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Apgar values lower than 7 associated with mortality in
premature newborns

A retrospective study
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Objectives: To determine the risk factors associated
with mortality in premature newborns (PNB).

Methods: An observational, descriptive, and
retrospective study, carried out at the General Hospital
of San Juan del Rio, Queretaro, Mexico. The medical
records of PNB admitted to the Neonatal Intensive
Care Unit from January until December 2018 were
studied.

Results: A total of 136 PNB were included (74 males
and 62 females) of whom 16 (11.7%) died (9 males
and 7 females). A correlation was observed between
gestational age and birth weight with Apgar values
at 1 and 5 minutes (r=0.37, p<0.001). A lower birth
weight was found in premature infants with infectious
diseases, as well as a lower gestational age in relation to
respiratory diseases (p<0.0001). The PNB with Apgar

values lower than 7 points at 1 and 5 minutes were
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more likely to die (p<0.0001). The PNB with very low
birth weight (1-1.49 kg), with less than 28 weeks of
gestation, and with infectious pathology showed more

probabilities of dying (p<0.05).

Conclusion: Apgar values lower than 7 points in the
PNB are associated with the presence of infectious
diseases and mortality. Likewise, a lower gestational
age represents a lower birth weight, with a higher
risk for respiratory and infectious diseases, and
consequently an elevated mortality.
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Prematurity is the leading cause of perinatal mortality
in the world. The World Health Organization
(WHO) defines a premature infant as “a live baby born
before 37 weeks of gestation”. Worldwide, it is estimated
that each year approximately 15 million children are
born prematurely, that is more than one premature in
10 births. The global prevalence of preterm births ranges
between 5-18% in developed and developing countries.'
Premature infants present on average 20 times more risk
of dying than those born at term, and complications
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related to prematurity cause approximately one million
deaths per year, of which up to 75% could be prevented
with appropriate interventions.” Each year in Latin
America and the Caribbean, almost 12 million new
births are registered, of which approximately 180,000
die in the first month oflife.’ The incidence of premature
births in Latin America is approximately 8.1%, with a
value of 7.7% in Mexico.*

Neonatal mortality is determined by multiple
factors related to biological, healthcare system and
socioeconomic variables. Among the most frequent
causes of preterm birth are history of premature birth
(it is found in 30% of the cases), maternal age of risk
(<16 years and >35 years), multiple pregnancy, a short
intergenesic period, previous cesarean section, urinary
tractinfection, premature rupture of membranes, vaginal
infection, periodontal infection, chronic-degenerative
diseases, inadequate weight before pregnancy, substance
abuse, low socioeconomic level, and low education.”®

The main causes of neonatal mortality are asphyxia,
respiratory distress syndrome and infections, followed
by congenital malformations.” Cerebral palsy, sensory
deficits, learning disorders, and respiratory diseases
occur more frequently in children born prematurely.
These morbidities result in great long-term physical,
psychological, and economic costs.® The aim of this
study was to determine the risk factors associated with
mortality in premature newborns (PNB).

Methods. This is an observational, retrospective,
and cross-sectional study, carried out at the General
Hospital of San Juan del Rio (GHSJR), Queretaro,
Mexico, part of the Health Services of the State of
Queretaro (SESEQ), Mexico. The medical records of
all PNB admitted to the Neonatal Intensive Care Unit
(NICU) of the GHSJR during the period from January
until December of 2018 were studied. The database of
the Pediatrics Department and the database repository
(REDSSA, SESEQ) were employed. Among the total
of PNB born at the GHSJR, 55% of them required
admission to the NICU, mainly due to respiratory
disease (namely, respiratory distress syndrome, transient
tachypnea, pulmonary adaptation syndrome, and
apnea) and infectious disease (ID). Figure 1 shows the
inclusion process of the 136 PNB medical records
in this study. Exclusion criteria were incomplete or
missing medical records and temporary admissions. The
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variables analyzed were birth weight, gestational age,
Apgar scores at 1 and 5 minutes, the diagnosis at the
admission, the diagnosis at the discharge, delivery route
of the pregnancy, the days number of hospital stay,
mortality, maternal age, maternal history of personal
pathological antecedents, and maternal education. In
this study, the ethical precepts of the Declaration of
Helsinki were followed, and it was approved in October,
2019 by the Research Committee of Health Services
of the State of Querétaro, Mexico (registration no.:
1130/HGSJR/28/INTERNADO DE PREGRADO/
OCTUBRE2019/MIP).

Statistical analysis. Descriptive statistics were used
in the qualitative variables, continuous and categorical
variables are shown as means, standard deviations,
frequencies, and percentages. Differences between
categorical variables were evaluated by Fisher’s exact tests
and by analysis of variance (ANOVA) for continuous
variables. A p-value of <0.05 was considered significant.
The normality in the distribution of the variables was
assessed by the Kolmogorov-Smirnov test for all the
variables analyzed. Mann-Whitney and Kruskal-Wallis
tests were used to evaluate the difference between

Total number of births at the
SJR municipality in 2018= 4,950

Total PNB births at the
SJR municipality= 397

T

Total number of births
at the GHSJR= 3,880

¢—

PNB births at the
GHSJR= 327

—

PNB admissions to the
GHSJR NUCI= 181

PNB excluded= 45

Reasons:

Incomplete medical records= 23
Medical record not found= 15
Temporary admission= 7

—

PNB included in
this study= 136

Figure 1 - Diagram of the premature newborns selection and inclusion
process in the present study. SJR: San Juan del Rio Hospital,
PNB: premature newborns, GHSJR: General Hospital of San
Juan del Rio, NICU: neonatal intensive care unit.
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medians, as well as one-tailed Spearman correlations
for all the unnormal distributed data. Binary logistic
regression analyses were carried out to associate the
variables studied with the PNB’s death as a dependent
variable. Gestational age, gender, and Apgar values at
1 and 5 minutes were used as covariates. Statistical
Package for the Social Sciences for Windows, version
25 (IBM Corp., Armonk, NY, USA) was used for the
analyses.

Results. As shown in Table 1, our sample included
74 (54%) males and 62 (46%) females. Most PNB were
late preterms (89%, corresponding to 32-37 weeks of
gestation), with low birth weight (64%, corresponding
to 1.5-2.49 kg), and born by caesarean delivery (72%).

When comparing maternal education with PNB
birth weight, no differences were found (p>0.05). In
relation to maternal education and mothers age, no
significant differences were found either.

However, when comparing gestational age in
relation to maternal education, it was observed that
mothers with a bachelor’s degree had a lower gestational
age (median values of 33.6), compared to mothers with
elementary and middle school (median values of 35.3;
£=0.02).

The presence of a gynecological and obstetric risk
factor (namely, previous abortion, history of preterm
delivery, threatened miscarriage, and threatened preterm
labor) did not relate to lower gestational age (p=0.49).
Similarly, the history of drug addiction (p=0.4) and
chronic degenerative diseases (CDD, p=0.09) in the
current pregnancy were not related to a lower gestational
age. Maternal age over 35 years old was not associated
with a lower gestational age (p=0.139). Furthermore,
when a correlation was carried out between gestational
age and maternal age, no statistical difference was found
(»=0.1).

In relation to maternal age and the presence of CDD,
it was found that mothers with this type of pathological
antecedent were older (median values of 26 versus
30 years of age; p=0.04). Likewise, PNB whose mothers
had a history of CDD showed a higher birth weight
(median values of 2.12 versus 2.43 kg; p=0.0000).

No differences were found at birth weight by gender
(p=0.23). Nor were differences found in the days
number of hospital stay in relation to gender (p=0.11).
However, when analyzing the PNB birth weight in
the deceased group, differences were found in relation
to gender. Deceased males (mean value of 1.47 kg)
showed a higher birth weight than deceased females
(mean value of 1.04 kg; p=0.04). No differences were
found between gestational age in relation to gender in
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Table 1 - General characteristics of the population.

Variable n (%)
Gender

Male 74 (54.0)

Female 62 (46.0)
Gestational age

Late preterm (32-37 WG) 121 (89.0)

Early preterm (28-31.6 WG) 10 (7.4)

Extremely premature (<28 WG) 5(3.6)
Birth weight

Suitable (>2.5 kg) 32 (23.5)

Low (1.5-2.49 kg) 87 (64.0)

Very low (1-1.49 kg) 11 (8.0)

Extremely low (<1 kg) 6 (4.5)
Apgar value (median+IR)

At 1 minute 8+0.1

At minute 5 9+0.1
Route of delivery

Vaginal birth 38 (28.0)

Caesarean section 98 (72.0)
Maternal education

Primary school 34 (25.0)

Middle school 73 (53.6)

High school 19 (14.0)

Bachelor’s degree 10 (7.4)
Maternal age (median+IR) 26.5+3
Days of hospital stay (mediantIR) 1042
Mothers with a history of CDD 11 (8.0)
Mothers with OGRF 13 (9.5)
PNB with respiratory diseases 115 (84.5)
PNB with infectious diseases 74 (54.4)

WG: weeks of gestation, IR: interquartile range,

CDD: chronic degenerative disease, OGREF: obstetrics and
gynecological risk factors (namely, previous abortion, history of preterm
delivery, threatened miscarriage, and threatened preterm labor),
PNB: premature newborn

the PNB (p=0.22). A lower birth weight was observed
among the deceased PNB (average value of 1.28 kg)
versus the alive PNB (average value of 2.22 kg; p<0.001.

No significant correlation was found between
maternal age and Apgar values both at 1 minute
(p=0.09) and 5 minutes (p=0.15). There was also no
difference between the route of delivery (namely,
vaginal birth or cesarean section) and the Apgar values at
1 minute (p=0.14) and 5 minutes (p=0.34). In the case
of the deceased PNB, a lower Apgar value was found at
1 minute (median values of 8 versus 6; p=0.0001) and
at 5 minutes (median values of 9 versus 8; p=0.0001).
When analyzing the Apgar value in relation to gestational
age, a significant positive correlation was found with
both the I and 5 minutes Apgar values (Figure 2).
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In relation to the Apgar values (both at 1 and
5 minutes) and birth weight, a positive correlation was
found between both variables (Figure 3).

Likewise, the Apgar value at minute 5 was lower
in the PNB with the presence of ID (median values of
8.7 versus 8.4; p=0.01). However, the premature infant
with respiratory diseases did not show differences in
the Apgar values at 1 minute (p=0.09) or at 5 minutes
(»=0.26).

Morbidity of PNB. A lower gestational age was
found in PNB infants with a diagnosis of ID (median
values of 34.2 versus 35.5 weeks of gestation [WG];
£<0.0001) and respiratory diseases (median values of
35 versus 36 WG; p=0.007) versus PNB infants who
did not have these diseases. In the case of prematures
diagnosed with ID, a lower birth weight was also found
(Figure 4) but not so with premature infants with the
presence of respiratory diseases (p=0.16).

Mortality of PNB. No differences were found in
terms of gender, route of delivery, maternal education
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Figure 2 - Correlation between: A) the 1 minute and B) 5 minutes
Apgar values versus the premature newborns gestational age.
A Spearman correlation was carried out for the 136 reported
Apgar values. WG: weeks of gestation

lower than 6 years, maternal age older than 35 years,
more than 10 days of hospital stay, and the presence of
respiratory diseases, in relation to the PNB mortality
(Table 2).

Table 2 shows the associations found between
different variables with the PNB mortality. An
association was found between death and the variables
of gestational age of less than 32 and 28 WG, Apgar
value lower than 7 points at 1 and 5 minutes, presence
of infectious pathology, a birth weight lower than
2.1 kg, as well as very low birth weight (1-1.49 kg), and
extremely low birth weight (less than 1 kg).

Discussion. Advanced maternal age has traditionally
been described as a risk factor for prematurity.
Approximately 90% of premature births were reported
in a literature in the group of mothers older than 40
years of age.” However, in the present study we did
not find differences in relation to maternal age, where
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Figure 3 - Correlation between Apgar values at A) 1 minute and B)
5 minutes versus premature newborns birth weight. A
Spearman correlation was carried out for the 136 reported

Apgar values. kg: kilogram
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Figure 4 - Comparison of birth weight in premature newborns (PNB)
without and with the presence of ID. A Mann-Whitney test
was carried out, 62 PNB without the diagnosis of infection
(median value of 2.28 kg) and 74 with a diagnosis of infections
(median value of 1.88 kg) were analyzed. Median values +
interquartile ranges are shown. ID: infectious diseases

we observed a median of less than 30 years of age.
Likewise, another factor associated with prematurity is
a low maternal education. Nevertheless, in this study,
the PNB of mothers with bachelor’s degree education
showed a lower gestational age. This could probably
be related to their professional or work activity, which
might increase the risk of prematurity."

Another risk factor associated with prematurity
is the antecedent of CDD, such as type 2 diabetes,
hypertension, obstetric and gynecological risk factors,
including placenta previa, history of preterm delivery,
preeclampsia, gestational diabetes, twin pregnancy,
oligohydramnios, premature rupture of membranes,
and cervicovaginitis."'*'" However, in this study we did
not find an association between this type of risk factors
and a lower gestational age.

Regarding gender and prematurity, a higher
prevalence in males compared to females has traditionally
been described. Several mechanisms have been
proposed to explain this difference, as a higher weight
to lower gestational ages and an increased susceptibility
to complications associated with males that could
generate premature labor.'>"? However, in the present
study we did not find differences in birth weight and
gestational age in relation to gender. Likewise, males
have also been associated with a higher risk of mortality
in prematurity."® In consistent with this observation,
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in this study the deceased premature males showed a
significantly greater weight, compared to the deceased
females. However, we did not find differences in the
deceased PNB in relation to gender.

In relation to the Apgar value, it was generally
recognized that low values were directly proportional to
gestational age, which was considered a reflection of the
biological immaturity of PNB." In the present study
the gestational age and birth weight positively correlated
with the 1 and 5 minutes Apgar values. In this regard,
we considered that the Apgar value provided substantial
information about the prognosis of the PNB’s health
status, thus reflecting its biological maturity status.

The association between a low Apgar score at
5 minutes with the presence of neonatal sepsis has been
already reported in other literatures.”'® In the present
study, we found lower average Apgar values at minute
5 in PNB with ID. A low Apgar value may also reflect
perinatal asphyxia, favoring an alteration in the immune
system response, therefore predisposing to the presence
of ID.

It has also been reported that PNB had a higher
prevalence of respiratory diseases.” This was in
accordance with what was found in this study, where
it was observed that PNB with a lower gestational age
showed respiratory pathology at birth. In relation to
birth weight, it has also been described that newborns
with lower birth weight were at increased risk of
presenting ID.'® This idea was consistent with what
was found in the present study, where the lower-weight
PNB showed a higher presence of ID. This may be
due to the immaturity of the defense mechanisms in
the PNB, which in turn could increase the incidence of
respiratory diseases."”

In relation to mortality in the PNB, it has been
previously described that an Apgar score lower than
7 points at 5 minutes represented low vitality and was
associated with perinatal death.?® Indeed, in the present
study it was found that the PNB with an Apgar value
lower than 7 points both at 1 and 5 minutes were 16
and 25 times more likely to die.

The association between the presence of infectious
pathology and the death of PNB has also been described
in a previous literature.”! In the present study, it was
found that PNB with a diagnosis of infectious pathology
were 62 times more likely to die.

A low birth weight has been previously associated
with mortality in PNB.?* This was consistent with the
findings in the present study, where PNB with a lower
than the average birth weight in our study sample were
8.5 times more likely to die, while premature infants
with a very low birth weight (1-1.49 kg) and extremely
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Table 2 - Association of risk factors with mortality in the PNB.

Variables Deaths (n=16)

n (%) OR (95% CI) P-value
Male gender 9 (56.2) 1.08 (0.3-3.1) 0.54
Route of delivery by caesarean section 12 (75) 1.1 (0.3-3.5) 0.52
Maternal education (<6 years) 3(18.7) 0.6 (0.2-2.3) 0.41
Maternal age (>35 years) 17 (12.5) 2 (0.2-10) 0.31
Days of hospital stay (>10) 10 (62.5) 2.1 (0.4-10.1) 0.312
Presence of respiratory diseases 15 (93.7) 1.8 (0.2-14.8) 0.291
Gestational age (<32 WG) 9 (56.2) 24.47 (6.7-88.3) <0.0001"
Gestational age (<28 WG) 5(31.2) 54" (5.8-505) <0.0001"
Apgar value at one minute (<7)* 13 (81.2) 16.27(3.4-76) <0.0001"
Apgar value at 5 minutes (<7)* 7 (43.7) 25.1% (6-104) <0.0001"
Presence of infectious diseases 15 (93.7) 61.97 (1.1-361) 0.047
Birth weight (<2.1 kg)® 14 (87.5) 8.57 (1.5-49) 0.016"
Very low birth weight (1-1.49 kg) 6(37.5) 27.37(6.8-121) 0.001"
Extremely low weight at birth (<1 kg) 5(31.2) 471 (2.4-901) 0.011°

"These OR values were corrected for gender, WG, apgar values at 1 and 5 minutes, and days of hospital stay, using binary logistic regression
analyses, ¥the 7 points cut-off point for the apgar value corresponds to 25th percentile, both for the 1 and 5 minutes values, Sthe 2.1 kg cut-off point
for birth weight corresponds to the 50th percentile of this variable, ‘significant p-values (p<0.05), PNB: premature newborn, OR: odd ratio, CI:
confidence interval, WG: weeks of gestation, kg: kilogram

low birth weight (<1 kg) showed a risk of death 27 and
47 times higher.

As for the gestational age and its impact on
mortality, it was known that there was an association
between lower gestational age and mortality in PNB.*
This was consistent with what was found in this study,
where a gestational age lower than 32 WG associated
with a 24-fold increased the probability of dying, while
a gestational age lower than 28 WG in PNB associated
with a 54-fold increased the probability of dying.

Contrary to what has been described by various
studies, in this study we found no association between
mortality of PNB with the variables of male gender,
route of delivery by caesarean section, mother’s
schooling under 6 years, maternal age over 35 years,
days of hospital stay, and the presence of respiratory
disease.”?!#24

Study limitations. A relatively low sample, the lack of
information regarding biochemical data associated with
the diagnostic of perinatal asphyxia, the absence of body
mass index, maternal values in order to classify the risk
of preterm delivery, as well as the lack of data regarding
maternal pathological antecedents such as the number
of previous abortions, WG of the previous pregnancy,
and the characteristics of the prenatal control.

In conclusion, the present study shows that Apgar
values lower than 7 points in PNB are associated with
the presence of ID and significantly increased mortality.
In addition, a lower gestational age relates to a lower

birth weight, a higher risk for respiratory and ID, and

consequently, a higher risk of death. Furthermore,
the application of adequate and timely neonatal
resuscitation in the premature is of great relevance for
the patient and the adequate prognosis of PNB.
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