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Association between
fasting stress hyperglycemia
ratio and contrast-induced
acute kidney injury in
coronary angiography patients:
a cross-sectional study
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Xiaoyi Bao1,2, Qiongjun Zhu1,2, Yecheng Tao1,2,
Zhezhe Chen1,2, Duanbin Li1,2, Wenbin Zhang1,2,
Guosheng Fu1,2* and Min Wang1,2*

1Department of Cardiology, Sir Run Run Shaw Hospital, College of Medicine, Zhejiang University,
Hangzhou, Zhejiang, China, 2Key Laboratory of Cardiovascular Intervention and Regenerative
Medicine of Zhejiang Province, Hangzhou, China, 3Department of Cardiology, The Affiliated
Huzhou Hospital (Huzhou Central Hospital), College of Medicine, Zhejiang University, Huzhou,
Zhejiang, China, 4Department of Endocrinology and Metabolism, Sir Run Run Shaw Hospital,
College of Medicine, Zhejiang University, Hangzhou, Zhejiang, China
Aims: Stress hyperglycemia ratio (SHR), an emerging indicator of critical

illness, exhibits a significant association with adverse cardiovascular

outcomes. The primary aim of this research endeavor is to evaluate the

association between fasting SHR and contrast-induced acute kidney injury

(CI-AKI).

Methods: This cross-sectional study comprised 3,137 patients who underwent

coronary angiography (CAG) or percutaneous coronary intervention (PCI). The

calculation of fasting SHR involved dividing the admission fasting blood

glucose by the estimated mean glucose obtained from glycosylated

hemoglobin. CI-AKI was assessed based on elevated serum creatinine (Scr)

levels. To investigate the relationship between fasting SHR and the proportion

of SCr elevation, piecewise linear regression analysis was conducted. Modified

Poisson’s regression analysis was implemented to evaluate the correlation

between fasting SHR and CI-AKI. Subgroup analysis and sensitivity analysis

were conducted to explore result stability.

Results: Among the total population, 482 (15.4%) patients experienced CI-AKI.

Piecewise linear regression analysis revealed significant associations between

the proportion of SCr elevation and fasting SHR on both sides (≤ 0.8 and > 0.8)

[b = -12.651, 95% CI (−23.281 to −2.022), P = 0.020; b = 8.274, 95% CI (4.176 to

12.372), P < 0.001]. The Modified Poisson’s regression analysis demonstrated a

statistically significant correlation between both the lowest and highest levels

of fasting SHR and an increased incidence of CI-AKI [(SHR < 0.7 vs. 0.7 ≤ SHR <

0.9) b = 1.828, 95%CI (1.345 to 2.486), P < 0.001; (SHR ≥ 1.3 vs. 0.7 ≤ SHR < 0.9)

b = 2.896, 95% CI (2.087 to 4.019), P < 0.001], which was further validated

through subgroup and sensitivity analyses.
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Conclusion: In populations undergoing CAG or PCI, both lowest and highest

levels of fasting SHR were significantly associated with an increased

occurrence of CI-AKI.
KEYWORDS

fasting stress hyperglycemia ratio, contrast-induced acute kidney injury, serum
creatinine elevation, coronary angiography, diabetes
Introduction

Coronary artery disease (CAD) imposes a significant global

disease burden and stands as a prominent contributor to human

mortality on a global scale (1, 2). Recently, with the widespread

application of interventional techniques such as coronary

angiography (CAG) and percutaneous coronary intervention

(PCI) in the diagnosis and treatment of CAD, there has been a

significant improvement in the clinical prognosis of patients with

CAD (3–6). However, accompanying this advancement are a series

of related complications that cannot be overlooked due to their

impact on patient health (7, 8).

CAG and PCI critically depend on the utilization of iodinated

intravascular contrast agents to facilitate vessel and chamber

imaging. However, it should be noted that contrast agents

utilized in CAG and PCI procedures may give rise to a

complication known as contrast-induced acute kidney injury

(CI-AKI) (9, 10). This condition is characterized by the acute

impairment of renal function caused by the administration of

iodinated contrast agents and is currently considered the third

principal contributor to iatrogenic renal dysfunction (11). Defined

by the European Society of Urogenital Radiology (ESUR), CI-AKI

is characterized as an elevation in serum creatinine (Scr) levels

exceeding 44.2 µmol/L (0.5 mg/dL) or 25% from baseline within

72 hours post-administration of contrast media (12). The

incidence of CI-AKI can vary depending on the diagnostic

criteria, study population, and preventive measures employed.

Current research has shown that risk factors such as diabetes,

anemia, baseline renal insufficiency, severity of heart failure,
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contrast agent dosage, and type of contrast agent are associated

with the occurrence of CI-AKI (13–15). Given that CI-AKI can

prolong hospital stay, increase healthcare costs, and potentially

lead to more severe complications, early identification of these risk

factors is of paramount importance in the timely identification

and mitigation of CI-AKI.

Pre-procedural glucose levels have garnered recognition as a

risk factor contributing to CI-AKI (14). However, relying solely on

blood glucose levels may not fully reflect the acute hyperglycemic

state, as they could also be influenced by chronic glucose levels.

Recently, one study has reported a novel biomarker, the stress

hyperglycemia ratio (SHR), which is considered a superior

prognostic indicator for critical illness compared to absolute

hyperglycemia (16). SHR is calculated based on admission blood

glucose (ABG) and glycosylated hemoglobin A1c (HbA1c) levels

(16). In contrast to ABG levels, SHR has the ability to quantify the

extent of the relative increase in glycemic levels from chronic

glycemia over a period of 8 to 12 weeks. Current research has

demonstrated that SHR can serve as a significant predictor for

cardiovascular and cerebrovascular diseases, as well as respiratory

tract infections (17–20). Moreover, meal timing is associated with

blood glucose levels, and considering that some patients may have

already eaten when experiencing ischemic symptoms while others

may experience symptoms before meals, utilizing fasting blood

glucose (FBG) to calculate fasting SHR may provide a more

accurate reflection of the extent of acute stress-induced

hyperglycemia, with previous research reporting its predictive

value for cardiovascular diseases (21, 22). Nevertheless, the

correlation between CI-AKI and fasting SHR remains unclear.

Therefore, the primary focus of this study encompassed an

examination of the association between fasting SHR and the

incidence of CI-AKI among individuals subjected to CAG or PCI.
Methods

Study population

At Sir Run Run Shaw Hospital and its consortium of affiliated

medical hospitals, this retrospective cross-sectional cohort study was

employed. The study process strictly adhered to the principles

outlined in the Declaration of Helsinki, ensuring rigorous ethical
frontiersin.org
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standards were maintained throughout. Prior to the initiation of the

study, the independent Ethics Committee of Sir Run Run Shaw

Hospital granted thorough approval for this study under the

reference number 20220228-30, validating the ethical integrity of

the research process.

Figure 1 illustrates the flowchart depicting the process of patient

screening. From September 2008 to November 2019, a cumulative

number of 3137 patients experienced CAG or PCI and met the

following diagnostic criteria: (1) patients > 18 years; (2) patients

diagnosed with stable CAD or non-CAD. (3) patients with

documented baseline HbA1c and FBG; (4) patients with recorded

baseline Scr levels and measurements taken within 72 hours post-

contrast exposure; (5) patients with exhaustive baseline data. The

exclusion criteria comprised the following: (1) In addition to the

current procedure, patients had undergone multiple exposure to

contrast agents; (2) patients exhibiting profound cardiac

insufficiency, characterized by New York Heart Association Grade

III/IV or a left ventricular ejection fraction (LVEF) below 40%; (3)

patients who were experiencing hemodialysis treatment or diagnosed

with established end-stage renal dysfunction, those afflicted by

autoimmune diseases, or those exhibiting active malignant tumors;

and (4) pregnant or lactating individuals during hospitalization.
Data collection

Upon hospital admission, baseline characteristics including age,

sex, LVEF, average heart rate, recent medication usage, and past

medical conditions were queried and recorded by trained research
Frontiers in Endocrinology 03
coordinators from participating hospitals. Detailed documentation

of the specific features pertaining to CAG or PCI was meticulously

performed postoperatively. Within a 24-hour period following

hospital admission, venous blood samples for the assessment of

HbA1c levels and other laboratory parameters were meticulously

obtained from the cubital vein. Additionally, following a minimum

fasting period of 8 hours, FBG levels were measured through the

collection of venous blood samples following an overnight fast. The

baseline Scr concentration was determined through biochemical

testing upon admission. Subsequently, following exposure to the

contrast medium, postoperative Scr concentration was measured on

a minimum of three occasions within a 72-hour period, with the

highest recorded value being documented.
Definitions

The average glucose levels were estimated from HbA1c,

employing the subsequent formula: estimated average glucose

level (mmol/L) = 1.59 x HbA1c (%) – 2.59 (23). Fasting SHR is

calculated as FBG at admission (mmol/L)/estimated average glucose

level (mmol/L) (16). The fasting SHR was partitioned into two

distinct segments based on a threshold of 0.8 (SHR ≤ 0.8 and SHR >

0.8). Furthermore, a meticulous categorization strategy was

employed to further stratify fasting SHR into five discrete groups,

each defined by equal intervals of 0.2 (cut-off points: < 0.7, 0.7-0.9,

0.9-1.1, 1.1-1.3, ≥ 1.3).

As per the guidelines established by ESUR, CI-AKI is defined as

a rise in Scr level exceeding 44.2 µmol/L (0.5 mg/dl) or a 25%
FIGURE 1

Flowchart of patient enrollment. CAG, coronary angiography; PCI, percutaneous coronary intervention; CAD, coronary artery disease; HbA1c,
glycosylated hemoglobin A1c; FBG, fasting blood glucose; Scr, serum creatinine; NYHA, New York Heart Association; LVEF, left ventricular ejection
fraction; CI-AKI, contrast-induced acute kidney injury.
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increment from the individual’s baseline value, occurring within a

timeframe of 72 hours subsequent to the administration of contrast

agents, and other causes of renal insufficiency should also be

excluded (12).
Statistical analysis

Categorical variables were reported as counts with

corresponding percentages, and their comparisons were

performed using either the Chi-square test or Fisher’s exact test.

Continuous variables were represented by their mean value

accompanied by the standard deviation (SD), and if they followed

a normal distribution, Student’s t-test was utilized for evaluation.

Conversely, for continuous variables that did not exhibit a normal

distribution, their description included the median value coupled

with the interquartile range, and they were subjected to analysis

utilizing the Mann-Whitney U-test.

The restricted cubic spline (RCS) model was utilized to visually

represent the correlation between fasting SHR and CI-AKI. It is

apparent that the relative risk of CI-AKI significantly increases with

both high and low fasting SHR values when fasting SHR around 0.8

was used as the reference point. Therefore, fasting SHR was divided

into two segments based on a threshold value of 0.8 for conducting

piecewise linear regression analysis with the aim of investigating the

linearity trend on both ends of fasting SHR (SHR ≤ 0.8 and SHR >

0.8). By incorporating age, gender (male or female), estimated

glomerular filtration rate (eGFR), hypertension, type of contrast

agent (isotonic or hypotonic), volume of contrast, LVEF, C-reactive

protein (CRP) (< 5, 5-10, or ≥ 10mg/L), and medications

(administration of statin, furosemide injection and dopamine)

(yes or no) as covariates, the multivariable regression analysis

effectively controlled for potential significant predictors, with

these included factors having been substantiated by previous

research (24). Subsequently, employing equal interval

categorization, the fasting SHR was divided into five groups, and

a modified Poisson’s regression analysis was conducted to

determine the adjusted relative risk (aRR) of fasting SHR for the

occurrence of CI-AKI. Similar covariates as mentioned above were

utilized for adjusting the aRR as well. Moreover, a comprehensive

exploratory analysis was performed by stratifying the population

into subgroups based on diabetes (yes or no) and HbA1c levels (≤

6.0% or > 6.0%). This subgroup analysis was conducted using a

modified Poisson’s regression model with same covariates

mentioned above. In the end, to assess the soundness of the

result, two sensitivity analyses were conducted, involving the

exclusion of patients who experienced hypoglycemia throughout

the initial assessment period and those who encountered a

hyperglycemic crisis at the beginning of the study.

A statistically significant result was established based on a two-

tailed P-value < 0.05. The manipulation and evaluation of data were

conducted utilizing the SPSS software, specifically version 23.0

developed by IBM, with its origin in Chicago, Illinois.

Additionally, the analysis also involved the utilization of R

version 4.1.2 (developed in Vienna, Austria).
Frontiers in Endocrinology 04
Results

Baseline characteristics

Within the study, a cohort comprising 3137 individuals who

experienced either CAG or PCI was included. Table 1 provides an

overview of the primary characteristics relating to baseline

demographics and clinical variables.

The study cohort had an average age of 66.92 ± 10.81 years, with

males representing 66.9% of the participants. Among this

population, a notable subset of 482 subjects experienced CI-AKI

following CAG or PCI. In the cohort of patients with CI-AKI, there

was a higher prevalence of hypertension (70.1% vs. 64.7%, P =

0.020) and diabetes (35.5% vs. 26.1%, P < 0.001), accompanied by a

lower proportion of individuals receiving furosemide injection

(12.5% vs. 31.5%, P < 0.001) and dopamine (26.5% vs. 43.2%, P <

0.001). Furthermore, these patients exhibited lower levels of

hemoglobin (121.62 ± 21.79 g/L vs. 131.33 ± 18.77g/L, P < 0.001),

baseline LVEF (55.34 ± 13.62% vs. 60.07 ± 13.12%, P < 0.001), and

baseline eGFR, along with higher levels of fasting SHR (1.01 ± 0.40

vs. 0.91 ± 0.27, P < 0.001), FBG (8.03 ± 4.32mmol/L vs. 6.83 ± 2.82

mmol/L, P < 0.001), and white blood cell (8.31 ± 3.64×109/L vs.

6.96 ± 2.52×109/L, P < 0.001). Nevertheless, no significant

distinctions were observed regarding the average heart rate or the

proportions of patients using calcium channel blocker (CCB),

angiotensin converting enzyme inhibitor (ACEI), angiotensin

receptor blocker (ARB), and statin between the two groups.
Association between fasting SHR and
proportion of Scr elevation

The study presents the results of the multivariable piecewise

linear regression analysis (Table 2), which included calculation of

the b coefficient and its 95% confidence interval (CI), for both sides

of fasting SHR (SHR ≤ 0.8 and SHR > 0.8). After comprehensive

adjustment, the analysis revealed a significantly negative correlation

between fasting SHR and the proportion of SCr elevation when

fasting SHR ≤ 0.8 [b = -12.651, 95% CI (−23.281 to −2.022), P =

0.020]. Conversely, a significant positive relationship emerged when

the fasting SHR was > 0.8 [b = 8.274, 95% CI (4.176 to 12.372),

P < 0.001].
The association of the fasting SHR
with CI−AKI

The study cohort underwent categorization into five groups,

employing equally spaced intervals of the fasting SHR value

(Predefined cut-off points: < 0.7, 0.7-0.9, 0.9-1.1, 1.1-1.3, ≥ 1.3).

Based on the graphical representation depicted in Figure 2, the group

exhibiting a fasting SHR value ranging from 0.7 to 0.9 demonstrates

the lowest occurrence of CI-AKI, with an increasing occurrence of

CI-AKI as the fasting SHR value deviates in either direction.

Additionally, Figure 2 demonstrates a statistically significant J-

shaped non-linear relationship between fasting SHR and CI-AKI,

as ascertained utilizing the RCS modeling approach (P-value
frontiersin.org
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TABLE 1 Baseline characteristics of the two groups.

CI-AKI

P valueOverall (n=3137) No (n=2655) Yes (n=482)

Demographic features

Age, yrs 66.92 ± 10.81 66.44 ± 10.67 69.56 ± 11.21 <0.001*

Male, n (%) 2100 (66.9) 1814 (68.3) 286 (59.3) <0.001*

Hypertension, n (%) 2055 (65.5) 1717 (64.7) 338 (70.1) 0.020*

Diabetes, n (%) 863 (27.5) 692 (26.1) 171 (35.5) <0.001*

LVEF, % 59.33 ± 13.31 60.07 ± 13.12 55.34 ± 13.62 <0.001*

Average heart rate, beats/min 73.82 ± 38.40 73.56 ± 40.96 75.26 ± 18.73 0.370

Laboratory information

Fasting SHR 0.92 ± 0.30 0.91 ± 0.27 1.01 ± 0.40 <0.001*

FBG, mmol/L 7.01 ± 3.13 6.83 ± 2.82 8.03 ± 4.32 <0.001*

HbA1c, % 6.45 ± 1.39 6.41 ± 1.33 6.68 ± 1.65 <0.001*

Serum creatinine at baseline, mmol/L 77.0 [65.0, 95.0] 77.0 [65.0, 94.0] 74.0 [60.8, 103.3] 0.191

Serum creatinine elevation, % 3.8 [-4.7, 16.0] 1.3 [-6.3, 9.1] 39.7 [31.0, 54.3] <0.001*

eGFR, ml/(min×1.73 m2) 78.53 ± 23.24 79.14 ± 22.08 75.17 ± 28.61 0.001*

Hemoglobin, g/L 129.82 ± 19.59 131.33 ± 18.77 121.62 ± 21.79 <0.001*

High density lipoprotein, mmol/L 1.02 ± 0.28 1.03 ± 0.28 0.99 ± 0.30 0.007*

White blood cell, ×109/L 7.17 ± 2.76 6.96 ± 2.52 8.31 ± 3.64 <0.001*

C-reactive protein, mg/L 2.20 [0.90, 7.05] 1.90 [0.80, 6.30] 4.20 [1.40, 15.95] <0.001*

Procedure data

Only CAG procedure 1876 (59.8) 1599 (60.2) 277 (57.5) 0.267

PCI procedure 1261 (40.2) 1056 (39.8) 205 (42.5) 0.267

Types of contrast agent, n (%)

Isotonic 1103 (35.2) 933 (35.1) 170 (35.3) 0.957

Hypotonic 2034 (64.8) 1722 (64.9) 312 (64.7) 0.957

Volume of contrast agent, mg 80.0 [50.0, 150.0] 80.0 [50.0, 140.0] 100.0 [60.0, 150.0] 0.001*

CTO, n (%) 155 (4.9) 135 (5.1) 20 (4.1) 0.383

Total length of stents, mm 40.0 [27.5, 66.0] 42.0 [27.5, 66.0] 38.0 [27.3, 60.0] 0.472

Medication, n (%)

ACEI 536 (17.1) 440 (16.6) 96 (19.9) 0.073

ARB 1040 (33.2) 895 (33.7) 145 (30.1) 0.120

CCB 925 (29.5) 784 (29.5) 141 (29.3) 0.903

Statin 2602 (82.9) 2214 (83.4) 388 (80.5) 0.120

Dopamine 912 (29.1) 704 (26.5) 208 (43.2) <0.001*

Furosemide injection 483 (15.4) 331 (12.5) 152 (31.5) <0.001*
F
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Categorical variables were reported as counts with corresponding percentages and continuous variables are reported as either the mean ± standard deviation or the median (interquartile range).
CI-AKI, contrast-induced acute kidney injury; LVEF, left ventricular ejection fraction; SHR, stress hyperglycemia ratio; FBG, fasting blood glucose; HbA1c: glycosylated hemoglobin A1c; eGFR,
estimated glomerular filtration rate; CAG, coronary angiography; PCI, percutaneous coronary intervention; CTO, chronic total occlusion; ACEI, angiotensin converting enzyme inhibitor; ARB,
angiotensin receptor blocker; CCB, calcium channel blocker; *P < 0.05.
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indicating non-linearity < 0.001), even after adjusting for other

confounding factors. Notably, a significant reduction in the relative

risk of CI-AKI was observed when the fasting SHR was

approximately 0.8.

Subsequently, a modified Poisson’s regression analysis was

utilized to assess and model the relationship between fasting SHR

and CI-AKI, with the second category (0.7 ≤ SHR < 0.9) serving as

the reference group (refer to Table 3 for detailed results). After

conducting multivariable adjustment for potential confounders and

employing multiple model analyses, a significant association was

observed between the low level of fasting SHR and the incidence of

CI-AKI [(SHR < 0.7 vs. 0.7 ≤ SHR < 0.9) b = 1.828, 95% CI (1.345 to

2.486), P < 0.001]. Furthermore, there was also a significant

association between the higher level of fasting SHR and the

occurrence rate of CI-AKI [(0.9 ≤ SHR < 1.1 vs. 0.7 ≤ SHR < 0.9)

b = 1.623, 95% CI (1.220 to 2.158), P = 0.001; (1.1 ≤ SHR < 1.3 vs. 0.7

≤ SHR < 0.9) b = 2.082, 95% CI (1.456 to 2.975), P < 0.001; (SHR ≥

1.3 vs. 0.7 ≤ SHR < 0.9) b = 2.896, 95% CI (2.087 to 4.019), P < 0.001].
Subgroup analysis and sensitivity analysis

Following adjustment for confounding factors, an exploration

was undertaken to ascertain the robustness of the correlation between
Frontiers in Endocrinology 06
fasting SHR and the occurrence of CI-AKI by stratifying individuals

according to the presence of diabetes and HbA1c levels (Tables 4, 5).

Subgroup analyses demonstrated a strong association between both

the lowest and highest levels of fasting SHR and a higher rate of CI-

AKI regardless of whether patients had comorbid diabetes or not.

Moreover, in both the HbA1c ≤ 6% and HbA1c > 6% subgroups, a

significant correlation between the lowest and highest levels of fasting

SHR and the incidence of CI-AKI was also identified. These findings

were consistent with the primary outcomes observed within the

overall population. Within Figure 3, the application of the RCS

model visually represents the association between fasting SHR and

CI-AKI across different subgroups.

To assess the soundness of the study outcomes, two sensitivity

analyses were conducted, including the exclusion of patients who

experienced hypoglycemia throughout the initial assessment period

and those who encountered a hyperglycemic crisis at the beginning

of the study. Consistently, in both sensitivity analyses, a strong and

statistically significant correlation was identified between the

uppermost and lowermost ranges of fasting SHR and an elevated

incidence of CI-AKI (Supplementary Tables 1, 2). Furthermore, the

RCS modeling visually portrays the non-linear correlation between

fasting SHR and CI-AKI in both sensitivity analyses

(Supplementary Figure 1), aligning consistently with the findings

observed in the overall population.
TABLE 2 Piecewise linear regression analysis of fasting SHR with the proportion of SCr elevation.

Fasting
SHR

Cases/
Overall (%)

Model 1 Model 2 Model 3

b (95%CI) P
value

b (95%CI) P
value

b (95%CI) P
value

≤ 0.8 167/1260 (13.3%) -18.625[-29.512
to -7.737]

0.001* -16.794[-27.724
to -5.865]

0.003* -12.651[-23.281
to -2.022]

0.020*

> 0.8 315/1877 (16.8%) 12.039[7.877 to 16.201] <0.001* 10.023[5.859 to 14.188] <0.001* 8.274[4.176 to 12.372] <0.001*
fron
Model 1: Adjusted for none.
Model 2: Adjusted for age, gender (male or female), hypertension (yes or no), eGFR, type of contrast agent (isotonic or hypotonic), volume of contrast, and LVEF.
Model 3: Additionally adjusted for CRP (<5, 5-10, or ≥10mg/L), and medications (administration of statin, furosemide injection and dopamine) (yes or no).
SHR, stress hyperglycemia ratio; Scr, serum creatinine; CI, confidence interval; eGFR, estimated glomerular filtration rate; LVEF, left ventricular ejection fraction; CRP, C-reactive protein;
*P < 0.05.
A B

FIGURE 2

The population distribution histogram and RCS curve. (A) Distribution of population and the incidence of CI-AKI based on fasting SHR categories.
The changing trend in the incidence of CI-AKI is illustrated by the blue dashed line. The bar plots presented the distribution of the population across
different categories of fasting SHR. Left axis, population count (patients); right axis, incidence of CI-AKI (%). (B) RCS analysis is employed to
investigate the non-linear relationship between fasting SHR and CI-AKI. The relative risk of fasting SHR for CI-AKI is represented by the solid blue
line, while the shaded area surrounding the line represents the 95% CI of the curve. SHR, stress hyperglycemia ratio; CI-AKI, contrast-induced acute
kidney injury; RCS, restricted cubic spline; CI, confidence interval.
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Discussion

The study demonstrated that within the cohort of individuals

undergoing CAG or PCI, both the lowest and highest levels of

fasting SHR exhibited a significant correlation with an increased

incidence of CI-AKI. Importantly, this correlation was observed

irrespective of whether the patients had diabetes or HbA1c > 6%.

Diabetes and preoperative blood glucose levels are now

recognized as independent risk factors for CI-AKI (14, 24).

However, previous studies have suggested that daily glycemic

fluctuations (glycemic variability) may pose a greater risk for

adverse cardiovascular events compared to sustained

hyperglycemia (25, 26). Therefore, the glycemic variability is an

important aspect that requires close attention. The ABG level alone

cannot fully reflect the acute elevation of glucose upon hospital

admission, as it is also influenced by the long-term glucose,

especially in poorly controlled diabetic patients. Several studies

have suggested that SHR may be a reliable biomarker for critical

illness (16, 27). SHR is determined through the division of the ABG
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by the average glucose level obtained from HbA1c, which

theoretically quantifies the relative glycemic rise compared to

chronic glycemia over the past 8-12 weeks. Given the extensive

utilization of glucose and HbA1c testing in clinical practice, coupled

with the straightforward nature of SHR calculation, it is evident that

SHR can be employed as a valuable tool for delivering prognostic

information to hospitalized patients.

Several studies have already demonstrated the correlation

between SHR and major adverse cardiovascular and

cerebrovascular events (MACCE) (28–31). Yang reported that a

high level of SHRmight be an effective predictor for the incidence of

MACCE after PCI (31). However, it is worth noting that this study

might have overlooked the potential impact of low SHR levels on

the incidence of MACCE. Additionally, the study did not consider

the possibility of a non-linear relationship between SHR and the

incidence of MACCE. According to Robert’s finding (16), the SHR

has the potential to be a superior biomarker in predicting critical

illnesses as compared to absolute high blood glucose levels.

However, it is plausible that this study might neglect the potential
TABLE 3 Modified Poisson’s regression analysis of fasting SHR categories with CI-AKI.

Fasting SHR Cases/Overall (%)
Model 1 Model 2 Model 3

aRR (95%CI) P value aRR (95%CI) P value aRR (95%CI) P value

< 0.7 93/538 (17.3%) 1.843 [1.379 to 2.462] < 0.001* 1.834 [1.359 to 2.477] < 0.001* 1.828 [1.345 to 2.486] < 0.001*

≤ 0.7, < 0.9 126/1237 (10.2%) 1 (Reference) 1 (Reference) 1 (Reference)

≤ 0.9, < 1.1 114/727 (15.7%) 1.640 [1.249 to 2.152] < 0.001* 1.618 [1.224 to 2.139] 0.001* 1.623 [1.220 to 2.158] 0.001*

≤ 1.1, < 1.3 61/314 (19.4%) 2.126 [1.521 to 2.971] < 0.001* 2.133 [1.506 to 3.019] < 0.001* 2.082 [1.456 to 2.975] < 0.001*

≥ 1.3 88/321 (27.4%) 3.330 [2.451 to 4.526] < 0.001* 3.179 [2.314 to 4.367] < 0.001* 2.896 [2.087 to 4.019] < 0.001*

P for trend < 0.001* < 0.001* < 0.001*
fro
Model 1: Adjusted for none.
Model 2: Adjusted for age, gender (male or female), hypertension (yes or no), eGFR, type of contrast agent (isotonic or hypotonic), volume of contrast, and LVEF.
Model 3: Additionally adjusted for CRP (<5, 5-10, or ≥10mg/L), and medications (administration of statin, furosemide injection and dopamine) (yes or no).
SHR, stress hyperglycemia ratio; CI-AKI, contrast-induced acute kidney injury; aRR, adjusted relative risk; CI, confidence interval; eGFR, estimated glomerular filtration rate; LVEF, left
ventricular ejection fraction; CRP, C-reactive protein; *P < 0.05.
TABLE 4 Subgroup analysis according to stratification of diabetes.

Subgroups Fasting SHR Cases/overall (%) aRR (95% CI) P value

No diabetes < 0.7 44/314 (14.0%) 1.680 (1.116 to 2.529) 0.013*

311/2274 (13.7%) ≤ 0.7, < 0.9 94/1010 (9.3%) 1 (Reference)

≤ 0.9, < 1.1 80/543 (14.7%) 1.711 (1.225 to 2.391) 0.002*

≤ 1.1, < 1.3 41/212 (19.3%) 2.316 (1.509 to 3.556) < 0.001*

≥ 1.3 52/195 (26.7%) 2.984 (1.980 to 4.497) < 0.001*

Diabetes < 0.7 49/224 (21.9%) 1.778 (1.048 to 3.014) 0.033*

171/863 (19.8%) ≤ 0.7, < 0.9 32/227 (14.1%) 1 (Reference)

≤ 0.9, < 1.1 34/184 (18.5%) 1.455 (0.827 to 2.560) 0.193

≤ 1.1, < 1.3 20/102 (19.6%) 1.602 (0.822 to 3.125) 0.167

≥ 1.3 36/126 (28.6%) 2.599 (1.455 to 4.641) 0.001*
Adjusted for age, gender (male or female), hypertension (yes or no), eGFR, type of contrast agent (isotonic or hypotonic), volume of contrast, LVEF, CRP (<5, 5-10, or ≥10mg/L), and medications
(administration of statin, furosemide injection and dopamine) (yes or no).
SHR, stress hyperglycemia ratio; aRR, adjusted relative risk; CI, confidence interval; eGFR, estimated glomerular filtration rate; LVEF, left ventricular ejection fraction; CRP, C-reactive protein;
*P < 0.05.
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correlation between the SHR calculated at lower blood glucose

levels and patient prognosis. the SHR might potentially serve as a

superior biomarker compared to absolute high blood glucose, but

this study might disregard the relationship between SHR at lower

blood glucose concentrations and patient prognosis. Therefore, in

contrast to previous research that primarily categorized SHR based

on quartiles or quintiles (27, 29, 32, 33), this extensive-scale study

not only implemented more meticulous and specific categorizations

but also accounted for the non-linear association between CI-AKI
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and SHR, as well as the influence of lower levels of SHR on CI-AKI.

Additionally, meal timing also exerts an influence on ABG. In

clinical practice, it is observed that certain patients may have

already eaten when experiencing ischemic symptoms, while

others may manifest symptoms prior to meals. Consequently, we

postulated that the calculation of fasting SHR using FBG and

HbA1c can more accurately reflect the degree of acute stress-

induced hyperglycemia. According to our research findings, it is

recommended that physicians pay more attention to patients with
TABLE 5 Subgroup analysis according to stratification of HbA1c levels.

Subgroups Fasting SHR Cases/overall (%) aRR (95% CI) P value

HbA1c ≤ 6% < 0.7 20/123 (16.3%) 2.045 (1.112 to 3.759) 0.021*

221/1591 (13.9%) ≤ 0.7, < 0.9 59/690 (8.6%) 1 (Reference)

≤ 0.9, < 1.1 70/450 (15.6%) 2.055 (1.392 to 3.034) < 0.001*

≤ 1.1, < 1.3 34/180 (18.9%) 2.381 (1.451 to 3.908) 0.001*

≥ 1.3 38/148 (25.7%) 2.725 (1.655 to 4.486) < 0.001*

HbA1c > 6% < 0.7 73/415 (17.6%) 1.605 (1.100 to 2.342) 0.014*

261/1546 (16.9%) ≤ 0.7, < 0.9 67/547 (12.2%) 1 (Reference)

≤ 0.9, < 1.1 44/277 (15.9%) 1.222 (0.791 to 1.888) 0.366

≤ 1.1, < 1.3 27/134 (20.1%) 1.876 (1.107 to 3.181) 0.019*

≥ 1.3 50/173 (28.9%) 2.911 (1.863 to 4.549) < 0.001*
fro
Adjusted for age, gender (male or female), hypertension (yes or no), eGFR, type of contrast agent (isotonic or hypotonic), volume of contrast, LVEF, CRP (<5, 5-10, or ≥10mg/L), and medications
(administration of statin, furosemide injection and dopamine) (yes or no).
HbA1c, glycosylated hemoglobin A1c; SHR, stress hyperglycemia ratio; aRR, adjusted relative risk; CI, confidence interval; eGFR, estimated glomerular filtration rate; LVEF, left ventricular
ejection fraction; CRP, C-reactive protein; *P < 0.05.
A B

C D

FIGURE 3

RCS analyses between fasting SHR and CI-AKI in different subgroups. RCS analyses were performed by stratifying the population into subgroups
based on diabetes (yes (A) or no (B)) and HbA1c levels (> 6.0% (C) or ≤ 6.0% (D)); The relative risk of fasting SHR for CI-AKI is represented by the
solid blue line, while the shaded area surrounding the line represents the 95% CI of the curve. CI-AKI, contrast-induced acute kidney injury; CI,
confidence interval; RCS, restricted cubic spline; SHR, stress hyperglycemia ratio.
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lower or higher fasting SHR values and take measures to prevent the

occurrence of CI-AKI. For instance, in the case of diabetic patients,

it is advisable to use a rational hypoglycemic regimen, avoiding

excessive intensification of hypoglycemic medications that may

cause a significant decrease in blood glucose levels. Additionally,

informing preoperative patients about the importance of adhering

to a balanced diet and avoiding excessive food consumption can

prevent drastic fluctuations in blood glucose levels. Lastly,

enhancing perioperative blood glucose monitoring can assist

physicians in better understanding the dynamic changes in

patients’ blood glucose levels. Furthermore, as shown in Table 1,

a lower proportion of furosemide injection was observed in our

study, which may be attributed to the fact that furosemide injection

was not included in routine hydration therapy at our study center.

Therefore, furosemide injection was only administered to patients

with relevant comorbidities such as oedema and hypertension.

The association between high level fasting SHR and CI-AKI can

be elucidated through several mechanisms. Firstly, stress

hyperglycemia may engender increased stress responses,

encompassing mitochondrial dysfunction, oxidative stress,

endoplasmic reticulum stress, thereby collectively precipitating a

cascade of pathological alterations within renal tissue, ultimately

culminating in renal dysfunction and an escalated susceptibility to

CI-AKI (34–39). Secondly, the equilibrium between nitric oxide

(NO) bioavailability and the accumulation of reactive oxygen

species (ROS) in endothelial cells may be disrupted by stress

hyperglycemia, which may cause endothelial dysfunction and

subsequently induce CI-AKI (40–42). Additionally, stress

hyperglycemia may also stimulate the advanced glycation end

products (AGEs), leading to microvascular damage and subsequent

renal glomerulosclerosis, which may further increase the occurrence

of CI-AKI (43, 44). The mechanisms underlying how low levels of

fasting SHR contribute to CI-AKI are still unclear. Nevertheless, it

remains within the realm of reasoned speculation to provide plausible

explanations. From the calculation formula of fasting SHR, patients

with low fasting SHR values are often associated with lower blood

glucose levels. Previous studies have reported that under

hypoglycemic conditions, sympathetic adrenal activation leads to

increased levels of adrenaline and noradrenaline, which subsequently

cause hemodynamic changes. Additionally, it can also induce

endothelial dysfunction, elevate inflammation levels, and increase

levels of tissue plasminogen activator and aldosterone. These factors

collectively increase the risk of systemic atherosclerosis, including

renal artery sclerosis, which may partly explain the association

between low fasting SHR levels and increased incidence of CI-AKI

(45–47). Furthermore, some patients with low fasting SHR values

may also exhibit higher levels of HbA1c. This may indicate poor

glycemic control in these patients during routine times, but

hypoglycemic episodes occur before CAG/PCI procedure. Such

patients display significant glycemic fluctuations, which previous

studies have shown could impair vascular endothelial function,

increase inflammation levels, and subsequently cause renal artery

injury leading to CI-AKI (48, 49).

There are several limitations to this study that should be

acknowledged. Firstly, the calculation of fasting SHR requires

patients to obtain blood glucose values in a fasting state, which
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may not be practical for patients with day-surgery or those

presenting with acute coronary syndrome and undergoing urgent

PCI. Therefore, fasting SHRmay not be applicable for such patients.

Then, the retrospective nature of this study introduces unavoidable

biases, highlighting the urgent need for a prospective study with a

large sample size to provide robust support for our results.

Furthermore, it is important to acknowledge that the possibility

of selection bias cannot be entirely eliminated as our study only

included participants who had simultaneous measurements of FBG

and HbA1c levels. Lastly, it should be emphasized that this study

solely encompassed the Chinese population, thus necessitating

further investigation to ascertain the generalizability of these

findings to other populations in different countries.
Conclusion

In populations undergoing CAG or PCI, both lowest and

highest levels of fasting SHR were significantly associated with an

increased occurrence of CI-AKI.
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