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Background: The impact of triglyceride—glucose (TyG) index variations on
chronic kidney disease (CKD) progression remains unexplored. To investigate
the effects of the TyG index and its dynamic changes on CKD progression.

Method: This prospective cohort study included data from 8,418 hypertensive
participants. The exposure variable in this study was defined as the difference
between the TyG index at the last visit from that at baseline. The study’s outcome
variable was the progression of CKD, defined as follows: for subjects with an
estimated glomerular filtration rate (eGFR) >60 mL/min, a >30% decrease in eGFR
with a final follow-up value <60 mL/min; for those with an eGFR <60 mL/min,
a >50% decrease in eGFR; or terminal renal failure requiring dialysis.

Results: During a median follow-up period of 48 months, 1077 patients were
diagnosed with CKD progression. In the fully adjusted Model 3, patients with a
change in the TyG index <0 exhibited a significantly decreased 13% risk of CKD
progression (HR: 0.87, 95% CI: 0.76-0.98) compared to those with a change in
the TyG index>0 group. Subgroup analyses showed that changes in the TyG
index significantly increased the risk of CKD progression only in patients with
diastolic blood pressure (DBP) <90mmHg. In the path analysis, baseline TyG was
associated with follow-up eGFR (the standard regression coefficient was 1.26
[95% CI, 0.45-2.06]).

Conclusions: Our findings suggest that TyG variability may serve as a useful tool
for identifying individuals at risk of CKD progression, particularly hypertensive
patients with normal DBP levels.
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Introduction

Chronic kidney disease (CKD), with its substantial impact on
global health, has become a leading cause of mortality worldwide.
Approximately 10-15% of the global adult population is affected by
CKD, and the increasing prevalence of CKD is attributable to factors
such as population aging, hypertension, and the increasing incidence of
diabetes (1-3). Patients with CKD have a higher risk of cardiovascular
mortality and end-stage renal disease than do patients without CKD
(4). The Renal Disease Burden Study, conducted from 1990 to 2017,
revealed 697.5 million cases of CKD worldwide, wherein China and
India accounted for nearly one-third of the global burden, with 132 and
115 million cases, respectively (5). Therefore, implementing
comprehensive measures at various levels in China is imperative to
effectively prevent CKD and manage the occurrence and progression of
CKD. Although diabetes-related CKD is the leading cause of CKD in
China (6), the prevalence of hypertension-induced CKD should not be
underestimated, as China has approximately 245 million adults with
hypertension (7). Therefore, identifying biomarkers associated with
renal function and monitoring emerging biomarkers are imperative in
patients with hypertension.

Insulin resistance (IR) is associated with glomerular hyperfiltration,
sodium retention, tubular reabsorption defects, tissue inflammation,
and fibrosis (8-10). The association between IR and CKD has garnered
considerable attention in recent studies, and IR detection has revealed
early metabolic alterations in patients with CKD (11). The triglyceride
(TG)-glucose (TyG) index is a logarithmic product of the levels of
fasting TG and blood glucose and is commonly used as a substitute
index for IR (12) in large-scale population studies. The TyG index,
which was initially proposed by Guerrero-Romero et al (13), as a novel
alternative marker for IR, is more readily available and cost-effective
than the commonly used gold standard (euglycemic-hyperinsulinemic
clamp) for IR in clinical practice (14). The TyG index demonstrated a
significant association with a positive euglycemic-hyperinsulinemic
clamp test, and the validity of the TyG index was comparable to that of
the IR index, which has been assessed in the homeostatic model (13).
Most previous studies only evaluated the relationship between TyG and
CKD at the cross-sectional level (15-17), and cohort studies on CKD
progression caused by TyG have been conducted in both patients with
diabetes (18, 19) and the general population (20).

Nonetheless, the effect of TyG and its dynamic changes in CKD
progression have not been investigated previously. Thus, we posited
that baseline TyG serves as a reliable predictor of CKD progression,
and that controlling fluctuations in TyG can effectively prevent
CKD progression in patients with hypertension. To validate these
assumptions, we used data from the China H-type Hypertension
Registry Study and monitored the cohort for 52 months.

Methods
Study design

Data for this prospective cohort study were acquired from the
China H-type Hypertension Registry (registration number:
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ChiCTR1800017274). The detailed methodology employed in this
investigation has been expounded previously (21, 22). Briefly, the
China Hypertension Registry Study is an observational study being
conducted in Wuyuan, Jiangxi Province, China to reflect real-world
conditions and establish a registry cohort to investigate the
prevalence, treatment, and related prognostic factors of H-type
hypertension. A total of 14,234 patients with hypertension aged >18
years were enrolled in this study, after excluding those
with psychiatric disorders or short-term residency. In the present
study, we conducted a 52-month follow-up of the abovementioned
participants. Informed consent was obtained from all enrolled
patients. The research protocol was approved by the Ethics
Committee of the Second Affiliated Hospital of Nanchang
University and the Ethics Committee of the Institute of Biology,
Anhui Medical University.

Among the 14,234 patients, we excluded 12 individuals with
TyG deletion at baseline, 205 patients with estimated glomerular
filtration rate (eGFR) <30 mL/min/1.73 m? and 7 patients with
eGFR deletion at baseline. We excluded patients who were
taking lipid-lowering (n=499) or hypoglycemic (n=638) drugs at
baseline. Moreover, 4441 and 14 patients whose eGFR and TyG
values, respectively, were missing at the last follow-up were
excluded. Finally, 8418 patients were included in this cohort
analysis (Figure 1).

Data collection

Baseline data were obtained using face-to-face questionnaires,
physical examinations, and laboratory blood tests conducted by
trained professionals following a standardized protocol. The
questionnaires elicited information on fundamental demographic
characteristics, lifestyle factors (history of tobacco and alcohol
consumption), medical history (diabetes, coronary heart disease
[CHD], and stroke), and medication history (antihypertensive,
hypoglycemic, lipid-lowering, and antiplatelet drugs). Physical
examinations primarily involved assessing height, weight, and
blood pressure (BP). We used an automatic sphygmomanometer
to obtain baseline BP readings with the patients seated. Following at
least 10 min of rest, two or three measurements were taken at 1-min
intervals and averaged. The body mass index (BMI) was computed
on the basis of the patients’ weight and height measurements
(kg/m?).

All blood samples were collected after overnight fasting of 8-
12 h and were quickly processed, frozen, and dispatched to the
Biaojia Biotechnology Laboratory (Shenzhen, Guangdong
Province) for analysis using automated clinical analyzers. TG,
total cholesterol (TC), high-density lipoprotein cholesterol
(HDL-C), low-density lipoprotein cholesterol (LDL-C), fasting
plasma glucose (FPG), homocysteine (Hcy), serum uric acid
(SUA), creatinine, and albumin levels were measured in the
patients. Serum creatinine was enzymatically determined and
calibrated for isotope dilution mass spectrometry traceability with
a coefficient of variation of 1.4%. The eGFR was derived using the
CKD-EPI equation recommended by the CKD Epidemiology
Collaboration (23).
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14234 hypetensive patients

Excluded n=5816

Missing data on baseline TyG, n=12
Missing data on baseline eGFR, n=7
eGFR<30, n=205

use Lipid-lowering drugs, n=499

use Hypoglycemic drug, n=638

Missing data on follow up eGFR, n=4441
Missing data on follow up TyG, n=14

8418 patients with hypertension analyzed

|

Non- CKD
(n=7341)

FIGURE 1
Flow chart of study participants.

Outcome and exposure variables

TyG= In[TG*FBP/2], where the units for TG and FPG are
expressed in mg/dL. The exposure variable in this study pertains to
the change of TyG index, specifically the difference between the
value at last follow-up and baseline TyG. For data analysis purposes,
we have set 0 as the cut-off point; a change value of TyG index >0
indicates an increase during follow-up, while a change value < 0
denotes a decrease. The study’s outcome variable was CKD
progression, which was defined as follows: for patients with an
eGFR >60 mL/min, a >30% reduction in the eGFR, with a final
follow-up eGFR <60 mL/min; for patients with an eGFR <60 mL/
min, a 250% reduction in the eGFR; or terminal renal failure
requiring dialysis.

Statistical analysis

Among the baseline characteristics, the continuous and
categorical variables are presented as the mean (standard deviation
[SD]) and frequency (proportion), respectively. Differences between
patients in the CKD and non-CKD groups were evaluated using a
one-way analysis of variance or the chi-square test. A multivariable
Cox proportional hazards model was used to estimate the TyG index
change and the risk of CKD progression, with adjustments for sex;
age; BMIL; systolic BP (SBP); diastolic BP (DBP); diabetes; stroke;
CHD; antihypertensive and antiplatelet drug use; current smoking;
current drinking; and Hcy, TC, LDL-C, SUA, and albumin levels.
Variables known as traditional risk factors for CKD and the potential
confounders were selected if the effect estimates individually changed
by at least 10% (24). Furthermore, restricted cubic splines with four
knots were used to flexibly model and visualize the dose-response
relationship between changes in TyG and CKD progression. We
tested for potential nonlinearity using a likelihood ratio test, while
comparing the model with only a linear term against the model with
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CKD
(n=1077)

both linear and cubic spline terms (25-28). Subgroup analyses
stratified by sex, age, BMI, SBP, DBP, and antihypertensive drug
use were performed. Participants (n=8814) with repeated TyG and
eGFR assessments constituted a typical cross-lagged panel design, as
demonstrated in Supplementary Figure S1 in the Data Supplement.
This design measured the effect size of baseline eGFR on subsequent
TyG (B1) and the effect size of baseline TyG on subsequent eGFR
(B2) simultaneously, adjusting for the auto-regressive effects.

Statistical significance was defined as a two-sided p-value <0.05
throughout the analysis. We conducted a cross-lagged path analysis
using the Mplus software, version 8.4 (Muthén and Muthen, Los
Angeles, CA, USA), All other statistical analyses were performed
using the statistical package R, version 4.2.3, (http://www.R-
project.org, The R Foundation).

Results
Participant and baseline characteristics

This prospective cohort study included 8418 patients with
hypertension (age, mean + SD: 63.09 + 8.65 years), of whom
46.68% were male. During the median follow-up of 48 months,
1077 participants were diagnosed with CKD progression. The
baseline study population profiles of the patients with CKD and
without CKD are presented in Table 1. Patients with CKD
tended to be older males and current smokers but not current
drinkers. Patients with CKD exhibited higher BMI and SBP
values, higher levels of Hcy and SUA, and a higher incidence
of diabetes, CHD, and antihypertensive drug use than did
patients without CKD. Conversely, patients without CKD had
a lower DBP value and albumin level than did those with CKD.
However, no significant intergroup differences were observed in
the FPG, TC, TG, HDL-C, and LDL-C levels; stroke prevalence;
and use of antiplatelet drugs.
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TyG index change and CKD progression

A dose-effect response fitting curve was used with restricted
cubic splines, as shown in Figure 2, to demonstrate the correlation
between changes in the TyG index and CKD progression. The risk
of CKD progression was relatively flat until an approximately 0
value for changes in the TyG index, following which it began to
increase rapidly (P for non-linearity = 0.016). With >0 increase in
changes in the TyG index, the HR per SD was 1.26 (1.06-1.50).
Moreover, the Cox proportional hazards model was used to
ascertain the association between changes in the TyG index and
the risk of progressive CKD (Table 2). In the stepwise adjusted
model, we observed a significant association between the change in
the TyG index and CKD progression. The HR (95% confidence
interval [CI]) for each additional unit of change in the TyG index
was 1.17 (1.09-1.26), 1.15 (1.07-1.24), and 1.11 (1.03-1.20) in
Models 1, 2, and 3, respectively. Using 0 as the tangent point, we
divided the changes in the TyG index into two cohorts and
examined the impact of decreased TyG index on CKD
progression. In the fully adjusted Model 3, patients with a change
in the TyG index<0, compared with those with a change in the TyG
index>0, exhibited a significantly reduced 13% risk of CKD

TABLE 1 Baseline characteristics of study participants®.

10.3389/fendo.2024.1342408

progression (HR [95% CIJ: 0.87 [0.76-0.98]). Additional Cross-
Lagged Analysis for TyG and eGFR was based on 8418 participants,
Results that showed baseline TyG was associated with follow-up
eGFR (the standard regression coefficient was 1.26 [95% CI, 0.45-
2.06]). In contrast, the standard regression coefficient of baseline
TyG for follow-up eGFR (B=-2.06 [95% CI, —4.13 to 0.01]) was not
significant (Supplementary Figure S1). This indicated that increase
in TyG preceded increase in eGFR.

Subgroup analysis

Stratification and interaction tests were employed to evaluate
whether the association between changes in the TyG index and CKD
progression was potentially modifiable in the subgroups. Changes in
the TyG index significantly increased the risk of CKD progression
only in the patients with DBP <90 mmHg, compared with that in the
patients with DBP >90 mmHg (HR [95% CIJ: 1.19 [1.08-1.31] vs.
1.02 [0.92-1.14]; P for interaction = 0.039). However, the relationship
between the changes in the TyG index and CKD progression
remained consistently positive across the subgroups stratified by
sex (male vs. female), age (<60 vs. 260 years), BMI (<25 vs. 225

Variable Total Non- CKD CKD P value
N 8418 7341 1077

Agey 63.08 + 8.65 62.35 + 8.57 68.07 + 7.48 <0.001
Male, n(%) 3932 (46.71%) 3374 (45.96%) 558 (51.81%) <0.001
Current smoker, n(%) 2210 (26.26%) 1898 (25.86%) 312 (28.97%) 0.030
Current drinker, n(%) 1912 (22.72%) 1698 (23.14%) 214 (19.87%) 0.017
BMI, kg/m2 23.71 £ 3.49 23.76 £ 3.49 23.39 + 348 0.001
SBP, mmHg 148.50 £ 17.25 148.20 + 17.00 150.55 + 18.77 <0.001
DBP, mmHg 89.43 + 10.40 89.69 + 10.26 87.69 + 11.14 <0.001
Hcy,umol/L 17.36 + 10.08 16.77 £ 9.52 21.38 +12.58 <0.001
FPG, mmol/L 6.04 + 1.33 6.02 £ 1.29 6.16 = 1.60 0.002
TC, mmol/L 520 = 1.09 520 = 1.08 517 £ 1.16 0.282
TG, mmol/L 1.80 + 1.23 1.80 + 1.22 1.83 +1.29 0.386
HDL-C, mmol/L 1.58 + 0.43 1.58 + 0.43 1.57 + 0.44 0.418
LDL-C, mmol/L 3.01 £ 0.80 3.02 £0.79 2.98 £ 0.85 0.123
SUA, mmol/L 415.93 + 118.52 406.38 + 112.89 481.07 £ 134.43 <0.001
ALB, mmol/L 46.80 + 3.98 46.94 + 3.95 45.88 + 4.11 <0.001
diabetes, n (%) 1154 (13.71%) 977 (13.31%) 177 (16.43%) 0.005
stroke, n (%) 446 (5.30%) 377 (5.14%) 69 (6.41%) 0.082
CHD, n (%) 365 (4.34%) 300 (4.09%) 65 (6.04%) 0.003
Antihypertensive drugs, n (%) 5380 (63.93%) 4603 (62.72%) 777 (72.14%) <0.001
Antiplatelet drugs, n (%) 140 (1.66%) 116 (1.58%) 24 (2.23%) 0.120

'Values are mean + SD, or n (%) for categorical variables.

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; Hey, homocysteine; HDL-c, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.
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The Progression of Chronic Kidney Disease
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FIGURE 2
A dose-effect response fitting curve association between TyG index change and CKD progression. A nonlinear association between TyG index
change and CKD progression was found. The solid line and dashed line represent the estimated values and their corresponding 95% confidence
interval. Adjustment factors included sex, age, BMI, SBP, DBP, diabetes, stroke, CHD, antihypertensive, antiplatelet drugs, current smoke,current
drink, Hey, TC, LDL-C, SUA, albumin.

kg/m?), SBP (<140 vs. =140 mmHg), and antihypertensive
medication use (no vs. yes) (P for interaction >0.05) (Figure 3).

Discussion

This cohort study is the first to investigate the association
between changes in the TyG index and CKD progression in
patients with hypertension. The findings indicate that TyG
variability is an independent predictor of CKD progression, with
more pronounced adverse effects observed in patients with
normal DBP.

The TyG index was initially employed to assess its association
with cardiac metabolic disorders. Specifically, Liang et al. conducted

a meta-analysis of 41 cross-sectional and longitudinal cohort
studies to investigate the impact of the TyG index on coronary
heart disease (CHD). Their findings revealed a positive correlation
between increasing TyG index levels and an elevated relative risk
of CHD (29). The systematic review conducted by Khalaji
et al. encompassing 30 cohort studies with a total of 772,809
participants also demonstrates that an elevated TyG index is
associated with an increased risk of heart failure in individuals
diagnosed with CHD, diabetes, and pre-existing heart failure (30).
These two meta-analyses conducted by Wang (31) and Ling (32)
provide further support for the TyG index as an independent risk
factor for nonalcoholic fatty liver disease. Additionally, a meta-
analysis of 13 cohort studies demonstrated that the TyG index is a
significant predictor of diabetes risk (33). The meta-analysis

TABLE 2 Hazard ratio of CKD according to continuous or tertiles of surrogate markers of IR.

Events (%)

Variables

CKD HR (95%Cl), P-value

Model 1 Model 2 Model 3

Per 1 unit TyG change 8432 1077 (12.79%) 1.17 (1.09, 1.26) <0.0001 1.15 (1.07, 1.24) 0.0002 1.11 (1.03, 1.20) 0.004
Categorical variable
change in TyG >0 3874 500 (12.91%) 1 (reference) 1 (reference) 1 (reference)
change in TyG <0 4544 577 (12.70%) 0.80 (0.71, 0.91) 0.0004 0.82 (0.73, 0.93) 0.002 0.87 (0.76, 0.98) 0.024

Model 1 was adjusted for age, sex.
Model 2 was adjusted for sex, age, BMI, SBP, DBP.

Model 3 was adjusted for sex, age, BMI, SBP, DBP, diabetes, stroke, CHD, antihypertensive, antiplatelet drugs, current smoke,current drink, Hey, TC, LDL-C, SUA, albumin.
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subgroups participants,n Event, n(%) CKD, HR (95%CI) P for interaction
Sex 0.859
male 3932 558 (14.19%) - 1.11(1.00, 1.23)
female 4486 519 (11.57%) Hl— 1.12 (1.01, 1.25)

Age,years 0.863
<60 2652 123 (4.64%) —m— 1.10 (0.90, 1.34)
=60 5766 954 (16.55%) - 1.12(1.03, 1.21)
BMIkg/m2 0.592
<25 5588 751 (13.44%) - 1.13 (1.03, 1.23)
=25 2826 326 (11.54%) - 1.08 (0.95, 1.24)
SBP,mmHg 0.950
<140 2582 308 (11.93%) il 1.11 (0.97, 1.27)
>140 5836 769 (13.18%) .- 1.12(1.02, 1.22)
DBP,mmHg 0.039
<90 4282 621 (14.50%) - 1.19 (1.08, 1.31)
>90 4136 456 (11.03%) - 1.02(0.92, 1.14)
Antihypertensive drugs 0.103
no 3036 300 (9.88%) - 1.02 (0.90, 1.16)
yes 5380 777 (14.44%) - 1.16 (1.06, 1.27)
T 1
0 0.5 11214
FIGURE 3

Stratified Analyses by Potential Modifiers of the Association between TyG index change and CKD progression*. *Each subgroup analysis adjusted for
sex, age, BMI, SBP, DBP, diabetes, stroke, CHD, antihypertensive, antiplatelet drugs, current smoke,current drink, Hcy, TC, LDL-C, SUA, albumin

except for the stratifying variable.

conducted by Xiao et al. revealed that an elevated TyG index was
associated with an increased prevalence of CKD, independent of the
established risk factors (34). In recent years, the utility of the TyG
index to evaluate the risk of IR in adults has been demonstrated
(35). Several previous investigations have examined the impact of
the TyG index on CKD; however, they predominantly had a cross-
sectional design. Liu et al. (15) found that elevated TyG levels were
associated with a 91% (95% CI 1.29-2.85) increase in the prevalence
of diabetic nephropathy among patients with type 2 diabetes, with
statistical significance. However, a cross-sectional study conducted
by Ou et al. (17) on 1872 outpatients with diabetes in the Taiwan
Province found no significant correlation between the TyG index
and renal failure (eGFR <30 mL/min/1.73 m2). Lv et al. (16)
investigated the association between the TyG index and both pre-
existing CKD and incident CKD in patients with type 2 diabetes,
reporting that baseline TyG levels are a promising predictor of
diabetic nephropathy. Similarly, our group’s previous cross-
sectional analysis demonstrated a significant association between
elevated TyG levels and the presence of CKD (odds ratio: 1.42, 95%
CI 1.24-1.64) in patients with hypertension (36). Owing to the
inherent limitations of the cross-sectional study design, a causal
relationship between the TyG index and CKD could not be inferred.
However, there is a paucity of longitudinal studies examining the

Frontiers in Endocrinology

association between the TyG index and CKD progression. Using
electronic medical records, Duan et al. (19) retrospectively gathered
data from 179 in patients with type 2 diabetes mellitus and CKD
and demonstrated that a high baseline TyG level significantly
increased the risk of CKD progression by 79.4% (HR [95% CI]
1.794 [1.026-3.137]; P = 0.040). Furthermore, Low (18) discovered
a robust correlation between the baseline TyG index and CKD
progression in 1571 patients with type 2 diabetes after an extended
follow-up period of 8.6 years.

Previous studies have frequently confirmed the association
between TyG and CKD or CKD progression in patients with
diabetes, and this may be attributed to IR - a distinctive marker
of diabetes that better reflects metabolic disorders within the body.
However, patients with hypertension experience not only diabetes
but also metabolic disorders due to the presence of high BP as a
component of metabolic syndrome (37, 38). We observed a similar
phenomenon in the patients with hypertension, broadening the
research population subject to the impact of the TyG index on CKD;
this has substantial implications for comprehensive CKD patient
management. The primary discoveries of this investigation are as
follows. For the first time, a dynamic TyG index has been used to
predict the progression of CKD in patients with hypertension.
When the TyG change was considered a continuous variable, we
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observed that an increase in the TyG index change was an
independent and significantly elevated risk factor for CKD
progression, regardless of the presence of CKD. Moreover, we set
the change of TyG to 0, where a positive value denotes an increase
in the TyG index and a negative value indicates a decrease from the
baseline. Specifically, a decrease in both baseline and follow-up TyG
index values conferred renal protection against CKD progression.
This finding could play an influential role in clinical practice by
enabling dynamic, real-time monitoring of the TyG index and an
accurate evaluation of the risk of CKD in patients with
hypertension. Furthermore, the subgroup analysis revealed a
correlation between DBP-adjustable TyG index changes and CKD
progression. Specifically, our findings indicate that among patients
with DBP <90 mmHg, an increase in the TyG index was associated
with a significantly higher risk of CKD progression. However, this
phenomenon was not observed in patients with DBP 290 mmHg,
possibly owing to the masking effect of increased DBP on the
association between the TyG index change and CKD. Therefore, a
positive correlation can easily be detected in patients with normal
DBP. This implies that, in our clinical practice, the treatment
priorities may vary for different patients with DBP.

The pathophysiological mechanisms underlying the association
between the TyG index and CKD are modulated by IR, which affects
the metabolic processes in the body. Insulin signaling is essential for
podocyte function and the maintenance of glomerular integrity
(39); within the kidney, multiple insulin-sensitive cell types express
insulin receptors, and specific knockdown of these receptors in
podocytes or proximal tubules results in proteinuria, renal
pathology, and hyperglycemia (40, 41). Shimobayashi et al. (42)
demonstrated that IR triggers adipose tissue inflammation by
inhibiting insulin signaling pathways and increasing the
production of monocyte chemoattractant protein 1. The
inflammatory activation of M2 macrophages in the adipose tissue
induces the release of proinflammatory cytokines, which cause
glomerular endothelial dysfunction and ultimately lead to CKD
(43, 44). The verified association between IR and the significant
increase in CKD has established a mechanistic link. In our study, we
utilize a dynamic TyG index as an exposure factor to reflect changes
in the body’s IR. Therefore, an elevated TyG index signifies
increased IR, which can contribute to the progression of CKD
and establish a positive feedback loop with worsening degrees of IR.

Strengths and limitations

The findings of this study are noteworthy, as they stem from a
prospective cohort study that was conducted on a sizable population
of participants with hypertension in China. The extended follow-up
period enabled us to longitudinally track the eGFR of the participants,
particularly in those with a relatively well-preserved eGFR at baseline.
This underscores the importance of managing CKD progression
through the dynamic monitoring of TyG index changes and
stratification of CKD risk across diverse DBP populations to
optimize the clinical outcomes. This study also had a few
limitations. Our study was conducted solely on patients with
hypertension from rural regions in China and, therefore, cannot be
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generalized to community-dwelling patients with hypertension
residing in urban areas. Additionally, the study’s focus on
hypertensive patients may limit its generalizability to the broader
population with CKD. Although the possibility of unmeasured
confounding variables cannot be entirely dismissed, the magnitude
of the observed effect makes it improbable that such variables
completely accounted for the association that was identified.

Conclusions

Our findings suggest that TyG index variability may serve as a
useful tool for identifying individuals who are at risk of CKD
progression, particularly among patients with hypertension with
normal DBP levels. The TyG index, a simple and cost-effective
biomarker, has substantial implications in clinical practice and
public health policy for preventing CKD progression and its
associated complications.

Data availability statement

The data that support the findings of this study are available from
the corresponding author upon reasonable request. Requests to access
these datasets should be directed to XC, xiaoshumenfanl26@
163.com.

Ethics statement

The studies involving humans were approved by The research
protocol was approved by the Ethics Committee of the Second
Affiliated Hospital of Nanchang University and the Ethics
Committee of the Institute of Biology, Anhui Medical University.
The studies were conducted in accordance with the local legislation
and institutional requirements. The participants provided their
written informed consent to participate in this study.

Author contributions

CY: Data curation, Writing — original draft, Writing - review &
editing. YS: Investigation, Software, Writing — original draft, Writing
- review & editing. TW: Data curation, Writing — review & editing.
LZ: Data curation, Investigation, Writing — review & editing. WZ:
Data curation, Investigation, Writing - review & editing. HB:
Funding acquisition, Methodology, Supervision, Writing — review
& editing. XC: Funding acquisition, Methodology, Supervision,
Writing - review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This work
was supported by the Cultivation of backup projects for National
Science and Technology Awards (20223AEI191007), Jiangxi Science
and Technology Innovation Base Plan -Jiangxi Clinical Medical
Research Center (20223BCG74012), Science and Technology

frontiersin.org


https://xiaoshumenfan126@163.com
https://xiaoshumenfan126@163.com
https://doi.org/10.3389/fendo.2024.1342408
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Yu et al.

Innovation Base Construction Project (20221ZDG02010), Jiangxi
Provincial Natural Science Foundation (20212ACB206019,
20224BAB206090, 20232BAB206140, 20232ACB216006), Jiangxi
Provincial Health Commission Science and Technology Project
(202130440, 202210495, 202310528), Jiangxi Provincial Drug
Administration Science and Technology Project (2022]S41,
2023]S26), Fund project of the Second Affiliated Hospital of
Nanchang University (2016YNQN12034, 2019YNLZ12010,
2021efyA01, 2021 YNFY2024).

Acknowledgments

Thanks to all the investigators and subjects who participated in
the China Hypertension Registry Study.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

References

1. Briick K, Stel VS, Gambaro G, Hallan S, Volzke H, Arnlov J, et al. CKD prevalence
varies across the european general population. ] Am Soc Nephrol (2016) 27(7):2135-47.
doi: 10.1681/ASN.2015050542

2. Coresh J, Selvin E, Stevens LA, Manzi J, Kusek JW, Eggers P, et al. Prevalence of
chronic kidney disease in the United States. JAMA (2007) 298(17):2038-47.
doi: 10.1001/jama.298.17.2038

3. Hill NR, Fatoba ST, Oke JL, Hirst JA, O'Callaghan CA, Lasserson DS, et al. Global
prevalence of chronic kidney disease - A systematic review and meta-analysis. PloS One
(2016) 11(7):e0158765. doi: 10.1371/journal.pone.0158765

4. Zhang L, Wang F, Wang L, Wang W, Liu B, Liu J, et al. Prevalence of chronic
kidney disease in China: a cross-sectional survey. Lancet (2012) 379(9818):815-22.
doi: 10.1016/S0140-6736(12)60033-6

5. Global, regional, and national burden of chronic kidney disease, 1990-2017: a
systematic analysis for the Global Burden of Disease Study 2017. Lancet (2020) 395
(10225):709-33. doi: 10.1016/S0140-6736(20)30045-3

6. Zhang L, Long J, Jiang W, Shi Y, He X, Zhou Z, et al. Trends in chronic kidney
disease in China. N Engl ] Med (2016) 375(9):905-6. doi: 10.1056/NEJMc1602469

7. Wang Z, Chen Z, Zhang L, Wang X, Hao G, Zhang Z, et al. Status of hypertension
in China: results from the China hypertension survey, 2012-2015. Circulation (2018)
137(22):2344-56. doi: 10.1161/CIRCULATIONAHA.117.032380

8. Artunc F, Schleicher E, Weigert C, Fritsche A, Stefan N, Haring HU. The impact
of insulin resistance on the kidney and vasculature. Nat Rev Nephrol (2016) 12
(12):721-37. doi: 10.1038/nrneph.2016.145

9. Camara NO, Iseki K, Kramer H, Liu ZH, Sharma K. Kidney disease and obesity:
epidemiology, mechanisms and treatment. Nat Rev Nephrol (2017) 13(3):181-90.
doi: 10.1038/nrneph.2016.191

10. Whaley-Connell A, Sowers JR. Insulin resistance in kidney disease: is there a
distinct role separate from that of diabetes or obesity. Cardiorenal Med (2017) 8(1):41-
9. doi: 10.1159/000479801

11. Spoto B, Pisano A, Zoccali C. Insulin resistance in chronic kidney disease: a
systematic review. Am ] Physiol Renal Physiol (2016) 311(6):F1087-108. doi: 10.1152/
ajprenal.00340.2016

12. Simental-Mendia LE, Rodriguez-Moran M, Guerrero-Romero F. The product of
fasting glucose and triglycerides as surrogate for identifying insulin resistance in
apparently healthy subjects. Metab Syndr Relat Disord (2008) 6(4):299-304.
doi: 10.1089/met.2008.0034

13. Guerrero-Romero F, Simental-Mendia LE, Gonzalez-Ortiz M, Martinez-
Abundis E, Ramos-Zavala MG, Hernandez-Gonzalez SO, et al. The product of
triglycerides and glucose, a simple measure of insulin sensitivity. Comparison with
the euglycemic-hyperinsulinemic clamp. J Clin Endocrinol Metab (2010) 95(7):3347-
51. doi: 10.1210/jc.2010-0288

Frontiers in Endocrinology

10.3389/fendo.2024.1342408

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fendo.2024.1342408/
full#supplementary-material

SUPPLEMENTARY FIGURE 1

Cross-lagged relationships between TyG and eGFR (N = 8418) Note. Values
represented standardized path coefficients. Curved lines reflect correlation
between exogenous factors or disturbances of endogenous factors.
Numbers in round brackets represent variances of the residual error. The
circles represent the residual terms.

14. Borai A, Livingstone C, Ferns GA. The biochemical assessment of insulin
resistance. Ann Clin Biochem (2007) 44(Pt 4):324-42. doi: 10.1258/
000456307780945778

15. Liu L, Xia R, Song X, Zhang B, He W, Zhou X, et al. Association between the
triglyceride-glucose index and diabetic nephropathy in patients with type 2 diabetes: A
cross-sectional study. J Diabetes Investig (2021) 12(4):557-65. doi: 10.1111/jdi.13371

16. LvL, ZhouY, Chen X, Gong L, Wu J, Luo W, et al. Relationship between the TyG
index and diabetic kidney disease in patients with type-2 diabetes mellitus. Diabetes
Metab Syndr Obes (2021) 14:3299-306. doi: 10.2147/DMSO0.S318255

17. Ou YL, Lee MY, Lin IT, Wen WL, Hsu WH, Chen SC. Obesity-related indices
are associated with albuminuria and advanced kidney disease in type 2 diabetes
mellitus. Ren Fail (2021) 43(1):1250-8. doi: 10.1080/0886022X.2021.1969247

18. Low S, Pek S, Moh A, Ang K, Khoo ], Shao YM, et al. Triglyceride-glucose index
is prospectively associated with chronic kidney disease progression in Type 2 diabetes -
mediation by pigment epithelium-derived factor. Diab Vasc Dis Res (2022) 19
(4):14791641221113784. doi: 10.1177/14791641221113784

19. Duan S, Zhou M, Lu F, Chen C, Chen S, Geng L, et al. Triglyceride-glucose index
is associated with the risk of chronic kidney disease progression in type 2 diabetes.
Endocrine (2023). doi: 10.1007/s12020-023-03357-z

20. Fritz J, Brozek W, Concin H, Nagel G, Kerschbaum J, Lhotta K, et al. The
triglyceride-glucose index and obesity-related risk of end-stage kidney disease
in Austrian adults. JAMA Netw Open (2021) 4(3):e212612. doi: 10.1001/
jamanetworkopen.2021.2612

21. Li M, Hu L, Hu L, Huang X, Liu X, Zhou W, et al. Visceral adiposity index is
inversely associated with renal function in normal-weight adults with hypertension: the
China H-type hypertension registry study. J Nutr (2021) 151(6):1394-400.
doi: 10.1093/jn/nxab022

22. ShiY, YuC, HuL, Li M, Zhou W, Wang T, et al. Visceral adiposity index and sex
differences in relation to peripheral artery disease in normal-weight adults with
hypertension. Biol Sex Differ (2022) 13(1):22. doi: 10.1186/s13293-022-00432-4

23. Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF 3rd, Feldman HI,, et al.
A new equation to estimate glomerular filtration rate. Ann Intern Med (2009) 150
(9):604-12. doi: 10.7326/0003-4819-150-9-200905050-00006

24. Greenland S. Modeling and variable selection in epidemiologic analysis. Am |
Public Health (1989) 79(3):340-9. doi: 10.2105/ajph.79.3.340

25. Intrator O, Kooperberg C. Trees and splines in survival analysis. Stat Methods
Med Res (1995) 4(3):237-61. doi: 10.1177/096228029500400305

26. Durrleman S, Simon R. Flexible regression models with cubic splines. Stat Med
(1989) 8(5):551-61. doi: 10.1002/sim.4780080504

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fendo.2024.1342408/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2024.1342408/full#supplementary-material
https://doi.org/10.1681/ASN.2015050542
https://doi.org/10.1001/jama.298.17.2038
https://doi.org/10.1371/journal.pone.0158765
https://doi.org/10.1016/S0140-6736(12)60033-6
https://doi.org/10.1016/S0140-6736(20)30045-3
https://doi.org/10.1056/NEJMc1602469
https://doi.org/10.1161/CIRCULATIONAHA.117.032380
https://doi.org/10.1038/nrneph.2016.145
https://doi.org/10.1038/nrneph.2016.191
https://doi.org/10.1159/000479801
https://doi.org/10.1152/ajprenal.00340.2016
https://doi.org/10.1152/ajprenal.00340.2016
https://doi.org/10.1089/met.2008.0034
https://doi.org/10.1210/jc.2010-0288
https://doi.org/10.1258/000456307780945778
https://doi.org/10.1258/000456307780945778
https://doi.org/10.1111/jdi.13371
https://doi.org/10.2147/DMSO.S318255
https://doi.org/10.1080/0886022X.2021.1969247
https://doi.org/10.1177/14791641221113784
https://doi.org/10.1007/s12020-023-03357-z
https://doi.org/10.1001/jamanetworkopen.2021.2612
https://doi.org/10.1001/jamanetworkopen.2021.2612
https://doi.org/10.1093/jn/nxab022
https://doi.org/10.1186/s13293-022-00432-4
https://doi.org/10.7326/0003-4819-150-9-200905050-00006
https://doi.org/10.2105/ajph.79.3.340
https://doi.org/10.1177/096228029500400305
https://doi.org/10.1002/sim.4780080504
https://doi.org/10.3389/fendo.2024.1342408
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Yu et al.

27. Royston P. Choice of scale for cubic smoothing spline models in medical
applications. Stat Med (2000) 19(9):1191-205. doi: 10.1002/(sici)1097-0258
(20000515)19:9&It;1191::aid-sim460<3.0.c0;2-1

28. Govindarajulu US, Spiegelman D, Thurston SW, Ganguli B, Eisen EA.
Comparing smoothing techniques in Cox models for exposure-response
relationships. Stat Med (2007) 26(20):3735-52. doi: 10.1002/sim.2848

29. Liang S, Wang C, Zhang J, Liu Z, Bai Y, Chen Z, et al. Triglyceride-glucose index
and coronary artery disease: a systematic review and meta-analysis of risk, severity, and
prognosis. Cardiovasc Diabetol (2023) 22(1):170. doi: 10.1186/s12933-023-01906-4

30. Khalaji A, Behnoush AH, Khanmohammadi S, Ghanbari Mardasi K,
Sharifkashani S, Sahebkar A, et al. Triglyceride-glucose index and heart failure: a
systematic review and meta-analysis. Cardiovasc Diabetol (2023) 22(1):244.
doi: 10.1186/512933-023-01973-7

31. WangJ, Yan S, Cui Y, Chen F, Piao M, Cui W. The diagnostic and prognostic
value of the triglyceride-glucose index in metabolic dysfunction-associated fatty liver
disease (MAFLD): A systematic review and meta-analysis. Nutrients (2022) 14
(23):4969. doi: 10.3390/nu14234969

32. Ling Q, Chen J, Liu X, Xu Y, Ma J, Yu P, et al. The triglyceride and glucose index
and risk of nonalcoholic fatty liver disease: A dose-response meta-analysis. Front
Endocrinol (Lausanne) (2022) 13:1043169. doi: 10.3389/fend0.2022.1043169

33. da Silva A, Caldas A, Rocha D, Bressan J. Triglyceride-glucose index predicts
independently type 2 diabetes mellitus risk: A systematic review and meta-analysis of
cohort studies. Prim Care Diabetes (2020) 14(6):584-93. doi: 10.1016/j.pcd.2020.09.001

34. RenX, Jiang M, Han L, Zheng X. Association between triglyceride-glucose index
and chronic kidney disease: A cohort study and meta-analysis. Nutr Metab Cardiovasc
Dis (2023) 33(6):1121-8. doi: 10.1016/j.numecd.2023.03.026

35. Sanchez-Garcia A, Rodriguez-Gutiérrez R, Mancillas-Adame L, Gonzalez-Nava
V, Diaz Gonzalez-Colmenero A, Solis RC, et al. Diagnostic accuracy of the triglyceride
and glucose index for insulin resistance: A systematic review. Int J Endocrinol (2020)
2020:4678526. doi: 10.1155/2020/4678526

Frontiers in Endocrinology

09

10.3389/fendo.2024.1342408

36. Shi Y, Hu L, Li M, Zhou W, Wang T, Zhu L, et al. Association between the
surrogate markers of insulin resistance and chronic kidney disease in chinese
hypertensive patients. Front Med (Lausanne) (2022) 9:831648. doi: 10.3389/
fmed.2022.831648

37. Litwin M, Kutaga Z. Obesity, metabolic syndrome, and primary hypertension.
Pediatr Nephrol (2021) 36(4):825-37. doi: 10.1007/s00467-020-04579-3

38. Lopez-Jaramillo P, Barbosa E, Molina DI, Sanchez R, Diaz M, Camacho PA, et al.
Latin American Consensus on the management of hypertension in the patient with
diabetes and the metabolic syndrome. ] Hypertens (2019) 37(6):1126-47. doi: 10.1097/
HJH.0000000000002072

39. Welsh GI, Hale L], Eremina V, Jeansson M, Maezawa Y, Lennon R, et al. Insulin
signaling to the glomerular podocyte is critical for normal kidney function. Cell Metab
(2010) 12(4):329-40. doi: 10.1016/j.cmet.2010.08.015

40. Hinden L, Kogot-Levin A, Tam J, Leibowitz G. Pathogenesis of diabesity-
induced kidney disease: role of kidney nutrient sensing. FEBS J (2022) 289(4):901—
21. doi: 10.1111/febs.15790

41. Tiwari S, Singh RS, Li L, Tsukerman S, Godbole M, Pandey G, et al. Deletion of
the insulin receptor in the proximal tubule promotes hyperglycemia. ] Am Soc Nephrol
(2013) 24(8):1209-14. doi: 10.1681/ASN.2012060628

42. Shimobayashi M, Albert V, Woelnerhanssen B, Frei IC, Weissenberger D,
Meyer-Gerspach AC, et al. Insulin resistance causes inflammation in adipose tissue.
J Clin Invest (2018) 128(4):1538-50. doi: 10.1172/JCI96139

43. Schrader LI, Kinzenbaw DA, Johnson AW, Faraci FM, Didion SP. IL-6
deficiency protects against angiotensin II induced endothelial dysfunction and
hypertrophy. Arterioscler Thromb Vasc Biol (2007) 27(12):2576-81. doi: 10.1161/
ATVBAHA.107.153080

44, Picchi A, Gao X, Belmadani S, Potter BJ, Focardi M, Chilian WM, et al. Tumor
necrosis factor-alpha induces endothelial dysfunction in the prediabetic metabolic
syndrome. Circ Res (2006) 99(1):69-77. doi: 10.1161/01.RES.0000229685.37402.80

frontiersin.org


https://doi.org/10.1002/(sici)1097-0258(20000515)19:9%3C1191::aid-sim460&lt;3.0.co;2-1
https://doi.org/10.1002/(sici)1097-0258(20000515)19:9%3C1191::aid-sim460&lt;3.0.co;2-1
https://doi.org/10.1002/sim.2848
https://doi.org/10.1186/s12933-023-01906-4
https://doi.org/10.1186/s12933-023-01973-7
https://doi.org/10.3390/nu14234969
https://doi.org/10.3389/fendo.2022.1043169
https://doi.org/10.1016/j.pcd.2020.09.001
https://doi.org/10.1016/j.numecd.2023.03.026
https://doi.org/10.1155/2020/4678526
https://doi.org/10.3389/fmed.2022.831648
https://doi.org/10.3389/fmed.2022.831648
https://doi.org/10.1007/s00467-020-04579-3
https://doi.org/10.1097/HJH.0000000000002072
https://doi.org/10.1097/HJH.0000000000002072
https://doi.org/10.1016/j.cmet.2010.08.015
https://doi.org/10.1111/febs.15790
https://doi.org/10.1681/ASN.2012060628
https://doi.org/10.1172/JCI96139
https://doi.org/10.1161/ATVBAHA.107.153080
https://doi.org/10.1161/ATVBAHA.107.153080
https://doi.org/10.1161/01.RES.0000229685.37402.80
https://doi.org/10.3389/fendo.2024.1342408
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Triglyceride–glucose index change and chronic kidney disease progression in a Chinese hypertensive population
	Introduction
	Methods
	Study design
	Data collection
	Outcome and exposure variables
	Statistical analysis

	Results
	Participant and baseline characteristics
	TyG index change and CKD progression
	Subgroup analysis

	Discussion
	Strengths and limitations

	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


