

[image: image1]
The Non-linear Relationship Between Normal Range Systolic Blood Pressure and Cardiovascular or All-Cause Mortality Among Elderly Population












	
	ORIGINAL RESEARCH
published: 27 July 2021
doi: 10.3389/fcvm.2021.677189






[image: image2]

The Non-linear Relationship Between Normal Range Systolic Blood Pressure and Cardiovascular or All-Cause Mortality Among Elderly Population

Shuo Sun1, Xiao-cong Liu1, Guo-dong He1, Kenneth Lo2,3, Ying-qing Feng1* and Yu-qing Huang1*


1Department of Cardiology, Guangdong Provincial People's Hospital, Guangdong Cardiovascular Institute, Guangdong Academy of Medical Sciences, Guangzhou, China

2Department of Epidemiology, Centre for Global Cardio-Metabolic Health, Brown University, Providence, RI, United States

3Department of Applied Biology and Chemical Technology, The Hong Kong Polytechnic University, Hong Kong, China

Edited by:
Komal Marwaha, Maharishi University of Management, United States

Reviewed by:
Gabriele Brosolo, University of Udine, Italy
 Jochen Raimann, Renal Research Institute, United States

*Correspondence: Ying-qing Feng, 651792209@qq.com
 Yu-qing Huang, hyq513@126.com

Specialty section: This article was submitted to Hypertension, a section of the journal Frontiers in Cardiovascular Medicine

Received: 07 March 2021
 Accepted: 02 July 2021
 Published: 27 July 2021

Citation: Sun S, Liu X-c, He G-d, Lo K, Feng Y-q and Huang Y-q (2021) The Non-linear Relationship Between Normal Range Systolic Blood Pressure and Cardiovascular or All-Cause Mortality Among Elderly Population. Front. Cardiovasc. Med. 8:677189. doi: 10.3389/fcvm.2021.677189



Purpose: The aim was to explore the association of normal range SBP with cardiovascular and all-cause mortality in older adults without hypertension.

Methods: Participants aged ≥ 65 years without hypertension and those had an SBP level between 90 and 129 mmHg were included from the National Health and Nutrition Examination Survey (1999–2014). SBP was categorized into: 90–99, 100–109, 110–119, and 120–129 mmHg. Multivariate Cox regression was performed with hazard ratio (HR) and 95% confidence interval (CI).

Results: Of the 1,074 participants, 584 were men (54.38%). Compared with participants with SBP level ranged 110 to 119 mmHg, the HRs for all-cause mortality risk was 1.83 (95% CI: 1.04, 3.23) for SBP level ranged 90 to 99 mm Hg, 0.87 (95% CI: 0.54, 1.41) for SBP level ranged 100 to 109 mmHg, and 1.30 (95% CI: 0.96, 1.75) for SBP level ranged 120 to 129 mmHg (P for trend = 0.448), and the HR for cardiovascular mortality risk was 3.30 (95% CI: 0.87, 12.54) for SBP level ranged 90 to 99 mmHg, 0.35(95% CI: 0.08, 1.56) for SBP level ranged 100 to 109 mmHg, and 1.75 (95% CI: 0.78, 3.94) for SBP level ranged 120 to 129 mm Hg (P for trend = 0.349) after confounders were adjusted.

Conclusion: These were a nonlinear association of normal range SBP level with all-cause and cardiovascular death in older adults.
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INTRODUCTION

Hypertension is one of the most common chronic diseases and remains the leading cause of death in worldwide (1). Hypertension is generally defined as having a systolic blood pressure (SBP) ≥ 140 mmHg and/or a diastolic blood pressure (DBP) ≥ 90 mmHg, and prehypertension was a SBP of 120–139 mmHg and/or a DBP of 80-89 mmHg (2–5). In addition, prehypertension was further divided into low (120–129/80–84 mmHg) and high (130–139/80–89 mmHg) prehypertension, respectively (6). Several previous meta-analyses demonstrated the increased risk for cardiovascular diseases (CVD) in people with low-range prehypertension, and a higher risk for mortality despite adjusting for cardiovascular risk factors (7–10). Furthermore, a recent study showed an increment of the risk of incident CVD with increasing SBP levels in persons without hypertension nor other traditional atherosclerotic cardiovascular disease risk factors (11). However, previous studies were mainly conducted among young and middle-aged population, but the evidence for older adults aged ≥ 65 years is lacking. Importantly, in 2017, the definition of hypertension has been adjusted to 130/80 mm Hg with a SBP/DBP by the American College of Cardiology (ACC)/American Heart Association (AHA) Task Force on Clinical Practice Guidelines (12). These changes were largely driven by the increasing importance of hypertension control in preventing CVD (12, 13). Importantly, among elderly population free of hypertension, the association of 2017 ACC/AHA elevated hypertension (120–129/80mmHg) and normal blood pressure (<120/80 mmHg) with the risk of mortality were still unclear. To address the knowledge gap, the aim of the present study was to explore the association of SBP level with cardiovascular and all-cause mortality in elderly population without hypertension.



METHODS


Study Population

All participants were included from the 1999–2014 National Health and Nutrition Examination Surveys (NHANES). NHANES was an ongoing nationally representative study with a series of stratified, multistage probability surveys on United States civilian, non-institutionalized population, which was conducted by the National Center for Health Statistics of the Center for Disease Control and Prevention (14, 15). We enrolled subjects aged ≥ 65 years old. However, participants aged <65 years, with missing data on follow-up, blood pressure, blood lipid, height and weight, past medical history, education level, marital status and smoking status at baseline were excluded. In addition, participants with hypertension and SBP <90 mmHg were also excluded. Finally, a total of 1,074 participants were included for data analysis (Figure 1). The survey protocol was approved by the Institutional Review Board of the Centers for Disease Control and Prevention. All participants have provided written informed consent.


[image: Figure 1]
FIGURE 1. Research flow chart.




Blood Pressure Measurement

Details of blood pressure measurement was described previously (15, 16). In brief, it was measured by a trained physician using a mercury sphygmomanometer [W. A. Baum Co. Inc (1050), Copiague, New York, USA] and an appropriately sized cuff. Three consecutive blood pressure readings were obtained from the same arm. SBP and diastolic blood pressure (DBP) were defined as the average value of three blood pressure measurements. Hypertension was defined as a previous diagnosis by a physician, and/or SBP/DPB ≥130/80 mmHg, and/or currently taking antihypertensive medications according to the 2017 ACC/AHA hypertension guideline (12). SBP level ranged from 90 to 129 mmHg was considered normal range. Participants were divided into four groups according to baseline SBP: 90–99, 100–109, 110–119, and 120–129 mmHg.



Covariate Assessment

Data from questionnaires and physical examination were obtained according to a standardized procedure. Age, sex, race, marital status, smoking status, educational level, and history of comorbidities (including hypertension, diabetes, CVD and cancer) were self-reported during in-person interview. Medication history was obtained from self-report and the questions on prescribed medications. Other covariates included height, weight, total cholesterol, high-density lipoprotein cholesterol were also assessed. Body mass index (BMI) was defined as mass (kg) divided by the square of height (m2). Diabetes was defined as having a history of diabetes, or taking hypoglycemic medications currently, or fasting blood glucose level ≥ 7.0 mmol/l (126 mg/dl), or hemoglobin A1c (HbA1C) level ≥ 6.5% (17). Further details of data collection can be found in https://wwwn.cdc.gov/nchs/nhanes/Default.aspx.



Outcomes

Outcomes of this study mainly were all-cause and cardiovascular mortality as obtained from a publicly available dataset of the NHANES. The database captured the vital status and cause of death of survey subjects from baseline to 31 December 2015 which came first (16). Cardiovascular mortality was defined according to the International Classification of Diseases, 10th Edition, Clinical Modification System codes (I00–I09, I11, I13, I20–I51, and I60–I69) derived from death-certificate data.



Statistical Analysis

Baseline characteristics are presented as mean ± standard deviation (continuous variables) or percentage (categorical variables) as appropriate. We compared baseline characteristics among participants according to SBP level using Chi-square for categorical variables, and Analysis of Variance for continuous variables, respectively. Standardized Kaplan-Meier curves were used for survival analysis, and log-rank test was used to compare the differences in survival rate by SBP levels. The relationship between SBP levels and all-cause or cardiovascular mortality was examined by using Cox proportional hazards regression models, and hazard ratios (HRs) and 95% confidence interval (CI) were calculated. Model I only included SBP, and Model II was additionally adjusted for age, race, and sex. Model III was further adjusted for marital status, education level, smoking status, body mass index, DBP, total cholesterol, high density lipoprotein cholesterol, and pre-existing comorbidities (diabetes, cardiovascular disease, and cancer). Subgroup analysis were conducted according to body mass index (<25 or ≥ 25 kg/m2), sex (male and female), diabetes (yes and no), and race (White and non-White). Their interactions between diabetes and prehypertension status with all-cause and cardiovascular mortality were also tested. Given the inherent nature of multiple complex survey designs, we accounted for sample weight for each participant in the NHANES dataset. We used svydesign function in R to account for sampling weights, as well as the stratification and clustering. A 2-sided P < 0.05 was considered statistically significant. All statistical analyses were performed using R version 3.3.2 (R Foundation for Statistical Computing, Vienna, Austria).




RESULTS


Baseline Characteristics

The baseline demographic characteristics were presented in Table 1. The study population included 1,074 subjects [584 (54.38%) male], average age was 72.20 ± 5.62 years. Participants with higher SBP level also had higher BMI, total cholesterol and DBP. However, there were no significant differences in age, sex, race, marital status, education level, smoking status, and comorbidities among SBP groups.


Table 1. Demographic and clinical characteristics according to normal systolic blood pressure levels.
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The Relationship Between Systolic Blood Pressure and Mortality

During a median follow-up of 89.41 months, 47 (4.38%) cases of cardiovascular and 280 (26.07%) cases of all-cause mortality were observed, respectively. In addition, among all the 1,074 participants, there were 16 (39.02%), 31 (19.14%), 88 (21.95%) and 145 (30.85%) cases of all-cause mortality occurred ranging from 90–99 mmHg for SBP, 100–109 mmHg, 110–119 mmHg to 120–129 mmHg (P < 0.001), and 3 (7.32%), 3 (1.85%), 15 (3.74%), 26 (5.53%) cases of cardiovascular mortality occurred, respectively, among the above four groups (P = 0.158). Figure 2 showed the Kaplan-Meier mortality rate by the groups according to SBP level. The log-rank test revealed that there was a significant difference among each group of SBP in all-cause mortality (Figure 2A) and cardiovascular mortality (Figure 2B).


[image: Figure 2]
Figure 2. (A,B) Kaplan-Meier analysis for the incidence of mortality among groups of different normal systolic blood pressure level. SBP, systolic blood pressure.


As shown in Figure 3, the multivariate restrictive cubic curves showed that SBP has a non-linear relationship with all-cause (Figure 3A) and cardiovascular (Figure 3B) mortality, respectively. In addition, the risk of mortality may be the lowest when the SBP range from 110 to 119 mmHg. As shown in Table 2, when SBP was treated as a continuous variable, SBP has no obvious relationship with all-cause and cardiovascular mortality regardless of confounder adjustments (all P > 0.05). However, when SBP was referred as a categorical variable, compared with participants with an SBP level of 110 to 119 mmHg, there seemed to be a significantly higher risk for all-cause mortality among participants with an SBP level of 90 to 99 mmHg (HR, 1.56; 95% CI, 0.86, 2.82) and 120 to 129 mmHg (HR, 1.36; 95% CI, 1.03, 1.80) (P for trend = 0.113) in Model I. In Model III where age, sex, race, marital status, education level, smoking, body mass index, DBP, total cholesterol, high density lipoprotein cholesterol, and comorbidities (diabetes, CVD, and cancer) were adjusted, similar increment of all-cause mortality risk was observed among participants with an SBP level of 90 to 99 mmHg (HR, 1.83; 95% CI, 1.04, 3.23; P = 0.037) and 120 to 129 mmHg (HR, 1.30; 95% CI, 0.96, 1.75; P = 0.086) (P for trend = 0.448). As for cardiovascular mortality, all-cause mortality risk was also seemed to be higher among participants with an SBP level of 90 to 99 mmHg (HR, 3.30; 95% CI, 0.87, 12.54; P = 0.080) and 120 to 129 mmHg (HR, 1.75; 95% CI, 0.78, 3.94; P = 0.176), but the association did not reach statistical significance.
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Figure 3. (A,B) Multivariate adjusted restricted cubic curve for the relationship between normal systolic blood pressure and mortality. HR, hazard ratio; CI, confidence interval. Age, sex, race, marital status, education level, smoking, body mass index, diastolic blood pressure, total cholesterol, high density lipoprotein cholesterol, and comorbidities (diabetes, cardiovascular disease, and cancer) were all adjusted.



Table 2. Multivariate Cox regression analysis of normal systolic blood pressure with mortality.
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Subgroup Analysis

The result of subgroup analysis was shown in Table 3. Compared to the reference group (SBP: 110–119 mmHg), participants with the level of SBP 90–99 mmHg had a higher risk of all-cause mortality among female population compared to male population (HR: 3.01 vs. 1.58), non-White population compared to White population (HR: 3.08 vs. 1.89), for people with BMI ≥ 25 compared to BMI <25 kg/m2 (HR: 3.12 vs. 1.09) and those without diabetes compared to those with diabetes (HR: 2.23 vs. 0.67). Similar results were also found in participants with the level of SBP was 120–129 mmHg. When the level of SBP was 90–99 mmHg, and compared to the reference group, we only found the risk for cardiovascular mortality might be higher in women, White population, without diabetes and people with BMI <25 kg/m2 (all P < 0.05). However, when the level of SBP was 120–129 mmHg, and compared to the reference group, we only found the risk for cardiovascular mortality might be higher in people with BMI ≥ 25 kg/m2 (HR, 2.93; 95% CI, 1.19, 7.21; P = 0.019). In addition, we found that only BMI interacted significantly with the association between SBP and cardiovascular mortality (P for interaction = 0.012), while there were no interaction between sex, race, diabetes status and cardiovascular and all-cause mortality (all P-interaction > 0.05).


Table 3. Subgroups analyses of normal systolic blood pressure with mortality.
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DISCUSSION

The main findings from the present study of older individuals with normal blood pressure were (1) when SBP <115 mmHg, as SBP decreased, the risk of mortality gradually increased, and when SBP ≥115 mmHg the risk of mortality gradually increased with SBP level. The appropriate SBP level is probably 110–120 mmHg. (2) The risk for cardiovascular mortality was increased at a SBP ≥ 115 mmHg. (3) Although SBP was in the normal range, relatively higher or lower SBP levels have a higher risk of mortality in women and population with overweight or obesity. (4) The relationship between normal SBP and all-cause mortality was differed by sex, race, BMI, and the history of diabetes. (5) The SBP level in the normal range might have dose-response relationship with all-cause and cardiovascular mortality.

Our findings were consistent with a prior meta-analysis of individual data for one million adults in 61 prospective studies, which demonstrated that usual SBP ≥115 mm Hg might significantly elevate the risk for all-cause and cardiovascular mortality (18). However, some studies have found that when SBP (120–139 mmHg) did not significantly increase the risk of death among elder population (19–21). Although we found that SBP >115 mmHg in the elderly might increase the mortality risk for older adults, it was still unclear whether blood pressure treatment should be initiated earlier. Currently, a large number of hypertension guidelines recommend pharmacological treatment to be initiated when SBP/DBP ≥140/90 mm Hg in population with aged ≥ 65 years, and if tolerable, the SBP can be reduced to <130 mm Hg (1, 3, 4). The post-analysis of the Felodipine Event Reduction (FEVER) trial found that when the average blood pressure level after treatment was lower than 120/70 mmHg, the risk of stroke, cardiac events and total death were the lowest (22). SBP intervention trial (SPRINT) also demonstrated that targeting a SBP of <120 mmHg compared to <140 mmHg could significantly result in the lower rates of fatal and non-fatal major cardiovascular events and all-cause mortality (23).However, for patients with type 2 diabetes, targeting a SBP of <120 mm Hg, as compared with <140 mm Hg, did not reduce the rate of a composite outcome of fatal and non-fatal major cardiovascular events (24). Therefore, more studies on blood pressure management among elderly may be needed in the future, which may help to refine the SBP target (<120 mmHg) for older adults in line with the results from SPRINT, JATOS, VALISH trials. Besides, our finding might suggest a lower blood pressure threshold to define hypertension in elderly people.

In addition, subgroup analysis showed that the relationship between normal SBP and all-cause mortality was differed by sex, race, overweight/obesity, and diabetes. A previous meta-analysis also showed a sex difference in the relationship between SBP and death in elder population (18). Among ambulatory adults aged 75 years or older, treating to an SBP target of <120 mm Hg compared with an SBP target of <140 mm Hg has resulted in significantly lower rates of fatal and non-fatal major cardiovascular events and death from any cause (25). We found that SBP of 120–129 mm Hg might increase risk for all-cause mortality among subjects without diabetes, but SBP <120 mm Hg did not, and this observation was similar to previous studies (24, 26). We also found that older adults with BMI ≥ 25 kg/m2 with a SBP of 120–129 mm Hg significantly increased the risk of all-cause and cardiovascular mortality. For the elderly with overweight or obesity, they might benefit more by having SBP <120 mm Hg.

To cautiously interpret our findings, some limitations of the present study should be noted. First, the small sample size might limit the generalizability of findings. Second, SBP was only measured once at baseline. Third, multiple covariates self-reported, therefore recall bias was possible. Fourth, this study did not fully consider the residual confounding effects, for example, atherosclerotic cardiovascular disease score and physical activity and diet. Fifth, we only explored the association of SBP with mortality, but not with adverse CVD events. Sixth, in this study, very few participants aged ≥g80 years, and there was no relevant data on frail, disability indices, and dementia/cognitive decline. Another limitation is that the cardiovascular event rate was low in a long follow-up, which is possible that the participants are normotensive at the beginning of study, therefore they have a lower risk of CVD over the years. Despite this issue, the direction of association between SBP and CVD mortality agrees with our overall findings. Besides, the present study had several strengths. On the one hand, NHANES have a rigorous and standardized study protocol, and have an extensive quality control procedure in data collection. On the other hand, the long period of follow up and the inclusion of multiple ethnic groups made this result reliable. Besides, this is one of the few studies to explore the relationship between SBP and all-cause and cardiovascular mortality in elderly normotensive subjects over such a long-term, prospective follow-up.



CONCLUSIONS

In conclusion, SBP might have a dose-response relationship with all-cause and cardiovascular mortality in older normotensive population. Despite having normal range of SBP, low SBP (90 to 99 mmHg) or elevated SBP (120 to 129 mmHg) might increase the risk of all-cause mortality for older adults. The blood pressure management of the elderly population should be individualized, and more attention needed to be paid to the elderly individuals without hypertension.
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comorbidities (diabetes, cardiovascular disease, and cancer).
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