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4. Rationale:   

Dementia is a growing public health problem because of the increasing prevalence of the 

disease and the resources required to care for patients with disease progression. Although 

significant research efforts have focused on stopping or reversing dementia, even modest 

reductions in disease onset or regression, such as by 1-2 years, would significantly 

decrease the global burden of the disease. 
1
 Thus, efforts to slow the onset or reduce the 

progression of dementia and cognitive decline are vital. 

 

The effect of acute illness on short-term cognitive decline has been characterized in 

varied clinical settings, but most efforts have focused on changes that occur immediately 

after illness or several months later.  In the short term, the incidence of delirium in elderly 

patients undergoing surgery has been estimated to be as high as 52%.
2
  Although acute 

changes represented by delirium often resolve in the short term, cognitive changes 

following delirium have been shown to persist months after surgery.
3,4

 However, the role 

of critical illness in cognitive decline that persists months to years after an initial insult is 

less well studied. 

 

Hospitalization and critical illness may play a significant and previously unrecognized 

role in accelerating cognitive decline and increasing the risk of incident dementia through 

an unknown mechanism.  Ehlenbach et al followed the cognitive status of 2929 

individuals age 65 and older every 2 years using the Cognitive Abilities Screening 

Instrument (CASI).
5
  Over a mean follow up of 6.1 years, a non-critical illness 

hospitalization was associated with a decline in the CASI of 1.01 points (95% CI 0.7-1.3; 

p<0.001), and a critical illness hospitalization was associated with a decline in the CASI 

of 2.14 points (95% CI 0.03-4.24; p=0.047).  Moreover, the adjusted hazard ratio for 

development of incident dementia following a non-critical illness hospitalization was 1.4 

(95% CI 1.1-1.7; p=0.001) and following a critical illness hospitalization was 2.3 (95% 

CI 0.9-5.7; p=0.09).  

 

Similarly, the effect of hospitalization on cognitive decline was examined in a cohort of 

1870 patients through the Chicago Health and Aging Project over a median of 9 years.  In 

this study, the decline in global cognitive score accelerated 2.4 fold from pre-

hospitalization to post-hospitalization.  Severity of illness and length of hospitalization 

were each associated with faster decline, and the decline persisted over the length of 

follow-up.
6
 

 

A significant limitation of both of these studies was that participants were admitted to 

hospitals for both medical and surgical indications.  Although a mechanism for the 

cognitive decline found in these studies was not examined, evidence suggests that both 

anesthetic agents as well as common postoperative events such as delirium, systemic 



inflammation, and sedative/analgesic medications all may play a role. These insults are 

particularly prevalent in the perioperative period, and so patients undergoing inpatient 

surgery may be particularly susceptible to cognitive decline.  An additional limitation of 

these studies is that relatively few confounding variables were considered.  The ARIC 

dataset allows adjustment for additional potential confounding variables, including apoE 

status—which has not been explored in previous studies examining the association 

between hospitalization and cognitive decline.  We will expand on the confounding 

variables to include factors such as apoE status, diabetes, carotid disease, hypertension, 

depression, and disability measures. 

 

Because of the increasing number of elderly patients presenting for surgery, it is crucial 

to know whether surgery or perioperative insults—including anesthesia, and post-

operative care—increase the risk of cognitive decline or of the onset of dementia.  

Determining this association has practical implications.  First, many operations are 

planned procedures and so allow time for full risk/benefit considerations and 

optimization of medical condition.  Second, the perioperative insult can be modified 

through changes in both anesthetic, surgical, and recovery techniques.  Finally, 

conclusions regarding long-term cognitive decline after medical admissions may not be 

generalizable to surgical patients because of differences in the patient population, hospital 

insults, and inflammatory response.  If perioperative insults do indeed increase this risk, 

then efforts to refine the risk/benefit analysis for elective surgery and to determine 

strategies to modify this risk will be paramount.   

 

 

 

5. Main Hypothesis/Study Questions: 

 

1. A history of inpatient surgery will be associated with reduced or decreasing cognitive 

scores on the Delayed Word Recall test (DWR), Digit Symbol Substitution Test (DSST), 

and Word Fluency Test (WFT) from ARIC visit 2 (1990-2) to the ARIC Brain MRI and 

Carotid MRI visits (2004-6).   

 

2.  A history of inpatient surgery will be associated with the onset or progression of 

defined cerebral vascular or degenerative changes detected by MRI between ARIC visit 3 

to the ARIC Brain MRI visit.    

 

3.  A history of inpatient surgery will be associated with admission to any hospital for 

dementia. The period of exposure for inpatient surgery will be from ARIC visit 2 until 

2010, although we will also consider earlier time periods in separate analyses.   

 

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). 

 



Study design: prospective cohort study comparing those patients undergoing inpatient 

surgery during a defined exposure period to those patients not undergoing surgery.  Data 

on surgical procedures and postoperative complications will be obtained using ICD 

discharge codes. The surgical exposure will be analyzed in several ways—(1) yes/no, (2) 

number of inpatient surgeries, (3) predicted cardiac risk of inpatient surgery, and (4) 

clinical severity of the admission.   

 

In reference to item (3), Clinical Classification Software (CCS) developed by the Agency 

for Healthcare Research and Quality will be used to classify each procedure into 

clinically relevant procedure groups, using the ICD-9 discharge codes. Then, the 

predicted level of cardiac risk associated with each of the CCS derived surgical procedure 

groups will be categorized as high, intermediate or low according to the American Heart 

Association Perioperative Guidelines.   

 

In reference to item (4), an admission will be considered as including a critical illness 

using the methodology of Ehlenbach et al. which specifies ICD-9 codes that represent 

severe illness occurring during that hospitalization. ICD-9 codes identifying a critical 

illness include shock (785.5 and all 5 digit breakouts), severe sepsis (995.92), acute 

respiratory failure (518.82 and 518.84), hypotension (458), respiratory or cardiac arrest 

(799.1 and 427.5), cardiopulmonary resuscitation (99.6, 99.63), and prolonged ventilation 

(96.72).   These are all conditions that are unlikely to be present on hospital admission.   

 

We will also consider medical admissions in our analysis as either a confounding variable 

or as an exclusion criteria in a restricted analysis. We will utilize the methodology of 

Ehlenbach et al. to categorize medical admissions using ICD-9 codes as including a 

critical or non-critical illness.  

 

Hypothesis 1. A history of inpatient surgery will be associated with decreasing 

cognitive scores on the DWR, DSST, and WFT from ARIC visit 2 (1990-2) to the ARIC 

Brain MRI and Carotid MRI visits (2004-6).   

 

 

Exposures: 

 Inpatient surgery (categorized in the four ways described above) between visit 2 

and ARIC MRI visits.  We will also consider shorter intervals of surgical 

exposure, such as ARIC visit 2 – visit 4, in other analyses.  

 

Inclusion:  

 We will include all individuals with cognitive data from ARIC visit 2 and ARIC 

MRI visits, or from ARIC visit 2 and visit 4.  

 We will exclude those patients who scored below 5
th

 percentile in any cognitive 

test at visit 2, had prevalent stroke at visit 2, or underwent neurosurgical 

procedures.   

 We will conduct separate analyses using different groups of patients— 

1. In the primary analysis, we will use all patients with surgery during the 

defined exposure period,  



2. In a secondary analysis, we will attempt to account for potential 

misclassification if there were a lag effect of surgery. 

a. We will use all patients with surgery during the defined exposure 

period, but exclude any patients with surgery in the 10 years prior.   

b. We will use all patients with surgery during the defined exposure 

period, and furthermore, include any more patients with surgery 

during the 10 years prior to the exposure period.  

Outcome:  

 Change in score of DSST, WFT, DWR from visit 2 to MRI visit or change in 

score from visit 2 to visit 4. 

 

Data analysis 

 We will conduct regression analysis to investigate the effect of inpatient surgery 

(exposure) on the change in cognitive scores (outcome).  We will utilize separate 

models stratified by race and adjusting for age, sex, education, apoE status, 

hypertension, diabetes, smoking, hyperlipidemia, coronary artery disease, 

cerebrovascular disease, depression, disability, and medical admissions.  We will 

consider utilizing propensity scores for undergoing surgery in the analysis; if we 

use them we will adjust for the propensity scores in the regression analyses. 

 We will also conduct regression analysis using random effects mixed models with 

history of inpatient surgery predicting longitudinal change in score of DWR, 

WFT, and DSST.  We will use all available cognitive data from ARIC visit 2,visit 

3, visit 4, and ARIC Brain MRI or Carotid MRI visits. Similarly, we will use 

separate models stratified by race and adjusting for age, sex, education level, and 

apoE status. We expect to use random intercept only models including interaction 

terms between surgical status and follow-up as well as follow-up time and other 

risk factors, including hypertension, diabetes, smoking, hyperlipidemia and 

coronary artery disease as independent variables. Although we may be limited by 

sample size, we will compare slopes of change or absolute change in cognitive 

scores before and after surgical exposure.  

 

Hypothesis 2.  A history of inpatient surgery will be associated with the progression of 

defined MRI abnormalities from ARIC visit 3 to the ARIC Brain MRI visit.    

 

Exposure:  

 Inpatient surgery between visit 3 (1993-1995) and ARIC Brain MRI visit (2004-

2006).  We will also conduct separate analyses expanding the exposure period to 

visit 2 (1990-1992) – ARIC Brain MRI visit. 

 

Inclusion/ Exclusion: 

 All individuals with MRI data in visit 3 and the ARIC Brain MRI visit  

 We will exclude those patients with prevalent stroke at visit 2, or who underwent 

neurosurgical procedures.   

 We will conduct separate analyses using different groups of patients— 

1. In the primary analysis, we will use all patients with surgery during the 

defined exposure period,  



2. In secondary analyses, we will attempt to account for potential 

misclassification if there were a lag effect of surgery. 

a. First, we will use all patients with surgery during the defined 

exposure period, but exclude any patients with surgery in the 

10 years prior.   

b. Second, we will use all patients with surgery during the defined 

exposure period, and furthermore, include any patients with 

surgery in the 10 years prior. 

 Based on previous publications, we anticipate approximately 980 patients will be 

analyzed. 

 

Outcome: 

 Change in MRI-assessed burden of infarcts, white matter hyperintensities, 

ventricle size, or sulci widening between visit 3 and ARIC Brain MRI visit, using 

methodology from Knopman et al.
7
 and Gottesman et al.

8
 

 

Statistical Analysis: 

 We will conduct regression analysis to determine if inpatient surgery (exposure) 

predicts onset or progression in MRI defined abnormalities (new lacunar infarcts, 

white matter hyperintensities, ventricular size, sulci widening) between visit 3 and 

the ARIC Brain MRI visit adjusting for age, sex, education, apoE status, 

hypertension, diabetes, smoking, hyperlipidemia, coronary artery disease, 

cerebrovascular disease, depression, disability, and medical admissions. Because 

volumetric measurements are available from the Brain MRI visit and not from 

visit 3, we will use approaches similar to those described in Gottesman et al.
8
 to 

analyze change in WMH volume, and will apply similar approaches to estimate 

change in ventricular and sulcal volume.  

 

Hypothesis 3.  A history of inpatient surgery will be associated with admission to any 

hospital for dementia. 

 

Exposure:  

 Any inpatient surgery between visit 2 and 2010.  We will also consider shorter 

intervals of surgical exposure, such as ARIC visit 2 – visit 4, in other analyses. 

 

Inclusion/Exclusion: 

 We will include all patients from ARIC visit 2. 

 We will exclude those patients scoring below 5
th

 percentile in any cognitive test at 

visit 2, with prevalent stroke at visit 2, or who underwent neurosurgical 

procedures.   

 We will conduct separate analyses using different groups of patients— 

1. In the primary analysis, we will use all patients with surgery during the 

defined exposure period,  

2. In secondary analyses, we will attempt to account for potential 

misclassification if there were a lag effect of surgery. 



a. First, we will use all patients with surgery during the defined 

exposure period, but exclude any patients with surgery in the 

10 years prior.   

b. Second, we will use all patients with surgery during the defined 

exposure period, and furthermore, include any patients with 

surgery in the 10 years prior. 

Outcome: 

 Hospitalizations with diagnosis of dementia, using the methodology from Alonso 

et al.
9
  Using data from visit 2 until 2004, there were 203 cases of dementia in this 

cohort. These numbers are expected to be higher with more accrued years of 

follow-up. 

 

Statistical Analysis: 

 We will use Cox proportional hazards analysis to determine if a history of 

inpatient surgery predicts the time from baseline to hospitalization for dementia or 

diagnosis of dementia, adjusting for age, education level, apoE status, and 

baseline cognitive scores.  Additional models will also adjust for cardiovascular 

risk factors, including hypertension, diabetes, smoking, and hyperlipidemia.  Data 

on inpatient surgery will be analyzed as several variables, including yes/no, 

number of inpatient surgeries, severity of inpatient surgery, and number of major 

complications. 

 

Methodological limitations:  

1. Data on inpatient exposure will be limited to ICD-9 codes from each hospital 

discharge. However, ICD-9 codes can be used to identify surgical procedures and 

select postoperative critical illness, and have been used in a cohort of general 

admissions as an exposure variable linked with long-term cognitive decline.  We 

will attempt to determine and use any other records that might further describe the 

hospital admission to refine our exposure characterization. 

2. Patients in the ARIC study were not yet elderly during the years in question, and 

so cognitive decline may not be evident by the ARIC Brain MRI visit. However, 

ARIC visit 5 will collect cognitive data in the now older cohort, so this current 

study will provide pilot data for a potential future study using ARIC visit 5 data. 

3. The cognitive data are collected at relatively few time points, so we will not have 

data on the intermediate time points of cognitive change. Nevertheless, ARIC 

visit 5 will provide another time point. 

4. There is a potential for selection bias based on survival differences among 

participants with different cognitive or surgical status.  We will compare 

demographic and co-morbidity information among those patients with different 

survival times to determine the likelihood of this bias. 

5. There is a potential for residual confounding between the patients who did or did 

not undergo surgery. We will adjust for potential confounding variables in 

multivariable regression and through propensity score analysis. 
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