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Abstract
Background
The first month of life is the most critical in a child’s heath because it is associated with the highest risk
of adverse health outcomes. In Tanzania the risk of adverse health outcomes in preterm infants is five
times higher compared to term infants.The objective of this study was to assess common adverse health
outcomes and compare the risk of such outcomes between preterm and term infants, in Tanzania, within
the first 28 days of life.
Methods
This was a case-control study involving preterm (cases) and term (controls) infants delivered at the
Muhimbili National Hospital between August and October 2019 . About 222 pairs of cases and controls
were reviewed for their medical records. Logistic regression was used to compare the risk of neonatal
outcomes between the study groups. Statistical significance was achieved at P-value < 0.05 and 95%
confidence interval.
Results
Preterm infants have an increased risk of mortality (OR = 7.2, 95% CI: 3.4-15.1), apnea (OR = 4.7, 95% CI:
3.4-15.1), respiratory distress syndrome (OR = 4.8, 95% CI: 3.2-7.3), necrotizing enterocolitis (OR = 5.5,
95% CI: 1.2-25.3), anemia (OR = 4.3 , 95% CI: 2.8-6.6), pneumonia (OR = 2.7, 95% CI: 1.6-4.6) and sepsis
(OR = 2.6, 95% CI: 1.7-3.9) in the first month of life compared to term infants. No differences in the risk of
intraventricular hemorrhage, bronchopulmonary dysplasia, patent ductus arteriosus and jaundice were
observed between preterm and term infants.
Conclusion
The findings of this study informs the Tanzanian health sector about the most common and high risk
neonatal outcomes in preterm infants. Additionaly, for promoting neonates' health, the health sector
needs to consider preventing and treating the most common and high risk adverse neonatal outcomes in
preterm infants.

Background
The neonatal period is the most critical time in a child's life. The neonatal period is a time of major and
rapid anatomical and physiological changes required for a newborn's adaptation to extra-uterine life. The
changes may also be accompanied by adverse outcomes resulting from failure to adapt or due to a
definite high risk of infections quickly. Such outcomes put neonates at the highest risk of mortality and
morbidity than infants of higher age groups 1,2.
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Neonatal mortality is responsible for approximately 50% of all deaths in children under five years 3.
Around two-thirds of these deaths occur in only ten countries, all low or middle-income countries 4. The
predominant causes of adverse neonatal outcomes are preterm birth, infections, intrapartum-related
complications and congenital anomalies. According to the World Health Organization (WHO) and the
Maternal and Child Epidemiology Estimation group, it was estimated that in 2017 preterm birth.
Intrapartum-related complications and infections accounted for 35%, 24%, 14% and 73%, respectively, of
the neonatal deaths worldwide 5.
With an estimated 45,000 neonatal deaths annually and a mortality rate of 32 per 1000 live births,
Tanzania ranks number ten among countries with the greatest number of neonatal deaths 6. Preterm birth
accounts for 35% of the neonatal deaths in Tanzania 7. Nearly one out of two preterm infants experience
adverse health outcomes during the neonatal period, making the risk of morbidity five times higher
compared to term infants 8,9. Although most neonatal health problems are preventable, there are no clear
guidelines for assessing neonates' health and care for preterm infants in most Tanzania health care
facilities, resulting from a gap of knowledge about appropriate points of intervention 10.
This study aimed to assess common adverse health outcomes and compare the risk of such outcomes
between preterm (born at less than 37 weeks gestation) and term infants (born at greater than or at 37
weeks gestation) within the first 28 days of life.

Materials And Methods

Study Site
This research was conducted at the Muhimbili National Hospital (MNH) neonatal ward. MNH is located in
Dar es Salaam-Tanzania (6.8034° S, 39.2738°) on a natural harbor on East Africa's eastern coast. MNH is
a national referral and a teaching hospital for medical students, nurses and postgraduates from the
Muhimbili University of Health and Allied Sciences (MUHAS). It is also the only National Hospital in
Tanzania that attends inpatients, outpatients and referral cases from all over the country. At the hospital,
newborns are admitted in the maternity block with their mothers and may be moved to the neonatal unit
if they develop health complications.

Study Design
This hospital-based case control study was conducted on newly born infants within the first month of life
between August and October 2019. All new deliveries were monitored daily between August and October
2019 and infants were defined as preterm or term. Preterm infants were born at less than 37 weeks of
gestation and were regarded as cases. Term infants were born at greater than or equal to 37 weeks of
gestation and were regarded as controls. Controls were obtained through the identification of a term
infant born immediately after a preterm infant was enrolled.

Sample Size Determination
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The sample size was calculated using EPI info (7.1.3.10) matched pair formula for case-control studies.
The minimum sample size at 95% confidence interval (CI), 80% power and 15% prevalence of preterm
birth was 106 pairs. In this study, the sample size was slightly increased for higher accuracy of results.

Inclusion and Exclusion Criteria
All newborns delivered at MNH were eligible for the study. Only live singleton newborns delivered within
the study period were included in the study. A live newborn was defined by presenting a cry, breathing or
movement after delivery and Apgar score of less than one at one and five minutes. Newborns whose
parents did not sign a consent form were excluded from the study. Newborns with congenital anomalies
were also excluded from the study.

Data Collection
Birth details that included an infant's identification, gestational age, sex, Apgar score, birth weight and
admission ward were recorded immediately after birth. Many pre-identified expected adverse neonatal
outcomes were assessed by reviewing the neonate's medical files using a pre-structured chart. Data was
collected from the time of birth to discharge or death.

Statistical Analysis
Data were prepared and analyzed using Statistical Package for the Social Sciences (SPSS) version 20
(IBM Corp., Armonk, NY, USA) for Windows version 20. Descriptive statistics were used to summarize
outcomes as means and proportions. T-test was used to determine the statistical significance of means.
For proportions, the fisher's exact test was used. Logistic regression was used to compare the risk of
neonatal outcomes between the study groups. A P-value of less than 0.05 at 95% CI was considered
statistically significant.

Results
A total of 222 case-control pairs were recruited in this study. Six (2.2%) preterm infants and 16 (7.2%)
preterm infants, respectively, were excluded from the analysis due to congenital malformations or
unsigned parent consent forms. Of the remaining 206 preterm infants, 9 (4.4%) were extreme preterm
(less than 28 weeks gestation), 63 (30.6%) were very preterm (28–31 weeks gestation) and 134 (65.0%)
were moderate to late preterm (32–36 weeks gestation).
Baseline neonatal characteristics are presented in Table 1. There were more males than females in both
case and control groups, although the proportion of male to female was not statistically significantly
different. Mean birth weight was 2.0 ± 0.7 kg for preterm infants and 3.1 ± 0.6 kg for term infants. There
was a statistically significant difference in the mean birth weight (p-value < 0.001). The proportion of
preterm infants who weighed less than 2500 g was significantly higher when compared to term infants
(p-value < 0.001). There was no significant difference for less than or equal to the five Apgar score at one
and five minutes between the two groups.
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Table 1
Baseline characteristics of preterm and term infants at Muhimbili
National Hospital
Characteristics

p-value

N (%)
Preterm (n = 206)

Term (n = 217)

Male

110(53.4)

132(60.8)

Female

96(46.6)

85(39.2)

SEX
0.140

BIRTH WEIGHT (grams)
≥ 2500

47(22.8)

192(88.5)

< 2500

159(77.2)

25(11.5)

< 0.001

APGAR SCORE ≤ 5
At 1 minute

31(15.0)

22(10.1)

At 5 minute

8(3.9)

2(0.9)

0.29

On average, the duration of hospital stay was longer among preterm infants than term infants, and the
difference was statistically significant (p-value < 0.05). Apnea, respiratory distress syndrome (RDS),
necrotizing enterocolitis (NEC), pneumonia, anemia and sepsis were significantly common among
preterm than term infants (Table 2). No significant differences were observed between the two groups for
intraventricular hemorrhage (IVH), bronchopulmonary dysplasia (BPD), patent ductus arteriosus (PDA)
and jaundice (p-value = 0.06, 1.00, 0.11 and 0.20, respectively).
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Table 2
Health complications among preterm and term infants
Complications

p-value

Preterm (N = 206)

Term (N = 217)

N

%

N

%

Death

49

23.8

9

4.2

< 0.001

Apnea

149

72.3

78

35.9

< 0.001

IVH

4

1.9

0

0.0

0.055

RDS

155

75.2

84

38.7

< 0.001

BPD

1

0.5

2

0.9

1.000

PDA

3

1.5

0

0.0

0.115

NEC

10

4.9

2

0.9

0.018

Jaundice

119

57.8

111

53.9

0.200

Anemia

106

51.5

43

19.8

< 0.001

Pneumonia

52

25.2

24

11.1

< 0.001

Sepsis

105

51.0

62

28.6

< 0.001

Abbreviations: IVH, intraventricular hemorrhage; RDS, respiratory distress syndrome; BPD,
bronchopulmonary dysplasia; PDA, patent ductus arteriosus; NEC, necrotizing enterocolitis
Generally, 175/206 (85.0%) preterm infants and 94/217 (43.3%) term infants had at least one adverse
outcome and the difference was statistically significant (p-value < 0.001). The proportion of infants with
at least one outcome increased with lower gestational ages (Fig. 1). All infants born at less than 28
weeks had at least one adverse outcome. Also, 93.7% and 79.9% of those born between 28–31 weeks
and 32–36 weeks, respectively, had at least adverse outcomes. However, the majority of those born at
greater than or equal 37 weeks had no adverse outcome.
Furthermore, preterm infants were a significantly higher mortality rate than term infants during the
neonatal period (p-value < 0.001). There were more deaths in lower gestational ages than in higher
gestational ages. Forty-nine out of 206 (23.8%) preterm infants and nine out of 217 (4.1%) term infants
died within the neonatal period (Table 2). The number of deaths to the number of births increased
substantially with decreasing gestational age group (Fig. 2). While only 9/217 infants born at greater
than or equal to 37 weeks died, all (9/9) infants born at less than 28 weeks died. For gestational ages of
28–31 weeks and 32–36 weeks, 21/63 and 19/134 infants died, respectively.
Table 3 shows the likelihood of the significant adverse outcomes to occur among preterm and term
infants. The risk of apnea, RDS and NEC were more or less than five times higher among preterm infants.
Preterm infants were four times likely to have anemia than term infants. Similarly, infections like sepsis
and pneumonia were nearly three times more common among preterm than term infants. Of all adverse
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neonatal outcomes studied, death had the most odds of occurrence. In comparison to term infants, the
risk of death was seven-fold higher in preterm infants. The risk of overall morbidity was also higher in
preterm infants than term infants by seven-folds.

Table 3
The odds of health complications among preterm and term infants.
Outcome

Preterm infants

Term infants

OR

95% CI

n = 206

n = 217

Mortality‡

49

9

7.2

3.4–15.1

Apnea‡

149

78

4.7

3.1-7.0

RDS‡

155

84

4.8

3.2–7.3

NEC*

10

2

5.5

1.2–25.3

Anemia‡

106

43

4.3

2.8–6.6

Pneumonia†

52

24

2.7

1.6–4.6

Sepsis‡

105

62

2.6

1.7–3.9

Overall morbidity‡

175

94

7.4

4.6–11.8

Abbreviations: OR; odds ratio, CI; confidence interval, RDS; respiratory distress syndrome, NEC;
necrotizing enterocolitis
*; < 0.05, †;< 0.01, ‡;< 0.001

Discussion
This study assessed adverse neonatal outcomes and compared the risk between preterm and term
infants. The findings indicate that nearly a quarter (23.8%) of preterm infants and only 4.1% of term
infants died during the neonatal period. A similar mortality rate of 28% for preterm and 6% for term
infants was reported in a study conducted in Bangladesh 11. Contrary, a lower mortality rate among
preterm infants was reported in high-income countries like Australia (7.7%) and the USA (1.4%) 12,13.
These differences show that preterm infants in low and low-middle-income countries are at a greater risk
of mortality than those in high-income countries. Mortality risk was seven times higher (OR = 7.2, 95% CI;
3.4–15.1) in preterm infants than term infants. Previous studies have also reported a five to 12 increased
risk of mortality in preterm infants 9,14,15.
Number of deaths to live births significantly increased with decreasing gestational age and led to as high
as 100% mortality rate among extreme preterm infants. A very high mortality rate among extreme preterm
infants is not surprising. In a similar situation in England, a survival rate of only 2% (98% mortality rate) in
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extreme preterm infants was reported 16. For moderate and late preterm infants, more than one-third and
one-seventh of the infants died, respectively. A higher mortality rate among moderate (54%) than late
preterm infants (13.2%) was also reported in a prospective study for causes of death and illnesses in
preterm infants in Ethiopia 17.
The current study observed that, on average, preterm infants had a longer duration of hospitalization than
term infants (eleven vs. four days). A comparable duration of ten days for preterm and five days for term
infants was reported in a previous study comparing short-term neonatal morbidity between preterm and
term infants 18. However, a national-wide survey reported a considerably longer duration of
hospitalization for preterm infants that ranged between three to 74 days depending on the degree of
prematurity of an infant 13. Fewer days of hospitalization in the present study may be due to early deaths
among preterm infants. Also, in this study, there were only a few extreme preterm infants, that are usually
the ones staying longer at the hospital 13.
The present study shows that the proportion of preterm infants with neonatal morbidity was nearly twice
that of term infants (84.9% vs. 43.3%). In a study conducted in Bangladesh, similar proportions were
observed, whereby 76% of preterm and 28% of term infants had morbidities 11. The most common
morbidities among preterm infants were RDS (75.2%) and apnea (72.3%). Similarly, previous studies have
reported respiratory complications, including RDS and apnea, as the most common complications among
preterm infants 19,20. For term infants, the most common condition was jaundice (53.9%). Respiratory
complications affected only around one-third of the term infants, making them at five times less risk
compared to preterm infants. Likewise, six times increased risk of respiratory complications among
preterm infants was reported in a previous study determining the role of gestational age on neonatal
morbidity 19. Unlike term infants, preterm infants are at higher risk of RDS and apnea because they are
more likely not to have made a sufficient amount of surfactant in their lungs at the time of birth and are
likely to have an immature nervous system 21,22.
Among the leading causes of death in children are infections such as sepsis and pneumonia 4. In subSaharan Africa, for instance, pneumonia is the leading cause of mortality in under-five children 3. In the
present study, compared to term infants, preterm infants had a higher risk of both sepsis (51.0% vs.
19.0%) and pneumonia (25.2% vs. 11.1%). It was found that the odds of sepsis and pneumonia were two
and three folds higher (OR = 2.6, 95% CI; 1.7–3.9 and OR = 2.7, 95% CI; 1.6–4.6), respectively, in preterm
infants. A two-fold increased risk of neonatal infection among preterm infants has also been reported in
other studies investigating adverse neonatal outcomes and the epidemiology of neonatal sepsis 23,24.
Immunological deficiencies among preterm infants make them fail to fight early life infections cause of
the higher risk of infections 25.
About 51.5% of preterm infants and 19.8% of term infants had anemia resulting in four times increased
risk in preterm infants (OR = 4.3, 95% CI; 2.8–6.6). The incidence of 58.2% and 21.0% for preterm and
term infants, respectively, were also reported elsewhere 26,27. Compared to term infants, typically preterm
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infants have a lower number of red blood cells which also have a short life span, thus exposing them to
an increased risk of anemia that may require blood transfusion 28. NEC, on the other hand, was not as
common as other complications. However, the risk was five times higher for preterm infants. Likewise,
four times increased risk among preterm infants was observed in a retrospective study conducted in late
preterm infants, although only 0.4% of preterm and 0.1% term infants had NEC 29. Despite the low
prevalence reported in different studies, NEC is among the most detrimental neonatal outcomes. It is
associated with a high mortality rate among victims, particularly preterm infants and it is the leading
cause of death among infants admitted in NICUs 30.
The overall odds of morbidity were seven times higher among preterm infants compared to term infants.
Similar odds of morbidity among preterm infants were reported in a study conducted in Switzerland 18.
The proportion of infants with adverse outcomes increased with decreased gestational age. Various
studies have documented that the longer the baby stays in the womb, the lower the risk of adverse
neonatal outcomes 13,29,31. Since the assessment of adverse neonatal outcomes in this study was done
between birth and discharge, cases of the outcomes following discharge were unidentified. However, with
an adequate number of enrolled participants, we could still establish significant findings that align with
similar studies from different parts of the world.

Conclusion
The most common adverse neonatal outcomes among preterm are different from those of term infants.
Preterm infants have an increased risk of mortality, apnea, RDS, NEC, anemia, pneumonia and sepsis in
the first month of life compared to term infants. No increased risk was observed for IVH, BPD, PDA and
jaundice. With further research, the findings of this study may inform the Tanzanian health sector about
the most common and high risk neonatal outcomes in preterm infants. Through this information, existing
guidelines can be refined. Also, new guidelines can be established that will incorporate strategies for
promoting infants' health through preventing and treating the most common and high risk adverse
neonatal outcomes in preterm infants.
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Figure 1
Proportion of infants with and without health complications across gestational age groups
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Figure 2
Number of births versus number of deaths at different gestational ages groups
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