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Oral Contraceptive Use and Cardiovascular Disease: 
Is the Relationship Real or Due to Study Bias?
David A. Katerndahl, MD, MA; Janet P. Realini, M D; and Peter A. Cohen, PhD
San Antonio, Texas, and Augusta, Georgia

Background. Epidemiologic studies link oral contracep
tive use with several cardiovascular events, but the liter
ature is difficult to summarize, and potential biases re
main poorly addressed. This study uses meta-analysis to 
summarize study results and to analyze the influence o f 
study characteristics, including susceptibility to bias, on 
study outcome.
M ethods. Forty-seven case-control and cohort studies 
o f  oral contraceptives and four cardiovascular events 
were coded for relative risk (R R ) and study character
istics, including adherence to 14 bias-control standards. 
Key RRs were pooled to summarize findings for each 
disease type. Univariate determinants o f the magnitude 
o f the relative risks were identified, and partial correla
tion analysis was performed for each disease type. 
Results. Relative risks were significantly greater than 
1.0 for venous thromboembolism (R R  =  2.8, C l = 
2.4 to 3 .2), stroke (R R  = 1.8, C l = 1.6 to 2 .0), and 
myocardial infarction (R R  =  1.6, C l = 1.4 to 1.8), 
but not for death due to any cardiovascular cause

(R R  = 1.0, C l = 0.8 to 1.3). Study characteristics 
were diverse, and potential biases were frequently un
controlled. For three o f  ten study characteristics identi
fied as independently influencing relative risk, method
ologically stronger studies o f venous thromboembolism 
tended to have higher RRs. The R Rs for stroke and 
myocardial infarction were lower in studies that were 
methodologically stronger with regard to variables 
identified as important. In studies o f  cardiovascular 
death, bias-control standards identified as important 
were generally well addressed by the studies.
Conclusions. Oral contraceptive use does not appear to 
increase overall cardiovascular mortality. The associa
tions noted with stroke and myocardial infarction may 
be due to mcthodologic flaws in the studies, while the 
association with venous thromboembolism is more 
likely to be valid.
Key words. Meta-analysis; contraceptives, oral; cardio
vascular diseases; research design. / Fam  Pract 1992; 
35:147-157.

Numerous epidemiologic studies o f the relationship be
tween the use o f oral contraceptives and cardiovascular 
disease have been published. Although several reviews o f 
this vast literature have been published,1-4 it is difficult to 
summarize and compare study findings. Different studies 
examine different disease types (eg, venous thromboem
bolism, stroke, myocardial infarction, overall cardiovas
cular mortality), disease subtypes (eg, subarachnoid hem
orrhage and thrombotic stroke), patient populations, and 
controls. In addition, studies differ in their study type 
(case-control vs cohort), in the exclusions used to define 
the groups o f women compared, and in their susccpti-
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bility to potential sources o f bias. It is thus difficult for a 
critical reader to digest all o f  these studies and come to a 
meaningful understanding o f  what is known about oral 
contraceptives and cardiovascular diseases.

It has been generally accepted in the medical com
munity that oral contraceptives arc associated with some 
cardiovascular diseases. One review and evaluation o f the 
literature, however, noted that important potential biases 
remain unaddressed by epidemiologic studies.5 Specifi
cally, bias in the detection o f cardiovascular events may 
have influenced nearly all case-control and cohort studies 
o f oral contraceptives and cardiovascular diseases. Sel
dom do the epidemiologic studies ensure equal suscepti
bility to cardiovascular disease among patients in the 
control and study groups. In addition, bias in the method 
o f obtaining the patient’s history o f  oral contraceptive 
use is an unresolved issue for most o f the case-control 
studies.5

Using meta-analysis adds a quantitative dimension
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to the assessment o f  a body o f  literature.6- 12 Meta-anal
ysis is ordinarily used to synthesize results from several 
studies. In addition, through systematic evaluation o f the 
characteristics o f studies, meta-analysis can identify de
terminants o f  the magnitude o f  the relative risk o f a set o f 
studies. In this way, meta-analysis can help explain con
flicting results in the literature. Some researchers believe 
meta-analysis will revolutionize how medical researchers 
assess several sets o f  research data.13

The purpose o f  the meta-analysis undertaken for this 
paper was to summarize the epidemiologic literature on 
oral contraceptive use and cardiovascular disease, and to 
investigate whether characteristics o f the methods used in 
the study might affect the relative risk found. Because 
bias is such a common problem in even the largest and 
best-designed studies, we evaluated each study’s adher
ence to standards for avoiding potential bias as described 
by Fcinstcin and Horwitz.14-18 We were specifically in
terested in whether the susceptibility o f a study to po
tential bias might affect the degree o f association found 
between oral contraceptive use and cardiovascular events. 
We examined case-control and cohort studies o f oral 
contraceptive use as it related to four types o f cardiovas
cular events: venous thromboembolism, stroke, myocar
dial infarction, and death due to any cardiovascular cause. 
The meta-analysis reported herein was the first to evalu
ate this body o f literature and the first to attempt to 
quantify the impact o f bias on outcome.

Methods

Data Acquisition

Potential English-language case-control and cohort stud
ies for inclusion were identified through a m e d l i n e  

computer search (1960 through 1989), a Dissertations 
Abstracts computer search (1960 through 1987), a Uni
versity Microfilms search, references from articles, verbal 
and written communications with investigators, and 
written communication with pharmaceutical companies 
that manufacture oral contraceptives. The term oral con
traceptive, the various hormonal classes and specific 
agents, and cardiovascular disease and mortality, myocardial 
infarction , cerebrovascular accident, subarachnoid hemor
rhage, pulnumary embolism , thrombosis, phlebitis, and 
thrombophlebitis were used in the computer searches. The 
published literature included 280 potential articles rep
resenting 201 studies. In addition, after review o f ab
stracts from 1207 citations from Dissertations Abstracts 
and University Microfilms, copies o f four dissertations 
were obtained as potentially relevant studies.

To be considered for inclusion, the study had to use

women on oral contraceptives and deal with deep venous 
thrombosis, stroke, myocardial infarction, or death from 
all cardiovascular causes. Studies were excluded if  there 
was no documentation o f  the presence o f a control group 
or o f direct oral contraceptive exposure. The findings o f 
a study, ic, the relative risk, were not considered in the 
decision about inclusion. None o f the four dissertations 
were deemed appropriate for inclusion. O f the 201 po
tential published studies, 47  appropriate studies were 
identified and selected for inclusion in the meta-analysis 
(sec Appendix).*

Data Extraction

Studies were assessed by two independent reviewers 
(D.A.K. and J.P .R .) using a standardized coding sheet. 
The major outcome variable was relative risk (R R ), di
rectly measured by cohort studies and estimated by case- 
control studies. The variables investigated arc listed in 
Table 1. The reviewers independently rated each study’s 
compliance with standards designed to avoid bias in 
epidemiologic studies (Table 2 ) .20-21 Control o f bias was 
rated ”0” if the standard for evaluation was not met, and 
“2” if it was met. A “ 1” was assigned if it was unclear 
whether the standard had been met or if little or no bias 
was likely.5 When ratings differed, a consensus rating was 
negotiated.

Because this assessment was subjective, interrater 
agreement was measured using percent agreement and 
kappa22 statistics. Interratcr agreement for coding was 
generally good. O f the 14 standards coded, five had 
kappas greater than 0.75 (excellent agreement), two had 
kappas between 0 .60 and 0 .74  (good agreement), and 
three had kappas between 0 .40  and 0 .59  (fair agree
ment).23 Two o f the remaining four standards, predeter
mined selection and equal clinical susceptibility, had kap
pas that were statistically significant ( k = 0 .384 , P  = 
.0006, and k  = 0.359, P  = .0409, respectively). The 
other two standards over which there was poor agree
ment, defined exposure and representativeness, were not 
met in any o f the studies. This low rate could lead to 
falsely low kappa levels. Correction using Y statistics24 
showed that kappas increased for both standards, reach
ing 0.4 in the case o f representativeness. Although kappa 
increased to 0.3 with calculation o f the Y statistic for 
defined exposure, this still suggests poor agreement. 
However, in 96.7%  o f the studies assessed, the raters 
were within one category o f each other, which we de
fined as “near agreement.”

M  reference list o f  excluded studies is available from the corresponding author upon
request.
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Table 1. Variables Investigated

Relative risk 
Relative risk 
Standard error 
Adjustment o f relative risk

Predisposing characteristics 
Smoking status 
Operative status
Other predisposition to the disease under study 

Cardiovascular disease
Tvpe (eg, venous thromboembolism, stroke, myocardial infarction, 

cardiovascular death)
Subgroups (eg, subarachnoid hemorrhage, cerebral embolism) 
Method o f diagnosis (eg, clinical, autopsy)
Fatal vs nonfatal

Demographics o f sample 
Minimum and maximum age 
Education level (median years)
Race (percent white)
Socioeconomic status 
Geographic location
Practice site (eg, hospital, family planning clinic)

Study characteristics 
Type (eg, case-control, cohort)
Matching o f controls
Origin o f controls (eg, inpatient, community)
Sample size 
Statistical power 
Duration of follow-up 
Dropout or exclusion rate 
Control o f bias (See Table 2)

Pill characteristics
Type o f use (eg, past use, current use)
Progestin content 
Estrogen content

Publication characteristics
Journal type (eg, general medical journal, cardiology journal)
Country o f journal origin
Year o f publication
Journal impact19
Journal immediacy19

To avoid the effect o f  nonindcpcndcncc o f multiple 
RRs per study, one key R R  per disease type per study 
was selected as most representative for summary pur
poses. Relative risks preferred for selection as key RRs 
were those that represented all o f  the age groups studied, 
current use o f oral contraceptives, the diagnoses closest 
to the disease category o f  interest, nonpredisposed pa
tients, the most comparable control group available, and 
statistical adjustment. As with all o f  the variables as
sessed, when the reviewers did not agree completely, a 
consensus was negotiated.

When standard errors for RRs were not reported, 
W oolfs method was used to calculate standard error.25 
Relative risks having at least one cell with a frequency of 
0 were calculated by adding 0.5 to each cell as recom

mended bv Feinstcin.26 Studies w ith any cell containing 
less than five subjects were defined as “small.”2'

Statistical pow er was calculated using the formulas 
o f Schlesselman.28 In this calculation, the incidences of 
disease in the nonexposed population were based on the 
Royal College o f  General Practitioners studies,2̂ 30 and 
the prevalence o f oral contraceptive exposure was based 
on the 1982 Ortho Birth Control Study and the 1982 
National Surv ey o f Family Growth.31 For the purpose o f 
calculating power, the minimum R R  considered impor
tant was 2.0.

Data Analysis

Key RRs were pooled to summarize findings for each 
disease tvpc using the natural logarithms of the relative 
risk (LnR R ). Weighted means were also calculated using 
methods described by Greenland.27

In an attempt to identify which study characteristics 
were significant in determining the magnitude of the 
R R , univariate statistics were performed. For each dis
ease type, the natural logarithm o f each key and nonkey 
relative risk (LnRR) was compared with each study char
acteristic using t tests, analyses o f variance (ANOVAs), 
and Pearson (for interval or ratio variables) or Spearman 
(for ordinal variables) correlations, seeking a P  £  .05. 
Once univariate analysis had identified potential key 
characteristics, the effects o f interactions between charac
teristics needed to be removed. Although regression anal
ysis would be preferable for development o f  such predic
tive models, the small numbers o f  R Rs per disease type, 
as well as the large numbers o f missing values expected 
when using both case-control and cohort studies, made 
regression analysis inappropriate. Instead, partial corre
lation analysis was performed for each disease type using 
three data sets: case-control studies alone, cohort studies 
alone, and both case-control and cohort studies. At each 
step, the variable with the strongest correlation was in
cluded in the model and its effect apportioned out o f the 
remaining variables. This procedure was continued until 
all variables were cither eliminated because o f lack o f 
significant correlation (P  >  .05) or were added to the 
model.

Results
Table 3 summarizes important characteristics for each 
disease type. In general, study characteristics were diverse 
within all four disease categories. Studies varied widely in 
sample size and duration of follow-up, but few studies 
were small, by our definition. Information about race, 
education, socioeconomic status, smoking, and operative
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1 able 2. Control of Biases: Definitions and Interrater Agreement

Case-Control Studies Cohort Studies

Predetermined selection o f cases ----------
and controls

The method for including 
subjects should be clearly stated 
and determined before the study 
is performed.

Definition o f oral contraceptive ----------
exposure

Exposure should be defined 
precisely before the study is 
performed.

Unbiased data collection ----------
Interviewers who collect the 
data should be blinded both to 
the study hypothesis and to the 
patients’ classification as cases or 
controls.

Equivalent patient recall ----------
Because exposure data based on 
patient interviews are subject to 
bias from patients’ memories, 
physician’s records or other 
confirmation of exposure should 
be used.

Interrater

No. of 
Studies

Agreement (%) 
Complete Near K Z P  Value

30 56.7 96.7 0.384 3.24 .0006

30 60 96.7 0.216 1.21 .1131

30 80 96.7 0.654 4.19 0.000013

30 90 100 0.781 3.92 .000048

Exclusions unlikely to create bias 
Exclusions should be equally 
applied to cases and controls 
and should not constrain the 
sample to unrepresentative 
subjects.

Equal diagnostic examination 
In order to exclude “silent” 
cardiovascular events, controls 
should undergo the same- 
diagnostic procedures and 
examination as the cases.

30

Equal diagnostic examination 47
Because the cardiovascular 
events under study may be 
“silent” or misdiagnosed, 
exposed and unexposed women 
should undergo the same- 
diagnostic procedures and 
examinations.

63.3 96.7 0.412 2.89 .0019

93.6 93.6 0.793 3.63 .00015

Equal medical surveillance 
Exposed and unexposed women 
in the population should 
undergo similar medical 
observation so that they are 
equally likely to be detected as 
cases.

Ec]ual demographic susceptibility 
Cases and controls should be 
comparable with regard to age, 
parity, marital status, and 
socioeconomic status; 
adjustments should be made for 
noted differences.

Equal medical surveillance
Exposed and unexposed women 
in the cohorts should undergo 
similar medical observation so 
that they are equally likely to be 
detected as having the 
cardiovascular event in question.

Equal demographic susceptibility 
Exposed and unexposed cohorts 
should be comparable with 
regard to age, parity, marital 
status, and socioeconomic 
status; adjustments should be 
made for noted differences.

47  97.9 97.9 0.850 2.36 .0091

47 74.5 97.9 0.542 4 .16 .000013
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Table 2. (continued)

Case-Control Studies Cohort Studies
No. of 
Studies

Interrater 
Agreement (%)

Complete Near K Z P  Value
Equal clinical susceptibility 

Cases and controls should be 
comparable with regard to 
clinical factors known to affect 
the risk o f developing the 
cardiovascular disease in 
question; appropriate 
adjustments should be made for 
noted differences.

Equal clinical susceptibilitv
Exposed and unexposed groups 
should be comparable with 
regard to clinical factors known 
to affect the risk o f developing 
the cardiovascular disease in 
question; appropriate 
adjustments should be made for 
noted differences.

47 78.7 89.4 0.359 1.74 .0409

Avoidance o f Berkson’s 
(hospitalization) bias 

Both cases and controls should 
be derived from a community 
source rather than from 
hospitalized women.

30 96.7 96.7 0.925 4.64 .000002

Adherence monitored
Systematic follow-up o f the 
cohorts should monitor any 
changes in oral contraceptive 
use.

17 76.5 88.2 0.577 2.67 .0038

Dropouts analyzed
Dropout rates o f exposed and 
unexposed women should be
low; if loss to follow-up is high, 
exposed and unexposed 
dropouts should have similar 
risks for the target disease.

17 88.2 94.1 0.744 2.83 .0023

Population representative 
The population from which the 
subjects are derived should be 
comparable to the population of 
US women with regard to 
susceptibility to cardiovascular 
disease.

17 82.4 100 0.301 0.72 .2358

Inception cohort
Subjects should be included in 
the study from the beginning of 
their exposure to oral 
contraceptives.

17 100 100 1.0 1.46 .0721

status was often not specified. The disease subgroups 
included in the venous thromboembolism and stroke 
studies were varied; those o f  myocardial infarction and 
cardiovascular death were more uniform. The method o f 
diagnosis was most commonly mixed, ic, various combi
nations o f  clinical and laboratory criteria, or unspecified. 
Seldom was confirmation o f the diagnosis by radiologic 
or nuclear imaging required. Study subjects often in
cluded women with known predispositions to cardiovas
cular disease, and some studies gave no information 
about predisposing factors. Little information was avail
able about the estrogen and progestin contents o f the 
oral contraceptives taken by the study participants.

As Table 3 demonstrates, the results o f  the assess
ment o f control o f  biases are disappointing. The criteria 
designed to prevent bias in the detection o f  cardiovascu
lar events (equal diagnostic examination and equal med
ical surveillance) were seldom met. No case-control study 
adequately defined exposure, nor did any cohort study 
assure representativeness o f the subjects.

Figure 1 summarizes the overall RRs for the out
come data, both uncorrcctcd and corrected for differ
ences in study standard errors. The weighted R R  for 
venous thromboembolism is 2.8 (C l = 2 .4  to 3.2), for 
cerebrovascular accident, 1.8 (C l = 1.6 to 2 .0), for 
myocardial infarction, 1.6 (C l = 1 . 4  to 1.8), and for
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Table 3. Summary of Study Characteristics for Each Disease Type

Study Characteristics

Total number o f relative risks 
Study type (% cohort)
Study size (% small study)
Adjustment o f relative risk (% matched)
Fatality (% fatal cases only)
Matching o f controls (% matched)
Socioeconomic status 

Lower class (%)
Middle class (%)

Geographic location (% based in the United States) 
Practice site (% inpatient)
Dropout/cxclusion rate (x %)
Oral contraceptive use (% current users) 
Predisposition to CV disease (% nonpredisposed) 
Minimum age, y (x + SD)
Maximum age, y (x + SD)
Statistical power, % (x + SD)
Method o f diagnosis (% o f studies)

Clinical
Radiologic
Mixed
Unspecified
Other

Journal type (% general medical journal) 
Publication site (% American journals)

Control of bias (% standard met)
Predetermined selection 
Defined exposure 
Unbiased collection 
Equivalent recall 
Exclusions unlikely 
Equal examination 
Equal surveillance 
Equal demographics 
Equal clinical susceptibility 
Berkson’s bias avoided 
Adherence monitored 
Dropouts analyzed 
Representativeness 
Inception cohort

Venous
Thromboembolism 

(n = 24)
Stroke 

(n = 20)

Myocardial 
Infarction 
(n = 24)

Cardiovascular
Mortality
(n = 8)

80 95 91 29
58 40 38 88

8 23 19 0
38 40 58 75

4 20 21 100
39 40 46 25

8 10 8 25
17 20 17 38
42 35 51 51
50 40 33 0
49 49 46 18
88 75 83 50
33 30 21 0

17.3 + 3.6 18.5 + 6.0 21.4 + 7.1 19 + 5.4
46.3 + 5.2 47.1 + 6.5 49.3 + 7.3 52.4 + 9.2

74.6 + 25.3 59.3 + 34.5 70.7 + 27.8 99.7 + 0.8

4 5 4 13
13 — 4 —
38 65 54 63
46 25 33 25
____ 5 4 —
42 50 46 50
39 35 33 25

10 33 20 0
0 0 0 0

10 0 13 0
10 25 33 0
70 58 40 0

8 15 13 0
13 0 0 0
33 25 17 63
13 5 17 13
20 42 40 100
29 25 22 14
21 0 0 0

0 0 0 0
7 13 11 14

cardiovascular mortality, 1.0 (C l = 0.8 to 1.3). Except 
for cardiovascular mortality, the overall risks were signif
icantly greater than 1.0 for each disease type. Summariz
ing P  values for the key RRs using Stouffcr’s Z  tech
nique,33 we found significant overall P  values for venous 
thromboembolism (Z = —12.33, P <  .0001), stroke 
(Z = —7.93, P <  .0001), and myocardial infarction 
(Z = - 7 .4 4 ,  P  <  .0001), but not for cardiovascular 
mortality (Z =  0 .72, P =  .47).

Table 4 presents the partial correlation analyses for 
each disease type for variables in case-control studies 
only, cohort studies only, and all studies. These analyses 
demonstrate the variables that independently contribute 
to the RR. In general, there were more significant dif
ferences and correlations with venous thromboembolism 
than with the other disease types. Variables showing a

significant relationship in one disease type often failed to 
demonstrate a relationship in the other disease types. 
Failure to meet standards for control o f  bias was signif
icantly related to the R R  in some cases. O f note is that, 
although almost no study adequately defined exposure or 
analyzed the effect o f dropouts, failure to control these 
potential biases showed significant relationships with R R  
for certain disease types.

For venous thromboembolism, 10 study character
istics were important. Cohort studies had lower RRs 
than did case-control studies. Statistical power and per
centage o f white subjects were inversely related to R R  for 
all studies, while studying unspecified or all socioeco
nomic classes predicted higher R R . Current use o f oral 
contraceptives, lower maximum age o f subjects, and be
ing a small study were related to the magnitude o f the
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VTE

CVA

Ml

CV
Mortality

* * *

3 4 5
Relative Risk

I I Unweighted

I i Weighted

I

t
Mean

------95%------
Confidence

Interval

§ P > -05

*  p £ .0005

* *  p £ .00005 

* * *  pS .000001

Table 4. Results o f Partial Correlational Analysis*

All Case-Control Cohort
Variable Studies Studies Studies

Venous thromboembolism
Cohort study type —0 .3 9 t — —
Small study 
Socioeconomic status 
Geography (China-Others-

0 .5 5 t
0.514

0.34§
Puerto Rieo-Australia) 

Race (% white)
OC use (past, ever,

-0 .4 3 4
0 .5 3 t

-0 .4 3 4

current)
Maximum age -0 .4 2 4
Statistical power 
Duration o f follow-up of

-0 .6 3 1
0.704

nonexposed 
Adherence monitored 0.544

Stroke
Defined exposure - 0 .4 9 f —
Berkson’s bias avoided —0.31 §

Myocardial infarction
0.31||Dropout/cxclusion rate 0.344

Berkson’s bias avoided -0 .2 8 §

Cardiovascular mortality
0.591Dropout/cxclusion rate 

Equal demographics 0.47§

‘ Initial Pearson correlation coefficient presented. 
fV  s  .001; tV  s  .01; $ P s  .05; ||P s  .005

Figure 1. Summary of relative risks for venous thromboembo
lism (V TE), cerebrovascular accident (CVA), myocardial inf
arction (M I), and cardiovascular (CV) mortality.

R R  in case-control studies ot venous thromboembolism. 
Among the cohort studies o f venous thromboembolism, 
R R  was inversely related to the percentage o f white- 
subjects, and directly related to the duration o f follow-up 
o f nonexposed women, geographic location, and ade
quate monitoring o f adherence.

Few variables independently contributed to the RR 
for disease types other than venous thromboembolism. 
The R R  o f stroke was inversely related to the definition 
o f exposure and avoidance of Berkson’s (hospitalization) 
bias. In myocardial infarction studies, R R  depended on 
the dropout or exclusion rate. In addition, avoidance of 
Berkson’s bias tended to lower the RR. In studies of 
cardiovascular mortality, R R  was related to dropout or 
exclusion rate in all studies and ensured equal demo
graphic susceptibility in cohort subjects.

Concern arises in the assessment of R R  in venous 
thromboembolism because monitoring of adherence is 
important, yet adequate monitoring was done in only 
29%  o f studies. Similarly, in stroke studies, definition of 
exposure appears to be important, but that standard was 
not met in any study.

Because few studies specified the estrogen and prog

estin content o f the oral contraceptives used, this analysis 
was unable to adequately examine the relationships be
tween the type o f oral contraceptives taken and the 
incidence o f cardiovascular disease. Analysis of the data 
available on the relationship between progestin content 
and R R  tailed to identify any significant pattern. Only for 
venous thromboembolism was estrogen content associ
ated with R R ; however, there was no definitive dose- 
related pattern to this relationship.

Discussion
The meta-analysis described in this paper documents 
agreement within the literature that significant relation
ships exist between oral contraceptive use and venous 
thromboembolism, stroke, and myocardial infarction. 
This meta-analysis also shows that, according to the 
literature, no relationship has been found between oral 
contraceptive use and overall cardiovascular mortality, 
despite good statistical power.

The problem with accepting the validity o f the rela
tionships observed between contraceptive use and 
venous thromboembolism, stroke, and myocardial infarc
tion is that serious methodologic flaws existed within 
most o f the studies. The method of diagnosis was rarely 
definitive. Although the diagnosis o f myocardial infarc-
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tion is adequately made using a combination o f clinical, 
electrocardiographic, and laboratory (enzyme) data, the 
accurate diagnosis o f  venous thromboembolism, stroke, 
and death due to a cardiovascular cause often require ra
diologic or nuclear imaging. For venous thromboembo
lism, in particular, the sensitivity and specificitv o f accurate 
diagnosis by clinical examination arc exceedingly poor.

Important standards for preventing bias were rarely 
met. Specifically, studies were almost always subject to 
bias in the detection o f cardiovascular disease, ic, they 
failed to ensure equal diagnostic examination and equal 
medical surveillance. None o f the case-control studies 
adequately defined exposure, and none o f the cohort 
studies adequately demonstrated the representativeness 
o f the population used. Most o f the other standards for 
prevention o f  bias were seldom met as well.

I f  the associations found in the literature between 
oral contraceptive use and the various cardiovascular 
diseases were due to bias, then one would expect control 
o f  potentially important biases to be negatively correlated 
with the magnitude o f the RR. We found, however, only 
a few significant relationships between susceptibility to 
bias and RR. We also anticipated that more definitive 
methods o f  diagnosis would correlate with lower levels o f 
R R  if bias was the reason for the associations; however, 
the method o f diagnosis was not significantly related to 
R R  for any disease type. The lack o f significant relation
ships in our meta-analysis between control o f important 
biases and level o f  RR may thus be interpreted as sup
porting the validity o f the epidemiologic literature. On 
the other hand, the lack o f a relationship may reflect the 
rarity with which the bias-control standards were met. So 
seldom was equal medical surveillance assured, for exam
ple, that detection bias remained a threat to nearly all 
studies. A meta-analysis could not be expected to dem
onstrate significant relationships if bias occurred in all, or 
nearly all, o f  the studies.

If  a true relationship between oral contraceptive use 
and venous thromboembolism exists, then good control 
erf biases should produce higher effect sizes. In fact, 
cohort studies that were methodologically stronger with 
regard to duration o f  follow-up and monitoring o f ad
herence had higher RRs. In addition, because oral con
traceptive use is suspected o f increasing venous throm
boembolic risk only during current or very recent use, 
our finding that studies o f current users produced higher 
RRs supports the validity o f  the literature.

Two o f the findings o f the partial correlational anal
ysis could be interpreted as refuting the relationship be
tween oral contraceptive use and venous thromboembo
lism. That the cohort study type is inversely related to RR 
raises questions about the validity o f the observed associa
tion because, in general, cohort studies are considered

methodologically stronger than case-control studies. Simi
larly, that small case-control studies produced higher RRs 
could be interpreted as refuting the relationship.

Five o f the findings in Table 4 were neutral, neither 
supporting nor refuting a relationship o f oral contracep
tive use with venous thromboembolism. We consider as 
neutral the findings that the magnitude o f  the R R  was 
higher in studies with subjects o f unspecified or all so
cioeconomic classes and in studies conducted in certain 
geographic locations, and lower in studies with more 
subjects o f white race. We also consider as neutral the 
finding o f higher R R  with higher maximum age o f 
subjects because the risk o f thromboembolism with oral 
contraceptive use has generally not been related to pa
tient age. These findings do not mean that individuals o f 
higher age, white race, certain socioeconomic classes, or 
certain nationalities have higher risk o f venous throm
boembolism. The findings o f our meta-analysis apply 
only to studies with these characteristics, not to the sub
jects o f the studies. Our analysis did not include pooling 
subjects from multiple studies. The inverse relationship 
between RR o f venous thromboembolism and statistical 
power is probably neutral in that it may represent a form 
o f publication bias. Lower RRs require larger sample 
sizes to reach statistical significance that, in turn, may be 
a condition for publication.

Thus, this meta-analysis has mixed findings concern
ing the validity o f the epidemiologic studies o f oral 
contraceptives and venous thromboembolism. Three 
findings support the validity o f the association, two tend 
to refute it, and five are neutral. While the observed 
association may still be due to systematic bias, eg, in the 
detection o f venous thromboembolic events, our meta- 
analysis supports, at least in part, the validity o f the 
association with oral contraceptive use.

The validity o f the association between oral contra
ceptive use and stroke is challenged by our findings. 
Partial correlation analysis suggests that the relationship 
observed in the literature may be secondary to poorly 
controlled bias. Mcthodologic strength in definition o f 
exposure and avoidance o f Berkson’s bias are both in
versely related to R R  in the case-control studies. Since 
none o f the stroke studies adequately defined exposure, 
and only 42%  controlled for Berkson’s bias, the conclu
sion that oral contraceptive use is associated with stroke 
is questionable.

The overall R R  for myocardial infarction is less than 
that for stroke. Again, partial correlation analysis raises 
doubt concerning the validity o f this relationship. The 
relative risk o f myocardial infarction is negatively corre
lated with control o f Berkson’s bias and positively corre
lated with the study’s dropout or exclusion rate. With 
only 40%  o f the studies having been controlled for
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Berkson’s bias and a mean dropout or exclusion rate o f 
46% , the validity o f association between oral contracep
tive use and myocardial infarction can be challenged.

Finally, the lack o f a significant overall relationship 
between oral contraceptive use and cardiovascular mor
tality is probably valid. Not only is statistical power 
excellent, but the two factors identified through partial 
correlation analysis as important, dropout or exclusion 
rate and equal demographic susceptibility, were generally 
addressed in the literature. The mean dropout or exclu
sion rate for cardiovascular mortality studies was 18%, 
and 63%  o f studies adequately ensured equal demo
graphic susceptibility. Flence, the lack o f an association 
between oral contraceptive use and cardiovascular mor
tality is probably valid. Because our study did not focus 
on any particular age or risk groups, our findings apply to 
overall risk o f cardiovascular death. The question o f oral 
contraceptive safety in older women, raised bv the 1977 
mortality report o f the Royal College o f  General Practi
tioners,34 and later narrowed to older women who 
smoke,35 is thus not addressed by our study.

Many o f the studies included in our meta-analysis 
were from eras when oral contraceptives contained 
higher doses o f both estrogen and progestin than arc 
currently prescribed. While we found no relationship 
between the year o f study publication and magnitude of 
R R , we had little direct information about dosage. Thus, 
it is unclear whether associations noted in older studies in 
which patients had been taking oral contraceptives con
taining larger amounts o f hormones will remain as pre
scribing habits shift to lower-dose oral contraceptives.

This meta-analysis is unusual in several respects. It is 
unique in its attempt to quantify the impact o f suscepti
bility to biases that may affect epidemiologic studies. In 
addition, our meta-analysis attempts to address issues 
often ignored in previous meta-analyses. Sacks et al9 
reported that only 7% o f the meta-analyses reviewed 
provided clear evidence o f a predetermined protocol witli 
inclusion criteria. Only 5% assessed interobserver agree
ment, and only 2% addressed publication bias. O f the 23 
features Sacks et al used to assess the quality o f a meta
analysis, none o f the studies that they reviewed had 
adequately addressed more than 14. We believe our 
meta-analysis addressed 18 o f those features.

The limitations o f this study are the same as those 
that generally apply to all meta-analyses. Information 
concerning the studies and their sample characteristics 
was often incomplete. Our inability to identify any un
published studies despite an apparently adequate search 
may be a cause for concern, although fail-safe Ns were 
computed, the results from which were reassuring. As 
with any meta-analysis, the paucity o f studies for each 
disease type places this study at risk for type II errors.

The small number o f raters and the lack o f  adequate 
interrater agreement for a few bias-control standards, 
though thev w ere not related to R R , may raise questions 
about the coding in general. Finally, the application o f 
meta-analysis to epidemiologic issues is still somewhat 
controversial.

In conclusion, this meta-analysis suggests that the 
relationship between oral contraceptive use and venous 
thromboembolism may be valid. Overall cardiovascular 
mortality is not increased bv oral contraceptive use. Fi
nally, although the literature has found a significant re
lationship between oral contraceptive use and both myo
cardial infarction and stroke, these relationships may be 
due to methodologic flaws.
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