD, fatty pancreas disease; NAFLD, non-alcoholic 
fatty liver disease
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Table 3  Univariate and multivariate analyses of factors associated with FPD
Univariate model Multivariable model
OR(95%CI) P value OR(95%CI) P value

Age 1.012(0.976–1.049) 0.522 1.042(0.998–1.087) 0.061
Female Reference
Male 0.725(0.50-1.049) 0.088 0.925(0.599–1.430) 0.727
BMI 1.285(1.204–1.373) <0.001 1.188(1.108–1.273) <0.001
SBP 1.010(1.002–1.018) 0.016 1.004(0.992–1.016) 0.496
DBP 1.017(1.001–1.034) 0.041 0.999(0.976–1.022) 0.928
FBG 1.487(1.259–1.756) <0.001 1.387(0.974–1.974) 0.069
TC 1.095(0.926–1.296) 0.288
TG 3.351(2.225-5. 047) <0.001 2.166(0.575–8.157) 0.253
HDL-C 0.290(0.175–0.481) <0.001 0.532(0.290–0.976) 0.042
LDL-C 1.074(0.873–1.320) 0.501 1.083(0.837–1.402) 0.545
TyG index 3.591(2.484–5.190) <0.001 2.096(1.403–3.134) <0.001
NAFLD 10.765(4.909–23.605) <0.001 4.148(1.794–9.588) 0.001
Non-smokers Reference
Current smoker 0.806(0.477–1.363) 0.422
Ex-smokers 0.777(0.380–1.588) 0.488
Non-drinkers Reference
Occasional drinkers 0.818(0.379–1.765) 0.609
Ex-drinkers 0.493(0.235–1.033) 0.061
Variables included in the multivariate model were non-collinear factors (VIF ≤ 10) associated in univariate analysis at P < 0.05, that was age, sex, BMI, SBP, DBP, TG, 
HDL-C, LDL-C, FBG, TyG index and NAFLD

OR, odds ratio; CI, confidence interval; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose; HDL-C, high-
density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol; TG, triglyceride; TyG index, triglyceride-glucose index; FPD, fatty 
pancreas disease; NAFLD, non-alcoholic fatty liver disease

Table 4  Univariate and multivariate analyses of factors associated with the severity of FPD patients
Univariate model Multivariable model
OR(95%CI) P value OR(95%CI) P value

Age 1.039(1.00-1.080) 0.051 1.075(1.030–1.122) 0.001
Female Reference
Male 1.098(0.741–1.628) 0.640 1.262(0.799–1.993) 0.318
BMI 1.231(1.151–1.317) <0.001 1.213(1.126–1.307) <0.001
SBP 1.010(1.001–1.018) 0.029 1.000(0.988–1.011) 0.963
DBP 1.031(1.013–1.049) 0.001 1.027(1.008–1.047) 0.006
FBG 0.965(0.879–1.060) 0.459 0.912(0.745–1.118) 0.376
TC 0.948(0.798–1.125) 0.541
TG 1.564(1.178–2.076) 0.002 1.028(0.475–2.222) 0.944
HDL-C 0.317(0.172–0.582) <0.001 0.666(0.318–1.392) 0.279
LDL-C 0.857(0.693–1.059) 0.153 0.936(0.728–1.202) 0.603
TyG index 1.464(1.053–2.035) 0.023 1.306(0.409–4.174) 0.652
NAFLD 2.479(1.605–3.831) <0.001 1.637(1.004–2.672) 0.048
Non-smokers Reference
Current smoker 0.775(0.436–1.379) 0.387
Ex-smokers 1.745(0.738–4.125) 0.205
Non-drinkers Reference
Occasional drinkers 2.245(0.866–5.822) 0.096
Ex-drinkers 0.634(0.245–1.642) 0.348
Variables included in the multivariate model were non-collinear factors (VIF ≤ 10) associated in univariate analysis at P < 0.05, that was age, sex, BMI, SBP, DBP, TG, 
HDL-C, LDL-C, FBG, TyG index and NAFLD

OR, odds ratio; CI, confidence interval; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose; HDL-C, high-
density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol; TG, triglyceride; TyG index, triglyceride-glucose index; FPD, fatty 
pancreas disease; NAFLD, non-alcoholic fatty liver disease
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tertile 3: OR 2.668, 95%CI 1.514-4.700, P = 0.001), while 
no association was found with the degree of IPFD (ter-
tile 2: OR 0.820, 95%CI 0.436–1.543, P = 0.539; tertile 3: 
OR 0.823, 95%CI 0.328–2.067, P = 0.679; Supplementary 
Tables 1–2).

Characteristics of participants in different TyG index 
tertiles
The study participants were divided into three groups 
according to TyG index tertiles and whether they 
had FPD (tertile 1: n = 195, TyG index ≤ 6.74; tertile 2: 
n = 184, 6.74 < TyG index ≤ 7.22; tertile 3: n = 188, TyG 
index > 7.22). Participants with FPD at different TyG 
index levels had higher body weight, BMI, and propor-
tion of NAFLD than those without FPD. However, differ-
ences in lipids between FPD participants and non-FPD 
participants were found only in the lowest tertile group 
(Supplementary Table 5, all P < 0.05).

ROC curve analysis of TyG index for FPD and its severity
According to ROC curve analysis, TyG index had a good 
diagnostic performance for FPD with AUC value of 0.709 
(95% CI, 0.662 to 0.755, P < 0.001). The critical value of 
TyG index was calculated based on the maximum value 
of the Yoden index as 6.84, with a sensitivity of 67.2% and 
a specificity of 67.7% (Fig.  2a). Nevertheless, TyG index 
may not be reliable in identifying the severity of IPFD 
(AUC = 0.572, 95% CI, 0.516–0.627, P = 0.013, Fig. 2b).

ROC curves were constructed for the combined vari-
ables as only BMI, NAFLD and TyG index were signifi-
cantly associated with FPD in the multivariate model. 

The results showed that combining TyG index with BMI 
or NAFLD had higher sensitivity and specificity than TyG 
index alone (Fig.  2a). The AUC of BMI combined with 
TyG index was 0.757 (95% CI, 0.715-0.800, P < 0.001), 
and that of NAFLD combined with TyG index was 0.738 
(95% CI, 0.695–0.781, P < 0.001). There was no significant 
difference between the two AUCs (P = 0.260), but both 
were significantly higher than that of TyG index alone 
(BMI + TyG index vs. TyG index, P = 0.008; NAFLD + TyG 
index vs. TyG index, P = 0.022).

Sensitivity analysis
A questionnaire on current medication use was admin-
istered to the study participants and of the 567 individu-
als who were finally included in the analysis, a total of 86 
were recorded as using either glucose-lowering or lipid-
lowering medication. Correlation analysis between TyG 
index and FPD was performed again on the remaining 
481 individuals and found that the main results remained 
similar when individuals using medication were excluded 
from the dataset. In other words, TyG index was inde-
pendently associated with FPD but was not significantly 
associated with the severity of IPFD (Supplementary 
Tables 3–4).

Discussion
In this cross-sectional study of rural elderly aged 65 years 
and above, the prevalence of FPD diagnosed by trans-
abdominal ultrasound was as high as 72.66%, of which 
more than half were classified as moderate to severe FPD. 
With the onset and progression of IPFD, the population 

Fig. 2  ROC curve analyses of FPD and its severity. (a) ROC curve analysis of TyG index for FPD; (b) ROC curve analysis of TyG index for the severity of FPD. 
AUC, area under the curve; BMI, body mass index; TyG, triglyceride-glucose; NAFLD, non-alcoholic fatty liver disease; FPD, fatty pancreas disease
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suffered from aggravated glucose and lipid metabolism 
disorders, with progressively higher rates of overweight, 
obesity and comorbidities such as NAFLD. TyG index 
was independently associated with the development of 
FPD in the elderly population but had no significant asso-
ciation with the severity of IPFD. TyG index has a good 
ability to detect FPD and its diagnostic performance for 
the disease can be improved in combination with BMI or 
NAFLD.

The clinical diagnosis of FPD has gradually advanced 
with the maturation of diagnostic imaging techniques. 
Clinicians commonly assess pancreatic fat accumula-
tion using non-invasive imaging tools. Transabdominal 
ultrasound, which has been used repeatedly in large pop-
ulation-based cohort studies [30, 31], is one of the most 
common diagnostic tools. Meta-analysis has shown that 
the prevalence of FPD in the general adult population 
is approximately 33% (95% confidence interval 24-41%), 
and the prevalence of IPFD varies widely by race, age 
group, and comorbidities [32]. Previous population stud-
ies have shown that high BMI, insulin resistance, meta-
bolic syndrome, and hepatic steatosis are all associated 
with increased pancreatic adiposity [4]. Wu and Wang 
et al. have also reported that FPD is more likely to occur 
in older populations with higher BMI and more severe 
glucose and lipid disorders [33]. More than 70% of the 
participants in our study were diagnosed with FPD by 
abdominal ultrasound, which is significantly higher than 
in previous studies. The characteristics of our study pop-
ulation may explain this. The overall BMI of the partici-
pants in our study was high (mean 25.11 ± 3.71  kg/m²). 
More than half of these older adults had overweight, obe-
sity, or dyslipidemia. Furthermore, Saisho et al. assessed 
pancreatic volume by CT in humans from birth to 100 
years and found that total and parenchymal pancre-
atic volume gradually decreases with age in adults over 
60, whereas pancreatic fat gradually increases [34]. The 
participants in our study were older (73.39 ± 5.14 years), 
which may also explain the high prevalence of FPD in our 
study.

Insulin resistance is thought to be involved in the 
pathogenesis of many metabolic and cardiovascular dis-
eases, including diabetes, coronary heart disease and 
heart failure [35]. The hyperinsulinemic-euglycemic 
clamp (HIEC) test is the gold standard for measuring IR, 
but the method is expensive and time-consuming, so it 
is not widely used in clinical practice. TyG index, based 
on fasting glucose and triglycerides, serves as a compre-
hensive assessment that is inexpensive, easy to popular-
ize, and unaffected by statin lipid-lowering medications 
[15]. Guerrero-Romero et al. first demonstrated that TyG 
index strongly correlates with HIEC and can be used 
to identify insulin resistance in subjects with varying 
degrees of glucose tolerance and body weight [36]. TyG 

index also performs well in predicting metabolic diseases 
in the general adult population. Meta-analysis studies 
have found a positive correlation between TyG index and 
an increased risk of hypertension, atherosclerotic heart 
disease, and coronary heart disease in the population [37, 
38]. In addition, TyG index is an important indicator for 
assessing the risk and prognosis of diabetes, heart failure 
and stroke in different populations [39, 40]. FPD is con-
sidered potentially associated with diabetes and insulin 
resistance. In the present study, TyG index was indepen-
dently and positively correlated with FPD, and the preva-
lence of FPD increased significantly as TyG index level 
increased. ROC curve analysis further confirmed the 
good ability of TyG index to identify patients with FPD.

Although studies on TyG index and FPD are limited, 
Xiao et al. confirmed the high diagnostic value of TyG 
for the identification of FPD through a cross-sectional 
study. They pointed out that the combination of multiple 
parameters has a better predictive effect than a single 
parameter [41], which is consistent with the results of 
this study. Our study showed a significant increase in 
the diagnostic performance of TyG index in combination 
with BMI or NAFLD. Multivariate logistic regression also 
showed that in addition to TyG, BMI and NAFLD were 
positively correlated with FPD. Previous studies in large-
sample populations have found that NAFLD is closely 
associated with the development of IPFD and is an inde-
pendent risk factor for the deterioration of FPD [31, 42]. 
Therefore, this also suggests the need for early screen-
ing for FPD in the clinic for those who are obese or have 
NAFLD.

However, our study failed to find a correlation between 
TyG index and the degree of IPFD. This is similar to the 
findings of Fedchuk et al., who found that TyG index had 
poor specificity as a predictive marker of hepatic steato-
sis and was unable to differentiate between mild, moder-
ate, and severe steatosis. The association of TyG index 
with hepatic steatosis was weakened by the significant 
effect of hepatic inflammation and fibrosis [43]. Whether 
this effect also weakened the ability of TyG index to rec-
ognize the degree of IPFD is currently unknown, and fur-
ther studies are needed.

Our study showed no significant differences in gender 
between FPD and non-FPD groups. This was consistent 
with previous studies showing that there is a significant 
gender difference in adults with FPD younger than 55 
years, which disappears with increasing age [31].In addi-
tion, the prevalence of NAFLD in our study was 25.75%, 
which was similar to the same type of study [44]. Approx-
imately 90% of patients with NAFLD had FPD, and the 
percentage was significantly lower in participants with-
out NAFLD (P < 0.001). This finding is similar to previ-
ous studies and suggests that individuals with NAFLD 
should be screened for fatty pancreas [45]. However, 
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a lower proportion of FPD patients in our study were 
found to have NAFLD, which may be due to the differ-
ence in fatty infiltration in different organs. The previous 
study showed that triglycerides in the liver are mainly 
deposited intracellularly, whereas the pancreas is directly 
infiltrated by adipocytes. Triglycerides accounted for 
47% of total lipids in the normal human pancreas, mak-
ing the pancreas more susceptible to fat deposition than 
the liver [46, 47]. In addition, dietary structure plays an 
important role in the pathogenesis of FPD, and a chronic 
high-fat diet results in fat accumulation in pancreatic aci-
nar cells, which in turn triggers pancreatic fat deposition 
[48]. The sources of pancreatic fat are also more diverse, 
with circulating free fatty acids, dietary fat and de novo 
fat all contributing to fat deposition [49]. Therefore, the 
heterogeneity of fat sources and deposition may explain 
the lower proportion of NAFLD in patients with FPD in 
our study, although we did not record the dietary compo-
sition of our population.

Strengths and limitations
The strength of our study was that we selected rural Chi-
nese elderly aged 65 years and above to assess the spec-
trum of FPD at this particular physiological stage. TyG 
index, which is easily accessible in primary care settings, 
was also chosen as a marker. In addition, to improve 
diagnostic accuracy and reduce internal heterogeneity, 
imaging examinations of FPD were performed by two 
experienced specialists and decisions were made after 
discussion when opinions differed. Although TyG index 
was not associated with the severity of FPD in this study, 
it was independently associated with FPD, which may 
be useful to help primary care physicians with limited 
resources to screen high-risk older adults for FPD as early 
as possible and provide the necessary early intervention. 
Meanwhile, the devices and indicators we used are rela-
tively inexpensive, which is more conducive to promoting 
early screening for FPD at the primary health center and 
reducing the healthcare burden.

Several limitations in our study should be admitted. 
First, a cross-sectional study is not sufficient to clarify 
the causal relationship between TyG index and FPD. Sec-
ond, the diagnosis of FPD was made by transabdominal 
ultrasound, which is widely used in clinical practice and 
is quick to perform. However, ultrasound is not sensi-
tive enough compared to MRI, the non-invasive gold 
standard for quantifying IPFD, the objective criteria for 
quantifying images have not yet been standardized, and 
the sensitivity and specificity are largely dependent on 
the operator and participants which will somewhat limit 
the extrapolability of our findings. Third, the sample size 
of our study was relatively small, which affected and lim-
ited the validity of our statistical analyses and analytical 
methods. Fourth, we didn’t evaluate the glycemic and 

insulin resistance of the population in the region and 
the association between FPD and insulin and diabe-
tes because the glycated hemoglobin and fasting insulin 
levels were not measured. Also, other confounders such 
as diet and physical activity on the correlation between 
TyG index and FPD were not evaluated in this study. The 
results of the study were also limited by age and geogra-
phy. Finally, we could not deny any possibility of selective 
bias although we used the cluster-stratified random sam-
pling method in our study population. In the future, we 
will try to recruit a more diverse population to minimize 
study bias and increase the reliability and extrapolation 
of the results.

Conclusions
In conclusion, the prevalence of FPD diagnosed by 
abdominal ultrasound was high among Chinese elderly 
aged 65 years and above in rural areas. TyG index was 
significantly positively associated with FPD, but not sig-
nificantly related to the progression of IPFD. Moreover, 
TyG index has good diagnostic performance for FPD and 
may have more diagnostic advantages when combined 
with other clinical parameters.
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