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Abstract

Background

Research has shown that insulin resistance (IR) is a known risk factor for diabetic foot (DF),
and the triglyceride-glucose (TyG) index is a reliable and simple indicator of IR. However,
less is known about the relationship between the TyG and the risk of DF. Here, we investi-
gated the association between the TyG index and the prevalence of DF.

Methods

The eligible records from the Departments of Endocrinology of Shandong Provincial Hospi-
tal Affiliated to Shandong First Medical University were screened (from December 1, 2012,
to December 31, 2021), and a total of 8866 patients were enrolled. The TyG index was cal-
culated as In[(fasting triglycerides (mg/dL)xfasting glucose (mg/dL)/2)]. The continuous vari-
ables between the DF and the non-DF groups were compared by Student’s t test or the
Mann-Whitney U test, and categorical variables were compared by the chi-square test.
Receiver operating characteristic curve (ROC) analysis was carried out to estimate the pre-
dictive value of the TyG index for DF. Logistic regression models were used to evaluate the
associations between the quartiles of the TyG index and the risk of DF. Subgroup and sensi-
tivity analyses were conducted.

Results

The TyG index was significantly lower in the DF group than in the no-DF group. The logistic
regression revealed that an increased TyG index was associated with a lower risk of DF
after adjusting for potential confounders. In addition, an ROC analysis indicated the discrimi-
natory ability of the TyG index in DF presence with an area under the curve (AUC) of 0.661
(95% CI 0.642-0.680, P < 0.001). Subgroup and sensitivity analysis also supported these
robust results.
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Conclusions

The TyG index was inversely and dose-dependently associated with the risk of DF in diabe-
tes patients, indicating that elevated TyG index was a protective factor for DF. Future stud-
ies are therefore warranted to confirm our finding and to explore the detailed pathological
mechanism involved in this process.

Introduction

During recent decades, the prevalence of diabetes mellitus (DM) is on the rise and was esti-
mated at 10.5% (537 million) worldwide in 2021 based on the 10th edition of the IDF Diabetes
Atlas 2021 [1]. The number of people diagnosed with DM is estimated to be 643 million by
2030 and 783 million by 2045 globally [2]. In addition, a concerning finding showed that 8.5%
of the world population has a diagnosis of diabetes [3]. A 2018 report shows that 23.4 million
citizens (9.72%) have diagnosed diabetes and 81.6 million citizens (33.9%) have prediabetes in
the US [4]. Diabetic foot is the most serious complication of diabetes [5]. The global prevalence
of diabetic foot (DF) is nearly 6.3% [6], which leads to the impaired quality of life and even
reduced life expectancy. In a previous study [7], it was shown that approximately 25% of diabe-
tes patients suffered from foot ulcers in their lifetime. Furthermore, the increasing disease-
related cost of DF has become a serious public health problem. Ronald L. Horswell et al. [8]
reported that a 12-month staged management of foot ulcers resulted in lower foot-related
inpatient days (0.91 d per person vs. 3.97 d per person) and inpatient charges ($1321 per per-
son vs. $5411 per person). Therefore, early identification of risk factors and integrated man-
agement are important and necessary to treat and prevent DF.

In terms of pathophysiology, multifactorial factors result in DF, including peripheral vascu-
lar damage caused by chronic insulin resistance (IR), sensation loss due to peripheral neuropa-
thy, poor glycemic control, diabetes duration, joint deformity, smoking and some other
potential factors [9-11]. Among these factors, hyperglycemia and IR might contribute to vas-
cular trauma in diabetes [12], and this peripheral vascular damage plays a huge role in the
occurrence and development of DF [9].

Hyperinsulinemic euglycemic clamp was reported to accurately assess the IR in peripheral
tissues [13], but the complex operation and high cost limited its extensive use [14]. The
homeostasis model assessment of insulin resistance (HOMA-IR) is a validated marker of IR,
but it is difficult to truly reflect the dynamic process of insulin secretion by inferring the
dynamic function of pancreatic islet B cells from fasting steady-state data [15]. Novel insulin
sensitivity indices derived from oral glucose tolerance tests, such as the insulinogenic index
(IGI), Stumvoll index and Matsuda index [16], can be used for the evaluation of individual
insulin sensitivity and the secretion function of pancreatic islet § cells [17]. The cumbersome
calculation limited their clinical practice. The triglyceride-glucose (TyG) index has been
reported to be a reliable and simple indicator of IR [18], which was calculated based on fasting
blood glucose (FBG, mg/dL) and plasma total triglycerides (TG, mg/dL) [19]. However, evi-
dence of the relationship between blood glucose and lipids and the occurrence of DF is quite
limited.

Since the role of FBG and TG in IR has been verified [20, 21], TyG index, as a combined
product of FBG and TG, might show a better predictive performance to identify IR in DF. No
previous studies have focused on the relationship between the TyG index and DF presence in
patients with diabetes. Therefore, in the present study, we investigated the relationship
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between the TyG index and the risk of DF by using a large cross-sectional study based on inpa-
tients with diabetes.

Methods
Data source and study population

This was a cross-sectional study, and all data used in the study were extracted from YiduCloud
(Technology Co., Ltd. Jinan, China), which is a big data intelligent platform that integrates
and converges massive electronic medical record data from multiple medical institutions in
China. All the information on the platform was anonymous and had unique identified codes
for privacy protection. The medical records of the Departments of Endocrinology of the Shan-
dong Provincial Hospital Affiliated to Shandong First Medical University (Jinan, Shandong,
China) from January 2012 to December 2021 were screened. Patients who were less than 18
years old, pregnant, or lacking weight, height, circulating triglycerides or glucose concentra-
tions were excluded. Eventually, a total of 8866 hospitalized diabetes patients were enrolled (S1
Fig). All data from medical records were fully anonymized and there was no information that
could identify individual participants, so the ethics committee waived the requirement for
informed consent. The study was approved by the Ethics Committee of the Shandong Provin-
cial Hospital Affiliated to Shandong First Medical University (SWYX: NO.2022-071).

Data collection

The following clinical variables were extracted and analyzed: age, sex, duration of diabetes,
height, weight, systolic blood pressure (SBP), diastolic blood pressure (DBP), drinking and
smoking status. In addition, blood indices during hospitalization were also extracted: FBG
(fasting blood glucose), FINS (fasting plasma insulin concentration), TC (total cholesterol),
TG (triglyceride), HDL-C (high-density lipoprotein cholesterol), LDL-C (low-density lipopro-
tein cholesterol), APOA (apolipoprotein A), APOB (apolipoprotein B), ALB (serum albumin),
PA (prealbumin), TP (total protein), GLO (globulin), HBG (hemoglobin) WBC (white blood
cell), RBC (red blood cell), NEUT#, (numbers of neutrophils), PLT (blood platelets), ALT (glu-
tamic-pyruvic transaminase), CREA (creatinine), URIC (uric acid), glycated hemoglobin
(HbA1c%) and C-reactive protein (CRP).

Outcome and covariates

Diagnosing diabetic foot ulcers was in line with the WHO criteria [22], as an ulcerative lesion
of the foot (including the ankle) that was related to peripheral neuropathy, vascular disease
and infection. Ulcerative foot injury was defined as a defect of the full-thickness skin that
required more than 14 days for healing [23]. The TyG index was calculated as follows [24]:
TyG = In [(fasting triglycerides (mg/dL) xfasting glucose (mg/dL)/2)].

HOMA-IR was used to estimated degree of IR. HOMA-IR = FPG (mmol/L) x FINS (uU/
ml)/22.5 [25]. Pulse pressure (PP) was calculated by SBP minus DBP. Smoking was defined as
self-reported smoking history or current smoking. Drinking was defined as self-reported
drinking history or current drinking, regardless of frequency. BMI was calculated as the weight
(kg) divided by height in meters squared (m?). Overweight was defined as BMI >24 kg/m?
[26]. Utilization of insulin and other oral hypoglycemic drugs, including insulin secretagogues,
biguanides, glycosidase inhibitors, thiazolidinediones and DPP4 inhibitors were collected.
Lipid-lowering agents including fenofibrate agents and statin drugs were also included as
covariates.
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Statistical analysis

Continuous variables with a normal distribution are expressed as the mean+standard devia-
tion; otherwise, they are expressed as the median and interquartile range. Categorical variables
were expressed as percentages. The Shapiro-Wilk test was used to assess the normal distribu-
tion of each continuous variable. The continuous variables between the DF and the non-DF
groups were compared by unpaired Student’s t tests or Wilcoxon rank-sum tests, and categori-
cal variables were compared by chi-square tests. To include as many cases as possible, a cate-
gory for unknown was created due to the systematic missing data in TC, LDL-C, HDL-C,
APOA/APOB, ALB, PA, GLO, HBG, WBC, RBC, NEUT#, PLT, ALT, CREA, URIC, HbA1c%
and CRP. The TyG index was analyzed in quantiles. Quartiles were defined as the 25th, 50th,
and 75th percentiles of the TyG index (quartile 1 [Q1] 6.18-8.66; quartile 2 [Q2] 8.66-9.16,
quartile 3 [Q3] 9.16-9.69, quartile 4 [Q4] 9.69-12.94) with Q1 being the reference quartile.
Multivariable logistic regression models were used to evaluate the associations between the
TyG index and the risk of DF. Model 1 was unadjusted; Model 2 was adjusted for age and sex;
Model 3 was adjusted for the variables in model 2 plus smoking and drinking; and Model 4
was adjusted for the variables in model 3 plus BMI, duration of diabetes, PP, TC, LDL-C,
HDL-C, APOA/APOB, ALB, PA, GLO, HBG,PLT, WBC, RBC, NEUT*, ALT, CREA, URIC,
HbA1c%, CRP, fenofibrate agents, statin drugs, insulin, insulin secretagogues, biguanides, gly-
cosidase inhibitors, thiazolidinediones and DPP4 inhibitor. The restricted cubic spline model
was used for the dose-response analysis between TyG index and risk for DF presence. Further-
more, subgroup analyses stratified by sex (male, female), age (<60, >60) and overweight status
(yes, no) were performed. Due to the small numbers of TIDM (Type 1 diabetes), stratified
analyses based on different diabetes types were not able to be conducted. Therefore, a sensitiv-
ity analyse by excluding TIDM was conducted to assess the robustness of the results. A
receiver-operating characteristic (ROC) analysis was used to estimate the predictive value of
the TyG index for DF presence based on the value of the area under the ROC curve (AUC). All
data were analyzed using Empower software (www.empowerstats.com; X&Y solutions, Inc.,
Boston MA) and R software 3.6.2. A P value of < 0.05 was considered to indicate statistical
significance.

Results

The demographic and clinical characteristics of patients with and without
DF

The characteristics of the included participants are summarized in Table 1. A total of 8866 par-
ticipants were included in the analysis, including 5034 males and 3832 females, with a mean
age of 55.27 (13.96) years and a mean diabetes duration of 9.33 (7.63) years. A total of 8.83%
(783/8866) of patients were identified with DF. Compared with the non-DF group, DF patients
were more likely to be male, current smokers and drinkers, elderly, hypoalbuminemic, have a
longer duration of diabetes, and have a higher SBP and PP (all P < 0.001). However, patients
with DF had significantly lower concentrations of FBG, TC, TG, LDL and HDL, accompanied
by alower TyG index and lower BMI (all P < 0.001).

Associations of the TyG index and DF

A logistic regression model was conducted to assess the association between the quartiles of
the TyG index and the prevalence of DF (Table 2). Quartile 2, Quartile 3 and Quartile 4 all had
a lower risk of DF than Group QI in the single-factor analysis. The result was still analogous in
Model 2 (adjusted by age and sex), Model 3 (adjusted by smoking and drinking & Model 2).
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Table 1. Characteristics of the participants.

total non-DF group DF group P value
Variables n = 8866 n = 8083 n=783
Age, years 55.27£13.96 54.42+13.93 64.08+10.96 <0.001
Male, n (%) 5034 (56.78) 4530 (56.04) 504 (64.37) <0.001
Smoking, n (%) 3208 (36.18) 2844 (35.18) 364 (46.49) <0.001
Drinking, n (%) 3567 (40.23) 3209 (39.70) 358 (45.72) <0.001
Duration of diabetes, year 9.33£7.63 8.91+7.46 13.62+8.11 <0.001
BMI, kg/m2 25.66+4.05 25.75+4.08 24.70+3.56 <0.001
FBG, mmol/L 9.29+4.61 9.42+4.65 7.91+£3.91 <0.001
TG, mmol/L 1.86+1.86 1.91£1.93 1.31+0.78 <0.001
TC, mmol/L 5.02+1.42 5.07+1.42 4.50+1.22 <0.001
LDL-C, mmol/L 3.11+£1.00 3.14£1.00 2.79+£0.91 <0.001
HDL-C, mmol/L 1.17+0.33 1.17£0.33 1.11+0.31 <0.001
APOA, mmol/L 1.09+0.21 1.10£0.21 0.97+0.22 <0.001
APOB, mmol/L 1.03+£0.34 1.04£0.34 0.95+£0.33 <0.001
TyG index 9.16 (1.03) 9.20 (1.03) 8.78 (0.85) <0.001
SBP, mmHg 136.58+20.87 136.10£20.59 141.56+23.00 <0.001
DBP, mmHg 82.25+12.54 82.51+12.50 79.49+12.59 <0.001
PP, mmHg 54.34+16.66 53.59+16.34 62.07+£17.92 <0.001
HbA1c%>6.5%, n (%) 6227 (70.23) 5639 (69.76) 588 (75.10) <0.001
ALB<40 g/L, n (%) 3489 (39.35) 2956 (36.57) 533 (68.07) <0.001
Fenofibrate, n (%) 739 (8.34) 731 (9.04) 8(1.02) <0.001
Statin drugs, n (%) 4665 (52.62) 4252 (52.60) 413 (52.75) 0.940
Insulin, n (%) 5520 (62.26) 4926 (60.94) 594 (75.86) <0.001
Insulin secretagogues, n (%) 1891 (21.33) 1780 (22.02) 111 (14.18) <0.001
Biguanides, n (%) 4263 (48.08) 3946 (48.82) 317 (40.49) <0.001
Glycosidase inhibitors, n (%) 4967 (56.02) 4497 (55.64) 470 (60.03) 0.018
Thiazolidinediones, n(%) 90 (1.02) 81 (1.00) 9 (1.15) 0.695
DPP4 inhibitor, n (%) 2515 (28.37) 2288 (28.31) 227 (28.99) 0.685

Data are mean (SD), medians (interquartile ranges) or percentage. The P value was estimated using the chi-square test for proportions, unpaired Student’s t tests for

means or the Wilcoxon rank-sum test for medians. BMI, body mass index; FBG, fasting blood glucose; TC, total cholesterol; TG, triglyceride; LDL-C, low-density

lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; APOA, apolipoprotein A; APOB, aolipoprotein B; TyG index, triglyceride glucose index; SBP,

systolic blood pressure; DBP, diastolic blood pressure; PP, pulse pressure; ALB, serum albumin; DPP4 inhibitor, dipeptidyl peptidase 4 inhibitor.

https://doi.org/10.1371/journal.pone.0293872.t001

After adjustment for age, sex, smoking, drinking, BMI, duration of diabetes, PP, TC, LDL-C,
HDL-C, APOA/APOB, ALB, PA, GLO, HBG, PLT, WBC, RBC, NEUT#, ALT, CREA, URIC,
HbA1c%, CRP, fenofibrate agents, statin drugs, insulin, insulin secretagogues, biguanides, gly-
cosidase inhibitors, thiazolidinediones and DPP4 inhibitor in Model 4, the TyG index was still

inversely associated with the risk of DF in the Q2 group (OR 0.75; 95% CI 0.60, 0.93), Q3

group (OR 0.58; 95% CI 0.45, 0.75), and Q4 group (OR 0.40; 0.28, 0.55) respectively. The OR

value decreased with the increase in the quantiles of the TyG index (P for trend < 0.001).
As seen in Fig 1, the restricted cubic spline model showed a nearly linear relationship

between the TyG index and the risk of DF after adjustment for multiple potential covariates in
Model 4 (P for overall < 0.001, P for nonlinear = 0.380).
Then, subgroup analysis was conducted to further assess the robustness of the relationship
between the TyG index and the risk of DF. All analyses were adjusted for age, sex, smoking,
drinking, BMI, duration of diabetes, PP, TC, LDL-C, HDL-C, APOA/APOB, ALB, PA, GLO,
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Table 2. The association between TyG index and DF.

TyG index
Odds ratio (95% CI) Model 1
Model 2
Model 3
Model 4

Model 1: unadjusted
Model 2: adjusted for age and sex

continuous TyG index, quartile Pirend
Q1 Q2 Q3 Q4

0.48 (0.43, 0.53) Ref 0.63 (0.53, 0.76) 0.39 (0.32, 0.48) 0.19 (0.15, 0.25) <0.001

0.56 (0.50, 0.62) Ref 0.69 (0.57, 0.83) 0.47 (0.38, 0.58) 0.29 (0.22, 0.38) <0.001

0.55 (0.50, 0.62) Ref 0.69 (0.57, 0.83) 0.46 (0.37,0.57) 0.28 (0.22, 0.37) <0.001

0.68 (0.59, 0.79) Ref 0.75 (0.60, 0.93) 0.58 (0.45, 0.75) 0.40 (0.28, 0.55) <0.001

Model 3: further adjusted for smoking and drinking

Model 4: further adjusted for body mass index, duration of diabetes, pulse pressure, total cholesterol, LDL cholesterol, HDL cholesterol, APOA/APOB, total serum

albumin, prealbumin, globulin, hemoglobin, platelets, white blood cells, red blood cells, numbers of neutrophils, glutamic-pyruvic transaminase, creatinine, uric acid,

glycosylated hemoglobin, C reactive protein, fenofibrate agents, statin drugs, insulin, insulin secretagogues, biguanides, glycosidase inhibitors, thiazolidinediones and

DPP4 inhibitors.

The quartile cutoff values of the TyG index were 8.66, 9.16 and 9.69.

https://doi.org/10.1371/journal.pone.0293872.t1002

HBG, PLT, WBC, RBC, NEUT#, ALT, CREA, URIC, HbA1c%, CRP, fenofibrate agents, statin
drugs, insulin, insulin secretagogues, biguanides, glycosidase inhibitors, thiazolidinediones
and DPP4 inhibitor except for the stratified variables. As shown in Fig 2 and S1 Table, the
result was robust in the sense that subgroup analysis demonstrated the effect was independent
of age, sex, and overweight status (all P for interaction>0.05).

4 -
P <0.001

overall
=0.380

nonlinearity

OR (95% Cl)

7 8 9 10 11 12

TyG index

Fig 1. Dose-response association between the TyG index and the risk of DF. TyG, triglyceride glucose index; DF,
diabetic foot.

https://doi.org/10.1371/journal.pone.0293872.g001
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TyG index & female
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Q2 (8.66-9.16) | - |
b 7S i
Q3 (9.16-9.69) | |
Q4 (9.69-12.94) — |
—————1
] ) ] ) 1
02 04 06 08 10 1.2
B B Age= 60
TyG index @ Age<60
Q1 (6.18-8.66) b
L
Q2 (8.67-9.16) [ o i
Q3 (9.16-9.69) | - i
| > i
Q4 (9.69-12.94) —m——
—_———
) L ) ) |}
02 04 06 08 10 12
C B BMI>24 kg/m?
TyG index @ BMI<24 kg/m?
Q1 (6.18-8.66) t
Q2 (8.67-9.16) | - i
b * |
Q3 (9.16-9.69) | |
———
Q4 (9.69-12.94) ————i
—e |
L] L) L) L) L)
02 04 06 08 10 1.2

OR (95%CD

1(reference)

1(reference)
0.79(0.59,1.05)
0.66(0.46,0.95)
0.57(0.41,0.80)
0.58(0.39,0.87)
0.45(0.30,0.70)
0.31(0.18,0.53)

OR (95%CD

1(reference)

1(reference)
0.85(0.65,1.11)
0.58(0.39,0.85)
0.67(0.49,0.92)
0.43(0.27,0.66)
0.37(0.23,0.59)
0.35(0.21,0.58)

OR (95%CD

1(reference)

1(reference)
0.79(0.59,1.07)
0.70(0.50,0.99)
0.71(0.51,0.99)
0.37(0.24,0.57)
0.43(0.28,0.65)
0.36(0.21,0.64)
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Fig 2. Subgroup analysis of odds ratios and 95% ClIs of the TyG index with DF in diabetic patients. (A) at different
gender, (B) at different age and (C) at different body mass index. TyG, triglyceride glucose index; DF, diabetic foot.

https://doi.org/10.1371/journal.pone.0293872.9002

To exclude the influence of different types of diabetes on this relationship, a sensitivity ana-
lyse was conducted by excluding T1IDM. The association between the TyG index and the risk
of DF was also stable (S2 Table).

To verify that the TyG index could reflect IR, a correlation analysis between the TyG index
and HOMA-IR was conducted. Because of the large number of random missing data for fast-
ing insulin levels, we conducted a sensitivity analyse by excluding subjects with missing data.
The linear correlation of the TyG index with HOMA-IR was modest (Spearman rank correla-
tion coefficient p = 0.477, P < 0.001). In addition, as shown in S3 Table, the TyG index was
still inversely associated with the risk of DF in the Q2 group (OR 0.73; 95% CI 0.52, 1.03), Q3
group (OR 0.65; 95% CI 0.43, 0.97), and Q4 group (OR 0.38; 0.22, 0.63) in participants in this
subgroup (P for trend < 0.001). However, HOMA-IR was not associated with the risk of DF in
the Q2 group (OR 1.06; 95% CI 0.75, 1.51), Q3 group (OR 0.73; 95% CI 0.48, 1.11), or Q4
group (OR 0.91; 0.58, 1.42) after adjusting for covariates in Model 4 (P for trend = 0.3293).

ROC analysis for the identification of patients with a risk of DF

Receiver operating characteristic (ROC) curve analysis was conducted to evaluate the perfor-
mance of the TyG index for identifying patients with a risk of DF. As shown in Fig 3, the area
under the curve (AUC) of the TyG index was 0.661 (95% CI 0.642-0.680, P < 0.001) in the
whole population, with an AUC of 0.686 (95% CI 0.663-0.709, P < 0.001) in males and 0.621
(95% CI 0.589-0.653, P < 0.000) in females. There was a higher AUC of the TyG index in men
than that in women (8 5yc = 0.065, 95% CI 0.026-0.104, P = 0.001). A sensitivity analyse
excluding T1IDM showed a similar result (52 Fig).

Discussion

In this large-scale study, we assessed the relationship between the TyG index and the risk of
DF in diabetes patients, and an inverse relationship was identified. The association was

A B C

0.8

0.6

g

Sensitivity
Sensitivity
Sensitivity

0.0 02 0.4 0.6 08 1.0 0.0 0.2 0.4 06 0.8 1.0 00 0.2 04 0.6 08 1.0
1 - Specificity 1 - Specificity 1 - Specificity

Fig 3. Receiver-operating characteristic analysis for identification of patients with a risk of DF. (A) overall population; (B) male; (C) female. DF, diabetic
foot.
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consistent when stratified by age, sex and BMI. To our knowledge, no published reports have
focused on the effects of the TyG index on DF presence. Additionally, the TyG index slightly
improved the identification ability of DF presence in diabetes patients. Given that elevated
TyG index was a protective factor for DF, keeping the TyG index at a relatively high level may
be beneficial; however it should be necessary to state that the current results do not in any way
suggest abandoning hypoglycemic and lipid-lowering therapy.

Generally, the TyG index is considered as a widely available and reliable surrogate marker
for the early identification of IR [27], which is closely related to diabetic complications [18].
However, literature on the association between the TyG index and diabetic complications is
inconsistent. Previous report revealed that the TyG index was a predictor for the incidence of
type 2 diabetes [28] and an elevated TyG index was a risk factor for diabetic nephropathy [29]
and chronic kidney disease (CKD) progression in T2DM [30]. L. Liu et al. [31] reported that
the TyG index was independently associated with microalbuminuria in patients with T2DM
but had no obvious correlation with the estimated glomerular filtration rate. Another study
based on hospitalized patients from Pan et al. [32] noted that the TyG index was significantly
related to microalbuminuria and ABI but not chronic kidney disease (CKD), diabetic retinop-
athy (DR), or brachial-ankle pulse wave velocity (ba-PWV). A U-shape relationship between
the TyG index and the risk of diabetic retinopathy (DR) based on the National Health and
Nutrition Examination Survey (NHANES) was reported by Zhou et al. [33]. Counterintui-
tively, a negative relationship between the TyG index and the risk of DF in diabetes patients
was reported in our study. In short, the TyG index might be a protective factor against DF
presence. This finding was supported by a nested case-control study [34] on the TyG index
and the risk of DR, which reported that the TyG index might be a protective factor for DR and
vision-threatening DR. In that study, the DR group had a lower TyG index, and logistic regres-
sion showed a dose-response relationship between the TyG index and the presence of DR
after adjusting for age, sex, duration of diabetes, use of hypoglycemic drugs, heart rate, SBP,
PP, height, weight, BMI, HbAlc and TC [34]. The differences in study design and considerable
heterogeneity of the participants are need to be taken into account to explain these divergent
results. However, our results need to be interpreted with caution because some potential con-
founding factors, such as walking habits, joint deformities and dietary factors, were not
considered.

In this study, a modest linear correlation between the TyG index and HOMA-IR was
revealed, which verified that the TyG index was a reliable indicator of IR. However, the evalua-
tion of insulin sensitivity itself had limitations, and the dynamic insulin sensitivity was not
evaluated. Although our result was unexpected, we had reasons to believe that the TyG index
was an affordable and easily utilized parameter of IR in clinical practice and could be expected
to become a potential indicator for DF in diabetes patients. Additionally, the TyG index
derived from FBG and triglycerides represented the joint effects of serum glucose and lipids.
Further mediation and interaction analyses were wanted to clarify the effect of the TyG index
on the risk of DF.

Both hyperglycemia and hypoglycemia can be associated with poor clinical outcomes [35].
Peled S et al. [36] reported that severe hypoglycemia and high glycemic variability were signifi-
cantly associated with amputations in DF patients. We speculate that a lower TyG index of dia-
betes patients may be a marker of hypoglycemia or lower blood lipid level, which may not be
simply a manifestation of insulin resistance. Given this, several possible explanations may
account for this counterintuitive relationship between the TyG index and DF. Firstly, hypogly-
cemia induced stress response may result in endothelial dysfunction and delayed wound heal-
ing [37, 38], thus contributing to DF. Secondly, acute hypoglycemia may activate the
systematic inflammation and coagulation pathways [39], thus increasing the risk of DF
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occurrence. Thirdly, many factors such as malnutrition, infection, and intensive hypoglycemic
therapy contributing to hypoglycemia may be risk factors for DF [36].

In this study, compared with participants in the non-DF group, those DF patients had a
lower FBG level (7.91+3.9 vs. 9.42+4.65, P < 0.001). However, the DF group showed a higher
HbA1c% abnormality rate (> 6.5%) than the non-DF group (75.10% vs. 69.76%, P < 0.001),
suggesting a poor glucose management in the long run in DF patients. We speculated that
patients with DF had adopted irregular short-term hypoglycemic therapy when they were
aware of their poor blood sugar control. The use of insulin and glycosidase inhibitors were
increased in the DF group, while insulin secretagogues and biguanides were not. After adjust-
ing for multiple factors, the use of insulin secretagogues was a protective factor for DF (OR
0.61, 95% CI 0.48, 0.78; P < 0.0001). However, the use of biguanides did not show a protective
effect (OR 1.01, 95% CI 0.83, 1.23; P = 0.9481). We have reason to believe that the neglect use
of insulin secretagogues and biguanides may also contribute to increased risk of DF.

The relationship between DF and serum lipid levels has been previously reported in the lit-
erature. The Chinese Diabetes Society suggested that diabetes patients with hyperlipidemia
should be instructed to adopt comprehensive treatment, including lifestyle modification and
use of statins [40]. Pasto et al. [41] reported that TG was a risk factors for the development of
DF ulcers (DFUs) in Albanian patients with T2DM. The mortality rate of vascular disease
decreased by 13% for every 39 mg/dl drop in serum LDL-C level among diabetes patients [42].
However, in our study, the DF group had a more favorable lipid profile, including TC, TG and
LDL, accompanied by a lower use of fenofibrate. Therefore, the use of fenofibrate on DF was
explored and our results showed that the use of fenofibrate decreased the risk of DF by 71%
(OR 0.29, 95% CI 0.14-0.59; P < 0.001) when accounting for multiple confounding factors.
Treatment with fenofibrate reducing the incidence of DF amputations has been previously
reported [43]. Further research is still needed to confirm the effect of fenofibrate on the occur-
rence of DF. In addition, we speculated that fenofibrate can increase plasma HDL cholesterol
levels in diabetes patients, which resulted in a higher HDL-C level in the non-DF group (1.17
+0.33) than that in the DF group (1.11£0.31, P < 0.001) in our study. It was in line with a pre-
vious meta-analysis, which reported that decreased HDL-C level was associated with the DF
occurrence [44].

In our study, DF patients were more likely to be male and elderly, have a longer course of
diabetes, have a lower BMI, and smoke and drink alcohol. This was consistent with a previous
report that male sex, smoking status and duration of diabetes were risk factors for the occur-
rence of DFUs [45], and smoking was a hazard factor for DF amputation [46]. We found that
DF patients had a higher SBP and an increased PP. This was in line with early reports that
poor management of blood pressure was a risk factor for DF infection [6] and postponed
wound healing [47]. A cohort study suggested that elevated PP was an independent predictor
of foot ulcers in diabetes patients [48], in which the highest quartile of PP had a 2.39-fold (95%
CI 1.14-5.02) risk of foot ulcers after adjusting for age, sex, duration of diabetes, SBP, and
Charlson comorbidity score.

The major strengths of this study were the large sample size and the adjustment for multi-
faceted indicators. However, several limitations should be acknowledged: 1) It was a cross-sec-
tional study, which limited the certainty of causality. Due to this limitation, there may be a
potential reverse causality, in which DF presence led to abnormal metabolism of blood lipids
and glucose. Therefore, prospective cohort studies are warranted to assess the sequence of
these associations. 2) This study was based on Chinese diabetes inpatients, which may prevent
our results from being generalized to other ethnic and community populations. 3) Potential
confounding factors, such as walking habits, shoes and socks, diet and joint deformities, were
neglected. 4) The data on smoking were from medical history inquiries, and the cigarette
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number and duration of smoking cessation could not be obtained. Therefore, only smoking
status was included in multiple analyses. In addition, there was also bias in self-reported alco-
hol consumption. 5) Because of the fewer number of people with DF, the level of DF was not
classified.

Conclusion

In conclusion, the TyG index was inversely and dose-dependently related to the risk of DF in
diabetes patients, indicating that elevated TyG index was a protective factor for DF. In addi-
tion, the TyG index may be useful for the identification of DF presence in diabetes patients.
Future cohort studies and mechanistic studies are therefore warranted to confirm our finding
and to explore the detailed pathological mechanism involved in this process.
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