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Background: Direct antihypertensive therapy in hypertensive patients with a high CVD risk can reduce the incidence of cardiovascular death but increase adverse cardiovascular events, so additional ways to identify hypertensive patients at high risk may be needed. Studies have shown that immunity and inflammation affect the prognoses of patients with hypertension and that the pan-immune-inflammation value (PIV) is an index to assess immunity and inflammation, but few studies have applied the PIV index to patients with hypertension.

Objective: To explore the relationship between the PIV and long-term all-cause and cardiovascular mortality in patients with hypertension.

Method: Data from the National Health and Nutrition Examination Survey (NHANES) 1999–2018 with a mortality follow-up through December 31, 2019, were analyzed. A total of 26,781 participants were evaluated. The patients were grouped based on PIV levels as follows: T1 group (n = 8,938), T2 group (n = 8,893), and T3 group (n = 8,950). The relationship between the PIV and long-term all-cause and cardiovascular death was assessed by survival curves and Cox regression analysis based on the NHANES recommended weights.

Result: The PIV was significantly associated with long-term all-cause and cardiovascular mortality in patients with hypertension. After full adjustment, patients with higher PIV have a higher risk of all-cause [Group 3: HR: 1.37, 95% CI: 1.20–1.55, p < 0.001] and cardiovascular [Group 3: HR: 1.62, 95% CI: 1.22–2.15, p < 0.001] mortality.

Conclusion: Elevated PIV was associated with increased all-cause mortality and cardiovascular mortality in hypertensive patients.
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Introduction

Hypertension is recognized as one of the major factors affecting the current global burden of disease (1), and the prevalence of hypertension among adults worldwide has been reported to be over 30% and continues to rise (2–4). Epidemiological data show that about 760 million people die from cardiovascular diseases related to high blood pressure each year (5). The 2017 ACC hypertension guidelines recommend antihypertensive therapy for individuals at higher risk for CVD, which will significantly reduce the number of cardiovascular disease events and deaths in the United States but may increase the number of adverse events (6). Therefore, adding other pathways to identify high-risk hypertensive patients may be a viable approach to balancing the distinction between the two.

Recent studies have pointed out that immunity and inflammation are related to the occurrence and development of hypertension. An abnormal immune status will contribute to inflammation and end-organ damage in hypertension (7, 8). In addition, the activation of adaptive immunity can cause inflammation in hypertensive patients, and inflammation can, in turn, promote the occurrence and development of hypertension through the increase in the number of immune cells (9). Moreover, many studies have investigated the relationship between inflammation and the prognoses in patients with hypertension (10, 11). Due to the complex interactions between hypertension and patients’ immune inflammatory responses, metrics based on simple calculations inevitably limit the predictive power of prognosis.

The pan-immune-inflammation value (PIV) is an index that can evaluate the immune and inflammatory status of patients. It incorporates the counts of neutrophils, platelets, monocytes, and lymphocytes. In previous studies, the PIV has been shown to be associated with the prognosis of a variety of diseases related to immunity and inflammation, such as breast cancer (12), antineutrophil cytoplasmic antibody-associated vasculitis (13), and ST-segment elevation myocardial infarction (14). However, few studies have explored the relationship between the PIV and prognoses in hypertensive patients.

The purpose of this study was to explore the relationship between the PIV and long-term all-cause mortality and cardiovascular mortality in community hypertension patients so as to provide insight and suggestions for the treatment and management of hypertension in the American Community.



Methods


Study population

The NHANES (National Health and Nutrition Examination Survey) is a research program designed to assess the health and nutrition statuses of adults and children in the United States. The program was started in the early 1960s. It is a survey of different populations and health topics. In 1999, the survey became an ongoing program involving a variety of health and nutrition measurements. Each year, the project surveys a nationally representative sample of approximately 5,000 people. The NCHS ethics review board has approved the NHANES protocol. Written informed consent was obtained from each participant.

The NHANES interview section includes demographic, socioeconomic, diet, and health-related questions. The physical examination includes physiological measurements, laboratory examination results, and so on. A retrospective analysis was performed using publicly available data from the NHANES from 1999 to 2018.

In the NHANES 1999–2018, there were a total of 29,318 hypertensive patients aged >20 years and, of them, 2,497 participants were excluded due to a lack of neutrophils, lymphocyte, monocyte, and platelet counts. In addition, 40 participants were excluded due to lack of the data follow-up. Finally, 26,781 participants were enrolled in our study (Figure 1).
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FIGURE 1
 Flowchart of the study design.




Definition of hypertension

According to the question in the NHANES: “Has a doctor ever told you that you have hypertension?” participants who answered “yes” were considered hypertensive. In addition, according to blood pressure data collected by the NHANES, participants with systolic blood pressure (SBP) >130 mmHg or diastolic blood pressure (DBP) >80 mmHg were considered hypertensive (15). Mean values were used if participants had multiple blood pressure data points. Participants who were taking blood pressure medications were also identified as hypertensive patients.



Calculation of the PIV

The PIV was calculated as: neutrophil count (109/L) * platelet count (109/L) * monocyte count / Lymphocyte count (109/L). Patients were divided into three groups based on the tertials of the PIV: T1 group (≤199), T2 group (>199 and ≤ 350), and T3 group (>350).



Primary outcome

The mortality status was determined based on a probabilistic record match with the National Death Index (NDI) using demographic identifiers.1 The primary outcome was CVD mortality. The secondary outcome was all-cause mortality. Cause of death was categorized using the International Classification of Diseases, 10th edition (ICD-10). Cardiovascular mortality was categorized using ICD-10 codes I00-I09, I11, I13, and I20-I51. For participants in the NHANES 1999–2018, mortality follow-up data was available through December 31, 2019.



Definitions of variables of interest

Age, sex, race, and BMI were self-reported by participants. Participants who had smoked more than 100 cigarettes in life or were currently smoking were considered smokers. Participants were considered drinkers if they had consumed an average of one or more drinks per day over the previous 12 months. Metabolic equivalent (MET) were calculated from patients’ self-reported weekly activity time in a manner consistent with previous studies (16). The Healthy Eating Index (HEI-2015) was calculated based on self-reported daily food intake components (17). The diagnosis of comorbidities was based on an affirmative response to the question, “Has a doctor or other health professional ever told you that you had diabetes mellitus (DM), chronic heart failure (CHF), coronary heart disease (CHF), or stroke?” In addition, the participants whose glycohemoglobin HbA1c (%) > 6.5, fasting glucose (mmol/L) ≥ 7.0, random blood glucose (mmol/L) ≥ 11.1, two-hour OGTT blood glucose (mmol/L) ≥ 11.1, or who take diabetes medication or insulin, were also considered to have diabetes. Laboratory measurements, such as creatinine, white blood cells (WBC), hemoglobin (HBG), platelet (PLT), creatinine (Cr), triglycerides (TC) and total cholesterol (TG) were collected using automated hematological analysis equipment. The methods used to derive complete blood count (CBC) parameters are based on the Beckman Coulter method of counting and sizing, in combination with an automatic diluting and mixing device for sample processing, and a single-beam photometer for hemoglobinometry. The white blood count (WBC) differential uses VCS technology. See Chapter 7 of the NHANES Laboratory/Medical Technologists Procedures Manual for details. The NHANES quality control and quality assurance protocols meet the 1988 Clinical Laboratory Improvement Act mandates. Detailed quality control and quality assurance instructions are discussed in the NHANES Laboratory/Medical Technologists Procedures Manual (LPM). The equipment and test methods used in the laboratory tests are provided on the NHANES website.2



Statistical analyses

The analyses were conducted according to NHANES-recommended weights to calculate the weights for specific groups. Continuous variables were expressed as means (standard error), while categorical variables were presented as counts (percentages). Baseline characteristics of the four groups were compared using an analysis of variance (ANOVA) for continuous variables and an χ2 test for categorical variables.

We used Kaplan–Meier and Cox regression analyses to evaluate the associations between the PIV and long-term all-cause and CVD mortality. Both estimates and probabilities were based on weights recommended by the NHANES. Model 1 was a crude model unadjusted for potential confounders. Model 2 was adjusted for age and gender. Model 3 was fully adjusted for potential confounders, include age, gender, race/ethnicity, smoking status, drinking status, BMI, Cr, TG, TC, HEI-2015, MET, DM, CHD, stroke and CHF. Regression cubic splines was used to explore the potential non-linear relationship between PIV and hypertensive patients. In addition, we explored the relationship between the PIV and all-cause and CVD mortality in different subgroups, including age, sex, obesity, smoking status, drinking status and antihypertensive drug. In addition, Neutrophil to lymphocyte ratio (NLR), as a common inflammatory parameter, was included in the study for additional analysis. Finally, to verify the robustness of the results, the diagnostic criteria for hypertension were set at 140/90 mmHg and sensitivity analysis was performed.

All data analyses were performed by using the Survey package of the R software (Version 4.2.0; R Foundation for Statistical Computing, Vienna, Austria). A two-sided p-value <0.05 indicated significance for all analyses.




Results


Participant characteristics

In our study, there were a total of 26,781 participants. The average age of the participants was 54.5 (0.2) years old, and they were slightly more likely to be male (51.7%). Participants were divided into three groups based on the tertials of the PIV: T1 group (n = 8,938), T2 group (n = 8,893), and T3 group (n = 8,950). The participants in the group with the highest PIV were older and more likely to be non-Hispanic White 5,127 (77.7%). Compared to the patients in the T1 group, patients in the T3 group had higher BMI [31.01(0.12) kg/㎡], WBC [8.75 (0.03) × 109/L], HB [14.37 (0.03), g/dL], Cr [84.58 (0.64), μmol/L], and TG [1.98 (0.03), mmol/L] values. The proportion of smokers (53.4%) in the T3 group was higher and more likely combined with DM (22.9%), CHF (5.2%), CHD (6.7%), and stroke (6.0%). There were no significant differences among the three groups regarding gender, drinking status, and TC. More data on the baseline characteristics of the study population are detailed in Table 1.



TABLE 1 Baseline study population characteristics (weighted).
[image: Table1]



All-cause mortality and CVD mortality

During a median follow-up of 8.75 years, 6,229 (18.0%) all-cause death and 1,721 (5.1%) CVD deaths occurred. As shown in Figure 2, the T3 group had the highest all-cause and CVD mortality. Kaplan–Meier survival analysis curves also showed that the T3 group had the highest all-cause and CVD mortality (P-log rank <0.001, Figure 3). The univariate Cox proportional risk analysis showed that the T3 group has a higher risk of all-cause (HR: 1.59, 95% CI: 1.46–1.73; p < 0.001) and CVD (HR: 1.75, 95% CI: 1.48–2.08; p < 0.001) death (Model 1). After full adjusted for age, gender, race, smoking status, drinking status, TG, TC, HEI-2015, MET, BMI, Cr, CHF, CHD, DM, and stroke, compared to the T1 group, the T3 groups has a higher risk of all-cause (HR: 1.37, 95% CI: 1.25–1.50; p < 0.001) and CVD (HR: 1.56, 95% CI: 1.30–1.87; p < 0.001) death (Table 2). In addition, the results were similar to those of PIV after regression analysis by grouping the NLR tertiles (eTable 1).

[image: Figure 2]

FIGURE 2
 Kaplan–Meier survival estimates for long-term all-cause and CVD mortality (weighted).
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FIGURE 3
 The all-cause and CVD mortality in different groups (weighted).




TABLE 2 The association between PIV and all-cause and CVD mortality.
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Sensitivity analysis

After defining patients with blood pressure above 140/90mmHg as hypertensive, 21,270 people were enrolled, with 5,676 all-cause deaths and 1,603 CVD deaths. The results of COX regression analysis were consistent with the previous results. In unadjusted model, compared to the T1 group, the T3 groups has a higher risk of all-cause (HR: 1.59, 95% CI: 1.44–1.75; p < 0.001) and CVD (HR: 1.72, 95% CI: 1.44–2.05; p < 0.001) death. In full adjusted model, the T3 groups has a higher risk of all-cause (HR: 1.35, 95% CI: 1.19–1.54; p < 0.001) and CVD (HR: 1.55, 95% CI: 1.19–2.03; p < 0.001) death (eTable 2).



Subgroup analysis


All-cause death in different subgroups

After stratifying the participants according to age, gender, obesity, smoking status, and drinking status, the association between PIV and all-cause death (age: P for interaction = 0.571; gender: P for interaction = 0.839; obesity: P for interaction = 0.062; smoke: P for interaction = 0.705; drink: P for interaction = 0.748) did not change. Compared to the T1 group, the T3 group has a higher risk of all-cause death (Figure 4). The results of stratified analysis according to drug use are shown in Figure 5.

[image: Figure 4]

FIGURE 4
 Association between PIV and all-cause and CVD mortality by selected subgroups (weighted).
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FIGURE 5
 Association between PIV and all-cause and CVD mortality by hypotensive drugs stratification (weighted).




CVD death in different subgroups

After stratifying the participants according to age, gender, obesity, and smoking status, the association between the PIV and CVD death (age: P for interaction = 0.994; gender: P for interaction = 0.944; obesity: P for interaction = 0.835; smoke: P for interaction = 0.630) did not change. Participants in the T3 group have a higher risk of all-cause and CVD death compared to the T1 group. In addition, our results show that there was an interaction between the PIV and drinking (non-drinkers: HR: 1.73, 95% CI: 1.22–2.44; Drinker: HR: 1.80, 95% CI: 1.27–2.55, P for interaction = 0.012). A high PIV was not significantly associated with the risk of CVD death in non-drinkers (Figure 4). The results of stratified analysis according to drug use are shown in Figure 5




Regression cubic splines

RCS showed no potential non-linear relationship between PIV and all-cause and CVD death (Figure 6).

[image: Figure 6]

FIGURE 6
 Potential non-linear relationships between PIV and all-cause and cardiovascular death (weighted).





Discussion

In this retrospective study, our results showed that the PIV was associated with prognoses in hypertensive patients. A high PIV level is an independent risk factor for all-cause death and CVD mortality in hypertensive patients.

One-third of adults worldwide are reported to have hypertension, and the prevalence continues to rise (18). As a major risk factor for cardiovascular diseases, hypertension claims 10 million lives worldwide each year (19). Studies have shown that 45% of deaths from ischemic heart disease and 51% of deaths from cerebrovascular disease can be attributed to hypertension (20). In the face of such a high morbidity and mortality, screening and early intervention for hypertensive patients at risk for poor prognoses are critical. The 2017 ACC Hypertension Guidelines recommend antihypertensive therapy for individuals at higher risk for CVD, which could significantly reduce the number of cardiovascular disease events and deaths in the United States but may increase the number of adverse events (6). Therefore, adding other pathways to identify high-risk hypertensive patients may be a viable way to balance the distinction between the two.

Research suggests that hypertension is an immune and inflammatory disease (21). Blood pressure was found association with immune cells, and that lymphocytes may increase blood pressure by regulating vascular function, sympathetic efflux, and renal sodium reabsorption and salt treatment by antigen presenting cells (22–24). In addition, some studies have found that people with hypertension have elevated levels of circulating inflammatory cytokines, including IL-6, IL-1β, and TNF-α (22). Elevated pro-inflammatory factors will promote the progression of inflammation, increase endothelial damage and vascular remodeling damage, increase arterial stiffness, and lead to increased blood pressure (25). Interesting, antigen-presenting cells can activate T-effector lymphocytes and lead to low-grade inflammation, which can lead to increased blood pressure and organ damage (8, 21, 26). In addition, chronic inflammation can promote a thrombotic state, thus increasing the risk of cardiovascular death in hypertensive patients (27). Although many studies have also shown that inflammation is a risk factor for poor prognoses in hypertensive patients (10, 28), few studies have combined inflammatory and immune responses to assess outcomes in hypertensive patients. Patients’ immune response, as a key factor in the inflammatory state of hypertension (29), should also be considered when evaluating the effects of inflammation on the prognosis of hypertensive patients.

The PIV is an index that combines neutrophils, platelets, monocytes, and lymphocytes and has been considered a comprehensive assessment of the immune and inflammatory statuses in patients in previous studies (30). Previous studies have further indicated that pancreatic cancer patients with high PIV levels before radiotherapy had worse prognoses (31). Lee et al. noted that patients with neutrophil cytoplasmic antibody-associated vasculitis with a high PVI had lower long-term survival (13). In a prognostic study of patients with ST-segment elevation MI, the PIV also proved to be a useful predictor of long-term survival (14). The association of hypertension with immune response and inflammation led us to associate the PIV with the prognosis of hypertension. In our study, all-cause mortality and cardiovascular mortality were significantly higher in the group with the highest PIV levels than in the other three groups, and the cox regression analysis showed that a high PIV level was an independent risk factor for long-term mortality in hypertensive patients, which is consistent with previous studies (13, 14, 30, 31). In addition, considering that setting the diagnostic criteria for hypertension at 130/80 mmHg might overestimate the number of patients with hypertension, we performed a sensitivity analysis by setting the diagnostic criteria at 140/90 mmHg. The results of sensitivity analysis were consistent with the main results. After adjusting for possible influencing factors, only patients in group 3 had an increased risk of all-cause CVD death. This makes our results more reliable.

The association between the PIV and all-cause mortality in hypertensive patients did not change after stratification for age, sex, obesity, smoking status, and alcohol consumption. The risk of long-term all-cause mortality was significantly higher in hypertensive patients with high PIV levels than in those in the other three groups. However, our results showed that high levels of PIV did not affect the risk of CVD death in hypertensive patients who did not drink alcohol. Although the specific mechanism of the interaction between drinking and PIV remains unclear, some previous studies may help explain our results. Several studies have shown that alcohol consumption amplifies the effects of inflammation. For example, studies by Yu Sun et al. point out that alcohol can sensitizes Kupffer cells to TNF-α Over-production (25). Alcohol exposure can cause a decrease in peripheral B cells and the ability to produce protective antibodies (32). In addition, alcohol exposure increases the expression of proinflammatory cytokines and, thus, leads to inflammation-mediated tissue damage (33). The effects of alcohol on the gut cannot be ignored either. Excessive drinking can encourage bacteria, or bacterial products, to leak from the gut into the bloodstream, triggering a range of inflammatory and immune responses (34).These negative effects of alcohol are associated with an increased risk of cardiovascular death (35–37).

In addition, we further analyzed the effect of NLR on cardiovascular death. In contrast to PIV, platelet and monocyte were not included in the calculation of NLR. Our results found that NLR without platelets and monocytes appeared to be more sensitive to cardiovascular death. But we think that PIV is more appropriate for prognostic assessment of cardiovascular death in the community population. First of all, surface molecules on platelets can interact with other cells and chemokines in activated platelets and cause inflammation thrombosis events and CVD (38). In addition, monocyte infiltration is also one of the main culprits of arterial plaque formation (39, 40). In a study of older adults in a Korean community, monocytes were found to be the best predictor of CVD death (41).

Our findings further suggest that High levels of PIV are associated with poor outcomes in hypertensive patients. PIV is an indicator that can be calculated from simple blood parameters and can be used as a biomarker of poor prognosis in hypertensive patients. In addition, adding the PVI to further comprehensive assessments of hypertensive patients at high risk of CVD and treating these patients with antihypertensive therapy may be an effective way to effectively balance cardiovascular events with other adverse events.


Limitations

As a retrospective study, our study has some limitations. First, the diagnosis of hypertension and comorbidities is partly based on the self-reports of patients, which may deviate from the actual disease situation. Second, all baseline data were obtained by one blood draw and questionnaire survey, and the patients’ data may change during the long-term follow-up. Third, due to the limitations of the retrospective analysis, we were unable to prove a causal relationship between the PIV and death in hypertensive patients, and further prospective studies are, therefore, needed to validate our conclusions. Fourth, our database is limited by the public database, and some data is missing. For example, detailed data on immune diseases, anti-inflammatory drugs and C-reactive protein.




Conclusion

The PIV is an independent risk factor for all-cause mortality and cardiovascular mortality in hypertensive patients. This may provide a theoretical basis for future research on effective ways to include further comprehensive assessments of the PIV in high-risk hypertensive patients with CVD to balance cardiovascular events with other adverse events.
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Footnotes

1   http://www.cdc.gov/nchs/data/datalinkage/nh99+_mortality_matching_methodology_final.pdf

2   https://www.cdc.gov/nchs/nhanes/index.htm


References

 1. Lim, SS, Vos, T, Flaxman, AD, Danaei, G, Shibuya, K, Adair-Rohani, H , et al. A comparative risk assessment of burden of disease and injury attributable to 67 risk factors and risk factor clusters in 21 regions, 1990-2010: a systematic analysis for the global burden of disease study 2010. Lancet. (2012) 380:2224–60. doi: 10.1016/S0140-6736(12)61766-8 

 2. Ediriweera, DS, Dilina, N, Perera, U, Flores, F, and Samita, S. Risk of low birth weight on adulthood hypertension - evidence from a tertiary care hospital in a South Asian country, Sri Lanka: a retrospective cohort study. BMC Public Health. (2017) 17:358. doi: 10.1186/s12889-017-4268-x 

 3. Gong, Y, McDonough, CW, Beitelshees, AL, El Rouby, N, Hiltunen, TP, O'Connell, JR , et al. PTPRD gene associated with blood pressure response to atenolol and resistant hypertension. J Hypertens. (2015) 33:2278–85. doi: 10.1097/HJH.0000000000000714 

 4. Kearney, PM, Whelton, M, Reynolds, K, Muntner, P, Whelton, PK, and He, J. Global burden of hypertension: analysis of worldwide data. Lancet. (2005) 365:217–23. doi: 10.1016/S0140-6736(05)17741-1

 5. Lawes, CMM, Vander Hoorn, S, and Rodgers, A. Global burden of blood-pressure-related disease, 2001. Lancet. (2008) 371:1513–8. doi: 10.1016/S0140-6736(08)60655-8 

 6. Whelton, PK, Carey, RM, Aronow, WS, Casey, DE, Collins, KJ, Dennison Himmelfarb, C , et al. 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA guideline for the prevention, detection, evaluation, and management of high blood pressure in adults: a report of the American College of Cardiology/American Heart Association task force on clinical practice guidelines. J Am Coll Cardiol. (2018) 71:e127–248. doi: 10.1016/j.jacc.2017.11.006 

 7. Rodriguez-Iturbe, B, Pons, H, and Johnson, RJ. Role of the immune system in hypertension. Physiol Rev. (2017) 97:1127–64. doi: 10.1152/physrev.00031.2016 

 8. Bomfim, GF, Rodrigues, FL, and Carneiro, FS. Are the innate and adaptive immune systems setting hypertension on fire? Pharmacol Res. (2017) 117:377–93. doi: 10.1016/j.phrs.2017.01.010 

 9. Dela Justina, V, Giachini, FR, Sullivan, JC, and Webb, RC. Toll-like receptors contribute to sex differences in blood pressure regulation. J Cardiovasc Pharmacol. (2020) 76:255–66. doi: 10.1097/FJC.0000000000000869 

 10. Cortez, AF, Muxfeldt, ES, Cardoso, CRL, and Salles, GF. Prognostic value of C-reactive protein in resistant hypertension. Am J Hypertens. (2016) 29:992–1000. doi: 10.1093/ajh/hpw011 

 11. Bilal, A, Farooq, JH, Kiani, I, Assad, S, Ghazanfar, H, and Ahmed, I. Importance of mean red cell distribution width in hypertensive patients. Cureus. (2016) 8:e902. doi: 10.7759/cureus.902 

 12. Lin, F, Zhang, L-P, Xie, S-Y, Huang, H-Y, Chen, X-Y, Jiang, T-C , et al. Pan-immune-inflammation value: a new prognostic index in operative breast cancer. Front Oncol. (2022) 12:830138. doi: 10.3389/fonc.2022.830138 

 13. Lee, LE, Ahn, SS, Pyo, JY, Song, JJ, Park, Y-B, and Lee, SW. Pan-immune-inflammation value at diagnosis independently predicts all-cause mortality in patients with antineutrophil cytoplasmic antibody-associated vasculitis. Clin Exp Rheumatol. (2021), 39 Suppl) 39:88–93. doi: 10.55563/clinexprheumatol/m46d0v

 14. Murat, B, Murat, S, Ozgeyik, M, and Bilgin, M. Comparison of pan-immune-inflammation value with other inflammation markers of long-term survival after ST-segment elevation myocardial infarction. Eur J Clin Investig. (2022) 53:e13872. doi: 10.1111/eci.13872 

 15. Whelton, PK, Carey, RM, Aronow, WS, Casey, DE, Collins, KJ, Dennison Himmelfarb, C , et al. 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA guideline for the prevention, detection, evaluation, and management of high blood pressure in adults: executive summary: a report of the American College of Cardiology/American Heart Association task force on clinical practice guidelines. Hypertension. (2018) 71:1269–324. doi: 10.1161/HYP.0000000000000066 

 16. Saint-Maurice, PF, Graubard, BI, Troiano, RP, Berrigan, D, Galuska, DA, Fulton, JE , et al. Estimated number of deaths prevented through increased physical activity among US adults. JAMA Intern Med. (2022) 182:349–52. doi: 10.1001/jamainternmed.2021.7755 

 17. Krebs-Smith, SM, Pannucci, TE, Subar, AF, Kirkpatrick, SI, Lerman, JL, Tooze, JA , et al. Update of the healthy eating index: HEI-2015. J Acad Nutr Diet. (2018) 118:1591–602. doi: 10.1016/j.jand.2018.05.021 

 18. Xi, B, Liang, Y, Reilly, KH, Wang, Q, Hu, Y, and Tang, W. Trends in prevalence, awareness, treatment, and control of hypertension among Chinese adults 1991-2009. Int J Cardiol. (2012) 158:326–9. doi: 10.1016/j.ijcard.2012.04.140 

 19. Fløtum, LA, Ottesen, LS, Krustrup, P, and Mohr, M. Evaluating a Nationwide recreational football intervention: recruitment, attendance, adherence, exercise intensity, and health effects. Biomed Res Int. (2016) 2016:1–8. doi: 10.1155/2016/7231545

 20. Wondmieneh, A, Gedefaw, G, Getie, A, and Demis, A. Self-care practice and associated factors among hypertensive patients in Ethiopia: a systematic review and meta-analysis. Int J Hypertens. (2021) 2021:1–11. doi: 10.1155/2021/5582547

 21. De Batista, PR, Palacios, R, Martín, A, Hernanz, R, Médici, CT, Silva, MASC , et al. Toll-like receptor 4 upregulation by angiotensin II contributes to hypertension and vascular dysfunction through reactive oxygen species production. PLoS One. (2014) 9:e104020. doi: 10.1371/journal.pone.0104020 

 22. Siedlinski, M, Jozefczuk, E, Xu, X, Teumer, A, Evangelou, E, Schnabel, RB , et al. White blood cells and blood pressure: a Mendelian randomization study. Circulation. (2020) 141:1307–17. doi: 10.1161/CIRCULATIONAHA.119.045102 

 23. Drummond, GR, Vinh, A, Guzik, TJ, and Sobey, CG. Immune mechanisms of hypertension. Nat Rev Immunol. (2019) 19:517–32. doi: 10.1038/s41577-019-0160-5

 24. Caillon, A, Mian, MOR, Fraulob-Aquino, JC, Huo, K-G, Barhoumi, T, Ouerd, S , et al. γδ T cells mediate angiotensin II-induced hypertension and vascular injury. Circulation. (2017) 135:2155–62. doi: 10.1161/CIRCULATIONAHA.116.027058 

 25. Sun, Y, Wang, X, Liu, T, Zhu, X, and Pan, X. The multifaceted role of the SASP in atherosclerosis: from mechanisms to therapeutic opportunities. Cell Biosci. (2022) 12:74. doi: 10.1186/s13578-022-00815-5 

 26. Idris-Khodja, N, Mian, MOR, Paradis, P, and Schiffrin, EL. Dual opposing roles of adaptive immunity in hypertension. Eur Heart J. (2014) 35:1238–44. doi: 10.1093/eurheartj/ehu119 

 27. Lugo-Gavidia, LM, Carnagarin, R, Burger, D, Nolde, JM, Chan, J, Robinson, S , et al. Circulating platelet-derived extracellular vesicles correlate with night-time blood pressure and vascular organ damage and may represent an integrative biomarker of vascular health. J Clin Hypertens. (2022) 24:738–49. doi: 10.1111/jch.14479 

 28. Sun, X, Luo, L, Zhao, X, Ye, P, and Du, R. The neutrophil-to-lymphocyte ratio on admission is a good predictor for all-cause mortality in hypertensive patients over 80 years of age. BMC Cardiovasc Disord. (2017) 17:167. doi: 10.1186/s12872-017-0595-1 

 29. Zhang, RM, McNerney, KP, Riek, AE, and Bernal-Mizrachi, C. Immunity and hypertension. Acta Physiol. (2021) 231:e13487. doi: 10.1111/apha.13487 

 30. Fucà, G, Guarini, V, Antoniotti, C, Morano, F, Moretto, R, Corallo, S , et al. The Pan-immune-inflammation value is a new prognostic biomarker in metastatic colorectal cancer: results from a pooled-analysis of the Valentino and TRIBE first-line trials. Br J Cancer. (2020) 123:403–9. doi: 10.1038/s41416-020-0894-7 

 31. Topkan, E, Selek, U, Kucuk, A, and Pehlivan, B. Low pre-ChemoradiotherapyPan-immune-inflammation value (PIV) measures predict better survival outcomes in locally advanced pancreatic adenocarcinomas. J Inflamm Res. (2022) 15:5413–23. doi: 10.2147/JIR.S385328 

 32. Cook, RT, Waldschmidt, TJ, Cook, BL, Labrecque, DR, and McLatchie, K. Loss of the CD5+ and CD45RAhi B cell subsets in alcoholics. Clin Exp Immunol. (1996) 103:304–10.

 33. Molina, PE, Happel, KI, Zhang, P, Kolls, JK, and Nelson, S. Focus on: alcohol and the immune system. Alcohol Res Health. (2010) 33:97–108.

 34. Freiberg, MS, and Kraemer, KL. Focus on the heart: alcohol consumption, HIV infection, and cardiovascular disease. Alcohol Res Health. (2010) 33:237–46.

 35. Lewis, MJ, Malik, TH, Ehrenstein, MR, Boyle, JJ, Botto, M, and Haskard, DO. Immunoglobulin M is required for protection against atherosclerosis in low-density lipoprotein receptor-deficient mice. Circulation. (2009) 120:417–26. doi: 10.1161/CIRCULATIONAHA.109.868158 

 36. Hartley, A, Pradeep, M, Van den Berg, V, Khan, AHA, Shah, HA, Allaf, M , et al. Depletion of homeostatic antibodies against malondialdehyde-modified low-density lipoprotein correlates with adverse events in major. Vascular Surgery Antioxidants. (2022) 11:271. doi: 10.3390/antiox11020271

 37. Yin, T, Li, Y, Ren, Y, Fuad, ARM, Hu, F, Du, R , et al. Phagocytosis of polymeric nanoparticles aided activation of macrophages to increase atherosclerotic plaques in ApoE mice. J Nanobiotechnology. (2021) 19:121. doi: 10.1186/s12951-021-00863-y 

 38. Khodadi, E. Platelet function in cardiovascular disease: activation of molecules and activation by molecules. Cardiovasc Toxicol. (2020) 20:1–10. doi: 10.1007/s12012-019-09555-4

 39. Hoefer, IE, van Royen, N, Rectenwald, JE, Deindl, E, Hua, J, Jost, M , et al. Arteriogenesis proceeds via ICAM-1/mac-1- mediated mechanisms. Circ Res. (2004) 94:1179–85. doi: 10.1161/01.RES.0000126922.18222.F0 

 40. Hoefer, IE, van Royen, N, Rectenwald, JE, Bray, EJ, Abouhamze, Z, Moldawer, LL , et al. Direct evidence for tumor necrosis factor-alpha signaling in arteriogenesis. Circulation. (2002) 105:1639–41. doi: 10.1161/01.CIR.0000014987.32865.8E 

 41. Choi, SH, Kim, JH, Lim, S, Lim, JY, Kim, KW, Park, KS , et al. Monocyte count as a predictor of cardiovascular mortality in older Korean people. Age Ageing. (2017) 46:433–8. doi: 10.1093/ageing/afw226 



OPS/xhtml/Nav.xhtml




Contents





		Cover



		The relationship between the pan-immune-inflammation value and long-term prognoses in patients with hypertension: National Health and Nutrition Examination Study, 1999–2018



		Introduction



		Methods



		Study population



		Definition of hypertension



		Calculation of the PIV



		Primary outcome



		Definitions of variables of interest



		Statistical analyses









		Results



		Participant characteristics



		All-cause mortality and CVD mortality



		Sensitivity analysis



		Subgroup analysis



		All-cause death in different subgroups



		CVD death in different subgroups









		Regression cubic splines









		Discussion



		Limitations









		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		Supplementary Material



		Footnotes



		References



















OPS/images/cover.jpg
, frontiers | Frontiers in Cardiovascular Medicine

The relationship between the
pan-immune-inafl mmation value
and long-term prognoses in
patients with hypertension:
National Health and Nutrition
Examination Study, 1999-2018












OPS/images/crossmark.jpg
(®) Check for updates







OPS/images/logo.jpg
’ frontiers ‘ Frontiers in Cardiovascular Medicine






OPS/images/fcvm-10-1099427-g005.jpg
Subgroups
Al cause death
ccs
Group 1
Group 2
Group 3
ACEI/ARB
Group 1
Group 2
Group 3
Diuretics
Group 1
Group 2
Group 3
R-block
Group 1
Group 2
Group 3

CVD death
cc
Group 1
Group 2
Group 3
ACEVARB
Group 1
Group 2
Group 3
Diuretics
Group 1
Group 2
Group 3
f-block
Group 1
Group 2
Group 3

0

05 115
lower risk higher risk

HR (95% CI)

Reference
1.12(0.8310 1.51)
150 (1.16 to 1.93)

Reference
0.86 (0.71 0 1.05)
1.30 (1.05 to 1.60)

Reference
1.17 (093 t0 1.46)
1.54 (1.21t0 1.96)

Reference
1.03 (0.81 10 1.31)
1.40 (1.08 t0 1.83)

Reference
1.15(0.75t0 1.79)
1.87 (115 10 3.06)

Reference
0.94 (0,63 t0 1.42)
1.62(1.10t0 2.38)

Reference
1.19 (0.7 t0 1.18)
1.59 (1.02t0 2.47)

Reference
1.02 (0.61to 1.69)
163 (1.01102.62)





OPS/images/fcvm-10-1099427-g006.jpg
The relationship between PIV and all-cause mortality in different subgroups The relationship between PIV and CVD mortality in dif

i P005






OPS/images/fcvm-10-1099427-g003.jpg
Survival Probability

05

All-cause mortality

Group —T1 =12 —T3

P<0.001

Time(years)

CVD mortality
Group —T1 —T2 —13

1.00: P<0.001

Survival Probability

05

] H T 3
Time(years)





OPS/images/fcvm-10-1099427-g004.jpg
The relationship between PIV and all-cause mortality in different subgroup  The relationship between PIV and CVD mortalif

in different subgroup

Subgroups HR (95% CI) Pforinteraction  Subgroups HR (95% CI) P for interaction
Age 0571 Age 0994
Age<e5 Age<65

Group 1 * Reference Group 1 L) Reference

Group 2 .t 0.91(072101.14) Group 2 s 0.84(047101.51)

Group 3 e 141(111101.79) Group 3 e 147(08510256)
Agez65. Agez65

Group 1 ¢ Reference Group 1 3 Reference

Group 2 ——— 0.97(083101.13) Group 2 — 122(09110164)

Group 3 e 129 (1.10t0 1.51) Group 3 | e 171(12310237)
Sex 0839 Sex 0944
Male Male

Group 1 . Reference Group 1 . Reference

Group 2 e 1.05(0.89 to 1.23) Group 2 S——i 1.18 (0.83 10 1.69)

Group 3 e 140(11710167) Group 3 e 166(1.17102.35)
Female Female

Group 1 . Reference Group 1 . Reference

Group 2 e 0,84 (069 101.01) Group 2 ——— 08305910 1.16)

Group 3 e 134 (11510 1.57) Group 3. b—e—— 151(1.0210225)
Obesity 0.062 Obesity 0835
Obese Obese

Group 1 . Reference Group 1 . Reference

Group 2 —e— 1.03 (0,81 t01.30) Group 2 —_—— 094 (06010 1.49)

Group 3 e 153(1.2310192) Group 3 e 141(08810228)
Non-Obese Non-Obese :

Group 1 . Reference Group 1 . Reference

Group 2 ol 0.90 (0.7 101.05) Group 2 e 1.05(0.78101.43)

Group 3 . 124 (1.09t01.45) Group3, e 168(123102.29)
Smoke 0705 Smoke 0630
Smoker Smoker

Group 1 ¢ Reference Group 1 3 Reference

Group 2 —— 0.97(082101.14) Group 2 e 1.19 (08610 1.65)

Group 3 — 137 (11710 161) Group3 e 164(1.1810230)
Non-Smoke Non-Smoker

Group 1 . Reference Group 1 . Reference

Group 2 —— 0.95(079101.13) Group 2 e 0.94(067101.32)

Group 3 e 136 (1.11101.65) Group 3 e 160(1.0910236)

0012

Drink 0748 Drink
Drinker Drinker

Group 1 ‘ Reference Group 1 ‘ Reference

Group 2 —— 1.01(0.85101.20) Group 2 v 1,06 (0.7610 1.48)

Group 3 e 144(12000172) Group 3 e 171(1.2210240)
Non-drinker Non-drinker

Group 1 ¢ Reference Group 1 ¢ Reference

Group 2 ot 0.88(0.76 10 1.02) Group 2 I 096(0.7010132)

Group 3 e 128 (1,07 t0 1.54) Group 3 He——— 138(09110209)

T e — P
0 05 1_15 2 0 05 1 15 2

fower risk higher risk ower risk higher risk





OPS/images/fcvm-10-1099427-t001.jpg
variable Total (n =26,781)  Group 1 (n =8,938) Group 2 Group 3 P-value

(n =8,893) (n =8,950)
Age, mean (SE), years 545(0.2) 53503) 513(02) 55.2(03) <0.001
Male, n (%) 13,843(51.7) 4,508(50.3) 4,596(51.6) 4739(2.3) 0141
Race, n (%) <0.001
Mexican American 4,072(15.2) 1,294(6.6) 1451(63) 1327(5.9)
Non-Hispanic Black 6.291(23.5) 3,178(20.6) 1,791(103) 1322(7.3)
Non-Hispanic White 12,298(45.9) 2,893(59.8) 4,278(72.5) 5,127(77.7)
Other Hispanic 1,970(7.4) 685(4.9) 661(45) 624(44)
Other Race 2,150(8) $88(8.0) 712(6.4) 550(4.8)
WBC, mean (SE), 1,000/ 7.39(0.03) 6.09(0.04) 7.11002) 8.75(0.03) <0.001
L
HB, mean (SE), g/dL 14350.02) 1425(0.03) 14.42(0.03) 14370.03) <0.001
PLT, mean (SE), 1,000/ 253.22(0.78) 217.09(0.84) 249.56(0.88) 286.78(1.21) <0.001
L
Neutrophil, mean (SE), 4410002 3.11(0.02) 416002) 573(002) <0.001
1,000/4L.
Lymphocyte, mean (SE), 214(0.01) 2300.03) 214001 202(001) <0.001
1,000/4L
Monocytes, mean (SE), 0.58(0.00) 0.46(0.00) 0.56(0.00) 071(0.00) <0.001
1,000/4L
BMI, mean (SE), kg/m" 30.35(0.07) 29.63(0.10) 3031(0.12) 31.01(0.12) <0.001
Cr, mean (SE), pmol/L. 8224(033) 8101(0.43) 80.88(0.42) 8458(0.64) <0.001
TG, mean (SE), mmol/L, 1910.02) 1.8000.02) 1.95(0.02) 1.98(0.03) <0.001
TC, mean (SE), mmol/L. 5.17(0.01) 5.19(0.02) 5.18002) 5.15(0.02) 0.086
HEL-2015, mean (SE), 50.62(0.17) 51.39(0.25) 51.09(0.24) 49.52(0.24) <0.001
MET, mean (SE), 3,146.75(65.92) 3,404.04(110.36) 3065.76(81.31) 2998.98(112:88) 0010
minutes/week
Hypotensive drugs, n 14791(86.15) 4783(32.05) 4,822(82.49) 5,186(85.86) <0.001
(%)
Smoke, n (%) 13,179(49.2) 4028(45.5) 4,327(48.7) 4824(53.4) <0.001
Alcohol*, n (%) 15,294(57.1) 5064(63.9) 5,175(65.6) 5,055(63.0) 0056
DM, n (%) 6.944(25.9) 2237(18.9) 2288(20.1) 241921.9) <0.001
CHE n (%) 1443(5.4) 376(3.2) 446(39) 621(52) <0.001
CHD, n (%) 1,785(6.7) 468(4.7) 616(59) 701(67) <0.001
Stroke, n (%) 1,684(6.3) 481(4.2) 516(4.4) 687(6.0) <0.001
All-cause death, n (%) 6.229(18.0) 1,600(14.4) 1.959(16.1) 2670(22.8) <0.001
CVD death, n (%) 1721(5.1) 429(39) 536(4.4) 756(6.7) <0.001

“The average mumber of drinks consumed per day over the past 12months. WBC, White blood cell; HB, hemoglobins PLT, platelts; BMI, body mass index; Cr creatinine; TG, triglyceride;
TC, total cholesterol; HEI-2015, Healthy Eating Index-2015; Met, metabolic equivalent; DM, diabetes mellitus; CHE, chronic heart failure; CHD, CVD, Cardiovascular disease.





OPS/images/fcvm-10-1099427-t002.jpg
Model 1 Model 2 Model 3

All-cause death
Group 1

Group 2
Group 3

CVD death
Group 1

Group 2

Group 3

Model 1: Not adjusted.
stroke, CHE.

HR (95%CI) HR (95%Cl) HR (95%Cl)
ref ref ref
1.05(0.97-1.15) 0244 0.98 (0:91-1.06) 0622 095 (0.84-1.07) 0387
1,59 (1.46-1.73) <0.001 140 (1.30-1.51) <0001 137 (1.20-1.55) <0.001
ref ref ref
1.06 (0.87-1.30) 0571 0.99 (0.84-1.18) 0.950 104 (0.81-1.32) 0.766
1.75 (1.48-2.08) <0.001 156 (1.34-1.82) <0.001 162(1.22-2.15) <0.001

Model 2: Adjusted by age, gender. Model 3: Adjusted by age, gender, race/ethnicity, smoking status, drinking status, BMI, Cr, TG, TC, HEI-2015, MET, DM, CHD,





OPS/images/fcvm-10-1099427-g001.jpg
29,318 hypertensive patients aged
>20 years during NHANES 1999-
2018 survey cycle

2,497 participants were
excluded due to lack of
neutrophils, lymphocyte,
monocyte and platelet count.
40 participants were excluded
due to loss to follow-up.

26,781 participants in
final analysis set.

Participants were divided into three groups based on
PIV tertiles.

T1 group T2 group T3 group
n=8,938 n=8,893 n=8,950






OPS/images/fcvm-10-1099427-g002.jpg
Event Rate (%)

N
o

N
S

]

5

Mortality in different groups

228

16.4
144

6.7

4.4
39

All-cause mortality CVD mortality

T1group W T2group = T3 group





