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Changes in Visual Acuity in a Population Over
a 15-year Period: The Beaver Dam Eye Study
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PURPOSE: To describe the change in visual acuity in a
5-year period.
DESIGN: Population-based study.
METHODS: SETTING: Beaver Dam, Wisconsin. PARTICI-

ANTS: 4068 persons 43 to 86 years of age at the time of
baseline examination in 1988 to 1990, and with

ollow-up examinations every five years thereafter. OB-
ERVATION PROCEDURES: Best-corrected visual acuity after
efraction, assessed by a modification of the ETDRS
rotocol. MAIN OUTCOME MEASURE: Doubling of the visual
ngle; incidence of visual impairment.
RESULTS: Eight percent of the population developed

mpaired vision (20/40 or worse), 0.8% developed severe
isual impairment (20/200 or worse), 7% had doubling
f the visual angle, and 2% had improved vision. People
5 years of age or older at baseline were more likely to
evelop impaired vision (odds ratio [OR] 12.8, 95%
onfidence interval [CI] 9.6 to 17.1, P < .001), doubling
f the visual angle (OR 7.8, 95% CI 5.6 to 10.7, P <
001), and severe visual impairment (OR 20.6, 95% CI
.5 to 44.8, P<0.001) compared with people younger
han 75 years of age.

CONCLUSIONS: These data provide population-based
stimates of the cumulative 15-year incidence of loss of
ision over a wide spectrum of ages. In people 75 years of
ge or older the cumulative incidence of visual impair-
ent accounting for the competing risk of death is 25%,
f which 4% is severe, indicating a public health problem
f considerable proportions as the US population in this
ge is expected to increase by 55% from 18 million in the
ear 2005 to 28 million by the year 2025. (Am J
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HE PREVALENCE OF IMPAIRED VISION INCREASES

markedly with age, especially in those 75 years of
age or older.1 Most population-based estimates of

ncidence of impaired vision are based on short term
ollow-up with few data describing the long term incidence
f changes in vision, especially in persons in their 9th

ecade of life.2–7 Such information is needed for defining
tiologic relationships, assessing the effect of treatment of
ge-related eye disease, and anticipating resources required
o meet the needs for eye care and vision-related services.
he purpose of this report is to describe the change in
isual acuity in a 15-year period in persons participating in
he Beaver Dam Eye Study, a population-based study of
lder adults.

METHODS

ETHODS USED TO IDENTIFY THE POPULATION AND DE-

criptions of the population have appeared in previous
eports.8,9 Written informed consent for the use and
isclosure of protected health information was obtained
rom all subjects before being enrolled in the study. In
rief, a private census of the population of Beaver Dam,
isconsin, was performed from September 15, 1987 to
ay 4, 1988. Eligibility requirements for entry into the

tudy included living in the city or township of Beaver
am and being 43 to 84 years of age at the time of the

ensus. There were 5924 eligible individuals; 4926 partic-
pated in the examination phase between March 1, 1988
nd September 14, 1990. Ninety-nine percent of the
opulation was Caucasian. Participation status is shown at
ollow-up examinations in Figure 1. Comparisons between
articipants and nonparticipants at the baseline and at the
ve- and 10-year follow-up examinations appear else-
here.4,9,10 Of the 2764 who were examined at the
aseline and the five- and 10-year follow-up, 284 (10.3%)
ad died before March 31, 2003, the beginning of the

5-year follow-up examination. Of the 2480 surviving
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ersons who had participated in the baseline and five- and
0-year follow-up examinations, 2119 (85.4%) partici-
ated in the 15-year follow-up examination from March
1, 2003 through April 30, 2005 (Figure 1). One hundred
wenty-one (4.9%) died after the start of the 15-year
ollow-up before being examined. Two (0.08%) could not
e located. Seventy (2.8%) permitted an interview only,
nd 168 (6.7%) refused to participate. The mean and
edian times between the baseline and 15-year follow-up

xaminations were 14.9 years (standard deviation [SD] was
.5 years) and 14.8, respectively.
Comparisons between the baseline characteristics of

articipants completing all four examinations and nonpar-
icipants at 15-year follow-up are presented in Table 1.
he 240 nonparticipants who were alive at the 15-year

ollow-up were more likely to be older than the 2119
articipants completing all four examinations (Table 1).

hile controlling for age, these nonparticipants were
ore likely at baseline to be less educated and to have
igher systolic blood pressure and higher intraocular pres-
ure than persons who participated. There were no statis-
ically significant differences in gender, visual acuity, the
resence of central cataract, the presence of age-related
acular degeneration, cardiovascular disease history, hy-

ertension status, employment status, income level, cancer

IGURE 1. Schematic showing participation status at follow-u
istory, diabetes status, or heavy alcohol consumption at r

AMERICAN JOURNAL OF40
aseline between participants who completed all four visits
nd nonparticipants who were alive at 15 years. There
ere no statistically significant differences while control-

ing for age, in baseline visual acuity, age-related macular
egeneration, or central cataract between those who par-
icipated at the 15-year follow-up and those who had died
n � 121, Table 1).

Included in the analyses were: 2119 people examined at
ll four visits, 645 people who were examined at baseline
nd at the five- and 10-year follow-up only, 920 people
ho were examined at baseline and at the five-year

ollow-up only, and 384 people who were known to have
ied before the five-year follow-up. Of these 4068 people,
80 (6.9%) were living in a nursing or group home at the
ime of their last examination.

Approval was granted by the Institutional Review Board
t the University of Wisconsin, and informed consent was
btained from each participant at the beginning of the
xamination. The Tenets of the Declaration of Helsinki
ere observed.
At the 5-, 10-, and 15-year follow-up, before refraction,

he participants were first asked to read the Early Treat-
ent Diabetic Retinopathy Study (ETDRS) chart R mod-

fied for a 2-m distance with their current prescription
ithout covering either eye. The number of letters cor-

aminations of the Beaver Dam Eye Study.
p ex
ectly read was recorded. At all the examinations, the

OPHTHALMOLOGY OCTOBER 2006
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TABLE 1. Comparison of Participants Completing All Four Examinations to Nonparticipants in the Beaver Dam Eye Study
Among Those Seen Through 10-Year Examination and Alive as of March 30, 2005

Characteristic

Participants All Four

Exams Nonparticipants*

Alive Not Alive

Crude % n Crude % n

Age-adjusted

P Value† Crude % n

Age-adjusted

P Value†

Age (yr)

43–54 45.6 967 36.7 88 �.001 14.0 17 �.001

55–64 32.9 698 28.3 68 18.2 22

65–74 18.6 394 28.3 68 45.5 55

75� 2.8 60 6.7 16 22.3 27

Gender

Female 58.2 1234 56.3 135 .28 57.9 70 .11

Male 41.8 885 43.8 105 42.1 51

Education

�High school 15.5 328 22.1 53 .03 34.7 42 .06

High school 48.5 1027 50.8 122 38.8 47

College 17.0 360 12.9 31 17.4 21

�College 19.0 402 14.2 34 9.1 11

Employment

Full-time 51.8 1098 41.7 100 .15 20.7 25 .26

Part-time 12.8 271 8.3 20 7.4 9

Retired 23.3 493 35.8 86 54.5 66

Other 12.1 257 14.2 34 17.4 21

Income ($)

�9000 7.5 156 13.4 31 .48 16.9 20 .28

10–19,000 22.6 469 23.4 54 33.9 40

20–29,000 21.4 443 22.5 52 24.6 29

30–44,000 26.0 538 20.8 48 16.9 20

�45,000 22.5 465 19.9 46 7.6 9

Best-corrected visual acuity, better eye

Better than 20/40 99.1 2091 99.2 236 .53 96.7 117 .74

20/40–20/160 0.7 15 0.8 2 3.3 4

20/200 and worse 0.1 3 0.0 0 0.0 0

Central cataract, worse eye

No 90.5 1891 85.4 199 .86 75.8 91 .71

Yes 9.5 199 14.6 34 24.2 29

Age-related macular degeneration,

worse eye

None 84.3 1767 83.1 196 .58 71.4 85 .24

Early 15.2 318 16.5 39 26.1 31

Late 0.5 10 0.4 1 2.5 3

Hypertension

No 59.6 1263 51.7 124 .12 36.4 44 .009

Yes 40.4 855 48.3 116 63.6 77

History of cardiovascular disease

No 89.6 1881 88.1 207 .72 78.2 93 .21

Yes 10.4 219 11.9 28 21.8 26

History of cancer

No 91.7 1943 90.4 217 .99 84.3 102 .37

Yes 8.3 175 9.6 23 15.7 19

Diabetes status

No 94.7 2001 95.4 226 .58 90.9 110 .18

Yes 5.3 111 4.6 11 9.1 11

History of alcohol consumption

No 10.9 231 11.3 27 .90 17.4 21 .32
Yes 89.1 1888 88.8 213 82.6 100

CHANGES IN VISUAL ACUITYOL. 142, NO. 2 541
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efraction from a Humphrey 530 refractor was placed in a
rial lens frame and the best-corrected visual acuity was
emeasured for each eye by means of the ETDRS protocol
ith charts R 1 and 2 modified for a 2 m distance.9,11 If the
est-corrected visual acuity was 20/40 or worse in either
ye, an ETDRS refraction was performed for that eye and
he visual acuity was measured. The inter-observer differ-
nces among the examiners for the refraction or the
est-corrected visual acuity was low and not clinically
ppreciable (data not shown).

Three thousand nine hundred and forty two people had
eliable event data (visual acuity or death) at consecutive
xaminations (71 right eyes only, 66 left eyes only, 3805
oth eyes); 217 (5.5%) were in a nursing home by their last
xamination. Twenty-two percent of the 548 people aged
5 years or older at baseline were in a nursing or group
ome at the time of their last follow-up.
For each eye, the visual acuity was recorded as the

umber of letters correctly identified from either the 2 m
hart (from 20/10 to 20/200 vision or 70 to 5 letters) or the
m chart (20/250 to 20/800 or 0 to �25 letters). The 1 m

hart has 25 letters; if all were read correctly, the number
f letters assigned is 0; if none can be read correctly, the
umber of letters assigned is �25. For eyes with vision
oorer than 20/800, 1 of 3 levels of vision were recorded:
and motions, light perception, and no light perception.
hese levels were assigned arbitrary values on the visual

TABLE 1

Characteristic

Participants All Four

Exams

Crude % n

Heavy drinker

No 84.7 1794

Yes 15.3 324

Smoking status

Never 47.4 1003

Past 34.7 735

Current 17.9 380

Mean (SD) n M

Age (yr) 56.78 (8.82) 2119 59

Pack-years smoked 14.16 (21.50) 2110 12

Systolic blood pressure (mm Hg) 127.47 (17.91) 2119 132

Diastolic blood pressure (mm Hg) 78.32 (10.15) 2119 79

Intraocular pressure (mm Hg) 15.09 (3.16) 2107 15

SD � standard deviation.

*Nonparticipants at the fourth examination who had participated
†Compared with participants. Characteristics were those ascertain

of missing data.
cuity scale of �40, �55, and �70, respectively. Levels of p

AMERICAN JOURNAL OF42
mpairment in visual function were defined by the best-
orrected visual acuity in the eye, or, for a participant, in
he better eye. The definitions were: no impairment, better
han 20/40 (41 to 70 letters correct); any visual impair-
ent, 20/40 or worse (40 or fewer letters correct); and

evere impairment (legal blindness), 20/200 or worse (five
r fewer letters correct).
Persons at risk for developing impaired vision were those

ith visual acuity better than 20/40 in at least one eye at
aseline. Similarly, persons at risk for developing severe
oss of vision were those with visual acuity better than
0/200 in at least one eye at baseline. Loss of vision over
he 15-year period was defined as a doubling of the visual
ngle, a loss of 15 letters (for example, a change from
aseline to follow-up from 60 to 45 letters read correctly
orresponding to a change in visual acuity from 20/16 to
0/32). Only persons with better than no light perception
t baseline were at risk to lose vision. Improvement in
ision was defined as improving by 15 or more letters (half
f the visual angle). People at risk for developing improve-
ent in vision were those with � 55 letters (visual acuity

0/20 or worse) in at least one eye. For an individual, loss
nd improvement were computed for visual acuity mea-
ured in the better eye.

For most analyses, age was defined as the age at the time
f the baseline examination.
Comparisons of participants and nonparticipants were

ntinued

Nonparticipants*

Alive Not Alive

de % n

Age-adjusted

P Value† Crude % n

Age-adjusted

P Value†

4.6 203 .62 84.3 102 .19

5.4 37 15.7 19

3.3 128 .31 47.9 58 0.07

2.1 77 37.2 45

4.6 35 14.9 18

D) n

Age-adjusted

P Value† Mean (SD) n

Age-adjusted

P Value†

.74) 240 �.001 67.18 (9.47) 121 �.001

9.66) 240 .45 17.74 (27.88) 121 .01

9.31) 240 .005 134.43 (19.17) 121 .14

.86) 240 .05 76.32 (11.48) 121 .96

.10) 239 �.001 15.57 (3.61) 120 .85

three previous examinations.

the baseline examination, and numbers at risk may vary as a result
. Co

Cru

8

1

5

3

1

ean (S

.55 (9

.62 (1

.08 (1

.18 (9

.92 (3

in all

ed at
erformed by type III SS in a two-way analysis of variance
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ANOVA) and the Cochran-Mantel-Haenszel test of
ndependence to adjust for age groups with continuous
that is, blood pressure) and categorical (that is, visual
cuity) characteristics, respectively. Student’s paired t test
nd one-way ANOVA were used to compare the change in
he number of letters read between eyes and age groups,
espectively. This 15-year change was calculated as the
ifference among subjects seen at the baseline and 15-year
xaminations. Generalized estimating equations (GEE)
ere used to compute estimates of age- and gender-
djusted change.12,13

Cumulative 15-year rates were calculated accounting for
he competing risk of death.14 This is an adaptation of the
aplan-Meier product limit method where time to the
vent of interest or death (competing event) is modeled.
ersons eligible for analyses in this model include persons
ith information on either the event or death at consec-
tive examinations. Persons not examined at follow-up for
easons other than death are censored. Additional esti-
ates of cumulative incidence were calculated for the

vent and for the event followed by death, which allowed
s to calculate the proportion of survivors who had the
vent. Multivariable analyses and age-adjusted risk esti-
ates were based on the discrete linear logistic model.15

hese analyses were run for subjects seen at consecutive
isits. Because this method does not consider any data after
n event occurs, analysis of improvement was done
eparately.

Analyses were also run for the five-year incidence
mong those participating in the 10- and 15-year exami-
ations. Incidence of endpoints was defined in the same
ay. For analysis of vision loss or improvement with
ursing home placement or cataract surgery, a time-
ependent covariate analysis was run. For every five year
eriod, incidence of vision loss/improvement, nursing
ome placement and cataract surgery was calculated.
hese values were updated for each consecutive five year
eriod. Once a person developed an incident outcome,
hey no longer contributed to later five year periods.
nless noted, results were unadjusted for any confounders.
AS version 8 was used for all analyses.16

RESULTS

HE MEAN AGE OF THE PARTICIPANTS AT BASELINE WAS

6.8 years; 58.2% were women (Table 1). The mean
umber of years of school completed was 12.8, and the
edian income was �$45,000. Other baseline character-

stics of the participants are presented in Table 1.
The mean decrease in the number of letters read

orrectly over the 15-year period was smaller in the right
�5.4 [SD � 12.5]) compared with the left eye (�7.1 [SD

13.7], P � .001) (Figure 2). For both men and women,
here was a significant inverse relationship between the

ean change in the number of letters read correctly o

CHANGES IN VISUOL. 142, NO. 2
etween examinations and age such that those who were
ounger at baseline lost fewer letters during the 15-year
eriod than those who were older. For the right eye, it
aried from �2.7 letters (SD � 6.3) in people between 43
o 54 years of age to �17.4 (SD � 27.9) in people 75 years
f age or older at baseline. For the left eye, it varied from
3.6 letters (SD � 7.4) in people between 43 to 54 years

f age to �22.7 (SD � 32.6) in people 75 years of age or
lder at baseline. Women lost fewer letters (�5.3 vs �5.6,

� .04). A similar relation between age/gender and
hange in the number of letters read correctly between
xaminations was found in the left eye. The relationship to
ge is curvilinear. By fitting the quadratic relationship of
hange in the number of letters read correctly with age
continuously) and sex, we found that the change in letters
n the right eye � [�31.80 � 1.31 age � 0.014 age2 �
.10 (gender � male)]. In people 55 years of age at baseline
42% male), a change of approximately 1 line in visual
cuity score (right eye) was observed over the 15-year
eriod (3.7 letters lost, 95% confidence interval [CI] �4.4
o �3.1). In persons 75 years of age at baseline, the visual
cuity score diminished by approximately 3 lines (14.9
etters lost right eye, 95% CI �16.4 to �13.4).

The cumulative 15-year incidence of visual impairment
right eye 15.2% vs left eye 15.6%, P � .61) was similar for
oth eyes while doubling of the visual angle (right eye �
0.6% vs left eye � 12.5%, P � .03) was greater in the left
ompared with the right eye.

On the basis of vision in the better eye over the 15-year
eriod, 8.3% of the population at risk developed impaired
ision, 0.8% developed severe impairment, and 7.2% had
oubling of the visual angle. Improvement in the better
ye occurred in 1.9% of the population. The 15-year
ncidence of any visual impairment, severe visual impair-
ent, doubling of the visual angle, and improvement by

ge and gender are shown in Table 2. Death was accounted
or as a competing risk. People who were 75 years of age or

IGURE 2. Fifteen-year change in the number of letters read
orrectly in the right eye (solid) and left eye (dashed) by age at
aseline in the Beaver Dam Eye Study.
lder at baseline were 12.8 times (95% CI 9.6 to 17.1, P �

AL ACUITY 543
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001) as likely to develop impaired vision, 7.8 times (95%
I 5.6 to 10.7, P � .001) as likely to have a doubling of the
isual angle, and 20.6 times as likely (95% CI 9.5 to 44.8,
� .001) to develop severe visual impairment as people

ounger than 75 years of age at baseline. Although
mprovement in vision was 1.6 (95% CI 0.7 to 3.7, P �
27) times as likely in people 75� years of age compared
ith those who were younger at baseline, the difference
as not statistically significant. After controlling for age,
oubling of the visual angle (OR � 1.4, 95% CI 1.0 to 1.8,
� .03) but not the incidence of visual impairment (OR
0.79, 95% CI 0.6 to 1.0, P � .08) or improvement (OR
0.9, 95% CI 0.4 to 2.2, P � .82) was statistically

ignificantly different between men and women.
To provide estimates of burden of visual impairment in

urvivors, we reran the models as described in the Methods
ection so that only those surviving 15 years contribute
nformation. The proportion of the survivors at the 15-year
ollow-up who had had an incident vision outcome (for
xample, doubling of the visual angle, visual impairment,
evere visual impairment, or improvement) is presented in
igure 3 by age and gender. Incidence of doubling of the

TABLE 2. 15-Year Cumulative Incidence of Vision Changes in

Age (yr)

Doubling of Visual Angle* Visual Impai

No. of Participants

at Risk % P Value�
No. of Participants

at Risk

Female

43–54 668 1.1 661

55–64 579 6.8 574

65–74 599 10.9 �.001 569 1

75� 336 17.0 270 2

Total 2182 7.3 2074 1

Male

43–54 588 2.9 586

55–64 510 4.8 507

65–74 448 14.9 �.001 436 1

75� 213 10.9 185 1

Total 1759 7.1 1714

Age-adjusted

Male vs Female .03

Total

43–54 1256 1.9 1247

55–64 1089 5.9 1081

65–74 1047 12.7 �.001 1005 1

75� 549 14.6 455 2

Total 3941 7.2 3788

*Incidence of doubling of the visual angle defined as a loss of 15
†Incidence of impairment defined as development of visual acuity o

than 20/40 visual acuity in both eyes at baseline.
‡Incidence of severe visual impairment defined as development

individual who had better than 20/200 in both eyes at baseline.
§Incidence of improvement in visual acuity defined as an improve
�Mantel-Haenszel test of trend.
isual angle occurred in 7.4% of survivors and varied from s

AMERICAN JOURNAL OF44
.0% in those 43 to 54 years of age at baseline to 19.6% in
hose 75 years of age or older at baseline; for visual
mpairment it was 7.8% and varied from 1.4% in those 43
o 54 years of age to 37.2% in those 75 years of age or older
t baseline; for severe visual impairment it was 0.7% and
aried from 0.2% in those 43 to 54 years of age to 5.5% in
hose 75 years of age or older at baseline; and for improve-
ent it was 2.0% and varied from 2.5% in those 43 to 54

ears of age to 0.3% in those 75 years of age or older at
aseline.
The relationship of improvement of visual acuity to

ataract surgery was examined by time-dependent covari-
te analysis. In people 55 years of age or older, the
ncidence of improvement in vision over the next five-year
eriod was consistently higher in eyes that had undergone
ataract surgery in the same period compared with eyes
hat had not. Among the 119 right eyes that had under-
one cataract surgery between the baseline and five-year
xamination, 27% of the eyes also had improved vision,
hereas 1% of the 1188 eyes without cataract surgery also
ad improved vision. Similarly 9% of the 99 eyes with
ataract surgery, vs 0.7% of the 562 eyes without cataract

Better Eye by Age and Gender in the Beaver Dam Eye Study

Severe Impairment‡ Improvement (Half Angle)§

Value�
No. of Participants

at Risk % P Value�
No. of Participants

at Risk % P Value�

667 0.2 159 2.1

578 0.2 222 1.9

�.001 598 0.9 �.001 349 1.8 .25

327 5.0 279 2.5

2170 1.0 1009 2.1

588 0.2 68 4.4

510 0.0 96 1.0

�.001 447 1.6 �.001 164 1.6 .27

211 1.8 153 0.7

1756 0.6 481 1.6

.08 .81 .82

1255 0.2 227 2.8

1088 0.1 318 1.6

�.001 1045 1.2 �.001 513 1.8 .67

538 3.7 432 1.9

3926 0.8 1490 1.9

rs or more in visual acuity in better eye at follow-up.

40 or worse in better eye at follow-up in an individual who had better

ual acuity of 20/200 or worse in better eye only at follow-up in an

t of 15 letters or more in visual acuity in better eye at follow-up.
the

rment†

% P

1.5

5.6

8.4

9.7

0.2

1.4

2.8

2.6

8.5

6.0

1.4

4.3

5.9

5.1

8.3

lette

f 20/

of vis

men
urgery between the five- and 10-year examinations had
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mproved vision. Between the 10- and 15-year examina-
ions, 4.4% (n � 92) vs 0.9% (n � 460) had improved
ision. The time-dependent OR for improved vision in
hose with cataract surgery was 22.5 (95% CI 12.3 to 31.5,

� .001) compared with those without cataract surgery
mong persons 55 and older.

Among those persons without impaired vision at base-
ine and who were seen at the 15-year follow-up, incidence
f moderately impaired vision (20/40 to 20/160) was 5.7%
nd for the development of severe visual impairment was
.6% (Table 3). Of those who had moderately impaired
ision at baseline, 43.5% were no longer visually impaired,
hile 13.0% had developed severe impairment at follow-

IGURE 3. Proportion of survivors to the 15-year follow-up wh
isual impairment (20/40 or worse); (Bottom left) severe impai
he visual angle).

TABLE 3. 15-Year Incidence of Visual Impairment, Severe
Baseline Visual Acuit

Visual Acuity in Better Eye at

Baseline (Level of Impairment)

Level of Impairment at 15 Years

No. of Participants

at Risk

None,

n (%)

Moderate,

n (%)

Better than 20/40 (none) 2229 2088 (93.67) 127 (5.70)

20/40–20/60 (moderate) 23 10 (43.48) 10 (43.48)

20/200 or worse (severe) 3 0 (0.00) 0 (0.00)
p. The cumulative 15-year incidence (including people t

CHANGES IN VISUOL. 142, NO. 2
een only at the five- and/or the 10-year examination) of
oubling of the visual angle in people who did not have
isual impairment at baseline was 7.1%; for those with
oderate visual impairment it was 6.5%. Of eyes that were

isually impaired and had improved by 15 or more letters,
5.0% (12/16) of right eyes and 33.3% (2/6) of left eyes
ad undergone cataract surgery.
One hundred and seventy-four (84.1%) of the 207

eople who were not in a nursing home at baseline but
ho entered a nursing home at one of the follow-up
xaminations had a reliable visual acuity measurement at
aseline and at a follow-up visit. In a time-dependent
nalysis of vision changes and nursing home placement, of

d developed (Top left) doubling of the visual angle; (Top right)
t (20/200 or worse); and (Bottom right) improvement (half of

irment, Doubling of the Visual Angle, and Improvement by
he Beaver Dam Eye

Cumulative Incidence Doubling of

Visual Angle (Better Eye)

Cumulative Incidence Improvement

(Better Eye)

evere,

(%)

No. of Participants

at Risk % P Value

No. of Participants

at Risk % P Value

0.63) 3788 7.1 1335 0.9

13.04) 138 6.5 138 11.2

100.00) 15 40.0 .006 17 11.8 �.001
o ha
rmen
Impa
y in t

S

n

14 (

3 (
hose 75 years of age or older in whom visual acuity could
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e measured, those entering a nursing or group home
uring a five-year period were 2.6 times (95% CI 1.6 to 3.4,
� .001) as likely to have developed impaired vision, 2.8

imes (95% CI 1.0 to 4.8, P � .04) to have developed
everely impaired vision, and 3.6 times (95% CI 2.0 to 4.9,
� .001) to have had a doubling of the visual angle during

he same five-year period than those not entering a nursing
r group home. The rate of improvement in visual acuity
ver a five-year period in those 75 years of age or older and
nstitutionalized was similar to those who were not insti-
utionalized (OR � 2.91, P � .07) during the same
ve-year period.
At the 15-year follow-up examination, a similar propor-

ion of institutionalized (37.5%) and noninstitutionalized
32.6%) persons over 75 years of age had an improvement
f five or more letters of visual acuity after refraction
Figure 4) compared with their current prescription.
mong those who had this level of improvement and who
ere visually impaired with their current correction, 56%

IGURE 4. Frequency of number of letters improvement in
ision in the better eye by refraction compared with current
rescription at 15-year follow-up in noninstitutionalized and
nstitutionalized participants 75 years of age or older in the
eaver Dam Eye Study.

IGURE 5. Visual impairment rate by age at examination and
ear of birth. Each person contributes multiple times depending
n his or her age at each of the examination phases he or she
articipated in.
ere no longer impaired after refraction. The rate of a

AMERICAN JOURNAL OF46
mprovement of three or more lines was higher in those
ho were institutionalized (2.3%) compared with those
ho were not (1.0%, P � .006).
Birth cohort effects were examined for persons born in

he same year (Figure 5). The prevalence of visual impair-
ent for people aged 70 to 74 years at the time of the

xamination varied from 5.8% (18/313, 95% CI 3.2 to 8.3)
n those born in 1913 to 1917 to 2.9% (12/419, 95% CI 1.3
o 4.5) for those born in 1928 to 1932. Similarly, for people
ged 80 to 84 years at the time of the examination,
revalence varied from 25.5% (27/106, 95% CI 17.2 to
3.8) in those born in 1903 to 1907 to 13.9% (38/274,
5% CI 9.8 to 18.0) in those born in 1918 to 1922.
Of the 180 eyes that developed severe visual impairment

ver the 15-year period, late age-related macular degener-
tion was the primary cause in 52%, branch or central
etinal vein occlusion in 12%, and cataract in 12%. Other
ess frequent causes of severe visual impairment included
acular hole in 5%, diabetic retinopathy in 3%, retinal

etachment in 3%, enucleation for choroidal malignant
elanoma in 2%, glaucoma in 3%, and other optic nerve

isease including ischemic optic neuropathy in 2%.
At the time of the 10-year follow-up, we had enough

articipants over the age of 80 years of age to examine
ision loss. Twenty-three percent who had been �80 years
f age at the 10-year examination had developed visual
mpairment and 3% developed severe impairment over the
ollowing five-year period.

At the time of the 15-year follow-up examination, there
ere 159 persons (7% of 2264) who were visually impaired

ncluding 20 who were severely impaired. The frequency of
isual impairment and severe visual impairment, respec-
ively, varied with age from 2% and 0.3% in those who
ere �70 years of age (n � 1050), 4% and 0% in those 70

o 79 years of age (n � 721), 20% and 2.4% in those 80 to
9 years of age (n � 421), to 38% and 9.7% in those �90
ears of age (n � 72).

DISCUSSION

HERE ARE VERY FEW POPULATION-BASED DATA AVAIL-

ble describing the long-term incidence of visual loss.7

he current data build upon our previously reported
opulation-based estimates of objectively measured
hange in vision over a five- and 10-year period.4,10 This
tudy is unique in that a large cohort, both institution-
lized and noninstitutionalized, with a broad distribu-
ion of ages was reexamined after a 15-year interval. All
isits used the same standardized protocols for measur-
ng visual acuity. It reveals the high prevalence (38%)
f visual impairment in persons in their 10th decade of
ife and the relatively high (25%) 15-year cumulative
ncidence of visual impairment in persons aged 75 years

t baseline. Furthermore, we found a high proportion
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37%) of those aged 75 years at baseline who survived
5 years had developed impaired vision.
These data show a curvilinear relationship in the overall

hange in visual acuity with age over the 15-year period,
ith a loss of approximately a line of vision in the youngest
ersons (43 to 54 years of age) and a loss of 3 lines of vision
n persons aged �75 years. This latter age group was
pproximately eight times as likely to have a doubling of
he visual angle and 12 to 13 times as likely to develop
mpaired vision as persons who were younger at baseline.
he high incidence of loss of vision after 75 years of age is
onsistent with the higher frequencies of age-related mac-
lar degeneration, central and branch vein occlusion, and
ataract in this age group.17–21

The overall 15-year cumulative incidence of severely
mpaired vision in the population was 0.8%. However,
mong persons �65 years at baseline, 2% had developed
evere impairment in vision over the 15-year period. This
roup was approximately 20 times as likely to develop
evere visual impairment as persons who were younger at
aseline. There are no population-based United States
ata and few elsewhere for comparative purposes. In one
uch study in Italy, those who were aged �40 years at
aseline, severe visual impairment developed over a 12-
ear period in 0.7%.7 These estimates are similar to those
e reported. Our findings have important implications for
uality of life and cost of care. In the United States, for
en aged 65 to 74 years of age in the year 2002, the life

xpectancy was 16.6 years, and for women, it was 19.5
ears; for those aged 75 to 84 years, for men it was 10.3
ears and for women it was 12.4 years.22 If our estimates are
xtrapolated to the future, then a considerable number of
eople aged 65 to 84 years are at risk of developing visual
mpairment over their remaining lifetime. If the current
ates from Beaver Dam are applied to the United States
opulation estimates, approximately 6.6 million people
ho are aged �65 years will develop mild to moderate

mpairment with 0.9 million developing severe impair-
ent at some point during a 15-year period.22 Changes in

are and exposures to protective and risk factors for
ge-related eye diseases associated with visual impairment
ould influence these estimates.

Those who entered a nursing or group home over a
ve-year period in Beaver Dam were approximately four
imes as likely to have doubling of the visual angle or to
ave developed visual impairment compared with those
ho did not enter a nursing or group home. This is
onsistent with the frequency of severe visual impairment
n 20% of institutionalized subjects in Beaver Dam at
aseline and with other population-based data that have
escribed higher frequencies of loss of vision in people in
ursing or group homes.9,23–27 In the Blue Mountains Eye
tudy, visual impairment at baseline in older persons was
lso associated with a doubling of the risk of subsequent
ursing home admission.26,28 Reasons for admission to

ursing or group homes (for example, stroke, dementia, b

CHANGES IN VISUOL. 142, NO. 2
ractures, and decreased vision) in Beaver Dam are not
nown. We speculate that decreased vision may act syn-
rgistically with loss of cognitive, motor, and other sensory
bilities in precipitating institutional admission and per-
aps in prolonging the stay. This speculation is consistent
ith our earlier observation of an association of poor visual
cuity with incident falls and fractures.29 Visual impair-
ent has been shown to result in a nearly twofold increase

n the odds of incident cognitive decline and functional
ecline in women aged �69 years followed for 4.4 years.30

elf-reported impaired vision has been reported to be
ssociated with poorer 10-year outcomes reflected in ac-
ivities of daily living and instrumental activity of daily
iving.31 Although data suggest that correcting vision
mpairment can lead to an improved quality of life and
unctional status, there is a need for data to show it
aintains independence and reduces the risk of being

nstitutionalized.32,33

Approximately 2% of the Beaver Dam population had
n improvement in their visual acuity of 15 or more letters
ver the 15-year period. Sixty-four percent of right eyes
nd 62% of left eyes with improvement had undergone
ataract surgery. Our data suggest that cataract surgery
ould improve vision by three or more lines in a quarter or
ore of the population 55 years of age or older.
Late age-related macular degeneration was the most

mportant cause of incident severe visual loss, accounting
or 52% of eyes with severe visual impairment. These
ndings are consistent with data from most, but not all,
arlier studies.1,2,4,5,34–40 The most common primary reti-
al vascular cause of severe visual loss in the Beaver Dam
ohort was central and branch retinal vein occlusion
12%). It may reflect the lack of prophylactic and early
iagnosis and treatment modalities for retinal vein occlu-
ions. Diabetic retinopathy is associated with 3% of eyes
ith severe impairment. This may reflect the ability to
revent loss of vision by treatment of diabetic retinopathy
ith timely laser photocoagulation.41 It may be that the
igher mortality in persons with diabetes causes an under-
stimate of the toll of severe visual impairment related to
his condition.42

We had previously described a birth cohort effect
here the frequency of visual impairment was lower for
ore recent birth cohorts. This was not explained by a

imilar difference in rates of cataract surgery among the
irth cohorts (Klein R, unpublished data, 2005). It is
ot explained by selective participation of those with

ess severe vision loss as suggested by differences in
isual acuity that were similar in those who participated
n the follow-up compared with those who did not. The
ohort effect may be due to real differences in lifestyle
xposures (for example, smoking, diet), the better con-
rol of diabetes, hypertension and lipids, and/or the
reater frequency and the better outcomes of surgical
nterventions in the similarly aged persons with later

irth dates compared with those with earlier birth dates.
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ur findings differ from the National Health Interview
urvey (NHIS) that showed no changes in 10-year
rends in self-reported visual impairment within age
roups from 1986 to 1995.43

We have previously reported cumulative incidences by
sing the product limit method.10,44 In this report, we use
competing risks model to report cumulative incidence

ecause of the increase in mortality with age. This model
esults in lower rates than the product limit method. For
xample, on the basis of the latter, the 15-year cumulative
ncidence for doubling of the visual angle, any visual
mpairment, and severe visual impairment in persons 65 to
4 years of age at baseline would be 19.1%, 23.5%, and
.5%, respectively; for those 75� years of age at baseline,
t would be 34.6%, 49.4%, and 6.9%, respectively, which
re higher than those determined by the competing risk
ethod reported herein (Table 2).14 We assume that the

ompeting risk method is the appropriate measure when
he burden of incident disease (for example, visual impair-
ent) is of interest. The previously used product limit
ethod represents a rate if there were no competing events

uch as death.
Our data may underestimate the true incidence of

mpaired vision if those who did not participate at the
ollow-up had lost vision at a greater rate than those who
id participate. By the time of the 15-year follow-up, the
ersons who were alive and did not participate had a
imilar likelihood of having age-related macular degener-
tion, central cataract, or poor vision at baseline, so this
upposition appears less plausible. There were 239 persons
ho were seen at baseline and the 15-year follow-up, but
id not participate at either the five-year follow-up and/or
he 10-year follow-up and thus were not included in
nalyses of cumulative incidence. Exclusion of these peo-
le might have caused an underestimate of the incidence
f visual loss because these individuals were more likely to
ave decreased vision at baseline. However, we examined
verall incidence as estimated without these people and
ith these people by using imputation methods (Klein R,
npublished data) and found the results to be similar for
ost outcomes. Because of the small number of those who
issed either or both the five- or 10-year follow-up and the

elative narrowness of the interval, we cannot adequately
valuate the possibility of bias introduced by
onparticipation.
In summary, the Beaver Dam Eye Study data provide

stimates of the incidence of loss of vision over a 15-year
eriod for a wide spectrum of ages. The high cumulative
ncidence (25%) and prevalence (15%) of visual impair-
ent in people aged �75 years indicates a severe public
ealth problem. This problem may grow because it is
xpected that those in the United Sates population this
ge will increase by 54% from 18 million this age in the

ear 2005 to 28 million people by the year 2025.45
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