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Abstract

Objectives: Hypertension is a risk factor for chronic kidney disease (CKD) progression and 

mortality. However, the optimal blood pressure associated with decreased mortality in each stage 

of CKD remains uncertain.

Methods: In this retrospective cohort study, we included 13,414 subjects with CKD stages 1–4 

from NHANES general population datasets from 1999–2004 followed to 12/31/2010. Multivariate 

analysis and Kaplan-Meier curves were used to assess systolic blood pressure (SBP) and risk 

factors associated with overall mortality in each CKD stage.

Results: In these subjects with death rates of 9%, 12%, 30%, and 54% in baseline CKD 

stages 1 through 4, respectively, SBP less than 100 mmHg was associated with significantly 

increased mortality adjusted for age, sex, and race in stages 2,3,4. After excluding SBP <100 

mmHg, as a continuous variable, higher SBP is associated with fully adjusted increased mortality 

risk in those on or not on antihypertensive medication (HR 1.006, P=0.0006 and HR 1.006 

per mmHg, P<0.0001, respectively). In those on antihypertensive medication, SBP <100 mmHg 

or in each 20 mmHg categorical group >120 mmHg is associated with an adjusted risk of 

increased mortality. Increasing age, males, smoking, diabetes, and comorbidities are associated 

with increased mortality risk.

Conclusions: For patients with CKD stages 1–4, the divergence of SBP above or below 100–

120 mmHg was found to be associated with higher all-cause mortality, especially in those patients 

on antihypertensive medication. These findings support the recent guideline of an optimal target 

goal SBP of 100–120 mmHg in patients with CKD stages 1 to 4.

CONDENSED ABSTRACT

Correspondence and reprint requests: Robert S. Brown, MD, Division of Nephrology, Beth Israel Deaconess Medical Center, 171 
Pilgrim Rd, Libby 216, Boston, MA 02215, Phone : 617-632-9880, Fax : 617-632-9890, rbrown@bidmc.harvard.edu.
*Min Zhuo and Danwen Yang are equally contributing co-first authors
**Deceased (January 18, 2021)
AUTHORS’ CONTRIBUTIONS
All authors contributed to the research idea and study design; A.G. contributed to data acquisition and data analysis; M.Z. and 
D.Y. contributed to data interpretation; R.S.B. to study supervision, data interpretation, final editing and mentorship. Each author 
contributed important intellectual content during manuscript drafting and editing.

Conflict of interest statement: None

HHS Public Access
Author manuscript
J Hypertens. Author manuscript; available in PMC 2022 November 01.

Published in final edited form as:
J Hypertens. 2021 November 01; 39(11): 2250–2257. doi:10.1097/HJH.0000000000002927.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Hypertension is a risk factor for chronic kidney disease (CKD) progression and mortality. In 

this retrospective cohort study of 13,414 subjects with CKD from NHANES general population 

datasets, the death rates were 9%, 12%, 30%, and 54% in baseline CKD stages 1 through 

4, respectively, over a mean follow-up of 71 months. Those with SBP<100 or with higher 

SBP>120 mm Hg were associated with higher all-cause mortality, especially in those patients 

on antihypertensive medication. These observational findings support the most recent guideline of 

an optimal target goal SBP of 100–120 mmHg in patients with CKD stages 1 to 4.
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INTRODUCTION

Chronic kidney disease (CKD) is a significant and growing public concern. The prevalence 

of CKD among Medicare patients aged 65 or above was 14.5% in 2017, and the majority 

of them were stages 2 and 3.1 CKD is silent, and often unrecognized, until advanced stages. 

However, even early stages of CKD are associated with significant morbidity, mortality 

and reduction in quality of life.2,3 The relationship between hypertension and CKD is 

complex as hypertension may cause, aggravate, or complicate CKD.4 Blood pressure (BP) 

control has long been a cornerstone of care for patients with CKD, and more stringent 

BP targets have recently been recommended.5–7 As a recent study from the Chronic Renal 

Insufficiency Cohort showed, systolic blood pressure (SBP) of 140 mmHg and above is 

significantly associated with renal disease progression among CKD in the stage 3 to 5 

population.8 Conversely, hypotension is common and concerning among CKD patients 

treated with antihypertensive drugs,9,10 and hypertension has also been reported to predict 

lesser end-stage kidney disease (ESKD) and mortality.11 The Kidney Disease Improving 

Global Outcomes (KDIGO) guidelines had previously recommended a BP target of 140/90 

mmHg for patients with all stages of CKD and 130/80 mmHg for the subset of patients with 

proteinuria.12 However, the 2019 Kidney Disease Outcomes Quality Initiative (KDOQI) 

guidelines recommend treatment to a goal BP of less than 130/80 mm Hg in CKD patients13 

and the 2021 KDIGO guidelines now favor an SBP of less than 120 mm Hg.7

Since the optimal BP associated with the lowest all-cause mortality in patients with different 

stages of CKD remains unclear, the goal of this study was to identify the SBP and other risks 

factors that might predict all-cause mortality in the general population found to have CKD in 

stages 1 to 4 using a National Health and Nutrition Examination Survey (NHANES) dataset.

METHODS

Study population

In this retrospective analysis of NHANES data,14 files covering 1999–2000 (n=9,965), 

2001–2002 (n=11,039), and 2003–2004 (n=10,122) were merged and variable name 

inconsistencies were corrected in the merged dataset. It is noted that data collection for 

NHANES was based on a substantial oversampling of young children, females, older 
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persons, black persons, and Mexican Americans in order to identify those most at risk 

for poor nutrition for the purpose of the NHANES study. To provide the actual data, we used 

an unweighted analysis so that our NHANES group did not fully mirror percentages of a 

random sample of the U.S. population.15 Only adults (18 years old or older) with CKD stage 

1 to 4 were included in our analysis. Presence and stage of CKD were defined based on 

estimated glomerular filtration rate (eGFR) calculated using the CKD-EPI expression16,17 

(CKD stage 1: eGFR >90 with high urine albumin to creatinine ratio >30 mg/g; stage 2: 

eGFR 60–89; stage 3: eGFR 30–59; stage 4: eGFR 15–29 ml/min per 1.73 m2). Records 

with missing eGFR value or missing mortality information were deleted. Subjects with 

ESKD (Stage 5 CKD) were excluded. For the blood pressure data, the subjects first rested 

quietly in a sitting position for 5 minutes in the NHANES mobile examination center. 

After determining the maximum inflation level with a mercury sphygmomanometer, at least 

three, and sometimes 4, BP determinations were taken by a trained examiner. We used the 

average of all SBP measurements for this study. Since only unidentified patient data were 

analyzed, the hospital institutional review board determined that this study did constitute 

human subjects research and did not require IRB approval.

Outcome variable

The outcome in this study is all-cause mortality. The mortality information was obtained 

from the Centers for Disease Control and Prevention (CDC) website and linked to the 

NHANES data using the unique subject ID. The National Center for Health Statistics has 

conducted a mortality linkage of NHANES to death certificate data found in the National 

Death Index. The NHANES Linked Mortality Files include the continuous NHANES years 

(1999–2010) and provide mortality follow-up data from the date of survey participation 

through December 31, 2010.

Covariates

In primary prevention, the association of BP-lowering treatment with major cardiovascular 

events was dependent on baseline SBP.18 Moreover, isolated diastolic hypertension was 

not significantly associated with increased risk for cardiovascular outcomes,19 and lower 

diastolic BP was associated with increased risk of all-cause mortality,20 but the benefit of 

intensive SBP lowering remained consistent across the baseline diastolic BP range in the 

Systolic Blood Pressure Intervention Trial (SPRINT).20 Therefore, our primary variable of 

interest is SBP analyzed as a continuous variable and divided into six categories of 20 mm 

Hg each starting at 100 mm Hg.

Variables considered to have potential confounding effect were included in the 

multivariate models, specifically demographics of the subjects (i.e., age, sex, race); use 

of antihypertensive medications (binary variable), history of diabetes mellitus, history of 

smoking, hyperlipidemia, body mass index (BMI), and number of comorbidities which 

included presence of liver disease, coronary artery disease, history of stroke, chronic 

obstructive pulmonary disease (COPD), congestive heart failure (CHF), cancer, anemia, 

hyperphosphatemia, and significant hyperkalemia (defined as a serum potassium level >6.0 

mEq/L).
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Statistical analyses

Means and standard deviations were used to summarize continuous variables with normal 

distributions. Categorical variables were summarized as percent of total. The data collected 

were analyzed using SAS software version 9.3 (SAS Institute, Cary, North Carolina).

Multivariate analysis was performed using a proportional hazard model that is not time 

dependent. As described, subjects were accrued from 1999 to 2004 and only censored for 

the outcome of death and the end of the study (December 31, 2010). Survival was calculated 

using PERMTH_EXM variable (person-months of follow-up), which is the number of 

months from examination date through the date of death, where applicable. For respondents 

assumed alive, person-months of follow-up were calculated from examination date through 

the end of the mortality follow-up period, December 31, 2010. We also performed subgroup 

analysis based on stage of CKD, and presence of antihypertensive medication treatment. 

When specific covariate data was missing, the subject was omitted from that subgroup 

analysis.

RESULTS

Baseline characteristics of the study population

Out of a total of 31,126 NHANES participants, we included 13,414 subjects with CKD 

stages 1–4 (43.1%) in our analysis (Table 1). The mean age was 59.8 years, 51.3% were 

males and 22.7% were non-Hispanic black. Stage 1 CKD, defined as eGFR >90 ml/min/

1.73m2 with albuminuria, presented in 9.9% of the subjects with CKD; stages 2, 3, and 4 

presented in 75.2%, 14.0% and 1.0% of the CKD population, respectively. Of the study 

population 19.5 % had diabetes mellitus, 50.7% had hypertension based on measured 

blood pressure and self-identified questionnaire, and 36.0% were taking antihypertensive 

medication. However, only 41.1% of the population were aware of the diagnosis of 

hypertension by questionnaire. During this 12 year study period, the death rates were 15.4% 

overall with 9.0%, 11.9%, 30.2%, and 54.1% in CKD stages 1 through 4, respectively, over a 

mean duration of follow-up of 71.0 months (95% CI 68.9–73.1 months) (Table 1 and Figures 

1A–D).

Multivariate analysis

In multivariate analysis adjusted for only age, sex and race, SBP less than 100 mm Hg 

was associated with increased mortality in individuals with baseline CKD stages 2, 3 and 

4, respectively (HR 1.57 CI 1.21–2.06, P=0.03; HR 1.80, CI 1.38–2.48, P=0.01; HR 4.03 

CI 1.21–5.19, P=0.003, Table 2, Model 1), whereas significance was lost when adjusted for 

all risk covariates in stages 2 and 3 (Table 2, Model 2). As a categorical variable, none of 

the three 20-mmHg categories with SBP between 100 and 160 mm Hg showed statistically 

significant differences in mortality in all CKD stages. SBP 160–180 had increased mortality 

risk in CKD stage 2 after adjusting for all risk covariates (HR 1.44, P=0.002). SBP>180 was 

associated with increased mortality in individuals with baseline CKD stage 1 and 2 when 

adjusted for age, sex and race or for all risk covariates (Table 2, Model 1/Model 2 with HR 

2.75/HR 2.46, P=0.007/P=0.02; HR 1.39/HR 1.50, P=0.03/P=0.01, respectively). Given the 

“J” shape effect of SBP on mortality, we excluded the population of patients with SBP<100 
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when using SBP as a continuous variable because of their increased mortality in order to 

assess the risk of hypertension.

Using SBP as a continuous variable (excluding SBP<100), after adjusting for all risk 

covariates, every 10 mm Hg increase above 100 mm Hg is associated with 6% (P<0.0001) 

increased mortality risk in CKD stage 2 (Table 3). Every 10 mm Hg increase in SBP above 

100 mm Hg is also associated with 10% increased mortality risk in CKD stage 1, 2% in 

stage 3 and 10% in stage 4, although those did not reach statistical significance (P=0.11, 

P=0.15, and P =0.09, respectively).

Age was associated with increased mortality risk in CKD stages 1–4 whereas diabetes 

mellitus has significantly increased risk in CKD stage 2 and 3. Smoking and male sex had 

an association with increased mortality risk in all CKD stages except stage 4 which only 

had 186 patients. Black race appeared to be protective only in CKD stage 1, although that 

did not quite reach statistical significance. Though hyperlipidemia was negatively associated 

with mortality in CKD stage 2, this analysis was not adjusted for anti-lipidemic medication 

use, which might have confounded the results. BMI had a mild protective effect on mortality 

in all CKD stages, a finding similar to its protective effect in dialysis patients21, but which 

reached statistical significance only in CKD stages 1 and 2 (HR 0.95, P=0.005; HR 0.99, 

P=0.026)

In subgroup analysis based on antihypertensive medication treatment versus no medication 

with SBP as a categorical variable, after adjusting for all risk factors (Table 4A), SBP 

160–180 mm Hg and >180 mmHg are associated with increased mortality risk in patients 

on no antihypertensive medication. Whereas in patients taking antihypertensive medication 

treatment, SBP levels <100 or >140 mm Hg are all associated with significantly increased 

mortality risk when compared to those with SBP 100–120 mm Hg.

After excluding SBP<100 mm Hg, using SBP as a continuous variable, SBP is associated 

with an increased mortality risk in both those not on antihypertensive medication and on 

antihypertensive medication treatment (HR 1.006, P=0.0006 and 1.006 per mm Hg increase, 

P<0.0001, respectively, Table 4B). It should be noted that there was no association of 

mortality risk with the use of antihypertensive medications in CKD stages 1–4 (Tables 2 and 

3). Female sex and hyperlipidemia are protective factors whether on or off antihypertensive 

medication whereas smoking, diabetes, and number of comorbidities were associated with 

increased mortality risk in both groups (Table 4A).

As shown in the Kaplan-Meier curves, the SBP groups above 120 or below 100 mm 

Hg are associated with increased mortality in each CKD stage (Figure 1) or whether on 

antihypertensive medication treatment or not (Figure 2).

DISCUSSION

Hypertension and CKD are highly prevalent, increasing worldwide, and present global 

public health challenges.22 Approximately one in three U.S. adults is affected by 

hypertension, while 6.5% overall and 14.5% of persons over 65 years are affected by CKD 
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in stages 3–5.1,23–26 The prevention and control of hypertension is an essential component to 

reduce the progression and high mortality in the CKD population.

The SPRINT trial demonstrated that targeting SBP <120 mm Hg in comparison with 

<140 mm Hg was associated with reduction in mortality among patients at high risk for 

cardiovascular events but without diabetes.27 A meta-analysis of 42 randomized controlled 

trials demonstrated that lowering SBP to 120–124 mm Hg was associated with the 

lowest risk of cardiovascular outcome and mortality in adults treated with antihypertensive 

therapy.28 The most appropriate targets for SBP to reduce mortality among CKD patients 

remain uncertain. In the prespecified subgroup analyses for SPRINT participants with 

baseline CKD, intensive BP control with a SBP target of 120 mm Hg had a 28% lower 

rate of all-cause mortality compared with standard BP control with a SBP target of 140 

mm Hg in mild to moderate CKD without diabetes during 3.3 years of follow-up.5 In black 

patients with hypertensive CKD and proteinuria, more aggressive blood pressure lowering 

was associated with renoprotection in patients with proteinuria only.29 A meta-analysis by 

Malhotra et al. showed that a more intensive SBP lowering regimen of 16 mm Hg vs 8 

mm Hg from a baseline SBP of 140 mm Hg resulted in a 14% lower risk of all-cause 

mortality in patients with CKD stages 3 to 5. However, conclusions on specific BP goals 

could not be made because of heterogeneity in study designs.30 Nevertheless, knowledge 

of the benefits and harms of pursuing more intensive SBP goals below 120 mm Hg is 

particularly lacking, especially since concerns have been raised that intensive BP lowering 

might increase adverse clinical outcomes.31 In addition, the optimal BP goal for different 

CKD stages, particularly early stages of CKD, is not known. A recent review suggested a 

BP goal of <130/80 is a reasonable, evidence-based BP goal in patients with CKD.6 At this 

time KDIGO 2021 guidelines propose that “We suggest that adults with high BP and CKD 

be treated with a target systolic blood pressure (SBP) of <120 mm Hg, when tolerated, using 

standardized office BP measurement”.7 However, this recommendation may be considered 

to be “weak because potential benefits and harms may vary with CKD stage, diabetes, 

individuals with SBP 120–129, advanced CKD or the very old or frail”.32 Since the optimal 

SBP target for CKD populations remains unclear, we conducted this retrospective study to 

determine the association between SBP levels and mortality in CKD patients in each stage 

from 1 to 4.

Our study of data from NHANES subjects with CKD stages 1–4, having death rates from 

9.0% to 54.1% over a mean duration of 71 months, showed that when the SBP exceeds 100 

mm Hg, every 10 mm Hg increment of SBP is associated with a significantly increased risk 

of 6% for all-cause mortality in CKD stage 2 (with a similar but not significant trend in 

CKD stages 1, 3, and 4). These findings offer additional support for the lower BP target 

(i.e., SBP 100–120 mm Hg) espoused by the newest KDIGO guidelines7 to reduce all-cause 

mortality in the CKD patient population and show similar data for all stages 1– 4 CKD. 

However, SBP<100 mm Hg was associated with about a doubled risk of mortality when 

taking antihypertensive medications, suggesting a narrower blood pressure target window for 

safety in individuals taking blood pressure medication.

Our finding of the J-shaped relationship between SBP and mortality appears to confirm 

previous studies,33,34 although concomitant comorbid conditions may well contribute to 
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the increased mortality in subjects with SBP<100 mm Hg. Since higher SBP levels above 

100 mm Hg were associated with higher all-cause mortality, our study supports that more 

intensive BP lowering is associated with a mortality benefit in patients with early and 

advanced stages of CKD. One major innovative feature of this study is the use of a large 

nationwide survey database of an unselected general population to examine the association 

of ‘standardized office-measured’ SBP and all-cause mortality in participants found to have 

various CKD stages from 1 to 4. This study adds to the data that may inform healthcare 

professionals and policymakers of preferable BP treatment targets to help guide clinical 

practice until randomized controlled data become available.

Our study analysis has several limitations that deserve mention. In studies conducted in 

self-reported surveys, data analyses might be prone to misclassification bias or missing 

data. We do not have access to confirm antihypertensive medication use or identify possible 

causes of hypertension or hypotension. Second, we do not have access to relevant data on 

unmeasured confounders (i.e. duration of hypertension, antihypertensive medication class, 

BP fluctuations, nocturnal BP). These confounders could affect study SBP classification 

and all-cause mortality.35,36 Third, our study could not assess progressive kidney disease 

outcomes due to lack of longitudinal data though recent data seem to indicate that “patients 

with higher SBP (>120 mm Hg) had steeper slopes of eGFR decline”.37 Fourth, we 

could not assess possible symptoms associated with high or low BP or side effects of 

antihypertensive medications, which might affect clinical practice in managing BP. Fifth, 

since the relationship between SBP and mortality varied systematically with age in a CKD 

population,38 different age groups might benefit from different SBP targets. However, our 

observational data of properly measured standardized office BP levels confirms and extends 

the recent findings of increased mortality associated with increased SBP in the Chronic 

Renal Insufficiency Cohort (CRIC) Study of mainly CKD stage 3 patients (mean eGFR 

46.0±20.3 ml/min/1.73m2)39,40. Finally, since this is an observational study we cannot 

conclude causality without a prospective trial of blood pressure targets in the stage 1–4 CKD 

population.

In conclusion, in patients with both early and advanced stages of CKD, those with SBP<100 

or with higher SBP>120 mm Hg were associated with higher all-cause mortality. The 

balance of benefits and harms seems to favor more intensive lowering of SBP to 100–120 

mm Hg as proposed by the most recent recommendations in the CKD population. The 

longer-term clinical effects and cost-effectiveness of intensive SBP lowering on all-cause 

mortality deserves further study.
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Figure 1. 
Kaplan-Meier Curves of survival of 13,414 NHANES subjects with CKD followed from 

1999 to 2010 shown by systolic blood pressure (SBP) levels at 20 mmHg intervals. A. Stage 

1: 1428 patients. B. Stage 2: 9306 patients. C. Stage 3: 2471 patients. D. Stage 4: 209 

patients.
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Figure 2. 
Kaplan-Meier Curves of survival of 13,414 NHANES subjects with CKD followed from 

1999 to 2010 shown by systolic blood pressure (SBP) levels at 20 mmHg intervals based on 

antihypertensive medication usage. A. No anti-hypertensive medication, 7299 patients*. B. 

On antihypertensive medication, 5327 patients*.

* The total number of subjects is less than 13,414 because of patients with missing data for 

adjustment variables.
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Table 1.

Baseline characteristics of the NHANES study population with CKD stages 1–4

Total
N = 13,414

CKD stage 1
N = 1,428 (9.9%)

CKD stage 2
N = 9,306 (75.2%)

CKD stage 3
N = 2,471 (14.0%)

CKD stage 4
N = 209 (1.0%)

Age in years (SD) 59.8 (17.4) 42.1 (16.7) 53.7 (16.1) 73.1 (10.3) 74.6 (11.0)

Sex (%)
Male

Female
6885 (51.3)
6529 (48.7)

558 (39.1)
870 (60.9)

5067 (54.5)
4239 (45.6)

1164 (47.1)
1307 (52.9)

96 (45.9)
113 (54.1)

Race (%)
Non-Hispanic White
Non-Hispanic Black

Hispanic
Other

7464 (55.6)
3039 (22.7)
2487 (18.5)
424 (3.2)

489 (34.2)
263 (18.4)
599 (42.0)
77 (5/4)

5332 (57.3)
2103 (22.6)
1588 (17.1)
283 (3.0)

1529 (61.9)
613 (24.8)
276 (11.2)
53 (2.1)

114 (54.6)
60 (28.7)
24 (11.5)
11 (5.3)

Deaths over mean 71 months of follow-up 
(%)

2093 (15.4) 129 (9.0) 1104 (11.9) 747 (30.2) 113 (54.1)

Systolic blood pressure in mmHg (SD) 131.1 (21.9) 127.3 (22.4) 129.7 (20.7) 137.7 (23.8) 143.0 (29.6)

Diastolic blood pressure in mmHg (SD) 69.7 (15.2) 72.4 (14.4) 70.9 (14.0) 64.4 (17.7) 61.6 (19.6)

Presence of diabetes (%) 2610 (19.5) 404 (28.3) 1384 (14.9) 731 (29.6) 91 (43.5)

Smoking history (%) 1992 (14.9) 316 (22.1) 1459 (15.7) 201 (8.1) 16 (7.7)

eGFR in mL/min/1.73 m2 (SD) 75.0 (19.5) 110.2 (14.7) 77.5 (8.4) 49.5 (7.8) 24.4 (4.1)

Urine albumin-to-creatinine ratio (mg/g)* 
(SD)

79.8 (481.0) 186.4 (674.6) 35.3 (209.0) 127.4 (641.7) 816.4 (2126.5)

BMI* (SD) 28.8 (6.3) 29.1 (7.5) 28.7 (6.1) 29.1 (6.4) 29.5 (6.7)

Comorbidities – None (%) 6330 (47.2) 801 (56.09) 4760 (51.2) 750 (30.4) 19 (9.1)

Comorbidities – 1 (%) 4382 (32.7) 446 (31.2) 3038 (32.7) 837 (33.9) 61 (29.2)

Comorbidities – 2 (%) 1785 (13.3) 137 (9.6) 1059 (11.4) 539 (21.8) 50 (23.9)

Comorbidities – 3 (%) 618 (4.6) 35 (2.5) 323 (3.5) 213 (8.6) 47 (22.5)

Comorbidities – 4 (%) 220 (1.6) 8 (0.6) 91 (1.0) 99 (4.0) 22 (10.5)

Comorbidities – 5 (%) 79 (0.6) 1 (0.1) 35 (0.4) 33 (1.3) 10 (4.8)

*
There were 347 subjects with missing data for urine albumin to creatinine ratio and 472 subjects with missing data for BMI.
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Table 2.

Results of risk factors for mortality by multiple regression adjusted for age, gender and race (Model 1) and all 

risk factors (Model 2) in CKD stages 1–4 with systolic blood pressure (SBP) as a categorical variable.

CKD Stage 1 CKD Stage 2 CKD Stage 3 CKD Stage 4

Model 1 
(N = 1428)

Model 2 (N 
= 1402)*

Model 1 
(N = 
9306)

Model 2 
(N= 9149)*

Model 1 
(N = 
2471)

Model 2 
(N= 2367)*

Model 1 
(N = 209)

Model 2 (N 
= 192)*

Hazard 
Ratio (P)

Hazard 
Ratio (P)

Hazard 
Ratio (P)

Hazard 
Ratio (P)

Hazard 
Ratio (P)

Hazard 
Ratio (P)

Hazard 
Ratio (P)

Hazard 
Ratio (P)

SBP<100 
(N=491)

2.04 (0.26) 1.94 (0.29) 1.57 
(0.03)

1.48 (0.07) 1.80 
(0.01)

1.38 (0.21) 4.03 
(0.003)

3.22 (0.06)

SBP 100–120 
(N=4027)

Reference

SBP 120–140 
(N=4973)

1.35 (0.32) 1.33 (0.35) 0.91 
(0.32)

1.01 (0.92) 1.11 
(0.35)

1.12 (0.35) 1.37 (0.34) 1.49 (0.3)

SBP 140–160 
(N=2530)

1.53 (0.18) 1.42 (0.29) 0.97 
(0.77)

1.13 (0.24) 0.94 
(0.63)

0.99 (0.93) 1.82 (0.07) 1.96 (0.08)

SBP 160–180 
(N=943)

0.95 (0.98) 0.93 (0.85) 1.25 
(0.05)

1.44 (0.002) 1.14 
(0.35)

1.13 (0.43) 1.94 (0.09) 1.63 (0.29)

SBP>180 
(N=450)

2.75 
(0.007)

2.46 (0.02) 1.39 
(0.02)

1.50 (0.01) 1.21 
(0.21)

1.36 (0.06) 1.40 (0.38) 1.25 (0.63)

Age (per year) 1.07 
(<0.0001)

1.07 
(<0.0001)

1.10 
(<0.001)

1.09 
(<0.0001)

1.08 
(<0.001)

1.08 
(<0.0001)

1.05 
(<0.0001)

1.05 
(<0.001)

Sex (Female) 0.46 
(<0.0001)

0.46 
(0.0002)

0.61 
(<0.001)

0.68 
(<0.0001)

0.68 
(<0.001)

0.71 
(<0.0001)

0.94 (0.74) 1.25 (0.37)

Race (Black) 0.61 (0.08) 0.57 (0.06) 1.42 
(0.0001)

1.27 (0.01) 1.04 
(0.69)

0.99 (0.89) 1.16 (0.53) 1.24 (0.42)

Anti-hypertensive 
medication

1.42 (0.09) 1.05 (0.47) 0.99 (0.92) 1.34 (0.31)

eGFR (per 1 
ml/min /1.73m2)

1.01 (0.68) 0.99 (<0.05) 0.98 
(<0.001)

0.95 (0.06)

Smoking 1.76 (0.005) 2.12 
(<0.0001)

1.71 
(0.0014)

1.24 (0.57)

Diabetes 1.16 (0.49) 1.33 
(<0.001)

1.34 
(0.0004)

0.95 (0.84)

Hyper-lipidemia 1.25 (0.28) 0.80 
(<0.001)

0.87 (0.09) 0.76 (0.26)

BMI (per 1 
Kg/m2)

0.96 (0.01) 0.99 (0.04) 0.997 (0.71) 0.96 (0.09)

Comorbidities 
(number) 1

1.47 (0.06) 1.41 
(<0.0001)

1.20 (0.08) 1.13 (0.78)

Comorbidities 2 1.55 (0.14) 1.94 
(<0.0001)

1.43 (0.002) 0.96 (0.92)

Comorbidities 3 2.35 (0.04) 2.16 
(<0.0001)

1.77 
(<0.0001)

1.76 (0.23)

Comorbidities 4 4.17 (0.06) 3.99 
(<0.0001)

2.89 
(<0.0001)

1.22 (0.73)

Comorbidities 5 0.000** 
(<0.0001)

3.54 
(<0.0001)

3.05 
(<0.0001)

1.94 (0.24)

*
The total number of subjects for Model 2 is slightly lower than Model 1 because of subjects that were missing data for adjustment variables.
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**
This apparent ‘paradox’ of decreased mortality with 5 comorbidities is likely because there was only one subject with 5 comorbidities in Stage 1 

CKD.
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Table 3.

Results of adjusted multiple regression model of all risk factors for mortality by CKD stage with systolic 

blood pressure (SBP) as a continuous variable with subjects with SBP<100 mm Hg excluded because of its 

opposite effect on mortality (see Table 1)

CKD stage 1 
(n=1,310)*

CKD stage 2 
(n=8,829)*

CKD stage 3 
(n=2,301)*

CKD stage 4 
(n=186)*

Hazard Ratio (P) Hazard Ratio (P) Hazard Ratio (P) Hazard Ratio (P)

SBP (per 1 mm Hg above 100 
mm Hg)

1.01 (0.11) 1.006 (<0.0001) 1.002 (0.15) 1.01 (0.09)

Age (per year) 1.07 (<0.0001) 1.09 (<0.0001) 1.08 (<0.0001) 1.05 (0.003)

Sex (Female) 0.47 (<0.0001) 0.67 (<0.0001) 0.72 (<0.0001) 1.14 (0.59)

Race (Black) 0.56 (0.057) 1.25 (0.018) 0.96 (0.68) 1.16 (0.58)

Antihypertensive medication 1.34 (0.16) 1.05 (0.44) 0.96 (0.64) 1.24 (0.47)

eGFR (per 1 ml/min/1.73m2) 1.01 (0.57) 0.99 (0.061) 0.98 (<0.0001) 0.96 (0.17)

Smoking 1.73 (0.008) 2.15 (< 0.0001) 1.88 (<0.0001) 1.1 (0.80)

Diabetes 1.16 (0.46) 1.31 (0.003) 1.34 (0.0019) 0.96 (0.88)

Hyperlipidemia 1.26 (0.27) 0.79 (0.0006) 0.88 (0.12) 0.70 (0.15)

BMI (per 1 Kg/m2) 0.95 (0.005) 0.99 (0.026) 0.998 (0.819) 0.98 (0.26)

Comorbidities (number) 1 1.49 (0.06) 1.42 (<0.0001) 1.22 (0.065) 1.17 (0.71)

Comorbidities 2 1.64 (0.09) 1.94 (<0.0001) 1.44 (0.002) 1.12 (0.8)

Comorbidities 3 2.50 (0.032) 2.19 (<0.0001) 1.80 (<0.0001) 2.16 (0.1)

Comorbidities 4 3.08 (0.13) 3.87 (<0.0001) 2.67 (<0.0001) 1.08 (0.91)

Comorbidities 5 NA** 3.60 (<0.0001) 3.22 (<0.0001) 2.19 (0.17)

*
The total number of subjects is less than 13,414 because of eliminating subjects with SBP<100 mm Hg and those with missing data for adjustment 

variables.

**
Analysis cannot be performed as there was only one subject with 5 comorbidities in Stage 1 CKD.
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Table 4A.

Results of adjusted regression model of risk factors for mortality in entire CKD population (Stages 1–4) based 

on antihypertensive treatment vs no treatment with systolic blood pressure (SBP) as a categorical variable.

Fully adjusted Model of patients not taking 
antihypertensive medications (N = 7,662)*

Fully Adjusted Model of patients taking 
antihypertensive medications (N = 5,448)*

Hazard Ratio (P) Hazard Ratio (P)

SBP<100 1.26 (0.28) 1.90 (0.003)

SBP 100–120 Reference

SBP 120–140 0.97 (0.75) 1.21 (0.061)

SBP 140–160 1.01 (0.92) 1.27 (0.02)

SBP 160–180 1.34 (0.026) 1.42 (0.004)

SBP>180 1.67 (0.002) 1.65 (0.0002)

Age (per year) 1.09 (<0.0001) 1.07 (<0.0001)

Sex (Female) 0.70 (<0.0001) 0.7 (<0.0001)

Race (Black) 1.08 (0.51) 1.06 (0.44)

eGFR (per 1 ml/min/1.73m2) 0.997 (0.24) 0.99 (<0.0001)

Smoking 2.30 (<0.0001) 1.75 (<0.0001)

Diabetes 1.46 (<0.0001) 1.28 (0.0003)

Hyperlipidemia 0.82 (0.006) 0.87 (0.037)

BMI (per 1 Kg/m2) 0.97 (0.0005) 0.99 (0.20)

Comorbidities (number) 1 1.46 (<0.0001) 1.30 (0.002)

Comorbidities 2 1.82 (<0.0001) 1.67 (<0.0001)

Comorbidities 3 2.12 (<0.0001) 2.14 (<0.0001)

Comorbidities 4 4.55 (<0.0001) 2.94 (<0.0001)

Comorbidities 5 7.07 (<0.0001) 2.85 (<0.0001)
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Table 4B.

Results of adjusted regression model for mortality in entire CKD population (Stages 1–4) based on 

antihypertensive treatment vs no treatment with systolic blood pressure (SBP) as a continuous variable 

(SBP<100 was excluded because of its opposite effect on mortality-see Table 1). Model was adjusted based on 

SBP, age, gender, race, eGFR, smoking, diabetes, hyperlipidemia, BMI, and number of comorbidities.

Fully adjusted Model of patients not taking 
antihypertensive medications (N - 7299)*

Fully Adjusted Model of patients taking 
antihypertensive medications (N = 5327)*

Hazard Ratio (P) Hazard Ratio (P)

SBP (per mm Hg above 
100 mm Hg)

1.006 (0.0006) 1.006 (<0.0001)

*
The total number of subjects is less than 13,414 because of subjects with missing data for adjustment variables.
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