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Background

The triglyceride glucose (TyG) index, a metric computed from the levels of fasting triglyceride (TG) and fasting plasma glucose (FPG), has emerged as a simple surrogate measure for insulin resistance (IR) in recent years. In multiple critical care scenarios, such as contrast-induced acute kidney injury (AKI) and cardiorenal syndrome, a high TyG index levels shows a notable correlation with AKI incidence. However, its predictive value for AKI in critically ill hypertensive patients remains uncertain.





Methods

Participants were selected from the Medical Information Mart for Intensive Care IV (MIMIC-IV) database and divided into quartiles based on the TyG index. The primary focus of the study was to investigate the risk of acute kidney injury (AKI), with in-hospital mortality as a secondary endpoint, assessed among all study subjects as well as specifically among AKI patients. The use of renal replacement therapy (RRT), indicative of AKI progression, was also considered a secondary endpoint reflecting renal outcomes. To explore the correlation between the TyG index and AKI risk in critically ill hypertensive patients, the study employed a restricted cubic splines model and Cox proportional hazards (CPH) models. Additionally, Kaplan-Meier survival analysis was utilized to assess differences in primary and secondary outcomes across groups categorized by their TyG index. Analyses were conducted to ensure the consistency of the predictive capability of TyG index across various subgroups.





Results

Our study included 4,418 participants, with 57% being male patients. AKI occurred in 56.1% of cases. Through the CPH analysis, we identified a significant association between the TyG index and AKI occurrence in critically ill hypertensive patients. With the help of a restricted cubic splines model, we observed a direct relationship between an elevated TyG index and an increased AKI. Subgroup examinations consistently proved the predictive value of the TyG index across categories. Furthermore, Kaplan-Meier survival analysis revealed notable differences in RRT among AKI patients.





Conclusion

The findings underscore the importance of the TyG index as a reliable predictor for the occurrence of AKI and adverse renal outcomes among hypertensive patients in critical ill states. Nevertheless, validating causality mandates extensive prospective investigations.
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1 Introduction

Despite the introduction of many pharmaceuticals and devices for hypertension in recent years, hypertension remains the leading preventable cause to cardiovascular mortality and disease burden worldwide (1–3). Given that kidney is widely acknowledged as a target organ of hypertension, acute kidney injury (AKI) has emerged as a common complication among hypertensive patients, particularly those in the intensive care unit (ICU) (4, 5). In view of the consistent correlation between AKI and heightened death in hypertensive patients, it is crucial to prioritize the identification of hypertensive patients at high risk of AKI in the ICU to improve their prognosis.

Previous research has predominantly examined specific clinical biomarkers linked to AKI in hypertension and other conditions, including neutrophil gelatinase-associated lipocalin (NGAL), kidney injury marker 1 (KIM-1), cystatin C (CysC), ST2, interleukin 18 (IL-18), and albuminuria (6–9). However, the array of well-established AKI biomarkers for critically ill hypertensive patients remains constrained. Hence, there is an imperative to explore more effective risk stratification approaches for these patients and promptly implement preventive interventions.

Insulin resistance (IR), which entails reduced sensitivity and responsiveness to insulin, plays a crucial role in the onset of hypertension and kidney dysfunction (10–12). The triglyceride glucose (TyG) index, a combined measure computed from fasting TG and FPG levels (13), has become a straightforward indicator of IR (14). It has been proved to be effective in predicting the progression of chronic kidney disease (CKD), coronary artery diseases, diabetes mellitus (DM), heart failure, hypertension, and overall mortality (15–20). Of particular note, recent studies have shown a direct association between an elevated TyG and the AKI occurrence as well as long-term adverse outcomes in critical conditions like contrast-induced AKI and cardiorenal syndrome (21–23).

Nevertheless, significant ambiguity remains regarding the relationship between the TyG index and the occurrence of AKI in critically ill hypertensive patients. Therefore, this study seeks to elucidate the predictive significance of the TyG index in relation to AKI.




2 Materials and methods



2.1 Data source and study population

In this study, a retrospective observation method was utilized, and the data was obtained from MIMIC-IV (https://mimic.mit.edu). This database included over 40,000 patients in the ICU at Beth Israel Deaconess Medical Center from 2008 to 2019 (24). The research followed the STROCSS reporting guidelines. Zewen Yang obtained both a Collaborative Institutional Training Initiative (CITI) license and necessary permissions to access and use the database to ensure the compliance with pertinent regulations.

This study focuses on a subset of the MIMIC-IV database, comprising 27,793 patients with hypertension. They are admitted to the ICU and aged 18 years and older in a non-consecutive way. For individuals who had multiple stays in the ICU, only the first admission during their initial hospital stay was taken into account. To ensure data reliability, individuals were excluded if there was insufficient information on TG and glucose, or if AKI data within 48 hours of ICU admission was missing.

Ultimately, 4,418 eligible patients were categorized into four groups on their first day of ICU admission (Figure 1).




Figure 1 | Flow chart of patient selection.






2.2 Data collection

Utilizing Structured Query Language (SQL) and PostgreSQL, we extracted baseline characteristics of the patients from MIMIC-IV. These characteristics included demographic details like age, gender, ethnicity, BMI; key health indicators such as SBP, DBP, and HR; medication specifics including ACEIs, ARBs, beta blockers, CCBs, statins, aspirin, as well as clopidogrel; measures of illness severity assessed by SIRS score, APSIII, SAPSII, and SOFA score. Laboratory findings including RBCs, WBCs, BUN, neutrophils, Hb, lymphocytes, platelets, Scr, TC, TG, HDL-C, NT-proBNP, LDL-C, PT, potassium, sodium, chloride, pH, PO2, PCO2, glucose, HbA1c, and TnT, were all documented within the initial 24 hours after the ICU admission. Additionally, details of surgical interventions such as PCI and CABG, as well as information on pre-existing medical conditions and in-hospital mortality outcomes, were extracted from the database.

Chronic obstructive pulmonary disease (COPD), percutaneous coronary intervention (PCI), acute myocardial infarction (AMI), DM, coronary artery bypass grafting (CABG), congestive heart failure (CHF), obstructive sleep apnea-hypopnea syndrome (OSAHS), and CKD were identified in adherence to the International Classification of Diseases, 10th Revision, and ICD-9 codes.

The follow-up period was calculated from the admission to the occurrence of the specified endpoints.

Multiple imputation was used to interpolate missing values. For variables with more than 25% missing data, dummy variables were created within the models to mitigate potential bias from inputting these missing values. The affected variables included BMI, SBP, DBP, HbA1c, HDL-C, LDL-C, PH, PCO2, PO2, lymphocytes, neutrophils, NT-proBNP, and TnT.




2.3 Endpoints of interest

The primary endpoint was AKI as per the guidelines of the kidney disease: Improving Global Outcomes Initiative. It was characterized by either an elevation in serum Scr levels to 1.5 times or more the baseline of the preceding week, or an increase of 0.3 mg/dl or more in Scr within 48 hours, or urine of less than 0.5 ml/kg/h for six or more hours.

The baseline Scr level was determined as the lowest Scr value recorded in the seven days prior to admission. If no Scr values were available before admission, the first Scr measurement upon admission was used as the baseline.

The secondary endpoint was in-hospital death for all entire subjects and the group affected by AKI. Additionally, the utilization of Renal Replacement Therapy (RRT), an indicator of the severity of AKI progression, was incorporated as a secondary endpoint to signify renal outcomes.




2.4 Statistical analysis

Continuous variables were presented through the mean accompanied by standard deviation (SD) or the median along with interquartile range (IQR). Group comparisons were conducted through the Mann-Whitney U test or the student t-test, according to the distribution of the data. Categorical variables were represented as frequencies and percentages and group results were compared through Fisher’s exact test or Pearson’s chi-square test. Kaplan-Meier survival analysis was employed to evaluate the occurrence of AKI, the use of RRT, and in-hospital mortality across groups, stratified by the TyG index and various states of glucose metabolism.

CPH models were used to determine the HR and 95% CI for the TyG index and its association with AKI across groups, with adjustments for many variables. Model 1 depicted an analysis without adjustments, whereas Model 2 accounted for gender, age, race, and BMI. Model 3 expanded on the Model 2 by including additional factors such as BUN, SCR, SOFA, SIRS, WBC, HR, DM, CKD, CHF, ACEI, ARB, PCI, CABG, Hb, SBP, and DBP. The analysis incorporated both continuous and categorical forms of the TyG index. HRs were calculated and presented with their 95% CIs. In all analyses, the group in the lowest quartile of the TyG index served as the reference.

Furthermore, a restricted cubic splines model was utilized to explore the dose-response relationship between the TyG index and the AKI occurrence. This analysis was adjusted for models described above.

The consistency of the prognostic significance of the TyG index was assessed through subgroup analyses. The subjects in our study were categorized based on age (<65 vs. ≥65 years), gender (female vs. male), BMI (underweight: <18.5, normal: 18.5–23.9, overweight: 23.9–29.9, obesity: ≥30 kg/m²), and the presence of ACEI, AMI, ARB, CHF, CKD, and DM. Likelihood ratio tests were performed to explore the correlation between the TyG index and variables employed for classification.

The statistical analyses were carried out through R version 4.2.2. A two-sided p-value of less than 0.05 was considered statistically significant.





3 Results

4,418 patients were investigated. The median age was 67 years [57, 78], and 2,501 patients (57%) were male. The median TyG index was 4.80 [4.58, 5.06]. The incidence rate of AKI was 57%.



3.1 Baseline characteristics

Supplementary Table 1 displays the reference characteristics of the patients categorized in four cohorts according to the TyG index (Q1: 2.39-4.58; Q2: 4.58-4.80; Q3: 4.80-5.06; Q4: 5.06-7.28). The median of the TyG index were 4.45 [4.34, 4.52], 4.69 [4.64, 4.74], 4.92 [4.85, 4.98], and 5.29 [5.16, 5.51], respectively, in four groups. In the Q4 cohort, notable observations include a predominance of younger individuals, a larger proportion of male patients, a greater representation of Caucasians, an increased prevalence of obesity, and elevated scores indicating greater severity upon admission. Furthermore, this group exhibited heightened incidences of AMI, PCI, DM, COPD, OSAHS and RRT. They also demonstrated elevated levels of HR, BUN, glucose, platelets, potassium, Scr, TC, TG, RBC, WBC, as well as decreased levels of chlorine, Hb, PT and sodium.

What’s more, in the Q4 cohort, patients exhibited some specific clinical parameters: pH below 7.35, HDL cholesterol below 45 mg/dL, LDL cholesterol equal to or below 129 mg/dL, HbA1c above 6.4%, lymphocyte percentages below 18%, neutrophil percentages above 71%, PCO2 ranging between 35 and 45 mmHg, and PO2 levels above 105 mmHg. All are more prevalent. Moreover, there was a reduced utilization of aspirin in this cohort compared with that with lower TyG indices. The utilization of beta-blockers and statins also differed significantly among the groups (all with a level of P<0.05). Additionally, a heightened TyG index correlated with a progressively higher incidence of acute kidney injury (47% vs. 54% vs. 61% vs. 66%, P<0.001).

Supplementary Table 2 presents a comparative analysis of baseline characteristics between patients with and without AKI. The RRT incidence rate was 6.6% in the AKI cohort. Those diagnosed with AKI include more male and Caucasian patients, as well as elevated HR values. There was also a higher incidence of AMI, CHF, CKD, COPD, DM, OSAHS, CABG, RRT but a lower PCI incidence in these patients. Greater use of betablocker and CCB, but lower use of ACEI, aspirin, clopidogrel and statin were found in the AKI group. As for laboratory indicators, AKI patients had elevated BUN, glucose, potassium, PT, Scr, TC, TG and WBC, but lower Hb, platelets and RBC (all with a significance level of P<0.05). Notably, the group exhibited a higher incidence of the following characteristics: HbA1c levels between 5.7% and 6.4%, HDL < 45 mg/dL, LDL ≤ 129 mg/dL, lymphocyte percentage < 18%, neutrophil percentage > 71%, and pH < 7.35 (all with a significance level of P < 0.05). Additionally, SOFA scores, SIRS scores, SAPS II, and APS III were significantly elevated in the AKI cohort (all with a significance level of P < 0.05). The AKI group also demonstrated a significantly higher TyG index compared to the other groups (4.84[4.63, 5.12] vs 4.73 [4.53, 4.98], P<0.001).




3.2 Primary endpoint

The cumulative incidence curve depicted in Figure 2 demonstrates that patients with a TyG index ranging from 5.06 to 7.28 experienced the highest risk of AKI (Log-rank P<0.0001).




Figure 2 | The cumulative event incidence curves for incidence of AKI. Notes: TyG index quartile Q1: 2.39–4.58; Q2: 4.58–4.80; Q3: 4.80–5.06; Q4: 5.06–7.28.



In this study, the Q1 group (TyG: 2.39-4.58) exhibited the lowest AKI incidence at 47% and was therefore selected as the reference group. CPH analysis indicated a significant association between AKI risk and the TyG index in both unadjusted models (HR 1.576, 95% CI 1.443-1.720, P<0.001) and adjusted models (HR 1.756, 95% CI 1.500-2.057, P<0.001) when the TyG index was deemed a continuous variable.

Furthermore, we found the Q4 group (TyG: 5.06~7.28) had the highest risk of AKI in both unadjusted models (Q1 vs. Q2: HR, 1.190 [95% CI 1.058–1.338] P=0.004; Q3: HR, 1.354 [95% CI 1.207–1.518] P<0.001; Q4: HR, 1.654 [95% CI 1.477–1.851] P<0.001) and adjusted models (Q1 vs. Q2: HR,1.313[95% CI 1.090, 1.583] P=0.004; Q3: HR, 1.454 [95% CI 1.203–1.758] P<0.001; Q4: HR, 1.944 [95% CI 1.609–2.348] P<0.001), with the TyG index being a nominal variable.

Additionally, we noted a substantial linear relationship between the TyG index and the AKI risk when conducting trend analyses in unadjusted and adjusted models considering various confounding factors (both with a P-value for trend < 0.001) as shown in Table 1.


Table 1 | Cox proportional hazard ratios for AKI.



A dose-response relationship was observed between the TyG index and the AKI risk in all restricted cubic splines regression models (P for overall<0.001, P for non-linearity=0.220 and P for overall<0.001, P for non-linearity=0.279) and the AKI risk significantly increased when the TyG index was above 4.803 (Figure 3).




Figure 3 | Restricted cubic spline curves for the TyG index hazard ratio. (A) Model 1 was not adjusted. (B) Model 2 was adjusted in terms of age, gender, BMI and race. (C) Model 3 expanded on model 2 and further adjusted for BUN, SCR, SOFA, SIRS, WBC, HR, DM, CKD, CHF, ACEI, ARB, PCI, CABG, Hb, SBP and DBP.



Extensive examination revealed the correlation between the TyG index and the main outcome across subcategories determined by age, gender, ACEI, AMI, ARB, BMI, CHF, CKD, DM, and HbA1c.

The TyG index exhibited a significant correlation with an elevated AKI in cohorts delineated by female [HR (95% CI) 1.75 (1.52–2.03)], male [HR (95% CI) 1.47 (1.32–1.65)], age>65 years [HR (95% CI) 1.83(1.58–2.11)], age<=65 years [HR (95% CI) 1.48 (1.32–1.67)], HbA1c<5.7 (HR [95% CI] = 1.86 [1.38, 2.51]), HbA1c>6.4 (HR [95% CI]= 1.26 [1.01, 1.55]), HbA1c 5.7–6.4 (HR [95% CI] =1.65 [1.31, 2.09]), normal group (HR [95% CI] =1.72 [1.17–2.01]), obesity group (HR [95% CI]=1.67 [1.35–2.06]), BMI overweight group (HR [95% CI]=1.67 [1.35–2.06]) and BMI underweight group (HR [95% CI]=6.16[1.91–19.87]), presence of DM (HR[95% CI]=1.57 [1.36–1.81]), absence of DM (HR [95%CI]=1.81 [1.61–2.04]), absence of CKD (HR [95% CI]=1.58 [1.45,1.73]), presence of AMI (HR [95% CI]=1.39 [1.10, 1.75]), and absence of AMI (HR[95% CI]=1.60 [1.46, 1.76]), presence of CHF (HR [95% CI]=1.41 [1.11,1.79]), and absence of CHF (HR [95% CI]=1.61 [1.46, 1.77]), medication history with ACEI(HR [95% CI] =1.36 [1.18, 1.58]), without ACEI (HR [95% CI]=1.72[1.55,1.92]),without ARB (HR [95% CI]=1.61 [1.47, 1.77]) (P<0.05).

Furthermore, a significant correlation was noted between the TyG index and medication history, whether with or without ACE inhibitors (interaction P=0.009). This association was also observed in subgroups aged over 65 and those aged 65 or younger (interaction P=0.039) (Figure 4).




Figure 4 | Forest plots of hazard ratios for the primary endpoint in different subgroups.






3.3 Secondary endpoints

Kaplan-Meier survival analyses were conducted to assess how the TyG index influences the secondary endpoints within both the entire group and that diagnosed with the AKI. Our examination unveiled no statistically significant disparities in in-hospital death between the entire cohort (P=0.49, Figure 5A) and the AKI cohort (P=0.49, Figure 5B). Our investigation revealed a significantly higher RRT incidence among patients in the fourth quartile (P<0.001, Figure 6).




Figure 5 | (A) Kaplan-Meier survival analysis curve for the in-hospital mortality of the whole study population. (B) Kaplan-Meier survival analysis curve for the in-hospital mortality of the AKI patients. Notes: TyG index quartile Q1: 2.39–4.58; Q2: 4.58–4.80; Q3: 4.80–5.06; Q4: 5.06–7.28.






Figure 6 | The cumulative event incidence curves for the use of RRT of the AKI patients. Notes: TyG index quartile Q1: 2.39–4.58; Q2: 4.58–4.80; Q3: 4.80–5.06; Q4: 5.06–7.28.







4 Discussion

This study represents the first comprehensive analysis investigating the correlation between the TyG index and the risk of AKI in critically ill hypertensive patients, employing various methodologies. Analyzing clinical data from 4,418 hypertensive individuals, we identified a robust association between the TyG index and AKI risk. This association persisted even after accounting for potential confounding factors. Furthermore, the TyG index demonstrated significant predictive value for AKI progression to RRT in critically ill hypertensive patients. Importantly, this study introduces a straightforward approach for assessing IR, which could improve the stratification of AKI risk in this patient cohort.



4.1 TyG index, hypertension, and kidney disease risk

The TyG index features high sensitivity, specificity, convenience, and low cost, and is widely regarded as a reliable index in the evaluation of IR (25, 26). The link of the TyG index and hypertension has been widely and comprehensively discussed. Plenty of cross-sectional studies have consistently shown an association between an elevated TyG index and increased incidence of hypertension across various demographic groups. For example, Zheng et al. conducted a longitudinal study involving 4,686 subjects over a period of 9 years, demonstrating that a higher TyG index was associated with an elevated risk of developing hypertension within the general Chinese population (27). Simental-Mendia et al. also found in a cross-sectional study that a heightened TyG index has significant correlation with hypertension in children aged 6–9 and adolescents aged 10–15 (13). Moreover, several investigations have suggested that the TyG index may predict adverse outcomes in individuals with hypertension. A recent prospective study using NHANES data underscored a non-linear association between the TyG index and both cardiovascular and all-cause mortality among hypertensive patients (28, 29). Similarly, Pan et al. uncovered an L-shaped connection between the TyG index and the probability of all-cause mortality in the middle-aged and elderly patients diagnosed with hypertension (28, 29).

In the field of kidney diseases, Setor and colleagues identified a significant correlation between an elevated TyG index and increased susceptibility to renal dysfunction in a cohort comprising 2,362 men aged 42–61 with initially normal kidney function. This association was observed throughout an average follow-up period of 17.5 years. Additionally, another study involving 1,936 patients diagnosed with Type 2 diabetes mellitus and chronic kidney disease demonstrated a notable positive correlation, highlighting that individuals with a higher TyG index faced the greatest risk of progressing to end-stage renal disease (18). Furthermore, our group recently proved that the TyG index could forecast AKI and adverse renal outcomes in critically ill patients with HF. Similar findings were also reported in a study by Jin et al. involving a general ICU population (22, 30).

The foregoing evidence proved that the TyG index is reliable and accurate in identifying insulin resistance, thereby aiding in stratifying the AKI risk in critically ill hypertensive patients.




4.2 The mechanisms behind the correlation between IR, the TyG index, and AKI in hypertensive patients with severe illness

Our study unveils the significant independent predictive capability of the TyG index in forecasting AKI among patients with hypertension in the ICU. This is particularly notable given the scarcity of relative clinical data in this domain. The mechanisms through which IR triggers pathological interactions between hypertension and AKI likely involve several factors. Firstly, individuals with elevated TyG index levels may exhibit heightened susceptibility to lifestyle-related risk factors, underlying diseases, and diminished healthcare awareness. This association arises from the TyG index being a metric calculated from fasting levels of triglycerides and glucose. In our investigation, subjects with elevated TyG index values demonstrated a propensity towards overweight status and exhibited higher prevalence rates of conditions such as DM, hyperlipidemia, AMI, COPD and OSAHS. Secondly, the TyG index serves as a valuable biomarker for IR and its associated hyperinsulinemia. These conditions correlate with chronic inflammation, oxidative stress, mitochondrial dysfunction, and vascular wall injury. Research has shown that IR and hyperinsulinemia can lead to reduced nitric oxide (NO) production and increased oxidative destruction of NO, ultimately causing endothelial dysfunction and hypertension. Furthermore, IR and hyperinsulinemia associated with oxidative stress can lead to injury of glomerular endothelial cells, proliferation of mesangial cells, and thickening of basement membranes. Additionally, the insulin receptor on renal tubular cells and podocytes plays a crucial role in insulin signaling, influencing renal hemodynamics, podocyte viability, and tubular function. Defective insulin receptor signaling due to IR and hyperinsulinemia can lead to a pathological condition resembling diabetic nephropathy, even in the absence of elevated blood glucose levels. These physiological mechanisms collectively impact the development of hypertension and the progressive deterioration of kidney (31–37). Thirdly, IR and its associated hyperinsulinemia are closely associated with inappropriate activation of sympathetic nervous system and RAAS, which leads to higher angiotensin II levels (38, 39). Angiotensin II, in turn, heightens systemic pressure, glomerular hydrostatic pressure, and urinary albumin excretion, thereby causing the early glomerular hyperfiltration and subsequent glomerular damage during initial renal dysfunction (40–43). Our study indirectly corroborates this mechanism by demonstrating a significant AKI risk decrease with the use of ACEIs in subgroup analyses. Moreover, overstimulation of the sympathetic nervous system can increase cardiac workload and exacerbate vascular and renal dysfunction (44, 45). Fourthly, IR and its associated hyperinsulinemia are linked to increased reabsorption of sodium in the kidneys and higher levels of antidiuretic hormones, or relative insufficiency in natriuretic hormones, thereby exacerbating hypertension through the retention of water and sodium, ultimately leading to renal impairment (12, 46). On the other hand, IR and its associated hyperinsulinemia induce medial and intimal thickening in afferent arterioles. This thickening impairs the arterioles’ ability to contract and dilate effectively, resulting in inadequate control of glomerular pressure. Persistent elevation of glomerular pressure aggravates proteinuria and, ultimately, leads to reduced glomerular filtration rate due to mesangial denaturation or glomerular necrosis. These changes can accelerate the progression of renal damage (47, 48).. Additionally, reports indicate that IR synergistically interacts with elevated blood pressure, perpetuating a vicious cycle that exacerbates vascular and renal injuries. Consequently, this worsens hypertension and results in additional damage to the kidneys and cardiovascular system (49, 50).




4.3 Study limitations

This study has several limitations that merit consideration. Firstly, it is essential to note that the study was retrospective and observational, which precludes establishing definitive causal relationships. Secondly, despite employing multivariate adjustment and subgroup analyses, the study utilized a limited sample size, introducing a potential for data bias due to unaccounted confounding factors. Thirdly, certain factors like hypertension severity, chronic kidney disease, AKI progression to AKD, CKD, ESRD, and participants’ socioeconomic status weren’t taken into consideration. This limitation hinders a more nuanced examination of the connection between the TyG index and death across different hypertension grades. Fourthly, our investigation focused exclusively on assessing the prognostic value of the TyG index for AKI in critically ill hypertensive patients, without considering longitudinal changes in the TyG index. Lastly, further cohort studies are warranted to validate our findings.





5 Conclusions

Our research reveals a notable and independent correlation between heightened TyG index level and increased AKI risk in hypertensive patients in the ICU. Particularly noteworthy is the substantial predictive efficacy of NLR in anticipating AKI patients necessitating RRT. The TyG index could be an easy way to spot hypertensive patients with a higher AKI risk, facilitating targeted therapeutic interventions. Nevertheless, further research is imperative to corroborate the findings and understand the reasons behind them.
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