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Abstract

Rationale and Objective: Hypertension is a known risk factor for dementia and cognitive 

impairment. There are limited data on the relation of systolic blood pressure (SBP) and 

diastolic blood pressure (DBP) with incident cognitive impairment in adults with chronic kidney 

disease. We sought to identify and characterize the relationship among blood pressure, cognitive 

impairment, and severity of decreased kidney function in adults with chronic kidney disease.

Study Design: Longitudinal Cohort study.

Setting & Participants: 3,768 participants in the Chronic Renal Insufficiency Cohort (CRIC) 

Study.

Exposures: Baseline SBP and DBP were examined as exposure variables, using continuous 

(linear, per 10-mm Hg higher), categorical (SBP <120 (reference), 120 to 140, >140 mm Hg; DBP 

<70 (reference), 70 to 80, >80 mm Hg) and non-linear terms (splines).

Outcome: Incident cognitive impairment defined as a decline in modified mini-mental state 

exam (3MS) score to greater than 1 standard deviation (SD) below the cohort mean.

Analytical Approach: Cox proportional hazard models adjusted for demographics as well as 

kidney disease and cardiovascular disease risk factors.

Results: The mean (SD) age of participants was 58 (11) years, eGFR was 44 mL/min/1.73m2 

(15) and the median (IQR) follow-up time was 11 (7, 13) years. In 3,048 participants without 

cognitive impairment at baseline and with at least one follow-up 3MS test, higher baseline SBP 

was significantly associated with incident cognitive impairment only in the eGFR >45 mL/min/

1.73m2 subgroup [adjusted hazard ratio (AHR) 1.13, 95% CI 1.05-1.22 per 10-mm Hg higher 

SBP]. Spline analyses, aimed at exploring non-linearity, showed that the relationship between 

baseline SBP and incident cognitive impairment was J-shaped and significant only in the eGFR 

>45 mL/min/1.73m2 subgroup (p=0.02). Baseline DBP was not associated with incident cognitive 

impairment in any analyses.

Limitations: 3MS test as the primary measure of cognitive function.

Conclusions: Among patients with chronic kidney disease, higher baseline SBP was associated 

with higher risk of incident cognitive impairment specifically in those individuals with eGFR >45 

ml/min/1.73m2.

Plain Language Summary
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High blood pressure (BP) is a strong risk factor for dementia and cognitive impairment (CI) in 

studies of adults without kidney disease. High BP and CI are common in adults with chronic 

kidney disease (CKD). The impact of BP on the development of future CI in patients with CKD 

remains unclear. We identified the relationship between BP and CI in 3076 adults with CKD. 

Baseline BP was measured, after which serial cognitive testing was performed over 11 years. 

Fourteen percent of participants developed CI. We found that higher baseline systolic BP was 

associated with an increased risk of CI. We found that this association was stronger in adults with 

mild-to-moderate CKD compared to those with advanced CKD.

Keywords

Systolic Blood Pressure; Diastolic Blood Pressure; Cognitive Impairment; Chronic Kidney 
Disease; Hypertension

Introduction

Hypertension is highly prevalent in the CKD population, and is a modifiable risk factor 

for the progression of CKD, cardiovascular disease, and stroke. Independent of stroke, 

hypertension is associated with the development of cognitive impairment in the general 

population.1,2 The relationships between systolic and diastolic blood pressure (SBP and 

DBP) and risk of cognitive impairment and dementia, however, are complex. A recently 

published large meta-analysis investigating the effect of BP on cognitive impairment and 

dementia in the general population found a linear association between SBP and cognitive 

impairment.3 In contrast, the same study and others have shown a non-linear, U-shaped 

association between DBP and cognitive impairment.3,4 Supporting these observational 

relations, intensive blood pressure control is associated with a decreased risk of cognitive 

impairment in the general population.5,6 However, optimal blood pressure targets have yet to 

be identified as data are lacking for low blood pressure readings.

Despite the increased prevalence of cognitive impairment in patients with CKD,7,8 there are 

a paucity of data regarding the association between SBP and DBP and cognitive impairment 

in this population. In the interventional study SPRINT-MIND, an interaction with CKD 

was observed between intensive blood pressure control and the pre-specified outcomes of 

mild cognitive impairment or dementia, such that intensive BP control significantly reduced 

the outcomes only in those without CKD.9 Thus, the precise relationship between blood 

pressure and cognitive impairment among those with CKD remains poorly understood.

The goal of our study was to investigate the association between blood pressure and 

cognitive impairment in patients with chronic kidney disease using data from the Chronic 

Renal Insufficiency Cohort (CRIC), which rigorously measured SBP and DBP and 

administered the modified mini-mental state (3MS) longitudinally at regular intervals. We 

also evaluated the interaction and performed pre-specified stratified analyses with estimated 

glomerular filtration rate (eGFR) > and ≤45 ml/min/1.73 m2 to determine if eGFR modified 

the relationship between blood pressure and cognitive outcomes.
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Methods

Study Design and Population

The Chronic Renal Insufficiency Cohort is a prospective multi-center observational cohort 

established to evaluate risk factors for the progression of chronic kidney disease and 

its complications.10 To date, two recruitment phases of CRIC have reached completion: 

2003-2008 and 2013-2015. Participants initially recruited in the CRIC study were between 

the ages of 21 and 74 years old, with baseline age-based eGFR as follows: 20 to 70 ml/min/

1.73 m2 for ages 21 to 44 years, 20 to 60 ml/min/1.73 m2 for ages 45 to 64 years, and 

20 to 50 ml/min/1.73 m2 for ages 65 to 74 years. Given more limited cognitive testing 

was available for subsequent recruitment phases, only participants in the initial recruitment 

phase were included in the analyses below. Participants were excluded if they had polycystic 

kidney disease or were on active immunosuppression for glomerulonephritis at the time of 

recruitment, as previously described in the CRIC study.10 The study protocol was approved 

by institutional review boards of all participating centers and all participants provided 

informed consent.

Exposure

Primary exposures were baseline SBP and DBP. Three blood pressure measurements 

were obtained at rest following a standardized protocol.11 The mean of the three blood 

pressure measurements was reported as the blood pressure value for that visit. This analysis 

examined baseline mean SBP as a continuous (per 10-mm Hg higher SBP), categorical 

(<120 [reference], 120 to 140, >140 mm Hg), and non-linear (splines) term. Baseline mean 

DBP was also analyzed as a continuous (per 10-mm Hg higher DBP), categorical (<70 

[reference], 70 to 80, >80 mm Hg), and non-linear (splines) term.

Evaluation of Cognitive Function

All participants underwent the Modified Mini-Mental State exam (3MS) to evaluate global 

cognitive function, which was administered biennially from 2003-2013, and annually from 

2013 onward for participants aged greater than 65 years.10 The 3MS is a test of global 

cognitive function that contains components for orientation, concentration, language, praxis, 

and immediate and delayed memory with scores ranging from 0-100, with higher scores 

indicating better function.12

As part of an ancillary study (CRIC-COG), 825 of the original participants aged 55 years 

or older underwent additional cognitive testing including the 3MS, Trail-Making A and B 

(Trails A and B), Category Fluency (Verbal), Buschke Selective Reminding (Buschke a, b, 

c), Buschke Recall (Recall), and Modified Boston Naming tests annually for a maximum 

of four cognitive assessments from 2003 to 2007 (Table S1).7 Trails A is primarily a 

test of attention, while Trails B is primarily a test of executive function. Trails A and B 

scores reflect the time to complete a task, therefore lower scores indicate better function.13 

Category Fluency (Verbal) is primarily a test of language, with higher scores indicating 

better function.14 Buschke Selective Reminding Test (Buschke a, b, c) and Buschke Recall 

(Recall) primarily test verbal memory with immediate and delayed components, with higher 
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scores indicating better function.15 The Modified Boston Naming test is primarily a test of 

language deficits in which higher scores indicate better function.14

Outcomes

Incident cognitive impairment: The primary outcome in this study was incident 

cognitive impairment defined as a subsequent 3MS score greater than 1 SD below the cohort 

mean (determined from baseline cognitive scores). We used 3MS score as the primary 

outcome because the 3MS test was administered to nearly the entire CRIC cohort and has 

previously been used as a marker for cognitive impairment.7,16,17 We defined presence of 

cognitive impairment at baseline as a 3MS score of greater than or equal to 1 SD below 

the cohort mean.7 In this study, 1 SD below the cohort mean was equal to 82.5, rounded 

to 83, therefore we used a baseline 3MS score cut-off for cognitive impairment of <83. 

We excluded participants with cognitive impairment at baseline from analyses. Secondary 

outcomes in this study were incident cognitive impairment defined as a cognitive score 

greater than 1 SD below the cohort mean on Category Fluency (Verbal), Buschke Selective 

Reminding (Buschke a, b, c), Buschke Recall (Recall), and Modified Boston Naming, and 

greater than 1 SD above the cohort mean on Trails A and B cognitive tests, because these 

tests were only administered to a subset of all CRIC participants.7

Cognitive Decline—We also evaluated cognitive decline by examining the change in 

cognitive test scores over time in the entire cohort across SBP and DBP categories.

Covariates

Covariates included demographic characteristics (age, sex, race, ethnicity, and education), 

baseline cognitive scores, diabetes, history of cardiovascular disease (coronary artery 

disease or peripheral arterial disease), stroke, current smoking, body mass index, estimated 

glomerular filtration rate by 2009 CKD-EPI equation,18 and urine albumin to creatinine ratio 

(UACR).

Statistical Methods

Complete case analyses were performed, excluding participants with missing baseline and 

follow-up data (Figure 1). We examined the baseline characteristics of CRIC participants 

across the following categories of baseline SBP (SBP <120 mmHg [reference], 120-140 

mmHg, and >140 mmHg) and DBP (DBP <70 mmHg [reference], 70-80 mmHg, and 

>80 mmHg), which were summarized with means and standard deviations for normally 

distributed variables, medians and interquartile ranges (IQR) for highly skewed variables, 

and frequency count and percentages for categorical variables (Table 1).

Incident Cognitive Impairment—For analysis of incident cognitive impairment defined 

as a cognitive test score of greater than 1 SD below the cohort baseline mean, participants 

with baseline cognitive scores less than 1 SD below the baseline mean were excluded 

(Figure 1). We examined the association between blood pressure and incident cognitive 

impairment using Cox proportional hazard models. In these models, individuals were 

censored at the last recorded cognitive testing date or by a recorded censoring event 

such as death or dropout. Event rates were calculated per 100 person-years. Models were 
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constructed as follows: Unadjusted, Model 1: adjusted for baseline cognitive score, age, 

sex, race, education, and Model 2: additionally adjusted for cardiovascular disease, stroke, 

current smoking, body mass index, diabetes, eGFR and UACR. Restricted cubic splines 

were constructed to explore the adjusted functional relationship between continuous SBP 

and DBP with incident cognitive impairment. We used five knots for both baseline SBP and 

DBP for the restricted cubic splines. The knots were selected at the default knot percentile 

locations of the rcs function in the rms R package and correspond to the following values 

for baseline SBP and DBP, respectively: 5% (98.00, 52.00), 27.5% (112.67, 63.33), 50% 

(124.00, 70.67), 72.5% (137.33, 78.67), and 95% (164.67, 92.00). The continuous variables 

age, BMI, eGFR, and UACR were analyzed as linear terms. To examine whether there was 

effect modification by eGFR on the observed associations, we performed stratified analyses 

in which the models above were repeated separately for those individuals with eGFR >45 

ml/min/1.73m2 and eGFR ≤45 ml/min/1.73 m2. Significance testing was performed to 

evaluate both a non-linear (Pglobal) and linear (Plinear) relationship between blood pressure 

and incident cognitive impairment.

Cognitive Decline—Linear mixed models and shared parameter models accounting for 

drop-out due to death were used to explore the longitudinal changes of 3MS score.19 We 

used splines terms for the time term in the mixed model to examine the shape of the 3MS 

trajectory; there was evidence for a two-slope model with an initial rise in 3MS score up to 

3 years, and then a decline afterwards. The 3-year knot was identified by fitting successive 

two-slope mixed models for time varying the fixed knot across a range of values from 1 to 5 

years, which yielded the best AIC and BIC model fit. To examine the effect of baseline SBP 

and DBP categories on the longitudinal changes of 3MS score, we included the main effect 

of categorical SBP and DBP in addition to the interaction of these categories with the two 

slopes terms for follow-up time in the mixed model.

Interactions and Sensitivity Analyses

Given varied definitions of cognitive impairment using the 3MS test in the literature, 

we repeated analyses defining incident cognitive impairment as a 3MS score of less 

than 80.16 Additionally, we performed sensitivity analyses in which we re-ran all models 

with the variables age, BMI, eGFR, and UACR treated as restricted cubic splines in the 

aforementioned models. Lastly, to account for the potential for a competing risk of death, 

we conducted competing risks analyses using the same model structure describe above. All 

analyses were performed using R version 4.1.0.

Results

Cohort Participants

Out of 3,939 participants of the initial recruitment phase in CRIC, we included 3,768 

participants in this study, with the main reasons for exclusion being missing covariates, 

3MS, or blood pressure data in order of frequency (Figure 1). The average age of 

participants was 57.8 ± 10.9 years, 2,062 (54.7%) were male, 2,168 (57.5%) self-identified 

as racially non-white, 2,287 (60.7%) had some college or graduate education, and the mean 

eGFR by the CKD-EPI equation was 44.4 ± 15.0 mL/min/1.73m2. There were 1,448 (38%) 
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study participants with SBP <120 mmHg, 1,340 (36%) had SBP 120-140 mmHg, and 980 

(26%) had SBP >140 mmHg. Participants with SBP >140 mmHg were older, non-white, had 

lower eGFR, one or more cardiovascular risk factors, and higher urine albumin/creatinine 

ratios (Table 1). At baseline, the mean 3MS score at baseline was 91.4 (8.6), with scores 

of 93.2, 91.5, and 88.7 for participants with SBPs of <120, 120-140, and >140 mm Hg, 

respectively (p < 0.0001). The median (IQR) follow-up time was 10.9 (7.4, 12.8) years and 

the median (IQR) number of follow-up 3MS assessments was 5 (2, 7). 3,048 participants 

had two or greater longitudinal 3MS assessments and did not have cognitive impairment at 

baseline for evaluation of incident cognitive impairment and decline (Figure 1).

Blood Pressure and Incident Cognitive Impairment

417 out of 3048 (13.7%) participants developed incident cognitive impairment. The fully 

adjusted hazard ratios for baseline SBP with incident cognitive impairment by linear and 

categorical terms were 1.05 (0.99, 1.10) for each 10 mmHg higher SBP, and 1.10 (0.87, 

1.39) and 1.19 (0.90, 1.57) for SBP 120-140 and SBP >140 mmHg, respectively compared 

to SBP <120 mm Hg (Table 2). There was a J-shaped relationship observed between 

baseline SBP and incident cognitive impairment in all models (Figure 2). When stratified 

by eGFR, a significant non-linear J-shaped relationship was observed between baseline SBP 

and incident cognitive impairment in the eGFR >45 ml/min/1.73m2 subgroup (p=0.02), 

but not in the eGFR ≤45 ml/min/1.73m2 subgroup. We also observed a significant linear 

relationship between SBP and incident cognitive impairment in the eGFR >45 ml/min/

1.73m2 subgroup but not the eGFR ≤45 ml/min/1.73m2 subgroup [AHR 1.13 (1.02, 1.22) 

and 1.01 (0.94, 1.08) for each 10 mmHg higher SBP, respectively] (Table 2, Figure 2B, C).

The adjusted hazard ratios for baseline DBP and incident cognitive impairment by linear and 

categorical terms were 1.06 (0.98, 1.16) for each 10 mmHg higher DBP, and 0.86 (0.68, 

1.09) and 1.17 (0.90, 1.52) for DBP 70-80 and DBP >80 mmHg, respectively compared to 

DBP <70 mmHg (Table 3). Similar to SBP, a non-linear association was observed between 

baseline DBP and incident cognitive impairment (Figure 3). When stratified by eGFR, a 

J-shaped curve was observed between baseline and continuous DBP and incident cognitive 

impairment specifically in the eGFR >45 ml/min/1.73m2 subgroup, but not in linear analyses 

[AHR 1.04 (0.93, 1.17) and 1.12 (0.98, 1.28) for each 10 mmHg higher DBP, for eGFR >45 

ml/min/1.73m2 and eGFR ≤45 ml/min/1.73m2, respectively] (Table 3, Figure 3B, C).

Qualitatively similar associations were observed between continuous and categorical 

baseline SBP and DBP and incident cognitive impairment, defined using Trails B, Buschke 

a, and Boston Naming testing (Table S3).

Blood Pressure and Cognitive Decline

Participants in the highest baseline SBP category had lower mean cognitive scores at 

baseline and exhibited greater cognitive decline over the study period as compared to 

the middle and lower SBP categories (Figure 4B). For DBP, those in the highest DBP 

category had slightly lower baseline cognitive scores while no difference was observed 

across categories in the rate of cognitive decline (Figure 4C).
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Sensitivity Analyses

The relationships observed between baseline SBP, baseline DBP, and incident cognitive 

impairment were similar in sensitivity analyses where cognitive impairment was defined 

as 3MS score <80 (Table S4, S5). There was a minimal change in the effect of both 

continuous and categorical SBP and DBP for the primary outcome of 3MS score <83 

and also the sensitivity outcome of 3MS <80 when the variables age, BMI, eGFR, and 

UACR were treated as restricted cubic splines as compared to linear terms. We also noted 

no significant difference in the associations between baseline BP measures and incident 

cognitive impairment when accounting for competing risks.

Discussion

We found a high rate of cognitive impairment as assessed by the 3MS test amongst 

participants with CKD. We observed an increasing prevalence of cognitive impairment in 

individuals with higher baseline systolic blood pressures but not for those individuals with 

higher baseline diastolic blood pressures. In longitudinal analyses, we found an association 

between baseline SBP and incident cognitive impairment, which was statistically significant 

in individuals with eGFR >45 ml/min/1.73m2. Analyses exploring the continuous hazards 

between SBP and cognitive impairment showed that the association may best be described 

as J-shaped. In contrast, we did not observe a significant association between baseline DBP 

and cognitive impairment or cognitive decline.

Our results are consistent with most studies in the general adult population, which have 

previously demonstrated a relationship between higher SBP and cognitive impairment, 

whether it be linear,20 J-, or U-shaped.21–23 In a smaller subset of this same CRIC cohort, 

Ghazi et al observed no significant association between blood pressure measures and 

cognitive impairment in patients with kidney disease.17 However, their analyses focused 

primarily on 24-hour ambulatory blood pressure readings which were only performed 

in approximately one-third of participants in CRIC, several years into the cohort study, 

reducing the overall number of participants with both blood pressure measures as well as 

follow-up cognitive testing.

We observed a J-shaped association between baseline SBP and incident cognitive 

impairment amongst CRIC participants with an eGFR >45 ml/min/1.73m2, with increased 

risks when baseline SBP was below 100 mmHg or above 120 mmHg. The observed 

increased risk of incident cognitive impairment with baseline SBP <100 mmHg may be 

secondary to loss of cerebral autoregulation and low cerebral blood flow (CBF), promoting 

brain hypoperfusion and ultimately leading to cognitive impairment.24 Conversely, elevated 

SBP is associated with all forms of vascular disease, including cerebrovascular disease, 

thereby resulting in cognitive impairment. In contrast, we did not observe a significant 

association between baseline DBP and incident cognitive impairment in the cohort. Glodzik 

et al previously identified an association between SBP and CBF in the general population, 

but no association between DBP and CBF, consistent with our findings.25 This suggests that 

variation in DBP may not significantly affect CBF, and therefore may reduce its impact on 

cognitive impairment.
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In subgroup analyses, the J-shaped association between baseline SBP and incident cognitive 

impairment was only apparent in the eGFR >45 ml/min/1.73m2 subgroup, suggesting that 

the impact of SBP on cognitive impairment in individuals with mild-to-moderate CKD is 

similar to the general population. In contrast, there was no association between baseline SBP 

and incident cognitive impairment in the eGFR ≤ 45 ml/min/1.73m2 subgroup. Although the 

lack of association could represent the effect of unmeasured confounding, Kurella Tamura 

et al observed a trend towards harm amongst participants in the SPRINT trial with baseline 

eGFR <45 when evaluating the effect of intensive blood pressure control (SBP <120) vs 

standard treatment (SBP <140) on the development of probable dementia, mild cognitive 

impairment, or the composite outcome as a function of baseline eGFR when modeled 

continuously.26 Together, these findings suggest alternative mechanisms independent of 

blood pressure may increase the risk of cognitive impairment in advanced CKD.

One proposed mechanism for the observed concurrent dysfunction of the kidney and the 

brain is the presence of small vessel disease due to the low resistance, passive perfusion 

nature of both organs. In their cross-sectional study evaluating the association between CKD 

and MRI-markers of cerebral small vessel disease, Ikram et al observed greater white matter 

lesions on MRI only in the eGFR <45 ml/min/1.73m2 subgroup, even after adjustment 

for systolic and diastolic blood pressure.27 Although hypertension is one cause of small 

vessel disease, other etiologies, including inflammation, exist. One such inflammatory 

marker is nitric oxide, which affects endothelial function in the brain and the kidney, and 

could contribute to small vessel disease in both organs independent of blood pressure.28 

Additionally, uremic metabolites have previously been associated with cognitive impairment 

in patients with ESKD on dialysis, and may play a role in the development of cognitive 

impairment in patients with advanced CKD.29

The significant association between SBP and cognitive impairment in individuals with mild-

to-moderate CKD suggests that SBP is a potentially modifiable risk factor for cognitive 

impairment in this population. Long-term antihypertensive therapy in older adults has 

previously been shown to reduce the risk of dementia and mild cognitive impairment in 

the general population.30 Similarly, there was a trend towards benefit in participants in 

the SPRINT-MIND study with eGFR >45 ml/min/1.73m2 when evaluating the effect of 

intensive versus standard BP treatment on probable dementia, mild cognitive impairment, 

and their composite outcome as a function of baseline eGFR when modeled continuously.9 

Taken together, these studies suggest that maintaining a normal SBP may limit cognitive 

decline, though the exact blood pressure targets and magnitude of benefit for blood pressure 

control in patients with mild-to-moderate versus advanced CKD remains uncertain.

The strengths of this study include the large number of well-characterized participants, the 

use of standardized office blood pressure measures, long-term cognitive testing follow-up, 

and detailed ascertainment of key covariates such as CVD and CKD risk factors. Limitations 

of this study include the use of the 3MS as the primary measure of cognitive function, which 

may have less sensitivity to detect mild cognitive impairment and early dementia compared 

to other cognitive tests,31 and does not directly assess executive function. To account for 

these shortcomings, we also evaluated blood pressure with additional cognitive tests in a 

subgroup of the cohort. The results from this cohort support the associations identified 
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through use of the 3MS test, though the power to detect significant associations was reduced 

by the small number of individuals who performed the additional cognitive testing and 

shorter follow-up time. We also note that the same 3MS test was administered in follow-up 

visits, increasing the likelihood that there is a learning or practice effect,32 which would 

decrease our ability to detect cognitive decline and incident cognitive impairment. Lastly, 

we did not specifically evaluate the relationship between blood pressure during follow-up, or 

number or class of antihypertensive medications used at baseline or during follow-up, and 

incident cognitive impairment in our cohort.

In conclusion, we demonstrated a J-shaped association between baseline SBP and incident 

cognitive impairment in people with CKD, which was significant only amongst individuals 

with eGFR > 45 ml/min/1.73m2. We saw no consistent association between DBP and 

cognitive outcomes, regardless of eGFR. Systolic blood pressure is therefore an important, 

modifiable risk factor for cognitive impairment in individuals without advanced kidney 

disease. Future studies should focus on identifying underlying causative mechanisms that 

may mediate the observed difference in cognitive impairment risk as a function of blood 

pressure in the advanced CKD population.
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Figure 1. 
Study flow diagram. Eligibility for longitudinal cohort on left, and incident cognitive 

impairment cohort on right. *1 SD below the cohort mean 3MS score = 82.5, rounded to 83. 

Abbreviations: CRIC, Chronic Renal Insufficiency Cohort; 3MS, modified mini-mental state 

exam; BL, baseline; FUP, follow-up; BP, blood pressure.
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Figure 2. 
A) Adjusted Association of Baseline Systolic Blood Pressure with Incident Cognitive 

Impairment in the CRIC**. B) Adjusted Association of Baseline Systolic Blood Pressure 

with Incident Cognitive Impairment among Participants with eGFR >45 ml/min/1.73m2**. 

C) Adjusted Association of Baseline Systolic Blood Pressure with Incident Cognitive 

Impairment among Participants with eGFR ≤45 ml/min/1.73m2**

Relationship between baseline systolic blood pressure (x axis), histogram demonstrating 

percent of participants with baseline systolic blood pressure within the indicated intervals 

(y axis, right), and adjusted hazard ratio of incident cognitive impairment (y axis, left). 

The dotted lines represent 95% confidence intervals. Pglobal reflects level of significance 

of a non-linear relationship. Plinear reflects level of significance of a linear relationship. 

N reflects number of participants with 2 or more 3MS assessments for evaluation of 

decline with baseline 3MS >83. Cognitive impairment defined as a 3MS score less than 

83 (approximately 1 SD below the cohort mean).

** Adjusted for baseline 3MS, age, sex, race, education, cardiovascular disease, stroke, 

current smoking, BMI, DM2, eGFR, and UACR.

Abbreviations: CRIC, Chronic Renal Insufficiency Cohort; 3MS, Modified Mini-Mental 

State exam; BMI, body mass index; DM2, type 2 diabetes mellitus; eGFR, estimated 

glomerular filtration rate; UACR, urine albumin to creatinine ratio.
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Figure 3. 
A) Adjusted Association of Baseline Diastolic Blood Pressure with Incident Cognitive 

Impairment in the CRIC**. B) Association of Baseline Diastolic Blood Pressure with 

Incident Cognitive Impairment among Participants with eGFR >45 ml/min/1.73m2**. C) 
Association of Baseline Diastolic Blood Pressure with Incident Cognitive Impairment 

among Participants with eGFR ≤45 ml/min/1.73m2**

Relationship between baseline diastolic blood pressure (x axis), histogram demonstrating 

percent of participants with baseline diastolic blood pressure within the indicated intervals 

(y axis, right), and adjusted hazard ratio of incident cognitive impairment (y axis, left). 

The dotted lines represent 95% confidence intervals. Pglobal reflects level of significance 

of a non-linear relationship. Plinear reflects level of significance of a linear relationship. 

N reflects number of participants with 2 or more 3MS assessments for evaluation of 

decline with baseline 3MS >83. Cognitive impairment defined as a 3MS score less than 

83 (approximately 1 SD below the cohort mean).

** Adjusted for baseline 3MS, age, sex, race, education, cardiovascular disease, stroke, 

current smoking, BMI, DM2, eGFR, and UACR.

Abbreviations: CRIC, Chronic Renal Insufficiency Cohort; 3MS, Modified Mini-Mental 

State exam; BMI, body mass index; DM2, type 2 diabetes mellitus; eGFR, estimated 

glomerular filtration rate; UACR, urine albumin to creatinine ratio.
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Figure 4. 
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A) Adjusted Cognitive Decline by 3MS Score in All Participants in the CRIC**. B) 
Adjusted Association of Systolic Blood Pressure Category and Cognitive Decline by 3MS 

Score in the CRIC**. C) Adjusted Association of Diastolic Blood Pressure Category and 

Cognitive Decline by 3MS Score in the CRIC**.

Relationship between time from study onset (x axis) and adjusted mean 3MS score (y axis) 

overall and by systolic and diastolic blood pressure category (solid, dashed, and dotted 

lines).

** Adjusted for baseline 3MS, age, sex, race, education, cardiovascular disease, stroke, 

current smoking, BMI, DM2, eGFR, and UACR.

Abbreviations: CRIC, Chronic Renal Insufficiency Cohort; 3MS, modified mini-mental state 

exam; SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; 

DM2, type 2 diabetes mellitus; eGFR, estimated glomerular filtration rate; UACR, urine 

albumin to creatinine ratio.
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