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OBJECTIVE — To examine the relationships of past and current physical activity to
the prevalence of PDR.

RESEARCH DESIGN AND METHODS— Individuals diagnosed with diabetes
<30 yr of age (n = 818), who were participants in the population-based Wisconsin
Epidemiologic Study of Diabetic Retinopathy, were examined during 1984-1986.
Stereoscopic fundus photographs were graded for presence of PDR. Physical activity
was assessed by an interviewer-administered standardized questionnaire.

RESULTS — Women diagnosed with diabetes < 14 yr of age who reported a history of
participation in team sports in high school or college were less likely to have PDR at
examination (OR 0.46, 95% CI 0.23,0.93). Those women who reported current stren-
uous activity levels were less likely to have PDR (OR 0.34, 95% CI 0.13,0.87). There
were no significant associations between past or current physical activity and PDR in
men. Current levels of energy expenditure were not related to PDR in either sex.

CONCLUSIONS— Higher levels of physical activity may be associated with a
reduced risk of having PDR in women. However, the lack of similar findings in men
suggests that physical activity may be a relatively unimportant factor in the etiology
of PDR.

PDR is a common complication af-
fecting people with diabetes. In the
Wisconsin Epidemiologic Study of

Diabetic Retinopathy, 67% of people di-

agnosed with diabetes when <30 yr of
age had developed PDR after >35 yr
duration of diabetes (1). Identification of
modifiable life-style factors associated
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with PDR might lead to new interven-
tions to prevent this vision-threatening
disorder.

Leisure-time physical activity is
associated with lower risks of mortality
arid cardiovascular disease morbidity in
nondiabetic people (2-4) and in people
with IDDM (5-8). However, there are
few data describing the relationship of
physical activity with the microvascular
complications of diabetes. One question-
naire survey of a cohort identified from a
hospital-based registry found no associ-
ation between history of participation in
team sports and history of laser treat-
ment or blindness in males (6). Recently,
this same group found no association
between historical physical activity dur-
ing the high school and college years and
PDR (8). We are unaware of any other
epidemiological studies addressing this
issue.

As part of the large population-
based Wisconsin Epidemiologic Study of
Diabetic Retinopathy, we ascertained re-
ported physical activity levels to deter-
mine whether past or current physical
activity was associated with the preva-
lence of PDR.

RESEARCH DESIGN AND
METHODS— The population and
methods have been described previously
(1,9,10). Briefly, a population-based
prevalence cohort of 10,135 people with
diabetes was identified during 1979-
1980 from an 11-county area in south-
em Wisconsin (Health Service Area 1). A
sample of 2990 individuals, including all
1210 who had been diagnosed with di-
abetes <30 yr of age and were taking
insulin, was asked to participate in the
examination phase. During 1980-1982,
82.3% of these younger-onset patients
participated in the baseline examination.
Four years later, 891 of 996 (89.5%)
younger-onset participants in the base-
line examination were seen for follow-up
examination, 64 (6.4%) had died, 12
(1.2%) had an interview only, 4 (0.4%)
could not be located, and 25 (2.5%) re-
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Table 1—Characteristics of study group at follow-up examination, 1984-1986

AGE (YR)

DURATION OF DIABETES (YR)

AGE AT DIAGNOSIS (YR)

HBAJ (%)

BODY MASS INDEX (KG/M2)

PDR (%)
PARTICIPATION IN TEAM SPORTS REPORTED (%)

N

408
408
408
395
382

MEN

MEAN ± SD

32.7 ± 1.13
17.3 ± 8.8
15.4 ± 7.4
10.0 ± 1.9
24.8 ± 3.4
31.4 (128)
65.7 (268)

N

410
410
410
389
395

WOMEN

MEAN ± SD

33.4 ± 11.5
18.9 ± 9.7*
14.5 ± 7.1
10.1 ± 1.9
25.0 ± 4.3
26.7 (109)
43.7 (179)t

Values in parentheses are n.
*P < 0.05.
W < 0.001.

fused. All analyses were confined to data
collected at the time of follow-up exam-
ination (1984-1986).

Participants underwent an exam-
ination, which included measurements
of height, weight, blood pressure with
the Hypertension Detection and Fol-
low-up Program protocol (11), and re-
fraction and best-corrected visual acuity
with the Early Treatment of Diabetic Ret-
inopathy protocol modified for a dis-
tance of 2 m (12). GHb level was deter-
mined with a resin microcolumn
technique (13). Stereoscopic color fun-
dus photographs of seven standard fields
were taken of each eye. These photo-
graphs were graded in a masked fashion
for the presence and severity of retinop-
athy with a modification of the Airlie
House Classification scheme (14,15).

For this study, individuals were
classified as PDR if they were rated as
level ^60 in at least one eye. This level
consists of fibrous proliferations, new
vessels, vitreous or preretinal hemor-
rhage, or scars of photocoagulation ei-
ther in scatter or confluent patches, pre-
sumably directed at new vessels.

For each eye, visual acuity was
recorded as the number of letters read
correctly from 0 (< 20/200) to 70 (20/
10). For analyses, participants were
grouped into those without visual im-
pairment based on visual acuity in the
better eye (better than 20/40; 2:41 letters

correct) and those with visual impair-
ment (20/40 or worse; 40 or fewer letters
correct).

A medical history interview was
conducted by trained examiners (n = 6)
during which people (n = 818) who had
completed at least a ninth-grade educa-
tion were asked: "Do (did) you partici-
pate in team sports in high school or
college?" The 73 subjects with less than a
ninth grade education were not asked
this question. Estimates of current activ-
ity patterns were also obtained. Partici-
pants were asked whether they partici-
pated, at least once a week, in a regular
activity such as brisk walking, jogging, or
bicycling long enough to work up a
sweat; whether they participated in
sports or recreation in the past week or
in the past year; how many blocks they
walked each day; how many flights of
stairs they climbed each day; and to rate
their activity at home, work, or school as
sedentary, moderate, or strenuous. Par-
ticipants with leg amputations (n = 14)
were excluded from analyses of current
activity.

The Harvard Alumni Activity
Survey (2) was administered to a random
sample of the cohort (n = 404), who
were selected for a genetic marker study
(16). This questionnaire ascertains lei-
sure time sports activities (type, fre-
quency, and amount of time spent in
each activity) in the past week and the

past year to allow for seasonal variation.
Kilocalories of energy expenditure per
week from light, medium, and hard
sports activities were combined with the
energy expenditure from flights of stairs
climbed and blocks walked to arrive at a
measure of average energy expenditure
in kilocalories per week. This measure of
physical activity was transformed with
the square root before statistical analysis.

For this study, participants were
considered to have other complications if
they had proteinuria at exam (urine pro-
tein concn >30 mg/dl by Labstix) or
reported a history of myocardial infarc-
tion, stroke, angina, renal transplant, re-
nal dialysis, toe amputation(s), numb-
ness, tingling, or loss of sensation in
hands or feet; decreased temperature
sensitivity; leg-hair loss; or sores or ul-
cers on feet or ankles.

We used \ 2 statistics and the
Mantel-Haenszel test of trend (17) to test
the significance of differences in the dis-
tribution of PDR by physical activity
measures. Student's t tests were com-
puted to compare continuous variables
between people with and without a pos-
itive history of participation in team
sports. Logistic regression models were
used to examine the odds of having PDR
associated with a level of physical activ-
ity. All analyses were conducted with
SAS (18,19).

RESULTS— The characteristics of the
study group at the follow-up examina-
tion in 1984-86 are presented in Table
1. The duration of diabetes was slightly
longer in women than in men. Women
were less likely to report participating in
team sports than men (P < 0.001).

PDR and historical physical
activity
Given the young age of the study sub-
jects, some were reporting history of past
participation in team sports, whereas
others may have been reporting current
participation. To evaluate the association
of past physical activity with PDR, sub-
jects <23 yr of age or who reported still
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Table 2—Prevalence of proliferative retinopathy by history of participation in team sports in high school or college, age at diagnosis,
and sex

PARTICIPATED IN TEAM SPORTS

YES

No

<

MALES

(N = 124)

%

57.5
49.0

P =

N

42

25

0.35

14

FEMALES

(N = 154)

%

30.8
48.3

P =

N

20
43

0.029

AGE AT DIAGNOSIS (YR)

14-29

MALES

(N = 197)

% N

27.5 38
25.4 15

P = 0.76

FEMALES

(N = 183)

% N

22.9 19
21.0 21

P = 0.76

TOTAL

MALES

(N = 321)

%

37.9
36.4

P =

N

80
40

0.79

FEMALES

(N = 337)

% N

26.4 39
33.9 64

P = 0.14

being in school were excluded from
these analyses of history of participation
in team sports (n = 160).

Table 2 shows the prevalence of
PDR by history of participation in team
sports by sex. There were no significant
associations overall for either men or
women. However, some subjects were
diagnosed with diabetes before high
school, whereas others were diagnosed
during or after these school years. There-
fore, we stratified on age at diagnosis to
examine the association of history of
team sports with PDR in both groups.

Women diagnosed with diabetes
before high school (age at diagnosis < 14
yr of age) who later participated in team
sports in high school or college were less
likely to have PDR at the time of the
examination (P < 0.029) (Table 2).
There were no significant associations in
men or women diagnosed after 14 yr of
age.

In a logistic regression model
with age and duration of diabetes as co-
variates, women diagnosed when < 14 yr
of age who then participated in team
sports in high school or college were less
likely to have PDR at follow-up than
those who did not play team sports (OR
0.46, 95% CI 0.23,0.93). There were no
significant associations between team
sports and PDR in men or women diag-
nosed between 14 and 29 yr of age.

PDR and current activity
The relationships of current physical ac-
tivity measures and PDR were examined
in younger-onset participants (n = 804).
People with amputations were excluded
from analyses (n = 14). Table 3 presents
the prevalence of PDR by current activity
and sex. Women who considered them-
selves to have moderate or strenuous ac-
tivity levels were less likely to have PDR
than sedentary individuals (P = 0.002).
The pattern was similar for men, al-
though not statistically significant
(P = 0.07). For both men and women,
people who reported participation in
regular activity long enough to work up
a sweat, sports in the past week, or sports
in the past year were less likely to have
PDR than those not participating in these
activities. The prevalence of PDR also
was lower among those climbing more
flights of stairs per day. In women, the
prevalence of PDR was lower among
those walking more blocks per day.

For a subset of subjects, estimates
of current energy expenditure, as mea-
sured by the Harvard Alumni Activity
Survey (2), were available. In both
men and women, there was a lower
prevalence of PDR in subjects with
higher quintiles of energy expenditure
(P < 0.001 for men and P = 0.06 for
women).

After adjusting for the effects of

age, duration of diabetes, and the pres-
ence of other complications in logistic
regression models (Table 4), we found
that women who rated their activity as
strenuous were less likely to have PDR
than sedentary women (OR 0.34,
P = 0.02). There were no statistically
significant associations between current
physical activity and PDR in men. Cur-
rent energy expenditure, as measured by
the Harvard Alumni Activity Survey (2),
was no longer associated with the prev-
alence of PDR after adjusting for the con-
founding effects of age and duration and
presence of other diabetes complications.

In this study, 28.6% (n = 30) of
women with PDR had visual impairment
compared with 2.6% (n = 8) of people
without PDR (P < 0.001). To control for
the potential confounding effects of vi-
sual impairment, we restricted the anal-
ysis to those with normal vision. Self-
rated level of physical activity continued
to be associated with the prevalence of
PDR in women (OR 0.33, 95% CI 0.11,
0.95; strenuous vs. sedentary, P = 0.04).

CONCLUSIONS— In this popula-
tion-based study, women who were di-
agnosed with diabetes < 14 yr of age and
subsequently participated in team sports
in high school or college, were less likely
to have PDR at the time of the Wisconsin
Epidemiologic Study of Diabetic Reti-
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Table 3—Prevalence of PDR by current activity measures and sex

ACTIVITY AT HOME, WORK, OR SCHOOL

SEDENTARY

MODERATE

STRENUOUS

SWEAT AcnviTYt

YES

No
SPORTS IN PAST WEEK

YES

No
SPORTS IN PAST YEAR

YES

No
BLOCKS WALKED/DAY

0-1
2-5
6-11
12-17
>18

FLIGHTS OF STAIRS/DAY

0-1
2-4
5-9
>10

KlLOCALORlES/WK*

QUINT1LE

1§
2§

3§

4§

5§

MEN

PDR (%)

38.9
27.6
26.3

25.2
38.2

23.0
35.3

25.5
49.3

49.1
24.7
17.8
29.2
31.9

41.7
29.0
28.0
22.2

48.8
34.2
26.8
22.0
14.6

(N =

N

35
63
21

64
55

40
79

83
36

28
20
13
19
37

40
29
26
24

20
14
11
9
6

398)

P

0.07*

0.006

0.008

<0.001

0.30*

0.004*

<0.001*

WOMEN

PDR (%)

38.6
22.6
15.8

20.5
33.3

20.1
29.7

21.9
35.3

38.8
23.9
18.3
23.9
17.5

32.4
30.1
18.2
19.5

36.8
37.5
20.0
20.5
19.5

(N =

N

39
60

6

48
57

32
73

62
43

38
26
11
16
11

36
37
16
16

14
11
8
8
8

406)

P

0.001*

0.004

0.03

0.005

0.004*

0.01*

0.06*

Test of trend.
t"At least once a week did you panicipate in regular activity akin to brisk walking, jogging, bicycling, etc.,
long enough to work up a sweat?"
fThese data were collected on subset of study population (see METHODS) and only available for 205 men
and 198 women.
§Quintiles correspond to the following levels of energy expenditure: men (1 = <625, 2 = 625-1413,
3 = 1414-2124, 4 = 2125-3515, 5 = >3516 kcal/wk); women (1 = <279, 2 = 279-609, 3 = 610-
1094, 4 = 1095-2060, 5 = >2061 kcal/wk).

nopathy examination. Among all women
diagnosed with diabetes when <30 yr of
age, those who considered themselves to
have strenuous levels of physical activity
at home, work, or school were less likely
to have PDR compared with sedentary
women. These two findings suggest that
physical activity may be associated with a
decreased risk of PDR in women.

Physical activity may reduce the
risk of PDR through its effects on blood
pressure (20) and high-density lipopro-
tein cholesterol (4,21), factors also asso-
ciated with retinopathy (22,23). Alterna-
tively, our findings may be the result of
bias. Girls with diabetes who were in
poorer control, had early complications,
or less healthy life-styles may have been

less likely to participate in team sports.
Women who maintained more active
life-styles at follow-up may be less likely
to have retinopathy because of other un-
measured factors.

The failure to find a relationship
in men between historical physical activ-
ity and PDR is consistent with previous
studies (6-8,24). However, the reasons
for the positive association in women in
our study, but not in Pittsburgh, is not
clear. It is possible that this difference
may be attributable to the larger sample
size or older age distribution of our pop-
ulation.

Although history of participation
in team sports during school years is a
crude marker of physical activity levels,
in our study (data not shown) and an-
other study from Pittsburgh (6), partici-
pants in team sports had higher levels of
energy expenditure at follow-up, as mea-
sured by the Harvard Alumni Activity
Survey (2), than nonparticipants. In the
recent report by Kriska et al. (8) subjects
who reported participating in team
sports in school also reported higher lev-
els of energy expenditure during those
years as measured by a historical activity
questionnaire. These data suggest that
this simple question may differentiate
children with higher levels of physical
activity from sedentary children.

Although we found significant
univariate associations in both sexes with
most of the measures of current activity,
these relationships were no longer signif-
icant after adjusting for the confounding
effects of age, duration of diabetes, and
the presence of other complications.
These data suggest that decreased levels
of physical activity in subjects with PDR
may be due to physical limitations im-
posed by comorbid conditions associated
with the presence of PDR.

Although we do not find consis-
tent associations between measures of
current physical activity and PDR, par-
ticipation in sports, activities leading to
sweating, and the Harvard Alumni Sur-
vey focus primarily on leisure activities
and may not accurately reflect total en-
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Table 4—Adjusted OR for relationships of current activity measures and PDR by sex

ACTIVITY AT HOME, WORK, OR SCHOOL

(STRENUOUS VS. SEDENTARY)

SWEAT (YES/NO)

SPORTS IN PAST WEEK (YES/NO)

SPORTS IN PAST YEAR (YES/NO)

BLOCKS WALKED/DAY (12 BLOCKS)

FLIGHTS OF STAIRS CLIMBED/DAY (10 FLIGHTS)

KlLOCALORIES/WK (1000 KCAL)

OR

0.86

0.72
0.71
0.68
1.06
0.79
0.65

MEN

95%
CONFIDENCE

INTERVAL

0.37,1.98

0.41,1.24
0.41,1.22
0.34,1.36
0.92,1.22
0.53,1.19
0.36,1.18

OR

0.34t

0.62
0.71
0.80
0.83
1.01
0.91

WOMEN

95%
CONFIDENCE

INTERVAL

0.13,0.87

0.37,1.07
0.41,1.21
0.46,1.38
0.62,1.12
0.87,1.36
0.44,1.89

* Adjusted for age, duration, and other complications.
tP < 0.05.

ergy expenditure. Work-related activity
may be an important contributor to total
energy expenditure in some populations
(25). Our self-rated scale of physical ac-
tivity at home, work, or school may be a
better indicator of total energy expendi-
ture than these measures of leisure activ-
ity.

Our failure to find significant re-
lationships between physical activity and
PDR in men may suggest that there are
sex differences in the effects of physical
activity in subjects with diabetes, per-
haps due to hormonal influences. Alter-
natively, our measures of activity may be
better at differentiating the very active
from the sedentary in women than in
men.

The lack of consistency across sex
suggests that physical activity may be a
relatively unimportant factor in deter-
mining who develops PDR. However, it
is important to note that this large study
found no evidence that physical activity
may be detrimental to people with dia-
betes. Our study and those from Pitts-
burgh (6-8,24) found no adverse asso-
ciations between physical activity and
PDR. Instead, there is evidence that
physical activity may be associated with a
reduced risk of many of the complica-
tions of diabetes. Longitudinal studies
with activity measures are needed to ad-

dress the temporal relationships between
physical activity and diabetic complica-
tions and to further examine sex differ-
ences in these associations.

Acknowledgments—This work was sup-
ported by National Eye Institute Grant EY-
03083 to R.K.

References

1. Klein R, Klein BEK, Moss SE, Davis MD,
DeMets DL: The Wisconsin Epidemio-
logic Study of Diabetic Retinopathy: II.
Prevalence and risk of diabetic retinopa-
thy when age at diagnosis is less than 30
years. Arch Ophthalmol 102:520-26,
1984

2. Paffenbarger RS Jr, Wing AL, Hyde RT:
Physical activity as an index of heart at-
tack risk in college alumni. Am J Epide-
miol 108:161-75, 1978

3. Kaplan GA, Seeman TE, Cohen RD,
Knudsen LP, Guralnik J: Mortality
among the elderly in the Alameda county
study behavioral and demographic risk
factors. Am J Public Health 77:307-12,
1987

4. Leon AS, Connett J, Jacobs DRJr, Rau-
ramaa R: Leisure-time physical activity
levels and risk of coronary heart disease
and death: the multiple risk factor inter-
vention trial. JAMA 258:2388-95, 1987

5. Chazan BI, Balodimos MC, Ryan JR, Mar-
ble A: Twenty-five to forty-five years of
diabetes with and without vascular com-
plications. Diabetologia 6:565-69, 1970

6. LaPorte RE, Dorman JS, Tajima N,
Cruickshanks KJ, Orchard TJ, Cavender
DE, Becker DJ, Drash AL: Pittsburgh In-
sulin-Dependent Diabetes Mellitus Mor-
bidity and Mortality Study: physical ac-
tivity and diabetic complications.
Pediatrics 78:1027-33, 1986

7. Dorman JS, Tajima N, LaPorte RE,
Becker DJ, Cruickshanks KJ, Wagener
DK, Orchard TJ, Drash AL: The Pitts-
burgh Insulin-Dependent Diabetes Mel-
litus (IDDM) Morbidity and Mortality
Study: case-control analyses of risk fac-
tors for mortality. Diabetes Care 8 (Suppl.
D.54-60, 1985

8. Kriska AM, LaPorte RE, Patrick SL,
Kuller LH, Orchard TJ: The association
of physical activity and diabetic compli-
cations in individuals with insulin-
dependent diabetes mellitus: the epi-
demiology of diabetes complications
study—VII. J Clin Epidemiol 44:1207-14,
1991

9. Klein R, Klein BEK, Moss SE, DeMets DL,
Kaufman I, Voss PS: Prevalence of diabe-
tes mellitus in southern Wisconsin. Am]
Epidemiol 119:54-61, 1984

10. Klein R, Klein BEK, Moss SE, Davis MD,
DeMets DL: The Wisconsin Epidemio-
logic Study of Diabetic Retinopathy. LX.'
Four-year incidence and progression of
diabetic retinopathy when age at diagno-
sis is less than 30 years. Arch Ophthalmol
107:237-43, 1989

11. Hypertension Detection and Follow-up
Program Cooperative Group: The hyper-
tension detection and follow-up pro-
gram. Prev Med 5:207-15, 1976

12. Early Treatment Diabetic Retinopathy
Study: Manual of Operations. Baltimore,
MD, Dept. of Epidemiology and Preven-
tive Medicine, Univ. of Maryland School
of Medicine, chapt. 12 and 18, 1985
(U.S. Dept of Commerce, National Tech-
nical Information Service, Springfield,
VA, accession #PB85223006/AS)

13. Isolab: Quick-Step, Fast Hemoglobin Test

System. Akron, OH, Isolab, 1981, p. 1-8
14. Diabetic Retinopathy Study Research

Group: VII. A modification of the Airlie

DIABETES CARE, VOLUME 15, NUMBER 10, OCTOBER 1992 1271

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/15/10/1267/440912/15-10-1267.pdf by guest on 10 April 2024



Physical activity and proliferative retinopathy

House classification of diabetic retinopa-
thy. Invest Ophthalmol Visual Sci 21:210—

26, 1981
15. Klein BEK, Davis MD, Segal P, LongJA,

Harris WA, Haug GA, Magli Y, Syrjala S:
Diabetic retinopathy: assessment of se-
verity and progression. Ophthalmology
91:10-17, 1984

16. Cruickshanks KJ, Vadheim CM, Moss
SE, Roth M-P, Riley WJ, Maclaren NK,
Langfield D, Sparkes RS, Klein R, Rotter
Jl: Genetic marker associations with pro-
liferative retinopathy in persons diag-
nosed with diabetes prior to 30 years of
age. Diabetes. 41:879-85, 1992

17. Mantel N: Chi-square tests with one de-
gree of freedom: extensions of the Man-
tel-Haenszel procedure. J Am Stat Assoc
58:690-700, 1963

18. SAS User's Guide: Statistics. Version 5 Edi-
tion. Cary, NC, SAS Inst., 1985

19. SAS User's Guide: SUGl Supplemental Li-
brary User's Guide. Version 5 Edition.
Cary, NC, SAS Inst., 1986

20. Jennings GL, Deakin G, Dewar E, Laufer
E, Nelson L: Exercise, cardiovascular dis-
ease and blood pressure. Clin Exp Hyper-
tens Al 1:1035-52, 1989

21. Folsom AR, Caspersen CJ, Taylor HL,
Jacobs DRJr, Luepker RV, Gomez-Marin
O, Gillum RF, Blackburn H: Leisure time
physical activity and its relationship to
coronary risk factors in a population-
based sample. Am] Epidemiol 121:570-
79, 1985

22. Klein R, Klein BEK, Moss SE, Davis MD,
DeMets DL: Is blood pressure a predictor
of the incidence or progression of dia-
betic retinopathy? Arch Intern Med 149:
2427-32, 1989

23. Klein BEK, Moss SE, Klein R, Surawicz

TS: The Wisconsin Epidemiologic Study
of Diabetic Retinopathy. XIII. Relation-
ship of serum cholesterol to retinopathy
and hard exudate. Ophthalmology 98:
1261-65, 1991

24. Orchard TJ, Dorman JS, Maser RE,
Becker DJ, Ellis D, LaPorte RE, Kuller
LH, Wolfson SK Jr, Drash AL: Factors
associated with avoidance of severe
complications after 25 yr of IDDM: Pitts-
burgh Epidemiology of Diabetes Com-
plications Study I. Diabetes Care 13:741-
47, 1990

25. Mayer EJ, Alderman BW, Regensteiner
JG, Marshall JA, Haskell WL, Baxter J,
Hamman RF: Physical-activity-assess-
ment measures compared in a biethnic
rural population: the San Luis Valley Di-
abetes Study. Am] Clin Nutr 53:812-20,
1991

1272 DIABETES CARE, VOLUME 15, NUMBER 10, OCTOBER 1992

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/15/10/1267/440912/15-10-1267.pdf by guest on 10 April 2024


