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Background and objective

Stress hyperglycemia is common in critically ill patients and is associated with poor prognosis. Whether this association exists in pulmonary hypertension (PH) patients is unknown. The present cohort study investigated the association of stress hyperglycemia with 90-day all-cause mortality in intensive care unit (ICU) patients with PH.





Methods

Data of the study population were extracted from the Medical Information Mart for Intensive Care IV (MIMIC-IV) database. A new index, the ratio of admission glucose to HbA1c (GAR), was used to evaluate stress hyperglycemia. The study population was divided into groups according to GAR quartiles (Q1-Q4). The outcome of interest was all-cause mortality within 90 days, which was considered a short-term prognosis.





Result

A total of 53,569 patients were screened. Ultimately, 414 PH patients were enrolled; 44.2% were male, and 23.2% were admitted to the cardiac ICU. As the GAR increased from Q2 to Q4, the groups had lower creatinine levels, longer ICU stays, and a higher proportion of renal disease. After adjusting for confounding factors such as demographics, vital signs, and comorbidities, an elevated GAR was associated with an increased risk of 90-day mortality.





Conclusion

Stress hyperglycemia assessed by the GAR was associated with increased 90-day mortality in ICU patients with PH.
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1 Introduction

Pulmonary hypertension (PH) is a complicated disease characterized by occlusive pulmonary arterioles and progressive increases in pulmonary artery pressure and vascular resistance, which result from multiple factors (1, 2) and significantly shorten the life expectancy of patients. The mortality rate among PH patients ranges from 38% to 63% (3), even if they receive regular treatment. Patients with PH often require ICU admission due to severe end-stage symptoms, such as worsened cardiac failure and hypoxemia, and have higher mortality rates than patients without PH (4, 5). Sztrymf et al. reported that the mortality rate is as high as 41% in the PH population in the ICU. No significant differences were found between survivors and nonsurvivors in baseline characteristics and hemodynamic data collected on admission (6). Identifying the factors that impact the prognosis of PH patients in the ICU holds significant clinical value.

Thanks to advances in medicine, the prognostic value of many clinical indexes has been well established in patients with PH. These predictors can be categorized as invasive or noninvasive indexes. Right atrial pressure (RAP), the cardiac index (CI) and mixed venous oxygen saturation (SvO2) are the most robust invasive indicators of prognosis (7–10). The World Health Organization functional class (WHO-FC) (11), 6-minute walk distance (6MWD) (12, 13) and N-terminal pro-B-type natriuretic peptide (NT-proBNP) (7, 14) level are recognized as valuable noninvasive prognostic factors for PH patients. These factors have some limitations; for example, elevated NT-proBNP levels can be seen in almost any heart disease patient and tend to show high variability (15). In addition, wide variation in clinicians’ assessments of WHO-FC in patients with PH exists (16). It is difficult for critically ill patients in the ICU to perform the 6MWD test. The data from right heart catheterization are very predictable, but the invasive operation limits its wide clinical application.

Stress-induced hyperglycemia (SIH) is a temporary condition in hospitalized patients with acute illnesses that resolves independently after the illness subsides (17). SIH is common in critically ill patients, even in those without diabetes (18, 19), and growing evidence suggests that hyperglycemia is linked to higher mortality (20–22). Under different stress situations, the mortality rate of patients with hyperglycemia ranges from 16% to 40%, which is significantly higher than that of patients with lower blood glucose levels (1.7-11%) (23–26).

There is no evidence to suggest that SIH is associated with the prognosis of PH patients. Glycated hemoglobin (HbA1c) represents the standard average glucose level over the previous three months. The glucose-to-HbA1c ratio (GAR) indicates the extent of the increase in a patient’s plasma glucose level over the background levels, representing the intensity of SIH. We used the GAR (27) to investigate the impact of SIH on PH patient outcomes in the search for a new predictive index to reduce the short-term mortality of PH patients in the ICU.




2 Methods



2.1 Study population

The Medical Information Mart for Intensive Care IV (MIMIC-IV) database version 2.0 is a freely available open critical care database. In this study, the critical data included detailed demographic characteristics, clinical features, diagnosis, treatment, and other information from 53,569 ICU patients admitted to the Beth Israel Deaconess Medical Center in Boston, Massachusetts, between 2008 and October 2019. An approved researcher, Yang Liu (certification number: 55,302,712), extracted the study data; the code for data query and extraction is available from the MIMIC Code Repository (https://github.com/MIT-LCP/mimic-code). In the database, disease diagnosis was mainly based on the International Classification of Diseases, Ninth and Tenth Revision (ICD-9 and ICD-10) codes documented by hospital staff. We identified 1,373 patients with a PH diagnosis, defined by ICD-9 code 4160 and ICD-10 codes I270, I272, I2720, I2722-I2724, and I2729. Patients without HbA1c data, those with a length of ICU stay less than 24 hours or more than 30 days, and those with missing covariates were excluded (Figure 1).




Figure 1 | Flow diagram for patient screening. PH, pulmonary hypertension.






2.2 Measurement of the GAR

We extracted the first measurement values of blood glucose during the ICU stay as admission glucose levels. To ensure that the HbA1c level reflected the average blood glucose level from 8 to 12 weeks before ICU admission, only HbA1c values from 2 weeks before to 3 days after admission were gathered. The GAR was calculated to evaluate stress hyperglycemia, and the study population was divided into groups according to GAR quartile(Q1: GAR < 20.1; Q2: 20.1 ≤ GAR<22.6; Q3: 22.6 ≤ GAR < 25.0; Q4: GAR ≥ 25.0).




2.3 Study outcomes

The ICU admission date was defined as the index date, and the study outcome of interest was all-cause mortality within 90 days. The date of death was derived from hospital records and state records, and the latter were matched using a custom rule-based linkage algorithm based on name, date of birth, and social security number. Due to the lack of ICD codes for death records, we did not analyze specific causes of death.




2.4 Covariates

The covariates included demographics (age, sex, and race), the Simplified Physiological Score II (SPAS II), vital signs (mean arterial pressure, respiratory rate, pulse oxygen saturation (SPO2), and urine output) and comorbidities (heart failure (HF), cerebrovascular disease and renal dysfunction).




2.5 Statistical analyses

Continuous variables are expressed as the mean ± standard deviation (SD) or median and interquartile range (IQR), whose values at baseline were compared between groups by one-way analysis of variance or the Kruskal−Wallis test, respectively. Categorical variables are expressed as numbers and percentages (%), and differences were examined by Fisher’s exact test. Kaplan−Meier curves and log-rank tests were used to compare the difference in 90-day mortality among the four GAR quartile groups. Cox proportional regression was used to determine the association between the GAR and 90-day mortality, and the hazard ratio (HR) and 95% confidence interval (CI) are reported. Age, sex, race, the SPAS II, mean arterial pressure, respiratory rate, SPO2, urine output and comorbidities (HF, cerebrovascular disease and renal dysfunction) were adjusted for. Moreover, a four-knot (P25, P50, P75, P95) restricted cubic spline (RCS) was used to show a possible nonlinear association between the GAR as a continuous variable and 90-day mortality. In addition, subgroup analyses were performed, and interaction effects were calculated based on age (< or ≥ 70 years), sex (male or female), the presence or absence of HF and HbA1c level (< or ≥ 6%).

All statistical analyses were performed by Stata version 17 (Stata Corp), and a P value less than 0.05 was considered statistically significant.





3 Results



3.1 Baseline characteristics of PH patients based on the GAR

The 414 patients diagnosed with PH who were included were divided into four quartile groups (Q1-Q4) according to the GAR, and the baseline characteristics were compared. There were no differences in age, sex, race, blood pressure, heart rate, respiratory rate, urine output, or the diagnosis of HF or cerebrovascular disease among the four groups (Table 1). Patients with higher GAR values had higher admission blood glucose levels (P < 0.001), while the HbA1c level decreased in the Q1 to Q3 (GAR < 25.0) groups and then increased in the Q4 group (GAR ≥ 25.0) (P < 0.001). There was a trend towards increased creatinine levels (P < 0.001), longer ICU stays (P = 0.003), and higher proportions of renal disease (P = 0.011) from the Q2 to Q4 groups. However, compared to the Q2 group, the Q1 group had a higher SAPS II and serum creatinine level, lower SPO2, and a longer ICU stay, while the GAR was lowest.


Table 1 | Baseline characteristics according to GAR (glucose-HbA1c ratio) quartile.






3.2 Association between the GAR quartile and 90-day mortality

The primary outcome of the present study was all-cause mortality within 90 days following initial admission to the ICU. Since the mortality of patients in the Q2 group was the lowest, it was used as a reference in the following analysis (Table 2). The 90-day mortality was 14.3% (59/414) in all patients with PH. The subjects in the Q4 group (GAR ≥ 25.0) showed the highest 90-day mortality (27.2% vs. 7.6%, P < 0.001). The subjects in the Q1 group (GAR < 20.1) had a slightly but not significantly higher 90-day mortality rate than those in the Q2 group (13.5% vs. 7.6%) (P = 0.169). There was no difference between the Q3 and Q2 groups (8.8% vs. 7.6%, P = 0.752). Kaplan−Meier survival curves showed that PH patients in the Q4 group had a lower survival probability than those in the other three quartile groups (log-rank P < 0.001) (Figure 2).


Table 2 | The association between quartile of GAR and 90-day mortality by Cox proportional-hazard regression.






Figure 2 | Kaplan−Meier survival curves for GAR and 90-day mortality. Q1: GAR < 20.1; Q2: 20.1 ≤ GAR<22.6; Q3: 22.6 < GAR ≤ 25.0; Q4: GAR > 25.0.



In the unadjusted Cox proportional hazard model, the Q4 group had a higher risk of 90-day mortality than the Q2 group (HR 4.07, 95% CI: 1.86-8.93, P < 0.001). There were no differences among the Q1, Q2, and Q3 groups. We built two adjusted models to reduce the impact of confounding factors (Table 2). Model 1 was adjusted for demographics (age, sex and race), and the results were consistent with those of the crude model. Model 2 was fully adjusted for demographics, category of ICU, the SAPS II, HF, cerebrovascular disease, renal dysfunction, mean arterial pressure, respiratory rate, SPO2, and urine output. The association between a higher GAR and mortality was still significant (HR 2.73, 95% CI: 1.21-6.17, P = 0.016). The association between the GAR as a continuous variable and 90-day mortality is shown in Figure 3. Finally, an insignificant nonlinear correlation was found.




Figure 3 | The association between GAR and 90-day mortality. GAR, The glucose-to-HbA1c ratio; HR, hazard ratio; CI, confidence interval.






3.3 Subgroup analyses

In the subgroup analyses, we divided the enrolled PH patients into two groups based on age (< or ≥ 70 years), sex (male or female), the presence or absence of HF, and HbA1c level (< or ≥ 6%). A multivariate Cox regression model was used for the analysis. In addition to the above four parameters, confounding factors such as demographics, category of ICU, SAPS II, cerebrovascular disease, renal dysfunction, mean arterial pressure, respiratory rate, SPO2, and urine output were also adjusted in the model. The results showed that the HR of 90-day mortality in the Q4 group (GAR ≥ 25.0) was higher than that in the Q1-Q3 groups. The HR was similar between patients with and without HF. In addition, elderly patients (≥ 70 years: HR 4.22, 95% CI: 1.98-8.99), female patients (HR 4.36, 95% CI: 1.62-11.72), and patients with an HbA1c level ≥ 6% (HR 5.28, 95% CI: 2.07-13.46) had a higher HR of 90-day mortality; however, there were no significant differences among the GAR quartile groups (Table 3). We conclude that the association between an elevated GAR and mortality was consistent in different subsets of PH patients. It would be a good idea to conduct RCTs with larger populations to confirm this hypothesis.


Table 3 | Subgroup analyses of GAR (Q4 vs. Q1-Q3) and 90-day mortality.







4 Discussion

A total of 414 PH patients from the MIMIC Critical Care Data Center were retrospectively screened. There were no significant differences in age, sex, or race among the patients with different GAR values at baseline. The length of ICU stay, creatinine level, and proportion of patients with kidney disease gradually increased as the GAR increased within a certain range (Q2-Q4: GAR ≥ 20.1). This indicated that SIH might be related to the severity of PH. The analysis also found that an elevated GAR was associated with poorer 90-day survival in PH patients in the ICU. In addition to demographic characteristics such as age, sex, race, and ICU category, our analyses were adjusted for underlying diseases that may affect a patient’s short-term prognosis, including HF, cerebrovascular disease, and renal dysfunction. Furthermore, indexes reflecting the severity of disease in the ICU, such as the SAPS II, SPO2, mean arterial pressure, respiratory rate and urine output, were adjusted for. The present results suggest a correlation between the severity of disease and the increase in blood glucose when PH patients experience stress. After adjusting for the above confounders, the association between an elevated GAR and increased risk of 90-day mortality remained. When patients were divided into two groups according to age, sex, complications of HF, or HbA1c level, an elevated GAR was still associated with mortality.

Some studies suggest that blood glucose levels should be considered a new vital sign indicative of prognosis during hospitalization (28–30). The GAR can be considered a measurement of increases in plasma glucose during stress. Su Y.W. et al, reported that the GAR can independently predict 90-day mortality and ICU admission for patients with extreme hyperglycemia during acute illness (27). The analysis of this study showed that the GAR was a useful predictor of poor prognosis in patients suffering acute stress. Our results suggest that the association between the GAR and poor outcomes also exists in PH patients in the ICU.

SIH is an evolutionarily preserved response to severe stress (31), which is a temporary state of insulin resistance and deficiency (32). It has been argued that appropriate SIH is protective and serves as an adaptive response to threats (31, 33). In animal models of hemorrhagic shock, the administration of a hypertonic glucose solution improved survival and increased cardiac output and blood pressure (34). In humans, some data showed that plasma concentrations of epinephrine increased fifty-fold and norepinephrine levels increased tenfold (35) in patients with shock. Experimental data show that abnormal epinephrine increases during stress states can stimulate glucagon secretion and inhibit insulin release by pancreatic β-cells (36). Adrenal cortisol output can increase up to tenfold with severe stress (37), promote hepatic gluconeogenesis and glycogenolysis and increase blood glucose (38, 39). In addition, acute stress increases the secretion of proinflammatory cytokines, including tumor necrosis factor alpha (TNF-α), interleukin-1 (IL-1) and interleukin-6 (IL-6) (40–42). These inflammatory factors increase insulin resistance by interfering with the insulin signaling pathway, further increasing blood glucose.

Disorders of glucose metabolism characterized by poor glycemic control and insulin resistance are common in PH patients. The proportion of PH patients who have diabetes mellitus exceeds 20% (43–45). Pulmonary artery smooth muscle cells (PASMCs) stimulated by hyperglycemia are more oxidatively stressed and generate higher levels of superoxide anion (O2·−) (46), which is the primary form of the mitochondrial free radical leading to vascular cell damage (47). Therefore, excessively high blood glucose may aggravate oxidative stress and promote vascular damage in PH patients.

Our study provides the first evidence for the prognostic value of the GAR in specific populations. These results suggest that stress hyperglycemia is a predictor of poor short-term outcomes for PH patients in the ICU. Moreover, the patients in the Q1 group appeared to have a higher 90-day mortality rate than those in the Q2 group, but the difference was not significant. Some studies focused on emergency and ICU populations found that relative hypoglycemia was associated with an increased risk of mortality and ventricular arrhythmia (48, 49). Similarly, the higher mortality rate in our study’s low GAR group (GAR < 20.1) may indicate poorer physiological conditions of these patients at admission. We hypothesize that a low GAR value also impacts the prognosis of PH patients in the ICU. Of course, the lack of a significant difference necessitates a larger sample to draw firm conclusions.

We conclude that the GAR has an effect on the short-term prognosis of PH patients in the ICU, providing an indicator for predicting the prognosis of critically ill patients with PH. Our findings remind clinicians of the importance of blood glucose management.




5 Limitations

The population of PH patients included in this study was small, and data on different PH subtypes could not be extracted from the MIMIC-IV database. Additionally, in this retrospective study, few data were available on glycated blood proteins. The above limitations could result in some bias in the results. Furthermore, the prognostic value of the GAR in PH patients was assessed within a specific population in the ICU. Therefore, prospective studies based on larger cohorts are still needed to validate the association between the GAR and outcomes in patients with PH in mild or non-ICU populations.




6 Conclusion

Stress hyperglycemia assessed by the GAR was associated with increased 90-day mortality in ICU patients with PH.
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