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Objective: To examine the association between smok-
ing and the 15-year cumulative incidence of age-related
macular degeneration (AMD).

Methods: Population-based longitudinal cohort study
of people in Beaver Dam, Wisconsin, who were aged 43
to 84 years (N=4926) in 1987-1988. Participants were
examined in 1988-1990 and were reexamined at 5-year
intervals during a 15-year period. Age-related macular
degeneration status was determined by grading stereo-
scopic color fundus photographs.

Results: Controlling for age, sex, and baseline AMD se-
verity, people who were current smokers at baseline, com-
pared with those who never smoked, were at increased

risk of incident early AMD (odds ratio, 1.47; 95% con-
fidence interval, 1.08-1.99; P=.01) and for progression
of AMD (odds ratio, 1.43; 95% confidence interval, 1.05-
1.94; P=.02) during a 15-year follow-up. There were few
associations of specific characteristics of smoking (eg, in-
tensity, pack-years smoked, duration, and age at initia-
tion and quitting) with AMD outcomes.

Conclusions: Smoking appears to be related to the long-
term incidence and progression of AMD. This has im-
portant health care implications because early AMD in-
creases the risk of developing late AMD and smoking
behavior is modifiable.
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S
MOKING IS ONE OF THE FEW

modifiable risk factors asso-
ciated with age-related macu-
lar degeneration (AMD).1-16

Smoking affects risk factors
hypothesized to be involved in the patho-
genesis of AMD, eg, immune activation,
depression of antioxidant levels, reduc-
tion of choroidal blood flow, decrease in
luteal pigments in retina, reduction of drug
detoxification by the retinal pigment epi-
thelium (RPE), and nicotine potentia-
tion of angiogenic activities.17-23 The pur-
pose of this article is to describe the
association between baseline smoking sta-
tus, age at initiation, duration, intensity,
pack-years, age at quitting, and time from
the baseline examination since quitting and
the 15-year cumulative incidence and pro-
gression of AMD in the population-based
Beaver Dam Eye Study. Our study builds
on earlier observations on smoking and
AMD from a shorter follow-up of the same
cohort.14,15 In addition, we describe the as-
sociation between exposure to environ-
mental tobacco smoke (ETS), first mea-
sured during the 10-year follow-up of the
Beaver Dam Eye Study, and the 5-year in-
cidence and progression of AMD.

METHODS

POPULATION

Methods used to identify and describe the popu-
lation have appeared in previous reports.24-28

In brief, a private census of the population of
Beaver Dam, Wisconsin, was performed from
September 15, 1987, to May 4, 1988, to iden-
tify all residents in the city or township of Bea-
ver Dam who were aged 43 to 84 years. Of the
5924 eligible individuals, 4926 participated in
the baseline examination between March 1,
1988, and September 14, 1990. Ninety-nine
percent of the population was white. Of the
4542 surviving subjects, 3684 (81.1%) partici-
pated in the 5-year follow-up examination be-
tween March 1, 1993, and June 14, 1995. Then,
2764 of the 3334 (82.9%) surviving subjects
in the baseline and second examination par-
ticipated in the second follow-up examina-
tion between March 1, 1998, and June 9, 2000.
Of the 2480 surviving subjects in the baseline
and 5- and 10-year follow-ups, 2119 (85.4%)
participated in the third follow-up examina-
tion between March 31, 2003, and April 30,
2005. Comparisons between participants and
nonparticipants at the time of the baseline and
the 5-, 10-, and 15-year follow-up examina-
tions have appeared elsewhere.24-28 Three thou-
sand five hundred eight people who partici-
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pated in at least 1 follow-up examination provided data for the
current analysis.

While adjusting for age and sex, people who smoked were
more likely to die and, if alive, were less likely to participate in
a follow-up examination than former smokers or those who have
never smoked (data not shown). However, AMD severity sta-
tus at baseline did not affect the association between smoking
status or pack-years smoked and participation or death.

DESIGN

Similar procedures, used at both baseline and follow-up ex-
aminations, have been described in detail elsewhere.24-35 In-
formed consent was obtained from each participant at the be-
ginning of the examination. Pertinent parts of the examinations
included taking stereoscopic 30° color fundus photographs cen-
tered on the macula (Diabetic Retinopathy Study standard field
2). The Wisconsin Age-Related Maculopathy Grading System
was used to assess the presence and severity of lesions associ-
ated with AMD. Grading procedures, lesion descriptions, and
detailed definitions for the presence and severity of specific le-
sions have appeared elsewhere.32-35

The incidence of early AMD was defined by the presence of
soft, indistinct drusen or any type of drusen associated with
RPE depigmentation or increased retinal pigment at follow-up
when none of these lesions were seen at baseline. The inci-
dence of exudative macular degeneration and pure geo-
graphic atrophy was defined by their presence at follow-up when
neither was present at baseline.

For each eye, a 6-level severity scale for AMD was defined
as follows:

Level 10. No drusen or hard drusen; or small soft drusen
(�125 µm in diameter) only, regardless of area of involve-
ment, and no pigmentary abnormalities (increased retinal pig-
ment or RPE depigmentation).

Level 20. Hard drusen; or small soft drusen (�125 µm in
diameter), regardless of area of involvement, with increased reti-
nal pigment but no RPE depigmentation; or soft drusen (�125
µm in diameter) with a drusen area smaller than 196 350 µm2

(equivalent to a circle with a diameter of 500µm) and no pig-
mentary abnormalities.

Level 30. Soft drusen (�125 µm in diameter) with a dru-
sen area smaller than 196 350 µm2 and RPE depigmentation;
or soft drusen (�125 µm in diameter) with an area 196 350
µm2 or larger with or without increased retinal pigment but no
RPE depigmentation.

Level 40. Soft drusen (�125 µm in diameter) with a dru-
sen area involvement 196 350 µm2 or larger and RPE depig-
mentation with or without increased retinal pigment.

Level 50. Geographic atrophy in absence of exudative macu-
lar degeneration.

Level 60. Exudative macular degeneration with or without
geographic atrophy.

Level 10 is equivalent to not having AMD; levels 20, 30, and
40 involve lesions that define early AMD of increasing severity
(by type, size, area of drusen, and pigmentary abnormalities);
while levels 50 and 60 involve lesions that define late AMD.
Progression of AMD was defined as an increase in the AMD se-
verity scale in either eye by 2 or more steps higher from levels
10, 20, or 30 and 1 or more steps higher from levels 40 or 50 at
the 5-, 10-, or 15-year follow-up examination.

Age was defined as the age at baseline examination. At base-
line examination, subjects were classified as nonsmokers if they
had smoked fewer than 100 cigarettes in their lifetime; as past
smokers if they had smoked more than 100 cigarettes in their life-
time but had stopped smoking before the examination; and as

current smokers if they had not stopped smoking. Smoking du-
ration at baseline was defined by total years smoked. Smoking
intensity was defined by the mean number of cigarettes smoked
per day; pack-years smoked was calculated as the number of years
smoked�(the mean number of cigarettes smoked per day/20).
Smoking initiation was defined as the age participants reported
when first began. Time since quitting smoking was defined as years
elapsed since last smoked to baseline examination.

As part of the study of hearing loss conducted in the same co-
hort, a scale for exposure to ETS at the 10-year follow-up was de-
veloped to allow a single, convenient categorization that used
information from reported home, social, and workplace ETS ex-
posure.36 Nonsmoking participants (past smokers and those who
never smoked) were categorized as having high ETS exposure if
they(1)hadmore than4hours/dofworkplaceexposure, (2)were
livingwithasmoker,or(3)wereexposedtoETSsociallyonadaily
basis. Participants who did not have high ETS exposure were cat-
egorizedashavingmoderateexposureiftheyreported1to4hours/d
of workplace exposure or exposure to social ETS several times a
week. Participants who did not qualify for having high or mod-
erate exposure were categorized as having little or no exposure.
This scale has been validated against serum cotinine levels.36

The medical history questionnaire contained questions re-
garding alcohol consumption. A current heavy drinker was de-
fined as a person who consumed 4 or more servings of alco-
holic beverages daily; a former heavy drinker had consumed 4
or more servings of alcoholic beverages daily in the past but not
in the previous year; and a nonheavy drinker had never con-
sumed 4 or more servings of alcoholic beverages on a regular,
daily basis. Vitamin use was defined in 3 levels of current use at
baseline: no use, use of multivitamins, or use of a single vitamin
or other combination of vitamins (eg, B complex).

STATISTICAL ANALYSIS

For these analyses, we examined the relationships between
smoking status, smoking intensity, smoking duration, age at
initiation, time since quitting, age at quitting, and ETS expo-
sure and the cumulative incidence of early AMD, exudative
AMD, and pure geographic atrophy and the cumulative pro-
gression of AMD. SAS, version 9 (SAS Institute Inc, Cary, North
Carolina), was used for analyzing the data.37 Multivariate odds
ratios and 95% confidence intervals were calculated from dis-
crete logistic hazard models.38 These analytical approaches al-
lowed those who were right-censored (not seen after the 5- or
10-year examination owing to death or nonparticipation) to con-
tribute information to the estimates.

Smoking status was considered using indicator variables for
smoking in the past vs never smoked and currently smoking
vs never smoked. Models were run separately within the cat-
egory of those who have ever smoked and current smokers for
intensity, duration, pack-years, and age at initiation. As de-
scribed by Leffondré et al,39 excluding nonsmokers from these
analyses eliminates the assumption that the difference be-
tween those who have ever smoked and those who have never
smoked is quantitative rather than qualitative. Time since quit-
ting and age when a participant quit were only analyzed among
past smokers. All variables except for smoking status were ana-
lyzed continuously and linearly. No variables had nonlinear ef-
fects with any of the AMD outcomes (data not shown). Analy-
ses were stratified by sex and controlled for baseline age in 4
categories (43-54, 55-64, 65-74, and 75-86 years) and base-
line severity of AMD. In the models combining men and women,
we controlled additionally for sex. We also investigated mod-
els stratified by age (�65 and �65 years) and further con-
trolled for systolic blood pressure, vitamin use, and heavy drink-
ing status. In analyses restricted to cases of incident AMD (eg,
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incident cases of early AMD), we compared the mean age of
onset (ie, age at the examination where the end point was first
seen) among never, past, and current smokers.

RESULTS

SMOKING CHARACTERISTICS AT BASELINE
AND CUMULATIVE INCIDENCE

OF AMD END POINTS

At baseline, 21% of men and 18% of women were current
smokers (Table 1). The frequencies of current smoking
decreased with increasing age and at each subsequent 5-year
follow-up examination (data not shown). Men were more
likely than women to have greater mean intensity and pack-
years of smoking and to have begun smoking and have quit
earlier than women (Table 1). Exposure to ETS at the 10-
year follow-up in nonsmokers was greater in men than
women (58% vs 42%, P� .001). Exposure to ETS also de-
creased with age (test of trend, P� .001; data not shown).

The number of participants at risk for a specific AMD
outcome and the numbers of incident early and late AMD
and progressed AMD events are presented in Table 2.
There were 391 people who developed early AMD, 63
who developed exudative AMD, 39 who developed pure
geographic atrophy, and 400 whose AMD progressed dur-
ing the 15-year period of the study.

SMOKING AND 15-YEAR CUMULATIVE
INCIDENCE OF EARLY AMD

While controlling for age, sex, and baseline AMD sever-
ity, current smoking at baseline was associated with a 47%

increased odds of developing early AMD during the 15-
year period (Table 3). This association was statisti-
cally significant in men but not women. There was no
age interaction of current smoking and incident early AMD
(data not shown). There was no relationship between
smoking intensity, duration, pack-years smoked, or time
since quitting and the cumulative incidence of early AMD
(Table 3). Older age at smoking initiation among cur-
rently smoking women was marginally related to the cu-
mulative incidence of early AMD. This relationship was
independent of the number of pack-years smoked (odds
ratio, 1.62; 95% confidence interval, 1.05-2.51; P=.03).
Individuals who were currently smoking were esti-
mated to have a younger mean age at onset of early AMD
(69.2 years; 95% confidence interval, 66.9-71.4) than
former smokers (72.3 years; 95% confidence interval, 70.8-
73.9) and those who have never smoked (74.4 years; 95%
confidence interval, 73.0-75.8).

SMOKING AND THE 15-YEAR CUMULATIVE
INCIDENCE OF EXUDATIVE AMD AND

GEOGRAPHIC ATROPHY

While controlling for age, sex, and AMD severity level,
smoking status at baseline was not associated with the
15-year cumulative incidence of exudative AMD
(Table4). Older age at time of quitting among past smok-
ers or longer duration of smoking in men who had ever
smoked was related to the cumulative incidence of exu-
dative AMD. Smoking characteristics were not related to
the 15-year cumulative incidence of geographic atrophy
(Table 5).

Table 1. Baseline Smoking Characteristics in the Beaver Dam Eye Study

Characteristic

Men Women

P Value

All

No. of Subjects
at Risk for AMD

Outcomesa Valueb

No. of Subjects
at Risk for AMD

Outcomesa Valueb

No. of Subjects
at Risk for AMD

Outcomesa Valueb

Smoking status, %

Never 448 29.2 1129 57.3 � .001 1577 45.0

Past 763 49.6 492 25.0 � .001 1255 35.8

Current 326 21.2 350 17.8 � .001 676 19.3

Intensity, cigarettes/d

Ever smoked 1087 25.4 (15.8) 838 17.4 (11.5) � .001 1925 21.9 (14.7)

Current smoker 326 23.8 (11.7) 350 18.2 (9.8) � .001 676 20.9 (11.1)

Duration, y

Ever smoked 1086 26.5 (14.4) 839 25.7 (13.5) .18 1925 26.1 (14.0)

Current smoker 325 35.5 (10.8) 349 33.2 (10.1) .004 674 34.3 (10.5)

Pack-yearsc

Ever smoked 1084 35.4 (30.4) 836 24.4 (22.3) � .001 1920 30.6 (27.7)

Current smoker 325 42.6 (24.4) 349 31.2 (22.1) � .001 674 36.7 (23.9)

Age at initiation, y

Ever smoked 1086 20.8 (7.7) 837 24.8 (10.4) � .001 1923 22.6 (9.2)

Current smoker 325 20.6 (7.2) 349 23.5 (9.8) � .001 674 22.1 (8.8)

Time since past smokers quit, y 763 17.4 (11.9) 490 13.9 (11.1) � .001 1253 16.0 (11.7)

Age when past smokers quit, y 763 43.5 (13.5) 490 46.2 (13.8) � .001 1253 44.6 (13.6)

Abbreviation: AMD, age-related macular degeneration.
aNumber at risk for incident early AMD, exudative AMD, or geographic atrophy or progression of AMD.
bValues are mean (SD) unless otherwise indicated.
cNumber of years smoked� (mean number of cigarettes smoked per day/20).
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SMOKING AND THE 15-YEAR
PROGRESSION OF AMD

While controlling for age, sex, and AMD severity level,
current smoking at baseline was associated with the cu-
mulative 15-year progression of AMD (Table 6). The
relationship was statistically significant in men but not
women. Older age at initiation and older age at quitting
was associated with progression of AMD in the whole co-
hort, the former being statistically significant in women
but not in men and the latter being statistically signifi-
cant in men but not women. There was no relationship
between pack-years smoked or smoking intensity and pro-
gression of AMD. The association between smoking and
incidence or progression of AMD remained largely un-

changed in multivariate analyses that further controlled
for history of vitamin use, systolic blood pressure, and
history of heavy drinking (data not shown).

EXPOSURE TO ETS AND INCIDENCE
OR PROGRESSION OF AMD

Exposure to ETS was not associated with the preva-
lence, 5-year incidence, or progression of AMD in men
or women (data not shown). The 5-year incidence of exu-
dative AMD or pure geographic atrophy between the 10-
and 15-year follow-up examinations was too low to ex-
amine the association between exposure to ETS and these
end points.

Table 2. Number of Individuals at Risk and Number of Eventsa for Each Outcome by Sex and History of Smoking Status
Among Persons in the Beaver Dam Eye Study

Outcome

Men Women All

No. of Subjects
at Risk

No. of
Events

No. of Subjects
at Risk

No. of
Events

No. of Subjects
at Risk

No.
Events

Incidence of early AMD

Never smoked 368 41 896 139 1264 180

Past smoker 598 73 403 70 1001 143

Current smoker 260 32 301 36 561 68

Incidence of exudative AMD

Never smoked 448 3 1128 31 1576 34

Past smoker 762 11 492 12 1254 23

Current smoker 326 3 350 3 676 6

Incidence of pure GA

Never smoked 446 8 1123 15 1569 23

Past smoker 761 7 485 8 1246 15

Current smoker 327 1 350 0 677 1

Progression of AMD

Never smoked 451 35 1132 162 1583 197

Past smoker 760 74 490 64 1250 138

Current smoker 326 32 349 33 675 65

Abbreviations: AMD, age-related macular degeneration; GA, geographic atrophy.
aCan occur at 5-, 10-, or 15-year follow-up.

Table 3. Relationship Between Smoking Characteristics at Baseline and the 15-Year Cumulative Incidence of Early AMDa

Smoking History
Variable Subset

Men Women Both

OR (95% CI) P Value OR (95% CI) P Value OR (95% CI) P Value

Past vs never smokers Not applicable 1.14 (0.76-1.71) .54 1.28 (0.93-1.74) .13 1.16 (0.91-1.48) .23

Current vs never smokers Not applicable 1.74 (1.06-2.88) .03 1.27 (0.85-1.89) .24 1.47 (1.08-1.99) .01

Intensity, packs/d Ever smoked 0.93 (0.72-1.21) .60 0.97 (0.65-1.44) .87 0.93 (0.75-1.15) .50

Current smokers 1.07 (0.56-2.05) .83 1.13 (0.55-2.32) .73 1.06 (0.65-1.73) .80

Duration, per 10 y Ever smoked 1.14 (0.98-1.32) .08 0.91 (0.78-1.06) .22 1.02 (0.92-1.13) .71

Current smokers 1.16 (0.68-1.97) .59 0.83 (0.56-1.21) .33 0.98 (0.74-1.30) .88

Pack-years, per 20 y Ever smoked 1.04 (0.92-1.19) .52 0.96 (0.78-1.19) .72 1.02 (0.91-1.14) .76

Current smokers 1.10 (0.81-1.49) .54 1.09 (0.79-1.49) .61 1.08 (0.87-1.34) .50

Age at initiation, per 10 y Ever smoked 1.06 (0.83-1.36) .64 1.13 (0.93-1.37) .22 1.13 (0.97-1.31) .11

Current smokers 0.93 (0.54-1.60) .79 1.43 (0.99-2.06) .05 1.16 (0.88-1.52) .30

Time since quitting, per 10 y Past smokers 0.90 (0.73-1.10) .30 1.03 (0.82-1.31) .78 0.97 (0.83-1.13) .67

Age at quitting, per 10 y Past smokers 1.17 (0.95-1.44) .15 0.97 (0.77-1.22) .77 1.06 (0.91-1.23) .45

Abbreviations: AMD, age-related macular degeneration; CI, confidence interval; OR, odds ratio.
aControlling for age (categorically), sex (when appropriate), and baseline AMD severity level.
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Table 4. Relationship Between Smoking Characteristics at Baseline and the 15-Year Cumulative Incidence of Exudative AMDa

Smoking History
Variable Subset

Men Women Both

OR
(95% CI)

P

Value
OR

(95% CI)
P

Value
OR

(95% CI)
P

Value

Past vs never smokers Not applicable 2.90 (0.73-11.43) .13 0.88 (0.43-1.81) .72 1.12 (0.62-2.01) .70

Current vs never smokers Not applicable 3.46 (0.61-19.53) .16 0.36 (0.10-1.31) .12 0.69 (0.27-1.76) .44

Intensity, packs/d Ever smoked 0.82 (0.43-1.57) .56 1.27 (0.54-3.01) .58 0.94 (0.58-1.54) .81

Current smokers 0.45 (0.02-12.31) .64 3.36 (0.42-26.67) .25 1.12 (0.16-7.84) .91

Duration, per 10 y Ever smoked 1.55 (1.01-2.36) .04 0.90 (0.63-1.28) .55 1.16 (0.90-1.50) .26

Current smokers 0.23 (0.05-1.03) .05 2.58 (0.21-32.22) .46 0.76 (0.34-1.70) .51

Pack-years, per 20 y Ever smoked 1.10 (0.82-1.47) .54 0.96 (0.65-1.42) .85 1.04 (0.83-1.31) .73

Current smokers 0.28 (0.04-2.05) .21 1.72 (0.77-3.85) .19 0.89 (0.37-2.14) .79

Age at initiation, per 10 y Ever smoked 0.82 (0.42-1.60) .56 1.18 (0.75-1.87) .48 1.03 (0.72-1.48) .86

Current smokers 3.84 (0.97-15.09) .05 0.58 (0.08-4.51) .61 1.42 (0.66-3.07) .37

Time since quitting, per 10 y Past smokers 0.60 (0.33-1.08) .09 0.97 (0.61-1.54) .91 0.78 (0.55-1.11) .17

Age at quitting, per 10 y Past smokers 1.87 (1.03-3.40) .04 1.08 (0.68-1.73) .74 1.38 (0.96-1.99) .08

Abbreviations: AMD, age-related macular degeneration; CI, confidence interval; OR, odds ratio.
aControlling for age (categorically), sex (when appropriate), and baseline AMD severity level.

Table 5. Relationship Between Smoking Characteristics at Baseline and the 15-Year Cumulative Incidence of Geographic Atrophya,b

Smoking History
Variable Subset

Men Women Both

OR
(95% CI)

P

Value
OR

(95% CI)
P

Value
OR

(95% CI)
P

Value

Past vs never smokers Not applicable 0.38 (0.12-1.24) .11 1.71 (0.69-4.24) .25 0.88 (0.41-1.88) .75

Current vs never smokers Not applicable 0.16 (0.02-1.62) .12 No events 0.18 (0.02-1.40) .10

Intensity, packs/d Ever smoked 0.99 (0.36-2.71) .99 3.59 (0.92-14.00) .07 1.19 (0.58-2.44) .64

Duration, per 10 y Ever smoked 1.32 (0.74-2.33) .34 1.05 (0.62-1.78) .87 1.13 (0.78-1.64) .51

Pack-years, per 20 y Ever smoked 1.06 (0.66-1.70) .82 1.25 (0.67-2.32) .48 1.03 (0.73-1.46) .86

Age at initiation, per 10 y Ever smoked 0.44 (0.12-1.66) .23 0.88 (0.46-1.68) .69 0.73 (0.40-1.33) .30

Time since quitting, per 10 y Past smokers 0.76 (0.37-1.60) .48 0.82 (0.40-1.69) .59 0.84 (0.51-1.39) .50

Age at quitting, per 10 y Past smokers 1.37 (0.66-2.88) .40 1.29 (0.62-2.67) .49 1.23 (0.74-2.03) .42

Abbreviations: CI, confidence interval; OR, odds ratio.
aThere was only 1 case of incident geographic atrophy among current smokers, prohibiting analysis of this outcome among current smokers.
bControlling for age (categorically), sex (when appropriate), and baseline age-related macular degeneration severity level.

Table 6. Relationship Between Smoking Characteristics at Baseline and the 15-Year Cumulative Progression of AMD
Along the 6-Level Beaver Dam Scalea

Smoking History
Variable Subset

Men Women Both

OR
(95% CI)

P

Value
OR

(95% CI)
P

Value
OR

(95% CI)
P

Value

Past vs never smokers Not applicable 1.29 (0.84-1.97) .24 0.97 (0.71-1.33) .86 1.03 (0.81-1.32) .81

Current vs never smokers Not applicable 2.19 (1.30-3.69) .003 1.13 (0.75-1.69) .57 1.43 (1.05-1.94) .02

Intensity, packs/d Ever smoked 0.91 (0.70-1.18) .47 1.15 (0.78-1.69) .48 0.96 (0.78-1.18) .68

Current smokers 0.85 (0.43-1.68) .64 1.22 (0.59-2.55) .59 1.07 (0.65-1.75) .79

Duration, per 10 y Ever smoked 1.25 (1.08-1.45) .002 0.96 (0.82-1.12) .61 1.10 (0.99-1.22) .08

Current smokers 0.88 (0.54-1.41) .59 0.71 (0.49-1.02) .06 0.82 (0.63-1.07) .14

Pack-years, per 20 y Ever smoked 1.06 (0.94-1.20) .36 1.05 (0.87-1.27) .59 1.05 (0.95-1.16) .37

Current smokers 0.93 (0.68-1.28) .66 1.05 (0.75-1.46) .78 1.02 (0.81-1.28) .85

Age at initiation, per 10 y Ever smoked 0.94 (0.74-1.20) .63 1.20 (0.99-1.46) .06 1.10 (0.95-1.28) .19

Current smokers 1.22 (0.76-1.94) .41 1.57 (1.09-2.25) .01 1.30 (1.00-1.69) .05

Time since quitting, per 10 y Past smokers 0.83 (0.68-1.02) .08 0.98 (0.77-1.25) .88 0.90 (0.77-1.05) .19

Age at quitting, per 10 y Past smokers 1.28 (1.04-1.58) .02 1.08 (0.85-1.37) .51 1.17 (1.00-1.37) .05

Abbreviations: AMD, age-related macular degeneration; CI, confidence interval; OR, odds ratio.
aControlling for age (categorically), sex (when appropriate), and baseline AMD severity level.
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CONCLUSIONS

Compared with never having smoked, current but not past
smoking at the baseline examination was associated with
an approximately 45% higher odds of developing early AMD
or AMD progression during 15 years of follow-up. There
was no relationship between smoking status and the 15-
year cumulative incidence of either exudative AMD or geo-
graphic atrophy, but because of small numbers, we can-
not rule out the possibility of an association. Exposure to
ETS in nonsmoking individuals was not associated with
the 5-year incidence of early AMD or progression of AMD.

The finding that smoking status is related to the in-
cidence of early AMD or AMD progression is consistent
with our earlier reported findings from the 10-year fol-
low-up and with data from other studies.14-16 It is con-
sistent with hypothesized biological mechanisms link-
ing smoking to the pathogenesis of AMD.17-23 As in our
previous report, we could not find an association be-
tween smoking status and incident signs of late AMD.
The lack of a strong relationship between smoking sta-
tus and incident signs of late AMD in our study is in con-
trast to data from some but not all epidemiological stud-
ies that have examined this association.5,6,15,16

There may be a number of reasons for not finding a
strong association between smoking and the cumula-
tive incidence of late AMD in the Beaver Dam cohort. First,
the lack of a relationship between smoking status and in-
cident signs of late AMD may be because of selective sur-
vival. While people with early AMD who smoked were
more likely to die or not participate at follow-up than non-
smokers with early AMD, AMD severity status at base-
line did not affect the relationship between smoking sta-
tus or pack-years smoked and participation or death,
making selective survival less likely of a reason for not
finding an association between smoking and AMD inci-
dence. Second, and more likely, is the limited power to
observe a relationship between smoking and incidence
of late AMD in people aged 65 years or older, as most
smokers begin to quit smoking at this age.4 It is possible
that most of those at risk for developing signs of late AMD
may have developed them at the time of the baseline ex-
amination, which is consistent with our finding of a cross-
sectional association.4 At baseline, there were only 44 cur-
rent smokers who returned for follow-up who were aged
65 years or older and had signs of early AMD in our study,
a group with the highest risk to progress to late AMD.
This number declined at each subsequent examination.
To overcome this limitation, in the past we have pooled
our data with those from other large populations and have
shown a statistically significant relationship between cur-
rent smoking and the 5-year incidence of pure geo-
graphic atrophy but not exudative AMD.15 Third, it is pos-
sible that other unmeasured factors—eg, inhalation,
filtration, nicotine levels, additives to cigarettes, and other
tobacco-related differences in cigarettes smoked, which
were not measured in our study—might, in part, ex-
plain differences in these associations found among other
smoking and AMD studies. Fourth, it is possible that
smoking may not increase the risk of progression of early
to late AMD in our population.

Few of the specific smoking characteristics studied pro-
vided further insights into the relationship between smok-
ing and the incidence or progression of AMD. Using the
traditional measures of pack-years smoked, no associa-
tion with progression of AMD in either current or former
smokers in the whole cohort was found. However, the
associations of older age at initiation in current female
smokers with incident early AMD and older age of quit-
ting in former male smokers with incident exudative AMD
suggest that age at smoking exposure may also be im-
portant in determining risk of AMD. However, use of such
historical information may be limited by lack of preci-
sion. In addition, these findings may be a result of chance
owing to multiple comparisons.

We found no relationship between exposure to ETS
and incidence or progression of AMD. This may be be-
cause of the relatively short interval of 5-year follow-up
with limited incidence and progression of AMD or the
imprecision of this past exposure. Decrease in ETS in the
population may also, in part, explain not finding an as-
sociation. There are no other population-based data, to
our knowledge, regarding the relationship between pas-
sive smoking and the incidence of AMD.

In summary, while controlling for other factors, smok-
ing appears to be related to the incidence and progres-
sion of AMD in our population. This has important health
care implications, because early AMD is associated with
an increase in the risk of developing late AMD and smok-
ing behavior is modifiable.
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From the Archives of the Archives

My colleagues and I use 000000 mild chromic sur-
gical gut in all cases of cataract surgery, both for the
corneoscleral wound and the conjunctival flap. With
loss of vitreous, it is necessary when using absorb-
able surgical sutures to make a surgeon’s knot, since
the suture becomes so slippery when covered with
vitreous that the ordinary square knot will not hold.

Reference: Fralick FB. 000000 Chromic absorb-
able surgical suture U. S. P. (surgical gut) in wound
closure after cataract extraction. Arch Ophthalmol.
1952;47:113
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