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Abstract
Objectives—Adverse conditions in Africa produce some of the highest rates of infant mortality
in the world. Fetal growth restriction and preterm delivery are commonly regarded as major
pathways through which conditions in the developing world affect infant survival. The aim of this
article was to compare patterns of birthweight, preterm delivery, and perinatal mortality between
black people in Tanzania and the USA.

Design—Registry-based study.

Settings—Referral hospital data from North Eastern Tanzania and US Vital Statistics.

Sample—Consisted of 14 444 singleton babies from a hospital-based registry (1999–2006) and 3
530 335 black singletons from US vital statistics (1995–2000).

Main outcome measures—birthweight, gestational age and perinatal mortality.

Methods—Restricting to babies born with at least 500g, we compared birthweight, gestational
age, and perinatal mortality (stillbirths and deaths in the first week) in the two study populations.

Results—Perinatal mortality in the Tanzanian sample was 41/1000, compared with 10/100
among USA blacks. Tanzanian babies were slightly smaller on average (43g), but fewer were
preterm (before 37 weeks) (10.0% vs 16.2%). Applying the USA weight-specific mortality rates to
Tanzanian babies born at term suggested that birthweight does not play a role in their increased
mortality relative to USA blacks.

Conclusions—Higher mortality independent of birthweight and preterm delivery for Tanzanian
babies, suggests the need to address the contribution of other pathways that can further reduce the
excess perinatal mortality.
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Introduction
Of the 25 countries in the world with the highest rates of neonatal mortality, 21 are on the
African continent (1). Among these is Tanzania, where around 10% of all live-born babies
die before their first birthday (1, 2) , a rate that is at least ten times higher than that of high
resource countries. Major contributors to perinatal and neonatal mortality in Africa are
thought to be infections, conditions related to immaturity, asphyxia and congenital
malformations (1, 3, 4).

In high resource countries there has been considerable emphasis on the contribution of
preterm delivery and low birthweight to infant mortality (5–7). Intrauterine growth
restriction is regarded as an even bigger problem in developing countries (8), although there
are few population-based data available. Some of the underlying causes of infant mortality
in Africa (such as malaria or malnutrition) can reduce birthweight, but little is actually
known about the degree to which the mortality due to such factors is mediated through fetal
growth restriction or preterm delivery. We compared the patterns of birthweight, preterm
delivery, and perinatal mortality between births in a hospital-based registry in Tanzania and
comparable data for USA blacks.

Material and methods
We used data on singleton births born during 1999–2006 from a birth registry managed by
the Kilimanjaro Christian Medical Centre (KCMC), a zonal hospital situated in Moshi
Urban district of Kilimanjaro region, Tanzania. The KCMC, in addition to serving the local
community, receives women referred for delivery from a large geographic area. Referrals
account for approximately 20% of all deliveries. Women consented verbally to allowing
interview information and birth outcome data to be recorded in the Birth Registry. The study
was approved by the local and national ethics committee in Tanzania. We used publicly
accessible vital statistics files to compile data for singleton black USA live births, stillbirths,
and early neonatal deaths during 1995–2000.

There were 16 762 singleton births registered at the Tanzanian hospital during 1999–2006.
We excluded a total of 136 births (1%) whose birthweight was either missing or below
500g. To minimize referral bias for Tanzanian births, we further excluded 2 182 babies
(13%) born to mothers referred for medical reasons from outside Moshi Urban district.

The USA data consisted of 3 565 515 black singleton births born during 1995–2000. We
excluded a total of 1% of births, including 662 births from parents with foreign residency, 6
716 births whose birthweight was unknown, 2 586 births whose birthweight was imputed,
and 25 216 births with birthweight below 500g. The final analysis samples consisted of 14
444 Tanzanian and 3 530 335 US Black singleton births (including stillbirths).

Maternal sociodemographic characteristics collected included age, parity, marital status,
level of education, and tobacco use during pregnancy. Level of education was categorized in
terms of years of schooling, as “primary or lower” (up to seven years for Tanzania and up to
eight years for the USA), “secondary” (8 to 12 years), and “post-secondary” (>12 years).
Records also included baby’s sex, weight, gestational age, vital status at birth, and death
during initial hospitalization. Birthweghts were grouped into 200g categories. Gestational
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age was calculated from the last menstrual period (LMP) and was recorded in number of
completed weeks. Preterm birth was defined as delivery <37 completed weeks of gestation,
and severe preterm birth as delivery <32 completed weeks. Stillbirth was defined as fetal
death of a baby weighing at least 500g and early neonatal death as death of a live born baby
occurring within seven days after birth.

The stillbirth rate (SBR) was computed as the proportion of stillbirths of all live and
stillbirths (expressed as per 1000 births). Early neonatal mortality rate (ENMR) was
calculated as the proportion of deaths to live births during the first week of life (expressed as
per 1000 live births). Perinatal mortality rate (PNMR) was calculated as the proportion of
stillbirths and early neonatal deaths among all live births and stillbirths (expressed as per
1000 births). Relative risk (RR) for perinatal mortality within levels of maternal
sociodemographic characteristics and corresponding 95% confidence intervals (CI) were
also computed.

The frequency distribution of birthweight is in essence normal (Gaussian), with an extended
lower tail. For each country, the birthweight distribution was partitioned into its
predominant distribution (essentially Gaussian and approximates the frequency distribution
of term births), and the residual distribution, consisting of small births that fell outside the
Gaussian distribution (and estimating the proportion of small preterm births) (7, 9). A web-
based program (10) was used to estimate these parameters for each country.

Fetal growth restriction at the population level was expressed as an overall downward shift
of birthweights at term (7). We assessed the contribution of smaller birth weights to
perinatal mortality in Tanzania by applying the weight-specific mortality rates of USA black
babies to Tanzanian babies.

Results
Perinatal mortality was 41.1 per 1000 births in the Tanzanian registry and 10.3 among
blacks in the United States (RR = 4.0; 95% CI 3.7–4.3). Stillbirths constituted 70% of
perinatal deaths in Tanzania and 67% in the USA. Two-thirds of Tanzanian mothers had no
more than primary level education, compared with 3% of mothers in the USA (Table 1). The
USA had a higher proportion of teenage births than Tanzania (15% vs. 5%) and a much
higher proportion of unmarried mothers (69% vs. 10%).

Table 1 presents perinatal mortality rates by maternal social characteristics, smoking during
pregnancy, and infant characteristics. In both countries, women with low maternal education
(primary or lower) had about 30% higher perinatal mortality than women with post-
secondary education. Maternal age was a predictor of mortality in both countries. Both
countries showed a similar gradient of risk starting with mothers ages 26–30 and rising with
older ages. Only in the USA was risk elevated among younger mothers (<19 years).

In the USA, unmarried mothers had higher perinatal mortality, while the rates were about
the same for married and unmarried women in Tanzania. Tanzanian boys had a slightly
lower perinatal mortality than girls, in contrast to the excess male mortality seen in the USA.
Tobacco use during pregnancy was associated with a 45% increase in mortality in USA
births. In Tanzania, too few mothers reported smoking during pregnancy (0.2%) to estimate
their risk.

Table 2 shows the rates of preterm delivery in Tanzania and the United States. Black women
in the USA had a higher rate of preterm births, with 2.6 times as many early preterm births
(<32 weeks) as in Tanzania. The associations of preterm risk with known risk factors were
similar in the two countries. In both Tanzania and the USA, the risk of preterm was highest
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among young mothers, the unmarried, those with highest parity, and those with low
education. We then plotted the complete distribution of gestational age at birth in Tanzania
and the US (Figure 1). The distribution of gestational age was shifted toward later deliveries
(about one week) in Tanzania.

Despite their longer gestational age, Tanzanian babies were slightly smaller on average
(Figure 2). The mean birthweight in the predominant (Gaussian) distribution of birthweights
was 3190g for the Tanzanian babies (SD 453g) and 3230g for the USA (SD 492g). Even
though Tanzanian babies were smaller, fewer Tanzanian births had the lowest birthweights.
The proportion of small births falling outside the Gaussian distribution (residual) was 3.7%
in Tanzania and 4.9% in the United States.

Applying the USA birthweight-specific mortality rates to Tanzanian births produced a
standardized mortality rate of 5.9/1000 for Tanzanian babies compared with the observed
mortality rate of 10.3/1000 for USA black babies. This advantage for Tanzanian babies after
standardization was unexpected. We conjectured that the advantage was due to the smaller
proportion of small and preterm babies in the Tanzanian sample. We confirmed this by
excluding all preterm babies in both samples, and repeating the standardization procedure.
Applying the USA weight-specific mortality rates to both populations, the standardized
mortality rate in Tanzania term births was 3.1/1000 births compared with 2.8/1000 in the
US.

Discussion
Babies in a hospital-based registry in Tanzania had four times high rates of perinatal
mortality compared to black babies in the USA. However, we found no evidence that this
excess risk was due to differences in either birthweight or preterm delivery. Rates of preterm
delivery were actually lower than for USA black women. Birthweights in Tanzania were
slightly smaller, but standardization showed that this difference in birthweight made
virtually no contribution to the higher mortality rates in Tanzania.

Previous studies have compared babies of African mothers who immigrated with natives of
the country to which they immigrated (11–14). In Europe African mothers deliver heavier
babies than native-born Europeans, however, USA babies of immigrant African mothers
were lighter than white Americans but heavier than black Americans. Immigrants are often a
selected group, possibly healthier and more well-to-do than those who remain behind. After
some period of time, immigrants may be less likely to experience birth outcomes that reflect
the conditions prevailing in their home country. There is a well-recognized heterogeneity
among both Africans and black Americans (15, 16), and we considered USA black women
being the best available comparison group because they represent a population of African
origin within the health care system of a developed country.

The Tanzanian registry is based on high-quality data from over 14 000 singleton babies born
in a hospital. The comparison is a population-based sample of USA black babies using vital
statistics data. Despite differences in study populations and methods of data collection, there
were strong parallels in risk factors for perinatal mortality (Table 1). However, single
mothers in Tanzania showed no evidence of the increased risk seen in the USA. Also, the
excess risk for female babies in Tanzania is not consistent with developed countries, where
higher risk is among males.

Registries based at a medical center are less complete than population-based registries.
Population-based birth data are, unfortunately, extremely difficult to collect in the
developing world. We considered the following limitations of our registry data. Some deaths
during the first week were presumably unrecorded among babies discharged before one
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week, causing perinatal mortality to be somewhat underestimated. Referral bias can occur
with hospital-based registries, but we removed all women whose babies were medically
referred, who were also living outside the hospital catchment area. The rate of preterm
delivery was unexpectedly low in this poor African setting, perhaps because gestational age
in Tanzania is based entirely on LMP and often uncertain (17). In the USA, 9% of Black
babies had gestational age imputed by other methods including ultrasound (18), however,
excluding US births with imputed gestation age had only trivial effects on the results (data
not shown). Around 30% of deliveries occur at home in the Kilimanjaro region (19) and
preterm babies might be selectively missed, however, local midwives and obstetricians
didn’t think women with preterm labor would be less likely to deliver in hospital. We further
restricted the analysis to the 6 368 mothers living close to the hospital and found no higher
rate of preterm in this group. Also restricting the analysis to the youngest women with the
lowest education, preterm was still less in the Tanzanian sample than in the US (14% vs.
22%). A recent article by Fawzi et al. reported a much higher preterm rate (17%) in a cohort
of Tanzanian women living in Dar es Salaam (20) .That cohort included twins and other
multiple deliveries, which could explain a part of the difference. In summary, while we
cannot find a reason for bias in our ascertainment of babies born preterm, we cannot exclude
the possibility of bias.

The observed excess of preterm babies among USA blacks compared with our Tanzanian
sample might reflect a real difference. We considered the possibility that caesarean section
or induction of labor may be more common in the USA, but this does not seem to be so. The
proportion of medically-indicated preterm birth was 5.6% among USA blacks (21) and 5.1%
in the Tanzanian sample. Maternal smoking during pregnancy was far higher among black
Americans than among the Tanzanians. A low rate of maternal smoking in Tanzania has
been confirmed by others (19). There is considerable concern in the US over the high rate of
preterm among Blacks (26). Unmeasured risk factors unique to US Blacks might include
stress and related conditions that accompany life as a racial minority.

Perinatal mortality was very high in the Tanzanian sample, despite the fact that mothers
received hospital-based obstetric care. Conditions contributing to perinatal mortality in
Africa include infectious diseases, poor access to routine health care, and social, nutritional
and material deprivation. In the Tanzania sample, the prevalence of maternal HIV-infection
was 7.4%, and 20% of mothers reported malaria infection during pregnancy; however,
perinatal mortality among offspring was similar for mothers with and without malaria. The
prevalence in Tanzania of gynecological disease, pre-enclampsia and bleeding during
pregnancy were 0.4, 3.7 and 1.3 percent respectively, similar to USA blacks (18).

Regardless of what selection might have affected entry into the Tanzanian registry, it is clear
that the high rate of perinatal mortality was not due to excesses in either of babies born
preterm or born with fetal growth restriction, compared with USA blacks. The rate of
preterm delivery was relatively low in the Tanzanian sample, and confirmed in the analysis
of the residual distribution of birth weights. We standardized for birthweight in order to take
into full account the differences in birthweight distributions. Standardizing has little
meaning if birthweight is not causally related to mortality (7). Still, many regard intrauterine
growth restriction as a major contributor to the high mortality rates of developing countries
(8). After standardization by birth weights we could not find any evidence that fetal growth
restriction might contribute to the excess mortality in the Tanzanian sample.

In conclusion, the factors responsible for the excess perinatal mortality in our Tanzanian
sample apparently work through pathways other than impaired fetal growth or preterm
delivery. Rather than promoting fetal growth, public health interventions should focus on the
clinical and social changes that can directly reduce perinatal mortality.
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Figure 1.
Gestational Age at birth and Gestational age-specific Mortality Distributions for Tanzanian
(1999–2006) and Black US (1995–2000) babies
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Figure 2.
Birth weight and Birth weight-specific Mortality Distributions for Tanzanian (1999–2006)
and Black US (1995–2000) babies.
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