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Abstract: 
Introduction: The Sudden Infant Death Syndrome (SIDS) is not likely to be explained by a currently measureable presence in all cases 
and absence in controls, as otherwise it would have been solved already. Indeed, any proposed physiological model for SIDS causation 
must explain the constant mathematical and statistical properties of SIDS age and gender. We have shown previously that SIDS are 
characterized by a common 4-parameter lognormal age distribution sparing neonatal infants, by a nominal 50% male excess, and by 
a higher rate in winter than summer. We test now whether SIDS is closely related to a fulminating prodromal Acute Respiratory Infec-
tion (ARI) by a common increasing rate with the infants increasing Live Birth Order (LBO), all remaining the same, independent of the 
change in preferred sleeping positions of the infants, prone or supine. 
Methods: We use U.S. published infant mortality data from wonder.cdc.gov and other countries (Colombia, U.K., Europe, Australasia) to 
make comparisons between the two causes of death (ARI and SIDS) to evaluate how closely ARI resembles the characteristics of SIDS.
Results: Gender: SIDS male excess 50%, ARI male excess 50%; Ages: SIDS 90% post-neonatal,
ARI 96% post-neonatal; Seasonality: SIDS and ARI are higher in winter than summer; 
Live birth order: SIDS and ARI rates increase with increasing LBO with similar mathematical relationship.
Conclusion: Our results show that all SIDS are very likely relatable to a single cause tied to a fulminating prodromal ARI in a physio-
logically anemic infant who is genetically (X-link recessive) susceptible to cerebral anoxia. An alternative cause of all SIDS death by 
a collection of subsets of different causes, such as brainstem-related respiratory abnormalities and cardiac QT abnormalities, is not 
supported because they cannot all have the same age-gender-seasonal-familial-distributions of SIDS, required by Cramér’s Theorem.
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- 1) siblings = LBO + 1. Table 1 shows the U.S. 1995-2013 infant mortality from 
Sudden Unexpected Infant Death (SUID), which are SIDS redefined by CDC 
as the total of SIDS + UNK (Unknown cause or SIDS with incomplete forensic 
investigation) + ASSB (Accidental Suffocation or Strangulation in Bed, or 
SIDS with possible suffocation from prone sleep position or face covering), 
and numbers at risk with a given LBO [5]. As readily seen in the next-to-last 
column, the rate of total SIDS (SUID) increases monotonically with LBO.

Table 1. U.S. 1995-2013, wonder.cdc.gov, SUID = SIDS + UNK + ASSB, male 
fraction 0.588 [5].

Live Birth Order 
(CFM)

SIDS + UNK + 
ASSB

Infants at risk SUID rate per 
1000 

SIDS Model per 
1000

0 (0) 0 0 0 0

1 (2) 21,270 30,740,193 0.6919 0.6754

2 (3) 22,886 24,528,771 0.9330 0.9634

3 (4) 14,612 12,707,378 1.1498 1.2225

4 (5) 7,329 5,081,597 1.4422 1.4558

5 (6) 3,178 1,890,067 1.6814 1.6657

6 (7) 2,802 1,470,973 1.9046 1.8546

We noted the increase of the SIDS rate as CFM increases and developed 
the following probability model to express the concave shape of the 
relationship. Let P equal the average probability that a CFM does not bring 

BACKGROUND

The Sudden Infant Death Syndrome (SIDS) is one of the oldest unsolved 
mysteries of pediatric medicine. We have shown previously that: 1) SIDS 
cannot be a cardiac death, because SIDS has a constant 50% male excess 
and cardiac infant deaths have a 0% male excess [1-3]; 2) SIDS is not likely to 
be caused by a brainstem-abnormality because SIDS ages have a lognormal 
age distribution, sparing infants at or shortly after birth, whereas infants 
born with fatal neurological defects have maximum mortality shortly after 
birth [4-6]. Rather, we show that SIDS have the same gender distribution 
(50% excess male rate) as infant deaths from respiratory infection [5, 7] and a 
similar 4-parameter lognormal age distribution as with hospital admissions 
for bronchiolitis [7]. We now address the known increasing risk of SIDS for 
an infant with their increasing order of live birth within their family that we 
propose is circumstantial evidence that a fulminating prodromal respiratory 
infection may be the cause of their death [8].

The Infection Vector for SIDS

The infant with an acute respiratory infection (ARI) must get it from contact 
with a carrier of that communicable infection which is most likely from one 
of their cohabiting family members (CFM) consisting of parents and older 
siblings [9]. We assume that the SIDS infant of a given live birth order (LBO) 
lives with both parents and all older siblings so that CFM = 2 parents + (LBO 
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home a communicable respiratory infection. If the infant lives with CFM first 
order relatives then the probability that none of them is a carrier is P^CFM. 
Therefore, the probability that the infant is exposed to at least one carrier 
CFM is 1 - P^CFM. Our model fit to these data is that P = 0.9 and the SIDS rate 
per 1000 at risk with a given LBO = 3.55*(1 - 0.9^CFM). Figure 1 shows the 
goodness of fit of the model to these data. Note how the model goes to the 
origin (0 SIDS for cloned infants that have 0 CFM contacts), smoothly without 
any discontinuity. Therefore all SIDS are related to a possible source of an ARI.

Figure 1. U.S. 1995 - 2013 SUID rate/1000 increasing with family size CFM as 
a respiratory infection vector, with rate = 3.55*(1 - 0.9^CFM)

Table 2 shows the total number of U.S. SIDS (9ICD 798.0) of Whites and 
American Indians from the paper by Pezzino and Iyasu [10] as a function of 
their live birth order, with a total male fraction of 0.621. As shown for all races 
in the U.S. 1995-2013, the SIDS rate increases with the same form that we 
model here as 4.5*(1 - 0.9^CFM) per 1000 at risk. Figure 2 shows this same 
relational form as Figure 1.

Table 2. U.S. 1983-1987. SIDS of White and American Indian infants, male 
fraction = 0.621 

Live Birth Order
(CFM)

SIDS 9ICD 
798.0

Infants at risk Rate per 
1000

Model Rate per 1000 4.5 *
 (1 - 0.9^CFM ) [9]

0 (0) 0 0 0 0

1 (2) 5,951 6,158,352 0.9663 0.8550

2 (3) 6,481 4,726,397 1.3712 1.2195

3 (4) 3,283 2,157,395 1.5217 1.5475

4 (5) 2,017 1,165,435 1.7306 1.8427

Table 3 shows SIDS LBO for Colombia, a semi-tropical South American 
country with a quite different climate and multiracial population than 
for North America and Europe [11,12]. Their child-care traditions and 
medical systems also have differences that may lead to difficulty in making 
international comparison. For instance, whereas the U.S. has decomposed 
earlier SIDS cases ICD-9 798.0 into ICD-10 SUID = SIDS (R95) + Unknown via 
absence of forensic autopsy (R99) + Accidental suffocation or strangulation 
in bed (ASSB) W75, Colombia lists the latter cases with category of ASSB 
under the rubric ICD-10 R98 as Unattended Death. Table 3 lists these cases 
and at risk birth populations as SUID = R95 + R98 + R99 for 2008-2013. 

Figure 2. U.S. 1983 - 1987 White and American Indian SIDS rate/1000 
increasing with family size as a respiratory infection vector, with model rate 
= 4.5*(1 - 0.9^CFM)

Table 3. Colombia 2008-2013, SUID = R95, R98, R99 [11,12]

Live Birth 
Order
 (CFM)

SIDS R95, R98, R99 Infants at risk Rate per 1000 Model Rate per 1000
= 0.6 * (1 - 0.9^CFM)

0 (0) 0 0 0 0

1 (2) 317 1,858,872 0.1705 0.1140

2 (3) 179 1,208,067 0.1481 0.1626

3 (4) 113 552,283 0.2046 0.2063

4 (5) 44 220,025 0.1999 0.2457

5 (6) 27 99,290 0.2719 0.2811

6 (7) 16 49,327 0.3243 0.3130

7 (8) 9 25,393 0.3544 0.3417

Source: DANE [12]

Figure 3 shows these Colombian SUID data can also be modeled using 
the same form of the equation used for the U.S. SIDS/SUDI data in Figures 
1 and 2. In this case the model is SUID rate = 0.6 * (1 - 0.9^CFM) per 1000 live 
births at each LBO. 

Figure 3. Colombia 2008-2013 SUID (R95, R98, R99) rate/1000 increasing 
with family size as a respiratory infection vector, with model rate = 0.6*(1 
- 0.9^CFM)
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Table 4 lists the international data on live birth order of 1,449 SIDS 
compiled by Carpenter et al. from studies by the European Concentrated 
Action on SIDS (ECAS) of some 20 countries, and additional non-ECAS SIDS 
cases from Ireland, Scotland, and New Zealand [13]. They also collected data 
on 4,654 controls from all these studies, both matched and unmatched. Note 
that this study reported rates differently than the other studies discussed in 
this paper. Here the SIDS were random samples from multiple studies and 
the controls were random samples from matched and non-matched non-
SIDS control infants from the same countries and years. It is interesting to 
note that of the 1466 SIDS cases reported (17 without live birth order) there 
were 898 male SIDS giving a total male fraction of 898/1466 = 0.613 male 
that is virtually identical to the 0.612 male fraction we reported that was the 
basis for our recessive X-linkage model for SIDS and other respiratory causes 
of death [1, 14]. 

Table 4. U.K., Europe and New Zealand. Carpenter et al. 2013. SIDS R95 [13]

Live Birth 
Order
(CFM)

SIDS 
R95

Con-
trols

SIDS+ 
Controls

SIDS Rate per 
1,000 SIDS + Controls

Model Rate per 
1,000 0.792*(1 - 

0.9^CFM)

0 (0) 0 0 0 0 0

1 (2) 407 1,836 2,243 0.18145 0.15675

2 (3) 491 1,566 2,057 0.23869 0.22357

3 (4) 280 748 1,028 0.27237 0.28371

4 (5) 149 304 453 0.32891 0.33784

5 (6) 122 200 322 0.37888 0.38656

Figure 4 shows these ECAS data can also be modeled using the same 
form of the equation used for the U.S. SIDS/SUDI data in Figures 1 and 2. In 
this case the model is SIDS rate = 0.792*(1 - 0.9^CFM) per 1000 live births at 
each LBO. 

Figure 4. International SIDS rate/1000 increasing with CFM = LBO + 1 as a 
respiratory infection vector, rate = 0.792*(1 - 0.9^CFM) 

Table 5 shows the U.S. infant mortality rate from both Upper and Lower 
Acute Respiratory Infections (ARI) from 1995-2013 [5]. The corresponding 
codes are ICD-10, J00-J06, J20-J22, ICD-9 460-466. As for SIDS, the 
ARI mortality rate increases with (CFM) in Figure 5, and with a similar 
mathematical relationship for prediction as from Colombia in Figure 3. 
Colombia, unlike the U.S., has no cold winter season, and maximal infant 

respiratory infection and SIDS both occur during the rainy season. Thus, 
this supports our finding that SIDS appears to have a causal relationship to 
the initial fulmination of a prodromal ARI that may cause neuronal death in 
the physiologically susceptible infants [8]. We note that many U.S. medical 
examiners do not culture lung exudate of potential SIDS cases because “of a 
perceived lack of testing utility” [15], and that in many cases the cultures are 
negative in spite of other evidence of severe sepsis [16].

Table 5. U.S. 1995-2013. wonder.cdc.gov. Acute upper and lower respiratory 
infection mortality. ICD-10 J00-J06, J20-J22, ICD-9 460-466. [5]

Live Birth 
Order
(CFM)

ARI J00-J06, 
J20-J22

9ICD 460-466

Infants at 
risk

Rate per 
100,000

Model Rate per 
100,000 = 0.636 * 

(1 - 0.9^CFM)

0 (0) 0 0 0 0

1 (2) 280 30,740,193 0.9108 1.2084

2 (3) 387 24,528,771 1.5777 1.7235

3 (4) 265 12,707,378 2.0854 2.1872

4 (5) 139 5,081,597 2.7353 2.6044

5 (6) 58 1,890,067 3.0686 2.9800

6 (7) 50 1,470,973 3.3991 3.3180

Figure 5 shows the same relationship for ARI to LBO as SIDS and SUID.

Figure 5. U.S. 1995 - 2013 ARI rate/100,000 increasing with CFM as a respira-
tory infection vector, with rate = 6.36*(1 - 0.9^CFM)

Encephalopathy, Unspecified (EU):

The U.S. National Institute of Neurological Disorders and Stroke (NINDS) 
describes encephalopathy as “any diffuse disease of the brain that alters 
brain function or structure.” That is, in common usage, “any brain disease, 
disorder or disease of the brain, dysfunction of the brain, degeneration of 
brain function, and brain damage or malfunction.”(17) The U.S. CDC lists 
encephalopathy, unspecified (EU ICD-10 G93.4), as a cause of infant death 
without specific indication of which areas of the brain may be involved (5). 
Consequently, possibly SIDS-related medullary seratonergic deficits that 
may develop during gestation when the medullary seratonergic system 
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is forming, are not necessarily included in these EU causes of death. For 
example, a suboptimal intrauterine environment, with hypoxia from iron 
deficiency anemia, is known to cause neurological abnormality (6, 18). 
Therefore, we only propose that the relations we show herein for death 
by EU only apply to unspecified locus encephalopathy in general. Thus, 
they cannot be definitively shown to apply to the serotonergic medulla 
abnormalities that have been proposed to apply to a partial subset of SIDS 
(19). We also note recent discussion of the difficulty of discerning between 
cerebral post-mortem changes and ante-mortem ischemic injury (20). 

In comparison to SIDS and ARI which have increasing risks of mortality 
with increasing family size as potential carriers of an ARI, infant mortality 
from EU is relatively independent of the infant’s family size or live birth order. 
Table 6 shows U.S. data on this cause [5].

Table 6. U.S. 1995-2013. EU death, CDC wonder.cdc.gov ICD-10 G93.4, ICD-9 
348.3 [5]

Live Birth Order
(CFM)

Encephalopathy 
Unspecified

ICD-10 G93.4
ICD-9 348.3

 Infants at risk Rate per 
10,000

No appropriate 
model for BAE 

1 (2) 200 30,740,193 0.06505 -

2 (3) 152 24,528,771 0.06197 -

3 (4) 67 12,707,378 0.05272 -

4 (5) 29 5,081,597 0.05706 -

5 (6) 12 1,890,067 0.06349 -

6 (7) 13 1,470,093 0.08838  -

Figure 6 shows that the family size of the infant dying from EU, has no 
consistent relation to family size or LBO. In addition, 60% of these infants die 
from EU in the first 4 weeks of life, but SIDS spares the neonate [4-6].

Figure 6. U.S. 1995-2013 Encephalopathy, Unspecified rate per 10,000 not 
steadily increasing with family size (LBO + 1)

Figures 7 and 8 show that the age distribution of SIDS and Hospital 
admissions for bronchiolitis in Scotland 1982-1990, have the same lognormal 
form, as well as the same male fractions (SIDS 0.612 and Bronchiolitis 
0.614). Gupta et al. [7] came to the conclusion that “the two conditions do 
not appear to be closely related” by a chi-square test and analyses of their 
autocorrelation structures. They attributed the bronchiolitis hospitalization 
cases to the ubiquitous respiratory syncytial virus (RSV) to which virtually 

all infants are exposed by the end of the second year of life. However, there 
are several reasons why the statistical comparison between SIDS and RSV 
hospitalization may show no significant relation if one did exist:

Figure 7. Monthly (m) age distribution of Bronchiolitis Hospital admissions 
in Scotland, 1982-1990 Gupta et al. [7]

Figure 8. Monthly (m) age distribution of SIDS Scotland, 1982-1990, Gupta 
et al. [7]

All statistical testing assumes that measurements are made without 
error, but SIDS have false positives and false negatives. Thus Recorded SIDS 
(RS) = Actual SIDS (AS) + False Positives (FP) - False Negatives (FN). Therefore 
the expected variance of RS = Sum of variances of AS + FP + FN. But not 
all N infant RSV infections lead either to actual SIDS (AS) or admission for 
hospitalization (HA) for bronchiolitis. If healthy infants first receive an 
RSV and do not die of SIDS, we assume they either receive home medical 
treatment (HMT) or are admitted to hospital for treatment (HA). Therefore 
HA = N - AS - HMT. Then from statistical theory the expected variance of 
HA = Sum of variances of N, RS, FP, FN and HMT. In addition, not all ARI are 
caused by RSV [8]. Therefore, SIDS should have been compared to all infant 
hospitalizations for upper and lower ARI, not just those for bronchiolitis.

In summary, we have shown here, and in other SJFS papers [21-23], 
the following mathematical relationships that SIDS display, and must be 
explained by any other proposed cause for SIDS, while obeying Cramér’s 
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Theorem [24] because SIDS ages have a normal transform distribution:
1) The constant 50% male excess rate compared to the female rate for 

equal numbers of infants at risk. Given the nominal 5% excess male birth rate 
this leads to the observed male fraction of 0.61 [1, 25];

2) The left-censored 4-parameter lognormal (Johnson SB) age 
distribution that has 3rd and 4th parameters of order -0.31 and 41.2 months 
with median of approximately -1 and approximate standard deviation of 0.3;

3) The increased risk of SIDS with the infant’s increasing numbers of 
older siblings by the factor (1 - 0.9^CFM) where CFM = 2 parents + (LBO - 1) 
siblings, and;

4) Maximum SIDS rate in winter months and minimum rate in summer 
months [26].

To our knowledge, no other cause of SIDS has been proposed that meets 
these essential conditions that are necessary, but insufficient, to prove that 
they are the cause of SIDS. For proof of its causation, the predicted missing 
X-linked p = 1/3 dominant allele that is protective of neuronal cell death by 
acute anoxic encephalopathy by enabling the infant to shift from aerobic to 

anaerobic oxidation must be identified [3, 14]. This may be difficult because 
of the likely presence of false positive SIDS in the study cohorts, where a 
non-SIDS cardiac cause of death or a case of infanticide may have been 
missed. In addition, our model requires that the SIDS infant be in the lowest 
percentile (-2σ) of hemoglobin from the natural physiological anemia that 
occurs for all infants between 2 and 3 months of age [27-30]. However, due 
to the gravitational settling of the red blood cells (RBC) during hemostasis 
leading to lividity, an accurate blood Hb cannot be measured. If all infants 
in a birth cohort had their blood Hb measured at birth then perhaps the 
lowest Hb infants could be identified as the susceptible cohort and treated 
to increase their Hb.

In conclusion, we propose that if the most physiologic-anemic infants 
can be identified and treated, and if the enzyme coded for by a protective 
putative dominant X-linked allele can be identified and given to the 
unprotected infant, then it may be possible to reduce infant mortality 
significantly by reducing the numbers of infants dying from all respiratory 
causes [31]. 
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