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Abstract:
Introduction: Albuminuria is strongly associated with future risk for cardiovascular
and kidney outcomes, and has been proposed to be included in the classification of
chronic kidney disease (CKD) along with glomerular filtration r&@ER). However, it
is not known whether albuminuria is associated with concurrent complications of CKD.
We aimed to determine the association of albuminuria with the complications ofrfCKD i
participants screened for enrollment in the Modification of Diet in Ren&lades

(MDRD) Study.

Methods: In a cross-sectional analysis of 1665 participants screened for the MDRD
Study, the association of albumin-creatinine ratio (ACR) and GFR with anemi
(hemoglobin < 12 g/dL for women, <13.5 g/dL for men), acidosis (bicarbonate < 22
mmol/L), hyperphosphatemia (phosphate > 4.6 mg/dL) and hypertension (based on
review of medical records and anti-hypertensive medication use) wasthlsing
logistic and log-binomial regression. Albuminuria was determined by comyer

proteinuria to ACR and GFR was measured using iothalamate clearance.

Results. Mean GFR (+SD) was 39 ml/min/1.73ift 21) and the median (inter-quartile
range, IQR) ACR was 152 (631) mg/g). In multivariable models adjusteddosax,

race, kidney disease etiology and GFR, higher levels of ACR levels (>§@0 were

not associated with any complication (odds ratio (95% CI) for anemia 0.96 (0.66-1.39)
acidosis 1.18 (0.80-1.74), hyperphosphatemia 1.83 (0.83-4.02) and hypertension 1.40

(0.91-2.16)) when compared to ACR levels <29 mg/g. Lower levels of GFR, however



were associated with all complications (p-values < 0.0001 for all comphsati GFR
levels lower than 29 ml/min/1.73mwere associated with higher odds (95% ClI) of
anemia 12.8 (8.4-19.3), acidosis 8.9 (5.4-14.8), hyperphosphatemia 36.2 (11.4-114.9) and

hypertension2.7 (1.8-3.9) compared to GFR levels 60-89 ml/min/1%3m

Conclusions: ACR alone does not appear to provide additional information regarding
CKD complications. Albuminuria may be included along with GFR in the clea8dn
of CKD based on the prognostic outcomes, but would not affect clinical action plans for

decisions regarding evaluation and treatment of complications.
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Cross Sectional Analysis of Chronic Kidney Disease Complications

By Glomerular Filtration Rate and Albuminuria



I ntroduction:

Chronic kidney disease (CKD) is a major health problem with an increasing ingidenc
and prevalence, is associated with poor outcomes, and is preventable. The National
Kidney Foundation-Kidney Disease Outcomes Quality Initiative (NKFKI)

guidelines for the evaluation, classification and stratification of risk dd @&fines CKD
by glomerular filtration rate (GFR) < 60 ml/min per 1.73anthe presence é&idney
damage (most commonly by the level of albuminuria) for three or more months, and
classifies it by the level of GFRThe guidelines included stage specific clinical action
plan to guide clinicians’ evaluation and management of patients with CKD. Tegsta
system has been criticized as it does not provide sufficient information abonbgixyg

leading to unnecessary investigations, referrals, cost and patienyafikiet

Studies have consistently demonstrated that albuminuria is an independent rislofactor f
mortality, cardiovascular outcomes and progression of CRBased on such data, a
recent Kidney Disease: Improving Global Outcomes (KDIGO) ControveCsiagerence
recommended revision of the CKD staging system, such that CKD s¥figldsy both

level of albuminuria and GFRThus far, the study of albuminuria has focused its
association with future events. It remains unknown however whether albumsnuria
associated with concurrent complications of CKD. The latter is relevastahlishing a
clinical action plan and guiding physicians in their decision making and manaigaae

particular patient encounter.



We evaluated whether albuminuria is associated with concurrent compliaaitiGKD

at participants screened for enroliment in the Modification of Diet in Renahgase
(MDRD) Study. We hypothesized thaelbuminuria would be associated with the
prevalence of hypertension, anemia, hyperphosphatemia, or acidosis, and ¢hat thes
associations would persist despite adjustment for kidney disease etintbtpval of

GFR. We also evaluated if these associations would be modified by the lewRof G

Methods:

Sudy Population:

The MDRD Study was a randomized, controlled trial of patients with reducBd GF
predominantly secondary to non-diabetic glomerular disease, tubulo-irabtstgase

and polycystic kidney disead®The goal of the study was to evaluate the effects of
dietary protein restriction and strict blood pressure control on the progression of kidne
disease. It was conducted between 1988 and 1993. Details of the screening and
enrollment procedures have been published previdlistyBriefly, entry criteria for the
screening phase included age between 18 and 70 years, serum creatinine of 1.2 to 7.0
mg/dL in women, 1.4 to 7.0 mg/dL in men, or creatinine clearance less than 70
mL/min/1.73 ni. Exclusion criteria included pregnancy, type 1 diabetes, insulin-
dependent type 2 diabetes, glomerulonephritis due to autoimmune diseases such as
systemic lupus erythematosus, obstructive uropathy, renal artery st@notasuria
greater than 10 g/d, mean arterial pressure greater than 125 mm Hg, and pnor kidne
transplantation. A total of 2507 potential participants were screened, and 17%® met t

criteria and were invited for participation into the baseline phase torde&eeligibility



for the trial. Of the 1795 participants, 1665 had data on all the variables of ifberest
our analysis and are included in the current analysis. The investigational boaed at

Tufts Medical Center, Boston, MA, approved the study.

Exposure Variables:

Urine protein: 24 hour urine protein excretion was obtained in the MDRD Study.
However, since guidelines, including the National Kidney Disease Edndatogram
(NKDEP) currently recommend use of ACR to detect and evaluate CKD and it is
currently the most commonly used measure of urine protein excretion in cliracater
and in research studies, we report most of our analyses using urine albureatitore
ratio (ACR)**® 24 urine protein excretion was converted to ACR using the relationship
observed in the Irbesartan in Diabetic Nephropathy Trial (IDNT) where ACR
0.396*UPro 1.007*2.45(F)*Upro-0.07 (EJ. We categorized ACR into clinically
meaningful categories; <29 mg/g (normoalbuminuria), 30-299 mg/g (microalbua)inur
and >300 mg/g (microalbuminuri&y™®

GFR: GFR was measured usiffgl-iothalamate clearance. After injecting 35p Ciof-
iothalmate subcutaneously, urine and serum radioactivity were measurednCéeaas
calculated using a time weighted mean of four serum activity measusearel a
volume-weighted mean of four urine activity measurements. GFR measusenseat
corrected for body surface area to 1.73using the height and weight of the patfént
Based on NKF guidelines GFR was categorized into 3 categories; GB® 80-59 and
<29 ml/min/1.73 h?® Participants with CK[Stage 1 were excluded due to the small

number of participants. Participants with CKD Stage 4 (GFR 15-29 ml/min/£)78nah



5 (GFR <15 ml/min/1.73 f) were combined into one category due to the small number
of participants in Stage 5.

Kidney Disease Etiology: The type of kidney disease was initially classified into 23

categories based on history, biopsy and physician diagnosis but for this ahalgsis i
collapsed into 3 broader categories as previously définetbmerular disease,
polycystic kidney disease (PKD) and others. Diabetes was defined based ornofeview

medical records or patient histdry.

Outcome variables:

The definitions were based on accepted cutoffs for patients with CKD (Apperudex Ta
1).24%* Anemia was defined as hemoglobin less than 12 g/dL for women or less than 13.5
g/dL for men; acidosis as serum bicarbonate level less than 22 mmol/L;
hyperphosphatemia as phosphorus level more than 4.6 mg/dL; and hypertension was
based on review of patient history (including the use of antihypertensiveatieas) or

medical recordé!

Statistical Analysis:

We summarized baseline clinical characteristics according to thecA@gories using
proportions for categorical variables and means and standard deviations forynormall
distributed continuous variables or medians and the inter-quartile rangei@dske
variables. The trend across the ACR categories for the baseline ehatiastwere
tested using Spearman rank correlation for continuous variables and Cochreagarmi

trend test for categorical variables.



We first explored the optimal functional form for ACR using generalizedigddit
models of log ACR for association of each outcome. Since we did not find any nan-linea
relationships between albuminuria and any of the complications we useahite cl
categories of ACR described above in the primary analysis.

We used logistic regression to evaluate the association between ACR category
and GFR stage to each of the complications of CKD, using ACR < 29 mg/g and GFR 60-
89 ml/min/1.73m, as the reference groups, respectively. Models were initially
unadjusted, but sequential models adjusted for age; age, sex, race and GFR)(or AC
and age, sex, race, diagnostic category of kidney disease and GFR (pPAGRues for
trend were calculated by scoring each level of categorical variablenterthg it into the
logistic regression model as a linear varialdel fit was tested using scatter plots,

ROC curves and by residual diagnostics. We tested the interaction of AQRriese
and GFR stages for modification of the effect of ACR on the complicationy&lyok
GFR.

We performed several sensitivity analyses. First, since ACR wasractiyli
measured, we repeated the analyses using proteinuria in place of AQRrizatg
proteinuria by <199 mg/24 h, 200-999 mg/24 h and >1000 mg?24¥8econd, we used
ACR and GFR as continuous variables. Since ACR was not distributed normdlbg we
transformed ACR. We then repeated the primary analyses of ACgbdateand GFR
stages with the complications using log-binomial regression to obtain gneealatios
since some of the complications such as hypertension and anemia are frequergsoutcom

Statistical analyses were performed using SAS (version 9.2). A tveo-faWalue

of <0.05 was considered statistically significant.



Results:

Baseline Characteristics:

The baseline characteristics of the study population according to the A€mes are
listed in Table 1. The mean age (£SD) of the cohort was 51 + 13 years. Soewntpair
patients were male, 80% were white, and 6% had diabetes. Thirty two perpatienfs
had glomerular disease, 22% had polycystic kidney disease and 46% had
tubulointerstitial, hypertension or other causes of kidney diseases. The meatiSERR (
was 38 + 19 ml/min/1.73Mmmedian (IQR) for ACR and proteinuria were 161 mg/g (642)
and 320 mg/24 h, respectively. Patients with higher ACR were youngerkédgsd be
white and male and had lower GFR (P-value <0.001 for all). A higher proportion of

glomerular disease was noted in the higher ACR category.

Complications by Level of Albuminuria:

The overall prevalence of anemia, acidosis, hyperphosphatemia and hype et

43%, 31%, 16% and 81% respectively. Across the three ACR categories there was a
monotonic increase in the prevalence of anemia, acidosis, hyperphosphatemia and

hypertension with increasing levels of albuminuria (Table 2).

In age adjusted analyses, there was a significant association ihéiigieer ACR levels
with higher prevalence of all complications (p-value for all comparisdh8601) (Table
3). Compared to ACR levels less than 29 mg/g, ACR greater than 300 mg/g was
associated with higher odds ratio (95% CI) for anemia 2.68 (2.00-3.61), acidosis 2.55

(1.83-3.56), hyperphosphaten@®3 (4.98-19.80) and hypertension 1.96 (1.36-2.84) .



However, after adjustment for age, sex, race and GFR, higher ACR learels w
associated only with a higher prevalence of hyperphosphatemia (p-vattenfbr
0.04), and with further adjustment for etiology of kidney disease, the assoegvétion

hyperphosphatemia was no longer significant (p=0.07).

Complications by Level of GFR:

The prevalence of anemia, acidosis, hyperphosphatemia and hypertensiordnwardas
decreasing GFR (p -value <0.0001) (Table 4). In age adjusted models and rablévar
models adjusted for age, race, sex, ACR and diagnostic categories, lowesv@ER |
were significantly associated with a higher prevalence of anemisagi
hyperphosphatemia and hypertension ( p-value<0.0001 for all) (Table 5). Hin@lER
levels lower than 29 ml/min/1.73mwhen compared to GFR levels 60-89 ml/min/1.73m
were associated with higher odds of anemia, acidosis, hyperphosphatemia and

hypertension.

Interaction of GFR and ACR:

Figure 1 shows the prevalence of CKD complications stratified by AGRj@aés and
GFR stages. For all complications, there was a strong associatio@GMdR within each
ACR category. In contrast, the association of ACR with complications diffeitein
GFR strata. In patients with GFR less than 29 ml/min/1.%3amrogressively higher
prevalence of hyperphosphatemia was noted with increasing levels wiialivia,
although the interaction was not significant (p-value = 0.7). There was nficsighi

interaction for any of the other complications (p-value = 0.2 for anemia, for



hyperphosphatemia, p-value = 0.3 for acidosis and p-value = 0.2 for hypertension).

Sengitivity Analyses:

The results were similar to the primary analysis with ACR when protainas used as
the exposure variable (Appendix Table 2). For example, in age adjustedsahigllysr
levels of proteinuria was associated with anemia, acidosis, hyperphosiahateim
hypertension (p—value <0.0001 for all), while in multivariable models adjusted for age
sex, race and GFR proteinuria greater than 1000 mg/24 h was associatedightir a
odds (95% CI) of hyperphosphatemia 1.72 (1.10-2.69) but not with the other
complications. Proteinuria greater than 1000 mg/24 h, however continued to be
associated with a higher odds of hyperphosphatemia even after adjustment by kidney
disease etiology (p-value for trend =0.04). The results were similae frimary

analysis when repeated using albuminuria and GFR as continuous variables (Appendi
Table 3, 4) or when risk ratios were estimated using log-binomial regrgggppendix

Table 5).

Discussion:

In this study of participants with predominantly non-diabetic CKD, thesenea
significant association between ACR and any of the complications. Heyreds lof
proteinuria however were significantly associated with hyperphospleaatendontrast,
we observed strong associations between all complications and lowsrdeGHR,
consistent with previous report€® These differing results have implications in the

management of chronic kidney disease, when considering combining both albuminuria



and GFR in CKD staging.

There are several possible mechanisms by which albuminuria could bateskath

CKD complications, including the association of albuminuria with systerflammation
contributing to the development of anemia and hyperteffsigrihe association of
albuminuria with an increased glomerular loss of erythropoietin and hormuatiadi
protein such as transferrin contributing to the development of afteania the

association of albuminuria with proximal tubular damage contributing to theopeveht

of acidosis® In this study of patients with progressive CKD and moderate proteinuria,
we were unable to find any association. It is possible that the findingis stady are
negative because most of the previously reported associations between aliauanichur
CKD complications had been noted in patients with nephrotic syndrome where the
urinary protein excretion is greater than 3000 mg/24 hdwrbereas few people with
urinary protein excretion above this level were included in the MDRD Study. Thus, it is
possible that associations between albuminuria and these complicatiohe maye
apparent in populations with more severe levels of alouminuria and we might not have
been adequately powered to detect any associations. This could explaemdneiards
hyperphosphatemia with higher levels of proteinuria we noted in our study. Second,
positive associations may be more likely to be seen in populations where albuminuria is
due to generalized endothelial disease and inflamnfatidnwhich may be the cause of
complications in such populations, rather than albuminuria per se. In our study,
albuminuria probably reflects the severity of kidney damage and not thealygstbr

endothelial dysfunction. Finally, albuminuria might just be a surrogate in the/gpaof

10



complications, as evidenced by the loss of significance when models weredafjuste

GFR.

Results from a similar cross-sectional analysis of the complicationkf@ level of
albuminuria and estimated GFR (eGFR) in the general population are aunsigteone

of the above hypotheses that the negative findings in our study are related taifies spe
of the populatiorf® In an analysis of National Health and Nutrition Examination Survey
(NHANES) participants, there was a significant association batmeeeasing ACR
levels and anemia, acidosis, hypoalbuminemia, hyperparathyroidism ancehgpert
although as in the current study, the magnitude of each was much weaker than its
association to eGFR. The divergent findings between the two analyses maypriasg

to the higher prevalence of albuminuria secondary to generalized endothakeajeden

this general population samples, compared to the MDRD Study. All together, the
different findings from these two studies suggest that the mechanisms urgltréyin

development of CKD complications are complex and multifactorial.

Many studies have now consistently demonstrated that albuminuria is an independent
predictor of mortality, cardiovascular outcomes and progression of TkB*2For
example, in a long term follow-up of the NHANES Il participants, the presehc
albuminuria > 300 mg/g was more strongly associated with death than loweroevels
eGFR® Similarly, a Chronic Kidney Disease Prognosis Consortium established by the
KDIGO compiled data from 21 cohorts with 105872 participants and published a meta-

analysis analyzing the combined and independent associations of albuminurigd=éd eG

11



with mortality and kidney outcomes. eGFR less than 60 mL/min/1?Z5thACR 10

mg/g or more were independent predictors of all-cause and cardiovascukitynask

in the general populatiofi. As such, albuminuria is of critical value in determining long
term prognosis, and has therefore been proposed as an additional marker to GFR in CKD

staging.

The findings in our study have significant implications when considering the issues
surrounding the current CKD staging and proposals to include albuminuria along with
GFR during re-classification of CKD severity as well as in the managesh€KD
complications at a given clinical encounter. In our study, albuminuria wassutiated
with any of the complications and it did not modify the effect of GFR on complnsat
These results suggest that alouminuria will not provide additional benefit in the
evaluation and management of complications at a clinical encounter. When hsalth c
professionals encounter patients with CKD who have both a decreased GFR and elevated
albuminuria they would have to assess the risks associated with GFR and alauminuri
separately. For example, they could use the information on albuminuria for prognosti
outcomes and initiate appropriate treatments for reduction in albuminuria such as
treatment with renin angiotensin system blockers and target blood presssetbble
130/80 in slowing the rate of progression of non-diabetic kidney didéaBenversely,
clinicians could use the level of GFR to guide screening and management of
complications, adjustment of drug dosing, stratifying patients at risk of kiciney

injury when using contrast agents and planning for renal replacemeaqyth®r>°

12



The strengths of this study include the study of a large number of patienta Wweif:
established cohort, availability of measured GFR, detailed asceetaiminconfounding
variables, robust statistical methods and use of clinically relevant AC8&tfsutat

allows for comparability with future studies from other cohorts and thus allow for
generalizability of study results. The cross sectional study desagprispriate as the
guestion being asked refers to point of care in the management of patien@Kwit

There are several limitations to our study. First, the cross-sectidnat iwd the study

does not allow causality to be inferred. Second, ACR was not measurely ¢huect

rather derived from 24-h urine protein excretion using a relationship observe@ibetwe
ACR and 24-h protein excretion in the IDNT study, a study of diabetic nephyppath
where albumin is the predominant urinary protein. The MDRD Study, consistexh-of
diabetic kidney disease and the total urine protein in this population likely comtains
addition to albumin, non-albumin proteins such as beta-2 microglobulin, retinol binding
protein and other low molecular weight proteth§hus the relationship observed in

IDNT might not be accurate. However, analyses using proteinuria deatedssrmilar
results to ACR. Third, we were unable to analyze the association betweemaitiami
and other CKD complications such as secondary hyperparathyroidism, malnutr@ion a
inflammation as we did not have all the variables in the study population. Finally, the
results are generalizable only to younger patients with non-diabebc T results will
need to be reproduced in other populations such as diabetic kidney disease and other

kidney diseases not represented in the MDRD study.

In conclusion, ACR alone does not appear to be associated with the CKD complications

13



and no additional informational is obtained beyond what is already known with GFR.
These findings in the management of CKD should be taken into account when
considering including albuminuria level along with GFR in the clasdibo of CKD,

and for guiding physicians in the evaluation and care of patients at alcinmunter.

GFR and albuminuria represent different aspects of kidney disease and mamagem
decisions should be based on their individual association with complications and ability

to predict adverse outcomes and should be assessed separately for thdiutlityica

Research Support:
This research is supported by a National Kidney Foundation/Amgen Reseaostshgll

grant.

Figure Legend:

3-D columns comparing the prevalence of CKD complications stratified i &

GFR. Abbreviation: ACR albumin-creatinine ratio, GFR glomerular fitirarate.
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Table 1: Baseline characteristics overall and dyuAin-Creatinine Ratio (ACR) categories

Characteristics Overall ACR mg/g
<29 30-299 >300 p-treng

Total number of patients n (%) 1665 307 (18.4)| 696 (41.8)| 662 (39.8)
Age (y) 51 (13) 56 (11) 50 (12) 49 (13) <0.0001
Men (%) 60 84.0 46.8 64.2 0.0011
White (%) 80 86.6 82.8 74.8 <0.0001
Body mass index (kg/m2) 27 (5) 28 (4) 27 (5) 28 (5) 0.22
Diabetes (%) 6 3 4 9 <0.0001
Coronary Artery Disease n (%) 148 (8) 33(10.7) | 53(7.6) 62 (9.4) 0.23
Serum albumin (g/dL) 4.0(0.4) | 42(0.3) | 4.1(0.3) 3.8 (0.4) <0.0001
Serum creatinine (mg/dL) 2.3(1.2) 1.8 (0.7) 2.2 (1.0) 2.8 (1.3) <0.0001
Potassium (mEqg/L) 43(0.6) | 4.2(0.5 | 4.3(0.6) 4.4 (0.6) | <0.0001
GFR (mL/min/1.73 rf) 38 (19) 48 (17) 39 (19) 31 (17) <0.0001

GFR 60-89 n (%) 223 (13.4)| 69 (22.5) | 104 (14.9) 50 (7.6) <0.0001

GFR 30-59 n (%) 769 (46.2)| 189 (61.6)| 343 (49.3)| 237 (35.8) | <0.0001

GFR <29 n (%) 673 (40.4)| 49 (16) | 249(35.8)| 375 (56.7) | <0.0001
Urine total protein mgh 320 (134) | 40 (10) 210 (170) | 2600 (2210)| <0.0001
Urine albumin-creatinine ratio md/g| 161 (642) 17 (6) 106 (77) | 1215 (993) | <0.0001
Kidney disease etiology n (%)

PKD 368 (22.1)| 75 (24.4) | 239 (34.3) 54 (8.2) <0.0001
GN (GN, Hereditary and DM) 539 (32.4)| 26 (8.5) | 150 (21.6)| 363 (54.8) | <0.0001
Others 758 (45.5)| 206 (67.1)| 307 (44.1)| 245 (37.0) | <0.0001
Hemoglobin (g/dL) 13.1(1.9)| 14(1.6) 13 (1.8) 12.8 (2.16) | <0.0001
Bicarbonate (mEg/L) 23.3(3.8) | 24.4(3.4)| 23.4(3.8)| 22.5(3.9) | <0.0001
Phosphorus (mg/dL) 3.8(0.8) | 3.4(0.6) | 3.8(0.7) 4.0 (0.9) <0.0001
Systolic blood pressure (mm Hg) 133 (18) 130 (18) 130 (18) 138 (19) <0.0001
Diastolic blood pressure (mm Hg) 81 (11) 80 (10) 81 (11) 84 (11) <0.0001

Means and SD unless mention&jedian (IQR).
Abbreviations: GFR Glomerular Filtration Rate, PRBIlycystic kidney disease, GN glomerulonephritis,

DM diabetes

15



Table 2: Prevalence of complications across Albu@iieatinine Ratio categories

Overall ACR mg/g p-trend
<29 30-299 >300
Total number of patients n (% 1665 307 (18.4) 696 (41.8) 662 (39.8)
Anemia (%) 43 28.7 40.5 51.8 <0.0001
Acidosis (%) 31 18.6 29.7 38.2 <0.0001
Hyperphosphatemia (%) 16 2.9 12.9 24.3 <0.0001
Hypertension (%) 82 79.8 78.7 85.8 0.0045
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Table 3 Association of CKD complications by levérdbumin-Creatinine Ratio (ACR) adjusted for age,
sex, race, GFR and kidney disease etiology

Complication Adjustment ACR, mglg p-trend
<29 (n=307) 30-299 (n=696) > 300 (n=662)
Anemia Age 1 (ref) 1.70(1.27-2.28) 2.68(2.00-3.61) <0.0001
MV 1 (ref) 1.16 (0.82-1.63) 1.04 (0.73-1.47) 0.86
MV2 1 (ref) 1.08 (0.76-1.52) 0.96 (0.66-1.39) 0.63
Acidosis Age 1 (ref) 1.77(1.27-2.48) 2.55(1.83-3.56) <0.0001
MV 1 (ref) 1.17 (0.81-1.68) 1.20(0.83-1.74) 0.38
MV2 1 (ref) 1.17 (0.81-1.69) 1.18(0.80-1.74) 0.48
Hyperphosphatemi: Age 1 (ref) 4.66 (2.31-9.41) 9.93(4.98-19.80) <0.0001
MV 1 (ref) 1.44 (0.66-3.16) 1.88 (0.87-4.04) 0.04
MV2 1 (ref) 1.42 (0.65-3.10) 1.83 (0.83-4.02) 0.07
Hypertension Age 1 (ref) 1.12 (0.79-1.57) 1.96 (1.36-2.84) <0.0001
MV 1 (ref) 1.02 (0.71-1.47) 1.34(0.90-1.99) 0.10
MV2 1 (ref) 0.97 (0.67-1.41) 1.40(0.91-2.16) 0.077

MV: Adjusted for age, sex, race and GFR continuous
MV2: Adjusted for age, sex, race, diagnostic catiegoand GFR continuous
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Table 4:Prevalence of complications across GlataeFiltration Rate (GFR) stages:

Overall GFR ml/min/1.73m? p-trend
60-89 30-59 <29
(n=223) (n=769) (n=673)

Total number of patients n (%) 1665 223 (13.4) 769 (46.2) 673 (40.4)
Anemia (%) 43 15.3 29 67.8 <0.0001
Acidosis (%) 31 8.52 24.2 46.4 <0.0001
Hyperphosphatemia (%) 16 1.4 29 34.9 <0.0001
Hypertension (%) 82 69.9 80.2 87.4 <0.0001
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Table 5 Association of CKD complications by levélGlomerular Filtration Rate adjusted by
age, race, sex, ACR and kidney Disease etiology

Complication Adjustment GFR ml/min/1.73m? p-trend
60-89 (n=223)  30-59 (n=769) <29 (n=673)

Anemia Age 1 (ref) 2.32(1.56-345) 11.88(7.96-17.73)  <0.0001
MV 1 (ref) 2.45(1.64-3.68) 12.76(8.43-19.32)  <0.0001

MV2 1 (ref) 2.49 (1.66-3.74)  12.89(8.50-19.55)  <0.0001

Acidosis Age 1 (ref) 3.61 (2.19-5.96) 9.72 (5.92-15.96) <0.0001
MV 1 (ref) 3.28 (2.11-5.75) 8.95 (5.42-14.77) <0.0001

MV2 1 (ref) 3.49 (2.11-5.75) 8.94 (5.42-14.76) <0.0001

Hyperphosphatemic Age 1 (ref) 2.30 (0.68-7.76) 41.90(13.25-132.56) <0.0001
MV 1 (ref) 2.17 (0.64-7.34) 36.18 (11.39-114.94) <0.0001

MV2 1 (ref) 2.19 (0.65-7.39) 36.18(11.38-114.97) <0.0001

Hypertension Age 1 (ref) 1.63(1.16-2.29) 2.88(1.99-4.17) <0.0001
MV 1 (ref) 1.65 (1.16-2.33) 2.70 (1.84-3.98) <0.0001

MV2 1 (ref) 1.66 (1.17-2.36) 2.67 (1.81-3.94) <0.0001

MV: Adjusted for age, sex, race and ACR continuous
MV2: Adjusted for age, sex, race, diagnostic catiegoand ACR continuous
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Figure 1: Prevalence of Chronic Kidney Disease daations stratified by level of Albumin-Creatinine

Ratio (ACR) and Glomerular Filtration Rate (GFR)
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Appendix 1:

Appendix Table 1. Complications to be studied and the variables defithem

Complication Variable Definition NKF/KDIGO Guideline Source
Anemia Hemoglobin < 13.5¢/dL in males Anemia 2006

< 12g/dL in females
Acidosis Serum <22 mEg/L Bone Metabolism and Disease 2003

Bicarbonate

Hypertension Blood Based on review of patient -
pressure history (including the use of
antihypertensive medications)
Mineral bone Serum >4.6 mg/dL Bone Metabolism and Disease 2003
disorders Phosphorus and 2009

Referenc& >
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Appendix Table 2; Age and multivariable adjusted odds ratio of CKidnplications associated with level

of proteinuria

Complication

Proteinuria mg (24hour)

Anemia

Acidosis

Hyperphosphatemia

Hypertension

Adjustment <199 (n=734) 200-999 (n=409) 1000 (n=522) p-trend
Age 1 (ref) 1.85(1.45-2.37) 2.46 (1.79-3.38) <0.0001
MV 1 (ref) 0.97 (0.73-1.29) 1.25(0.87-1.79) 0.35
MV2 1 (ref) 1.00 (0.74-1.35) 1.2 (0.81-1.77) 0.44
Age 1 (ref) 1.69 (1.30-2.18) 1.78 (1.29-2.46) <0.0001
MV 1 (ref) 1.13(0.85-1.49) 1.07 (0.75-1.51) 0.55
MV2 1 (ref) 1.11 (0.82-1.48) 1.04 (0.71-1.52) 0.71
Age 1 (ref) 243 (1.77-3.33) 3.43(2.37-4.95) <0.0001
MV 1 (ref) 1.20 (0.81-1.77) 1.72(1.10-2.69) 0.02
MV2 1 (ref) 1.22 (0.81-1.83) 1.70(1.03-2.79) 0.04
Age 1 (ref) 1.44 (1.04-2.01) 2.35(1.433.85) <0.0001
MV 1 (ref) 1.05(0.74-1.48) 1.65(0.99-2.75) 0.09
MV2 1 (ref) 1.14 (0.79-1.63) 1.75(1.02-3.00) 0.052

MV: Adjusted for age, sex, race and GFR continuous

MV2: Adjusted for age, sex, race, diagnostic catiegoand GFR continuous
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Appendix Table 3: Association of complications associated with AGRcantinuous variable

Complication Adjustment Odds Ratio* p-value
Anemia None 1.28 (1.21-1.36) <0.0001
Age 1.28(1.21-1.36) <0.0001
MV 1.01 (0.94-1.08) 0.74
Acidosis None 1.25(1.17-1.33) <0.0001
Age 1.23(1.16-1.31) <0.0001
MV 1.04 (0.95-1.13) 0.35
Hyperphosphatemia None 1.56 (1.42-1.70) <0.0001
Age 1.54 (1.41-1.69) <0.0001
MV 1.18 (1.04-1.35) 0.0001
Hypertension None 1.13(1.05-1.21) 0.0001
Age 1.20(1.11-1.30) <0.0001
MV 1.10(1.01-1.21) 0.04

MV adjusted for age, sex, race and GFR continutiddds ratio per unit increase in logACR
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Appendix Table 4: Association of complications associated with GEBR@ntinuous variable

Complication Adjustment Odds Ratio p-value
Anemia None 0.94 (0.93-0.94) <0.0001
Age 0.94 (0.93-0.94) <0.0001
MV 0.93(0.93-0.95) <0.0001
Acidosis None 0.95 (0.95-0.96) <0.0001
Age 0.95 (0.94-0.96) <0.0001
MV 0.95 (0.95-0.96) <0.0001
Hyperphosphatemia None 0.86 (0.84-0.88) <0.0001
Age 0.86 ( 0.84-0.88) <0.0001
MV 0.86 (0.85-0.88) <0.0001
Hypertension None 0.98 (0.97-0.99) <0.0001
Age 0.98 (0.97-0.99) <0.0001
MV 0.98 (0.97-0.99) <0.0001

MV adjusted for age, sex, race and ACR continut@sds ratio per unit increase in GFR
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Appendix Table 5: Adjusted risk ratio of CKD complications assocthteth level of albuminuria.

Complication ACR, mg/g
Adjustment <29 (n=307) 30-299 (n=696) > 300 (n=662) p-trend
Anemia Age 1 (ref) 1.42 (1.16-1.73) 1.81(1.49-2.20)  <0.0001
MV 1 (ref) 1.07 (0.88-1.29) 1.01(0.84-1.23) 0.76
MV2 1 (ref) 1.04 (0.86-1.26) 0.98 (0.81-1.20) 0.99
Acidosis Age 1 (ref) 1.55(1.19-2.02) 197 (1.52-255)  <0.0001
MV 1 (ref) 1.12 (0.86-1.46) 1.14 (0.88-1.48) 0.46
MV2 1 (ref) 1.13(0.86-1.47) 1.13(0.86-1.48) 0.55
Hyperphosphatemia Age 1 (ref) 7.81(4.03-15.13)  4.21(2.15-8.26)  <0.0001
MV 1 (ref) 1.49 (0.79-2.79) 1.72(0.92-3.21) 0.02
MV2 1 (ref) 1.47 (0.78-2.76)  1.69 (0.91-3.17) 0.04
Hypertension Age 1 (ref) 1.02 (0.95-1.09) 1.12(1.05-1.19) <0.0001
MV 1 (ref) 0.99 (0.93-1.06) 1.03(0.97-1.10) 0.05
MV2 1 (ref) 0.98 (0.92-1.05) 1.04 (0.97-1.12) 0.06

MV adjusted for age, sex and GFR continuous

MV2 adjusted for age, sex, race, diagnostic categ@nd GFR continuous
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Appendix 11

Additional Background Information:
Chronic Kidney Disease:
The National Kidney foundation-Kidney Disease Outcomes Quality ingiéNKF-
KDOQI) guidelines for the evaluation, classification and stratifications&fat Chronic
Kidney Disease (CKD) defines CKD by glomerular filtration (@€&R) < 60 ml/min
per 1.73 rfior kidney damage for three or more months and classifies it by the level of
GFR. Using this definition and classification system, the estimated prevalen&of C
is 23.2 million or 11.5% of the US adult populaftdd®> One of the criticisms of the
CKD definition and classification system has been the concern for over-degnds
mis-diagnosis of CKD, especially in the elderly who have a higher proportion of CKD
Stage 3 since the current classification system does not adequatelyed€$dD severity
nor predict prognosis *°. For example, in a large managed care organization in the US,
only about 1.3% of patients with CKD stage 3 progressed to ESRD over a 5 year follow
up®. Similarly in another study, in the United Kingdom, only 4% of patients with CKD
progressed to ESRDThe implications of these criticisms are that over- or misdiagnosis
may lead to unnecessary investigations and referrals, leading to exoessueption of

resources, as well as to patient anxiety

Revised classification systems. Kidney Disease Improving Global Outcomes (KDIGO
convened a Controversies Conference on “Chronic Kidney Disease: Definition,
Classification and Prognosis” in London, UK in October 2009 to discuss changes to the

definition and classification of CKD, and particularly to review data on albuminaréa
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prognostic factor for adverse outcomes (Appendix Il Table 1 and Figuréd). T
conference members recommended to consider incorporating albuminuria into the

classification system, in addition to GFR stages

Possible mechanisms by which albuminuria will be associated with complications:
Albuminuria occurs as a result of glomerular capillary damage andgiérdty leads to
an increased permeability to macromolecules and loss of albumin into the spaae,
and as such, it is a biomarker of kidney darfi&tyeaddition, it is thought to result from
generalized endothelial dysfunctfonExperimental models have suggested that
albuminuria, regardless of etiology, can cause glomerulosclerosis and ritgngkatial
damage, which is supported by the renoprotective effect of albuminuria redtiétioks
such, there are several mechanisms by which albuminuria may be assoitlfateg v
complications: (1) Albuminuria is a surrogate of inflammatory status,hwhiy be a
contributing cause to the development of anemia in €k#§ (2) Albuminuria causes
tubulointerstitial damage, which can cause aminoaciduria, renal tubudas&ciand
diminished erythropoietin productih (3) Albuminuria is a manifestation of glomerular
disease and thereby is a direct cause of the complication through the giorossibf
erythropoietin and hormone binding proteins such as transferrin. In addition albuminuria

by causing glomerulosclerosis might contribute to the glomerulaf1dsg®
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Appendix |1 Table1: Proposed revised chronic kidney disease classification (KDIGO

2009)

GFR stages Albuminuria stages
Clinical Diagnosis (ml/min per 1.73 m?) (ACR, mg/qg)
Diabetes =90 =< 30
Hypertension 60-89
Glomerular disease 45-59 30-299
Many others 30-44
Transplant 1529 =300
Unknown <15

Abbreviations: ACR, albumin-to-creatinine ratio; GFR, glomerularation rate;
KDIGO, Kidney Disease: Improving Global Outcomes. Adapted from
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Appendix Il Figure 1: Composite Ranking for Relative Risks by glomerular filtration
rate (GFR) and Albuminuria (Kidney Disease: Improving Global Outcome$GRID
2009).

Albuminuria stages,
Composite ranking for description and range (mg/g)
relative risks by GFR AT A2 A3
and albuminuria Optimaland | High | Very high and
high- [ nephrotic
(KDIGO 2009) 'gh-norma — P
<10 10-29 [30-299 1999 =2000
a1 Higr? and
optimal
GFR Gz Mild
stages,
descrip-
tion and Mild-
range G3a moderate
(mlmin -
vor G3b Moderate
2 severe
1.73m")
G4 Severe
a5 Ki(_jney
failure

Risk categories based on a composite ranking of 5 outcomes (All-causetyortali
Cardiovascular mortality, Kidney failure, Acute kidney injury and progwve<SKD)
with the colors indicating groups of patients at progressively higher riskdayutcomes.
The lowest-risk categories are shaded green; moderate-, high-, andgbenyski
categories are shaded from yellow to rdapted frorf
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Appendix 111

Analysisin thelrbesartan in Diabetic Nephropathy Trial (IDNT):
We wanted to explore the possibility that albuminuria would be associated wittiKihe
complications across multiple etiologies of kidney disease. Since the MDA st
consisted mainly of non-diabetic kidney disease we chose to analyze the dDdIT in
a parallel studyThe preliminary results are discussed here. IDNT was a multicenter
randomized controlled trial comparing irbesartan, or amlodipine, with placebo on
progression of diabetic kidney disea¥e.
Methods:
The IDNT study was conducted from 1996 to 1999 and included 1,715 patients. The
following inclusion criteria were used: type 2 diabetes, hypertensiomlisyst diastolic
blood pressure >135 or >85 mm Hg, respectively; antihypertensive medication use),
baseline urine total protein level of 0.9 g/d or greater, and baseline seruimredatel
of 1.0 to 3.0 mg/dL. We excluded 139 patients that did not have all the outcome variables
of interest.
Exposure Variables:
Urine protein: Both 24 hour urine protein and albumin excretion, and spot albumin-
creatinine and protein — creatinine were obtained in the IDNT study. We kporte
analyses using both ACR and 24 hour urine protein excretion. In this analysisdibeaise
ACR equivalents of the following clinically meaningful proteinuria cut-offs <algr
/day 1- 3.5 grams/day and more than 3.5 grams/day, derived using a relationship

observed in the Irbesartan in Diabetic Nephropathy Trial (IDNT) where ACR
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0.396*UPro 1.007*2.45(F)*Upro-0.07 (¥) The equivalent cut-offs were 590 mg/g,

590-2,200 mg/g and >2,200 mg/g.

GFR: GFR was estimated using the CKD-EPI equatfoifhe equation was developed
in a diverse population of people with and without kidney disease and diabetes, and is
therefore more appropriate for comparison across datasets. The equatiais cbssis
specific spline transformation of log serum creatinine and two levels of rémk (&
other): ). Log(GFR) = 4.954uf x min(log(SCR/k),0)] + d¢» x max(log(SCR/k),0)] +
[0.0178 x Female] +[0.146 xblack] — [0.0071 x Age], where k = 0.9 for males and k =
0.7 for females. If serum creatinine < k, thems -0.329 and -0.411, for females and
males respectively. If serum creatininé&,hena,is 1.209. Based on NKF guidelif®s
GFR was categorized into 3 categories; GFR > 60-89, 30-59 and < 29 ml/minf1.73 m
Participants with CKD5tage 1 were excluded due to the small number of participants.
Participants with CKD Stage 4 (GFR 15-29) and 5 (GFR <15) were combined to one

category due to the small number of participants in stage 5.

Outcome variables:

The definitions were based on accepted cutoffs for patients witfCKAnemia was
defined as hemoglobin less than 12 g/dL for women or less than 13.5 g/dL for men;
hyperphosphatemia as phosphorus level more than 4.6 mg/dL; and hypertension was
based on review of patient history or medical records. More details regarding the

definition are listed in Appendix Il Table 1.

31



Satistical Analysis:

Descriptive data were summarized according to the ACR categories &dt&fes
using proportions, means and standard deviations for normally distributed continuous
variables or medians and the inter-quartile range for skewed variablegremt across
the ACR categories were tested using Spearman rank correlation for continuabiesyar
and Cochran Armitage trend test for categorical variables. Logistiessgn was used

to evaluate the association between ACR category and GFR stage to each of the
complications of CKD. Models were initially unadjusted, but sequential modeldexdijus
for age; age, sex, race and GFR (or ACR); and age, sex, race and GFRRjor AC
Sengitivity Analyses:

We repeated the analyses using different cut-offs of ACR that were exdbtayrank
order.

Results:

Baseline Characteristics:

The baseline characteristics of the study population according to the AQjRrezgere
listed in Appendix Ill Table 2. 1576 participants who had all data on all the varidbles o
interest were included in the main analysis. The mean age (£SD) of the cob &3 wa
years. Sixty seven percent of patients were male and 86% were white. The ngderlyi
kidney disease was presumed to be diabetic nephropathy and all the participants had
hypertension. The mean systolic and diastolic blood pressures (xSD) wereQb8n (i

Hg and 87 (#11) mm Hg. The mean GFR (+SD) was 46 + 17 ml/min/%, 78etlian

(IQR) ACR was 1477 mg/g (1935) and median (IQR) proteinuria was 2929 mg/g (3465).

Patients with higher ACR were younger and had lower GFR.
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Albuminuria:

The overall prevalence of anemia and hyperphosphatemia was 49% and 11%
respectively. Across the three albuminuria categories there was a momotogase in

the prevalence of anemia and hyperphosphatemia with increasing lealdarafnuria
(Appendix Table 3). In multivariable models adjusted for age, sex race ai] AGR
greater than 2200 mg/g was associated with higher odds (95% CI) of anemia 1.33 (1.07-
1.66) and hyperphosphateni&5 (1.31-2.62) when compared to ACR levels 590-2200
mg/g. (Appendix Ill Table 4).

eGFR:

Across the three eGFR stages there was a monotonic increase in the prexfadeecsia
and hyperphosphatemia with decreasing levels of eGFR (Appendix |g Bakh
multivariable models adjusted for age, sex race and ACR, eGFR less th#m#9nv3
m’was associated with higher odds (95% CI) of anemia 5.53 (3.93-7.80) and
hyperphosphatemia32 (1.41-3.81) when compared to GFR levels 60-89 ml/min/£.73m
(Appendix Il Table 6).

Sengitivity Analysis:

The results were similar to the primary analysis when ACR werearaed by rank

order (Appendix Ill Table 7). In age and multivariable adjusted models higher tévels
albuminuria were associated with a significant trend with anemia (p-tré2yand
hyperphosphatemia (0.01). In multivariable models adjusted for age, sex race &)d eGF
ACR greater than 3366 mg/g was associated with higher odds (95% CI) of dngmia
(1.16-2.13)and hyperphosphaten2a?0 (1.35-3.57)vhen compared to ACR levels less

than 1059 mg/qg.
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Appendix |11 Table 1: Complications to be studied and the variablesdef them

Complication Variable Definition NKF/KDIGO Guideline Sour ce
Anemia Hemoglobin < 13.5g/dL in malesAnemia 2006

< 12g/dL in females
Mineral bone Serum >4.6 mg/dL Bone Metabolism and Disease 2003
disorders Phosphorus and 2008
Referenced
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Appendix Il Table 2: Baseline Characteristics in the IDNT study stiedifoy Proteinuria

Overall Urine Protein Excretion g/24-h (ACR mg/g) p-trend
<1(590) 1.0-35(590-2200) >3.5(2200)

Total no. of patients n (%) 1576 99 (6) 812 (52) 665 (42)
Age (y) 59 (8) 61 (6) 60 (7) 58 (8) <0.0001
Men (%) 67 70 66 67 0.98
White n (%) 86 91 86 86 0.60
Body mass index (kg/m2) 30.9(5.8) 30.6(5.2) 30.5 (5.6) 31.5(6) 0.01
Coronary Artery Disease % 46 45 43 50 0.05
SBP (mm Hg) 159 (20) 152 (17) 157 (19) 162 (20) <0.0001
DBP (mm Hg) 87 (11) 84 (11) 86 (11) 88 (11) 0.03
Serum Glucose (mg/dL) 187 (80) 183 (76) 183 (81) 192 (79) 0.05
Serum albumin (g/dL) 3.8 (0.4) 4.1 (0.2) 3.9 (0.3) 3.6 (0.5) <0.0001
Serum creatinine (mg/dL) 1.7 (0.6) 1.5(0.4) 1.6 (0.5) 1.8 (0.6) <0.0001
Potassium (mEQ/L) 4.6 (0.5) 4.6 (0.4) 4.6 (0.5) 4.6 (0.5) 0.73
GFR (ml/min/1.73 m2) 46 (17) 51 (15) 49 (17) 43 (16) <0.0001

GFR 60-89 n (%) 369 (23) 25 (25) 230 (28) 114 (17) <0.0001

GFR 30-59 n (%) 888 (56) 65 (66) 447 (55) 376 (57) <0.0001

GFR <29 n (%) 319 (20) 9(9) 135 (17) 175 (26) <0.0001
Urine total protein (g/d)$ 2929 (3465) 917 (148) 2015 (1174) 5715 (3826) <0.0001
ACR (mg/g)$ 1477 (1935) 381 (219) 953 (798) 2884 (2126) <0.0001
Hemoglobin (g/dL) 12.9(1.9) 13.5(1.5) 13.1(1.9) 12.6 (1.9) <0.0001
Phosphorus (mg/dL) 3.8 (0.7) 3.6 (0.5) 3.7 (0.6) 3.9 (0.7) <0.0001

Means and SD unless mentioned, $ Median (IQR) Sg¥olic blood pressure DBP diastolic blood
pressure GFR Glomerular Filtration Rate ACR albunrigatinine ratio
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Appendix |11 Table 3: Prevalence of complications across ProteinuriaRpCategories

Overall Proteinuria g/24-h (ACR mg/q)
<1(590) 1.0-3.5(590-2200) >3.5(2200) p-trend
Total no. of patients n (%) 1576 99 (6) 812 (52) 665 (42)
Anemia n (%) 49 29 45 57 <0.0001
Hyperphosphatemia n (%) 11 4 8 16 <0.0001

Means and SD unless mentioned

Appendix |11 Table 4: Association of CKD complications by level of AlbimrCreatinine Ratio (ACR)
adjusted for age, sex, race, GFR and kidney disstadogy

Complication Adjustment Proteinuria g/24-h (ACR mg/g) p-trend
<1 (590) 1.0-35(590-2200)  >3.5(2200)
Anemia Age 0.54 (0.35-0.83) 1 (ref) 1.59 (1.29-1.96) <0.0001
MV 0.57 (0.36-0.90) 1 (ref) 1.33(L.07-1.66)  0.02
Hyperphosphatemiz Age 0.65 (0.27-1.54) 1 (ref) 1.91 (1.37-2.66) <0.0001
MV 0.71 (.30-1.71) 1 (ref) 1.85(1.31-262)  0.01

MV: Adjusted for age, sex, race and GFR continuous
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Appendix |11 Table 5: Prevalence of complications across GFR Stages

Overall GFR ml/min/1.73 m2
60-89 (n=382) 30-59 (n=916) <29 (n=344) p-trend
Total no. of patients n (%) 1576 99 (6) 812 (52) 665 (42)
Anemia (%) 49 32 49 69 <0.0001
Hyperphosphatemia (%) 11 8 10 21 <0.0001

Means and SD unless mentioned

Appendix Il Table 6: Association of CKD complications by level of Gleralar Filtration Rate adjusted
by age, race, sex, ACR and kidney Disease etiology

Complication Adjustment GFR ml/min/1.73 m2 p-trend
60-89 (n=382)  30-59 (n=916) <29 (n=344)

Anemia Age 1 (ref) 2.20(1.70-2.84) 5.34(3.88-7.36) <0.0001

MV 1 (ref) 2.23(1.71-291) 5.53(3.93-7.80) <0.0001

Hyperphosphatemit Age 1 (ref) 1.42 (0.91-2.22) 4.07 (2.54-6.50) <0.0001

MV 1 (ref) 1.14 (0.72-1.79) 2.32(1.41-3.81) <0.0001

MV: Adjusted for age, sex, race and ACR continuous
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Appendix |11 Table 7: Association of CKD complications by level of Allmin-Creatinine Ratio (ACR)
adjusted for age, sex, race, GFR and kidney disgaslegy, categorized by rank order in the IDNUidst

Adjustmen
Complication t 24-hour Albuminuria, mg/g p-trend
<1059 1059-3366
(n=388) (n=769) > 3366 (n=419)
2.10(1.58- <0.000
Anemia Age 1 (ref) 1.43(1.12-1.83) 2.78) 1
1.57 (1.16-
MV 1 (ref) 1.32(1.02-1.72) 2.13) 0.02
Hyper phosphatemi 2.50 (1.57- <0.000
a Age 1 (ref) 1.44 (0.92-2.26) 3.98) 1
2.20 (1.35-
MV 1 (ref) 1.29 (0.81-2.04) 3.57) 0.01

MV: Adjusted for age, sex, race and eGFR continuous
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