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Epidemiology of sudden unexpected death in infancy 
in Argentina: secular trend and spatial variation
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ABSTRACT
Introduction. Infant mortality comprises deaths 
among infants younger than one year old. The 
proportion of sudden unexpected death in 
infancy (SUDI) varies by country and based on 
the cause of death.
Objective. To describe the spatial and temporal 
variation of SUDI in Argentina between 1991 
and 2014 according to the International 
Classification of Diseases, tenth revision.
Materials and methods. Based on infant death 
data (provided by the Health Statistics and 
Information Department), we estimated the 
percentage of SUDI over the total number of 
infant deaths and the frequency of causes of 
death at a provincial, regional, and national 
level. The risk for death and the secular trend 
were estimated using a Poisson regression. The 
SaTScan software, v9.1.1, was used to detect 
clusters of districts where the percentage of SUDI 
was significantly different from the national 
percentage.
Results. In Argentina, between 1991 and 2014, 
267 552 infants younger than 1 year died; 7 % 
corresponded to SUDI; the secular trend of 
causes was negative and statistically significant; 
the risk for SUDI was 0.86, and a great spatial 
heterogeneity was observed. At a national level, 
the most common cause was sudden infant death 
syndrome, with inter-regional differences. In 
nine district clusters, the risk for SUDI ranged 
between 4.36 and 1.24, which is significantly 
different from the rest of the country.
Conclusions. The proportion of SUDI and its 
causes show inter-regional heterogeneity; codes 
related to inaccurate diagnoses predominated in 
more unfavorable regions, while sudden infant 
death syndrome was prevalent in the more 
developed regions.
Key words: sudden unexpected infant death, 
epidemiology, secular trend, risk factors, Argentina.
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INTRODUCTION
The concept of sudden death was 

first proposed in 1956 in relation to 
the death of a child in apparent good 
health without perspective of such 
fatal outcome. Later, sudden infant 
death syndrome (SIDS) was defined 
as  the  sudden death of  a  chi ld 
younger than 1 year old that could 
not be explained after a thorough 
investigation, including a complete 
autopsy, an examination of the death 
scene, and a medical record review.1,2

R e c e n t l y ,  a n d  b a s e d  o n  t h e 
indication of the cause of death in 
death cert i f icates  according to 
the International Classification of 
Diseases, tenth revision (ICD-10),3 
Taylor et al.4 have used the category 
sudden unexpected death in infancy 
(SUDI), which includes SIDS under 
code R95, together with accidental 
suffocation and strangulation in 
bed (W75), inhalation of gastric 
contents  (W78),  inhalat ion and 
ingestion of food causing obstruction 
of respiratory tract (W79), other 
sudden death of natural or unnatural 
equivocal disease, including that 
for which no autopsy was done 
(R96),5 unattended death (R98), and 
other ill-defined and unspecified 
causes of mortality (R99).6,7,4 Based 
on this proposal, clearly medical 
causes (infection, metabolic disorder, 
arrhythmia, congenital anomaly) or 
forensic causes (trauma or lesion) are 
excluded, even if they initially present 
as SUDI.

In this study, we describe the 
spatial and temporal variation of 
SUDI in Argentina based on death 
certificates according to ICD-10 
component codes.
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MATERIALS AND METHODS
This was a retrospective, population study 

based on the data for infant deaths occurred in 
Argentina between 1991 and 2014 (provided by 
the Health Statistics and Information Department 
of the National Ministry of Health).

Outcome measures were the total number 
of deaths of infants younger than 1 year old 
and the number of deaths by cause included 
u n d e r  S U D I  ( R 9 5 ,  R 9 6 ,  R 9 8 ,  R 9 9 ,  W 7 5 , 
W78 + W79).4The percentage of SUDI over the 
total number of infant deaths and the frequency 
of component causes at a provincial, regional, 
and national level were estimated. Geographic 
regions corresponded to the Northwest region 
of Argentina (NOA: Jujuy, Salta, Tucumán, 
Santiago del Estero, Catamarca, and La Rioja); 
Northeast region of Argentina (NEA: Formosa, 
Chaco, Misiones, and Corrientes); Cuyo (San 
Luis, San Juan, and Mendoza); Central Region 
(Córdoba, Santa Fe, Entre Ríos, Buenos Aires, La 
Pampa, and Autonomous City of Buenos Aires), 
and Patagonia (Neuquén, Río Negro, Santa Cruz, 
Chubut, and Tierra del Fuego).

Given the extension of the study period, the codes 
included under SUDI according to the ICD-10 and 
the ninth-revision equivalents were used. For 
time analysis, the total period was subdivided 
into three intervals: 1991-1998, 1999-2006, and 
2007-2014. The secular trend (ST) for the entire 
period and the variation in the risk for death for 
the 2007-2014 subperiod compared to the baseline 
period (1991-1998) were estimated using the 
Poisson regression model (Stata 12.1) considering 
infants who died due to SUDI as a dependent 
outcome measure, time units as independent 
outcome measures, and total deceased infants as 
the exposure outcome measure, as required by 
the model.

The spatial analysis was done using the 
SatScan v9.1.18 software based on the number 
of SUDIs (group of cases), the total number of 
deceased infants (population), and the geographic 
coordinates of each district; geographic areas 
were determined based on proportions that were 
statistically different from the national average 
(p < 0.05).

Table 1. Number of deaths, percentage of sudden unexpected death in infancy, and confidence interval by cause, by region, 
and for the country over the total study period

Cause		  Central Region	 Cuyo	 NEA	 NOA	 Patagonia	 Argentina

R95
	 N	 5405	 228	 809	 722	 710	 7874
	 %	 51	 19	 35	 23	 60	 43
	 CI	 50–52	 14–24	 31–38	 20–26	 56–63	 41–44

R96	 N	 34	 1	 43	 33	 13	 124
	 %	 0.3	 0.08	 2	 1	 1	 1
	 CI	 -2–2	 -6–6	 -2–6	 -2–5	 -5–7	 -1–2

R98	 N	 104	 9	 42	 584	 53	 792
	 %	 1	 1	 2	 19	 4	 4
	 CI	 -1–3	 -5–6	 -2–6	 16–22	 -1–1	 3–6

R99	 N	 2009	 23	 1058	 1174	 81	 4345
	 %	 19	 2	 45	 38	 7	 24
	 CI	 17–21	 -4–7	 42–48	 35–41	 1–12	 22–25

W75	 N	 46	 39	 22	 97	 44	 248
	 %	 0.4	 3	 1	 3	 4	 1
	 CI	 -1–2	 -3–9	 -3–5	 -0.3–7	 -2–9	 -0.08–2

W78-W79	 N	 3032	 912	 364	 476	 286	 5070
	 %	 28	 75	 15	 15	 24	 27
	 CI	 27–30	 72–78	 12–19	 12–19	 19–29	 26–29

CI: confidence interval; NEA: Northeast region of Argentina; NOA: Northwest region of Argentina.
R95: sudden infant death syndrome. R96: other sudden death. cause unknown. R98: unattended death.
R99: other ill-defined and unspecified causes of mortality. W75: accidental suffocation and strangulation in bed.
W78: inhalation of gastric contents. W79: inhalation and ingestion of food causing obstruction of respiratory tract.
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RESULTS
In the 1991-2014 period, 267 552 infant deaths 

were recorded; of these, 18 453 corresponded to 
SUDI.

It accounted for 7 % of all infant deaths, with 
varied proportions among component causes. 
Table 1 shows the percentage of each of these 
causes in Argentina and in each region. At a 
national level, the most frequent cause was R95, 
followed by W78 + W79, R99, R98, W75, and R96; 
however, disparities were observed at a regional 
level (Table 1). Whereas the most common cause 
in the Central Region and Patagonia was R95, in 
the NEA and NOA, it was R99, and in Cuyo, 75 % 
of SUDI corresponded to W78 + W79 (Table 1).

The regions with a SUDI percentage equal 
to or lower than the national percentage were 

the Central Region, Cuyo, NEA, and NOA. The 
opposite was observed in Patagonia, where 10 % 
of deaths corresponded to SUDI (Table 2). At a 
national level, the percentage of SUDI decreased 
gradually and showed a negative, significant ST 
of 10 % throughout the period, as observed in the 
NEA (10 %), NOA (42 %), and Patagonia (41 %), 
whereas in the Central Region and Cuyo, the ST 
was positive, although not statistically significant.

Compared to the 1991-1998 period, the 
risk for SUDI in the 2007-2014 period was 
0.86 at a national level. At a regional level, a 
significantly higher risk was noted in the Central 
Region, followed by Cuyo, NEA, NOA, and 
Patagonia (Table 2). In the last period, the highest 
percentages of SUDI were recorded in Tierra del 
Fuego (11.1 %), Neuquén (8.3 %), and Buenos 

Table 2. Percentage of sudden unexpected death in infancy by period, secular trend and risk by region

	 1991-1998	 1999-2006	 2007-2014	 1991-2014	 Secular trend	 p	 Risk	 p
Central Region	 6.9	 6.9	 7.1	 7.0	 0.001	 0.658	 1.03	 0.203
Cuyo	 6.2	 6.1	 6.8	 6.3	 0.005	 0.230	 1.10	 0.198
NEA	 6.1	 5.5	 5.1	 5.7	 -0.010*	 0.002	 0.84*	 0.002
NOA	 9.3	 6.2	 4.4	 7.1	 -0.042*	 0.000	 0.47*	 0.000
Patagonia	 13.3	 9.8	 6.3	 10.3	 -0.041*	 0.000	 0.47*	 0.000
Country	 7.4	 6.6	 6.4	 6.9	 -0.010*	 0.000	 0.86*	 0.000

* Statistically significant differences, p < 0.05.
NEA: Northeast region of Argentina; NOA: Northwest region of Argentina.

Table 3. Percentage of sudden unexpected death in infancy, secular trend and risk by province

Province	 1991-1998	 1999-2006	 2007-2014	 Secular trend	 p	 Risk	 p
Buenos Aires	 7.0	 7.4	 8.2	 0.008*	 0.000	 1.17*	 0.000
CABA	 2.8	 1.4	 1.0	 -0.065*	 0.000	 0.36*	 0.000
Catamarca	 8.4	 8.1	 7.0	 -0.006	 0.547	 0.83	 0.279
Chaco	 4.3	 5.7	 7.1	 0.035*	 0.000	 1.65*	 0.000
Chubut	 14.4	 8.2	 2.6	 -0.081*	 0.000	 0.21*	 0.000
Córdoba	 8.7	 6.5	 4.2	 -0.042*	 0.000	 0.48*	 0.000
Corrientes	 5.8	 5.4	 3.7	 -0.025*	 0.000	 0.64*	 0.000
Entre Ríos	 6.7	 6.3	 7.9	 -0.004	 0.503	 1.18	 0.106
Formosa	 7.9	 3.7	 4.0	 -0.052*	 0.000	 0.50*	 0.000
Jujuy	 18.6	 10.3	 4.4	 -0.077*	 0.000	 0.24*	 0.000
La Pampa	 12.1	 7.0	 5.5	 -0.045*	 0.000	 0.46*	 0.001
La Rioja	 3.7	 6.2	 4.8	 0.030*	 0.020	 1.46	 0.104
Mendoza	 4.9	 6.9	 7.8	 0.025*	 0.000	 1.58*	 0.000
Misiones	 7.6	 6.7	 5.2	 -0.021*	 0.000	 0.68*	 0.000
Neuquén	 14.6	 10.1	 8.3	 -0.040*	 0.000	 0.57*	 0.000
Río Negro	 11.8	 11.5	 6.6	 -0.027*	 0.000	 0.56*	 0.000
Salta	 10.1	 6.6	 5.3	 -0.036*	 0.000	 0.52*	 0.000
San Juan	 7.2	 2.8	 4.4	 -0.034*	 0.000	 0.61*	 0.001
San Luis	 9.1	 10.0	 7.2	 -0.010	 0.290	 0.80	 0.192
Santa Cruz	 13.1	 7.3	 6.5	 -0.032*	 0.009	 0.50*	 0.001
Santa Fe	 6.2	 8.6	 7.6	 0.013*	 0.001	 1.23*	 0.004
Santiago del Estero	 15.2	 9.9	 7.4	 -0.048*	 0.000	 0.49*	 0.000
Tierra del Fuego	 10.5	 12.0	 11.1	 0.006	 0.735	 1.38	 0.696
Tucumán	 2.0	 2.2	 1.4	 0.003	 0.740	 0.83	 0.295

* Statistically significant differences, p < 0.05.
CABA: Autonomous City of Buenos Aires.
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Aires (8.2 %). Among the 24 provinces, a ST 
without significant variations was observed 
only in 4 (Catamarca, Entre Ríos, San Luis, and 
Tierra del Fuego); the most steep reductions 
were observed in Chubut and Jujuy. The highest 
risk was seen in Chaco, Mendoza, and La Rioja, 
although it was not statistically significant in the 
latter (Table 3).

The risk for SUDI by district shows 9 clusters 
with significantly different values compared to 
the total for the country (Figure 1, Annex). The 
cluster with the highest risk (4.36) included 
districts of Jujuy and Salta, whereas the cluster 
with the lowest risk (1.24) corresponded to most 
districts of Santa Fe and Córdoba, two of Entre 
Ríos, and one of Santiago del Estero.

Table 4 shows the component causes of SUDI 
for each cluster. The most common cause was R95 
(SIDS) in clusters 4, 5, 6, and 9; followed by R99, 
which mainly focused on Santiago del Estero and 
some districts of other NOA provinces (clusters 2, 
3, and 7). Other relevant causes were R98 in the 
high-altitude districts of Salta and Jujuy, and 
W78 + W79 in the Cuyo region and in Córdoba 
and La Rioja.

DISCUSSION
The ICD does not contain a specific code for 

SUDI; according to Taylor et al.,4 it corresponds 
to a heterogeneous but well-defined set of causes 
of death, either explained or not, that may be 
collected from infant death reports.

This is the first study that examines the extent 
of SUDI, its risk and trends in Argentina.

By describing the causes of SUDI, we observe 
a great inter-regional heterogeneity in the 
contribution of each cause. The causes for codes 

W78 + W79 predominate in Cuyo and are related 
to an inadequate newborn care, a prone sleeping 
position, inhalation or aspiration of food or gastric 
contents, etc., which obstruct breathing while the 
infant is lying down.

In the NOA and NEA, the prevalent cause 
is R99, which is usually associated with an 
inadequate diagnosis, lack of adequate medical 

Table 4. Risk in each cluster and percentage of sudden unexpected death in infancy components

	 Cluster	 Risk	 R95	 R96	 R98	 R99	 W75	 W78 + W79
	 1	 4.36	 9	 1	 63	 17	 2	 8
	 2	 2.67	 8	 0	 13	 78	 0	 1
	 3	 2.27	 16	 0	 14	 67	 2	 2
	 4	 1.68	 64	 1	 2	 11	 2	 2
	 5	 1.57	 56	 0	 0	 14	 0	 30
	 6	 1.50	 63	 0	 0	 22	 0	 14
	 7	 1.36	 26	 1	 4	 40	 6	 22
	 8	 1.25	 34	 0	 2	 6	 1	 57
	 9	 1.24	 49	 0	 7	 23	 0	 20

The Annex shows, in detail, the districts included in each cluster.
R95: sudden infant death syndrome. R96: other sudden death, cause unknown. R98: unattended death.
R99: other ill-defined and unspecified causes of mortality. W75: accidental suffocation and strangulation in bed.
W78: inhalation of gastric contents. W79: inhalation and ingestion of food causing obstruction of respiratory tract.

Figure 1. Clusters by risk for sudden unexpected death in 
infancy
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care or inaccurate staff certification at health 
centers.9

One of the limitations of SUDI identification 
based on death certificates is the heterogeneity in 
the quality of investigations related to such death. 
There is no certainty, especially in Argentina, 
about the fact that causes assigned to R95 
effectively comply with the requirements of this 
code.10,11 If the protocol is not followed, it is very 
difficult to distinguish between SIDS and other 
causes of SUDI. In our country, the statistical 
report of deaths is limited to documenting sudden 
deaths but the restricted criteria used to define 
them are not characterized.10

Notwithstanding these limitations, the 
percentage of deaths due to SIDS in Argentina is 
similar to that reported in countries with better 
conditions for diagnostic criteria compliance,4,7 
where the proportion of autopsies ranges between 
78 % and 85 %.12,13

Figure 2 shows a comparison of the causes of 
SUDI in Argentina and other countries selected 
by Taylor et al.,4 (Australia, England, Germany, 
Japan, the Netherlands, New Zealand, and the 
United States of America) for the same period 
(2002-2010) and component of infant mortality 
(post-neonatal deaths). The percentages of R95 
and R99 in Argentina are similar to those in 

other countries, although W78 + W79 are over-
represented. Almost 20 % of SUDI in Argentina 
correspond to these causes, and this percentage 
widely exceeds the values observed in other 
countries (0.7 % to 8 %).

The requirement of an autopsy and the 
corresponding investigation of deaths for the 
SIDS diagnosis results in an over-representation 
of the R96 code in Japan, where autopsies are 
done in only 30 % of cases, thus reducing the 
representation of R95.14 In Argentina, and in 
agreement with the rest of the countries, the 
R96 code is practically unrepresented.

The risk factors associated with SIDS (sleeping 
position, inadequate bedding, and co-sleeping) 
may vary depending on the population culture 
and impact SUDI percentage differentially.10,15-17 
According to the National Program for the 
Prevention of Sudden Infant Death, in 2010, 
59.5 % of infants slept in the supine position; 
37.9 %, on their side; and 2.5 %, on their stomach.11 
A study conducted in a hospital of Buenos Aires 
confirmed a reduction, between 1996 and 2006, 
in the percentage of children who slept on their 
stomach, although the prevalence of the supine 
position was below 10 %.18

Other risk factors for SIDS and SUDI include 
smoking, adolescent pregnancy, a low maternal 

Figure 2. Percent distribution of sudden unexpected death in infancy components by selected country

Source: Taylor et al.4 for Australia, England, Germany, Japan, the Netherlands, New Zealand, and the United States of America. 
Own data for Argentina.
R95: sudden infant death syndrome. R96: other sudden death, cause unknown. R98: unattended death.
R99: other ill-defined and unspecified causes of mortality. W75: accidental suffocation and strangulation in bed.
W78: inhalation of gastric contents. W79: inhalation and ingestion of food causing obstruction of respiratory tract.
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socioeconomic or education level, being a single 
mother, lack of or reduced antenatal care and 
controls, lack of or reduced breastfeeding.11,15,16,19 
In Bariloche, out of 10 cases of SUDI that 
underwent an autopsy, 50 % of mothers smoked 
and 70 % of infants slept on their side.10 In 
maternity centers of Pilar (province of Buenos 
Aires), between 2011 and 2012, a significant 
reduction was observed in compliance with 
SIDS prevention recommendations, especially in 
relation to mothers who were young, had a low 
level of education, were single, and had unmet 
basic needs.20

Although, in Argentina, several public 
campaigns have been launched to inform and 
raise awareness in the population about the risk 
factors for and child rearing practices associated 
with SUDI, the reduction would be even greater 
considering that most of SUDI causes are easily 
preventable.21 Even though, in some regions 
and provinces, the percentage of SUDI shows 
a negative ST, in the Central Region and Cuyo, 
the ST is positive and, although not significant, 
it is seen in the most populated regions that 
have a high socioeconomic development.

The high frequency of R99 observed in the 
NOA fades out once a cluster analysis is done 
because some districts in Jujuy and Salta show 
the highest risk at a national level (4.36), and 
there R98 predominates, which is defined by the 
Pan-American Health Organization (PAHO)9 as 
unknown cause of death due to lack of medical 
care. In general, this code is related to inequalities 
in the access to the health system, which is seen in 
these populations living in high-altitude locations, 
rugged geographies or low population density, 
which are barriers to health center access.22

The second and third clusters (2.67 and 
2.27 risks) comprise districts of Santiago del 
Estero, where the mean annual temperature 
is very high, with peak temperatures above 
45 °C between November and February. To 
a certain extent, the high temperatures may 
account for a greater risk for SUDI, because an 
infant’s thermoregulatory ability is sensitive to 
increases in the environment temperature and 
in the house interior temperature during the 
summer.23 However, the most common code in 
these clusters is R99, which, as mentioned above, 
would indicate an inadequate cause of death 
recording.

In addition to the risk factors mentioned 
b e f o r e ,  S I D S  i s  a s s o c i a t e d  w i t h  o t h e r 
environmental risk factors. The association 

between SUDI and a higher risk is seen in 
districts of Salta and Jujuy that are located more 
than 2000 meters above sea level (MASL). This 
is consistent with the evidence that altitude is 
independently associated with SIDS and that 
postnatal hypoxia plays a major role in the 
pathogenesis of this syndrome.24 In San Antonio 
de los Cobres, between 1996 and 2001, 36 % 
of infant deaths were recorded under the R95 
code and infants who had a polysomnography 
showed significant oxygen saturation reductions 
during sleep (up to 67 %).25 In addition to 
hypobaric hypoxia, high-altitude environments 
have a series of risk factors for SUDI, both 
environmental (thermal variability and extreme 
cold) and cultural (co-sleeping, wood-burning 
heating, poor ventilation). Among the latter, it is 
worth noting aguayo, a knitted fabric originally 
used for warmth, which is now used to carry 
the baby or transport objects in the north of 
Argentina, Bolivia, and Peru. In relation to SUDI, 
the use of aguayo would constitute an imperfect 
cultural adaptation to an extreme environment 
because, even though it does protect the baby 
from environmental factors, it may be at the high 
expense of exposing it to additional stressors, 
like higher levels of carbon dioxide from the 
aguayo microenvironment.26

Most likely, the highest risk for infant and 
postneonatal mortality, observed by Chapur et 
al.22 in the NOA districts that are located more 
than 2000 MASL compared to the rest of the 
region, is due to SUDI and the fact that many 
unexplained causes correspond to the erroneous 
recording of R95.

The main weaknesses of this study are the 
disparity in criteria used to assign the cause of 
death due to SUDI and that no protocol was 
implemented to assign a specific SIDS diagnosis. 
The strengths of this study are based on its long 
study period and spatial coverage of data used to 
describe SUDI. As reported, SUDI causes, in spite 
of being uncommon, could, most of the times, be 
easily reduced with adequate health campaigns.

CONCLUSIONS
The number of SUDIs reduced during the 

study period. The proportion of SUDI and 
its component causes showed inter-regional 
heterogeneity; the codes related to inaccurate 
diagnoses predominated in the more unfavorable 
regions, while SIDS was prevalent in the more 
developed regions, which was consistent with the 
general pattern observed in countries included 
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in the comparison. This evidences the need 
to implement differential preventive actions 
and provide training aimed at complying with 
protocol, diagnosis, and SUDI recording to 
prevent inaccurate coding. n
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ANNEX

Clusters by risk for sudden unexpected death in infancy


