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BACKGROUND: Predialysis nephrology care for adults
with late stage chronic kidney disease (CKD) is associated
with improved outcomes. Less is known about the effects
of nephrology care in earlier stages of CKD.
OBJECTIVE:We aimed to evaluate the effect of nephrolo-
gy care on management of CKD risk factors and compli-
cations, CKD progression, incident cardiovascular dis-
ease (CVD), and death.
DESIGN: This was a prospective cohort study.
PARTICIPANTS: Participants included 3855 men and
women aged 21 to 74 years enrolled in the Chronic Renal
Insufficiency Cohort (CRIC) Study with a mean (SD) esti-
mated glomerular filtration rate (eGFR) at entry of 45 (17)
ml/min/1.73 m2, followed for a median of 6.6 years.
MAIN MEASURES: The main predictor was self-reported
prior contact with a nephrologist at study enrollment.
Outcomes evaluated included CKD progression (≥ 50 %
eGFR loss or end-stage renal disease), incident CVD, and
death.
RESULTS: Two-thirds (67 %) of the participants reported
prior contact with a nephrologist at study enrollment.
They were younger, more likely to be male, non-Hispanic
white, and had lower eGFR and higher urine protein (p <
0.05). A subgroup with eGFR 30–< 60 ml/min/1.73 m2

and prior contact with a nephrologist were more likely to
receive pharmacologic treatment for CKD-related compli-
cations and to report angiotensin-converting enzyme in-
hibitor or angiotensin receptor blocker (ACEi/ARB) use.
After propensity score matching (for reporting prior con-
tact with a nephrologist vs. not) and adjusting for demo-
graphic and clinical variables, prior contact with a

nephrologist was not significantly associated with CKD
progression, incident CVD or death (p > 0.05).
CONCLUSIONS: One-third of CRIC participants had not
seen a nephrologist before enrollment, and this prior con-
tact was subject to age, sex, and ethnic-related dispar-
ities. While prior nephrology care was associated with
more frequent treatment of CKD complications and use
of ACEi/ARB medications, there was neither an associa-
tion between this care and achievement of guideline-
recommended intermediate measures, nor long-term ad-
verse outcomes.
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INTRODUCTION

It is recommended that chronic kidney disease (CKD) patients
receive nephrology care before dialysis initiation. Current
guidelines recommend specialist referral for individuals with
estimated glomerular filtration rate (eGFR) < 30 ml/min/
1.73 m2.1,2 Absent or late predialysis nephrology care is
associated with poorer blood pressure (BP) control, worse
biochemical parameters, and lower receipt of permanent vas-
cular access among patients at dialysis initiation.3,4 Further-
more, patients with CKD who are referred late to nephrolo-
gists (less than 3–4 months before initiation of dialysis) have
been shown to have higher mortality in the first3,5–7 or sec-
ond8,9 year after initiation of dialysis.
Less is known about the benefits of receiving nephrology

care in earlier CKD stages. Several studies have shown that
outpatient nephrology care may result in slowing kidney func-
tion decline and/or improving survival.10–14 However, these
reports are limited by small sample sizes, lack of racial/
ethnicity diversity, retrospective design or short duration of
follow-up.
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The purpose of this study was to characterize current pat-
terns of nephrology care and to examine the effect of nephrol-
ogy care on management of CKD risk factors and complica-
tions, CKD progression, incident cardiovascular disease
(CVD), and death among Chronic Renal Insufficiency Cohort
(CRIC) Study participants. We hypothesized that receipt of
nephrology care will be associated with lower risk of CKD
progression, CVD events and all-cause mortality, and that this
association would in part be due to earlier implementation by a
nephrologist of guideline-recommended therapies such as BP
management.

MATERIALS AND METHODS

Study Population

The design, methods and baseline characteristics of
CRIC participants have been previously published.15–17

The CRIC Study recruited 3939 adults from May 2003
to June 2008, aged 21–74 years, with mild to moderate
CKD from general medicine and specialty clinics at
seven clinical centers across the U.S. (Ann Arbor, Mich-
igan; Baltimore, Maryland; Chicago, Illinois; Cleveland,
Ohio; New Orleans, Louisiana; Philadelphia, Pennsylva-
nia; and Oakland, California). Participants were followed
with annual in-clinic visits and interim telephone con-
tact. Exclusion criteria included inability to consent,
institutionalization, pregnancy, and certain chronic con-
ditions.15–17 The study protocol was approved by Insti-
tutional Review Boards of participating centers and is in
accordance with the principles of the Declaration of
Helsinki. All study participants provided written in-
formed consent.

Prior Contact with a Nephrologist

Prior nephrology contact was determined at study entry
by answering Byes^ to the question: BHave you ever
seen a nephrologist or kidney doctor?^ In addition, we
evaluated continuity of nephrology care among partici-
pants with a compelling indication for specialist referral
(i.e., eGFR < 30 ml/min/1.73 m2 or urine protein ≥ 3 g/
day).1,2 To ascertain continuity of nephrology care, the
following question was asked during each annual visit:
BSince the last CRIC visit, did you see nephrologist/
kidney doctor or any other doctor/health professional(s)
for your kidney problems?^ Answering Byes^ to that
question triggered the following question: BSince the
last CRIC visit, how many times did you see a
nephrologist/kidney doctor for your kidney problems?^
Taking into account reported visits to nephrologist/
kidney doctor (not primary care providers or other spe-
cialists), we classified continuity of nephrology care as
follows: persons who reported nephrology contact at
least once per year during follow-up (100 % continuity

of nephrology care); participants who reported nephrol-
ogy contact during most but not all follow-up visits
(continuity of nephrology care 51-99 %); and those
who reported nephrology contact during less than half
of the follow-up visits (continuity of nephrology
care≤50 %).

Outcomes

In cross-sectional analyses, prior nephrology contact at
study entry was the outcome of interest. We also exam-
ined achievement of CKD management guideline mea-
sures at baseline, including BP level, laboratory param-
eters (bicarbonate, phosphate, parathyroid hormone and
hemoglobin) and use of angiotensin converting enzyme
inhibitors or angiotensin receptor blocker (ACEi/ARB).
Because CRIC participants were recruited between 2003
and 2008, we used the goals set by the U.S. National
Kidney Foundation Kidney Disease Outcomes Quality
Initiative (NKF KDOQI) published between 2003 and
2006.18–20

For longitudinal analyses, we evaluated the following
outcomes: 1) CKD progression [50 % eGFR decline
from baseline, or end-stage renal disease (ESRD, initia-
tion of dialysis therapy or kidney transplantation)]; 2)
incident CVD (myocardial infarction, heart failure,
stroke, or peripheral arterial disease) and 3) all-cause
death. Ascertainment of time to eGFR halving was
imputed assuming a linear decline in kidney function
between in-person annual visit measures for time-to-
event analyses. Ascertainment of ESRD was supple-
mented by cross-linkage of participants with the US
Renal Data System. CVD events were adjudicated by
physician reviewers.15 Deaths were ascertained from
next of kin reports, death certificates, hospital records,
and linkage with the Social Security Death Master File.
Participants were followed up until the occurrence of
death, voluntary withdrawal, or 31 March 2012.

Covariates

Sociodemographic characteristics (age, gender, race/ethnicity,
annual household income, educational attainment, health in-
surance, smoking status), medical history and medications
were self-reported at entry. BP and anthropometric measures
were obtained using standard protocols.16 Hypertension was
defined as systolic BP ≥ 140 mmHg, diastolic BP ≥ 90 mmHg,
or use of antihypertensive medications. History of CVD was
defined as self-reported coronary heart disease (myocardial
infarction or prior revascularization), heart failure, peripheral
arterial disease, or stroke. Dyslipidemia was defined as fasting
total cholesterol ≥ 240 mg/dl, low density lipoprotein ≥
160 mg/dl, high-density lipoprotein ≤ 40 mg/dl, triglycerides
≥ 200 mg/dl, self-reported high cholesterol, or use of lipid-
lowering medication. Diabetes was defined as fasting glucose
≥ 126 mg/dL, random glucose ≥ 200 mg/dL, or use of insulin
or anti-diabetic medication. GFR was estimated using a CRIC
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equation.21 Proteinuria was measured from 24-hour urine
collection at baseline.

Statistical Analysis

Descriptive statistics were summarized as mean (SD) for
continuous variables and frequency (proportion) for categori-
cal variables. For skewed data distributions, natural logarith-
mic transformations were conducted, and/or data were pre-
sented as median (interquartile intervals). Chi-squared and
analysis of variance were used to compare categorical and
continuous variables, respectively. Logistic regression was
used in cross-sectional analyses to determine factors associat-
ed with prior nephrology contact adjusted for demographic
and clinical factors chosen based on prior literature.22–24 In
longitudinal analyses, Cox proportional hazards models were

used to examine the association of prior nephrology contact
and outcomes. For the outcomes of CKD progression and
incident CVD, death was treated as a censoring event. To
minimize potential bias and confounding introduced by non-
random assignment of participants to prior nephrology con-
tact, a matched propensity score approach was utilized. A
propensity score for the probability of prior nephrology con-
tact was calculated for each participant using a logistic regres-
sion model incorporating demographic and clinical character-
istics listed in Table 2. We matched 925 participants who
reported prior nephrology contact with the nearest
propensity-matched participant who did not report such con-
tact using a greedy algorithm with a pre-specified 0.02 caliper
distance, which corresponds approximately to matched pairs
that are within 1 % SD of the propensity score. The success of

Table 1 Demographic and Clinical Characteristics of Study Participants by Contact with a Nephrologist Prior to CRIC Baseline Visit

Characteristic Overall Prior Contact with a Nephrologist p

Yes No

No. of participants 3855 2591 1264
Age, y 58.1 (11.0) 57.5 (11.6) 59.4 (9.7) < 0.001
Male sex 2117 (54.9 %) 1515 (58.5 %) 602 (47.6 %) < 0.001
Race/ethnicity
Non-Hispanic White 1613 (41.8 %) 1130 (43.6 %) 483 (38.2 %) < 0.001
Non-Hispanic Black 1604 (41.6 %) 1100 (42.5 %) 504 (39.9 %)
Hispanic 487 (12.6 %) 263 (10.2 %) 224 (17.7 %)
Other 151 (3.9 %) 98 (3.8 %) 53 (4.2 %)

Annual Household Income, $
≤20,000 1210 (31.4 %) 800 (30.9 %) 410 (32.4 %) 0.35
20,001–50,000 933 (24.2 %) 642 (24.8 %) 291 (23.0 %)
50,000–100,000 721 (18.7 %) 490 (18.9 %) 231 (18.3 %)
>100,000 391 (10.1 %) 271 (10.5 %) 120 (9.5 %)
No response 600 (15.6 %) 388 (15.0 %) 212 (16.8 %)

Educational Attainment
<High school 802 (20.8 %) 510 (19.7 %) 292 (23.1 %) 0.05
HS graduate/some college 1841 (47.8 %) 1251 (48.3 %) 590 (46.7 %)
≥College graduate 1211 (31.4 %) 830 (32.0 %) 381 (30.2 %)

Health Insurance
None 267 (7.8 %) 159 (6.9 %) 108 (9.6 %) < 0.0001
Medicaid/Public Aid 497 (14.5 %) 352 (15.3 %) 145 (12.9 %)
Any Medicare 1185 (34.6 %) 794 (34.6 %) 391 (34.8 %)
VA/Military/Champus 189 (5.5 %) 136 (5.9 %) 53 (4.7 %)
Private/Commercial 573 (16.7 %) 313 (13.6 %) 260 (23.2 %)

Unknown/Incomplete Data 710 (20.8 %) 544 (23.7 %) 166 (14.8 %)
Smoker (≥ 100cig/lifetime) 2105 (54.6 %) 1443 (55.7 %) 662 (52.4 %) 0.05
Systolic Blood Pressure, mmHg 128.4 (22.1) 128.8 (22.2) 127.7 (21.8) 0.18
Hypertension 3317 (86.0 %) 2282 (88.1 %) 1035 (81.9 %) < 0.001
Coronary heart diseasea 838 (21.7 %) 581 (22.4 %) 257 (20.3 %) 0.14
Congestive heart failurea 372 (9.6 %) 260 (10.0 %) 112 (8.9 %) 0.25
PVDa 259 (6.7 %) 202 (7.8 %) 57 (4.5 %) < 0.001
Stroke 381 (9.9 %) 263 (10.2 %) 118 (9.3 %) 0.43
Any CVD 1285 (33.3 %) 900 (34.7 %) 385 (30.5 %) 0.008
Dyslipidemia 3165 (82.1 %) 2163 (83.5 %) 1002 (79.3 %) 0.001
Diabetes mellitus 1863 (48.3 %) 1236 (47.7 %) 627 (49.6 %) 0.27
Body mass index, Kg/m2 32.1 (7.8) 31.8 (7.7) 32.5 (8.0) 0.008
eGFR, ml/min/1.73 m2 44.9 (16.8) 40.9 (14.9) 53.1 (17.6) < 0.001
eGFR Category
15–<30 792 (20.5 %) 705 (27.2 %) 87 (6.9 %) < 0.001
30– < 40 891 (23.1 %) 676 (26.1 %) 215 (17.0 %)
40– < 50 831 (21.6 %) 547 (21.1 %) 284 (22.5 %)
50– < 60 653 (16.9 %) 374 (14.4 %) 279 (22.1 %)
≥60 688 (17.8 %) 289 (11.2 %) 399 (31.6 %)

Urine Protein (g/24 hr) 0.2 (0.1–0.9) 0.3 (0.1–1.2) 0.1 (0.1–0.4)

Note: Values for categorical variables are given as number (percentage); values for continuous variables , as mean (standard deviation) or median
(interquartile range)
CRIC Chronic Renal Insufficiency Cohort; eGFR estimated glomerular filtration rate; HS high school; PVD peripheral vascular disease
aSelf-reported
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propensity score matching was assessed using standardized
differences for each covariate between the matched groups.
The primary analysis used a Cox proportional hazards model
stratified by this matched pair sample. In addition, we con-
ducted the following sensitivity analyses: 1) we used Cox
proportional hazard models to evaluate the association of prior
nephrology contact with each outcome by adding the propen-
sity score in the fully adjusted model as a covariate; 2) for the
outcomes of incident CVD and all-cause mortality, we con-
ducted multivariable regression analyses censoring at the time
of ESRD; 3) we repeated the main regression analyses cen-
soring at a follow-up time of 3.6 years instead of 6.6 years; and
4) for each outcome, we evaluated the effect of timing of
nephrology contact prior to study enrollment (i.e., initial ne-
phrology contact≥ 1 year before baseline visit, initial nephrol-
ogy contact<1 year prior to baseline visit, or no prior nephrol-
ogy contact). All hypothesis tests were two-sided with 0.05
alpha level. Regression models were adjusted for clinical
center. The Supremum test was used to evaluate the Cox’s
models proportionality assumption.25 Statistical analyses were
conducted using SAS, version 9.3 (Cary, NC).

RESULTS

Cohort Characteristics

After exclusion of 73 participants with missing data regarding
prior nephrology contact and 11 participants with eGFR <
15 ml/min/1.73 m2 at study entry, we studied a total of 3855
CRIC participants. Their mean (SD) age at baseline was 58
(11) years, 55 % were male, and 42 % were non-Hispanic
white (Table 1). The 67 % of participants who reported ne-
phrology contact prior to study entry were more likely to be
male and to have health insurance; and had lower eGFR and
higher urine protein excretion compared with those who did
not report such contact. A comparison of demographic and
clinical characteristics between propensity scorematched pairs
is presented in Table 1S (supplementary material).

Baseline Factors Associated with Prior History
of Contact with a Nephrologist

In multivariable logistic regression analyses, increasing age
and body mass index (BMI), female sex, Hispanic ethnicity
and diabetes were associated with lower odds of prior nephrol-
ogy contact, while health insurance and high school education
or higher were associated with higher odds of such contact.
Lower eGFR and higher proteinuria were also associated with
significantly higher odds of prior nephrology contact
(Table 2).

Continuity of Nephrology Care

Among the 1019 participants with either eGFR 15–<30 ml/min/
1.73 m2 or urine protein ≥ 3 g/day who reported nephrology

contact prior to study entry, 662 (65 %) reported nephrology
contact at least once per year prior to each subsequent follow-up
visit (continuity of nephrology care 100 %), 171 (17 %) reported
nephrology contact prior to most but not all follow-up visits
(continuity of nephrology care 51–99 %), and 186
(18 %) reported nephrology contact prior to less than
half of the follow-up visits (continuity of nephrology
care≤50 %). In unadjusted analysis, compared with par-
ticipants with continuity of nephrology care≤50 %, those
with 100 % continuity of nephrology care were more
likely to have annual household income>$20,000 (59 vs.
46 %) and high school education or greater (72 vs.
60 %); and less likely to be Hispanic (17 vs. 36 %).
The mean (SD) eGFR was 27 (7.5) ml/min/1.73 m2

among participants with 100 % continuity of nephrology
care, which compared with 31 (11) ml/min/1.73 m2

among those with ≤ 50 % continuity of nephrology
care. The median (IQR) urine protein excretion was
1.3 (0.3–4.2) g/24 hr for participants with 100 % con-
tinuity of nephrology care, and 3.1 (0.5–5.1) g/24 hr
among those with≤50 % continuity of nephrology care
(data not shown).

Management of CKD by Prior Nephrology
Contact

Among participants with baseline eGFR 15–<30 ml/min/
1.73 m2, those who reported prior nephrology contact (com-
pared with those who did not) were more likely to have serum
bicarbonate and phosphorus treated and at goal (Table 3).
There were no significant differences in achieving the
guideline-recommended goals for systolic BP, iPTH or hemo-
globin by prior nephrology contact, regardless of eGFR strata.

Table 2 Factors Associated with Contact with a Nephrologist Prior
to CRIC Baseline Visita

OR (95 % CI) p

Age (per 1-year increase) 0.96 (0.95–0.97) < 0.001
Female (vs. male) 0.55 (0.45–0.67) < 0.001
Race/ethnicity

Non-Hispanic White
Referent group

Hispanic 0.32 (0.22–0.47) < 0.001
Non-Hispanic Black 0.98 (0.79–1.22) 0.87
Other 0.94 (0.59–1.50) 0.79

Educational attainment
Less than high school education Referent group
High school graduate/Some college 1.34 (1.04–1.73) 0.03
College graduate or higher 2.02 (1.49–2.74) < 0.001

Health insurance (vs. no
health insurance)

1.58 (1.12–2.21) 0.009

Smoker ≥ 100 cig/lifetime (Yes vs. No) 0.96 (0.79–1.15) 0.63
Systolic BP (per 1 mmHg) 1.00 (1.00–1.01) 0.49
Any cardiovascular disease 1.01 (0.83–1.24) 0.89
Diabetes 0.64 (0.52–0.78) < 0.001
Dyslipidemia 1.11 (0.86–1.42) 0.43
Body mass index (per 1 unit increase) 0.97 (0.96–0.99) < 0.001
eGFR (per 10 unit decrement) 1.94 (1.81–2.09) < 0.001
Proteinuria (per 1 unit increase in
log-urine protein, g/24 h)

1.31 (1.08–1.61) 0.008

aAdjusted for clinical center and all variables listed
OR odds ratio; CI confidence interval
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A significant greater proportion of participants with eGFR ≥
30 ml/min/1.73 m2 who reported prior nephrology contact
were taking ACEi/ARB (Table 3). Similar patterns of higher
ACEi/ARB use by prior nephrology contact were observed
across strata of proteinuria (> 0.3 vs. ≤ 0.3 g/24 hr, data not
shown).

Influence of Prior Contact with a Nephrologist
on Outcomes

During a median length of follow-up of 6.6 years we observed
816 ESRD events, 846 CVD events (744 prior to ESRD), and
707 deaths (493 prior to ESRD). Participants who reported
prior nephrology contact were more likely to experience CKD
progression, incident CVD, and death during the follow-up
period. The unadjusted event rates (per 100 person-year) in
participants with prior nephrology contact compared with
those without it were 7.5 vs. 3.5 for CKD progression
(p<0.001); 4.6 vs. 3.4 for incident CVD (p<0.001); and 3.3
vs. 2.4 for all-cause death (p<0.001) (Figure 1S, supplemen-
tary material). However, in Cox proportional hazards models
using propensity score matched pairs, prior nephrology con-
tact, compared with no such contact, was not associated with
CKD progression (hazard ratio (HR) 1.21; p=0.4), CVD
events (HR 1.20; p=0.3), or death (HR 0.83; p=0.3) (Fig. 1).
Results obtained from sensitivity analyses were similar to
those from the main analyses. Specifically, using propensity

score as a covariate in fully adjusted Cox proportional models
did not alter the results (data not shown). In analyses of
incident CVD and all-cause mortality where ESRD was treat-
ed as a censoring event, the results were also unchanged.
Censoring at a shorter follow-up time produced similar results.

Table 3 Measures of Management of Chronic Kidney Disease by Prior Contact with a Nephrologist Over Three Ranges of Estimated
Glomerula Filtration Rate

eGFR 15–<30 ml/min/1.73 m2 eGFR 30– < 60 ml/min/1.73 m2 eGFR≥60 ml/min/1.73 m2

Prior Contact with Nephrologist

Variables Yes (n=705) No (n=87) Yes (n=1597) No (n=778) Yes (n=289) No (n=399)

Systolic BP, mm Hg 133 (24) 133 (22) 128 (22) 130 (23) 121 (18) 122 (19)
At goal (< 130/80 mm Hg) 48 % (337/705) 45 % (39/87) 57 % (908/1596) 53 % (410/778) 74 % (213/289) 72 % (289/399)
Treateda and at goal 48 % (324/681) 47 % (39/83) 56 % (848/1511) 53 % (386/734) 71 % (167/235) 66 %(178/271)

Bicarbonate, mEq/L 23 (3) 23 (4) 24 (3)* 25 (3)* 26 (3) 26 (3)
At goal (≥ 22 mEq/L) 64 % (451/698) 63 % (55/87) 84 % (1340/1585) 86 % (669/773) 91 % (262/281) 94 % (376/397)
Treatedb and at goal 65 % (26/40)* 0* 73 % (16/22) 50 % (2/4) 50 % (1/2) 0

Phosphate, mg/dL 4.1 (1) 4.2 (1) 3.7 (1) 3.7 (1) 3.4 (1)* 3.5 (1)*
At goal (2.7–4.6 mg/dL) 75 % (530/687) 71 % (62/87) 89 % (1423/1574) 90 % (697/766) - -
Treatedc and at goal 75 % (64/85)* 46 % (5/11)* 88 % (87/99) 79 % (33/42) - -

iPTH 109 (67–176) 92 (61–159) 55 (36–84) 49 (33–74) 36 (28–51) 35 (27–47)
At goale (not on treatment) 24 % (136/564)* 37 % (28/75)* 39 % (572/1458) 43 % (317/736) - -
Treatedd and at goale 53 % (75/141) 58 % (7/12) 48 % (66/139) 62 % (26/42) - -

Hemoglobin, g/dl 11.7 (1.7) 11.5 (1.6) 12.7 (1.7)* 12.5 (1.7)* 13.9 (1.6)* 13.4 (1.5)*
At goal (11–12 g/dl,

not on treatment)
91 % (480/528)* 85 % (66/78)* 96 % (1366/1422) 95 % (689/729) 97 % (267/275) 98 % (370/377)

Treatedf and at goal 57 % (100/177) 67 % (6/9) 49 % (86/175) 39 % (19/49) 21 % (3/14) 41 % (9/22)
ACEi or ARB use 67 % (473/702) 74 % (64/87) 76 % (1199/1585)* 71 % (550/771)* 60% (173/287)* 46 % (181/396)*

Values are expressed as mean (standard deviation), median (interquartile range), or % (numerator/denominator). For systolic BP, bicarbonate and
phosphate, the “at goal” category includes individuals with and without treatment
ACEi angiotensin converting enzyme inhibitor; ARB angiotensin receptor blocker; BP blood pressure; iPTH intact parathyroid hormone
aUse of any antihypertensive medication
bUse of sodium bicarbonate, potassium bicarbonate or sodium citrate
cUse of any phosphorus binder
dUse of a phosphorus binder, active vitamin D formulation or cinacalcet
eiPTH (pg/ml) treatment goal based on eGFR: 70–110 (eGFR 15–30); 30–59 (eGFR 30–60)
fUse of an erythropoietin stimulating agent or iron
*p<0.05

Fig. 1 Hazard ratios and 95 % confidence intervals of chronic
kidney disease progression, death and cardiovascular events for
individuals with prior contact with a nephrologist (vs. not).

Adjusted for clinical center, age, gender, race/ethnicity, educational
attainment, smoking, systolic BP, self-reported cardiovascular

disease, diabetes, high cholesterol, BMI, baseline eGFR and urine
protein excretion.
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Additional sensitivity analyses evaluating timing of prior ne-
phrology contact showed no significant association between
prior nephrology contact and the outcomes studied (data not
shown). The proportionality assumption of Cox models was
met.

DISCUSSION

In a large and diverse cohort of adults with CKD, one-third
reported not seen a nephrologist in the year prior to study
entry. We observed significant sociodemographic disparities
in prior nephrology contact. Despite accounting for severity of
CKD, participants who were older, female, Hispanic, and had
lower educational attainment were significantly less likely to
report prior nephrology contact. Even though prior nephrolo-
gy contact was associated with a higher prevalence of treat-
ment for CKD complications and use of ACEi/ARB, there
were no consistent differences in achievement of guideline-
recommended goals across the range of eGFR studied. In
adjusted analyses, prior nephrology contact was not associated
with CKD progression, incident CVD or death.
Similar to our findings, other studies have reported subopti-

mal prevalence of nephrology care as well as sociodemographic
disparities in nephrology care referral. In a single-center retro-
spective study of 268 stage 3–4 CKD patients, those without
nephrology referral were more likely to be ≥ 65 years, female
and non-white.26 Furthermore, among over 400 geriatric am-
bulatory patients with mild to moderate CKD, only 8.8 % were
referred to a nephrologist.27 In contrast, in a study of 135
patients initiating dialysis, no association was found between
age, gender or race and timing of nephrology referral, but
private health insurance conferred a higher odds of nephrology
referral compared with Medicare. Factors that might influence
primary care providers’ (PCP) referral of patients with CKD to
nephrologists are not well understood. Although specific char-
acteristics of PCP does not appear to play a role,28 insufficient
awareness of guidelines recommendations for CKD manage-
ment and nephrology referral has been identified as a potential
explanation for low referral rates.26,29 In addition, it is possible
that certain patient-level factors play an important role includ-
ing lack of initiative to schedule a nephrology appointment or
adherence to scheduled appointments.
Given that we did not observe a difference in CKD treat-

ment goals achievement, it is not surprising that we failed to
find a significant association between prior nephrology con-
tact and outcomes. Similar to our findings, the Kidney Early
Evaluation Program reported no significant independent asso-
ciation between mortality and nephrology care in participants
with eGFR <60 ml/min/1.73 m2.23 Moreover, a large U.S.
study reported no substantial improvement in 1-year survival
rates after dialysis initiation despite a consistent trend toward
increased use of nephrology consultation in older patients
approaching ESRD.30 In contrast, three small studies conduct-
ed outside the U.S. found nephrology care to be associated

with better kidney function preservation.12–14 In two separate
studies of U.S. Veterans with CKD, nephrology care was
associated with a reduced risk of death, and regular frequent
visits were associated with the lowest risk.10,11 A potential
explanation for these heterogeneous findings is that patients
with severe terminal medical conditions (e.g. active cancer,
advanced liver cirrhosis) were excluded from the CRIC Study.
These types of patients have shorter lifespans and high mor-
tality, and are generally not referred for nephrology consulta-
tion in clinical practice. In prior studies, such patients would
be captured in the non-nephrology care comparison group,
which would increase the likelihood of observing lower mor-
tality in patients receiving nephrology care. Hence, the failure
to include these severely ill patients in the CRIC Study may
have resulted in a relatively lower mortality rate in our non-
nephrology care group, and may have biased against an ob-
served mortality benefit from nephrology care.
Although CRIC participants with prior nephrology care had

a higher use of ACEi/ARB, they did not have consistently
higher attainment of guideline-recommended goals. While a
few existing studies have noted that adherence to clinical
guidelines is suboptimal overall,31,32 nephrology care has
been generally associated with better control of hypertension,
anemia, and calcium-phosphorus metabolism.12–14,33–35 How-
ever, others have not observed a benefit of nephrology care on
these parameters and have found such care to vary substan-
tially among nephrologists.11,36 Several reasons may account
for our observations. First, the overall achievement of
guideline-recommended goals was high in the CRIC Study,
and therefore significant differences between patients with and
without nephrology care may be difficult to appreciate. Sec-
ond, patient-centered factors such as access to healthcare
services (e.g., medication co-payments, transportation) likely
impact these outcomes, but are not available in our data.
Lastly, despite stratifying by eGFR, other factors reflecting
disease severity (e.g., difficult to control hypertension) that
impact our outcomes may be worse in the referred population
and introduce selection bias into our analyses.
Strengths of this study include the large sample size and the

racial/ethnic diversity of the CRIC Study, as well as the
availability of a wide range of clinical measures. However,
in addition to the issues discussed above, our study has limi-
tations. First, although we conducted propensity score
matched analyses to attenuate confounding by indication bias
(i.e., referral to a nephrologist due to worse kidney function
and hematologic/metabolic parameters), residual confounding
might remain. For example, we were unable to adjust for the
number of nephrology visits prior to study enrollment. Sec-
ond, it is possible that nephrology care ascertainment with a
self-administered questionnaire, and not confirmed by insur-
ance claims or other means, led to recall bias and misclassifi-
cation of the exposure. Lastly, the ascertainment of nephrolo-
gist care by presence or absence of clinical visits is only a
crude marker of the patient–physician interaction; data regard-
ing other potentially significant variables including visit length
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and patient satisfaction were not collected. Moreover, we did
not have enough information at the baseline visit regarding
medical care provided by PCP.
In summary, one-third of CRIC participants reported not

seen a nephrologist prior to enrollment, and this prior contact
was subject to age, sex, and ethnic-related disparities. While
prior nephrology care was associated with higher ACEi/ARB
use, there was no significant association between nephrology
care and long-term outcomes. Further observational studies
with longer follow-up time as well as qualitative research
studies that examine nephrologist–patient clinic visit interac-
tions in greater detail would be important to better determine
the relevance of nephrology care in earlier stages of CKD.
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