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Purpose: Outline the association between age-related macular degeneration (AMD)
and functional difficulty using novel item response theory (IRT) psychometric
techniques, and highlight populations particularly at risk of functional impairment.
Methods: This cross-sectional study included 5604 US adults. Primary outcomes were
item response theory–adjusted visual and physical difficulty scores. Secondary analyses
of AMD populations at highest risk of reporting greater functional difficulty were undertaken.
Results: In total, there were 386 participants with early AMD (mean presenting visual
acuity [pVA], 0.12) and 55 with late AMD (mean pVA, 0.35). Those with late AMD reported
substantially higher item visual difficulty, whereas those with both early/late AMD
reported significantly higher item physical difficulty versus those with no AMD (P < .05).
In univariate regression, only those with late AMD reported significantly higher visual
difficulty versus those with no AMD (10.1 points [95% confidence interval (CI), 8.2–12.1
points] vs 7.1 points [95% CI, 7.0–7.2 points]; P = .003). Both early/late AMD reported
higher physical difficulty versus those with no AMD (11.6 points [95% CI, 11.1–12.1
points; P = .005]; 13.4 points [95% CI, 11.8–15.0 points; P = .03], respectively, versus 11.0
points [95% CI, 10.9–11.1 points]. After adjustment for sociodemographic and medical
variables (excluding pVA), only those with late AMD reported significantly greater visual
and physical difficulty versus those with no AMD (10.0 points [95% CI, 8.2–11.9 points]
vs 7.1 [95% CI, 7.0–7.2 points; P = .002]; and 12.7 points [95% CI, 11.3–14.0 points] vs
11.0 [95% CI, 10.9–11.1 points; P = .02], respectively); greater visual difficulty in those
with late AMD persisted after additionally adjusting for pVA versus those with no AMD
(9.1 points [95% CI, 7.6–10.6 points] vs 7.1 points [95% CI, 7.0–7.2 points; P = .01]). Among
individuals with AMD, lower income, higher medical comorbidities, depression, and pVA
predicted greater visual and physical difficulties.
Conclusions: AMD confers significant functional difficulty among US adults with
sociodemographic characteristics influencing dysfunction; highlighting the value of
alternatives to Snellen visual acuity in assessing visual characteristics. With aging
populations and the increasing prevalence of AMD, health care professionals should be
aware of the functional burden of AMD and recognize those at higher risk of functional
difficulty.
Translational Relevance: Contemporary psychometric validation techniques can be
effective in accurately describing the level of functional impairment for those with visual
impairment.
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Age-Related Macular Degeneration and Function

Introduction
Age-related macular degeneration (AMD) is a
leading cause of vision loss worldwide,1–7 with an
estimated global prevalence of 200 million, which is
expected to rise to approximately 300 million by 2040.8
In the United States, AMD is the leading cause of
central vision impairment among older adults and
affects approximately 3 million people,9,10 with more
than 7 million more at risk.10 Although early AMD
is often asymptomatic with up to 84% of patients
unaware of their condition,11 AMD-related central
vision loss is associated with difficulty with daily tasks
such as reading and driving.10 As a larger proportion
of the US population is living well beyond the age of
60 years and are at risk of developing AMD,12 an
understanding of the impact of AMD on visual and
physical functioning in this population is of paramount
importance.
AMD is known to adversely affect visual and physical functioning, as well as quality of life. Prior studies
have shown the presence of late AMD to be associated with up to a 50% decrease in moderate to vigorous physical activity,13 significant impairment performing activities of daily living,14 decreased social engagement,15 poor quality of life,16–19 and a greater risk
of all-cause mortality.20 Furthermore, direct medical
care for AMD costs an estimated $575 million dollars
each year,21 not including associated losses in patient
and caregiver productivity, representing a substantial burden to patients and society.22 An association between AMD and impaired visual or physical
function has been reported in smaller studies using
German, Turkish, and Australian cohorts,14,16,23 as
well as in larger European studies.24 However, reports
of AMD and visual function in US-based cohorts25,26
have not compared visual function between AMD
stages and are not necessarily generalizable in the
entire US population. To date, the impact of AMD
on visual and physical function in a large US cohort
representative of the national population has not been
described.
In this study, we use the National Health and Nutrition Examination Survey (NHANES) questionnaire
and examination database from 2005 to 2008 to understand the association between AMD presence and
severity and self-reported visual and physical difficulty,
outlining populations of patients with AMD who are
particularly at risk. We used item response theory
(IRT) to psychometrically validate and adjust item
difficulty scores for both visual and physical difficulty
questionnaires. This technique improves the measurement properties of questionnaire data by adjusting
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individual and sum question scores based on calculated
difficulty and discrimination properties, thus, providing a more accurate representation of the association between AMD severity and self-reported visual or
physical difficulty.

Methods
Study Population
The NHANES is an on-going biennial crosssectional survey representing a noninstitutionalized
civilian US population, performed by the National
Center for Health Statistics (NCHS) and the Centers
for Disease Control and Prevention.27 NHANES has
been a continuous survey program that has provided
health statistics for the United States since 1999 and
examines a nationally representative sample of about
5000 people each year, located in counties across
the United States. For each cycle, NHANES participants were invited to undergo comprehensive health
examination in a mobile examination center, which
included retinal photography for those over the age of
40 in the 2005 to 2008 cycles. Self-reported sociodemographic information, medical history, and visual
and physical difficulty symptoms were attained through
home interview. The 2005 to 2006 and 2007 to 2008
NHANES protocols were approved by the NCHS
research ethics review board and written informed
consent was obtained from all study participants. All
data are de-identified and made publicly available by
the NCHS.

Evaluation of Macular Degeneration
An ophthalmic digital imaging system (CR645NM; Canon USA Inc, Melville, NY) and digital
camera (EOS 10D; Canon USA Inc) were used to
capture retinal images for participants aged 40 and
older.27 Fundus images were graded at the University of Wisconsin, Madison, according to the modified
Wisconsin Age-Related Maculopathy Grading Classification Scheme.20,28,29 All retinal images were graded
by at least 2 experienced specialists, with a third
specialist clarifying any disagreements. Early AMD
was defined as signs of drusen with a grid area of
greater than 500-μm circle and/or pigmentary abnormalities.27 Late AMD was defined as the presence
of exudative or geographic atrophy.27 In cases where
retinal images were available for both eyes, the severity of AMD in the worse eye was used for AMD
classification.
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Evaluation of Other Covariates
Sociodemographic and medical history data,
including age, sex, ethnicity, education (less than
high school completion, high school completion, or
education above the level of high school), poverty
index ratio (below the poverty level ), within 1 to
2 times (above) the poverty level, or more than 2 times
above the poverty level), and history of comorbidities, were collected during home interview. Individual
medical comorbidity scores were calculated out of
6 points by self-reported history of (1) hypertension,
(2) diabetes, (3) heart disease (congestive heart failure,
coronary artery disease, or heart attack), (4) lung
disease (emphysema or chronic bronchitis), (5) cancer
(any), and (6) stroke. Other examination measurements, including the Patient Health Questionnaire-9
depression score, and presenting VA (pVA), were
conducted in the mobile examination center. Depression was classified using the self-administered Patient
Health Questionnaire-9 questionnaire, widely used
in clinical and research settings, with a score of 10
or higher serving as a recommended cut-point for
screening for major depression, with 88% sensitivity
and 88% specificity.30,31 VA was measured using a
Nidek ARK-760 autorefractor containing built-in
Snellen VA charts, measuring the presenting distance
VA in each eye with whatever form of correction (i.e.
glasses, contact lenses), if any, the participant was
wearing at the time of the examination. We converted
pVA measurements from Snellen to logarithm of the
minimum angle of resolution measurements, using
a continuous logarithm of the minimum angle of
resolution VA scale.32

Evaluation of Visual Difficulty Symptoms
Functional visual difficulty was assessed by selfreport using the following 6 questions: (1) reading small
print, (2) up-close housework, (3) seeing curbs or stairs
in dim light, (4) noticing objects in peripheries, (5)
finding things on a crowded shelf, and (6) daytime
driving in a familiar place. Each of the 6 questions was
reported on a 5-point ordinal Likert scale ranging from
(1) no difficulty, (2) a little difficulty, (3) moderate difficulty, (4) extreme difficulty and (5) unable to do because
of eyesight. Options (6) don’t do this for other reasons,
(77) refused, and (99) don’t know, were considered as
missing variables.

Evaluation of Physical Difficulty Symptoms
Functional physical difficulty was assessed by selfreport using 13 questions pertaining to problems with
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(1) managing money, (2) walking a quarter mile, (3)
walking up 10 steps, (4) crouching, stooping or kneeling, (5) performing household chores, (6) preparing
meals, (7) walking between rooms (same floor), (8)
using cutlery, (9) getting dressed, (10) grasping small
objects, (11) going to the movies, (12) attending social
events, and (13) doing leisure activities at home. Each
of the 13 questions was reported on a 4-point ordinal
Likert scale ranging from (1) no difficulty, to (2) some
difficulty, (3) much difficulty, and (4) unable to do.
Options (5) do not do this activity, (7) refused, and (9)
don’t know, were considered as missing variables.

Factor Analysis and IRT
Factor analysis and IRT techniques were applied
to 6 visual difficulty-related items (questions), and
13 physical difficulty-related questions. Factor analysis is a psychometric method used to identify the
underlying latent traits (unobservable characteristics)
being tested in a questionnaire, and determine which
questions most strongly represent each latent trait.33,34
IRT is a psychometric validation method used to
outline how well each question can discriminate
between participants of differing ability, and how well
those differences are reflected by question responses
(usually on a Likert scale).35,36
The initial correlation matrices (using pairwise
deletion methods for missing data) and unrotated
factor analyses were used to identify the number of
latent traits tested by the constellation of questions
pertaining to visual difficulty and by those pertaining to physical difficulty. Latent traits were considered substantive if the calculated eigenvalue (essentially factor variances) was greater than 1.0 (above the
point of inflection at which the scree plot of eigenvalues asymptotes to a floor), and questions were considered to be associated with those traits if their individual loading values were greater than 0.5. The shortlisted
latent traits and their associated questions were subsequently specified in a rotated (Promax oblique) factor
analysis.37,38 Questions that did not load strongly onto
the identified latent traits (poorly associated) were
considered spurious and subsequently discarded from
further evaluation.
IRT, using a graded response model (GRM),
was next undertaken to ensure each question could
adequately discriminate between differing levels of
participant ability (considered substantive if discrimination >2.0) and how well those differences were
reflected by individual question responses (reported as
the beta-threshold for each of the 4 or 5 options on
the Likert scale). Questions with poor discrimination
(where a difference in difficulty is not well reflected
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by a difference in score) and poor ability differentiation were considered unable to accurately discriminate participants of differing ability and were subsequently discarded. The GRM then used the adjusted
discrimination and differentiation calculations of the
retained items to impute new modified visual or physical difficulty scores for each question and to calculate modified sum scores for each participant. These
modified, rescaled scores (on a continuous scale) are
used for between-group comparisons.
Factor analysis and IRT analyses were used to
identify which of the original 6 and 13 questions
to retain for the “visual difficulty” and “physical
difficulty” questionnaires respectively. Modified sum
“visual difficulty” and “physical difficulty” scores were
then calculated for individual participants based on the
difficulty and discrimination of each question. IRTadjusted question scores were used for subsequent
analyses. Further detail regarding factor analysis and
IRT can be found elsewhere.35,37,38

Statistical Analyses
All analyses were restricted to those aged 40 years
or older who underwent fundus imaging. Given the
NHANES complex probability sampling design, interview and examination weights are computed by the
NCHS for each 2-year cycle. For the present study,
combined 4-year weights standardized to the 2000 US
Census population as recommended by the NCHS
were used to provide valid estimates for all analyses.
Differences in demographic characteristics by AMD
diagnosis and severity were compared using t tests and
χ 2 tests. Differences in each questionnaire item score
after IRT adjustment were compared using univariate regression models. Multivariate linear regression
models were used to estimate the association between
AMD severity and sum visual or physical difficulty
scores. Multivariate linear regression models were then
used to determine sociodemographic predictors of
greater visual and physical difficulty among participants with AMD. Results at a P value of less than the
.05 level were considered statistically significant. Statistical analysis was performed using Stata version 16.0
(StataCorp LP, College Station, TX).

Results
Study Population
A total of 20,497 individuals participated in the
2005 to 2008 NHANES survey. Of those, 6797 were
over 40 years old and eligible for retinal imaging, 5604
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(82.4%) of whom had nonmissing retinal imaging data
(Table 1). Those with missing retinal imaging data were
significantly more likely to be older than 70 years old,
to be of Black or other ethnicity, to have less than high
school education, to be living below the poverty level,
to have 3 or more comorbidities, to not have depression, and to have a worse pVA (P < .05 for all). Men
and women were equally likely to have missing retinal
imaging data (P = .36).
Of the 5604 remaining participants, 441 had
features of AMD on fundus photographs, 386 of which
were classified as early and 55 as late AMD (Table 1).
Compared with those without photographic evidence
of AMD, those with signs of early AMD were significantly more likely to be older than 70 years of age (P <
.001), more likely to be non-Hispanic White (P < .001),
less likely to be more than 2 times above the poverty
level (P = .03), more likely to have 3 or more comorbidities (P < .001), and more likely to have a worse pVA
(P < .001). Compared with those without photographic evidence of AMD, those with signs of late
AMD were significantly more likely to be older than
70 years of age (P < .001) and of non-Hispanic White
ethnicity (P < .001), less likely to be more than 2 times
above the poverty level (P = .04), more likely to have
2 or more comorbidities (P = .04), and more likely to
have a worse pVA (P < .001). There was no significant
difference in gender, education or depression between
those with either early or late AMD and those without
AMD (P > .05 for all) (Table 1).

Individual Visual Difficulty Question Analysis
Of the 6 questions pertaining to visual difficulty, one
latent trait was identified in the unrotated factor analysis (eigenvalue 3.3), and the rotated (Promax oblique)
factor analysis confirmed that all 6 questions corresponded well with that latent trait (all loading >0.65).
All 6 questions demonstrated good ability to discriminate between participants of differing ability (discrimination >2.5) and good differentiation of individual
level of ability. None of the original 6 visual difficulty
questions were removed (Table 2).
In the univariate regression analyses, the mean
modified visual difficulty scores for each of the
6 visual difficulty questions for those without AMD
were between 1.1 and 1.3 out of 5.0 points (Table 2).
There was no significant difference in individual
question scores for those with early AMD compared
with those without AMD (P > .05 for all). However,
individuals with late AMD reported significantly
greater visual difficulty, with modified visual difficulty
scores ranging from 1.5 to 1.9 points, substantially
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Table 1. Demographic Characteristics of Participants with Complete Data: NHANES 2005–2008
Age category (%, CI)b
40–49
50–59
60–69
≥70
Female (%, CI)
Ethnicity (%, CI)
Non-Hispanic White
Non-Hispanic Black
Hispanic/Mexican
Other
Education
<High school
High school
>High school
Poverty (%, CI)
>2× PL
1–2× PL
<PL
Comorbid score (%, CI)d
0
1
2
3–6
Depression (%, CI)e
pVA logMAR (mean, SD)f

No AMD (n = 5163)a

Early AMD (n = 386)

36.3 (33.5–39.2)c
31.1 (29.2–33.0)
18.7 (16.9–20.6)
14.0 (12.5–15.5)
52.6 (51.3–53.9)

13.9 (8.6–21.8)
17.7 (11.6–26.0)
22.1 (16.7–28.7)
46.3 (39.4–53.2)*
49.9 (44.9–54.8)

None
1.5 (1.9–10.4)
10.1 (3.8–24.4)
88.4 (74.6–95.2)*
67.9 (51.2–81.0)

76.5 (71.9–80.6)
10.0 (7.7–13.0)
8.7 (6.9–10.8)
4.8 (3.7–6.3)

85.8 (80.8–89.6)*
4.0 (2.4–6.5)
6.8 (4.9–9.5)
3.4 (1.5–7.7)

93.9 (85.3–97.6)*
3.0 (0.8–10.6)
0.6 (0.0–0.5)
2.4 (0.5–10.9)

17.5 (15.3–20.1)
26.3 (24.3–28.5)
56.2 (52.5–59.8)

22.5 (16.5–29.9)
26.2 (21.5–31.4)
51.4 (44.8–57.9)

21.2 (12.0–34.7)
31.3 (19.3–46.5)
47.5 (33.7–61.3)

74.7 (71.6–77.5)
16.6 (14.6–18.7)
8.8 (7.5–10.2)

69.3 (64.3–73.8)*
22.4 (18.5–26.7)
8.4 (6.1–11.4)

55.4 (41.3–68.7)*
31.0 (18.1–47.7)
13.6 (7.1–24.6)

38.3 (35.7–41.0)
36.9 (34.8–39.0)
17.2 (15.8–18.7)
7.6 (6.5–8.9)
7.1 (5.8–8.7)
0.15 (0.12–0.17)

21.4 (16.3–27.5)
41.6 (32.9–50.9)
23.5 (18.2–29.8)
13.5 (9.6–18.5)*
6.7 (3.6–12.2)
0.12 (0.10–0.14)

15.9 (6.4–34.1)
28.4 (17.1–43.3)
35.8 (21.1–53.9)*
19.8 (11.8–31.7)*
4.1 (0.9–16.3)
0.35 (0.26 to 0.42)

Late AMD (n = 55)

Reported n value is unweighted, for reference only.
Percentages are computed using NHANES 4-year interview or examination weights, with 95% CIs.
c
Interpretation of this cell: of those with no AMD, 36.3% were aged 40–49 years, 31.1% were aged 50–59 years, and so on
(using 4-year interview weighted NHANES percentages).
d
Comorbidity score out of 6 sum points, allocated for self-reported hypertension, diabetes, lung disease, heart disease,
stroke, or cancer.
e
Depression classified as Patient Health Questionnaire-9 score of ≥10.
f
LogMAR in 0.1 increments, where logMAR 0 = 20/20.
*
Significant difference (P < .05) versus those with no AMD. Ethnicity (other), Asian or mixed ethnicity; logMAR, logarithm of
the minimum angle of resolution; PL, poverty level.
a

b

higher than those from participants without AMD for
all 6 questions (P < .05 for all) (Table 2).

Individual Physical Difficulty Question
Analysis
Of the 13 questions pertaining to physical difficulty, 1 latent trait was identified in the unrotated
factor analysis (eigenvalue 6.2). The unrotated and
rotated (Promax oblique) factor analysis confirmed
that only 10 questions corresponded well with
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that latent trait (“difficulty with money,” “difficulty using cutlery,” and “difficulty with leisure at
home” loaded poorly (<0.5) onto the latent trait, and
were subsequently removed from further analyses).
Of the 10 remaining physical difficulty questions,
9 demonstrated good ability to discriminate between
participants of differing ability (discrimination
of >2.2) but “difficulty grasping small objects”
discriminated poorly (<2.0) and was subsequently
removed. The remaining 9 questions demonstrated
good differentiation of individual level of ability
(Table 3).
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Table 2. Mean Item Visual Difficulty Scores (Out of 5 Points Each) Among Participants With and Without AMD
After FA and IRT Adjustment

Q1. Difficulty reading ordinary newsprint?
Q2. Difficulty with up-close housework?
Q3. Difficulty seeing curb or stairs in dim light?
Q4. Difficulty noticing objects on the side?
Q5. Difficulty finding things on crowded shelf?
Q6. Difficulty driving (daytime) in familiar places?

No AMD

Early AMD

Late AMD

1.3 (1.3–1.3)a,b
1.2 (1.2–1.2)
1.2 (1.2–1.3)
1.1 (1.1–1.1)
1.1 (1.1–1.2)
1.1 (1.1–1.1)

1.3 (1.2–1.4)a,b P = .78
1.2 (1.2–1.3) P = .71
1.2 (1.2–1.3) P = .73
1.1 (1.1–1.2) P = .56
1.2 (1.1–1.2) P = .60
1.1 (1.1–1.1) P = .46

1.9 (1.5–2.3)a,b P = .002
1.8 (1.4–2.1) P = .003
1.8 (1.4–2.1) P = .003
1.6 (1.3–1.9) P = .004
1.6 (1.3–1.9) P = .003
1.5 (1.2–1.7) P = .005

a

Univariable linear regression results for individual item questions, with ordinal AMD independent variable. Corresponding
P values shown for early/late AMD, versus no AMD.
b
All values listed are mean scores (on a continuous scale from 1 to 5) after individual item IRT-adjustment (each item out of
5 points, where 1 = no difficulty, and 5 = cannot do because of my sight).

Table 3. Mean Item Physical Difficulty Scores (Out of 4 Points Each) Among Participants With and Without AMD
After FA and IRT Adjustment
Q1. Difficulty managing money (removed)
Q2. Difficulty walking a quarter milec
Q3. Difficulty walking up 10 stepsc
Q4. Difficulty crouching, stooping or kneelingc
Q5. Difficulty performing household choresc
Q6. Difficulty preparing mealsc
Q7. Difficulty walking between rooms (same floor)c
Q8. Difficulty using knife, fork, or cup (removed)
Q9. Difficulty dressing yourselfc
Q10. Difficulty grasping small objects (removed)
Q11. Difficulty going to the movies or eventsc
Q12. Difficulty attending social eventsc
Q13. Difficulty doing home leisure activities (removed)

No AMD

Early AMD

Late AMD

—
1.4 (1.3–1.4)a,b
1.2 (1.2–1.2)
1.7 (1.7–1.7)
1.2 (1.2–1.2)
1.1 (1.1–1.1)
1.1 (1.1–1.1)
—
1.1 (1.1–1.1)
—
1.1 (1.1–1.2)
1.1 (1.1–1.1)
—

—
1.4 (1.3–1.5)a,b P = .04
1.3 (1.2–1.4) P = .02
1.7 (1.7–1.8) P = .25
1.3 (1.2–1.4) P = .02
1.1 (1.1–1.2) P = .03
1.1 (1.1–1.1) P = .03
—
1.1 (1.1–1.2) P = .03
—
1.2 (1.1–1.3) P = .02
1.2 (1.1–1.2) P = .02
—

—
1.7 (1.5–2.0)a,b P = .005
1.5 (1.3–1.8) P = .003
2.0 (1.7–2.2) P = .03
1.5 (1.3–1.7) P = .003
1.3 (1.1–1.4) P = .008
1.2 (1.1–1.3) P = .008
—
1.2 (1.1–1.3) P = .005
—
1.5 (1.2–1.7) P = .002
1.4 (1.2–1.6) P = .003
—

a

Univariable linear regression results for individual item questions, with ordinal AMD independent variable. Corresponding
P values shown for early/late AMD, versus no AMD.
b
All values listed are mean scores (on a continuous scale from 1 to 4) after individual item IRT-adjustment (each item out of
4 points, where 1 = no difficulty, and 4 = unable to do.
c
The nine remaining questions after psychometric validation and item reduction.

In the univariate regression analyses, the mean
modified physical difficulty scores for the remaining 9
physical difficulty questions for those without AMD
were between 1.1 and 1.7 out of 4.0 points (Table 3).
There was a significant difference in score for most
questions for those with early AMD compared with
those without AMD, although scores were not substantially higher (P < .05 for all excluding question 4;
P = .25). Those with late AMD reported significantly
greater difficulty with substantially higher modified
physical difficulty scores versus those without any
AMD for all 9 remaining questions (P < .05 for
all); physical difficulty scores for those with late
AMD ranged from 1.2 to 2.0 out of 4.0 points
(Table 3).
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Sum Visual Difficulty Regression Analysis
In univariate regression analysis of the modified
sum visual difficulty score, those with no AMD
reported on average 7.1 sum points of difficulty (95%
confidence interval [CI], 7.0–7.2 points). Although
there was no significant difference in the modified sum
visual difficulty score between those with early AMD
versus those without AMD (0.1 points higher; P = .66),
individuals with late AMD experienced significantly
higher visual difficulty versus those with no AMD
(3.0 sum points higher; P = .003) (Fig. 1A).
In multivariate regression analysis not accounting
for pVA, those with early AMD did not report significantly greater visual difficulty versus those without
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Figure 1. Unadjusted sum visual and physical difficulty score by AMD severity (with 95% CI). (A) Unadjusted sum visual difficulty score,
point estimate and 95% CI. Unadjusted sum point estimate and 95% CIs for (i) no AMD (7.1 [7.0–7.2]; vertical dashed line), (ii) early AMD
(7.2 [6.9–7.5]), and (iii) late AMD (10.1 [8.2–12.1]). (B) Unadjusted sum physical difficulty score, point estimate and 95% CI. Unadjusted
sum point estimate and 95% CIs for (i) no AMD (11.0 [10.9–11.1]; vertical dashed line), (ii) early AMD (11.6 [11.1–12.1]), and (iii) late AMD
(13.4 [11.8–15.0]).

AMD (0.1 sum points higher; P = .76); however,
those with late AMD reported significantly greater
visual difficulty than those without AMD (2.9 sum
points higher; P = .002). After adjustment for pVA,
late AMD was similarly associated with significantly
greater visual difficulty (2.0 sum points higher vs no
AMD; P = .01). Older age, education below high
school level, living within 1 to 2 times or below the
poverty level, 2 or more medical comorbidities, depression, and worse pVA were all independently associated
with significantly higher self-reported visual difficulty
(P < .05 for all) (Table 4) (Fig. 2A).
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To understand the risk factors associated with
poorer functioning among individuals with AMD,
we restricted our multivariate regression model
to individuals with AMD. Participants living
below the poverty level, with 3 or more medical
comorbidities, depression, or worse pVA reported
significantly higher modified sum visual difficulty
scores (P < .05 for all). There was no association
between age, gender, ethnicity, or education, and a
higher self-reported modified sum visual difficulty
score among those with AMD (P > .05 for all)
(Table 6).
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Table 4. Multivariate Linear Regression Predicting IRT-Adjusted Sum Visual Difficulty Score
Change in IRT-Adjusted Sum Visual Difficulty Scoreg
Model 2b

P Value

—
.76
.002

Reference
0.0 (−0.3 to 0.3)
2.0 (0.5 to 3.5)

—
.96
.01

Reference
0.1 (−0.1 to 0.3)
−0.1 (−0.3 to 0.1)
−0.1 (−0.4 to 0.1)

—
.16
.27
.23

Reference
0.1 (−0.1 to 0.3)
−0.2 (−0.3 to 0.0)
−0.3 (−0.5 to −0.1)

—
.17
.09
.008

Reference
0.1 (−0.1 to 0.2)

—
.43

Reference
0.0 (−0.1 to 0.2)

—
.58

Reference
−0.2 (−0.4 to 0.0)
0.1 (−0.1 to 0.3)
0.2 (−0.2 to 0.6)

—
.10
.47
.30

Reference
−0.2 (−0.4 to 0.0)
0.0 (−0.2 to 0.3)
0.2 (−0.2 to 0.5)

—
.03
.75
.43

Model 1a
AMD status
None
Early AMD
Late AMD
Age category (years)
40–49
50–59
60–69
≥70
Gender
Male
Female
Ethnicity
Non-Hispanic White
Hispanic/Mexican
Non-Hispanic Black
Other
Education
>High school
High school
<High school
Poverty level
>2× PL
1–2× PL
<PL
Comorbidity scored
0
1
2
3–6
Depressione
No depression
Depression
pVA (logMAR)f
a

Reference
0.1 (−0.3 to 0.4)c
2.9 (1.1 to 4.7)

Reference
0.0 (−0.2 to 0.2)
0.4 (0.2 to 0.5)

P Value

—
.92
.001

Reference
0.0 (−0.2 to 0.2)
0.3 (0.1 to 0.5)

—
.89
.002

Reference
0.4 (0.2 to 0.5)
0.8 (0.5 to 1.1)

—
<.001
<.001

Reference
0.3 (0.1 to 0.5)
0.7 (0.4 to 1.0)

—
.001
<.001

Reference
0.0 (−0.1 to 0.2)
0.2 (0.0 to 0.4)
0.7 (0.4 to 1.1)

—
.61
.04
<.001

Reference
0.0 (−0.1 to 0.2)
0.2 (0.0 to 0.4)
0.7 (0.3 to 1.0)

—
.54
.04
<.001

Reference
1.8 (1.2 to 2.3)

—
<.001

Reference
1.7 (1.2 to 2.3)
0.2 (0.2 to 0.3)

—
<.001
<.001

Model 1 is partially adjusted for age, gender, ethnicity, education, poverty, comorbidities, depression.
Model 2 is fully adjusted for age, gender, ethnicity, education, poverty, comorbidities, depression and pVA (logMAR).
c
Coefficient and 95% CI (computed using interview weights to provide estimates for the total US population and agestandardized to the 2000 US census population), representative of difference in sum difficulty score versus those with no AMD,
where a positive coefficient corresponds with higher reported difficulty.
d
Comorbidity score out of 6 sum points, allocated for self-reported hypertension, diabetes, lung disease, heart disease,
stroke, or cancer.
e
Depression classified as Patient Health Questionnaire-9 score of ≥10.
f
LogMAR in 0.1 increments, where logMAR 0 = 20/20.
g
Sum visual difficulty score out of 30 points. Ethnicity (other), Asian or mixed ethnicity; logMAR, logarithm of the minimum
angle of resolution; PL, poverty level.
b
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Figure 2. Fully adjusted sum visual and physical difficulty score by AMD severity (with 95% CI). (A) Fully adjusted sum visual difficulty score,
point estimate and 95% CI. Unadjusted sum point estimate and 95% CIs for (i) no AMD (7.1 [7.0–7.2]; vertical dashed line), (ii) early AMD (7.1
[6.8–7.4]), and (iii) late AMD (9.1 [7.6–10.6]). (B) Fully adjusted sum physical difficulty score, point estimate and 95% CI. Unadjusted sum
point estimate and 95% CIs for (i) no AMD (11.0 [10.9–11.1]; vertical dashed line), (ii) early AMD (11.2 [10.8–11.7]), and (iii) late AMD (12.1
[10.7–13.5]).

Sum Physical Difficulty Regression Analysis
In a univariate regression analysis of the modified
sum physical difficulty score, those with no AMD
reported on average 11.0 sum points of difficulty (95%
CI, 10.9–11.1). Those with both early and late AMD
reported significantly higher difficulty versus those
with no AMD (0.5 sum points higher [P = .03] and
2.3 sum points higher [P = .005], respectively)
(Fig. 1B).
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In a multivariate regression analysis not accounting
for pVA, those with early AMD did not report significantly higher physical difficulty versus those without
AMD (0.3 sum points higher; P = .20); however, those
with late AMD reported significantly greater physical
difficulty than those without AMD (1.7 sum points
higher; P = .02). This association did not persist after
adjustment for pVA (P = .21 and P = .12 for early and
late AMD vs no AMD, respectively). Female gender,
living within 1 to 2 times of or below the poverty
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level, having 1 or more medical comorbidities, depression, and worse pVA were independently associated
with significantly higher reported sum physical difficulty scores (P < .05 for all) (Table 5) (Fig. 2B).
In a multivariate regression analysis restricted to
participants with AMD, those living within 1 to 2 times
of or below the poverty level, with any medical comorbidities, with depression, or with worse pVA reported
significantly higher modified sum physical difficulty
scores (P < .05 for all). There was no association
between age, gender, ethnicity, or education, and a
higher self-reported modified sum physical difficulty
score for those with AMD (P > .05 for all) (Table 6).

Discussion
In this study, we found that US adults with early and
late AMD experience significantly greater visual and
physical difficulty across a variety of daily tasks. The
association between late AMD and self-reported visual
difficulty persisted even after adjustment for sociodemographic characteristics, medical comorbidities, and
pVA. However, the association between late AMD and
self-reported physical difficulty appeared to be driven
primarily by level of VA impairment. Among participants with AMD, those with lower income, medical
comorbidities, or depression represented a subset of
the population more likely to report higher levels of
visual and physical difficulty. Our results reinforce the
negative impact of AMD-related vision impairment on
not only visual functioning but also physical functioning in older US adults and identify groups particularly
at risk of functional difficulty.
AMD-related vision loss has been associated
with poor visual function and vision-related quality
of life,17,39 consistent with present findings. As
expected, late AMD in particular was associated
with substantially worse pVA (compared with
early or no AMD) and conferred greater visual
difficulty, consistent with previous findings outlining impaired pVA as a risk factor for visual difficulty.23–26,40 However, although impaired pVA may
in part explain the association between late AMD
and vision-related difficulty, the association persisted
even after accounting for pVA. This finding may
highlight the importance of using multiple visual
assessment tools to fully capture the visual symptoms
experienced by patients with late AMD. For example,
visual symptoms like poor contrast sensitivity, low
luminesce VA, and critical print size are not necessarily well-captured by a Snellen chart alone, but
are demonstrably influential in determining the
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severity of visual functional difficulty for those
with AMD.25,26 A lack of other measurement tools
in the NHANES data was a limitation to the present
study.
The association between AMD and poor physical
function has also been previously described, although
inconsistently. Although some studies have found that
those with late AMD had significantly lower mobility versus those with early to intermediate AMD23
and that patients with AMD (late AMD in particular) were more likely to experience difficulty performing activities of daily living, even when adjusting for
pVA,14 other investigators have found no significant
association between AMD and physical difficulty when
adjusting for pVA.13 We similarly found that, although
the association between self-reported physical difficulty and late AMD persisted after adjustment for
known covariates like age and comorbid illness, this
effect seemed to be driven mostly by pVA. This finding
highlights that VA may be an independent driver of
physical difficulty experienced by those with AMD.
In a secondary analysis restricted to participants
with AMD, we found that those living below the
poverty line, with greater medical comorbidities, or
with depression experienced greater visual and physical difficulties. This analysis highlights a group of
patients with AMD particularly susceptible to experiencing functional difficulty, and it is important to
monitor them closely. There have also been strong
links between poverty and functional difficulty demonstrated elsewhere, particularly in low to middle income
countries.41 However, associations remain relatively
unstudied in high-income countries like the United
States. Poverty and functional difficulty are believed
to operate in a cycle, each reinforcing the other.41
Indeed, we presently demonstrate that, among those
with any AMD, poverty is independently associated
with greater visual and physical difficulties, even when
accounting for sociodemographic features and medical
comorbidities. Our findings from a nationally representative population in a high-income countries add to the
current body of literature, outlining a group of AMD
patients susceptible to experiencing greater functional
difficulty.
The association between medical comorbidities
and functional impairment is also well-described42,43 ;
however, it is usually attributed to older age. Here we
found that, even when accounting for age, medical
comorbidities conferred greater visual and physical
difficulties among those with AMD. This finding
highlights that specific consideration for functional
impairment should be given when assessing AMD
patients with medical comorbidities, irrespective of age.
Although we were unable to analyze early and late
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Table 5. Multivariate Linear Regression Predicting IRT-Adjusted Sum Physical Difficulty Score
Change in IRT-Adjusted Sum Physical Difficulty Scoreg
AMD status
None
Early AMD
Late AMD
Age category
40–49
50–59
60–69
≥70
Gender
Male
Female
Ethnicity
Non-Hispanic White
Hispanic/Mexican
Non-Hispanic Black
Other
Education
>High school
High school
<High school
Poverty level
>2× PL
1–2× PL
<PL
Comorbidity scored
0
1
2
3–6
Depressione
No depression
Depression
pVA (logMAR)f

Model 1a

P Value

Model 2b

P Value

Reference
0.3 (−0.2 to 0.7)c
1.7 (0.3 to 3.0)

—
.20
.02

Reference
0.3 (−0.2 to 0.7)
1.1 (−0.3 to 2.6)

—
.21
.12

Reference
0.1 (−0.2 to 0.3)
−0.5 (−0.8 to −0.2)
0.0 (−0.2 to 0.3)

—
.63
.002
.79

Reference
0.0 (−0.2 to 0.3)
−0.5 (−0.8 to −0.2)
−0.1 (−0.4 to 0.1)

—
.64
.001
.27

Reference
0.3 (0.1 to 0.4)

—
.004

Reference
−0.3 (−0.6 to 0.0)
0.1 (−0.1 to 0.3)
0.0 (−0.5 to 0.5)

—
.04
.21
.90

Reference
−0.3 (−0.6 to −0.1)
0.1 (−0.1 to 0.3)
−0.1 (−0.6 to 0.4)

—
.02
.38
.76

Reference
0.2 (0.0 to 0.3)
0.2 (−0.1 to 0.5)

—
.03
.12

Reference
0.2 (0.0 to 0.3)
0.2 (−0.1 to 0.4)

—
.03
.14

a

Reference
0.2 (0.1 to 0.4)

—
.009

Reference
0.7 (0.4 to 1.0)
1.1 (0.8 to 1.4)

—
<.001
<.001

Reference
0.7 (0.4 to 0.9)
1.1 (0.7 to 1.4)

—
<.001
<.001

Reference
0.2 (0.1 to 0.4)
0.7 (0.5 to 1.0)
2.6 (2.1 to 3.1)

—
.002
<.001
<.001

Reference
0.2 (0.1 to 0.4)
0.7 (0.5 to 0.9)
2.5 (2.0 to 3.0)

—
.001
<.001
<.001

Reference
2.7 (2.0 to 3.3)

—
<.001

Reference
2.6 (2.0 to 3.3)
0.2 (0.1 to 0.3)

—
<.001
<.001

Model 1 is partially adjusted for age, gender, ethnicity, education, poverty, comorbidities, and depression.
Model 2 is fully adjusted for age, gender, ethnicity, education, poverty, comorbidities, depression, and pVA (logMAR).
c
Coefficient and 95% CI (computed using interview weights to provide estimates for the total US population and agestandardized to the 2000 US census population), representative of difference in sum difficulty score versus those with no AMD,
where a positive coefficient corresponds with higher reported difficulty.
d
Comorbidity score out of 6 sum points, allocated for self-reported hypertension, diabetes, lung disease, heart disease,
stroke, or cancer.
e
Depression classified as Patient Health Questionnaire-9 score of ≥10.
f
LogMAR in 0.1 increments, where logMAR 0 = 20/20.
g
Sum physical difficulty score out of 36 points. Ethnicity (other), Asian or mixed ethnicity; logMAR, logarithm of the minimum
angle of resolution; PL, poverty level.
b
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Table 6. Multivariate Linear Regression Analysis of the Association Between Baseline Sociodemographic Factors
and IRT-Adjusted Sum Visual and Physical Difficulty Scores Among Those With AMD
Change in Sum Visual Difficulty Scoree
Any AMD (n = 441)
Age category
40–49
50–59
60–69
≥70
Gender
Male
Female
Ethnicity
Non-Hispanic White
Hispanic/Mexican
Non-Hispanic Black
Other
Education
>High school
High school
<High school
Poverty level
>2× PL
1–2× PL
<PL
Comorbidity scoreb
0
1
2
3–6
Depressionc
No depression
Depression
pVA (logMAR)d

P Value

Change in Sum Physical Difficulty Scoref
Any AMD (n = 441)

P Value

Reference
0.5 (0.0 to 1.1)a
0.3 (−0.3 to 0.8)
0.1 (−0.4 to 0.6)

—
0.07
0.30
0.56

Reference
0.3 (−0.3 to 1.0)
0.6 (−0.4 to 1.6)
0.5 (−0.1 to 1.1)

—
0.29
0.25
0.09

Reference
0.4 (−0.1 to 0.8)

—
0.11

Reference
0.4 (0.0 to 0.9)

—
0.07

Reference
−0.2 (−0.8 to 0.4)
−0.2 (−0.8 to 0.3)
0.1 (−0.9 to 1.0)

—
0.44
0.36
0.89

Reference
−0.4 (−1.1 to 0.4)
−0.4 (−1.0 to 0.3)
0.4 (−0.8 to 1.6)

—
0.32
0.25
0.52

Reference
−0.2 (−0.7 to 0.3)
0.1 (−0.6 to 0.8)

—
0.36
0.72

Reference
0.1 (−0.5 to 0.8)
0.4 (−0.3 to 1.1)

—
0.62
0.22

Reference
0.2 (−0.4 to 0.7)
0.9 (0.3 to 1.5)

—
0.59
0.008

Reference
0.7 (0.1 to 1.4)
2.1 (0.8 to 3.3)

−0.03

Reference
0.1 (−0.5 to 0.6)
0.1 (−0.7 to 0.9)
1.1 (0.5 to 1.8)

—
0.83
0.81
0.002

Reference
0.5 (0.0 to 0.9)
1.1 (0.2 to 1.9)
3.4 (2.4 to 4.3)

—
0.04
0.02
<0.001

—
0.04
<0.001

Reference
2.3 (0.9 to 3.7)
0.3 (0.2 to 0.4)

—
0.002
<0.001

Reference
1.5 (0.1 to 2.9)
0.8 (0.6 to 0.9)

0.002

a

Coefficient and 95% CI (computed using interview weights to provide estimates for the total US population and agestandardized to the 2000 US census population), representative of difference in sum difficulty score versus those with no AMD,
where a positive coefficient corresponds with higher reported difficulty.
b
Comorbidity score out of 6 sum points, allocated for self-reported hypertension, diabetes, lung disease, heart disease,
stroke, or cancer.
c
Depression classified as Patient Health Questionnaire-9 score of ≥10.
d
LogMAR in 0.1 increments, where logMAR 0 = 20/20.
e
Sum visual difficulty score out of 30 points.
f
Sum physical difficulty score out of 36 points. Ethnicity (other), Asian or mixed ethnicity; logMAR, logarithm of the minimum
angle of resolution; PL, poverty level.

AMD groups separately, we found that those with late
AMD were more likely to have more medical comorbidities, as has been described elsewhere,44–46 suggesting that this group may be at even greater risk of
functional difficulty. Equally, there is a well-described
association between depression and functional impairment,47,48 although this association was not previously
described for AMD patients to our knowledge. Interestingly, the prevalence of depression in our cohort was
substantially lower than has been previously reported
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for those with AMD and visual impairment.49,50 This
finding may be incidental or indicative of a sampling
limitation (those with depression may be less likely
to agree to NHANES participation), which may be
representative of the significance of nonparticipation
as a defining characteristic of depression.51 Either way,
the association between depression and AMD and
visual impairment is well-described, and an integrative
management approach for those with low vision should
always be considered. Additionally, although we did
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not find higher rates of depression among our AMD
cohort in contrast with prior studies,50,52,53 depression
was independently associated with functional difficulty
among those with AMD. With the potential additive
and multiplicative effects of medical comorbidities
and depression on functional difficulty and quality
of life,54,55 our findings suggest that patients with
AMD with either medical comorbidities and/or depression are at particular risk of experiencing functional
difficulty.
Here we applied IRT to allow for more realistic reflection of what each questionnaire is measuring, and how reliably each question contributes to
that measurement.56 Although only 1 dimension was
found in factor analysis for both questionnaires here,
making the use of alternative psychometric validation techniques like Rasch possible, we believe IRT
is particularly suited for a number of reasons. IRT is
especially well-suited for analyzing questionnaire data
measuring clinical latent traits, such as visual difficulty and physical difficulty.57 The GRM (the IRT
model chosen for the current study) is further suited for
validation of ordinal-scaled Likert-type questionnaires
for a number of reasons. GRMs are less constrained
than other psychometric validation techniques used in
previous studies (i.e., Rasch models or partial credit
models) in that they have fewer assumptions (such as
assuming equal question discrimination [imposed by
Rasch models]), impose fewer restrictions on the data,
and are appropriately robust to handle larger datasets
with distributions slightly deviated from normal if
required.58,59 For example, whereas Rasch models may
be mathematically similar, they constrain item discrimination (assuming equality between items), whereas
the IRT GRM used presently does not assume equal
discrimination between items, and strives to model
data to better fit each item.35,60 By subsequently
imputing modified questionnaire scores, we believe
the psychometric models used here provides more
accurate comparisons between groups. Further, the
GRM is also unique in that it has been demonstrated
as particularly appropriate as a robust model for large
datasets with distributions deviated from normal.58,59
Importantly, here we found that only 9 of the original 13 physical difficulty questions reliably measured
that latent trait. And notably, by ascribing unique
weights to the remaining visual and physical difficulty
questions (based on imputed discrimination and difficulty properties) and calculating rescaled, modified
scores using GRM validation techniques, we could
demonstrate participants’ true level of experienced
visual and physical difficulties with a greater degree
of accuracy than using nonpsychometrically validated
questionnaire scores.
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The strengths of the present study include its use
of a large, nationally representative sample and the
objective measurement of AMD severity. Sociodemographic factors, medical comorbidities, and VA
were well-controlled for because of the comprehensive and standardized questionnaire and examination techniques used to collect NHANES data, which
allowed for associations to be described in welladjusted models. The strength of the potential association between AMD and visual and physical difficulties
has been highlighted here, given the significance of the
results despite the relatively small effect size. Additionally, psychometric validation methods allowed for more
accurate, rescaled, modified visual and physical difficulty scores to be compared between patient groups
and by AMD severity, which, to the knowledge of the
authors, has not been previously used for comparable
studies.
Our study is subject to a number of limitations.
First, our results may have been influenced by nonparticipation. There were significant demographic differences between subjects with and without missing
retinal imaging data (e.g., those with missing data
were more likely to have impaired pVA). Because
some of these factors are known to (and shown here
to) influence visual and physical difficulty, this may
have led to over or underestimation of functional
difficulty in these subpopulations. For example, the
surprisingly low individual item scores (even for those
with late AMD) may be reflective of the fact that
those with impaired pVA were more likely to have
missing retinal imaging data and thus not were included
in mean item difficulty score calculations. Such low
item scores may also be a reflection of the fact
NHANES only documented AMD grading of the
worse eye, even though the better-seeing eye (with
less severe AMD) usually determines functional vision;
as participants compensate with it. We adjusted for
this factor presently by using pVA in the betterseeing eye. The low scores may also reflect an underreporting of symptoms in such a population, although
the reasons for this pattern are not able to be determined presently. Interestingly, responses for “noticing objects in peripheries” (presumably associated with
peripheral vision) loaded strongly onto the same factor
as the other (central vision) visual items. This finding
may outline a limitation of using so few questions
(i.e., only 6 total visual questions in the dataset);
a more comprehensive visual difficulty questionnaire
including items relating to peripheral vision may have
yielded a second strong factor. Moreover, we relied
on self-reported data, and reporter bias may not have
affected all demographics equally. Subjective measures
of function may not correlate well with objective
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outcomes such as reading speed or falls and other
adverse outcomes. Finally, the relatively small number
of participants with late AMD meant that exploratory
analyses of subpopulations at increased risk of reporting visual and physical functional difficulty were underpowered when stratified by AMD severity, resulting
in us combining early and late AMD categories for
these analyses. To mitigate this problem, we used
pVA in these models to partially account for AMD
severity.
In conclusion, we found that US adults over
40 years of age with late AMD experience substantially greater visual and physical difficulties compared
with those without AMD, independent of sociodemographic characteristics and medical comorbidity status.
Although self-reported visual difficulty seems to be
independent of pVA, the association between AMD
and physical difficulty seems to be driven largely by the
level of VA impairment. Individuals with AMD with a
lower income, more medical comorbidities, and depression experienced significantly greater visual and physical functional difficulties. With an aging US population and the increasing global prevalence of AMD, an
awareness of the functional burden of AMD and those
particularly at risk, as well as an assessment of visual
characteristics other than Snellen pVA alone, will facilitate a comprehensive approach to the assessment and
management of patients with AMD.
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