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Abstract — Medical research suggests benefits of vitamin Epkaunpentation in treatment or prevention of cardswdar
disease, inflammatory joint diseases and cancerafdigps of these benefits in a recently publishetdananalysis the
authors drew the conclusion that high dose suppitation may cause a slight increase in mortalityhef treated patients.
The purpose of the present paper is to re-anahgseadsociation of vitamin E supplementation andtafity. By means of
augmented data sources as well as additional melthgidal approaches the results of the above meedioneta analysis is
to be either confirmed or called into questiontia above mentioned meta analysis 19 clinicalstri@mprising a total of
135967 participants were included. The dosage#taifiin E supplementation ranged from 16.5 to 200 In the present
paper this data source was augmented and 10 addititals were included (2495 additional particifsareceiving vitamin
E doses from 136 to 5000 IU/d). Moreover in 2 & thiginally included trials updated results of tatity at longer periods
of follow-up were available. The present paper dselcontradictory results regarding the associatbrvitamin E
supplementation and mortality. Hierarchical logistegression analyses confirm the former resultsvsiy an increased
mortality of patients receiving high dose vitaminFurthermore a traditional methodological approatimeta-regression
was applied to the same data source. Contrary tiotheer result it showed that the increased madytalilds ratio in certain
trials is not due to the higher dose of vitaminupgementation. Rather it can be explained by adrighoportion of male
patients that were included in these trials congéoeother trials. The causal relationship of vitafa supplementation and
increased mortality is questionable. Different noelitiogical approaches of meta analysis yield cditttary results. Thus
none of these results can be regarded to supplyeese in a statistical sense. In particular higlsedeitamin E
supplementation can not be regarded proved toasereortality.

Key words: Vitamin E supplementation, all-cause taldy, meta analysis, meta regression, hierar¢hdgastic regression

dose vitamin E trials compared to untreated
INTRODUCTION patients was 39 per 10000 persons (95% ClI, 3 to

Medical research suggests beneficiaf4 Per 10000 persons, p=0.035). A dose-respone
effects of vitamin E supplementation inanalysis by means of a quadratic-inear spline
prevention of cardiovascular disease and cand@del showed a significant relationship between
as well as treatment of inflammatory jointvitamin E dosage and all-cause mortality, with
diseases and many others. Regardless of thédgreased risk of dosages greater than 150 1U/d.
benefits the authors of a recently published mefd!€ results obtained proved to be relatively
analysis draw the conclusion that high dosgl@ble under adjustment for covariates (gender
supplementation of vitamin E may cause a sligigistribution of trial participants, mean age,
increase in mortality of the treated patients (22§0mbination of vitamin E with other vitamins or
In hierarchical logistic regression analyses th@inerals, average period of follow-up), so biased
pooled all-cause mortality risk difference in high&ffect estimates due to confounding could be

ruled out.
Abbreviations:  IU/d, international units per daycl, The published results of Miller et al. (22)
confidence intervaldR, odds ratio have been discussed highly controversely in

circles of experts. Among the doubts that were
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addressed regarding its validity the mogstcommended to be formulated by means of a quadrati
important were the low general sanitary state §fear spline proposed by Greenland (11).

t trial tici t I their old | Theoretical aspects of the applied statistical
most tnal partcipants as well as their old age. approaches are outlined in the appendix (see belbafa

neither of all trials included in the meta analysignalyses of the present paper were performed Sk
all-cause mortality represented the primary engrsion 8.2 (SAS Institute, Cary, NC), HLM 6.0 (Stifin
point. Furthermore individual trials had highlySoftware International, Lincolnwood, lllinois), ai®PLUS

: : : : rsion 6.1 (Insightful, Seattle, Washington). afatistical
dlﬁer.ent sample SIZQS, S_O that a few single t,”a}/%alyses are intended to be exploratory. P-valuesnat
possibly exert a dominating influence on the fingherpreted in confirmatory sense. No adjustmend fo
result of the meta analysis. The observed largaultiplicity is performed, thus providing controlf dhe
heterogeneity of individual trial results may beomparisonwise type-I error rate rather than the
explained by confounding covariates noXPerimentwise error rate.
included in the model. Furthermore the definition
of high dosage vitamin E supplemenation RESULTS
(>400IU/d) assumedly was not specified prior to _ _
the statistical analysis. Rather it seems to be In alre-analy3|s ﬁf ;he data provllded by
chosen arbitrarily or data driven. Altogether thiiller et al. (22) overall the same results were
results obtained by Miller et al. (22) seem to b btained as reported by Miller et al. Therefore in

questionable and possibly can not be regard present paper only the augmented data base is
representative. reported.

The purpose of the present paper is to re- . _
analyse the association of vitamin gl raditional approaches of meta analysis
supplementation and mortality. By means of In a pure random effects model (Ib, see

augmented data sources as well as additiorffPendix) the overall mortality odds ratio of

methodological approaches the results of thAtamin E treatment compared to the control

published meta analysis are to be eithéf0up_pooled over all tials is OR=0.99

confirmed or called into question. (p=0.666). This means that the mortality of
vitamin E supplementation and control therapy
MATERIALS AND METHODS does not show any differences.

Table 2 shows the results of the categorical

In the meta analysis of Miller et al. (22) 19 ofiai doge-response model (Ic). In the first three model
trials comprising a total of 135967 participants reve Variants the cut-off values 200, 300, and 4001U/d
included, where information on vitamin E suppleragion are used respectively in order to distinguish
and all-cause mortality was available. The trideston  between high and low dose vitamin E treatment.
process is documented in Miller et al. (22). In fresent |4 the former two cases no significant effects of
paper this data source was augmented and 10 amditio_ . . .
trials were included (2495 additional participants)vItarnln E treat_ment are _d_eteCted’ whereas in the
Moreover in 2 of the originally included trials wged ~latter case patients receiving more than 400 IU/d
results of mortality at longer periods of follow-upere seem to show an increased risk of mortality
available. Including the additional trials dosagéwitamin compared to control patients. In order to perform
E supplementation ranged from 16.5 to 5000 IV/dIdd o g ngitivity analysis this result is checked an th
shows the data source underlying the statisticalyais of ) -
the present paper. basis of a reduced data base. In particular the

In order to perform the statistical evaluation aftem  MRC trial (13) shows by far the largest number
analytic data several methodological approaches h@en of participants among all high dose trials. So it

proposed in the literature. Comprehensive overviefs might be Suspected that the above result is driven
traditional approaches are presented in (24, 16, 31

including fixed effects models, random effects medmd en?'rely bY 'ghat'smgle trlal'domlnatlng all others
methods of meta regression of univariate effectsmess. 1 hiS suspicion is only partially proven true. leth
Beyond these traditional approaches in case of pinaMRC trial is removed from the data base, the
outcome variables hierarchical logistic regressinadels seeming effect of vitamin E treatment does not
can be gpplied alternatively (see 23). .In this cm change, although the p-value of high dose
outcome is modelled by means of a bivariate apjroiae. . . .
the mortality risk in different treatment groupsthin a treatment exceeds the 5% limit in this case. This
certain trial is modelled separately (but statwtic iS in contrast to Miller's statement. In further
dependent). In order to analyse the dose-responghalyses the categorical dose-response model (Ic)
relationship of vitamin E supplementation and mldgta is adjusted by covariates that possibly represent

both above basic approaches can either be forniulaye -
means of a categorical model or by a continuouseinadd confounders and bias the results. Among the

the first case a certain fixed cutpoint separatiigh and average period of follow-up (not reported), the
low dosages has to be determined. A continuous hisde mean age (not reported) and the gender
distribution of trial participants the latter
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represents a borderline significant covariatancreasing mortality risk. Patients are at risk of
(p=0.054). If the model is adjusted by thehigher mortality if vitamin E supplementation
percentage of male participants the above reseltceeds dosages of about 800 IU/d, as shown by
of a seeming harmful effect of high dose vitamithe pointwise confidence intervals in Figure 1.
E treatment compared to the control group iShis result is in line with the findings presented
disproved. In the adjusted model both low anly Miller et al. (22) qualitatively. On the other
high dose vitamin E supplementation ardéand it fundamentally contradicts the results of
estimated to have beneficial effects compared tbe traditional approaches reported above.

control treatment, ORuwpose vs. contror0.88
(p=0.002) and ORghpose vs. contrar0.96 (p=0.402).  °*]
Low Dose treatment significantly reduced the oo
risk of all-cause mortality. In trials with high .| °
dose supplementation a minor beneficial effe(t ’
compared to control treatment is found, possibl

a null-effect merely, as shown by the non:""
significant p-value.

[

use Mortality

Hierarchical Logistic Regression o
In a pure random effects model (lla) the
overall mortality odds ratio of vitamin E ‘ R - ‘
treatment compared to the control group poole 0o ooom s e e
over all trials is OR=1.01 (p=0.546).
Table 3 shows the results of the Categom_:na—‘gure 1. Hierarchical Logistic Regression, quadratic-linear
dose-response model (llb). The two models usin@se response model (lic), adjusted by mean age.
the cut-off dosages 200 or 300 IU/d of vitamin E
supplementation respectively yield no significant DISCUSSION
effect estimates as in case of the corresponding

traditional analyses. Using the cut-off value 400 The above results show that the statement
IU/d high dose treatment is associated with & iller et al. (22) about a possible harmful
borderline - significant  increase in  all-CaUsefect of high dose supplementation of vitamin E
mortality ~ (p=0.060) compared to controlig ot consistent. Traditional meta analytic
treatment. Interestingly and in contrast 10 thgodels and hierarchical logistic regression
traditional analyses (!) this result camt be 5nayses yield contradictory results. The
explained by confounding with covariatesyagitional approach finally does not indicate an
Among the average period of follow-up (NOlphanced mortality rate under high dose vitamin
reported), gende( dlstrlb_ut_lon (not reported) angd treatment compared to the control group. A
mean age of trial participants the mean ag&eming harmful effect of vitamin E doses above
proves significant (p=0.005). But in this case ingg y/d was identified not to be attributed
an adjusted model the harmful effect estimate @f;sa|ly to the vitamin E treatment. Instead of
high dose vitamin E treatment compared {0 tgjs it ‘proved to result from confounding and
control group is confirmed to be (borderline}cryally could be attributed to an unfavourable
significant (p=0.051). _gender distribution that exists in high dose
_ Table 4 shows the results of the quadratiGieaiment groups. The protective effect of low
linear spline model (lic). As in model (IIb) theyoge treatment indeed is reduced or even
mean age of trial participants proves a significatmoyed if the vitamin E dosage is enhanced, but
covariate (p=0.006). In the final adjusted mode}itamin E treatment still does not turn to be
both parameter estimategy, and yi are hamfyl. Along with increasing dosage the
significant (p=0.018 and p=0.010, respectively}notality risk of vitamin E treatment changes
This means that a significant association Gfom “petter” to “as good as” control treatment.
vitamin E dosage and all-cause mortality ighe hierarchical logistic regression approach
present. Figure 1 shows a graphicalpylied in categorical model variants using the
representation of the functional relation o ioff values 2001U/d or 300 1U/d in order to
vi_tamin E dosage and the all-cause mortality riskafine high dose vitamin E supplementation
difference between treatment and control groughows no significant treatment effects. Only

Increasing vitamin E dosage is associated with ing the cut-off value 400 1U/d small harmful
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Table 1.Data source underlying the meta analysis, fordifesources see references.

Nr. Study Year Vitamin E Vitamin E Control Follemp Mean age Men Type of  Source
dosage (IU/d) No. deaths Participants No. deatiarticipants (years) (years) (%)  Vitamin E (sdewp
@) AOX 1999 16.5 100 361 106 364 2.0 83.7 26 reditur  (a)
3 LINXIAN-A 1993 33.0 1018 14792 1109 14792 5.3 56 45 synth. (@)
(40) MAX 2004 33.0 76 6481 98 6536 7.2 48.0 50 synt  (b)
(2,34) ATBC 1994 50.0 1800 14564 1770 14569 6.1 .057 100  synth. @)
(17) LINXIAN-B 1993 60.0 157 1657 167 1661 6.0 54.0 44 synth. €))
(33) EHDS 1995 136.0 1 73 0 74 6.0 47.0 40 natural(c)
(29) ARMDS 1996 200.0 2 39 2 32 15 72.0 93 natural (c)
(38) LINQU 2001 200.0 38 1706 43 1705 3.3 47.0 51 ndef (@)
(8) ARTI 2002 200.0 3 164 5 164 1.2 73.0 50 synth. (c)
(21) VERTI 2004 200.0 39 311 44 306 1.0 85.0 27 tlsyn  (d)
(12) GISSI 1999 330.0 488 5666 529 5668 3.5 59.4 85synth. (@)
(6) PPP 2001 330.0 72 2231 68 2264 3.6 64.4 42  hsynt (a)
(39, 15) HOPE-TOO 2000 400.0 799 4761 801 4780 7.0 66.0 73 natural (b)
Q) AREDS 2001 400.0 251 2370 240 2387 6.3 68.0 44synth. €)
(35) 6STM1 2001 400.0 0 96 1 93 1.8 60.0 100  synth. (c)
(29) PRCP 1988 440.0 4 96 3 89 2.0 58.0 65 synth. ¢) (
(20) PPS 1990 440.0 15 433 29 431 4.0 61.0 79 aatur (a)
(37) LCVKO 2002 500.0 1 67 0 69 2.0 64.0 45 natural (c)
(20) VECAT 2004 500.0 20 595 11 598 4.0 66.0 44  ursdt (a)
(32,23) CHAOS 1996 600.0 68 1035 52 967 14 62.0 4 8 natural €)
(5) REACT 2002 660.0 9 149 3 148 3.0 66.0 41 synth. (a)
(13) MRC 2002 660.0 1446 10269 1389 10267 5.0 65.0 75 synth. (@)
4 SPACE 2000 800.0 31 97 29 99 1.4 65.0 69 nhatura(a)
(14) VEAPS 2001 800.0 1 79 1 67 3.0 53.0 87 natural(c)
(36) WAVE 2002 800.0 16 212 6 211 2.8 65.0 0 synth. (a)
(30) ADCS 1997 2000.0 19 170 22 171 2.0 73.0 35 thsyn (a)
(25, 18) DATATOP 1998 2000.0 154 399 142 401 13.0 2.06 66 synth. (b)
(26) ADCSII 2005 2000.0 5 257 5 259 3.0 72.9 54 @ind (d)
9 E/ALS 2004 5000.0 31 83 28 77 15 58.0 65 synth (d)

(a) Trial data was originally taken from Miller &t (22). (b) Information in Miller et al. (22) wa®rrected or updated on the basis of literatui@mnation. (c) Trials with <10 deaths that were
excluded in Miller et al. (22). (d) Recently publksi trials that were not included in Miller et @2)
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Table 2. Categorical dose-response model (Ic)

OR OR

Low Dose Vitamin E High Dose Vitantin
Model vs Control vs Control
(Ic), cut-off=2001U/d 0.95 (p=0.208) 1.02 (p467)
(Ic), cut-off=3001U/d 0.95 (p=0.144) 1.03 (p302)
(Ic), cut-off=4001U/d 0.95 (p=0.104) 1.05 (pS08)
(Ic), cut-off=4001U/d, MRC trial removed 0.95 (pHad7) 1.05 (p=0.156)
(Ic), cut-off=4001U/d, adjusted by pct male 0.88 =(Qp002) 0.96 (p=0.402)

(OR=1.00 per unit increase, p=0.054)

Table 3.Categorical dose-response model (lIb).

OR OR

Low Dose Vitamin E High Dose Vitantin
Model vs Control vs Control
(IIb), cut-off=2001U/d 0.99 (p=0.600) 1.02 (p3a5)
(Ilb), cut-off=3001U/d 0.99 (p=0.381) 1.02 (p281)
(Ilb), cut-off=4001U/d 0.98 (p=0.118) 1.04 (pH60)
(llb), cut-off=400IU/d, MRC trial removed 0.97 (pf®B2) 1.04 (p=0.220)
(IIb), cut-off=4001U/d, adjusted by mean age 0.96p={.057) 1.04 (p=0.051)
(OR=1.04 per unit increase, p=0.005)
Table 4.Quadratic-linear spline model (lic).
Model Y11 Y12
(llc), cut-off=4001U/d -0.022 (p=0.034) 0.004 =@ 019)

(llc), cut-off=4001U/d, MRC trial removed -0.025 £0.033) 0.005 (p=0.036)

(llc), cut-off=4001U/d, adjusted by mean age  -0.0§3-0.018) 0.006 (p=0.010)
(OR=1.04 per unit increase, p=0.006)
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effects of high dose treatment emerge. Dos€&omputation of this formula obviously turns out
response analyses also show a significanttp be problematic if any of the figures on the
increased mortality rate along with vitamin Eight hand side equals zero (number of deaths or
dosage compared to the control group. Thisumber of patients alive in the vitamin E or
relation can not be explained by confoundingontrol group). In order to avoid this problem
effects and thus potentially seems to be causal. and also to improve certain asymptotic properties
of further analyses it is recommended to simply
The reason for the fundamental contradiction @fdd the value 0.5 to each number on the right of
both above results could be the extremely smadhe above formula.
risk difference that possibly exists betweetn a second stage of model formulation the
vitamin E supplementation and control therapyparameter , is further modelled in several
The possible harmful effect of high dose vitamimifferent ways.
E treatment — if it exists at all — turns out to be

almost negligibly small. Such small differencegia) Bo = Voo (pure fixed effects model)

a][etltzrelevag}y 'Q zp'??r?'m?r?y' Thus on th? bas|§egardless of measurement error the true effect
0 € publisned tnais there 1S no re eva%izes[?so of each individual trial coincide totally

increase in all-cause mortality caused by vitamif 4 +7ve one common fixed valyg. In case of

E suppleme_ntatlon. High ~dose vitamin he present data the pure fixed effects model does
_supplementano_n can not be regarded proved Dt turn out to be appropriate. Obviously
increase mortality. individual trial results differ markedly and this
heterogeneity across individual trials is not

Appendix:  Theoretical aspects of the accounted for.

established meta analytic models

Traditional approaches of meta analysis (Ib) B =VYgot+ug with Var(ug)= T2c

In a traditional approach of meta analysis gure random effects model)
univariate outcome measure is applied in order to the pure random effects model additional to
describe the difference of two treatments witmeasurement error another source  of
respect to a determined end-point. In the presdmtterogeneity of individual trial result, is
case according to common recommendations tmsodelled. This is represented by the random
measure is chosen to be the log odds ratio In Q®mponent gwith Var(u)= 10>
of all-cause mortality of patients of the vitamin E

) ) _ L,
group compared to untreated patients. (Ic)p, = Yor T Lowpose* YorTrignpess™U oWith Var(u 9 =12

(categorical dose-response model)

B +r. (M

0 The random effects model (Ib) can be extended
by dropping the assumption of one single

In each individual trial the log OR is calculated?®mMmon expected valug, that holds for (the
by (I). The respective empirical estimates ariUe effects sizeg, of) each individual trial.
supposed to have a certain expected V&juEhe Instead of that depending on the administered
parametefp, represents the so-called true effecfitamin E dose in a certain trial two different
size within a certain trial. Empirical deviationk o @verage effect sizes are modelled. Low dose
these true effects are accounted for by means {p!S are assumed to show an average siz,of
an additional random component r in (). Th&vhereas in case of high dose trials a different
component r captures any kind of measuremef¥Pected valuey, holds. In order to formally
error that occurs in data collection. Given thgistinguish low and high dosages of vitamin E
expected valud, the variance of the empirical supplement_atlo_n different cut-off values may be
log OR estimate of a certain trial is assumed @PPlied, as is discussed below. _
be known. Theoretical results show that it can &l @bove variants of traditional meta analytic

INOR = In(OddS(Vlta min E)j _

Odds(Control)

estimated by model formulations (la)-(Ic) can be extended in a

way to account for covariates that possibly
X 1 1 1 1 explain heterogeneity across individual trial
VAR B ) ety #Ave(LE) #DeatsCay #Avecom)  TeSUlts. This is simply done by adding a

corresponding term of the respective covariate to
one of the equations (Ia)-(Ic).
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Parameter estimation in either of the formulate@Ib)
models is recommended to be done by restrict QH Yoo ]+[uoj it Var(uoj:[rg rmj
maximum likelihood methods (see 28). By o) \u

(categorical dose-response model)

V11U Lowpose * Y12 Highbos u) (1, T
Hierarchical Logistic Regression

Beyond the traditional meta analyticin (llb) the assumption of one single common
approach in case of binary end-pointgexpected value,, that holds for the vitamin E
hierarchical logistic regression models can beomponent of each individual trial is dropped.
applied alternatively. In this case in contrast tinstead of that depending on the administered
the above univariate effect measure In(OR)itamin E dose in a certain trial two different
corresponding to each single trial a bivariataverage effect sizes are modelled,in case of
effect measure is calculated instead, i.e. thew dosage ang,in case of high dose trials.
mortality risk of patients receiving vitamin E
treatment as well as of untreated patientglic)
respectively. Both levels of mortality risk within BO]
a certain trial are modelled separately by meang

- Yoo . (uoj
Y11 IN(DOS)+ 1, [IN(DOS)F = hygrposeTIN(DOS)- In@)F |\ uy

of a logistic regression approach: (quadratic-linear dose-response model)
p By for untreated patients (control group) In this case a continuous dose-response
1-p By +B for patients receiving vitamin E treatme  relationship is assumed, which is expressed in the

form of a quadratic-linear spline, that has been
=Bo *+B1 Dvit E-yes (1 proposed by Greenland (11). In case of low dose
trials up to a determined cut-off value c, the

) second component in (llc) reduces to
In this model the ternf, represents the average

“basic” mortality risk holding for each patient_Bl:Vllm”(DQS)J'Vlz[{ [(In(DOS)} + uy
regardless of which treatment group hée. a quadratic dose-response model. In case of
corresponds to. The ternf; represents an all dosages larger than c the function on average
additional component that is added in the abowifect size changes its shape and becomes
formula in case of patients of the vitamin Eﬁlz[\/n*lezD”(C)] EIn(DOS)—ylZD[In(c)f+ u,

group. It represents t_he possible change in basdg can be derived by simple analytic arguments.

mortality risk due to vitamin E treatment. This function corresponds to a linear relationship

of log-dosage on average effect sige One

of model tormultion h et ST (e & e oo e o

is further modelled as follows. merge both continuously as well as continuously
differentiable in mathematical sense. This kind of

(lla) [Boj:[\moj{uoj with Var(uoj:(TS ij a smooth link between both parts of the curve
Br) Vo) \Ug U) (1 T obviously represents a sensible fact that meets
(pure random effects model) biological behaviour in a realistic way. The

choice of a quadratic-linear spline model is
In the pure random effects model the basiotivated in Miller et al. (22). The authors argue
mortality risk B, as well as the additional that the lower quadratic term of the model was
component of vitamin E treatmemt show a selected tq allqw for nqnllnear responses at low
certain expected valugy or yi,, respectively. doses of vitamin E, while ensuring a nuII_effect
Both valuesyy, or vy, are identical for each trial, for 0_ dose level. The' upper term was restrlcteql to
i.e. in particular the size of the vitamin EP€ linear to avoid implausible shapes at high
component does not systematically depend on tHesages.

administered dosage of treatment. The tegnin As in case of the traditional meta analytic
the above formula allows for correlations@PProach the above hierarchical logistic models

between the effectf, and f; within a certain €an be extended with respect to adjustment for

trial, whereas observations coming from differerfovariates as well. In order to model systematic
trials are assumed to be stochasticalIpeteroge”e'ty between trials two different kinds

independent. of covariates have to be distinguished. Certain
covariates affect the basic mortality risk of all

= |nL
1-p
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patients of a trial regardless of the treatmem. (e. Var(p, - By)= GOVar§ oo ¥ 10 YOG with
common mean age of all treatment groups),

whereas others obviously affect the vitamin E . [ 99(Yog:Y10) 99(Y g0'Y 10
group exclusively (e.g. type of vitamin E, natural - Moo Cay 0 o
or synthetic). In the former case the model ! (YooY10)

component Bo=yostlUo iS amended by the Under certain mild regularity conditions the

covariate, covariates of the second kind amerived estimate of the risk difference is

inserted into the respective equation modellingsymptotically normal. Applying this result,

By significance tests and confidence intervals can be

Statistical analyses of all hierarchical logisticonstructed for the risk difference-m.

models are performed on the basis of population-

average models (see 28). Thus all effects are to

be interpreted to represent average values across

trials. Robust stgndarpl errors are computed in REFERENCES

order to provide insensitivity to model

mlss_peC|f|cat|qn. Pargm(_eter estimation is done tly Age-Related Eye Disease Study Research Group, A

restricted maximum likelihood methods. randomized, placebo-controlled, clinical trial dfyivdose

supplementation with vitamins C and E and beta eamt

After estimation of the parameteysin each of for age-related cataract and vision loss: AREDS ntepo.

the above models the derived estimates can gn?‘“’h"’es of OphthalmoP001,119. 1439-52.

transformed into common effect measures ip, The Alpha-Tocopherol, Beta ~Carotene  Cancer
o Prevention Study Group, The effect of vitamin E dada

order to compare the mortality risk between botkarotene on the incidence of lung cancer and athecers

treatment groups (odds ratio, risk ratio, riskn male smokersNew England Journal of Medicink994,

difference). This is done by applying the errog3% 1029-35.

. . Blot, W.J., Li, J.Y., Taylor, P.R., Guo, W., Daays
propagation law (delta method, see e.g. (2 . Wang, G.0.. Yang, C.S.. Zheng, S.F.. Gail, N.GLY..

chapter 6.a.2). The corre_sppnding calculationg, v Lju, B.q., Tangrea, J., Sun, Y.h., Liu, Fraumeni,
are to be shown exemplarily in case of the mosf.Jir., zhang, Y.H., Li, B., Nutrition interventigrials in

simple model (lla). Parameter estimation vi&inxian, China:  supplementation  with  specific

restricted maximum likelihood yieldsvnamln/mmeral combinations, cancer incidence, and
. . disease-specific mortality in the general popuratdmurnal

asymptotically normal e_St'mate@O and y1o a_S of the National Cancer Institute993,85: 1483-92.

well as the corresponding variance-covarianc€ Boaz, M., Smetana, S., Weinstein, T., Matas, Z.,

matrix Varfooyig).- According to the model Gafter, U, laina, A., Knecht, A., Weissgarten, Brunner,

formulation thus the expected mortality riskP- Fainaru, M., Green, M.S., Secondary preventioti
antioxidants of cardiovascular disease in endstagel

qmo'unts . . . disease (SPACE): randomised placebo-controlled fFiad
(i) in case of vitamin E treated patient§ ancet2000356 1213-8.
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