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eMethods. Sample characteristics and modeling 

Sample Characteristics 

 The sample was selected from the Health Care Financing Administration Medicare 

eligibility list and included individuals aged 65 to 84 years as of July 1, 1993, living in the 

metropolitan area of Salisbury, Maryland. The sample included 100% of identified black 

residents and a random age-stratified sample of 58% of identified white residents. eTable 1 

presents descriptive statistics for each of the model variables at baseline assessment. 

Modeling Approach  

 Using Mplus 7,1 a two-step modeling approach was used where linear trajectory models 

were first estimated separately for visual acuities, difficulties with activities of daily living 

(ADL) and difficulties with instrumental activities of daily living (IADL) using ordinary least 

squares (OLS) regression for each study participant. These OLS trajectory models provided 

baseline levels and an average annual linear change estimate between baseline and the last 

assessment for each participant. Three participants had no valid ADL observations during the 

course of the study and therefore were missing for the ADL trajectory baseline levels and 

change. There were 109 participants missing the IADL trajectory variables due to missing IADL 

measures. Model estimated trajectory variables were merged back in with covariates and 

mortality variables. 

 Cox proportional hazard regression was used to estimate effects of trajectory variables 

and covariates on mortality. To demonstrate the changing effect estimates of the visual acuity 

(VA) trajectory on mortality, we added groups of covariates to the mortality model in a 

hierarchical fashion resulting in 4 models. In the first model (Model 1, eTable 2), the effects of 

VA baseline and VA change on mortality were estimated controlling for demographic variables 

such as age, sex, and race. In the second model (Model 2), health behavior variables, including 

smoking status, alcohol drinking status, and body mass index (BMI) categories were added to the 

model. In the third model, the 15 self-reported medical conditions and severe depression were 

added as control variables. A final model was estimated in a structural equation modeling (SEM) 

framework. In this model the estimated baseline levels and changes from the ADL and IADL 

linear trajectories were added as mediators of the relationship between VA trajectories, 
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covariates, and mortality (see Figure in the manuscript). The visual acuity baseline levels and 

annual change, and the ADL and IADL difficulty levels and changes as well as the covariates 

were all hypothesized to directly affect mortality. In addition, VA trajectories as well as 

covariates affected mortality indirectly through ADL and IADL trajectories. Therefore, the ADL 

and IADL trajectories served as mediators for the relationships between VA trajectory and 

mortality. Hazard ratios of VA trajectories from the 4 models are presented side by side in 

eTable 2 to demonstrate the changing effect of VA on mortality across models. Subsequently, 

nonlinear effects of VA both directly and through the ADL and IADL mediators were tested 

using the quadratic effect of VA levels at baseline and the quadratic effect of VA changes 

through time. Results of this model are presented in the main paper in Table 3. An additional 

SEM model was estimated that tests a causal chain going from VA trajectories to IADL 

trajectories to ADL trajectories to mortality (eFigure).  

 For all mortality models, individuals from the study were included in the analysis 

whether or not they had missing items during the study. Maximum likelihood for missing data 

(full information ML) estimation was used to arrive at estimates in the presence of missing data.2 

This method assumes that missing items, due to attrition or some other mechanism, are missing 

at random conditioned on all of the covariates in the model.3 Therefore, the conditional 

distributions of VA, IADL, and ADL at each time point are assumed to be unbiased 

representations of the conditional distributions in the population. These assumptions are less 

restrictive than assuming that items are unconditionally missing at random, which is the 

operating assumption under list-wise deletion methods for dealing with missing data. 

 eTable 2 displays the effect of VA trajectories (baseline levels and change) and controls 

on mortality. In model 1 when only demographic variables were controlled for, both VA baseline 

and VA change predicted mortality; the hazard ratio for VA loss at baseline was 1.43 (P<.05) 

and the HR for VA declines through time was 15.32 (P<.001). The effect for VA declines 

(HR=15.32) is very large because it is the model estimate for an average annual change of 1 U 

on the logMAR scale. The effect of VA change on mortality for a person exhibiting the average 

VA decline for this population (0.015 logMAR U/y) has an increased hazard of death of 4% 

annually (HR: 1.04 = exp[0.015*2.73]) compared to someone whose VA is stable, and their 

© 2014 American Medical Association. All rights reserved.   3 
 



hazard of death is 39% higher than a person with stable VA over the course of the 8-year study 

(HR=1.39). 

 In model 2 both demographic and health behavior variables were controlled for in the 

Cox regression model. VA baseline levels and VA change remained significant in predicting 

mortality. The hazard ratio for VA baseline in model 2 was 1.34 (P<.05) and the HR for VA 

annual decline was 13.63 (P <.001). When the additional 15 medical conditions and severe 

depression were added in the mortality model as controls in model 3, VA baseline was no longer 

found to be associated with mortality (HR=1.13, P =.37); while VA change remained a 

significant mortality predictor (HR=4.33, P =.018). Comparison of the hazard ratios for VA 

baseline and VA change across these models demonstrated that declining VA and not absolute 

acuity at the start of the study is a more relevant predictor of mortality. 

 Because of its association with both VA and all-cause mortality, IADL trajectory 

variables served as mediators between VA and mortality. The path from VA to IADL, the 

presumed mediator, was significant (β=0.46 VA baseline on IADL baseline, P <.001, and β=0.46 

VA change on IADL change P <.001, not shown in a table). Secondly, the path from IADL 

baseline levels and change to mortality, the final outcome, was also statistically significant 

(HR=1.36, P <.01 and HR=3.49, P <.001, respectively – not shown in a table). The indirect 

effect of visual acuity at baseline on mortality through its effect on IADL levels at baseline is 

HR= 1.16 (95% CI: 1.04-1.28). The indirect effect of changes in VA on all-cause mortality 

through changes in IADL is HR=1.78 (95% CI: 1.27-2.51). 

 Starting out with worse acuity at baseline was also associated with a greater increase in 

IADL difficulty through time (β =0.043 VA baseline on IADL change, not shown in a table). 

However, the indirect effect through this pathway was not statistically significant (P = .06). VA 

levels at baseline and changes in VA through time were also predictive of ADL changes through 

time (β =0.041, P <.01 and β =0.13, P <.05, respectively). However, there was no indirect effect 

of VA on mortality through these pathways, primarily due to the lack of association of the ADL 

trajectories with mortality. 

 In sum, the effects of VA on mortality seem to be operating primarily through IADL 

indicating a fully mediated process.4 The indirect effect of absolute levels of VA measured at 
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baseline on all-cause mortality in the final model (HR=1.16) was very similar to the effect size of 

VA at baseline on mortality in Model 3 without the functional limitation mediators (HR=1.13), 

though the former was detected as different from zero and the latter was not. The total effect of 

changes in VA on all-cause mortality which combines the direct effect and the indirect effect of 

VA change through IADL change was HR=3.47 (95% CI=1.07-11.31).  This estimate is 

somewhat comparable to HR=4.33 that was found for the effect of VA changes on mortality in 

model 3 without the mediators in the model, providing further evidence that IADL are a primary 

mechanism of the effects of VA on mortality. 

 

Alternate Model Testing and Sensitivity Analysis 

 ADL trajectories were not found to be a mechanism by which VA trajectories affect 

mortality when IADL were included as mediators in the model. A model that does not include 

the IADL trajectory variables as mediators and included only the ADL trajectory variables as 

mediators results in statistically significant separate pathways between VA, ADL changes, and 

mortality. However, the indirect effects of VA levels and changes on mortality through ADL 

change are not statistically significant.  Subsequently, a more complex sequential mediation 

pathway as depicted in the conceptual model in the eFigure was estimated. Here we are 

theorizing that individuals first experience increases in IADL followed by increased in ADL and 

that changes in VA affect IADL first, which in turn affect ADL and finally mortality. The results 

of this model revealed that VA affects ADL only indirectly through IADL. The solid line 

pathways in the eFigure portray these mechanisms. However, ADL trajectories still do not have a 

direct effect on mortality when IADL trajectories are included as a predictor of mortality. 

 We also tested for sex moderation and race moderation of the effects of the VA, ADL, 

and IADL trajectory variables on mortality as well as the pathways from the VA trajectory to 

ADL and IADL trajectories. In the full model with all controls, the effect of baseline levels of 

VA on mortality differs by sex and race. But, the effect of VA levels at baseline on mortality is 

not statistically significant for males, females, or whites. That is, while the effects for males and 

females differed from one another, neither effect differed from zero. The effect for whites 

differed from that of blacks, but the effect for whites did not differ from zero. The effect of VA 
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levels at baseline on mortality for blacks is negative showing a decrease in the likelihood of 

mortality (HR: 0.63; 0.41-0.97) for higher logMAR values at baseline. The only other moderated 

effect is for the effect of changes in VA on changes in ADL, which differs by sex where the 

effect is not operating for females, but is operating for males (β =0.345, P =.001). None of the 

indirect pathways were moderated by sex or race. 

 We also performed a sensitivity analysis of our findings that truncates the mortality 

follow up using the censoring date December 31, 2006 which was closer to the measured ADL 

and IADL than December 31, 2009. The purpose was to censor at a time closer to the VA, ADL 

and IADL observations. There were 1276 (51%) deaths that occurred by December 2006 

compared to 1622 (64%) deaths by December 2009.  Changing the mortality follow-up date did 

not change the analysis results.  IADL was significant in predicting mortality and remained a 

significant pathway in the relationship between VA and mortality. 
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eTable 1. Demographic characteristics, health behaviors, and reported medical 
conditions of the study population at baseline (1993-1995) 
  No. Percent  
Total   2520 100.0  
Demographics     
Age (years) 65-69 780 31.0  
 70-74 835 33.1  
 75-79 554 22.0  
 80+ 351 13.9  
Sex Male 1062 42.1  
 Female 1458 57.9  
Race White 1854 73.6  
 Black 666 26.4  
Education Less than High School  1299 51.6  
 High School Graduate 514 20.4  
 More than High School 707 28.1  
Health Behaviors     
Smoking Status Never Used 997 39.7 
 Past Smoker 1146 45.6  
 Current Smoker 368 14.7  
Alcohol Status Never Used 674 26.8  
 Past Use 614 24.4  
 Current Use 1227 48.9  
BMI <18.5 (underweight) 112 4.4  
 18.5-24.9 (healthy weight) 707 28.1  
 25-29.9 (overweight) 957 38.0  
 30-34.9 (obese) 508 20.2  
 >=35 (mod/severe obese) 236 9.4  
Self-reported Medical 
Conditions 

    

Diabetes 443 17.6  
Stroke  219 8.7  
Heart Attack  394 15.7  
High Blood Pressure  1394 55.4  
Cancer 332 13.2  
Asthma  134 5.3  
Arthritis  1319 52.4  
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 Angina  394 15.7  
Back Problem  666 26.4  
Broken Hip  67 2.7  
Claudication 159 6.3 

Congestive Heart Failure 130 5.2  
Emphysema  203 8.1  
Meniere’s Disease  140 5.6  
Parkinson Disease 27 1.1  
 
 

N Mean Std 

Severe Depression Score  2490 1.18 0.34 
Visual Acuity & 
Functional Measures 

    

Average Best Corrected Visual Acuity 2519 0.009 0.19 
Average Activities of Daily Living Score  2507 0.603 0.23 
Average Instrumental Activities of Daily Living Score 2121 0.825 0.38 
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eTable 2. Hazard ratios for the effect of visual acuity trajectories 
on mortality 

    

       Final Model 
  Mode

l 1 
  Mode

l 2 
  Mode

l 3 
  HR   95% 

LL 
95% 
UL 

Visual Acuity           
Best Corrected Baseline 1.43 * 1.34 * 1.13  0.89  0.67 1.18 
Best Corrected Change 15.32 **

* 
13.63 **

* 
4.33 * 1.95  0.58 6.50 

Demographics           
Age at Baseline (in 10 
years) 

2.29  2.52 **
* 

2.70 **
* 

2.50 **
* 

2.24 2.79 

Female 0.63  0.64 **
* 

0.65 **
* 

0.64 **
* 

0.57 0.72 

Black 1.15  1.04  1.03  1.02  0.90 1.16 
Education (in 10 years) 0.69  0.75 **

* 
0.79 ** 0.80 ** 0.68 0.94 

Health Behaviors           
Past Smoker   1.41 **

* 
1.36 **

* 
1.31 **

* 
1.15 1.48 

Current Smoker   2.14 **
* 

1.98 **
* 

1.92 **
* 

1.61 2.29 

Past Alcohol Use   1.00  0.97  1.02  0.87 1.18 
Current Alcohol Use   0.84 * 0.84 * 0.88  0.76 1.02 
Underweight   1.52 ** 1.88 **

* 
1.31 * 1.01 1.70 

Overweight   0.86 * 0.87 * 0.87 * 0.77 0.99 
Obese   0.88  0.85  0.84 * 0.71 0.98 
Very Obese   1.30 ** 1.19  1.12  0.91 1.36 
Medical Conditions           
Diabetes     1.52 **

* 
1.47 **

* 
1.28 1.68 

Stroke     1.21 * 1.12  0.93 1.34 
Heart Attack     1.12  1.12  0.96 1.31 
High Blood Pressure     1.15 * 1.14 * 1.03 1.27 
Cancer     1.20 * 1.10  0.95 1.28 
Asthma     1.29 * 1.25 * 1.01 1.56 
Arthritis     0.90 * 0.85 ** 0.76 0.94 
Angina     1.12  1.07  0.91 1.24 
Back Problem     0.84 ** 0.82 ** 0.73 0.93 
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Broken Hip     1.65 **
* 

1.52 **
* 

1.21 1.91 

Congestive Heart Failure     1.30  1.33 * 1.03 1.71 
Claudication     1.53 **

* 
1.47 ** 1.18 1.83 

Emphysema     1.43 **
* 

1.48 **
* 

1.23 1.76 

Meniere’s     0.93  0.97  0.77 1.22 
Parkinson’s     2.45 **

* 
2.32 **

* 
1.77 3.05 

Severe Depression score     1.24 ** 1.16  0.99 1.37 
Functional Measures As 
Mediators 

         

ADL baseline       1.20  0.86 1.66 
ADL change       1.01  0.45 2.22 
IADL baseline       1.36 ** 1.10 1.70 
IADL change             3.49 **

* 
1.89 6.47 

See footnote comment above 
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eFigure. Sequential mediator model  

 

*Solid pathways represent statistically significant effects and dotted pathways represent 
statistically insignificant effects. 
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