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Abstract

Background—Many studies have focused on the association between a single measurement of
blood pressure (BP) and the risk of adverse outcomes. However, the association of BP trajectories
during young adulthood with subsequent decline in renal function has not been well-defined.

Study design—Observational cohort study.
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Setting and Participants—3,429 participants of the Coronary Artery Risk Development in
Young Adulthood (CARDIA) study enrolled between the ages of 18 and 30 years.

Predictors—BP slope during the first 10 years of participation in CARDIA, derived from linear
mixed models incorporating all repeated BP measures.

Outcome—Decline in estimated glomerular filtration rate (eGFR) during the interval between
the 10t and 20t years of CARDIA participation using cystatin C measured at years 10, 15, and
20.

Results—Mean age of CARDIA participants at year 0 was 25.1 years, 56% were women, and
53% were white. Every 10 mmHg higher level of systolic (SBP) and diastolic (DBP) BP in year
10 was associated with a change in eGFR of —0.09 (95% CI, —-0.13 to -0.06) and —0.07 (95% ClI
-0.12 to —0.03) mL/min/1.73m? per year, respectively. Every 10 mmHg increase in SBP slope
between years 0 and 10 was associated with a subsequent —0.52 (95% ClI, -1.02 to —0.03)
mL/min/1.73 m2 per year change in renal function after adjustment for comorbidities and SBP at
year 10. Similarly, every 10 mmHg increase in DBP slope between years 0 and 10 was associated
with a subsequent change in renal function of —0.65 (95% CI, —1.23 to —0.07) mL/min/1.73 m?
per year, after adjustment for comorbidities and DBP in year 10.

Limitations—Observational design

Conclusions—During young adulthood, increasing SBP and DBP are associated with a higher
rate of subsequent renal function decline, independent of BP measured at the beginning of eGFR
assessment.

Keywords

blood pressure; SBP; DBP; hypertension; BP slope; kidney function; estimated glomerular
filtration rate (eGFR); eGFR trajectory; young adulthood; modifiable risk factor; renal outcome;
renal function

Introduction

The majority of studies of hypertension and its related complications have been conducted in

individuals over 40 years of age.1~* In addition, studies focused on the implications of
elevated BPs during young adulthood have primarily evaluated the associations between

elevated BP and risk of cardiovascular outcomes. For example, one-time BP measurements
taken during early life have been shown to predict the risk of subsequent carotid intimal
thickness, cardiovascular disease, and mortality in later adulthood.>—8 Whether exposure to
elevated BPs during early life may also associate with adverse renal outcomes is less well
known.® To our knowledge, no prior large population based study has examined the
association between BP levels during young adulthood and risk of subsequent renal function
decline.

The Joint National Committee currently recommends treating adults over the age of 18 once
blood pressure (BP) levels exceed the threshold of 140/90 mm Hg,0 although recent
guidelines have lowered the threshold for the definition of hypertension and recommended
treatment to even lower targets.11 Most BP guidelines have not considered BP trajectories in
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their recommendations for treatment, even though longitudinal changes in BPs over time
have been shown to be associated with an increased risk for intermediate cardiovascular
outcomes.12 For example, a recent study in the Coronary Artery Risk Development in Young
Adults (CARDIA) study demonstrated that BP trajectories during early adulthood add to the
prognostication of coronary artery calcification in later life beyond the consideration of one-
time BP measurements.12 Another recent study in CARDIA demonstrated that cumulative
exposure to elevated systolic BP was associated with a higher subsequent risk of
albuminuria.13 However, less is currently known about the association between BP
trajectories and risk of renal function decline in middle adulthood. This knowledge is
important, as it would help clarify whether clinicians should focus on trends in BP over time
to identify young patients who may be at-risk for kidney function decline in later life and
who are candidates for primordial prevention. These data could also guide recommendations
regarding whether repeated BP screening (for determination of BP trajectory) may be useful
in otherwise asymptomatic young adults.

The main objective of this study was to evaluate the association between changes in BP
during young adulthood (between ages 18-40 years) and subsequent kidney function decline
in later life within CARDIA.14 We hypothesized that higher BPs during young adulthood
would be associated with faster kidney function decline. We also hypothesized that changes
in BP during young adulthood (even at BP levels currently not considered to meet the
definition for hypertension) would remain strongly associated with future renal function
decline, even after accounting for BPs taken at the time-point closest to the period of renal
function trajectory assessment.

We included data from participants in the Coronary Artery Risk Development in Young
Adults (CARDIA) study. CARDIA is a prospective cohort study designed to understand the
development of cardiovascular risk factors in young adults.14

CARDIA recruited 5,115 black and white adults who were 18-30 years of age at time of
enrollment between 1985-1986 at four US cities: Birmingham, Alabama; Chicago, Illinois;
Minneapolis, Minnesota; and Oakland, California. Details of CARDIA have been previously
described.14 Briefly, we used data from participant examinations conducted at years 0, 2, 5,
7, 10, 15 and 20. Of relevance to this study, participants had BP assessments at each visit,
and renal function measures (urinary albumin, serum creatinine, and cystatin C) were
obtained starting at year 10 (1995-1996) with each visit (Figure 1). For our study, we
included 3,429 participants for analysis. The derivation of the cohort included for analysis is
shown in Figure S1. All participants provided informed consent, and the institutional review
boards of each participating center approved this study.

Blood pressure measurement

At each exam, BPs were measured three times using random zero mercury
sphygmomanometry at each examination after five minutes of quiet rest in the sitting
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position by a trained technician. The average of the second and third BP measurements were
used as the visit BP.

Measurement of estimated glomerular filtration rate (eGFR)

Covariates

Renal function was determined based on cystatin C measurements performed at the same
time using frozen sera collected at years 10, 15, and 20 by nephelometry using the N Latex
Cystatin C Kit (Dade Behring, now Siemens) at University of Minnesota. Cystatin C
measurements were recalibrated for drift as previously described.1> We estimated GFR using
the equation 76.7 x cystatin C=1-19 given the improved accuracy of cystatin C over serum
creatinine based estimates in higher eGFR ranges (>60 mL/min/1.73 m2) and reduced bias
by age and race.1® We estimated GFR trajectories with stored sera because measures
performed at the same time in the same laboratory from frozen samples are better suited for
estimation of trajectories and less likely to be subject to assay drift over time.

Age, sex, and race were determined by self-report at baseline visit. Socioeconomic
determinants were measured using self-reported participant income (categorized as <
$25,000, $25,000-50000, and >$50,000 per year), employment (full-time, part-time, or
unemployed), and highest level of education (categorized as less than high school,
completed high school, or college) at year 0 or 10. Smoking status was determined by self-
report at year 10. Diabetes, body mass index (BMI), and anti-hypertensive medication use
were evaluated at year 10 (in Approach 1) or years 10 and 15 (in Approach 2). Diabetes was
defined as fasting blood glucose = 126 mg/dL or use of medications for diabetes.

Statistical analysis

To define individual BP slopes, we used best linear unbiased predictions (BLUPS) derived
from linear mixed models (LMMs) fit to all available BP measures (years 0, 2, 5, 7, and 10)
to estimate the participant-specific rate of change in BP over this 10-year interval. These
LMMs included year, a four-level categorization of race and sex, and their interaction as
fixed effects, as well as random intercepts and slopes, with unstructured covariance. We also
calculated an analogous BLUP estimate of the slope from years 5 to 15, using measures
obtained at years 5, 7, 10, and 15 (Figure 1).

To determine the independent association of BP slope in young adulthood with subsequent
renal function decline in later adulthood, we used two approaches. In approach 1, we divided
the cohort into two time periods: years 0-10 were used for BP determination, and years 10—
20 were used for renal function determination (Figure 1a). We modeled renal function
decline using a LMM for repeated measures of eGFRys at years 10, 15, and 20. In these
models, average trajectories were estimated specific to race and sex. The statistical
association of BP change in years 0-10 with eGFRys was estimated using an interaction
between the BP change (BLUP) and a linear term in time (Figure 1a). We examined the
association of BP change with change in eGFRys both using BP change as an independent
predictor, and in models with BP change adjusted for year 10 observed BPs.
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To confirm the relative associations of year 10 BPs and BP change to the rate of renal
function decline, we also used a data-driven approach. Specifically, we determined changes
in eGFRys per year between years 10-20 based upon tertiles of the BP slope between years
0-10 and tertiles of year 10 BP measurements.

Our first analysis rests on the assumption that the BP change during years 0-10 has a
constant relationship with change in eGFRys during years 10-20. To relax this assumption
in approach 2, we assessed the associations of the BP slopes determined between years 0-10
and 5-15 with repeated measures of renal function decline over the intervals from year 10 to
15 and from year 15 to 20, respectively (Figure 1b). In this model, we included the average
of the two period-specific BP measures as well as departures from those averages, which
respectively capture between- and within-person effects, and we report the between-person
effects in this study.

To address the possibility that changes in kidney function may be both a consequence and a
cause of changes in BP, we used marginal structural models to assess the associations of the
time-dependent changes in BP with yearly changes in eGFRys, using stabilized inverse
probability of treatment weights (sSIPTWSs) to control for eGFR at the previous visit (see Item
S1 for details).

In each of these analyses, we estimated a sequence of nested models, first adjusting for sex,
race, and observed year 10 BP in model 1; then adding education, income, employment,
smoking, diabetes, body mass index, and anti-hypertensive medication use at year 10 in
model 2 (our primary model); and finally adding presence of albuminuria at year 10 (as a
categorical variable, < 30 versus = 30 mg/g) in model 3.

We considered year 10 SBP and DBP separately as our predictors of interest and determined
its association with subsequent renal function decline per year. To do so, we first calculated
absolute eGFRys change within nine categories, cross-tabulated by year 10 BP tertiles and
BP slope tertiles. We were also interested in whether BP slope provides information above
and beyond that of BP measurements taken at a single time-point closest to eGFR
determination.

All analyses were conducted using Stata Version 14.2 (StataCorp; LLC).

Participant characteristics

Characteristics of CARDIA participants at year 0 and 10 included in these analyses are
shown in Table 1. At time of enrollment, mean age of participants was 25 years,
approximately half of participants were white and female, and very few participants had co-
morbidities such as diabetes or anti-hypertensive medication use (Table 1). Characteristics of
participants at year 10 are also shown in Table 1. Approximately 6% of participants had
diabetes and 3% were treated with anti-hypertensive therapy at Year 10. Mean follow-up
duration in CARDIA study was 19.4 years.
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between BP slope and subsequent renal function decline

We first examined the distribution of our BP change (determined from BLUPS in LMM)
between years 0-10. Very few participants had clinically significant declines in SBP, defined
as > 5 mmHg decline over 5 years (Figure 2).

We then cross-tabulated the eGFR change across nine categories, defined by tertiles of BP
change and tertiles of year 10 BP, to examine model assumptions and to understand the
relative contribution of one-time BPs versus BP change to subsequent eGFR.ys changes
(Table S1 and Table S2). Qualitatively, higher SBP and DBP slope tertiles were associated
with a more rapid decline in eGFRys decline after stratifying by year 10 BP, although there
was some overlap in the confidence intervals,

Next, we evaluated the association between BP slope and eGFRys change using Approach 1
(Figure 1), where we found that every 10 mmHg increase in SBP per five-year period was
associated with faster annual decline in eGFRys (—0.72 (95% CI, —0.98 to -0.46) mL/min/
1.73 m?2 per year) in Model 2, (Table 2). In this model, SBP change between years 0-10
remained statistically significantly associated with subsequent decline in renal function even
after accounting for year 10 SBP (Table 2). Additional adjustment for albuminuria at year 10
in Model 3 did not substantially alter the effect size (Table 2).

In Approach 1, every 10 mmHg increase in DBP per five-year period was associated with a
statistically significantly faster annual decline in eGFRys (=0.80 (95% CI, =1.21 to —0.40)
mL/min/1.73 m2 per year) in Model 2 (Table 3). Similar to our results for SBP, DBP slope
remained statistically significantly associated with subsequent renal function decline, even
after accounting for year 10 DBP (Table 3).

When we allowed BP slopes to vary over time in a time-dependent manner (Approach 2,
Figure 1), the associations between BP slope and subsequent renal function was similar to
findings using our primary analysis (Model 2) for SBP (Table 2 and 3). However, DBP slope
was no longer statistically significantly associated with subsequent renal function decline
after accounting for year 10 DBP (Model 2, Table 3).

When marginal structural models were used to account for time-dependent confounding
between categorized changes of SBP and lagged eGFRcys renal function decline in
approach 3, lagged eGFR was associated with subsequent changes in both SBP (p=0.046)
and DBP (p=0.002). However, changes in BP remained strongly associated with subsequent
decreases in eGFRcys (see Item S1).

between one-time BP measurement and renal function decline

When we used one-time measures of observed BP as an independent predictor (year 10 SBP
and DBP), these BPs were statistically significantly associated with renal function decline
(Tables 2 and 3). Each 10 mmHg higher level of baseline SBP was associated with a faster
annual decline in eGFR in model 2 (-0.09 (95% CI, -0.13 to —0.06) mL/min/1.73m? per
year). For DBP, each 10 mmHg higher level at baseline was also associated with a faster
annual decline in eGFR in model 2 (-0.07 (95% Cl, —0.12 to —0.03) mL/min/1.73m? per

Am J Kidney Dis. Author manuscript; available in PMC 2019 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ku et al. Page 7

year). However, when we added BP slope to these models, the association between one-time
measures of SBP and subsequent renal function decline were attenuated (Table 3).

Discussion

Although BPs measured at a single time-point have been shown to be prognostic of the long-
term risk for adverse cardiovascular outcomes and albuminuria,> 6 17. 18 the prognostic
value of BP trajectory during longitudinal follow-up of younger individuals is less clear. In
this study, we found that among young persons who were largely free of co-morbidities, BP
changes over a ten-year period were associated with subsequent risk of renal function
decline. These findings persisted even when we accounted for single time-point BPs taken at
the time closest to the determination of renal function decline. Single time-point BPs were
also independently associated with risk of subsequent renal function decline, but the
association was no longer statistically significant in models that accounted for BP change
over time.

There have been a number of studies that have suggested that BPs during early adulthood,
BP trajectory, and cumulative BP exposure, are all associated with intermediate
cardiovascular outcomes such as coronary artery calcification or carotid intimal-medial
thickness.12 19 Exposure to elevated BP in young adulthood has also been associated with a
variety of other cardiovascular outcomes, including risk of systolic and diastolic cardiac
dysfunction,20 subclinical atherosclerosis,12 coronary heart disease and stroke.2! However,
most prior studies have focused on the associations between BP levels and adverse
cardiovascular outcomes. To our knowledge, our study is novel in its examination of the
association between BP levels and renal function decline. Although the magnitude of
association between BP elevations during early adulthood and renal function decline was not
large, the magnitude of these early declines in renal function have been associated with a
higher risk of subsequent cardiovascular complications and warrant prevention.22: 23
Moreover, the accumulation of small decrements in renal function over time would become
clinically meaningful over a lifetime.

Of interest, although we found that single time-point measures of BP during early adulthood
were associated with subsequent renal function decline, this association was attenuated after
accounting for BP changes over a ten-year period in our primary analyses. This finding
contrasts with studies in middle-aged and older adults in the general population, in whom
one-time BP measurements are strongly predictive of renal complications, including risk of
end-stage renal disease.l 3 However, these prior studies in older adults did not consider BP
changes over time. Our data suggest that in early adulthood, the change in BP levels may
contribute more information than BP levels at a single time-point to the assessment of risk
for declines in renal function in later life. These findings may have important screening
implications, as a single BP measurement in itself may not be fully informative of
subsequent renal risk. Rising BP levels over time may potentially be a reason to screen and
evaluate renal function in young adults less than 40 years of age. Our data contribute
importantly to the accumulating literature on the detrimental effects of BP trajectories and
the importance of primordial prevention. Our results also support the revised 2017 American
Heart Association hypertension guidelines, which recently lowered the threshold for
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treatment of hypertension, given our observation that risk of adverse outcomes begins prior
to the 140/90 mm Hg threshold in young adults.11

Some studies have suggested that with age, SBP increases linearly as DBP begins to fall,
pulse pressure increases, and SBP, as opposed to DBP, becomes increasingly associated with
adverse outcomes of interest.24-27 However, in younger populations, DBP has been more
strongly associated with the risk of adverse cardiovascular outcomes in some, but not all
studies.2l 28 Our primary analysis (using Model 2) confirms the qualitatively stronger
association between DBP and early renal functional decline in a younger population without
baseline kidney disease or hypertension.

There has been significant debate over the bi-directional relationship between BP and renal
function loss. In a prior analysis in MESA (Multi-Ethnic Study of Atherosclerosis), lower
eGFRcys Was associated with risk of incident hypertension in individuals older than 45 years
of age.2% The direction of the relationship between renal disease and hypertension in young
individuals has not been clearly defined. In our study of young adults, we found that early
declines in renal function were associated with subsequent elevations in BP. However, the
adjusted associations between recent increases in BP and subsequent declines in eGFR were
robust in analyses using marginal structural models to account for this complexity. In a
separate study in CARDIA, cumulative exposure to higher SBP during young adulthood was
also associated with higher mean albuminuria levels in mid-life.13 Taken together, our
findings support the notion that changes in BP and eGFR are likely to have a bidirectional
relationship. Further studies are needed to corroborate these findings in other young adult
cohorts.

A particular strength of CARDIA is the availability of research-quality, repeated BP and
renal function measures over two decades of follow-up. Our data are most applicable to
young adults with preserved kidney function during early adulthood. In addition, because of
the young age of the cohort at enrollment, the competing risk of death would be low.
Limitations include the observational nature of the data, in which the causal relationship
between BP and renal function decline cannot be definitively confirmed. In addition, we do
not have measured GFR to confirm the changes in renal function estimated by cystatin C.

In conclusion, our results suggest that increasing BP levels over a ten-year time span in
young adulthood are significantly associated with early renal function decline in individuals
without decreased kidney function or clinical hypertension at baseline. Close monitoring of
changes in BP levels over time during early adulthood may help identify individuals at
higher risk for subsequent renal complications. Young adults who have continued rises in
their BP levels over time, even in the absence of clinical hypertension, may warrant
screening for kidney disease.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Study design and approach in A) primary analysis and B) sensitivity analysis using a time-

updated approach.

*In this approach, BP between years 5-10 will predict eGFR decline between years 10-15,

and BP between years 10-15 will predict eGFR decline between years
linear unbiased predictor
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Distribution of SBP and DBP slopes (in mm Hg) per 5 years between years 0-10.
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Baseline characteristics of CARDIA participants included for analysis.

Table 1

eGFR€ mL/min/1.73m?

Characteristic Year 0 Year 10
Age (y) 251+36 | 351+36
Race/Sex

White male 871 (25.4)

White female 961 (28.0)

Black male 661 (19.3)

Black female 936 (27.3)
Education

Less than high school 267 (7.8) 195 (5.7)

Completed high school 938 (27.4) 747 (21.8)

College 2224 (64.9) | 2487 (72.5)
Household income?

<$25,000 per year 1281 (37.4) | 885(25.8)

$25,000-$50,000 per year 1277 (37.3) | 1183 (34.5)

>$50,000 869 (25.4) | 1359 (39.7)
Employmentb

Full-time 2716 (81.0) | 2952 (86.1)

Part-time 531 (15.8) | 338(9.9)

Unemployed 105 (3.1) 139 (4.1)
Current smoker 923 (26.9) 827 (24.1)
Diabetes ™ 33(1.0) 215 (6.3)
Body mass index (kg/m?)¢ 24449 | 274%63
Systolic blood pressure (mm Hg)d [ 110£10.8 | 110+12.6
Diastolic blood pressure (mm Hg)? | 68.6£9.6 | 72.4+10.1
Anti-hypertensive therapy 28(0.8) 110 (3.2)

95.3+175 | 99.0+16.5

Page 13

N=3429. Categorical values are given as count (percentage); continuous values as mean +/- standard deviation. eGFR, estimated glomerular
filtration rate (based on creatinine); CARDIA, .

aMissing inn=2.
b .o

Missing in n=77 at Year O
DMissing in n=11 at Year 0
a. . ..

Missing in n=4 at Year 10

eMissing in n=32 at Year 0

*
Defined as fasting blood glucose = 126 mg/dL or use of medication for diabetes.
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Table 2

Page 14

Mixed models of the association between systolic blood pressure slope (Years 0-10) or one-time SBP (at Year
10) for the outcome of subsequent renal function decline.

AeGFR, in mL/min/1.73m? per year

Predictor

Model 1

| Model 2

| Model 3

Approach 14 (Primary Analysis)

Model incorporating BP slope only (Years 0-10)

ASBP (per 10-mmHg increase over 5 years)

| -0.76 (-1.01, -0.52)

| ~0.72 (-0.98, ~0.46)

| ~0.71 (-0.99, -0.43)

Model incorporating one-time BP at Year 10 only

Year 10 observed SBP (per 10-mm Hg higher)

| -0.10 (~0.13, 0.06)

| -0.09 (~0.13, 0.06)

| ~0.09 (~0.13, -0.05)

Model incorporating BP slope (Years 0-10) and one-time BP measurement at Year 10

ASBP (per 10-mmHg increase over 5 years) after accounting for
Year-10 observed SBP

-0.55 (~1.05, —0.05)

-0.52 (-1.02, -0.03)

-0.48 (~1.01, 0.04)

Year-10 observed SBP (per 10-mm Hg higher)

-.03 (~.10, 0.03)

-.03 (~.10, 0.04)

-0.04 (<0.11, 0.04)

Approach 2b (Time-updated Analysis)

Model incorporating BP slope (Years 0-10 or 5-15) only

ASBP (per 10-mmHg increase over 5 years)

-0.90 (-1.21, —0.67)

-0.87 (-1.10, —0.63)

-0.87 (-1.12, -0.63)

Model incorporating one-time BP only

Observed SBP at start of interval *(per 10-mm Hg higher)

-0.14 (-0.18, -0.10)

-0.13 (-0.17, -0.09)

-0.13 (-0.17, -0.09)

Model incorporating one-time and change in BP

ASBP (per 10-mm Hg increase over 5 years) after accounting for
Year-10 observed SBP

-0.66 (~1.15, -0.16)

-0.73 (-1.24, -0.23)

-0.72 (-1.25, -0.18)

Year-10 observed SBP (per 10 mm Hg higher)

-0.04 (<0.12, 0.04)

-0.02 (<0.11, 0.06)

-0.03 (<0.12, 0.06)

eGFRcys, cystatin C-based estimated glomular filtration rate; SBP, systolic blood pressure; BP, blood pressure

aApproach 1: BP change estimated from best linear unbiased predictor (BLUP) over years 0-10 as fixed covariate in linear mixed models for
repeated eGFRcys at years 10, 15, and 20 as outcome. No. of patients in Model 1, 2, and 3 are 3425, 3423, and 3081, respectively.

bApproach 2: Best linear unbiased predictor BP changes over years 0-10 and 10-15 as time-updated covariates in linear mixed models for
changes in eGFRcys over years 10-15 and 15-20. No. of patients in Model 1, 2, and 3 are 3130, 3129, and 2818, respectively.

Model 1: Adjusted for age, sex, and race

Model 2: Model 1 + education, income, employment, smoking, BMI, diabetes, and anti-hypertensive medication use

Model 3: Model 2, with additional adjustment for albuminuria

*
Start at the interval is either Year 10 or Year 15 BP measurements
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Table 3

Page 15

Mixed models of the association between diastolic blood pressure slope (Years 0-10) or one-time DBP (at
Year 10) for the outcome of subsequent renal function decline.

AeGFR, in mL/min/1.73m? per year

Predictor

Model 1

| Model 2

| Model 3

Approach 14 (Primary Analysis)

Model incorporating BP slope (Years 0-10) only

ADBP (per 10-mmHg increase over 5 years)

-0.87 (-1.26, —0.48)

| -0.80 (-1.21, -0.40)

| -0.79 (-1.22, -0.36)

Model incorporating one-time BP at Year 10 only

Year-10 observed DBP (per 10-mmHg higher)

-0.08 (<0.13, —0.04)

| -0.07 (-0.12, -0.03)

| -0.07 (-0.12, -0.03)

Model incorporating one-time and change in BP

ADBP (per 10-mm Hg increase over 5 years) after accounting for
Year-10 observed DBP

-0.61 (-1.19, -0.03)

-0.65 (-1.23, -0.07)

-0.63 (-1.25, -0.01)

Year-10 observed DBP (per 10 mm Hg higher)

-0.04 (0.1, 0.02)

-0.02 (<0.09, 0.04)

-0.02 (<0.09, 0.04)

Approach 2b (Time-updated Analysis)

Model incorporating BP slope (Years 0-10 or 5-15) only

ADBP (per 10-mmHg increase over 5 years)

-0.88 (-1.26, —0.51)

-0.84 (-1.22, -0.46)

-0.83 (-1.23, -0.42)

Model incorporating one-time BP only

Observed DBP at start of interval *(per 10-mm Hg higher)

-0.13 (-0.18, -0.09)

-0.12 (-0.17, -0.07)

-0.12 (-0.1, -0.07)

Model incorporating one-time and change in BP

ADBP (per 10-mm Hg increase over 5 years) after accounting for
Year-10 observed DBP

-0.26 (<0.80, 0.27)

-0.39 (<094, 0.17)

-0.35 (<0.94, 0.24)

Year-10 observed DBP (per 10-mm Hg higher)

-0.11 (-0.17, -0.04)

-0.08 (-0.15, -0.01)

-0.08 (-0.16, —0.01)

eGFRcys, cystatin C-based estimated glomular filtration rate; DBP, diastolic blood pressure; BP, blood pressure

aApproach 1: BP change estimated from best linear unbiased predictor (BLUP) over years 0-10 as fixed covariate in linear mixed models for
repeated eGFRcys at years 10, 15, and 20 as outcome. No. of patients in Model 1, 2, and 3 are 3425, 3423, and 3081, respectively.

bApproach 2: Best linear unbiased predictor BP changes over years 0-10 and 10-15 as time-updated covariates in linear mixed models for
changes in eGFRcys over years 10-15 and 15-20. No. of patients in Model 1, 2, and 3 are 3130, 3129, and 2818, respectively.

Model 1: Adjusted for age, sex, and race

Model 2: Model 1 + education, income, employment, smoking, BMI, diabetes, and anti-hypertensive medication use

Model 3: Model 2, with additional adjustment for albuminuria

*
Start at the interval is either Year 10 or Year 15 BP measurements
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