ots of fish

ver blood
irculation

ables and
es  Essent

orth DR.
rombosis,

parison of
le dose of
“lin Nutr

arcet Ph.
synthesis
. Thromb

rnstra G,
1-enriched
nentation.
7:419 21,
ation with
inolamine
:59-64.

irnover of
un blood

gradation
e of plas-
307 - 14.

e radical’

gestion of
of cellular
s. Lipids

E supple-
cgation in

| D. Lipid
yplementa-

suarini P,
fialdehyde
hyperlipi-
65,

Dlivieri O,
rythrocyte
hione-per-
0:121-31.
V, Custer
{ nitrogen
Acad Sci

- of lipids
Nutr Rev

A, Stamler
discase. N

i T. Com-
shing and
rs. J Nutr

ATHEROSCLEROSIS

E‘S I ER Atherosclerosis 147 (1999) 193-197

www.elsevier.com/locatejatherosclerosis

The effect of alpha-tocopherol and beta-carotene supplementation
on symptoms and progression of intermittent claudication in a
controlled trial

Markareetta E. Tornwall #*, Jarmo Virtamo #, Jari K. Haukka #, Antti Aro 2,
Demetrius Albanes ®, Jussi K. Huttunen #

* ATBC Study, Department of Nutrition, National Public Health Institute, Mannerheimintie 166, 00300 Helsinki, Finland
b The National Cancer Institute, Bethesda, MDD, USA

Received 25 August 1998; received in revised form 5 March 1999; accepted 21 April 1999

:Abstract

. We evaluated the effect of long-term supplementation with vitamin E (alpha-tocopherol) and beta-carotene on occurrence of
claudication symptoms and risk for peripheral vascular surgery among men with intermittent claudication. Subjects, 50— 69-year
‘,old male smokers, were participants in the Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study, who reported intermittent
claudication through a structured questionnaire (Rose) at study entry (n = 1484). They were randomly assigned to receive either
'50 mg/day of alpha-tocopherol, or 20 mg/day of beta-carotenc, or both, or placebo, in a 2 x 2 design. During follow-up,
claudication was evaluated by repeating use of the questionnaire once a year. Information on peripheral vascular surgery came
4rom the National Hospital Discharge Register. We observed no effect of alpha-tocopherol and beta-carotene supplementation on
‘¢laudication during a mean follow-up of 3.7 years. A slightly increased risk (odds ratio (OR) 1.60, 95% confidence interval (CI)
4:05-2.44) for vascular surgery was observed among beta-carotene supplemented men compared to those who did not receive
beta-carotene. Alpha-tocopherol supplementation had no effect. In conclusion, long-term supplementation with alpha-tocopherol
‘and beta-carotene showed no beneficial effect on symptoms and progression of intermittent claudication. © 1999 Elsevier Science
Jdreland Ltd. All rights reserved.

. i Keywords: Intermittent claudication; Alpha-tocopherol; Beta-carotene; Supplementation; Smoking

1. Introduction symptoms disappeared totally with a few months of

alpha-tocopherol supplementation [4,5]. The results
:: Intermittent claudication—calf-pain induced by exer- from the few .controlled, double-blind studies are, how-
:  tion—is a sign of peripheral atherosclerosis. In Europe ever, contradictory [6-9]. o
. and North America, prevalence of intermittent claudi- Alpha-tocopherol (a form of vitamin E) and beta-
. cation among middle-aged or older men has varied carotene are suggested to retard development of
. between 2.2 and 5.8% [1,2]. The prevalence of intermit- atherosclerosis by inhibiting oxidative modification of
. tent claudication increases with age and is higher low-density lipoprotein (LDL) [10]. In addition, alpha-
among smokers than non-smokers [3]. tocopherol has been reported to prevent oxidized LDL-
; Since the 1940s, large doses of vitamin E have been induced arterial dysfunction [11}. T.his .effect may be
. suggested to relieve symptoms of intermittent claudica- rr_ledlated through inhibition of protein kinase C activa-
tion. In those early studies (mainly clinical observa- tion [1.1]' o ‘
tions) the pain-free walking distance increased or Until now, the effect of antioxidant supplementation

on intermittent claudication has not been evaluated in
. % Corresponding author. Tel: +358-9-47448481: fax: +3s3.9. large clinical trials. We studied the effect of long-term
i 47448591 supplementation with alpha-tocopherol and beta-
: E-nail address: markareetta.tornwall@ktlfi (M.E. Térnwall) carotene on occurrence of claudication by means of

0021-9150/99/$ - scc front matter © 1999 Elsevier Science Ireland Ltd. All rights reserved.
PII: S0021-9150(99)00176-8
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annual interviews, and on the risk for vascular surgery
in those participants of the Alpha-Tocopherol, Beta-
Carotene Cancer Prevention (ATBC) Study who re-
ported symptoms of intermittent claudication at study
entry.

2. Methods

The ATBC Study was a randomized, double-blind,
placebo-controlled trial testing the possible cancer-pre-
ventive properties of alpha-tocopherol and beta-
carotene supplementation [12,13]. The participants were
recruited from among the total population of men
50-69 years old, living in southwestern Finland. En-
rollment took place in 1985 through 1988 and the
intervention continued until April 30, 1993. To be
eligible, participants at entry had to smoke at least five
cigarettes per day. Subjects with prior cancer, any
serious disease limiting long-term participation, or use
of anticoagulants, or vitamin E or A, or beta-carotene
supplements were excluded. A total of 29 133 men were
randomly assigned in blocks of eight into four interven-
tion groups: 50 mg of alpha-tocophero! (dl-alpha-toco-
pheryl acetate) daily, or 20 mg of beta-carotene daily,
or both, or placebo. The ATBC Study was approved by
the institutional review boards of the National Public
Health Institute, Finland and the National Cancer In-
stitute, USA. All subjects provided written informed
consent before randomization. A data and safety moni-
toring committee was convened twice annually
throughout the study to evaluate unblinded data rele-
vant to safety and efficacy.

At baseline, background characteristics such as medi-
cal, smoking, and dietary histories were collected
through questionnaires. Symptoms of intermittent clau-
dication and angina pectoris were discovered in an
interview with the Rose questionnaire [14]. Blood pres-
sure, height and weight were measured, and serum
sampled and stored at — 70°C. Serum total and high-
density lipoprotein (HDL) cholesterol were determined
enzymatically (CHOD-PAP method, Bochringer
Mannheim) [15]. HDL cholesterol was measured after
precipitation with dextran sulphate and magnesium
chloride {16].

The subjects of this study were the 1484 men who at-.

study entry had intermittent claudication. Claudication
was solely assessed by the Rose questionnaire. Intermit-
tent claudication was defined as pain in one or both
calves induced on exertion and relieved by resting 10
min or less. This definition includes typical intermittent
claudication, both severe (pain occurring even while
walking at an ordinary pace on level ground) and mild
(pain occurring while walking uphill or hurrying).
Each participant made a follow-up visit to his local
study center three times per year. Current smoking was

asked about at each visit. If a subject had not smoked
during two consecutive 4-month follow-up periods, he
was defined as having stopped smoking. At every fol-
low-up visit, men returned the packet with the remain-
ing study capsules and received a new supply. Overall
capsule compliance was estimated by dividing the num-
ber of capsules taken by the number of days in the trial,

The Rose questionnaire was used for a reinterview
once a year. Follow-up continued until peripheral vas-
cular surgery or until the last visit, when the subject
was reinterviewed. If a subject failed to enter the fol-
low-up visit at the final administration of the question-
naire, he was considered a drop-out.

Information on peripheral vascular surgery, such as
endarterectomy and an arterial bypass operation on the
lower extremities, served as another endpoint. Informa-
tion came from the National Hospital Discharge Regis-
ter. The first operation occurring during the trial was
considered in the analysis.

2.1. Statistical methods

The effect of alpha-tocopherol and beta-carotene
supplementation on occurrence of intermittent claudi-
cation during follow-up was analyzed by the logistic
regression GEE model for dependent data, which takes
into account the intraindividual correlation in repeated
measurements of claudication [17]. In the analysis, a
2 x 2-factorial design was used, meaning those who
received alpha-tocopherol were compared to those who
did not receive it, and those who received beta-carotene
were compared to those who did not. Baseline factors
considered as risks for intermittent claudication were
included in the model: age, years of smoking, number
of cigarettes smoked per day, body mass index (BMI),
consumption of alcohol, systolic and diastolic blood
pressure, total- and HDL-cholesterol (all continuous
variables), and baseline diabetes (dichotomous). Addi-
tionally we included in the GEE model cessation of
smoking as a time-dependent variable. Interaction be-
tween alpha-tocopherol and beta-carotene supplemen-
tation was tested by the Wald test. Similarly,
interaction was tested between the supplements and
baseline factors. We studied the effect of alpha-toco-
pherol and of beta-carotene on claudication separately
among those subjects who reported severe or mild
claudication at study entry. We also evaluated the effect
of supplementations on occurrence of different symp-
toms by the proportional odds mode! including subject
random effect, where severity of intermittent claudica-
tion was used as an ordinal response with three cate-
gories (none, or mild, or severe typical claudication)
[18].

Analysis of risk for peripheral vascular surgery was
by intention to treat. The effect of alpha-tocopherol
and beta-carotene supplementation on the risk for
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surgery was analyzed by the Cox proportional hazards
model. All risk ratios reported were calculated by
stratified study area. Interactions, as mentioned above,

~were tested by the likelihood ratio test.

The effect of occurrence of claudication on dropping
put was modelled by the Poisson regression. We ex-
¢luded the first follow-up year from the analysis, be-
cause intermittent claudication was not evaluated for

- the first time until 12 months after recruitment.

- 3. Results

The 1484 subjects were evenly distributed in the four

ntervention groups and all baseline factors were similar

among the groups (Table 1). At baseline, 49% of the
ibjects had severe and 51% mild intermittent claudica-

‘tion. Mean follow-up time with supplementation was

.7 years. Average capsule compliance was 91%. The

‘drop-out rate was 44%, including deaths. Risk for

ropping out was similar in all intervention groups, and

‘pceurrence of intermittent claudication did not affect

drop-out risk. Total mortality was 26% and was similar
1 all intervention groups.

‘Subjects reported at the annual interviews 2683 oc-
tirrences of symptoms of intermittent claudication dur-
g 5444 person-years. The annual prevalence of
ymptoms of claudication was about 48%. The crude
dds ratio (OR) for occurrence of intermittent claudica-
on by the GEE model was 0.97 (95% confidence
terval (CI) 0.81-1.15) among those who received
pha-tocopherol compared to those who did not, and
02 (95% CI 0.86 1.21) among those who received
¢ta-carotene compared to those who did not (Table 2).
hese odds ratios remained similar after adjustment for
aseline factors. No interaction was observed between
pha-tocopherol and beta-carotene supplementation in
eir effect on claudication (P = 0.71). Significant inter-

action was observed between beta-carotene supplemen-

Alpha-tocopherol and

tation and systolic blood pressure (P =10.004), and
number of cigarettes smoked daily (P =0.003) in their
effect on occurrence of claudication. With systolic
blood pressure below the median, the risk for claudica-
tion was 1.27 (95% CI 0.98 1.63) among subjects sup-
plemented with beta-carotene compared to those not
supplemented, whereas among those with median or
higher blood pressure, the risk was 0.78 (95% CI 0.60-
1.01). For those smoking < 20 cigarettes per day, risk
for claudication was 1.21 (95% CI 0.98-1.51); for those
smoking > 20 cigarettes it was 0.70 (95% CI 0.51-
0.97). The effect of alpha-tocopherol and beta-carotene
supplementation on occurrence of claudication did not
differ between men reporting severe or mild claudica-
tion at baseline. Neither did the supplementations affect
the severity of claudication (none, or mild, or severe
symptoms), as analyzed by the proportional odds
model. ,

Peripheral vascular surgery was performed on 101
(7%) subjects with mean follow-up time of 5.3 years
and 7849 person-years. A total of 29 men underwent
endarterectomy and 72 bypass grafting. Relative risk
for peripheral vascular surgery was 1.02 (95% CI 0.69-
1.51) among those who received alpha-tocopherol com-
pared to those who- did not, and 1.51 (95% CI
1.01 -2.26) among those who received beta-carotene
compared to those who did not (Table 3). Adjustment
for risk factors affected the results only slightly. Sub-
jects reporting mild intermittent claudication at baseline
and receiving beta-carotene had a significantly elevated
risk for surgery (OR 2.44, 95% CI 1.08-5.53) compared
to those who did not receive beta-carotene, whereas
beta-carotene did not increase the risk among those
reporting severe symptoms of claudication at baseline
(OR 1.15, 95% CI 0.72-1.83). No interaction occurred
between alpha-tocopherol and beta-carotene supple-
mentation in their effect on risk for surgery (P = 0.23),
nor any interaction between supplements and baseline
factors in their effect on risk for surgery.

* Median values compared by Kruskal Wallis test; no differences appeared.

10

“haracteristics Alpha-tocopherol, Beta-carotene, Placebo,
: n=344 beta-carotene, n = 390 n =377 n=2373
‘Age, years 60 60 60 60
Years of smoking, years 40 40 41 40
Number of cigarettes/day 20 20 20 20
+ 2 BMI, kg/m? 26 26 26 26
Alcohol intake, g/day 8.8 10.7 8.9 9.9
1 Systolic blood pressure, mmHg 144 146 146 144
i Diastolic blood pressure, mmHg 88 88 &8 88
% Total cholesterol, mmol/l 6.3 6.3 6.3 6.4
2 HDL-cholesterol, mmol/l 1.1 1.1 1.1 1.1
Diabetes at bascline, % 9 10 8
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Table 2

Odds ratios and 95% confidence intervals for occurrence of typical intermittent claudication by supplementation with cither alpha-tocopherol or i Re

beta-carotene®

No alpha-tocopherol, n = 750

Beta-carotene, n = 767

Odds ratio Alpha-tocopherol, n =734 No beta-carotene, n =717
Crude 0.97 (0.81-1.15) 1.00 1.02 (0.86 1.21) 1.00
Adjusted® 1.00 (0.83-1.20) 1.00

# Odds ratios calculated by logistic regression, GEE model.

® Adjusted for age, years of smoking, number of cigarettes smoked per day, BMI, mean daily intake of alcohol, systolic and diastolic blood

pressure, total and HDL-cholesterol, and diabetes at baseline.

During the follow-up, 19% of the subjects stopped
smoking—a figure similar for all intervention groups.
Cessation of smoking decreased subsequent risk for
occurrence of claudication, but not significantly (OR
0.82, 95% CI 0.67-1.01). No interaction appeared be-
tween supplementation groups and smoking-cessation
in their effect on claudication symptoms.

4, Discussion

This randomized, double-blind, placebo-controlled
study showed no effect of alpha-tocopherol and beta-
carotene supplementation on claudication symptoms as
evaluated by the Rose questionnaire. Our findings con-
tradict observations indicating beneficial effects of al-
pha-tocopherol on intermittent claudication [4,5].
However, prior evidence is only suggestive, and the few
controlled, double-blind studies have given inconsistent
results [6—9]. Major limitations of those studies were
small number of patients and supplementation lasting
only some months; thus for the time being, no recom-
mendation on vitamin E supplementation has been
given [19]. Our dose of alpha-tocopherol was about
one-tenth that used in those studies, but was adminis-
tered over a much longer period. Furthermore, our
result is consistent with our earlier finding of no pri-
mary preventive effect of alpha-tocopherol or of beta-
carotene supplementation on intermittent claudication
[20].

We evaluated, additionally, the effect of alpha-toco-
pherol and beta-carotene supplementation on risk for
peripheral vascular surgery. A significantly more ele-
vated risk appeared among those receiving beta-
carotene than among those who did not, but the
mechanism remains unknown. Beta-carotene has a ten-
dency to be incorporated into the atherosclerotic
plaque [21], but no data indicate how beta-carotene or
its metabolites might function there. Increased risk for
surgery was found only among those reporting at base-
line mild symptoms of claudication. If mild symptoms
indicate smooth, ‘active’ atherosclerotic plaques rather
than calcified ones, beta-carotene might be preferen-
tially incorporated into the former, making the
atheroma plaque more prone to rupture, leading to
acute thrombosis requiring emergency surgery.

1.00 (0.83-1.20) 1.00

Smoking is a major risk factor for intermittent clay-
dication; cessation of smoking relieves its symptoms
[22], and we indeed observed a slight, non-significant
reduction in risk for occurrence of symptoms among
those smokers who ceased. However, cessation did not
modify the effect of alpha-tocopherol and beta-carotene
on claudication.

Our definition of intermittent claudication was based
solely on the Rose questionnaire, which is designed for
large field surveys. The sensitivity and specificity of the
questionnaire are reported to be 60-92%, and 91-
100%, respectively {14,23]. We are unaware of the num-
ber of false-positive and false-negative cases, but based
on the Ediriburgh Artery Study, the number of false
positives can be assumed to be some 30% [24]. Our
study lacked objective measurement of symptoms such
as treadmill exercise testing, but in a large trial with
nearly 30000 participants it was not feasible to perform
such tests. The questionnaire did allow us to detect
changes in symptoms from severe to mild, in addition
to resolution of symptoms. In contrast, the other end-
point— peripheral vascular surgery—was based on reg-
ister data. In an evaluation performed in Finland, codes
for surgery from the Hospital Discharge Register
matched hospital records in 85% of cases [25]. In our
opinion, the register data thus can be considered valid
for purposes of analysis.

The number of dropouts was moderately high, as all
subjects had symptoms of atherosclerotic disease at the
beginning of this study. However, the drop-out rate was
similar in all intervention groups and occurrence of
claudication had no effect on drop-out risk.

In conclusion, we observed no benefit from alpha-to-
copherol or beta-carotene supplementation in regard to
occurrence of intermittent claudication, as evaluated by
a questionnaire among male smokers, whereas beta-
carotene supplementation slightly increased risk for |
peripheral vascular surgery. There is thus no reason to -
recommend supplementation with either substance. '
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Table 3

197

Relative risks and 95% confidence intervals for peripheral arterial surgery by supplementation with either alpha-tocopherol or beta-carotene®

Relative risk

Alpha-tocopherol, n =734 No alpha-tocopherol, n =750

Beta-carotene, n =767 No beta-carotene, n =717

Number of cascs 50 51
Crude 1.02 (0.69-1.51) 1.00
1.00

Adjusted”

0.88 (0.58 1.33)

6l 40
.51 (1.01-2.26) 1.00
1.60 (1.05-2.44) 1.00

* Relative risks calculated by Cox proportional hazards model and stratified by study area.

" Adjusted for age, ycars of smoking, number of cigarettes smoked per day, BMI, meuan daily intake of alcohol. systolic and diastolic blood

pressurc, total and HDL-cholesterol, and diabetes at bascline.

present study was supported by the Finnish Foundation

“for Cardiovascular Research and the Juho Vainio

‘oundation.

‘References

{11 Schroll M, Munck O. Estimation of peripheral arteriosclerotic
disease by ankle blood pressure measurements in a population
study of 60-year-old men and women. J Chron Dis 1981:34:261 -
9

2] Criqui MH, Fronek A, Barrett-Conner E, Klauber MR, Gabriel

S, Goodman D. The prevalence of peripheral arterial disease in
a defined population. Circulation 1985;71:510 5.
[3] Kannel WB, McGee DL. Update on some epidemiologic fea-
' tures of intermittent claudication: The Framingham Study. J Am
Geriatr Soc 1985;33:13- 8.

‘ 4] Shute EV, Vogelsang AB, Skelton FR, Shute WE. The influence

of vitamin E on vascular disease. Surg Gynecol Obstet

1948:86:1-8.

5] Ratcliffe AH. Vitamin E in intermittent claudication. Lancet

1949:2:1128 30.

- [6] Livingstone PD, Jones C. Treatment of intermittent claudication

with vitamin E. Lancet 1958:2:602 - 4,

217] Hamilton M, Wilson GM, Armitage P, Boyd JT. The trcatment

of intermittent claudication with vitamin E. Lancet 1953;1:367-
70.

:18] Williams HTG, Clein L], Macbeth RA. Alpha-tocopherol in the

treatment of intermittent claudication. Can Med Ass J
1962:87:538 41.

Westheim AS, Brox D, Selvaag OAW. D-alpha-tocopherol ved
claudicatio intermittents. Tidsskr Nor Laegerforen 1975,95:13
5.

Steinberg . Lewis A. Conner Memorial Lecture. Oxidative
modification of LDL and atherosclerosis.  Circulation
1997:95:1062--71.

Keaney JF Jr, Guo Y, Cunningham D, Shwaery GT, Xu A, Vita
JA. Vascular incorporation ol alpha-tocopherol prevents en-
dothelial dysfunction due to oxidized LDL by inhibiting protein
kinase C stimulation. J Clin Invest 1996;98:386-94.

The ATBC Cancer Prevention Study Group. The alpha-toco-

pherol, beta-carotene lung cancer prevention study: design.

methods, participant characteristics and compliance. Ann Epi-
demiol 1994:4:1-9.

{13} The Alpha-Tocopherol Beta Carotene Cancer Prevention Study
Group. The effect of vitamin E and beta carotene on the
incidence of lung cancer and other cancers in male smokers. N
Engl J Med 1994;330:1029-35.

[14] Rose GA. The diagnosis of ischaemic heart pain and intermittent
claudication in field surveys. Bull Who 1962;27:645-58.

[15] Kattermann R, Jaworek D, Mdller G, et al. Multicentre study of
a new enzymatic method of cholesterol determination. J Clin
Chem Clin Biochem 1984;22:245 51.

[16] Kostner GM. Enzymatic detcrmination of cholesterol in high-
density lipoprotein fractions prepared by polyanion precipita-
tion. Clin Chem 1976;22:695.

[17} Zeger SL, Liang KY. Longitudinal data analysis for discrete and
continuous outcomes. Biometrics 1986;42:121-30.

[18] McCullagh P, Nelder JA. Generalized linear models, 2nd ed.
London: Chapman and Hall, 1994,

[19] Kleijnen J, Mackerras D Vitamin E for treatment of intemittent
claudication. Cochranc Database Systematic Rev 19983,

{20} Tornwall ME, Virtamo J, Haukka JK, Aro A, Albanes D,

Edwards BK, Huttunen JK. Effect of alpha-tocopherol (vitamin

E) and beta-carotene supplementation on the incidence of inter-

mittent claudication among male smokers. Arterioscler Thromb

Vasc Biol 1997;17:3475-80 (Erratum, Arterioscler Thromb Vasc

Biol 1998:18:1197).

Prince MR, LaMuraglia GM, MacNichol EF Jr. Increased

preferential absorption in human athcrosclerotic plaque with

oral beta carotenc. Implications for laser endartercctomy. Circu-
lation 1988;78:338-44.

[22] Jonason T, Bergstrom R. Cessation of smoking in patients with

intermittent claudication: effects on the risk of peripheral vascu-

lar complications, myocardial infarction and mortality. Acta

Med Scan 1987;221:253--60.

Leng GC, Fowkes FGR. The Edinburgh claudication question-

naire: an improved version of the WHO/Rose questionnaire for

use in epidemiological surveys. J Clin Epidemio] 1992:45:1101 9.

] Fowkes FGR, Housley E, Cawood EHH, Macintyre CCA,

Ruckley CV, Prescott RJ. Edinburgh Artery Study: prevalence

of asymptomatic and symptomatic peripheral arterial disease in

the general population. Int J Epidemiol 1991:20:384-92.

Aro S, Koskinen R, Keskiméki I. Sairaalastapoistorekisterin

diagnoosi-, toimenpide- ja tapaturmatietojen luotettavuus.

Duodecim 1990;106:1443 50.

£21]

™o
[N

23]




