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4. Rationale:  



 

Kidney disease is an increasingly common condition in the United States.1 Both reduced 

glomerular filtration rate (GFR) and albuminuria are independently and continuously 

associated with poor outcomes such as cardiovascular disease and death,2-4 and the 

Atherosclerosis Risk in Communities (ARIC) cohort has provided valuable evidence for 

these associations. To date, however, only a subset of the kidney disease events in ARIC 

has been rigorously measured – namely, those defined at study visits, when kidney 

function was assessed using laboratory data. By incorporating intervening (inter-visit) 

kidney disease events, we improve estimation in time-to-event analyses, capture 

outcomes among participants who do not attend subsequent follow-up visits, and retrieve 

information on acute kidney injury, an often transient but potent predictor for adverse 

future outcomes. Inter-visit kidney events (including acute kidney injury, chronic kidney 

disease, and end stage renal disease) are captured through hospitalization discharge ICD-

9-CM codes, and they have not been adjudicated. Thus, the validity of ICD-9-CM-

identified kidney hospitalizations (which comprise the majority of kidney events in the 

cohort) is not known.  

 

5. Main Hypothesis/Study Questions: 

 

Aim 1: To estimate the sensitivity and specificity of three overlapping categories of 

kidney disease-related ICD-9-CM codes compared with a gold standard of physician 

adjudication in a large population-based cohort using sampling weights. 

Hypothesis 1: Sensitivity and specificity varies based on severity of disease. The presence 

of more than one kidney disease code improves sensitivity.  

 

Aim 2: To differentiate between the development of kidney failure as an acute injury 

event and that as a result of chronic kidney disease progression; to further classify kidney 

failure as a permanent or transient occurrence. 

Hypothesis 2: Half the incidence of kidney failure occurs after an acute insult. 

 

6. Design and analysis (study design, inclusion/exclusion, outcome and other 

variables of interest with specific reference to the time of their collection, summary 

of data analysis, and any anticipated methodologic limitations or challenges if 

present). 

 

Methodological challenges: 

Since ARIC visit 4, there have 

been 34,140 hospitalizations 

among surviving participants. 

Reviewing all hospitalizations to 

ascertain the validity of kidney 

disease events is not feasible. By 

ICD-9-CM-coded type of 

hospitalization, there were 1,375 

hospitalizations for acute kidney injury (AKI), 4,777 hospitalizations for chronic kidney 

disease (CKD), and 1,354 for end stage renal disease (ESRD); however, there is 



substantial overlap by category (Table 1), with 5,621 ICD-9-CM-coded kidney disease 

events overall. The remaining hospitalizations include 15,247 with cardiovascular disease 

codes, and 13,272 with non-cardiovascular codes.  

 

Sampling Frame 

In order to validate ICD-9-identified events, we will sample from the pool of 

hospitalizations among ARIC participants from 1996 (the last study visit) to 2009. 

Records were randomly selected (using a random number generator function) without 

replacement from nine ICD-9-CM hospitalization code-classified strata, oversampling 

from hospitalizations including kidney disease ICD-9-CM codes. The nine mutually 

exclusive ICD-9-CM identified strata are: 1) AKI code only, 2) AKI and CKD codes 

only, 3) AKI and ESRD code only, 4) AKI, CKD, and ESRD codes, 5) CKD code only, 

6) CKD and ESRD codes only, 7) ESRD code only, 8) cardiovascular diagnosis but no 

kidney code, and 9) no kidney or cardiovascular code. Stratum 8 and 9 are separate 

because a priori we believe the probability of finding a false negative in strata 8 to be 

much higher than that in strata 9.  

 

Event Adjudication 

All inpatient blood work, as well as the admission note, nephrology consultation (if 

performed), and discharge summary for each of the selected hospitalizations will be 

retrieved and adjudicated by two independent, blinded physicians. Adjudication will 

proceed according to a standardized algorithm as to whether it contains an AKI event, a 

CKD diagnosis, or an ESRD diagnosis. There will be possible overlap between the three 

kidney events. (In other words, a CKD patient could undergo AKI and then progress to 

ESRD in a hospitalization.) The following outcomes definitions will be used:  CKD, 

chart mention or, if creatinine available, eGFR ≤ 30 (CKD Stage 4+) or ≤ 60 ml/min/ 

1.73m
2
 (CKD Stage 3+) by the CKD-Epi equation; AKI, chart mention or, if creatinine 

available, 50% increase in baseline creatinine with or without requirement for RRT; 

ESRD, renal replacement therapy requirement at admission and/or discharge, or death 

from kidney disease stemming from chronic progression of kidney disease (admission 

kidney function at CKD Stage 3 or worse).  Sensitivity to alternative definitions will be 

examined. 

 

Analysis plan 

For each type of adjudicated event, 

we will estimate the total number of 

events in each of the nine strata by 

scaling by the inverse probability of 

being selected (1/number 

sampled/number in strata). Sample 

weights used in the pilot study are 

shown in Table 2. Depending on the 

strata, we will classify events and 

non-events by whether they have a 

corresponding ICD-9-CM-code. For 

example, for adjudicated AKI: 



 

ICD-9-CM-identified AKI-containing strata (1-4):  

total (weighted) events = A 

total (weighted) non-events = B 

All other strata (5-9):  

total (weighted) events = C 

total (weighted) non-events = D 

This will allow calculation of the sensitivity (A/(A+C)) 

and specificity (D/(D+B)) (Table 3).   

 

We will also look at patient-, hospital-, ancd center-level factors associated with 

misclassification (e.g., false positives and false negatives).  

 

Limitations 

Older medical records may be more difficult to obtain, and the validity of ICD-9-CM 

codes for kidney disease events may vary based on year of hospitalization. For example, 

definitions of CKD and AKI have evolved over time, and historical physician-

documented CKD or AKI may not match 2012 laboratory data-based definitions. We will 

perform subgroup analysis by time period to investigate this potential bias.    
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