
EXTENDED METHODS 
 
Participants and Design 

Data for this analysis was obtained from The Walkerton Health Study (2002-2008), a 

prospective cohort study designed to evaluate the long-term health sequelae following exposure 

to bacterially contaminated water.1  The study sample has previously been shown to be 

representative of the target population, with a slight over-representation of women and a slight 

under-representation of the very elderly.2  Ethics approval was obtained from the University of 

Western Ontario’s Research Ethics Board for Health Sciences. Of 3371 participants ≥18 years, 

we excluded 797, including those who developed haemolytic uremic syndrome as a result of the 

outbreak (n=2) and those with fewer than three annual eGFR measurements (n=791) or missing 

baseline data for random urine protein (n=4).  Those excluded were more likely to be male (48% 

vs. 40%, P<.001), younger (difference: 4.6 years, P<.001), have a lower BMI (difference: 0.66 

kg/m2, p=0.005), a higher mean eGFR (difference: 3.53 ml/min/1.73m2, P<.001), and were less 

likely to have a family history of hypertension (36% vs. 45%, P<.001) or diabetes (22% vs. 

28%, P<.001).  There were no significant differences in baseline blood pressure or hypertension, 

history of CVD, or family history of kidney disease. 

 

Measures 

Participants completed a baseline assessment that included questions on risk factors, 

family history, and doctor-diagnosed health conditions (following the format of the US Third 

National Health and Nutrition Examination Survey). We measured height, weight, and blood 

pressure using standardized protocols, and blood and urine samples were collected annually.1 We 

used a urine dipstick for protein (Bayer 8SG Multistix) to measure protein from a random spot 



urine sample, and the IMAGE Beckman Coulter immunoassay (Fullerton, CA, USA) to measure 

the albumin:creatinine ratio (ACR).  Serum creatinine was measured by the modified kinetic 

method of JAFFE using a Vitros 950 autoanalyzer, with an interassay coefficient of 4% 

(reference normal range: 59-117 umol/l for males and 51-95 umol/l for females). In 2002, we 

calibrated 144 creatinine samples to the Cleveland Clinic and found our samples to be 0.03 mg/dl 

higher than the reference sample; thus, a slight underestimation of average eGFR and 

overestimation of annual change is expected, particularly in those with a GFR >90 

ml/min/1.73m2.3 We calculated eGFR using the abbreviated MDRD equation [186 x (serum 

creatinine in mg/dl)-1.154 x (age)-0.203 x (0.742 if female) x (1.212 if black)].4   

To calculate the rate of change in eGFR over time, we fitted an ordinary least-squares 

(OLS) regression line to all eGFR measures for each participant.  The slope of the regression line 

describes the rate of change in kidney function over time.  Based on previous research, we 

defined rapid kidney function decline (RKFD) as both an absolute annual decline >3 

mL/min/1.73m2/yr5 and as a percentage annual decline >5% (slope/baseline eGFR*100).6  

We defined CVD as a self-reported, doctor-diagnosed heart attack, stroke, or congestive heart 

failure and recorded the date of diagnosis.  We defined diabetes mellitus by the current 

diagnostic criteria7 based on random, fasting, or 2-hour post OGTT plasma glucose, or current 

medication (oral hypoglycaemic agents or insulin).  We classified participants taking anti-

hypertensive medication or presenting with a systolic/diastolic blood pressure ≥140/90 mmHg 

(or >130/80 mmHg in the presence of diabetes or eGFR<60 mL/min/1.73m2)8 as hypertensive.  

We examined two random urine screening tests for proteinuria obtained at baseline: the dipstick 

for protein (>trace, ≥1g/L, and ≥3g/L) and albuminuria (ACR>2.0 mg/mmol if male or >2.8 

mg/mmol if female).9;10 We chose additional covariates based on their biological plausibility or 



prior studies, including: male gender, obesity (body mass index >30 kg/m2), and family history 

of diabetes, kidney disease or hypertension. We distinguished between recognized clinical risk 

factors for RKFD (age>60, CVD, diabetes, and hypertension) and screening tests for urine 

protein to improve prediction of RKFD. 

 

Analysis 

We used SAS 9.2 (SAS Institute, Inc. 1999. Cary, NC) for all analyses and summarized 

normally distributed data by the mean and standard deviation (SD) and skewed distributions by 

the median and interquartile range (IQR). We tested the associations between RKFD and 

baseline characteristics and screening tests using t-tests and chi-square tests as appropriate.  We 

used a log-binomial model to estimate the adjusted relative risk (RR) for RKFD and tested 

covariates for inclusion at alpha=0.20 and interactions among clinical risk factors, as well as 

interactions between clinical risk factors and baseline eGFR<60 at alpha=0.05.  We estimated the 

adjusted RR for RKFD at three separate cut-points for dipstick protein (≥trace, ≥1g/L, ≥3g/L) 

and albuminuria at baseline by adding them separately to the clinical risk model.  All models 

were run with and without outliers, and with and without adjustment for baseline eGFR.  We 

compared the fit of models with and without adjustment for continuous or categories of baseline 

GFR by examination of the fit statistics and residual distribution. Adjusting for baseline eGFR 

had minimal impact on parameter estimates and standard errors, except for a slight increase in 

the strength of association with age (1.73 to 1.91) and a concomitant increase in the standard 

error (0.26 to 0.32); therefore we report models without adjustment for baseline eGFR as this 

more closely resembles the clinical situation when screening for RKFD prior to serial assessment 

of eGFR. We verified the assumption of persistent linear growth by graphical analysis of the 



smooth nonparametric trajectories compared to the fitted OLS trajectories stratified by eGFR 

category at baseline and by examination of the distribution of the standard error of the OLS 

estimates of change. We assessed the diagnostic utility of thresholds for dipstick protein and 

albuminuria to identify RKFD, both overall and within high-risk subgroups (definitions in 

Appendix I). 
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Appendix I 

This Appendix contains the results of several sensitivity analyses that test the robustness of our main 

analysis.  Specifically, we evaluated whether the imprecision of the MDRD GFR estimating equation at 

higher levels of GFR affected our results or conclusions.   In brief, we first examined two definitions of 

kidney function decline (KFD), percentage change vs. absolute change (summarized in A1 below) and 

chose to report results for the definition least susceptible to error due to the imprecision of the MDRD 

at higher levels of GFR.  We also conducted several sensitivity analyses to test the robustness of our 

findings and account for the higher variability in those with eGFR>90 (see A2 and A3 below).  We 

excluded those with eGFR>90 ml/min/1.73 m2 at their first or final assessment, and we also excluded 

participants with highly variable rates of kidney function decline.  As shown in Tables A2 and A3, dipstick 

proteinuria remained a stronger predictor of RKFD than albuminuria, regardless of how RKFD was 

defined, or if we excluded those with eGFR>90 or those with highly variable rates of KFD. 

 

A1. Percentage decline (KFD>5%) vs. absolute decline (KFD>3 mL/min/1.73 m2/yr). 

To calculate the rate of change in eGFR over time, we fitted an ordinary least-squares regression line 

to all eGFR measures for each participant.  The slope of the regression line describes the rate of 

change in kidney function over time.  Based on previous research, we defined rapid kidney function 

decline (RKFD) as both a percentage annual decline (KFD>5%)1 and an absolute annual decline 

(KFD>3 ml/min/1.73 m2/yr).2 

The imprecision of the MDRD equation above 90 ml/min/1.73m2  resulted in the distribution of the 

absolute annual change being strongly skewed to the right and more susceptible to highly variable 

rates of annual decline in those with baseline eGFR ≥90.  As a result, 15.6% had KFD>3 

ml/min/1.73m2/yr compared to only 8.5% with KFD>5%. The distribution of percentage annual 

change was more symmetrically balanced around the median with only 3 outliers (all 3 had baseline 

eGFR<60).   

By definition, KFD>5% places greater importance on declining kidney function among those with less 

renal reserve. For instance, compared to those with KFD>3 ml/min/1.73m2/yr, KFD>5% is more 

common in those with an eGFR<60 (13% vs. 19%) and is equally distributed (~ 8%) across GFR 

categories above 60 ml/min/1.73m2 (see Figure 1 in manuscript). In contrast, those with eGFR above 

90 ml/min/1.73m2  were nearly three times as likely to be identified as having KFD>3 

ml/min/1.73m2/yr vs. KFD>5% (23% vs. 8%).  At higher levels of eGFR, the clinical meaning of KFD>3 

ml/min/1.73m2/yr is less clear, and is more likely to result from measurement error or age-related 

decline rather than renal pathology.  For instance, 65% of those with KFD>5% progressed to a new 

CKD stage, compared to 60% of those with KFD>3 ml/min/1.73m2/yr.  Of those who progressed, 

twice as many with an initial eGFR above 90 were flagged by KFD>3 ml/min/1.73m2/yr vs. KFD>5% 

(Table A1).  Most importantly, KFD>5% was a stronger indicator of risk than absolute change.  The 

risk for future cardiovascular disease was substantially greater in those with KFD>5% (RR=2.7; 

p=0.004) compared to those with KFD>3ml/min/1.73m2 (RR=1.4; p=0.35). Because CVD was not the 



2 

 

primary outcome in the Walkerton Health Study, assessment was from self-reported doctor-

diagnosed health conditions.  However, the sensitivity and specificity of self-reported CVD in the 

literature is good, ranging from 66-90%3-5 and 98-99%,3;5 respectively.  Given that participants were 

unaware of their kidney function decline classification, differential misclassification is unlikely, and 

as such, the measurement error introduced by self-report should lead to an attenuation of the 

observed effects. 

Thus, in a general population sample, KFD>3 ml/min/1.73m2/yr appears more likely to flag 

individuals whose kidney function is declining due to aging (or from measurement error).  

Percentage annual change places more significance on small changes in the presence of reduced 

renal reserve and less significance on small changes within the normal range of kidney function.   

Since KFD>5% demonstrated greater clinical utility and was less susceptible to imprecision of the 

MDRD at eGFRs above 90, our main results reflect the analyses of KFD>5%; however, a summary of 

the results for absolute annual decline are provided below in Tables A2 and A3.  Importantly, our 

main conclusions remain the same whether RKDF is defined as KFD>5% or KFD>3ml/min/1.73m2.  As 

shown in Tables R2 and R3, dipstick protein consistently outperforms albuminuria as a predictor of 

RKFD, regardless of which indicator is used.  

 

A2. Effect of excluding those with eGFR>90 ml/min/1.73m2 

To assess the impact of the imprecision of the MDRD equation at eGFR above 90 ml/min/1.73m2 we 

performed two sensitivity analyses that alternately excluded participants who’s first or final eGFR 

values were above 90 ml/min/1.73m2.  These exclusions resulted in similar or stronger associations 

between the screening tests and RKFD; however, the overall pattern remained the same (Tables A2 

and A3, below).  As well, restricting the sample to those with a baseline eGFR <90 ml/min/1.73m2 

had little impact on the measures of diagnostic utility (see Table A4 below). 

 

A3. Effect of excluding those with extreme variability 

Although repeated testing adjusts for measurement error from random variation, measurement 

error arising from the imprecision of the MDRD equation at eGFR above 90 ml/min/1.73m2 could 

result in excess variability in the assessment of renal decline; therefore, we performed a sensitivity 

analysis that excluded those with extreme variability in renal decline.  Excluding cases in which the 

standard error of the slope for renal decline was greater than the 90th percentile produced similar or 

stronger associations between the screening tests and risk for RKFD (see Tables A2 and A3). Again, 

dipstick protein remained a stronger predictor of RKFD compared to albuminuria, particularly for 

RKFD>5%.   
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Table A1. Progression to a new CKD Stage during follow up. 

eGFR at 

baseline 
N 

Number who progress  

to a new CKD stage 

Percent flagged  

by KFD>5% 

Percent flagged  

by KFD>3 

ml/min/1.73m2/yr 

<30 10 5 100% 20% 

30-59 188 8 75% 63% 

60-89 1479 222 32% 41% 

>=90 897 354 17% 41% 

Abbreviations: CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; KFD, kidney 

function decline. 



Table A2. Summary of sensitivity analyses for rapid kidney function decline defined as a percentage decline >5% from baseline 

    Relative Riska (95% Confidence Interval) 

     Dipstick Protein 

Model  
Sample 

size 

 
Albuminuriab 

Trace or 

above 
>1 g/L >3 g/L 

1 Percentage Annual Decline >5% 2574  1.5 (1.1-2.2) 2.2 (1.5-3.2) 3.0 (1.9-4.7) 3.3 (2.0-5.5) 

2 Exclude if first eGFR >90 ml/min/1.73m2 1677  1.8 (1.2-2.7) 2.4 (1.6-3.7) 3.2 (1.9-5.4) 3.3 (1.8-5.8) 

3 Exclude if final eGFR >90 ml/min/1.73m2 1873  1.5 (1.1-2.2) 2.1 (1.5-3.1) 2.7 (1.7-4.3) 2.8 (1.7-4.7) 

4 Exclude if SE of slope >90th percentile 2315  1.5 (1.1-2.3) 2.3 (1.5-3.4) 3.0 (1.8-4.8) 3.0 (1.7-5.2) 

Abbreviations: eGFR, estimated glomerular filtration rate; KFD, kidney function decline; SE, standard error. 
a
 Relative risks were estimated from a log-binomial regression adjusted for age, hypertension, diabetes, and cardiovascular disease. 

b 
Random albumin to creatinine ratio (ACR) >2.0 mg/mmol (17 mg/g) if male or ACR>2.8 mg/mmol (25 mg/g) if female).

6;7
 

 

Table A3. Sensitivity analyses for rapid kidney function decline defined as annual decline >3 ml/min/1.73m2  

    Relative Riska (95% Confidence Interval) 

     Dipstick Protein 

Model  
Sample 

size 

 
Albuminuriab 

Trace or 

above 
>1 g/L >3 g/L 

5 KFD> 3 ml/min/1.73m2 2574  1.4 (1.0-1.9) 1.6 (1.1-2.2) 1.7 (1.0-2.9) 2.1 (1.2-3.7) 

6 Exclude if first eGFR >90 ml/min/1.73m2 1677  1.4 (1.0-2.1) 1.8 (1.2-2.8) 2.4 (1.4-4.1) 2.7 (1.5-4.8) 

7 Exclude if final eGFR >90 ml/min/1.73m2 1873  1.4 (1.0-1.9) 1.5 (1.1-2.2) 1.8 (1.2-2.9) 2.1 (1.3-3.5) 

8 Exclude if SE of slope >90th percentile 2315  1.5 (1.0-2.0) 1.6 (1.1-2.3) 1.9 (1.2-3.1) 2.2 (1.3-3.8) 

Abbreviations: eGFR, estimated glomerular filtration rate; KFD, kidney function decline; SE, standard error. 
a
 Relative risks were estimated from a log-binomial regression adjusted for age,  hypertension, diabetes, and cardiovascular disease. 

b 
Random albumin to creatinine ratio (ACR) >2.0 mg/mmol (17 mg/g) if male or ACR>2.8 mg/mmol (25 mg/g) if female).

6;7
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Table A4. Diagnostic utility of dipstick proteinuria and albuminuria at baseline to identify 

patients with rapid kidney function decline: Compares overall results to those with eGFR<90 

ml/min/1.73m2 

  n % 

Pretest 
prob- 
ability 

of RKFD 
  

Screen 
positive 

% 
 

False 
positive 

rate 
 

LR+ 
/LR- 

 

Posttest 
prob- 
ability  

of RKFD 
 

NNTS NNTF 

OVERALL 2574 100% 0.09 

      Albuminuriaa 253 

  

9.8 8.9 3.2 0.20 10.2 5 

Dipstick protein 

            ≥Trace  145 

  

5.6 4.7 3.7 0.23 17.8 4.3 

   ≥ 1 g/L 63 

  

2.5 1.7 7.2 0.38 40.9 2.6 

   ≥ 3 g/L 42     1.6 1.1 7.8 0.41 61.3 2.5 

First GFR < 90 

         OVERALL 1677 1 0.09 

      Albuminuriaa 178 

  

10.6 8.9 4.2 0.24 9.4 4.2 

Dipstick protein 

            ≥Trace  100 

  

6.0 4.8 4.6 0.27 16.8 3.7 

   ≥ 1 g/L 46 

  

2.7 1.7 9.2 0.43 36.5 2.3 

   ≥ 3 g/L 32     1.9 1.2 9.0 0.44 52.4 2.3 

Abbreviations (definitions): LR+/LR-, ratio of positive to negative likelihood ratios; NNTF, number of patients needed to follow 
with serial serum creatinine measurements to identify one case of RKFD (the inverse of the prevalence of RKFD among screen 
positive); NNTS, number of patients needed to screen to identify one positive result (the inverse of the prevalence of a 
positive screening result); RKFD, rapid kidney function decline (% annual eGFR decline >5%). 
a
Random albumin to creatinine ratio (ACR) >2.0 mg/mmol (17 mg/g) if male or ACR>2.8 mg/mmol (25 mg/g) if female).

25;26
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APPENDIX II 

Measures of diagnostic utility: Formulae and definitions 

  
Annual % Renal decline 

 

  
> 5%* ≤ 5% 

Total 

Screening test Positive a b 
a+b 

 
Negative c d 

c+d 

 Total a+c b+d a+b+c+d 

*Rapid renal decline (RRD) 

 

Term Formula Definition 

Percent Agreement a+d/a+b+c+d Percent correctly identified as RRD or non-progressive 

Sensitivity a/(a+c) Probability of a positive test among those with RRD 

Specificity d/(b+d) 
Probability of a negative test among those without 
RRD 

Positive likelihood ratio (+LR) Sensitivity/(1-Specificity) Amount of certainty gained after a positive test  

Negative likelihood ratio (-LR)  (1-Sensitivity)/Specificity) Amount of certainty gained after a negative test  

Pre-test probability of RRD (a+c)/(a+b+c+d) Prevalence of disease in population 

Pre-test odds 
Prevalence/(1-
Prevalence) 

Odds of disease before prior to screening test 

Post-test odds   

 Positive test Pre-test odds x  +LR Odds of RRD after a positive test 

 Negative test Pre-test odds x –LR Odds of RRD after a negative test 

Post-test probability   

 Positive test 
Post-test odds/ 
(post-test odds +1) 

Probability of disease after a positive test 

 Negative test 
Post-test odds/ 
(post-test odds +1) 

Probability of disease after a negative test 

Number needed to screen a+b+c+d(a+b) 
Number needed to screen to identify one case with 
proteinuria 

Number needed to follow (a+b)/a 
Number needed to follow after a positive test to 
identify one case with RRD 
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