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Abstract

Background

The death of a mother is a tragedy in itself but it can also have devastating effects for the
survival of her children. We aim to explore the impact of a mother’s death on child survival in
rural Gambia, West Africa.

Methods

We used 25 years of prospective surveillance data from the Farafenni Health and Demo-
graphic surveillance system (FHDSS). Mortality rates per 1,000 child-years up to ten years
of age were estimated and Kaplan-Meier survival curves plotted by maternal vital status.
Cox proportional hazard models were used to examine factors associated with child
survival.

Findings

Between 15 April 1989 and 31%! December 2014, a total of 2, 221 (7.8%) deaths occurred
during 152,906 child-years of follow up. Overall mortality rate was 14.53 per 1,000 child-
years (95% Cl: 13.93-15.14). Amongst those whose mother died, the rate was 25.89 (95%
Cl: 17.99-37.25) compared to 14.44 (95% CI: 13.84—15.06) per 1,000 child-years for those
whose mother did not die. Children were 4.66 (95% CI: 3.15-6.89) times more likely to die if
their mother died compared to those with a surviving mother. Infants whose mothers died
during delivery or shortly after were up to 7 times more likely to die within the first month

of life compared to those whose mothers survived. Maternal vital status was significantly
associated with the risk of dying within the first 2 years of life (p-value <0.05), while this was
no longer observed for children over 2 years of age (P = 0.872). Other factors associated
with an increased risk of dying were living in more rural areas, and birth spacing and year of
birth.
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Conclusions

Mother’s survival is strongly associated with child survival. Our findings highlight the impor-
tance of the continuum of care for both the mother and child not only throughout pregnancy,
and childbirth but beyond 6 weeks post-partum.

Introduction

Since the initiation of the Millennium Development Goals (MDGs), there has been consider-
able progress in reducing maternal and child mortality. Between 1990 and 2010, global mater-
nal mortality has decreased by nearly 50%[1, 2], and the average annual rate of reduction in
child mortality has more than doubled in the past decade compared to the previous decade[3].
In spite of this, maternal mortality remains high in low-income countries, particularly in rural
and less accessible areas. Many of the health interventions developed over the last decade have
focused on urban areas, and rural areas have struggled to successfully scale up and sustain
these interventions. The death of a mother is a tragedy in itself and it can have devastating
effects for the survival of her children. A mother’s death, especially within the first few months
of a child’s life, compromises nutrition (due to interruption of breastfeeding) and overall child
care, and these children are less likely to attend routine health services and benefit from pre-
ventive interventions such as vaccination. This effect is exacerbated in poor and underserved
communities.

Several studies in sub-Saharan African countries with high Human Immunodeficiency
Virus (HIV) prevalence have shown the effect of an HIV infected mother’s death on the risk of
her child dying[4-7]. In a pooled analysis of nine clinical trials, the adjusted odds of dying was
2.27 higher in children born to HIV-infected mothers who died compared those whose moth-
ers were still alive[4]. However, few studies have looked at this issue in sub-Saharan African
populations with low HIV prevalence[8, 9]. Studies of the long term impact of parental death
on child survival are few and also conflicting. A study in Bangladesh found that the cumulative
probability of survival to age 10 years was 24% in children whose mothers died, compared
with 89% in those whose mothers remained alive[10]. In contrast, historical data between 1950
and 1974 from West Kiang, The Gambia, showed little effect after 2 years of age[9]. Since this
historical paper in The Gambia, there have been many epidemiological changes in both disease
and infection in this region largely as a result of improved health care programmes, including
increased childhood vaccination coverage[11] and strengthened malaria control programmes
[12]. Overall, child mortality has decreased but like many areas in sub-Saharan Africa, there
has been less improvement in neonatal survival[12]. Maternal mortality has also remained
very high in this region, at 461 per 100,000 live births[13]. Considering the greatest risk of
death for a child is within the first month of life and the largest impact of a mother dying on
child survival occurs in the same time period|[4, 9, 10], it is intuitive that reducing maternal
mortality would improve child survival.

The Farafenni Health and Demographic Surveillance System (FHDSS) is the one of the old-
est demographic surveillance sites in sub-Saharan Africa, with over three decades of prospec-
tive surveillance[14]. The aim of this study is to use this valuable data resource for exploring
the impact of a mother dying on child survival in rural areas in West Africa.
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Methods
Study population and data collection

Gambia is a small West African country with a total population of under 2 million, a gross
national income per capita of $1,620 and an under five mortality rate of 98 per 1000 live births
(http://www.who.int/countries/gmb/en/). The FHDSS was established in 1981 and details have
been previously published[14]. Briefly, the FHDSS covers a rural area of North Bank Region in
The Gambia, which includes 42 rural villages, the small town of Farafenni and the area within
a 5km radius of the town. The majority of residents are Muslims and subsistence farmers with
few earning salaries from employment. The health care system consists of one regional hospi-
tal, one health centre, 16 primary health care posts and five dispensaries. Over the past 20
years, under-5 mortality has decreased, but with little improvement to neonatal mortality [12].

Residents live in compounds which are demarcated by a fence. Each compound is made up
of a number of households. In the rural villages, most compounds have single households.
However, in Farafenni town, it is common to see several households within each compound.
A household is defined as a group of people living in the same house or compound, sharing
the same cooking arrangements. The total population under surveillance as of December 2012
was 50 455 living in 6668 households: 17% of the residents are less than 5 years of age and just
under 50% are less than 15 years of age. Data on births, deaths, and migration are collected
routinely every 4 months from each household within the surveillance area. These include
information on how individuals enter the surveillance population (through initial enumera-
tion, birth in the area or in-migration), how they leave (death or outmigration), date of exit,
gender and ethnicity. Each individual is given a unique identity number that does not change.
At each three-four monthly round, each household is asked if any person has moved out and
where. Once the new address is identified and if within the surveillance area, the DHSS field
worker covering the new village confirms this and adds the new person to the relevant house-
hold, limiting any risk of double counting person-time.

Statistical analysis

With the exception of a 13-month period between February 2008 and March 2009 surveillance
has been uninterrupted since 1981. However, since 1989, fieldworkers were required to visit
every compound under surveillance at least once every quarter[14]. Due to this change in data
collection methods, which also improved the quality of the data, this analysis only includes
births from 1% April 1989 to 31* December 2014. Each resident under surveillance has a
unique identification number (comprising a village code, a compound number, a household
number and a personal number). Where known, they are linked with their mother.

Mortality rates per 1,000 child-years were estimated and Kaplan-Meier survival curves plot-
ted by maternal vital status (alive or dead). All children up to ten years of age were censored at
time of death, at the date of their last successful follow-up visit or the date when their mother
exited the surveillance area (after which point her vital status was unknown). The data were
split at the time of a mother’s death and subsequent survival was assessed. Rate ratios (with
95% confidence intervals) and results from Cox proportional hazard models were used to
compare childhood mortality by maternal vital status. To allow for multiple births, a mother’s
identifying code (ID) was fitted as a clustering variable. After fitting an initial Cox proportional
hazard model, and adjusting for clustering on mother ID, the impact of maternal vital status
varied significantly by age group of the child (global proportional-hazards assumption test
p<0.001). As a result we split survival time into the following 6 age groups, birth to <1 week
(early neonatal period), 1 week to <1 month (late neonatal period), 1 month to <6 months, 6
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months to <1 year, 1 year to <2 years and > = 2-10 years. Cox regression analysis was used to
examine factors associated with child survival. These factors include gender, ethnic group,
year of birth, mother’s age at birth, region, birth order and birth spacing to nearest sibling. Sta-
tistical analyses were performed using STATA 14.0 statistical software (StataCorp LP, USA,
http://www.stata.com).

Ethical approval

The Joint MRC/Gambia Government Ethics committee approved the establishment of the Far-
afenni HDSS and all instruments used to collect household and individuals level information.
Consent was given at community level by the community leaders. However, each household
has the right to refuse if they do not wish to participate in the surveys.

Results

Between 1% April 1989 and 31% December 2014, a total of 29,641 births were recorded within
the study area of which 29,238 (98.6%) had maternal vital status information available. Of
these, 736 (2.5%) were excluded for failing data consistency checks, resulting in a final analysis
dataset of 28,502 individuals from 3,567 compounds in 115 villages. Baseline characteristics,
separated by child’s vital status, are detailed in Table 1. The median age (and duration) in the
follow up period was 5.02 years (IQR: 2.09-9.23). Five thousand and thirty three children
(17.7%) left the study area before the reaching 10 years of age (Table A in S1 File); their mean
age was 4.02 years (SD: 2.7). Three thousand, five hundred and ninety-three (12.6%) mothers
left the study area during the study period. Women who left before the study end were younger
at time of their child’s birth (mean: 25.09 years, SD:6.4) compared to those who remained until
their child was 10 years of age (mean 28.03 years, SD: 7.3), ttest, P<0.001.

Survival analysis

A total of 2,221 (7.8%) deaths occurred during 152,906 child-years of follow up. This equates
to a rate of 14.53 per 1,000 child-years (95% CI 13.93-15.14). Splitting these deaths by maternal
vital status gives 2,192 deaths in 151,785 child-years where the mother is alive, a rate of 14.44
per 1,000 child years (95% CI 13.84-15.06), and 29 deaths in 1120 child-years where the
mother is dead, a rate of 25.89 per 1,000 child-years (95% CI 17.99-37.25). Overall, children
were 4.66 times more likely to die if their mother died compared to those with a surviving
mother (unadjusted HR: 4.66 95% CI: 3.15-6.89).

The overall median interval between death of the mother and death of the child was 91 days
(IQR:17-303). Among the mothers who died before their children 44.8% (13/29) occurred at
delivery, with their children dying on average 18 days later (IQR:3-58). For those mothers
who died before their child but not at delivery, the median interval between mother and child
dying was 243 (IQR:40-483) days. Among the women who died, those who died before their
children’s’ death were younger (mean 30.2 years, SD 7.7) compared to those who were sur-
vived by their children (mean 36.7, SD 9.8, t-test, p = 0.0005). The proportion of women aged
less than 20 years was significantly higher in mothers who died before their children (16.3%)
compared to those who died but were survived by their children (1.5%) ()2 test, p<0.0001).

Child survival estimates by maternal vital status are shown in the Kaplan-Meier plots in
Fig 1. Of the 2,221 deaths, 354 (15.9%) occurred in the first week of life; 112 (5.0%) between 1
week and <1 month of age; 323 (14.5%) between 1 and <6 months of age; 334 (15.0%)
between 6 months to <1 year; 465 (20.9%) between 1 to <2 years and 633 (28.5%) > = 2 years
to 10 years of age. The mortality rate decreased from 652.03 per 1,000 child-years (95% CI
587.53-723.62) in the first week of life to 6.15 per 1,000 child-years (95% CI 5.69-6.64) after 2
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Table 1. Baseline characteristics by child’s vital status.

Characteristics Child alive Child died
n % n %
Total 26,281 92.2 2,221 7.8
Mother vital status
Alive 25,930 98.7% 2,192 98.7%
Dead 351 1.3% 29 1.3%
Sex
Male 13,380 50.9% 1,177 53.0%
Female 12,901 49.1% 1,044 47.0%
Ethnic group
Wolof 11,367 43.3% 12,354 43.3%
Mandinka 8,302 31.6% 9,022 31.7%
Fula 5,687 21.6% 6,155 21.6%
Other 925 3.5% 971 3.4%
Year of birth
1989-1995 3,170 12.1% 714 32.1%
1996-2000 2,525 9.6% 453 20.4%
2001-2005 5,515 21.0% 432 19.5%
2006-2010 7,983 30.4% 378 17.0%
2011-2014 7,088 27.0% 244 11.0%
Mother’s age at birth
<20 years 3787 14.4% 353 15.9%
21-30 13349 50.8% 947 42.6%
31-45 8817 33.5% 866 39.0%
45+ 328 1.2% 55 2.5%
mean (sd) 27.66 7.27 28.5 8.49
Region
Rural 14,908 56.7% 1,788 80.5%
Urban 11,373 43.3% 433 19.5%
Birth order
1 10,219 38.9% 872 39.3%
2 6,193 23.6% 532 24.0%
3 3,927 14.9% 332 14.9%
4 2,501 9.5% 232 10.4%
5 1,455 5.5% 127 5.7%
6+ 1,986 7.6% 126 5.7%
Birth spacing with closest younger sibling
<18 months 1,334 5.1% 212 9.5%
18-36 months 9,804 37.3% 743 33.5%
>36 months 4,924 18.7% 394 17.7%
No younger sibling 10,219 38.9% 872 39.3%
Birth spacing with closest older sibling
<18 months 804 3.1% 376 16.9%
18-36 months 9,813 37.3% 853 38.4%
>36 months 5,028 19.1% 374 16.8%
No older sibling 10,636 40.5% 618 27.8%

doi:10.1371/journal.pone.0172286.t001
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1a

0 15 1 1.5 2
analysis time
Number at risk
Mother alive 28502 (773) 26534 (331) 24888 (238) 23323 (222) 21706
Mother dead 0 (16) 31 (3) 40 3) 50 2) 59

95% ClI 95% ClI
M_DEAD =0 M_DEAD =1

1b

T T T T
0 2 4 6 8 10
analysis time
Number at risk
Mother alive 28502(1564)21706 (425) 16252 (127) 12349 (50) 8860 (26) 6220
Motherdead 0 (24) 59 (20 113 (3) 148 (0) 146 (0) 154

95% Cl 95% Cl
M_DEAD =0 M_DEAD =1

Fig 1. Kaplan-Meier survival estimates by maternal vital status for a) first 2-years, b) up to 10 years.
doi:10.1371/journal.pone.0172286.9001

years of age. Overall mortality figures and rates for each of the 6 age categories and final
adjusted hazard ratios for each child age category are presented in Table 2 (see also Table B in
S1 File for the unadjusted analysis for each predictor variables in each age category). Maternal
vital status was significantly associated to the risk of dying within the first 2 years of life (p-
value <0.05), while this was no longer observed for children over 2 years of age (P = 0.872).

Across the 6 different child age categories in the Cox regression models, children from the
rural areas were at a higher risk of dying compared to those living in the more urban areas
(Table 2). In the first week of life, girls were less likely to die (adjusted HR: 0.77, 95% CI: 0.62-
0.95, P = 0.016), with a rate of 560.3 per 1,000 child-years (95%CI 477-658) compared to boys
(740.0 per 1,000 child-years (CI: 645-849). The interaction between maternal vital status and
sex was non-significant (P = 0.61) and there was no evidence for an association between

PLOS ONE | DOI:10.1371/journal.pone.0172286 February 22, 2017 6/14



®PLOS | one

Effect of maternal death on child survival

Table 2. Mortality rates and predictors for child death.

Child deaths Child-years Rate per 1,000 child years 95% CI HR* 95% CI
Overall 2,221 152,905.53 14.53 (13.93-15.14)
Mother alive 2,192 151,785.35 14.44 (13.85-15.06) 1
Mother dead 29 1,120.18 25.89 (17.99-37.25) 4.66 (3.15-6.89)
Birth to <1 week
Mother alive 350 542.43 645.24 (581.06-716.51) 1
Mother dead 4 0.49 8,222.23 (3,085.95-21,907.37) 3.05 (1.12-8.28)
Male 205 276.99 740.10 (645.41-848.67) 1
Female 149 265.93 560.30 (477.19-657.89) 0.77 (0.62-0.95)
Year of birth
1989-1995 78 73.59 1,059.98 (849.02-1,323.35) 1
1996-2000 48 56.63 847.59 (638.74-1,124.72) 0.92 (0.61-1.39)
2001-2005 67 113.43 590.67 (464.89-750.47) 0.79 (0.54-1.15)
2006-2010 72 159.71 450.82 (357.84-567.96) 0.71 (0.49-1.02)
2011-2014 89 139.56 637.71 (518.08-784.97) 1.03 (0.73-1.45)
Rural 260 317.30 819.40 (725.62-925.31) 1
Urban 94 225.62 416.64 (340.38-509.98) 0.51 (0.38-0.69)
Birth spacing to nearest sibling
<18 months 158 48.65 3,247.87 (2,778.95-3,795.92) 1
18-36 months 88 297.77 295.53 (239.81-364.20) 0.09 (0.07-0.12)
>36months 48 110.97 432.55 (325.97-573.98) 0.14 (0.10-0.20)
No sibling 60 85.53 701.51 (544.68-903.49) 0.26 (0.18-0.36)
1 week to <1 month
Mother alive 107 1,791.59 59.72 (49.41-72.18) 1
Mother dead 5 1.87 2,679.35 (1,115.22-6,437.23) 6.99 (2.98-16.36)
Year of birth
1989-1995 28 242.88 115.28 (79.60-166.97) 1
1996-2000 21 186.94 112.34 (73.25-172.30) 1.10 (0.62—1.93)
2001-2005 22 375.48 58.59 (38.58-88.99) 0.88 (0.52—1.50)
2006-2010 18 529.61 33.99 (21.41-53.94) 0.59 (0.33-1.05)
2011-2014 23 458.55 50.16 (33.33-75.48) 0.79 (0.45-1.39)
Rural 93 1,047.27 88.80 (72.47-108.82) 1
Urban 19 746.19 25.46 (16.24-39.92) 0.40 (0.25-0.65)
Birth spacing to nearest sibling
<18 months 59 156.42 377.19 (292.25-486.84) 1
18-36 months 23 987.99 23.28 (15.47-35.03) 0.07 (0.05-0.12)
>36months 17 367.44 46.27 (28.76-74.42) 0.14 (0.09-0.24)
No sibling 13 281.61 46.16 (26.81-79.50) 0.19 (0.11-0.33)
1 month to <6 months
Mother alive 316 11,314.77 27.93 (25.01-31.18) 1
Mother dead 7 12.91 542.24 (258.51-1,137.42) 4.81 (2.30-10.06)
Year of birth
1989-1995 88 1,552.37 56.69 (46.00-69.86) 1
1996-2000 60 1,192.10 50.33 (39.08-64.82) 0.98 (0.70-1.35)
2001-2005 78 2,396.17 32.55 (26.07-40.64) 0.80 (0.58-1.12)
20062010 51 3,403.84 14.98 (11.39-19.71) 0.41 (0.29-0.59)
2011-2014 46 2,783.19 16.53 (12.38-22.07) 0.47 (0.32-0.69)
Rural 258 6,631.99 38.90 (34.43-43.95) 1

(Continued)
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Table 2. (Continued)

Child deaths Child-years Rate per 1,000 child years 95% CI HR* 95% CI
Urban 65 4,695.69 13.84 (10.86—17.65) 0.51 (0.37-0.70)
Birth spacing to nearest sibling
<18 months 124 962.09 128.89 (108.08-153.69) 1
18-36 months 120 6,311.20 19.01 (15.90-22.74) 0.16 (0.12-0.21)
>36months 43 2,326.85 18.48 (13.71-24.92) 0.16 (0.11-0.23)
No sibling 36 1,727.53 20.84 (15.03-28.89) 0.22 (0.15-0.33)
6 months to <1 year
Mother alive 331 12,877.01 25.70 (23.08-28.63) 1
Mother dead 3 18.12 165.53 (53.39-513.24) 1.12 (0.23-5.35)
Year of birth
1989-1995 92 1,811.28 50.79 (41.41-62.31) 1
1996-2000 73 1,378.15 52.97 (42.11-66.63) 1.09 (0.79-1.48)
2001-2005 76 2,772.30 27.41 (21.89-34.33) 0.71 (0.51-1.00)
2006—2010 57 3,991.60 14.28 (11.01-18.51) 0.37 (0.26-0.53)
2011-2014 36 2,941.81 12.24 (8.83-16.97) 0.32 (0.21-0.49)
Rural 261 7,584.50 34.41 (30.48-38.85) 1
Urban 73 5,310.64 13.75 (10.93-17.29) 0.65 (0.47-0.88)
Maternal age continuous 1.02 (1.01-1.03)
Birth spacing to nearest sibling
<18 months 73 1,078.55 67.68 (53.81-85.14) 1
18-36 months 174 7,323.71 23.76 (20.48-27.56) 0.38 (0.29-0.52)
>36months 44 2,659.08 16.55 (12.31-22.24) 0.26 (0.18-0.38)
No sibling 43 1,833.80 23.45 (17.39-31.62) 0.48 (0.32-0.72)
1 year to <2 years
Mother alive 460 23,315.09 19.73 (18.01-21.62) 1
Mother dead 5 50.74 98.54 (41.01-236.74) 3.63 (1.56-8.47)
Year of birth
1989-1995 156 3,416.72 45.66 (39.03-53.42) 1
1996-2000 104 2,594.65 40.08 (33.07—48.58) 0.40 (0.30-0.54)
2001-2005 81 5,277.51 15.35 (12.34-19.08) 0.30 (0.22-0.40)
2006-2010 84 7,663.99 10.96 (8.85-13.57) 0.25 (0.18-0.36)
2011-2014 40 4,412.95 9.06 (6.65—-12.36) 0.00 (0.00-0.00)
Rural 375 13,952.62 26.88 (24.29-29.74) 1
Urban 90 9,413.22 9.56 (7.78-11.76) 0.00 (0.00-0.00)
Birth spacing to nearest sibling
<18 months 66 1,969.86 33.50 (26.32—42.65) 1
18-36 months 289 13,694.76 21.10 (18.80-23.68) 0.71 (0.53-0.94)
>36months 60 4,862.05 12.34 (9.58-15.89) 0.42 (0.29-0.60)
No sibling 50 2,839.17 17.61 (13.35-23.24) 0.70 (0.48-1.03)
>=2years
Mother alive 628 101,944.45 6.16 (5.70-6.66) 1
Mother dead 5 1,036.06 4.83 (2.01-11.59) 0.93 (0.37-2.33)
Year of birth
1989-1995 272 21,345.13 12.74 (11.32-14.35) 1
1996-2000 147 15,962.10 9.21 (7.83-10.83) 0.72 (0.59-0.88)
2001-2005 108 33,003.65 3.27 (2.71-3.95) 0.30 (0.24-0.38)
2006-2010 96 29,513.76 3.25 (2.66-3.97) 0.22 (0.17-0.28)

(Continued)
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Table 2. (Continued)

Child deaths

20112014 10
Rural 541
Urban 92
Birth spacing to nearest sibling

<18 months 75
18-36 months 383
>36months 128
No sibling 47

Child-years Rate per 1,000 child years 95% CI HR* 95% CI

3,155.87 3.17 (1.70-5.89) 0.11 (0.06-0.21)

69,020.38 7.84 (7.20-8.53) 1

33,960.13 2.71 (2.21-3.32) 0.66 (0.51-0.85)
8,995.32 8.34 (6.65-10.46) 1

63,048.76 6.07 (5.50-6.71) 0.78 (0.59-1.01)

23,271.76 5.50 (4.63-6.54) 0.73 (0.54-1.00)
7,664.67 6.13 (4.61-8.16) 0.79 (0.53-1.16)

*Cox regression models run for each age category providing Hazard Ratios (HR) adjusted for each variable within the age category

doi:10.1371/journal.pone.0172286.t002

gender and risk of death after 1 week of age. Year of birth was associated with lower risk of
death for children older than 1 month of age and born after 2000. Birth spacing of less than 18
months to the nearest sibling was strongly associated with higher risk of death across the 6
child age groups.

Fig 2 shows the percentage of deaths by age category and year of birth. Child mortality
within the 1 to 5 year age group decreased from 19.9% (95%CI 15.9%-23.9%) in 1989 to 2.7%
(95%CI 1.8%-3.6%) in 2009. Smaller but still significant declines were observed in 1-6 month
and 7 month to 1 year age groups. However, there has been no change in the proportion of
infants who died within the first month of life over that past 25 years. With only 29 of deaths
among mothers occurring before their child’s death, it was not possible to further explore the
relationship between year of birth and maternal vital status on child’s survival. However,
nearly two-thirds of these deaths (n = 18) occurred before the year 2000.
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Fig 2. Percentage of deaths by age group and year of birth. Dip due to an interruption in surveillance
between February 2008 and March 2009.

doi:10.1371/journal.pone.0172286.9002
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Discussion

Using one of the oldest demographic surveillance systems in sub-Saharan Africa, we observed
that mother’s survival is strongly associated with child survival. Infants whose mothers died
during delivery or shortly after were up to 7 times more likely to die within the first month of
life than those whose mothers survived. This study is consistent with recent studies in East
Africa [15, 16]. These infants lose the essential immediate mother-to-child contact care as well
as vital nutrition from breast milk which has a drastic impact on their health and survival.
Mortality rates within the first week of life, regardless of mother’s status, were very high,
highlighting the increasing concern of neonatal survival in rural areas of sub-Saharan Africa.
Many of these children are unable to receive the life-saving treatment they require due to the
lack of access to appropriate care during delivery or adequate immediate postpartum manage-
ment [17]. We observed the impact of a mother dying on child survival up to 2 years of age,
after which the association is no longer observed and is consistent with a previous study in
rural South Africa[7]. Other studies have continued to find an impact up to 5 years[8] and
even 10 years of age[10]. The lack of impact after the child is 2 years may be due to the family
structure in rural Gambia. This society is polygamous with strong extended families; grand-
mothers often live with the family and can be important replacement carers when the mother
is no longer around[9]. Most severe illnesses due to diarrhoea and pneumonia occur within
the first 2 years of life. It is possible that due to the relatively low incidence of these severe ill-
nesses after 2 years of age, maternal care might have a lower impact on mortality outcome[18,
19]. All these studies, however, highlight the importance of caring for mothers’ beyond the
early post-partum period. Maternal health remains important after pregnancy and delivery.
The standard definition of maternal mortality is a death occurring during pregnancy or up to
42 days after termination of pregnancy. In the recently published global burden of disease
study of levels and causes of maternal mortality during 1990-2013, 19% of the estimated
maternal deaths in the sub-Saharan African Western region occurred during delivery and 49%
between 24 hours and 6 weeks after delivery[20]. However, complications during this time
period often do not end there and a significant proportion of women (16%) die due to preg-
nancy and delivery complications after this period[20]. WHO recommends contact with
mothers at six weeks after delivery, but no routine checks are scheduled and this rarely occurs
[21].

Newborn boys are at greater risk of death compared to females, a finding seen in previous
studies[22]. Biological explanations include the impact of sex hormones on the immune sys-
tem which can lead to greater susceptibility to and severity of infectious diseases in males but
further studies are warranted[23]. Even in this largely rural area, we observed higher child
mortality in the very rural remote areas compared to those in the urban areas. Farafenni town
has one hospital, which consists of a 250-bed facility with paediatric, obstetric, medical, surgi-
cal, dental and ophthalmic units, as well as laboratories for haematology, biochemistry and
parasitology. The town also has several private dispensaries and pharmacies. The more rural
and remote areas are covered by 16 Primary Health Centre posts operated by village health
workers under the supervision of community health nurses[14]. These health workers can
only provide very basic health care, for example rapid diagnostic tests for malaria, and support
referral processes. Although, place of delivery was not available in this data set, the recent
demographic and health survey[24] estimated that 45% of deliveries in this region occurred at
home with no skilled attendant. With 42% of women reporting that distance to a health facility
was a key problem in accessing health care[24], we confirm that poor access to care and the
level of care experienced in rural areas negatively impacts on child survival.
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There have been numerous studies of infant and child mortality using DHS but few using
longitudinal data in West Africa[8]. Such data sets benefit from data collected every four
months over long periods of time and are thus able to show more accurate time trends and
adjust for covariates. We show that overall child mortality has decreased over time and in par-
ticular since the initiation of the MDGs as reported in previous studies[12]. Such large reduc-
tions are largely due to several successful health programmes, such as improved vaccination
coverage and the scaling up of intermittent preventive treatment for malaria among pregnant
women and long lasting insecticidal nets[12, 14]. Our data are also consistent with the global
trend of lacklustre improvements in neonatal mortality in the face of impressive reductions in
overall child mortality, and re-emphasises the urgent need to find new ways to tackle this
major public health concern. Within this surveillance system, strong efforts are made to cap-
ture all deaths. Within each village, there is a voluntary village reporter who also records all
births and deaths within the village. Every 3-4 months, the DHSS field worker visits each
house and routinely collects data on any births or deaths that may have occurred between the
last and current survey. For any such event, these are then validated with the village reporter.
However it is still possible that the number of deaths, and more specifically neonatal deaths
[25], may have been underestimated, possibly resulting in an underestimation of the
association.

We observed a weak association between mother’s age at the time of death and child sur-
vival. 16% of women who died before their child’s death were aged less than 20 years compared
to only 1.5% of those whose child survived their death. Adolescent new mothers are considered
a vulnerable population with high mortality and morbidity[26], but these data also indicate
that their offspring are at high risk of adverse outcomes. Our study, found that women who
left before the end of the study period were younger at time of their child’s birth compared to
those who remained. It is thus possible that we have also missed younger maternal deaths and
deaths of their offspring. Birth spacing remains an important risk factor for child death[8],
which further highlights the importance of family planning and counselling soon after deliv-
ery. Only 9% of married women in The Gambia are using a contraceptive method and 25% of
married women have an unmet need for family planning[24]. Family planning has been iden-
tified as a major intervention to improve health, but finding sustainable methods to improve
coverage remains a challenge.

Our findings highlight the importance of the continuum of care for both the mother and
child over time. Maternal mortality can be reduced with high quality skilled birth attendants
and emergency obstetric care. However, care should not stop at delivery. The current inte-
grated packages between maternal, newborn and child health are focused primarily around
pre-conception, pregnancy, delivery, and post natal care for the newborn. Of the 142 repro-
ductive, maternal, newborn and child health (RMNCH) interventions that have been identi-
fied and assessed, only 4 are directed to postnatal care of the mother. These are: family
planning, anaemia measurements and treatment, post-natal sepsis (acute) and HIV screening
and treatment. There are no recommended RMNCH interventions to assess long term and /or
persistent complications post pregnancy and delivery[27] beyond 6 weeks post-partum.

Important progress has been made in reducing maternal mortality since the initiation of
the MDGs. However, with the increase in survival of women who have complications during
pregnancy and delivery, there may be a detrimental impact on the long term health of such
women, as these women often have an increased risk of death[28]. The importance of inter-
ventions to fill the major gap in the continuum of care for maternal post-partum care has been
highlighted in recent calls and several packages of care for the post natal period have been
identified[21, 27, 29, 30]. As we move into the era of Sustainable Development Goals, integrat-
ing care for mother, newborn and child is essential. Thus, improving care of women during
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the inter-partum stage and beyond the 6 weeks post-delivery will also improve survival out-
comes of her child.
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