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Abstract
Several case-control studies have frequently been cited to support the notion that vaccinations are not a risk factor of Sudden Infant Death Syndrome (SIDS). However, their findings are neither confirmed nor refuted by valid comparisons of incidence of SIDS in vaccinated infants to that
reported in never vaccinated infants.
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1. Introduction
Case-control studies [1-4] have frequently been cited to support the notion that vaccinations are not a risk factor of Sudden
Infant Death Syndrome (SIDS). It is possible that the case–
control design, used frequently to investigate risk factors for
SIDS, can introduce unmeasured biases through both selection
and exclusion of cases and controls [5]. For example, a casecontrol study from California, United States, found no association between prone sleeping and SIDS [6], but many other case
control-studies found a significant association, and prone sleeping position was confirmed as a risk factor of SIDS in several
cohort and case series studies [7-10]. Cause of SIDS is unknown, and infants who die from SIDS may have yet undiscovered underlying conditions that could have predisposed them to
sudden death in infancy [11], while infants who survive, may
not have such conditions. In a cohort study both vaccinated and
never vaccinated groups would contain vulnerable and robust
infants.
In spite of a careful search, I was unable to find a single published account of a population-based study where the incidence
of SIDS was compared in vaccinated and never vaccinated infants. Because of the high vaccination rates in the U. S. and
other developed countries, the small number of children that
remains unvaccinated during the first year of life cannot represent a satisfactory control group [12].
The German case-control study published recently [13] has
essentially the same design as studies [1-4].
It should be noted that in studies [1-4,13] infants who died
suddenly are compared with living infants.
To facilitate calculation of measures of association, epidemiological data from case-control studies are often presented in
a two-by-two-table [14].
Table 1. Presentation of data in a two-by-two-table from a
case-control study.
Disease (or Outcome)
Yes
No
Exposure Yes
a
b
Exposure No
c
d

In studies [1-4,13] outcome=SIDS, exposure=vaccination,
individuals=infants.
Letters a, b, c, and d represent the following in a study sample:
a = the number of vaccinated infants whose death was attributed to SIDS
b = the number of living vaccinated infants
c = the number of unvaccinated infants whose death was attributed to SIDS
d = the number of living unvaccinated infants
T = a+b+c+d – total number of study subjects.
Thus, from Table 1:
a+ c= the total number of SIDS victims in a study sample
b+d = the total number of living infants in a study sample
The sample estimate of the relative risk of SIDS among vaccinated study subjects calculated as univariate odds ratio (OR)
for SIDS is expressed by the following formula:

ad
bc

OR =

(1)

An OR value of 1 implies that the outcome under investigation
is equally likely in exposed and not exposed groups. In addtion,
1.0 is the null value for the relative risk (RR) estimate. An OR
value that is <1 suggests that SIDS is less likely in vaccinated
study subjects, and an OR value that is >1 suggests that SIDS is
more likely in vaccinated study subjects.
The formula for the confidence interval (CI) for the relative
risk calculated as odds ratio from a case-control study can be
expressed as:

CI =

ad
1 1 1 1
exp[± z ( + + + ) ]
bc
a b c d

(2)

where a, b, c, and d in formula (2) are the numbers from Table
1. Moreover, since all the case-control studies in this review
used a 95% confidence level for CI, z is 1.96 here.
The CI can provide all the information whether the association is statistically significant at a specified level. When the null
value, 1.0, for the RR estimate is included in 95% confidence
interval, then the corresponding P-value is, by definition,
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greater than 0.05, and the association is not statistically significant. When the null value is not included in this confidence
interval, P<0.05 and the association being evaluated is considered to be statistically significant [14].
2. Results
I have noticed an interesting and persistent pattern: the overall proportion of vaccinated SIDS victims was always less than
the proportion of vaccinated living controls. [1,3,4,13]
Studies [1-4,13] have fixed overall number of living controls
per each SIDS victim.
Let n = a+c be the total number of SIDS victims in a study
sample; m = b+d be the total number of living control infants in
a study sample.
Let k =

m
- number of controls per SIDS case, k does not
n

and q and does not depend on the number of cases and number
of controls per case, study SIDS definition, vaccine brand,
number of vaccines administered simultaneously, etc.]
When, in addition, the upper bound of 95% CI is less than
1.0, the result can be simplistically interpreted as vaccination
may even lower risk of SIDS.
Table 3 reflects the overall reported proportions of vaccinated SIDS cases and living controls (p and q), and k—the
number of cases per control in studies [1,3,4,13]. The overall
proportions of vaccinated SIDS victims and vaccinated controls
cannot be determined directly from the New Zealand study [2].
Table 3. Overall proportions p and q of vaccinated SIDS
victims and vaccinated living infants; k is the number of
controls per SIDS case
Study
p, %
q, %
k
U. S. NICHHD [1]

have to be an integer and m=kn.

a
a
Let p =
=
a+c n

a

b
b
q=
=
b + d kn
is the proportion of vaccinated living infants in a study sample.
Then
a=pn
b=qkn
c=n-a=n-pn=(1-p)n
d=kn-b=kn-qkn=(1-q)kn.
Thus, Table 1 can be rewritten as shown in Table 2.
Table 2. Presentation of data in a two-by-two-table from a
case-control study in terms of proportions of vaccinated
study subjects with a fixed number of cases per control.
SIDS
Yes
No
Vaccinated
pn
qkn
Unvaccinated
(1-p)n
(1-q)kn
Using the Table 2 entries, expression (1) becomes:

and
OR<1, whenever

(1 − q) p
<1
(1 − p )q

a

French [3]
U. K. CESDI SUDI [4]
German GeSID [13]

12
49
50

55 (control A),
53.2 (control B)
14a
67
60

2
3
4
3

Proportions of infants who received DTP, Polio with or without Hib vaccine

be the proportion of vaccinated SIDS victims.
Analogously

pn(1 − q )kn (1 − q ) p
OR =
=
(1 − p )nqkn (1 − p )q

39.8

(2)

(3)

Solving inequality (3), we obtain
(1-q)p<(1-p)q
p-qp<q-pq
p<q
Thus, whenever the proportion p of vaccinated SIDS cases is
less than the proportion q of living vaccinated controls, it guarantees that the sample estimate of the univariate OR will be less
than one. [Note: This result depends only on the proportions p

Additionally, the proportion of vaccinated SIDS victims was
less than the proportion of vaccinated living controls within
each age group under investigation [1,3], within all age groups
except birth to under 6 weeks in New Zealand study [2], within
all age groups except 4-month-old and over 6 months in German study [13], and across all strata in the U.K. study [4].
The formula for the Mantel-Haenszel pooled estimate of the
relative risk for a case controls study is given by [14]:
ad
∑
RRMH=
(4)
T
bc
∑T
where summation in the numerator and in the denominator is
performed separately over each individual strata. Whenever

p<q in a stratum, ad<bc,

ad bc
and, consequently, RRMH
<
T
T

is <1. The corresponding 95% confidence interval is
95% CI = RRMH (1 ± 1.96 /

where

2
χ MH

2
χ MH
)

(5)

(a + b)(a + c) 2
]
T
=
(6)
(a + b)(c + d )(a + c)(b + d )
∑
T 2 (T − 1)
[∑ a − ∑

It should be noted that any positive power of a number from
the interval (0, 1) also belongs to the interval (0,1). Thus,
whenever

2
χ MH
>>1.96 in expression (5), and 0 < RRMH < 1,

the 95% CI will not contain 1.0, and result will be interpreted as
“vaccination may even lower the risk of SIDS.”
This was precisely the case in the U.K. study across all strata
[4]. In the French study [3] the odds ratio for infants vaccinated
with DTP, polio, with or without Hib vaccine multivariate odds
ratio of SIDS became 1.08 for vaccinated infants and 95% CI
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was 0.49 to 2.36. The authors in the French study concluded
that DTP, polio, with or without Hib vaccines are not a risk
factor of SIDS. However, because the 95% CI includes 1.0, the
authors’ own calculations actually support the conclusion that
the study neither proved nor disproved whether vaccination is a
risk factor of SIDS.
Similarly, the proportion of vaccinated SIDS cases was
greater than the proportion of vaccinated living controls in the
age group birth-under 6 weeks when hepatitis B and BCG vaccines are given in the New Zealand study [2]. There, the authors
stated: “There was no increased risk of SIDS for infants who
had not been immunized at birth”. [2] However, since the univariate odds ratio of SIDS was 0.9 for unvaccinated infants
aged birth to 6 weeks, and 95% CI (0.7, 1.1) contains 1.0, it is
impossible to conclude whether vaccination (or absence of one)
is a risk factor of SIDS in this age group in the study sample
[2].
One of the published rapid responses to the study by Fleming et al. [4] has mentioned that one cannot rely upon such
case-control studies alone to either prove or disprove an association between vaccination and SIDS [15].
The first dose of the primary series of vaccines was recommended at age 6 weeks in New Zealand [2] and at 2 months in
the United States [1], France [3], United Kingdom [4], and
Germany [16]. Vaccination coverage among 6-week-old New
Zealand study infants was high: 83.5% of the SIDS cases and
91.5% of controls were vaccinated. Since the choice of a casecontrol study is based on the fact that, when vaccination coverage is high, a cohort study is not an option, it is unclear why
only 12% of cases and 14% controls aged 30-90 days were vaccinated in the French study [3]. There was no explanation why
in the NICHHD study [1] only 27% of the SIDS cases and 34%
of control infants younger than 3 months were vaccinated.
Similarly, in the CESDI SUDI study 21% of the SIDS cases and
34% of controls aged 0-3 months were vaccinated [4]. In the
German study 16% of SIDS cases and 23% of controls younger
than 3 months were vaccinated [13].
Does it follow that, in four out of five countries where the
studies were conducted, unvaccinated infants under age 3
months were more likely to be enrolled in the studies than vaccinated infants? Or were younger infants in these four countries
consistently behind in their vaccination schedule? Or was the
NICHHD study [1] design adopted in all subsequent publications, “knowingly designed” to demonstrate that such “welldesigned” epidemiological studies “consistently” show no association between SIDS and vaccines?
In most studies [1,2,4,13], the authors concluded that the
observed number of SIDS cases did not exceed the “expected”
number that had been derived from vaccinated population.
3. Conclusion
Systematic inclusion of higher proportions of vaccinated
living controls in case-control studies which investigated association between SIDS and vaccines as well as unusually low
vaccination coverage among study infants younger than 3
months in all but one reviewed study constitutes potential selection bias.

1413

Thus, the finding: “The evidence is inadequate to accept or
reject a causal relation between SIDS and vaccines” is more
scientifically sound and appropriate than the conclusion the
Institute of Medicine committee published in their 2003 report:
“The evidence does not support a causal link between
sudden infant death syndrome (SIDS) and either the
diphtheria, tetanus, and whole-cell pertussis (DTwP)
vaccine or exposure to multiple childhood vaccines.”
[17]
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