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Abstract
Background—Urine albumin-creatinine ratio (ACR) and protein-creatinine ratio (PCR) are
important markers of kidney damage and are utilized for prognosis in persons with chronic kidney
disease (CKD). Despite how commonly these measurements are done in clinical practice,
relatively few studies have directly compared the performance of these two measures with regard
to associations with clinical outcomes, which may inform clinicians about which measure of
urinary protein excretion is best. We studied the association of ACR and PCR with common
complications of CKD.

Study Design—Cross-sectional study.

Setting & Participants—3,481 participants with CKD in the Chronic Renal Insufficiency
Cohort (CRIC) study.

Predictors—ACR and PCR.

Outcomes—We examined the association between ACR and PCR with measures of common
CKD complications: serum hemoglobin, bicarbonate, parathyroid hormone, phosphorus,
potassium and albumin.

Measurements—Restricted cubic spline analyses adjusted for estimated glomerular filtration
rate (eGFR; calculated by the MDRD [Modification of Diet in Renal Disease] Study Equation)
were performed to study the continuous association with our predictors with each outcome.

Results—Mean eGFR was 43 ± 13 (SD) ml/min/1.73 m2 and median levels of PCR and ACR
were 140 and 46 mg/g, respectively. In continuous analyses adjusted for eGFR, higher ACR and
PCR were comparable and both were associated with lower levels of serum hemoglobin,
bicarbonate, and albumin and higher levels of parathyroid hormone, phosphorus, and potassium.
Across all outcomes, the associations of ACR and PCR were comparable with only small, absolute
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differences in the outcome measure. Similar associations were seen in patients with diabetes
mellitus.

Limitations—Participants largely had moderate CKD with low levels of ACR and PCR, so
results may not be generalizable to all CKD populations.

Conclusions—In persons with CKD, ACR and PCR are relatively comparable in their
associations with common complications of CKD. Thus routine measurement of PCR may provide
similar information as ACR in managing immediate complications of CKD.

Chronic kidney disease (CKD) is very prevalent among adults in the United States and
associated with poor outcomes (1). As a result, there has been a lot of interest in
measurement of total proteinuria and albuminuria, important markers of kidney damage that
are used as prognostic indicators and therapeutic targets in patients with CKD. In contrast to
more novel urinary markers investigated in research studies, testing for albuminuria and
total proteinuria is widely available and thus a fundamental part of clinical practice. High
total proteinuria and albuminuria are independently associated with adverse outcomes in
patients with CKD, with and without diabetes (2–8). Albuminuria was recently incorporated
into national staging and risk stratification criteria for CKD by KDIGO (9, 10).
Interestingly, some national and international guidelines have not endorsed measurement of
total proteinuria (10–12).

Despite the large body of literature demonstrating their predictive and prognostic potential,
there have been limited studies of head-to-head comparisons of albuminuria versus total
proteinuria and there are inconsistencies in which measure is used in research studies and in
clinical practice. Some studies have found albuminuria to be superior (13), some have
shown total proteinuria to be better (14), while still others have found both measures to be
equivalent predictors of outcomes such as end-stage renal disease (ESRD) and mortality (15,
16). Additionally, while some studies among CKD and non-CKD populations have shown
strong correlations between albuminuria and total proteinuria (14, 17–19), others have not
(20).

Identification of concurrent metabolic complications of CKD is an important part of clinical
management and has received attention recently as a marker of decreased kidney function
(21, 22). A recent cross-sectional study of NHANES (National Health and Nutrition
Examination Survey) participants found that albuminuria, like low eGFR, was also
associated with anemia, acidosis, hypoalbuminemia and hyperparathyroidism (21).

In this study, we examined the associations between albumin-creatinine ratio (ACR) and
concurrent common complications of CKD (lower levels of serum hemoglobin, bicarbonate,
and albumin and higher levels of serum parathyroid hormone (PTH), phosphorus, and
potassium) and compared them with the associations between protein-creatinine ratio (PCR)
and the same complications within a large, diverse cohort of patients with CKD enrolled in
the Chronic Renal Insufficiency Cohort (CRIC) study. We hypothesized that ACR would be
more strongly associated with common complications of CKD.

METHODS
Study Population

This was a cross-sectional analysis of baseline data from the CRIC study, a multi-center
observational study of 3,939 patients with mild to severe CKD (eGFR range, 20–70 ml/min/
1.73 m2) recruited from seven centers across the United States (23, 24). The inclusion and
exclusion criteria have been previously described (23). For this study, patients were
excluded from analysis if they were missing values for either PCR or ACR (n=169) or any
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of our outcomes of interest (levels of hemoglobin, bicarbonate, parathyroid hormone [PTH],
phosphorus, potassium or albumin) (n=172), or had outlying ACR exceeding the 97.5th
percentile (n=117) (to correspond to reasonable physiological values and to limit the affect
of outliers on the regression), leaving a final analytical sample of 3,481 patients.

Measures of Urine ACR and PCR
The two predictors were spot urine PCR and spot urine ACR. Because spot sample ratios
have been shown to correlate well with 24-hour urine collection measurements, ACR and
PCR are commonly measured in clinical practice for convenience (25–27). The PCR (mg/g)
was calculated as spot urine total protein concentration divided by spot urine creatinine
concentration, and the ACR (mg/g) was calculated as spot urine albumin concentration
divided by spot urine creatinine concentration from 24-hour urine samples. Urine albumin
concentration was determined with the immunoturbidometric method, and urine protein
concentration was determined with the turbidometric method with benzethonium chloride.
Urine creatinine concentration was determined using the kinetic rate Jaffe method. Intra-
assay coefficients of variation (CVs) were 1.9%, 3.8%, and 2.1% for urine albumin, total
urine protein and urine creatinine, respectively.

Complications of CKD
We evaluated the associations of PCR and ACR with measures of common complications
associated with CKD that have been identified as clinical targets by the National Kidney
Foundation–Kidney Disease Outcomes Quality Initiative (28): serum hemoglobin,
bicarbonate, PTH, phosphorus, potassium and albumin. Hemoglobin was measured locally
at each CRIC clinical center (29). Electrolytes were measured at the CRIC central laboratory
at the University of Pennsylvania (29). Serum potassium, bicarbonate, albumin and
phosphorus were measured with aVITROS 950 (Ortho Clinical Diagnostics). Total intact
PTH was measured with the scantibodies immunoradiometric assay. Outcomes were
analyzed as continuous variables.

Covariates
To characterize the study population, we examined age, sex, race (by self-report), diabetes
status (based on glucose levels or self-reported use of insulin or anti-diabetic medication),
serum creatinine, eGFR calculated by the 4-variable MDRD (Modification of Diet in Renal
Disease) Study equation (based on original entry criteria for CRIC study) (30), systolic and
diastolic blood pressure, history of any cardiovascular disease (by selfreport), BMI
(determined by weight in kilograms divided by height in meters squared), and use of ACE
inhibitors or ARB medications (by self-report).

Statistical Methods
Population characteristics are reported using means and medians as appropriate across
categories of ACR based on clinical cut-offs (ACR <30, 30–299 and ≥300 mg/g) We
compared characteristics of participants included versus excluded in the analysis. We
calculated the Spearman correlation coefficient to assess the correlation between ACR and
PCR among the study population as a whole and among participants with diabetes mellitus.
We used linear regression models to estimate the predicted value of each CKD complication
across the range of ACR and PCR. We compared values of ACR and PCR with a scatterplot,
using both LOWESS and Deming methods to fit the regression. We explored the effect of
important covariates such as demographics, blood pressure, diabetes mellitus and use of
ACE inhibitors and ARB medications in multivariate models on the regression of ACR and
PCR (modeled as the log of the ACR/PCR ratio).
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Distributions of each outcome were explored and found to be normally distributed. PTH was
log-transformed given the skewed distribution. We then used restricted cubic splines to
model the association between ACR and PCR with each outcome, adjusting for eGFR, to
allow for non-linearities detected in exploratory analysis. To avoid artifacts resulting from
knot placement, knots were placed 30, 300, 1000, 2000, 3000, and 4000 mg/g for ACR, and
at equivalent points in the range of PCR (0.047, 0.5, 1.6, 3.1, 4.7 and 6.2 mg/g). We
modeled eGFR using a 5-knot cubic spline, because the linearity assumption was violated.
Linearity was assessed by a joint test for the 2nd through 4th cubic spline basis functions,
which capture the non-linearity. In clinical settings, the resulting predicted values would be
interpreted in the light of other patient characteristics, but without formal adjustment for
covariates. Accordingly, we did not adjust for demographic characteristics, co-morbid
diseases, or pertinent but uncommonly (<10%) used medications (e.g. phosphorus binders,
Kayexalate) that would affect our outcomes of interest.

In sensitivity analyses, we repeated our spline analyses stratified by self-reported diabetes
mellitus status, because prior literature has suggested that ACR is superior in determining
prognosis compared with PCR in this particular subgroup (27, 31).

All analyses were conducted using Stata version 12 (StataCorp LP, College Station, TX).

Regulatory Approval
De-identified data for this analysis were retrieved from the Data Repository of the National
Institute of Diabetes and Digestive and Kidney Diseases (NIDDK) (https://
www.niddkrepository.org) after appropriate institutional review board approval was
obtained.

RESULTS
At baseline, mean age of our study participants was 58.6 ± 10.9 (standard deviation) years
and participants were diverse in terms of gender, race (white/Caucasian and black/African
American), and diabetes status (Table 1). On average, study participants had moderate CKD
(mean eGFR, 43.1 ± 13.4 ml/min/1.73 m2) and had generally well-controlled proteinuria and
albuminuria. Systolic and diastolic blood pressures were within target ranges, and a large
proportion of the population was taking ACE inhibitors or ARBs (Table 1). Those with the
highest levels of ACR were younger, and were more likely to be men, Black, have lower
eGFRs, have higher blood pressure, and be on an ACE inhibitor or ARB (Table 1).

Compared with the study population, the 458 participants who were excluded were younger,
less likely to be white, and more likely to have diabetes, and they had slightly lower eGFRs,
higher PCRs and ACRs, and higher blood pressure (Table S1, available as online
supplementary material). The higher PCRs and ACRs among excluded participants is
explained by the fact that we excluded participants with the upper 2.5% distribution of PCRs
and ACRs, as the range of these values were very extreme (and not physiologic).

ACR and PCR were highly correlated (Spearman correlation coefficients were0.92 and 0.94
for entire study population and participants with diabetes mellitus, respectively; Figure 1).
Younger age, male sex, non-white race, lower eGFR, diabetes mellitus and use of ACE
inhibitors and ARBs were all significantly (p<0.05) associated with a higher ACR/PCR ratio
(Table 2).

In continuous analyses adjusted for eGFR, higher ACR and PCR were comparable and both
were associated with lower levels of serum hemoglobin, bicarbonate, and albumin and
higher levels of PTH, phosphorus, and potassium (Figure 2). The greatest differences
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between ACR and PCR were at higher ranges of each (e.g. ACR >3000 mg/g and PCR >4
mg/g), where for example higher PCR was more strongly associated with higher PTH
concentration compared with ACR (Figure 1c).

In sensitivity analyses, we stratified our study population by diabetes mellitus status (Figure
S1). Among patients with diabetes mellitus, associations of ACR and PCR with hemoglobin,
bicarbonate, phosphorus, potassium and albumin were similar. Similar to the main analysis,
PCR was more strongly associated with higher PTH at very high levels of urinary protein
excretion (ACR >3000 mg/g or PCR >5 mg/g). Among patients without diabetes mellitus,
increasing levels of ACR and PCR were similarly associated with lower levels of
bicarbonate and higher levels of PTH, phosphorus, and potassium. However, at very high
levels of protein excretion, higher PCR was more strongly associated with lower levels of
hemoglobin and albumin.

DISCUSSION
Measurement of albuminuria and total proteinuria are a central aspect of the management
and prognosis of patients with CKD. However, there is uncertainty regarding the best
measure of urinary protein excretion—this has clinically important implications from a
practical and cost-effectiveness perspective. In this study of CRIC study participants with
primarily moderate CKD, we found that the strengths of the associations between higher
ACR and higher PCR with common complications of CKD (lower levels of serum
hemoglobin, serum bicarbonate, and serum albumin and higher levels of serum PTH, serum
phosphorus, and serum potassium) were comparable. When we stratified our analyses by
diabetes mellitus status, we found that among diabetics, the associations with ACR and PCR
were similar to those in the overall study population.

Our findings make sense physiologically. Albumin is a low molecular weight protein, and
albuminuria is likely a reflection of early damage to the glomerular vascular endothelium as
well as decreased ability of the tubule to reabsorb urinary albumin. Urinary measurement of
total proteinuria includes higher molecular weight non-albumin urinary proteins as well,
which may be tubular as well as glomerular in origin. However albumin still comprises the
majority of total urinary protein in patients with CKD (particularly at higher ranges of
proteinuria) (32), thus it makes sense that these two clinical measures would be comparable
in the general CKD population. The few studies that have compared ACR and PCR have
yielded conflicting results. Some prior studies have suggested that measurement of
albuminuria may more specific, more sensitive and better standardized than measurement of
total proteinuria (27, 31, 33, 34). A recent study reported that ACR and PCR did not
correlate well at lower ranges of proteinuria (35). In contrast, another study reported that
PCR was more sensitive (compared with ACR) as a screening test when proteinuria was
<0.5 g/d and <1.0 g/d.(20) Consistent with our findings, many studies among CKD and non-
CKD populations have shown strong correlations between ACR and PCR (14, 17–19). Yet,
the recently published KDIGO guidelines strongly advocate for measurement of ACR (over
PCR), partly due to limitations in measurement of PCR including substantial sample-to-
sample variations in the quantity and composition of proteins and between-laboratory
variations (10). It is interesting that, even despite these limitations, PCR was comparable to
ACR in the associations with common complications of CKD. Thus there remains discord
among national and international guidelines, with some advocating for ACR to replace
measurement of PCR (10–12) and others recommending retaining PCR (36). Our study
supports the argument that measurement of PCR should not be completely abandoned in
clinical practice.
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To our knowledge, only one prior investigation has evaluated ACR and associations with
complications of CKD.21 Among persons without CKD in NHANES (mean eGFR, 96 ml/
min/1.73 m2), ACR was found to be associated with hypoalbuminemia and
hyperparathyroidism but only weakly associated with anemia or acidosis (21). ACR was not
associated with hyperphosphatemia in that study; ACR was only compared with eGFR
measures, and PCR was not studied.21 Our study extends the results of this previous analysis
by focusing on comparisons between two central measures of urinary protein excretion that
are widely used in clinical practice. Additionally, we studied only persons with CKD, a
high-risk population in which detection of urinary protein and management of CKD
complications are fundamental parts of routine care. Our results strengthen findings from
previous studies to support measurement of PCR. This may be important in a climate where
efforts are being made to reduce health care expenditures since measurement of ACR is 2–3
times more expensive than that of PCR. Furthermore, there is increasing interest in the study
of non-albumin urinary proteins, which may also have prognostic value (37) and
measurement of ACR alone may “miss” other non-albumin proteinuria (14). Thus, measure
of PCR may provide important information in addition to ACR and is an important aspect of
the management of patients with CKD.

A limited number of studies have examined associations of ACR versus PCR with
longitudinal outcomes. A meta-analysis conducted by the Chronic Kidney Disease
Consortium similarly concluded that there were no significant differences in the associations
of PCR or ACR with mortality or ESRD (16). A study of 5,000 Scottish patients with CKD
found that ACR and PCR were comparable in predicting ESRD or mortality (15). In
contrast, another study of 700 diabetic patients found that ACR was superior in predicting
doubling of creatinine or ESRD compared with albuminuria or proteinuria from 24-hour
urine collections (13). However this study did not directly compare ACR versus PCR; and
the comparison of spot urine collections versus 24-hour urine collections may be influenced
by the strong association of spot urine creatinine concentration with poor outcomes (38, 39).
Predicting risk of longitudinal outcomes is clearly important in the care of CKD patients.
However our study may help guide more immediate management of these patients, because
metabolic complications of CKD are important for both short-term and long-term outcomes.

When we stratified our analysis by participants with versus without diabetes mellitus, we
found that, similar to in our main analyses, ACR and PCR were similarly associated with
CKD complications among participants with diabetes. These data provide impetus that
measurement of PCR may be reasonable even in patients with diabetes, which contradicts
the current dogma that ACR is a superior measure particularly in this specific subgroup (27,
31).

Our analysis has several strengths. Our study population was relatively large and included a
high proportion of Black and diabetic patients, which is very representative of the U.S. CKD
population. All patients had simultaneous measures of ACR and PCR performed in a single
laboratory. We had detailed information on concurrent CKD complications.

Our study has a few limitations as well. Overall, study participants had moderate CKD with
low levels of ACR and PCR. We cannot extrapolate our findings to patients with preserved
eGFR. Similarly, the high proportion of participants who were taking ACE inhibitors/ARBs
suggests that in general participants were receiving appropriate pharmaceutical treatment,
thus our results may not be generalizable to all CKD populations. This was a cross-sectional
observational study so we were not able to examine longitudinal outcomes or determine
causality. We were not able to determine if these associations differed by cause of CKD
(other than co-existing diabetes), because the majority of the study population did not know
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the cause of disease. Finally, we were not able to delineate the precise mechanisms to
explain the observed associations.

In conclusion, we found that in persons with CKD, ACR and PCR were comparable
measures in their associations with common clinical complications of CKD. Thus, clinicians
and health systems should not abandon routine measurement of PCR in patients with CKD,
as PCR may help guide immediate management of CKD complications and also incorporate
measure of non-albumin urinary proteins that may be important for prognosis as well.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Scatterplot of albumin-creatinine ratio (ACR) versus protein-creatinine ratio (PCR)
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Figure 2.
Spline curves for the adjusted (for eGFR) association between albumin-creatinine ratio
(ACR) and protein-creatinine ratio (PCR) and (a) serum hemoglobin; (b) serum bicarbonate;
(c) serum parathyroid hormone (PTH); (d) serum phosphorus; (e) serum potassium and (f)
serum albumin.
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Table 2

Multivariate association of clinical variables with ACR/PCR ratio

Covariate Relative change* (95% CI) p-value

Age (per 10-y greater) 0.87 (0.85, 0.90) <0.001

Female sex 0.75 (0.71, 0.79) <0.001

Black race 1.24 (1.16, 1.31) <0.001

Other race 1.25 (1.15, 1.37) <0.001

eGFR (per 10-ml/min/1.73 m2 lower) 1.22 (1.19, 1.24) <0.001

Diabetes 1.33 (1.26,1.41) <0.001

ACE inhibitor use 1.14 (1.08, 1.22) <0.001

ARB use 1.25 (1.16, 1.34) <0.001

Note: Regression equation: Log ACR/PCR=7.08+ (age/10*−0.135) +(eGFR/10*0.195 ) + (−0.290 if female) +(0.211 if Black) + (0.227 if other
race) + (0.288 if diabetic) + (0.135 if taking ACE inhibitor) + (0.221 if taking ARB).

ACR, albumin-creatinine ratio; PCR, protein-creatinine ratio; eGFR, estimated glomerular filtration rate; ACE, angiotensin-converting enzyme;
ARB, angiotensin receptor blocker; CI, confidence interval.

*
Relative change in ACR/PCR ratio.
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