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A B S T R A C T

Background. Patients with chronic kidney disease (CKD) face
risks of not only end-stage kidney disease (ESKD), cardiovascu-
lar disease (CVD) and death, but also decline in kidney func-
tion, quality of life (QOL) and mental and physical well-being.
This study describes the multidimensional trajectories of CKD
using clinical events, kidney function and patient-reported out-
come measures (PROMs). We hypothesized that more ad-
vanced CKD stages would associate with more rapid decline in
each outcome.
Methods. Among 3939 participants enrolled in the Chronic
Renal Insufficiency Cohort (CRIC) Study, we evaluated multidi-
mensional disease trajectories by G- and A-stages of enrollment
estimated glomerular filtration rate (eGFR) and albuminuria,
respectively. These trajectories included clinical events (ESKD,
CVD, heart failure and death), eGFR decline and PROMs
[kidney disease QOL (KDQOL) burden, effects and symptoms
questionnaires, as well as the 12-item short form mental and
physical component summaries]. We also evaluated a group-
based multitrajectory model to group participants on the basis
of longitudinal PROMs and compared group assignments by
enrollment G- and A-stage.
Results. The mean participant age was 58 years, 45% were women,
mean baseline eGFR was 44 mL/min/1.73 m2 and median urine

albumin:creatinine ratio was 52 mg/g. The incidence of all clinical
events was greater and eGFR decline was faster with more advanced
G- and A-stages. While baseline KDQOL and physical component
measures were lower with more advanced G- and A-stage of CKD,
changes in PROMs were inconsistently related to the baseline CKD
stage. Groups formed on PROM trajectories were fairly distinct
from existing CKD staging (observed agreement 60.6%) and were
associated with the risk of ESKD, CVD, heart failure and death.
Conclusions. More advanced baseline CKD stage was associ-
ated with a higher risk of clinical events and faster eGFR decline,
and was only weakly related to changes in patient-reported met-
rics over time.

Keywords: albuminuria, cardiovascular, CKD, ESKD, patient-
centered outcome

I N T R O D U C T I O N

Patients with chronic kidney disease (CKD) are at risk for many
adverse clinical outcomes, including end-stage kidney disease
(ESKD), cardiovascular disease (CVD) and death [1, 2].
Patient-reported quality of life (QOL) and mental and physical
well-being are likely also influenced by poor kidney function [3,
4]. The last decade has seen a shift in focus toward person-
centered care and collection of self-reported health measures,
with several studies demonstrating an association between low
QOL and mortality in CKD, but there is limited understanding
of the heterogeneity and evolution of patient experience as kid-
ney disease progresses [5–7]. Characterizing the varying trajec-
tories of CKD using longitudinal patient-reported outcome
measures (PROMs) and clinical events could provide a frame-
work for comparison with real-world experience, since PROMs
are increasingly incorporated in medical care [8].

The Chronic Renal Insufficiency Cohort (CRIC) is a long-
running study funded by the National Institute of Diabetes and
Digestive and Kidney Diseases to study the causes and conse-
quences of CKD among patients in the USA [9]. The goal of this
study was to characterize the natural history of CKD in CRIC par-
ticipants over up to 14 years of follow-up with respect to clinical
events, trajectories in estimated glomerular filtration rate (eGFR)
and changes in PROMs, including kidney disease QOL (KDQOL),
and mental and physical well-being scores. As an exploratory ap-
proach, we also evaluated an unsupervised clustering approach
based on longitudinal PROMs and compared group assignments
with CKD staging at baseline. We hypothesized that those with a
more advanced CKD stage would have more rapid decline in
PROMs.

M A T E R I A L S A N D M E T H O D S

Study population

This study population was enrolled from phase 1 of the
CRIC Study, in which 3939 participants ages 21–74 years with

KEY LEARNING POINTS

What is already known about this subject?

• Patients with chronic kidney disease (CKD) have a
higher risk of end-stage kidney disease (ESKD), cardio-
vascular disease (CVD) and death.

• Less is known about changes in patient-reported qual-
ity of life (QOL) and mental and physical well-being
and how they relate to the existing CKD staging
system.

What this study adds?

• More advanced stages of CKD were associated with a
higher risk of clinical outcomes over time.

• More advanced stages of CKD were associated with a
lower QOL and mental and physical well-being.

• Changes in patient-reported outcome measures
(PROMs) over time were generally small and distinct
from the existing CKD staging system.

What impact this may have on practice or policy?

• Important PROMs, including physical and mental
well-being and other QOL metrics, capture distinct in-
formation from the existing CKD staging system.

1686 M.E. Grams et al.



an eGFR between 20 and 70 mL/min/1.73 m2 were recruited be-
tween 2003 and 2008 [9]. Exclusion criteria from the original
study included a diagnosis of polycystic kidney disease and ac-
tive immunosuppression for glomerulonephritis as well as cir-
rhosis, class III or IV heart failure, human immunodeficiency
virus (HIV) infection, cancer and pregnancy. Participants were
followed annually with study visits in which a variety of health
measures were assessed through blood and urine laboratory
tests as well as standardized questionnaires. Telephone calls
spaced ~6 months apart were performed to provide updates on
hospitalizations and important life events. For this study, the
administrative censor date was December 2018. All participants
provided written consent for this study.

Baseline characteristics

Baseline characteristics were assessed at the initial study visit
and included demographics; body mass index [weight (kg) di-
vided by height (m2)]; history of CVD, diabetes mellitus or hy-
pertension; and systolic and diastolic blood pressure. Three
assessments of blood pressure were taken after 5 min of quiet
rest using an aneroid sphygmomanometer. Hypertension was
defined as systolic blood pressure �140 mmHg, diastolic blood
pressure �90 mmHg and/or self-reported antihypertensive
medication use. Diabetes was determined as at least one of the
following: self-reported insulin or oral hypoglycemic medica-
tion, fasting blood glucose �126 mg/dL or a nonfasting level
�200 mg/dL, or hemoglobin A1c�6.5%.

Assessment of kidney function

eGFR was calculated based on isotope dilution mass
spectrometry–standardized serum creatinine measured using
an enzymatic method (Orthos Vitros 950) and the Chronic
Kidney Disease Epidemiology Collaboration (CKD-EPI) equa-
tion. [10]. Albuminuria was assessed by radioimmunoassay us-
ing the 24-h urine sample collected at baseline. According to
the Kidney Disease: Improving Global Outcomes (KDIGO)
eGFR (G) and albuminuria (A) staging system, CKD was cate-
gorized into G-stage (G1: GFR �90 mL/min/1.73 m2, G2: 60–
89 mL/min/1.73 m2, G3a: 45–59 mL/min/1.73 m2, G3b: 30–
44 mL/min/1.73 m2, G4: 15–29 mL/min/1.73 m2, G5: <15 mL/
min/1.73 m2) and A-stage [A1: albumin:creatinine ratio (ACR)
<30 mg/g, A2: ACR 30–299 mg/g, A3: ACR�300 mg/g]; at the
baseline assessment, stages G1/G2 and (separately) G4/G5 were
combined due to low numbers. Serum creatinine was measured
yearly at clinic visits.

Assessment of patient-reported outcomes over time

PROMs included scores from the KDQOL-36 question-
naires given at each clinic visit. The questionnaires consist of
two parts: a disease-specific part to measure the three KDQOL
domains and a generic part [the 12-item short form (SF-12)] to
measure mental and physical health-related QOL. The disease-
specific measures included a score for the burden of kidney dis-
ease (KDQOL Burden), a score for the effects of kidney disease
(KDQOL effects) and a score for the symptoms of kidney dis-
ease (KDQOL symptoms) [11]. The generic SF-12 quantified
physical well-being using the SF-12 physical component

summary (PCS) score and mental well-being using the SF-12
mental component summary (MCS) score (Supplementary
data, Appendix S1). All scores were provided on a scale of 0–
100, where 100 represents the best possible health.

Assessment of clinical events over time

Participants were followed for the development of ESKD
through biannual contact in which the date of initiation of renal
replacement therapy was reported, supplemented by informa-
tion from the US Renal Data System. Cardiovascular events
were assessed at baseline as a history of myocardial infarction,
cerebrovascular accident (both ischemic and hemorrhagic) and
heart failure (based on the modified clinical Framingham crite-
ria) and longitudinally by asking participants about intervening
hospitalizations during biannual contact. Hospital records were
then obtained and the first 30 discharge codes were abstracted
and assessed for codes relevant to CVD. These charts were sent
for centralized adjudicated review using event-specific guide-
lines by two physicians. Cardiovascular events captured during
follow-up included myocardial infarction, cerebrovascular acci-
dent, heart failure and cardiovascular mortality [12]. Mortality
was ascertained through reports from next of kin, retrieval of
death certificates or obituaries, review of hospital records and
linkage with the Social Security Death Master File.

Statistical analysis

Baseline characteristics were depicted across G-stage; P-val-
ues for trend were determined using linear regression and G-
stage (1/2, 3, 4/5) as an ordinal variable. For the purpose of de-
scriptive summaries, individual participant trajectories of de-
cline in eGFR, the three KDQOL scores and the MCS and PCS
scores were assessed using linear mixed models with random
intercept and random slopes with G- and A-stage as both ordi-
nal and categorical predictors using a complete case analysis
(Supplementary data, Appendix S2). The cumulative incidence
of clinical endpoints was assessed by baseline G- and A-stage,
accounting for the competing event of mortality [13]; for mor-
tality, cumulative incidence was assessed using the reciprocal of
Kaplan–Meier curves. We also repeated analyses stratified by
sex and the presence of diabetes at baseline. In exploratory anal-
yses, we used an unsupervised clustering approach based on
patient-reported outcomes over time to determine groups of
patients using all baseline and follow-up data for the three
KDQOL scores and the MCS and PCS scores [14]. This group-
based multitrajectory approach, an extension of finite mixture
modeling, estimates trajectories of indicators and classifies indi-
viduals into clusters based on similar trajectories in each of
these domains. The number of groups was prespecified for ease
of comparison with that of the risk-based staging system rec-
ommended by the KDIGO using baseline measures of eGFR
and ACR. Comparisons were performed using observed agree-
ment and a weighted kappa statistic [2]. The weighted kappa
statistic represents the difference between observed and
expected agreement, divided by 1, the expected agreement, with
greater weighting to observed values that are farther apart (e.g.
a high-risk classification and a low-risk classification). All
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analyses were performed with Stata SE 15 (StataCorp, College
Station, TX, USA).

R E S U L T S

Baseline characteristics

There were 3939 participants included in the first phase of
the CRIC Study. The mean age was 58 years [standard deviation
(SD) 11]; 45.1% were female and 42.1% were African American
(Table 1). The mean eGFR was 44 mL/min/1.73 m2 (SD 15)
and the median urine ACR was 51 mg/g [interquartile range
(IQR) 87–459]. At baseline, the majority of participants had
CKD Stage G3a or G3b (66.5%). Participants with a more ad-
vanced G-stage had lower KDQOL scores and lower PCS scores
(P for trend <0.001 for all comparisons) but did not differ on
MCS scores (P for trend ¼ 0.8). Participants with diabetes had,
on average, a higher prevalence of CVD at baseline, lower
KDQOL and lower PCS and MCS scores than participants
without diabetes, even within the same CKD G-stage
(Supplementary data, Table S1). Male and female participants
were generally similar (Supplementary data, Table S2).

PROMs and clinical events over time

Over a median follow-up of 11.5 years, PROMs worsened
only slightly over time. Scaled to 100, the mean change per year
in KDQOL burden was �0.65 [95% confidence interval (CI)
�0.74 to�0.56], KDQOL effects were�0.47 (95% CI�0.53 to
�0.41), KDQOL symptoms were �0.26 (95% CI �0.30 to
�0.21), MCS score was �0.04 (95% CI �0.07 to �0.01) and
PCS score was �0.34 (95% CI �0.37 to �30). However, there
was substantial variation in these trajectories as well as that of
eGFR decline (Supplementary data, Figure S1). The

relationship between baseline G- and A-stage and change in
PROMs over time was very small and statistically significant
only for KDQOL burden [�0.15 (95% CI �0.25 to �0.05)
faster change in score per year per higher G-stage; �0.47 (95%
CI �0.59 to �0.36) faster change in score per year per higher
A-stage) and for KDQOL effects for A-stage [�0.31 (95% CI
�0.38 to �0.23) faster change in score per year] (Table 2).
Survival free of CVD, heart failure, ESKD and death was
markedly decreased with more advanced G- and A-stage (all
log-rank P< 0.001) (Supplementary data, Figure S2). For ex-
ample, at 5 years the cumulative incidence of CVD was 4%
(15% if including disease present at baseline) in G1–2A1 CKD
and 35% (57% if including disease present at baseline) in G4–
5A3 CKD (Table 3). The 5-year cumulative incidence of ESKD
was 0% (95% CI 0–1) in G1–2A1 CKD and 70% (95% CI 65–
74) in G4–5A3 CKD and the incidence of death increased from
4% (95% CI 2–6) to 21% (95% CI 17–26) in the same groups of
participants.

PROMs and clinical events over time, stratified by
baseline diabetes status and sex

Patients with diabetes generally had a greater decline in
PROMs over time compared with patients without diabetes
(Supplementary data, Table S3). The greatest declines in eGFR
were seen in patients with CKD A3, irrespective of G-stage, sex
or diabetes status (Supplementary data, Table S4). The pattern
of higher risk of clinical events with higher baseline G- and A-
stage also persisted in stratified analysis. In particular, the risks
of CVD and heart failure were much higher among those with
diabetes than those without diabetes. Even participants with
diabetes and G1–2A1 disease had a 6% cumulative incidence of
CVD (>25% if including that present at baseline) at 5 years

Table 1. Baseline characteristics of the CRIC by G-stage classified by baseline eGFRa

Characteristics Overall G1–2 G3a G3b G4–5

Patients, n (%) 3939 592 (15.0) 1190 (30.2) 1428 (36.3) 729 (18.5)
Age (years) 57.7 (11.0) 50.7 (10.9) 57.9 (10.1) 59.5 (10.7) 59.2 (10.9)
Black race, n (%) 1658 (42.1) 233 (39.4) 494 (41.5) 609 (42.6) 322 (44.2)
Hispanic ethnicity, n (%) 497 (12.6) 43

(7.3)
114
(9.6)

205
(14.4)

135
(18.5)

Female, n (%) 1778 (45.1) 267 (45.1) 487 (40.9) 672 (47.1) 352 (48.3)
Body mass index (kg/m2) 32.1 (7.8) 31.5 (7.5) 32.1 (8.0) 32.4 (7.7) 31.8 (8.0)
Systolic blood pressure (mmHg) 128.5 (22.2) 122.3 (19.5) 126.7 (20.6) 130.4 (22.7) 132.7 (24.3)
Diastolic blood pressure (mmHg) 71.5 (12.8) 74.0 (12.8) 72.0 (12.5) 70.9 (12.7) 70.1 (13.4)
eGFR (CKD-EPI equation, mL/min/1.73 m2) 44.3 (15.0) 69.5 (9.1) 51.7 (4.3) 37.8 (4.3) 24.6 (3.7)
Urine ACR (mg/g), median (IQR) 51.9

(8.7–458.8)
11.0

(4.4–77.3)
25.4

(6.5–200.5)
90.6

(12.9–641.0)
301.5

(46.4–1371.6)
Hemoglobin A1C (%) 6.7 (1.6) 6.3 (1.5) 6.6 (1.5) 6.8 (1.6) 6.7 (1.6)
Hypertension, n (%) 3391 (86.1) 391 (66.0) 1025 (86.1) 1297 (90.8) 678 (93.0)
Diabetes mellitus, n (%) 1908 (48.4) 186 (31.4) 530 (44.5) 777 (54.4) 415 (56.9)
CVD, n (%) 1316 (33.4) 104 (17.6) 371 (31.2) 540 (37.8) 301 (41.3)
KDQOL, burden of kidney disease (0–100 scale) 82.2 (23.7) 87.1 (21.5) 87.2 (20.4) 80.1 (24.1) 74.0 (26.7)
KDQOL, effect of kidney disease (0–100 scale) 89.1 (15.6) 91.6 (15.7) 91.7 (13.6) 88.2 (15.4) 84.8 (17.8)
KDQOL, symptoms of kidney disease (0–100 scale) 83.4 (14.8) 84.9 (15.7) 85.8 (13.6) 81.9 (15.3) 81.5 (14.4)
SF-12 MCS score 50.4 (10.5) 49.6 (10.5) 51.2 (10.4) 50.1 (10.4) 50.3 (10.8)
SF-12 PCS score 41.3 (11.5) 44.4 (11.9) 42.8 (11.3) 40.2 (11.4) 38.3 (10.8)

Values are presented as mean (SD) unless stated otherwise.
aAll P for trend <0.05 with the exception of black race, body mass index and SF-12 MCS score.
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(Supplementary data, Table S4). By sex, risks of ESKD were
higher in men than women; risks of new heart failure or CVD
were similar (Supplementary data, Table S6).

Groups based on trajectories of patient-reported out-
comes over time

When participants were classified into three groups by
multitrajectory clustering of PROMs during follow-up (KDQOL
scores, PCS and MCS scores) (Table 4), the lowest risk group con-
tained 1423 participants and was characterized by fairly steady levels
of patient-reported variables with the least impairment (Figure 1).
The second group of 1602 participants had an intermediate level of
impairment and the group of 914 participants constituted the group
with the highest impairment. The most notable difference in groups
was not differences in changes in PROMs over time, which
appeared similar, but differences in PROMs at baseline. Baseline
clinical characteristics were also different across the three groups,
with the higher risk groups having lower eGFR, higher urine ACR
and a higher prevalence of diabetes and CVD. Clinical outcomes in
the three groups were consistent with the low-/medium-/high-risk
classifications: the cumulative incidence of ESKD, CVD, heart failure
and death was higher in the intermediate-risk group compared with
the low-risk group, as well as the high-risk group compared with the
intermediate-risk group (all log-rank P< 0.001) (Figure 2). A com-
parison of the classification using PROM trajectories with the
current CKD staging system revealed differences in classification
(observed agreement 60.6%, overall weighted kappa 0.15), with the
high-risk group based on PROMs occurring in all G- and A-stages
(Supplementary data, Figure S3).

D I S C U S S I O N

This study of 3939 participants with CKD in a carefully pheno-
typed cohort followed up to 14 years characterized the natural
history of disease, including clinical events, eGFR trajectories
and PROMs, by baseline G- and A-stage. As expected, clinical
events were strongly associated with more advanced disease.
Somewhat surprisingly, G- and A-stage were most correlated
with PROMs at baseline, with little association with change in
PROMs over time. A clustering method based on trajectories of
multiple PROMs over time showed a strong separation in risk
of clinical events but distinct classification from G- and A-
staging. The results provide the absolute risk of events in a CKD
population and confirm the importance of both GFR and
albuminuria across a wide range of clinical outcomes in
patients with and without diabetes. They also suggest that
PROMs represent a unique aspect of disease progression.

This study adds to the current literature by providing longi-
tudinal assessment of PROMs over up to 14 years of follow-up.
Other studies have suggested the importance of a single mea-
sure of QOL as a prognostic factor for morbidity and mortality
in patients with advanced CKD as well as those requiring main-
tenance dialysis [7, 15, 16]. In our study of CRIC participants,
baseline measures of mental and physical health were similar to
other smaller studies of patients with advanced kidney disease
[17, 18]. We found a clear cross-sectional relationship between
G-stage and all baseline PROMs except for mental well-being,
similar to a study of 220 patients with CKD [18]. Fewer studies
have tracked longitudinal PROMs [19, 20]. Our finding that
PROMs were relatively stable over time is consistent with some

Table 3. Cumulative incidence and 95% CIs of new clinical outcomes at 5 years by KDIGO classification system at baseline in the CRIC participants

5-year
heart failure

A1 A2 A3 5-year
CVD

A1 A2 A3

G12 2% (1–3) 7% (3–13) 14% (7–23) G12 4% (2–7) 9% (5–16) 25% (16–35)
G3a 3% (2–5) 8% (5–11) 13% (9–17) G3a 9% (7–11) 14% (10–18) 24% (19–30)
G3b 5% (3–7) 12% (9–16) 16% (12–19) G3b 12% (10–15) 22% (18–26) 28% (24–32)
G45 16% (11–23) 13% (9–18) 20% (16–25) G45 26% (19–33) 21% (16–27) 35% (30–40)

5-year
ESKD

A1 A2 A3 5-year
death

A1 A2 A3

G12 0% (0–1) 3% (1–7) 7% (2–14) G12 4% (2–6) 9% (5–15) 12% (6–20)
G3a 1% (0–2) 4% (2–7) 24% (18–29) G3a 6% (4–8) 11% (8–15) 14% (10–19)
G3b 2% (1–4) 13% (10–16) 42% (38–46) G3b 10% (8–13) 14% (10–17) 19% (16–23)
G45 13% (8–19) 31% (25–37) 70% (65–74) G45 24% (17–31) 21% (16–27) 21% (17–26)

Table 2. Differences in baseline and change in PROMs by G- and A-stage

PROM Per higher G-stage,
baseline

Per higher A-stage,
baseline

Per higher G-stage,
change/year

Per higher A-stage,
change/year

b P-value b P-value b P-value b P-value

KDQOL burden �4.34 <0.001 �5.91 <0.001 �0.15 0.004 �0.47 <0.001
KDQOL effects �2.32 <0.001 �3.18 <0.001 �0.06 0.06 �0.31 <0.001
KDQOL symptoms/problems �1.56 <0.001 �1.28 <0.001 0.002 0.94 �0.03 0.31
SF-12 MCS 0.20 0.23 �1.03 <0.001 �0.01 0.70 0.01 0.56
SF-12 PCS �2.10 <0.001 �0.90 <0.001 �0.01 0.79 �0.01 0.82

Trajectories were modeled using linear mixed models with random slopes and random intercepts, using G-stage (G1–2, G3a, G3b and G4–5) and A-stage (A1, A2 and A3) as ordinal
variables.
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but not all studies, which differ in selection and severity of
disease in participants [21–23]. Meuleman et al. [20] used
latent class growth models to classify patient-reported outcome
trajectories in 396 patients referred for predialysis care (mean
eGFR 16 mL/min/1.73 m2) and found that groups separated
primarily on baseline levels, similar to our study. Da Silva-Gane
et al. [24] evaluated mental health and physical health scores
over 3 years in 170 patients with advanced CKD (late-stage G4
or G5 disease) and showed little change over time. One possible
explanation for the stability of PROMs is that the KDQOL and
physical and mental component measures are insensitive to
significant changes in individual patient experience. Another is
that most of the significant decline in patient QOL occurred
prior to enrollment in the studies. Additional studies are
required to determine if there are interventions that can
improve QOL and well-being in patients with CKD.

This study provides long-term absolute risks of a wide range
of outcomes, both clinical and patient reported, that are experi-
enced by patients with CKD [25]. The high incidence of CVD
among participants with diabetes—even among those in the
KDIGO-defined low-risk category—suggests that clinical man-
agement of this population should strongly emphasize risk fac-
tor reduction, including blood pressure control, lipid
management and smoking cessation [26]. That eGFR decline
was fastest among those with higher albuminuria underscores
the idea that patients with A3 represent a high-risk group; an-
giotensin-converting enzyme inhibitors or angiotensin receptor
blockers and consideration of specific medications such as so-
dium glucose cotransporter-2 inhibitors or glucagon-like pep-
tide-1 receptor agonists in patient with diabetes have been
shown to reduce CKD endpoints in similar patients in clinical
trials [27–30]. Finally, with one in five patients with CKD G4–
5A3 dying by 5 years, the results confirm that advanced CKD
has an extremely high rate of mortality, even in a cohort of

research participants, emphasizing the pressing need for effec-
tive therapy and advanced care planning.

The difference in baseline functionality by baseline eGFR
was striking. At enrollment, patients with lower eGFR already
had lower physical well-being than those with preserved kidney
function, as has been observed previously [23, 31]. Poor physi-
cal function has been associated with subsequent morbidity and
mortality in populations receiving maintenance dialysis [32–
35], thus regular exercise and preventative efforts to combat
frailty and maintain physical well-being may be of particular
relevance in the CKD population, with early intervention being
most effective. Since counseling on physical activity by nephrol-
ogists is low, and routine assessment of physical function is not
standard, large gains may be achievable with greater provider
appreciation of the importance of physical well-being [36, 37].

A novel aspect of this study was the use of PROMs—
KDQOL, physical well-being and mental well-being—to group
participants into clusters using an unsupervised clustering algo-
rithm. The three groups based on trajectories showed a large
separation in risk of clinical events, providing a measure of con-
struct validity to the unsupervised approach. The only slight
agreement of the clusters with that of baseline G- and A-stages
suggests that patient-reported outcomes provide a unique as-
pect of risk of future clinical events in a population with CKD.
A previous study used an unbiased approach to CKD classifica-
tion, but instead of patient-centered measures, it used labora-
tory trajectories and did not compare groups to existing staging
systems or concomitant risk of clinical outcomes [38].

The strengths of this study include a study population of
carefully phenotyped patients with CKD followed for up to
14 years. Clinical outcomes were rigorously collected and adju-
dicated. However, some weaknesses must also be mentioned.
Although the CRIC Study has one of the largest cohorts of CKD
patients available, it is a research cohort, with a younger popula-
tion than the average patient with CKD. Studies suggest that

Table 4. Baseline characteristics within three groups formed by unsupervised classification based on longitudinal trajectories of QOL and physical and
mental health scores

Characteristics Group 1 Group 2 Group 3

Patients, n (%) 914 (23.2) 1602 (40.7) 1423 (36.1)
Age (years) 56.4 (10.3) 59.1 (10.8) 56.9 (11.5)
Black race, n (%) 436 (47.7) 716 (44.7) 506 (35.6)
Hispanic ethnicity, n (%) 188 (20.6) 208 (13.0) 101 (7.1)
Female, n (%) 478 (52.3) 739 (46.1) 561 (39.4)
Body mass index (kg/m2) 34.2 (8.8) 32.7 (8.0) 30.0 (6.2)
Systolic blood pressure (mmHg) 133.2 (23.7) 130.1 (22.6) 123.7 (19.7)
Diastolic blood pressure (mmHg) 72.5 (13.2) 70.7 (13.1) 71.9 (12.3)
eGFR (CKD-EPI equation, mL/min/1.73 m2) 40.3 (14.9) 42.0 (14.0) 49.6 (14.7)
Urine ACR (mg/g), median (IQR) 197.3 (20.5–1246.4) 77.0 (11.8–461.4) 17.7 (5.7–178.5)
Hemoglobin A1C (%) 7.1 (1.8) 6.8 (1.6) 6.2 (1.3)
Hypertension, n (%) 830 (90.8) 1442 (90.0) 1119 (78.6)
Diabetes mellitus, n (%) 598 (65.4) 848 (52.9) 462 (32.5)
CVD, n (%) 427 (46.7) 610 (38.1) 279 (19.6)
Number of medications, median (IQR) 10.0 (7.0–13.0) 9.0 (6.0–12.0) 7.0 (5.0–10.0)
KDQOL burden of kidney disease (0–100 scale) 60.4 (26.7) 83.0 (21.0) 95.3 (11.4)
KDQOL effect of kidney disease (0–100 scale) 73.5 (20.6) 90.6 (11.4) 97.5 (4.9)
KDQOL symptoms of kidney disease (0–100 scale) 67.7 (15.7) 83.9 (10.9) 93.1 (7.8)
SF-12 MCS score 41.3 (11.1) 51.9 (9.4) 54.6 (7.4)
SF-12 PCS score 32.0 (9.2) 38.7 (10.4) 50.1 (7.1)

Values presented as mean (SD) unless stated otherwise.
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research cohorts have lower rates of mortality and CVD than
the equivalent CKD population seen in clinical practice, thus
our estimates for CVD and death may be conservative [25, 39].
Second, our estimates are stratified by G- and A-stage, provid-
ing a population rather than an individual average estimate.
Third, the unsupervised approach to clustering was employed
as a proof of concept to evaluate whether patient-reported out-
comes could be considered another axis of CKD. The method
uses longitudinal data and thus is not used to classify partici-
pants at a single point in time, such as an office visit. We did
not test whether the addition of PROMs as assessed in routine
clinical care may aid in the prediction of key clinical outcomes.

In summary, this study provides information on clinical and
patient-reported outcomes in the CRIC Study, one of the most

carefully phenotyped cohorts of patients with CKD in the
world. It reinforces the observation that, in addition to the
widely appreciated risk of ESKD, the risk of mortality associated
with advanced CKD is high and that CVD is very common. In
addition, it suggests that PROMs represent a unique axis of
CKD trajectory. The findings underscore the need for a
comprehensive, patient-centered approach to CKD care that
includes risk factor reduction, administration of known effec-
tive therapies and interventions to maintain and improve physi-
cal well-being.
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Supplementary data are available at ndt online.

FIGURE 1: Mean trajectories of patient-centered outcomes over time according to groups assigned through clustering of CRIC participants
based on longitudinal trajectories of KDQOL, physical well-being and mental well-being scores. Trajectories are plotted using linear mixed
models with random slopes and intercepts, extending until <10% of the original participants remain.
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