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PURPOSE. Poor vision may detrimentally impact functional status and affect allostatic load (AL),
a measure of cumulative physiological wear and tear on the body’s regulatory systems. We
examined the direct effects of visual acuity (VA) on mortality and its indirect effect on
mortality through its impact on functional status and AL in older adults.

METHODS. Data from 4981 participants (age ‡ 60 years) from the 1999–2004 National Health
and Nutrition Examination Survey (NHANES) with mortality linkage through 2006 were
analyzed. Functional status was assessed by activities of daily living (ADL) and instrumental
activities of daily living (IADL). The AL index was composed of 10 biomarkers: systolic and
diastolic blood pressures, body mass index (BMI), glycosylated hemoglobin, total cholesterol,
triglycerides, albumin, C-reactive protein, homocysteine, and creatinine clearance. Visual
acuity was categorized as no (20/20–20/25), mild (20/30–20/40), moderate (20/50–20/80), or
severe (‡20/200) visual impairment. Structural equation modeling using three mediating
variables representing ADL, IADL, and AL examined the effects of VA on all-cause and
cardiovascular disease (CVD)-related mortality.

RESULTS. Adjusting for all covariates, a one-unit change in VA category increased mortality risk
(hazard ratio [HR] ¼ 1.17; 95% confidence interval [CI] 1.05, 1.32); IADL and AL predicted
mortality (HR ¼ 1.15; CI 1.10, 1.20 and HR ¼ 1.13; CI 1.06, 1.20, respectively). Activities of
daily living did not predict mortality (HR ¼ 0.98; CI 0.91, 1.05). Worse VA was associated with
increased AL (b ¼ 0.11; P ¼ 0.013) and worse IADL (b ¼ 1.06; P < 0.001). Worse VA
increased mortality risk indirectly through AL (HR ¼ 1.01; CI 1.00, 1.03) and IADL (HR ¼
1.16; CI 1.09, 1.23). The total effect of VA on mortality including through IADL and AL was HR
¼ 1.38 (CI 1.23, 1.54). Similar but slightly stronger patterns of association were found when
examining CVD-related mortality, but not cancer-related mortality.

CONCLUSIONS. Allostatic load and particularly IADL may function as mediators between VA
impairment and mortality. Older adults with VA impairment could potentially benefit from
interventions designed to prevent IADL functional status decline to reduce the risk of
mortality.
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Visual impairment (VI) is associated with a broad range of
psychosocial and functional consequences such as social

isolation1–3; depression1–4; poor well-being4,5; frailty6; and
functional decline,7,8 including declines in instrumental activ-
ities of daily living (IADL).9 Given these associations, it is not
surprising that both self-reported and clinically assessed
measures of VI are predictive of mortality even when
controlling for other risk factors associated with longevity.10–13

Despite these consistent findings of increased mortality risk
associated with VI, investigators have only recently begun to
explore potential mechanisms that lead to this increased risk.
Studies using structural equation modeling techniques indicate
that VI increases mortality risk both directly and indirectly
through its adverse impact on indicators of disability, health
status, and mental well-being.13–15 Recently, using data

collected over multiple time periods in a cohort of older
adults, the impact of declining visual acuity (VA) on mortality
was shown to operate indirectly through its adverse effect on
IADL.16

Allostatic load (AL) is a biological construct thought to
reflect cumulative bodily wear and tear in response to stress
over the life course.17 High AL scores are associated with
poorer cognitive and physical functioning and increased risk for
incidence of cardiovascular disease (CVD).18 High AL score is
also related to the risk of developing mobility limitations and
frailty in older adults19,20; an increased risk of mortality, even
after adjustment for other known risk factors of mortality20; and
shorter telomeres, which are linked to premature mortality.17

To our knowledge, there has been no research examining
associations between AL and VI. The broad psychosocial and

Copyright 2014 The Association for Research in Vision and Ophthalmology, Inc.

www.iovs.org j ISSN: 1552-5783 5144



functional consequences of VI signify that those who are
visually impaired may experience increased stress in life, which
in turn may lead to increases in AL levels. Also unknown is
whether high AL levels can lead to increases in VI. Both factors
are predictive of functional status indicators such as impaired
mobility.20–22 Furthermore, given that increases in VI are
associated with reduced mobility and IADL,9 possible complex
feedback loops may exist that ultimately result in increased AL
levels and increased risk of mortality. Therefore, the direction-
ality between the relationship of AL and VI is unknown and
possibly complex. For example, the complement pathway has
been implicated in the development and progression of age-
related macular degeneration,23 suggesting that inflammatory
processes that are components of the AL index may play a role
in the impairing ocular diseases. Using nationally representative
data, this study explores possible direct and indirect associa-
tions between VA impairment, AL, activities of daily living
(ADL), and IADL as they relate to mortality risk in older adults.

METHODS

Study Population and Design

This study utilized participants age 60 years and older from the
1999–2004 National Health and Nutrition Examination Survey
(NHANES). These are continuous surveys conducted by the
National Center for Health Statistics. The NHANES sampled the
US noninstitutionalized civilian population using stratified
multistage probability design with planned oversampling of
certain age and racial/ethnic groups. The survey examines a
nationally representative sample of approximately 5000 persons
located in counties across the United States each year.24

Participants were administered survey questionnaires and
invited to mobile centers for examinations that included physical
examination, vision testing, and laboratory blood tests. The
NHANES 1999–2004 response rates for participants aged 60 and
older was 72.5% for interviewed sample and 64.5% for examined
sample.25 Data from NHANES adult participants were linked
with the death certificate data of the National Death Index (NDI)
with mortality follow-up through December 31, 2006.26 All
participants with sufficient identifying data were linked with
NDI data. The mortality linkage was completed for 4981 of 4984
participants who met the selection criteria for this study.

Assessment of Visual Acuity

Presenting VA was measured for each eye with the participant’s
usual distance vision correction using an autorefractor.
Corrective lenses were then removed and an automated
refraction was performed for each eye. For eyes with VA less
than 20/25, VA was remeasured, aided by the autorefractor
measurements.24 We used the VA of the participant’s better-
seeing eye as the VA measurement. For analysis purposes, VA
measures were further categorized into a four-level VA
impairment status variable: none (20/20–20/25), mild (20/
30–20/40), moderate (20/50–20/80), severe (‡20/200).

Allostatic Load

Based on previous research and NHANES data availability, 10
biomarkers were included in the calculation of AL.27 These
biomarkers exhibit the effects of hormones secreted in
response to stress and measure the regulatory systems that
are involved in the physiological response. The biomarkers
included metabolic markers (body mass index [BMI], glycosy-
lated hemoglobin), cardiovascular markers (systolic blood

pressure, diastolic blood pressure, total cholesterol, triglycer-
ides, homocysteine), inflammatory markers (albumin, C-reac-
tive protein), and a marker of organ dysfunction (creatinine
clearance). For each biomarker, we empirically determined the
high-risk threshold on the basis of the distribution of that
biomarker in the study sample. We assigned each participant 1
point for each biomarker reading beyond the cutoff threshold
defined as below the 25th percentile for creatinine clearance
and albumin and above the 75th percentile for all other
biomarkers. The points were then summed to obtain the AL
score, with a maximum possible score of 10. In this NHANES
sample of older adults, high-risk thresholds were as follows:
albumin, 40 g/L; BMI, 31.1; C-reactive protein, 0.58 mg/dL;
creatinine clearance, 55.7 mg/dL; diastolic blood pressure, 77.3
mm Hg; systolic blood pressure, 154 mm Hg; glycosylated
hemoglobin, 6.0%; homocysteine, 12.4 mol/L; total cholesterol,
234 mg/dL; triglycerides, 182 mg/dL.

Functional Status

Functional status was assessed by ADL and IADL. Activities of
daily living assessments included four questions addressing
difficulty getting in and out of bed; difficulty dressing oneself;
difficulty walking between rooms on the same floor; and
difficulty feeding oneself such as in using fork or knife or
drinking from a glass. Instrumental activities of daily living
assessments included three questions addressing difficulty
doing household chores; difficulty preparing meals; and
difficulty managing money. Each question started with the
following: ‘‘By yourself and without using any special
equipment, how much difficulty do you have . . . ?’’ Each
question had one of the following possible answers: no
difficulty, some difficulty, much difficulty, unable to do this.24

Coded answers to the questions were summed to create ADL
and IADL scores, respectively.

Covariates

Several social demographic and health behavior variables that
affect mortality were included in the model as controls: age in
years (range, ‡60), sex (male reference), a four-category racial/
ethnic identity variable (non-Hispanic white [reference], non-
Hispanic black, Mexican American, other races), education (less
than high school [reference], high school, above high school),
marital status (married [reference], not married), smoking status
at time of interview (nonsmoker [reference], current smoker,
former smoker), health insurance status (covered by insurance
[reference], not covered by insurance), and alcohol drinking
status (nondrinker [reference], drinker). Participants were
considered a drinker if they answered ‘‘Yes’’ to the question
‘‘Have you had at least 12 alcohol drinks in any one year?24

Cause of Death

Cause of death information was obtained from the National
Death Index through linkage with NHANES. The underlying
cause of death was determined by Underlying Cause of Death
113 Groups (ucod_113), which follows the ninth revision of
the International Statistical Classification of Diseases, Injuries,
and Causes of Death (ICD-9).28 Our study examined all-cause
mortality, CVD-related mortality (ucod_113 code 053-075), and
cancer-related mortality (ucod_113 code 019-043).

Analysis

Descriptive and model-based analyses were completed with
adjustments for sample weights and design effects using SAS
9.229 and Mplus 6 statistical packages.30
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The Figure depicts the relationships that were examined in
the structural equation model. Five regression models were
evaluated simultaneously: (1) an ordinal regression model of
the VA impairment variable on the demographic variables; (2) a
multiple linear regression model of the AL variable on
demographic variables and VA; (3) a multiple linear regression
model of ADL variable on the same variables as in (2); (4) a
multiple linear regression model of IADL variable on the same
variables as in (2); and (5) Cox proportional hazard regression
of all above-mentioned variables on mortality.

Visual acuity was hypothesized to directly affect mortality,
as well as to affect mortality indirectly through AL, ADL, and
IADL. All models were estimated simultaneously using a
pseudo-maximum likelihood estimator31 with robust standard
errors.32 Regression coefficients from the Cox proportional
hazard regression were exponentiated to obtain the hazard
ratios (HRs), while coefficients from the logistic models were
similarly exponentiated to obtain odds ratios. The NHANES
complex survey design was accounted for in all model
estimations.

Indirect effects were calculated by multiplying the two
parameters involved in the mediation relationship.33,34 For
example, the effect of VA on AL was multiplied by the effect of
AL on mortality. The new parameter was exponentiated to
obtain the HR for the indirect effect. Total HR effects were
calculated by taking the exponentiation of the summed direct
and indirect coefficients. Standard errors for both indirect and
total effects were obtained using the delta method.35

RESULTS

The study sample of 4981 adults aged 60 and older represents
an estimated 45 million older adults in the noninstitutionalized
US population. The average age of this population was 71.8
years (standard deviation [SD] 8 years). The population was
49% male, 57% non-Hispanic white, 21% Mexican American,
16% non-Hispanic black, and 6% ‘‘other’’ race. Twenty-three
percent of participants had a high school diploma, and 34%
had above high school education. At the time of interview, 93%
of participants had health insurance coverage, 12% were
smokers, and 41% were former smokers. With respect to VA
impairment, 3813 (84.5%) had none, 364 (8.1%) had mild VI,
243 (5.4%) had moderate VI, and 75 (1.7%) had severe VI. The
mean AL score was 2.5 with SD 1.7. The mean IADL and ADL
scores were 4.7 (SD 1.7) and 4.2 (SD 2.3), respectively.
Mortality linkage with the National Death Index with follow-up
through December 2006 identified 894 (18%) observed deaths
in the study sample, of which 351 were CVD-related deaths and

214 were cancer-related deaths. The demographic character-
istics of those in the study who died are listed in Table 1.

Odds ratio estimates from the ordinal regression of VA
impairment on demographic variables are displayed in Table 2.
Results of three multiple linear regressions for AL, IADL, and
ADL are summarized in Table 3. Worse VA was associated with
increased AL and increased ADL and IADL. A one-unit change
of VA impairment status, for example, from mild to moderate
VI, was associated with a 0.112-unit increase in AL, a 1.059-unit
increase in IADL score, and a 0.68-unit increase in ADL score.
Higher AL was found in women compared to men (b¼ 0.31, P

< 0.001) and in non-Hispanic blacks compared to non-
Hispanic whites (b ¼ 0.43, P < 0.001). Higher education and
being married were associated with lower AL and better ADL
or IADL status, that is, fewer difficulties.

The Cox proportional hazard model regression results for all
variables on all-cause mortality are given in Table 4. Worse VA
was significant in predicting mortality; a one-unit change in VA
impairment status was associated with a 17% increase in
mortality hazard (HR¼1.17; 95% confidence interval [CI] 1.04,
1.32, P ¼ 0.01). The AL and IADL variables were also
significantly associated with mortality. A one-unit increase in
AL was associated with a 13% increase in mortality (HR¼ 1.13;
CI 1.06, 1.20, P < 0.001). A one-unit change in IADL was
associated with a 15% increase in mortality (HR¼1.15; CI 1.10,

FIGURE. Path diagram.

TABLE 1. Demographic Characteristics of Study Participants, NHANES
1999–2004: Age ‡ 60

Characteristic

All Participants Those Who Died

N % N %

Sex

Male 2452 49 526 59

Female 2529 51 368 41

Race

Non-Hispanic white 2844 57 559 63

Mexican American 1036 21 137 15

Non-Hispanic black 810 16 156 17

Other race 291 6 42 5

Education

Less than high school 2137 43 424 47

High school diploma 1148 23 208 23

Above high school 1675 34 255 29

Marital status

Married 2786 56 424 49

All other marital status 2044 44 470 51

Smoking status

Never smoker 2327 47 358 40

Current smoker 611 12 141 16

Former smoker 2032 41 394 44

Health insurance

Covered 4617 93 865 97

Not covered 302 7 23 3

Alcohol drinking

Nondrinker 1831 39 325 40

Alcohol drinker 2844 61 490 60

Mean SD Mean SD

Average age, y 71.8 8.0 76.7 7.5

Allostatic load score 2.5 1.6 2.6 1.7

ADL 4.6 1.7 5.5 2.4

IADL 4.2 2.3 5.4 3.1
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1.20, P < 0.001). Activities of daily living, on the other hand,
did not predict mortality after controlling for IADL, AL, and
other covariates (HR ¼ 0.98; CI 0.91, 1.05, P ¼ 0.54). As
expected, age predicted mortality; a 1-year increase in age
increased the hazard of death by a factor of 1.09 (P < 0.001).
Females had a lower mortality hazard compared to males (HR¼
0.56, P < 0.001). Both current and former smokers at the time
of interview had much higher risk of mortality compared to
nonsmokers (HR¼2.97; CI 2.12, 4.17, P < 0.01 and HR¼1.40;
CI 1.17, 1.68, P < 0.01, respectively).

Allostatic load was significantly associated with both VA and
mortality and therefore served as a mediator between the VA
and mortality relationship. The path from VA to AL, the
presumed mediator, was significant (b ¼ 0.112, P ¼ 0.013).
Secondly, the path from AL to mortality, the outcome, was also
significant (HR ¼ 1.13, P < 0.001).

Similar results were found for IADL: The path from VA to
IADL was significant (b ¼ 1.06, P < 0.01), and the path from
IADL to mortality was also significant (HR ¼ 1.15; P < 0.01).

Therefore, IADL also served as a mediator between the
relationship of VA and mortality. Because the relationship
between ADL and all-cause mortality was not significant, ADL
did not serve as a mediator between the relationship of VA and
mortality. The direct effect of VA on mortality remained
significant (HR¼ 1.17; P¼ 0.01) after including AL and IADL in
the regression. Therefore, the mediation effects of AL and IADL
on VA and all-cause mortality were partial mediation effects.36

The indirect effect of VA on all-cause mortality through
IADL was HR ¼ 1.16; CI 1.09, 1.23, P < 0.05 (Table 5). The
indirect effect of VA and mortality through AL was HR¼ 1.01;
CI 1.00, 1.03, P < 0.05. The total effect of VA on all-cause
mortality, which combines the direct effect and the indirect
effects through AL and IADL, was HR¼1.38; CI 1.23, 1.54, P <
0.05.

The analysis was repeated for cause-specific mortality.
Visual acuity was significant in predicting CVD-related
mortality (HR ¼ 1.21; CI 1.01, 1.44, P ¼ 0.04) (Table 4). Both
AL and IADL were also significant in predicting CVD-related
mortality (HR¼ 1.19; CI 1.09, 1.31, P < 0.001 and HR¼ 1.18;
CI 1.11, 1.26, P < 0.001, respectively). Activities of daily living
were not significant in predicting CVD-related mortality (HR¼
0.96; CI 0.88, 1.04, P ¼ 0.54).

Visual acuity was also significantly associated with AL and
IADL; VA affected CVD-related mortality not only directly, but
also indirectly through the effect on AL and IADL. The indirect
effect of VA on CVD-related mortality through AL and IADL was
HR¼1.02; CI 1.00, 1.04, P < 0.05 and HR¼1.20; CI 1.12, 1.28,
P < 0.05, respectively. The total effect of VA on CVD-related
mortality was HR¼1.47; CI 1.26, 1.71, P < 0.05 (Table 5). This
pattern of association was similar to the relationship between
VA and all-cause mortality but was slightly stronger. No
associations were found between VA, AL, or IADL and
cancer-related mortality.

DISCUSSION

As has been found in previous studies, we found that lower VA
levels were predictive of mortality in a nationally representa-
tive sample of adults aged 60 years and older. We report, for the
first time, a cross-sectional association between AL levels and
VA. In addition, we found modest but significant indirect
mortality effects of VA operating through higher AL levels and
increased IADL impairments. The total effect of VA on
mortality including its indirect influence through IADL and
AL was substantial, indicating the importance of maintaining
good ocular health (HR ¼ 1.38; CI 1.23, 1.54). These findings

TABLE 2. Logistic Regression of Visual Acuity on Demographic
Variables

Variables Odds Ratio

95% Confidence

Interval P Values

Age, y 1.15 1.13, 1.17 <0.01

Male 1.00

Female 0.89 0.69, 1.13 0.33

Non-Hispanic white 1.00

Mexican American 1.75 1.28, 2.39 <0.01

Non-Hispanic black 1.54 1.23, 1.92 <0.01

Other race 3.63 2.68, 4.91 <0.01

Less than high school 1.00

High school diploma 0.77 0.56, 1.06 0.11

Above high school 0.55 0.42, 0.74 <0.01

Married 1.00

All other marital status 1.13 0.89, 1.42 0.32

Nonsmoker

Current smoker 0.87 0.61, 1.25 0.45

Former smoker 1.14 0.93, 1.39 0.21

Covered by health

insurance 1.00

Not covered by health

insurance 1.89 1.01, 3.52 0.05

Nondrinker 1.00

Alcohol drinker 1.04 0.84, 1.29 0.73

TABLE 3. Multiple Regressions of Allostatic Load, ADL, and IADL on Demographic Variables and Visual Acuity

Independent Variables

Allostatic Load as Outcome IADL as Outcome ADL as Outcome

b P Value b P Value b P Value

Visual acuity 0.11 0.01 1.06 <0.01 0.68 <0.01

Age, y 0.01 0.001 0.03 <0.01 0.01 0.074

Female 0.31 <0.01 0.02 0.74 0.06 0.28

Mexican American 0.12 0.13 0.34 0.02 0.26 0.01

Non-Hispanic black 0.43 <0.01 0.13 0.11 0.11 0.17

Other race �0.01 0.91 0.24 0.13 0.07 0.51

High school diploma �0.12 0.1 �0.30 0.004 �0.20 0.002

Above high school �0.25 <0.01 �0.30 0.001 �0.23 <0.01

Not married 0.20 <0.01 0.13 0.053 0.09 0.06

Current smoker �0.01 0.9 0.06 0.62 0.20 0.03

Former smoker 0.10 0.03 0.03 0.75 0.09 0.05

Not covered by health insurance 0.08 0.57 �0.24 0.08 �0.17 0.06

Alcohol drinker 0.23 <0.01 0.14 0.05 0.08 0.08
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add to the small but growing literature on the identification of
potential mechanisms by which poor ocular health impacts
overall health and mortality risk.14–16

Similar patterns of association were found when analyses
were repeated for CVD-related mortality. Visual impairment not
only directly increased the risk of CVD-related mortality; it also
indirectly increased the risk of mortality through its effect on
AL and IADL. The total effect of VI on CVD mortality was HR¼
1.47 (CI 1.26, 1.71) (Table 5). However, no association was
found on cancer mortality and the parameters of interest.
These CVD and cancer mortality findings were consistent with
previous research.37–39

Mediators such as AL and IADL appear to be involved in a
cascade of effects resulting from declining VA leading to
increased mortality risk. Increasingly adverse health behavior
profiles may result from increases in social isolation that may
be a consequence of vision loss leading to higher AL levels40

and worsened IADL. Reduced activity levels associated with
declining vision may lead to increased AL levels, which are
shown to be correlated with VA in the present analysis. Activity
restriction among those with a variety of medical conditions is
strongly correlated with risk of depression (r¼ 0.39),41 which
itself is associated with increased AL.42 Similar activity
restriction associated with declining vision may be one
mechanism by which depression risk, which is itself an
independent predictor of mortality,43 is elevated. Maintaining
physical activity levels may be one strategy to lower AL
levels,44 though research in older adults is lacking.

Exercise has potent protective effects and has been shown
to rival more traditional approaches to manage chronic
conditions and to lower risk of mortality.45 Furthermore,

exercise interventions may be effective in improving functional
status in community-dwelling frail older individuals.46 For
those experiencing declining vision, participation in vision
rehabilitation programs may be associated with maintaining
social networks among friends.47 However, the effects of
rehabilitation on measures of affect, including depressive
symptomatology, have been mixed.48 Nevertheless, vision
rehabilitation programs that add interventions designed to
maintain or increase physical activity levels are warranted.

It is worth noting that we found IADL to be the stronger
mediator relative to the AL findings. The indirect effect of VA
on mortality through IADL is HR¼ 1.16; CI 1.09, 1.23, whereas
the indirect effect through AL is HR¼ 1.01; CI 1.00, 1.03. This
strong mediation effect of IADL is consistent with our previous
research.16 This finding reinforces the importance of maintain-
ing IADL for older adults who are experiencing declining
vision. Older adults with VA impairment could potentially
benefit from interventions designed to prevent IADL functional
status decline to reduce the risk of mortality.

As to study limitations, one limitation was that relationships
among changes in VA, ADL, IADL, and AL and their impact on
mortality risk could not be examined since these indicators
were measured only cross-sectionally in our analysis. We
specified in our models that VA impacted ADL, IADL, and AL,
but given the cross-sectional design we cannot confirm that
these functional and biological factors can adversely impact VA
over time. Longitudinal studies that measure all parameters at
multiple time points are needed to determine directionality of
effects. A life course perspective for these future studies is
important given that the presence of chronic conditions in
middle age is associated with the development of frailty in

TABLE 4. Cox Proportional Hazard Model: Direct Effect on All-Cause and CVD-Related Mortality

Variables

HR for All-Cause

Mortality

95% CI for All-Cause

Mortality

HR for CVD-Related

Mortality

95% CI for CVD-Related

Mortality

Age, y 1.09* 1.08, 1.11 1.11* 1.08, 1.14

Female 0.56* 0.45, 0.71 0.56* 0.39, 0.81

Mexican American 0.77 0.59, 1.01 0.68† 0.47, 0.99

Non-Hispanic black 1.24 0.91, 1.68 1.12 0.73, 1.71

Other race 0.76 0.56, 1.02 0.59 0.28, 1.22

High school diploma 1.14 0.93, 1.40 0.97 0.65, 1.45

Above high school 0.93 0.78, 1.11 0.82 0.62, 1.08

All other marital status 1.13 0.89, 1.44 1.16 0.80, 1.67

Current smoker 2.97* 2.12, 4.17 3.62* 2.10, 6.25

Former smoker 1.40* 1.17, 1.68 1.30 0.97, 1.74

Not covered by health insurance 1.26 0.76, 2.09 0.85 0.35, 2.04

Alcohol drinker 1.18 0.94, 1.48 1.22 0.87, 1.70

Visual acuity 1.17† 1.04, 1.32 1.21† 1.01, 1.44

Allostatic load 1.13* 1.06, 1.20 1.19* 1.09, 1.31

IADL 1.15* 1.10, 1.20 1.18* 1.11, 1.26

ADL 0.98 0.91, 1.05 0.96 0.88, 1.04

* P < 0.01.
† P < 0.05.

TABLE 5. Total and Indirect Effect of Visual Acuity on Risk of All-Cause Mortality and Cardiovascular Disease Mortality Through Allostatic Load and
Instrumental Activities of IADL Mediators

HR for All-Cause

Mortality

96% CI for All-Cause

Mortality

HR for CVD-Related

Mortality

95% CI for CVD-Related

Mortality

Direct effect 1.17* 1.04, 1.32 1.21* 1.01, 1.44

Indirect effect through allostatic load 1.01* 1.00, 1.03 1.02* 1.00, 1.04

Indirect effect through IADL 1.16* 1.09, 1.23 1.20* 1.12, 1.28

Total effect, direct plus both indirect pathways 1.38* 1.23, 1.54 1.47* 1.26, 1.71

* P < 0.05.
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elders.49 Careful measurement of a wide range of chronic
conditions is necessary to isolate the effects of declining vision
on health.

Our models did not include other potentially important
measures of mental and social functioning. We also lacked
more complete information on other important measures of
visual functioning (e.g., contrast sensitivity). Our measure of
AL was patterned after those employed by other investigators
utilizing NHANES data.27 However, this dataset does not
include some parameters used in other AL studies (e.g.,
cortisol, serum dehydroepiandrosterone sulfate, waist-to-hip
ratio). Thus our findings are not directly comparable to those
obtained with other AL indices. We attempted to model AL as a
latent variable but had model convergence issues. This lack of
convergence may have been due to the restricted age range of
our analysis (‡60 years); other investigators have reported fit
issues when modeling AL as a latent variable in older adults.50

To summarize, this nationally representative study of adults
aged 60 years and older confirmed the direct effects of reduced
VA on mortality risks and identified potential biological and
functional mechanisms by which VA also indirectly influences
risk. The findings reinforce the importance of improving poor
vision as a target for public health interventions to maximize
population health. Additional longitudinal studies are needed
to fully determine underlying mechanisms by which VI
influences mortality risk.
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