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Abstract

Background: Efforts to reduce neonatal mortality are essential if the Millennium Development Goal (MDG) 4 is to
be met. The impact of spatial dimensions of neonatal survival has not been thoroughly investigated even though
access to good quality delivery care is considered to be one of the main priorities when trying to reduce neonatal
mortality. This study examined the association between distance from the mother’s home to the closest health
facility and neonatal mortality, and investigated the influence of distance on patterns of perinatal health care
utilisation.

Methods: A surveillance system of live births and neonatal deaths was set up in eight districts of Quang Ninh
province, Vietnam, from July 2008 to December 2009. Case referent design including all neonatal deaths and
randomly selected newborn referents from the same population. Interviews were performed with mothers of all
subjects and GIS coordinates for mothers’ homes and all health facilities in the study area were obtained. Straight-
line distances were calculated using ArcGIS software.

Results: A total of 197 neonatal deaths and 11 708 births were registered and 686 referents selected. Health care
utilisation prior to and at delivery varied with distance to the health facility. Mothers living farthest away (4th and
5th quintile, ≥1257 meters) from a health facility had an increased risk of neonatal mortality (OR 1.96, 95% CI 1.40 -
2.75, adjusted for maternal age at delivery and marital status). When stratified for socio-economic factors there was
an increased risk for neonatal mortality for mothers with low education and from poor households who lived
farther away from a health facility. Mothers who delivered at home had more than twice as long to a health facility
compared to mothers who delivered at a health care facility. There was no difference in age at death when
comparing neonates born at home or health facility deliveries (p = 0.56).

Conclusion: Distance to the closest health facility was negatively associated with neonatal mortality risk. Health
care utilisation in the prenatal period could partly explain this risk elevation since there was a distance decay in
health system usage prior to and at delivery. The geographical dimension must be taken into consideration when
planning interventions for improved neonatal survival, especially when targeting socio-economically disadvantaged
groups.

Background
There has been an increasing awareness that the perina-
tal period is a neglected area in recent years, and inter-
ventions targeting mothers and newborns have been
encouraged [1]. Nearly four million newborns die during
the first four weeks of life every year [2,3] and the rate of

neonatal mortality has remained basically unchanged in
the past decades [4]. Some improvements can be seen,
but still the pace is slow, especially in the early neonatal
period [5]. Most of these neonatal deaths occur during
the first day of life and complications related to delivery
care make up a large proportion of the overall neonatal
mortality [3,6]. Skilled assistance at delivery and access to
emergency obstetric care are the most effective interven-
tions to prevent these early and intra-partum related
deaths [7]. This requires both the availability of such
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services as well as the will and possibility for pregnant
women to seek this care at delivery [8].
Thaddeus and Maine’s conceptual framework of the three

delays in care seeking has been widely used when investi-
gating health care utilisation [9]. They developed their
thoughts around obstetric emergencies, but the framework
is valid for any kind of care seeking behaviour, and Gab-
rysch and Campbell adapted it to also cover use of preven-
tive services around delivery [8]. Geographical factors such
as distance between home and health institutions are part
of the first and the second delay and suggested an influence
on the choice of delivery place [8] as well as being related
to neonatal mortality risks [10]. It has also been demon-
strated that the usage of health services decreases with
increasing distance between health facilities and families’
homes. This phenomena, often labelled by the geographical
term distance decay [11], has been used to describe various
situations and patient groups [12-14]. It has also been
shown for the utilisation of maternal health care and deliv-
ery services [15-17]. Geographical Information Systems
(GIS) can be used to investigate spatial dimensions of differ-
ent health outcomes. This has been applied to study infec-
tious diseases such as malaria and acute respiratory
infections [18,19], as well as to study geographical variation
in child mortality [20]. So far little has been explicitly done
in the field of peri- and neonatal health.
We have initiated a cluster-randomised trial for

improved neonatal health and survival in the Quang Ninh
province in northern Vietnam. The trial that has been
given the acronym NeoKIP (Neonatal Health - Knowledge
Into Practice, ISRCTN 44599712), is a collaboration
between the Ministry of Health, Uong Bi General Hospital
and Hanoi School of Public Health in Vietnam and
Uppsala University in Sweden. Preliminary results from
the initial part of the trial indicate that ethnic group and
health system utilisation before and at delivery were major
determinants of neonatal survival [21]. We have also
shown a strong negative association at baseline between
home delivery rate and the chances of neonatal survival
[22] and that a quarter of the mothers losing their baby in
the neonatal period did not have any contact with the
health system prior to death [23]. In this study we further
investigate the determinants of neonatal mortality, includ-
ing the care seeking behaviour at delivery by the addition
of GIS data and analysis techniques. Specifically, we aim to
examine the association between distance from the
mother’s home to the closest health facility and neonatal
mortality. In this analysis a special emphasis will be put on
different patterns of perinatal health care utilisation.

Method
Setting
Quang Ninh province is located in the north-east corner
of Vietnam, right on the border to China (Figure 1).

Demographically there are approximately one million
inhabitants divided into ten different ethnic groups, with
the hegemonic group of Kinh being the largest. The ter-
rain is heterogeneous with mountainous areas in the
inlands and in the north and flatlands in the south and
along the coastline. The coastline is extensive and the
archipelago outside Ha Long City is a place both for
tourism and a flourishing marine industry. Quang Ninh
province also harbours a large mining industry and is a
major exporter of coal. Like the rest of Vietnam the
area is going through an economic transition with an
annual growth rate of about 8% [24], potentially leading
to increasing inequities in society since it will take time
until the most remote areas are modernised.
Eight districts in the province with the highest neonatal

mortality rate (>15/1000 in 2005) were chosen as the Neo-
KIP study area [25]. These districts are divided into ninety
(90) communities, each with a health centre (CHC) and in
each district there is a district hospital. Each CHC has a
number of village health workers (VHW) employed to
provide preventive care at village level, and in general the
coverage of health workers is good [22]. It is also assigned
to the VHWs to keep records of and report reproductive
health events from their area of responsibility once a
month to the midwife at the CHC. There are two tertiary
hospitals in the province, one in Ha Long City, which is
outside the study area, and one in Uong Bi district (Figure
1). The latter also functions as a regional hospital, serving
neighbouring provinces. Mothers are free to seek antenatal
care and delivery services at all levels of the health system
and are not bound to their community of origin. In addi-
tion to the governmental health facilities there are hospi-
tals run by the coal mining industry as well as a plenitude
of private health care providers providing antenatal care.
There are however no private providers of delivery care. A
health insurance system covers maternal and child health
services. Around half of the population is however not
included in the health insurance system, but the govern-
ment covers health care costs for children <6 years and for
others who are classified as poor. The cost of delivery var-
ies considerably between different service facilities [22].
The coverage of ambulance services is concentrated in the
major hospitals and transportation for referrals is therefore
mainly for the families themselves to arrange, even in
emergencies.

Study design and data collection
In order to identify subjects for the study, a team of
trained data collectors recorded all births within the
study area from July 2008 until December 2009. Data
collection was performed by these data collectors
through monthly visits to all CHCs where data were
excerpted from records and staff and village health
workers were interviewed for any missing information
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on births and deaths in the communities. All district
level hospitals in the province, the provincial hospital in
Ha Long and the regional hospital in Uong Bi were also
visited monthly and information was excerpted from the
records. Names and addresses of all mothers of new-
borns were recorded and entered into the study data
base. The health status of all newborns was ascertained
at one month after delivery and neonatal mortality cases
were recorded. To avoid duplication of data, cross-
checking between different data sources was performed
and supervised by an assigned supervisor. All incident
neonatal deaths were noted as cases. All live births were
entered into a data base and once a month all new
entries were grouped and assigned a number. By the use
of a random number generator 6% from each monthly
batch were selected as referents to ensure at least a 2:1
ratio between referents and cases.
Mothers of all cases and referents were interviewed at

home eight to ten weeks after delivery, using a semi-
structured interview form. Informed consent was
obtained verbally by the interviewer.

Geographic information
Information about geographical features (roads, hydro-
graphy, elevation and administrative boundaries) was
accessed from the VidaGIS data base http://www.vida-
gis.com. VidaGIS provides data in the Universal

Transverse Mercator (UTM) projection system. Global
positioning system (GPS) was used to identify all health
facilities and homes of cases and referents. Locations
obtained using a GPS device (Garmin GPS 60 or Gar-
min GPS 60Cx) were transformed into the UTM projec-
tion system to calculate distance between homes and
health facilities and entered into the study data base.
Linear distances between homes and the closest health
facilities at each level of the health care system were cal-
culated using the “proximity” function in ArcMap 9.3.
For mothers who delivered at a health facility total lin-
ear distance travelled from home to final place of deliv-
ery was calculated. Information about the place of first
contact with the health system at time of delivery was
used to calculate this distance using the “near” function
in ArcMap 9.3. In case of intrauterine transfer within
the health system linear distances were calculated
between health facilities and added to the initial distance
in order to get total distance travelled before delivery.
All distances mentioned are one-way distances.

Data analysis
The total number of births and deaths within the study
period were used to calculate the neonatal mortality rate
and proportion of home deliveries for the study area.
Births and deaths were then sorted by district in the
study area and neonatal mortality rates for each district

Figure 1 NeoKIP study area in Quang Ninh province in northern Vietnam.
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were calculated. All further analyses were based on case-
referent data. Distances from home to the closest health
facility were divided into quintiles. The first and second
quintile were grouped and labelled “close” and the third
to fifth quintile were grouped and labelled “remote”.
The percentage of facility use at delivery in each quintile
group was displayed to demonstrate distance decay.
Crude odds ratios (COR) of neonatal mortality were cal-
culated for distance quintiles and background variables.
Ethnic group was further classified as either being from
the majority group of Kinh or from any of the minority
groupings in the study area. Household economic status
was calculated using an asset index, as described else-
where [21]. Variables associated with exposure and out-
come at a significance level of p < 0.10 were considered
as potential confounders and included in a multivariate
model.
Previously we have demonstrated that the ethnic

group of the mother and to some extent also maternal
educational level are determinants of neonatal death,
while economic status was shown not to influence the
risk of neonatal death [21]. It is well known that ethnic
minorities in Vietnam live in the more remote and iso-
lated areas [26,27] and that there are larger concentra-
tions of poverty in rural areas [28]. Therefore, to further
come to terms with possible confounding stratification
according to socioeconomic factors was made.
Pearson’s chi-square test and Mann-Whitney U test

was used for group comparison. Statistical analyses and
data handling were performed in Intercooled Stata 9
and SPSS 17.0. A p-value < 0.05 was considered
significant.

Ethical approval
Ethical approval for this study was obtained from the
Ministry of Health in Vietnam and the Research Ethics
Committee at Uppsala University, Sweden. The NeoKIP
project has been approved and supported by the Provin-
cial Health Bureau in Quang Ninh.

Results
During the study period from July 2008 to December
2009 there were 11 708 live births and 197 neonatal
deaths registered (NMR 17/1000). There was a marked
geographical variation in neonatal mortality rate when
calculated on district level, with higher rates in the
remote and mountainous districts of the province
(Figure 1). Home delivery rate for the whole study area
was 9.9% (1155/11708). Most deliveries took place at a
hospital (8691/11708), with the Vietnam-Sweden Gen-
eral Hospital in Uong Bi being the major delivery service
provider with 3340 deliveries from the study area during
the time period.

Cases and referents
The 197 incident neonatal deaths were registered as
cases, and 686 live births were randomly selected as
referents from the total population of live births.
Mothers of 183/197 (93%) cases and 599/686 (87%)
referents were available and interviewed. Mean age for
case mothers was 24.1 years as compared to 25.4 years
for referent mothers (p < 0.001). There was no differ-
ence in parity between mothers of cases and referents
(Mann Whitney, p = 0.39). Fifty six percent (102/183) of
cases and fifty four percent (322/599) of referents were
boys. GIS coordinates for respondents’ homes were
obtained for 180 cases and 597 referents.

Distance to health facilities
Straight-line (Euclidian) distances between respondents’
homes and the closest community health centre, district
hospital and tertiary hospital were calculated using the
GIS coordinates. Distances were not normally distribu-
ted. Most mothers lived closer to a CHC than to a hos-
pital. The median distance between home and the
closest health facility was 927 meters for referents and
1437 meters for cases (p < 0.001) (Table 1), with a
range of 13 - 10 418 meters.
The place where mothers first sought care for delivery

was noted for all respondents. Among mothers who
chose a facility delivery there was no difference between
cases and referents whether they had gone to the closest
health facility or chose to go to a more distant health
facility for delivery (p = 0.58). Cases and referents who
delivered at a health facility travelled the same distance
to get there (p = 0.862), with a median of 2204 meters
for cases and 1927 meters for referents. There was also
no difference in perceived travel time from home to
health facility between cases and referents, with a med-
ian 10 minutes for cases and 15 minutes for referents
(p = 0.63). Mothers who chose to deliver at home had
a longer distance to all levels of the health system
(Table 1). In the referent group, the median distance
from home to the closest health facility was twice as
long for mothers who delivered at home compared to
mothers who delivered within the health care system,
1819 m vs 881 m (p < 0.001) (Table 1).

Distance decay
Mothers of cases were less likely to deliver at a health
facility (66.4%) compared to referent mothers (85.6%)
(p < 0.001). Figure 2 demonstrates the relation between
health facility utilisation during pregnancy and at deliv-
ery based on distance to the closest health facility, indi-
cating a difference in distance-decay in perinatal care
utilisation between cases and referents. Mothers of new-
borns who died in the neonatal period had a sharper
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decay in both attendance to antenatal care as well as in
delivery at health facilities than referents.

Neonatal mortality
Sixty percent (95/183) of the neonatal death cases died
within the first 24 hours after delivery. There was an
increasing proportion of very early neonatal deaths the
farther away the mother lived from a health facility (Fig-
ure 3). There was however no difference in time of
death when comparing home deliveries to health facility
deliveries (p = 0.21). Neither did the place where
mothers primarily sought care for delivery influence the
time of death (p = 0.42) nor did the total distance from
home to the final place of delivery (2007 meters for
deaths on day 0 and 1879 meters for newborns dying
during day 1-27, p = 0.75).
Crude odds ratios (COR) for factors associated with

neonatal mortality are presented in Table 2. Sex of the
newborn, mode of delivery, family structure and parity
did not show any association with neonatal mortality
(data not shown) and were not considered in a multi-
variate analysis (p > 0.10). Mother’s marital status and
age at delivery were associated on a significance level of
10%, and were included in further analysis (p < 0.10).
Considering distance to the closest health facility to be
in the casual pathway of the health care utilisation vari-
ables of antenatal care attendance and place of delivery,
as expressed by the exhibited distance decay, these vari-
ables were also excluded from the multivariate analysis.

After relevant adjustments in a multivariate logistic
regression model there was an almost double risk of
neonatal mortality for families living farthest away from
a health facility (4th and 5th quintile, ≥ 1257 meters)
compared to the group who resided closest to a health
facility (1st to 3rd quintile < 1257 meters) (OR 1.96, 95%
CI 1.40 - 2.75, adjusted for maternal age at delivery and
marital status).
When stratifying by socioeconomic factors no associa-

tion between distance to the closest health facility and
neonatal mortality could be found for Kinh mothers,
mothers with higher education and mothers who were
better off economically (Table 3). There was however a
risk elevation for mothers with low education (OR 2.59,
95% CI 1.16 - 5.82, adjusted for maternal age at delivery
and marital status) and for mothers from poor house-
holds (2.84, 95% CI 1.30 - 6.21, adjusted for maternal
age at delivery and marital status). Ethnic minority
mothers displayed a near significant risk (Table 3).

Discussion
In this study we have examined the association between
distance to the nearest health facility and neonatal mor-
tality and found an increased risk of neonatal death for
mothers who live farthest away from health facilities.
We have also shown distance decay in antenatal care
attendance and facility usage at delivery. Mothers who
delivered at home live farther away from a health facility
than mothers who delivered within the health system

Table 1 Median straight-line distance (meters) from respondent’s home to health facilities, overall and in groups
based on delivery place and outcome in Quang Ninh province, Vietnam

Cases Referents p-value*

Distance to closest health facility Health facility delivery 1 108 881 0.06

Home delivery 2 574 1 819 0.13

All 1 437 997 <0.001

Distance to Community Health Centre Health facility delivery 1 143 972 0.07

Home delivery 2 594 1 819 0.12

All 1 440 1060 <0.001

Distance to District Hospital Health facility delivery 5 543 5 634 0.23

Home delivery 10 262 9 692 0.87

All 7 242 6 386 <0.01

Distance to Tertiary Hospital Health facility delivery 52 209 37 773 <0.01

Home delivery 73 415 70 890 0.76

All 63 419 41 635 <0.001

*Mann-Whitney U for comparison of groups (180 cases and 597 referents).
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and our results demonstrate how the rate of facility use
at delivery decreases as the distance increases. This indi-
cates that distance is a factor for the choice or necessity
of home delivery and is in concord with previous
research showing that an increasing distance from resi-
dence to the closest health facility decreases the delivery
care utilisation rate [15,29,30]. Neonatal mortality was
also associated with antenatal care use and the place of
delivery. The increased risk for mothers living farthest
away persisted when adjusting for place of delivery and
antenatal care attendance. Health care utilisation pat-
terns can thus not fully explain the association between
distance and neonatal mortality. We also found that
there was an earlier distance-decay effect among
mothers who suffered a neonatal death than among
referents (Figure 2) showing that there are other factors
than distance affecting the choice of delivery place. One

factor for the choice of delivery place not investigated
here is the perceptions of the quality of health facility
care. Earlier research has described a lower level of
knowledge about perinatal health issues among health
staff in the more remote and mountainous areas where
distances in general are longer [31]. This could contri-
bute to the demonstrated association between distance
to the closest health facility and neonatal mortality.
When stratifying by the socioeconomic determinants the

association between neonatal mortality and distance disap-
peared in the Kinh group and in the groups with higher
education and better household economic status. It is well
known that the people living in remote areas in Vietnam
in general are more disadvantaged when it comes to econ-
omy and education [32,33]. There is also a higher density
of ethnic minorities in the remote areas [26,28]. This asso-
ciation between socio-economic factors and distance has
been taken as an argument many times for the disadvan-
taged position of these vulnerable groups [33]. Our results
indicate that distance is also an important factor for neo-
natal survival among the least privileged, and may be an
important piece in explaining the previously described
increased mortality risk for newborns of mothers with low
education and ethnic minority background [21,34]. Lack
of resources for transportation and costs associated with
facility delivery, poor understanding of the dangers of
delivery and the importance of preventive delivery services
might be factors hindering mothers in overcoming the
obstacle of distance to health facilities.
This study is population based, including all neonatal

deaths that occurred in the study area during 18
months. By applying a case-referent design we get a
good sample to study determinants of neonatal mortality
even if not all neonatal mortality cases were identified,
since the referents represent the study population. How-
ever, we still believe that we have managed to capture
and identify most neonatal deaths through the data col-
lection system set up by the research group, not relying

Figure 2 Health facility usage during pregnancy and at
delivery based on the distance from mother’s residence to the
closest health facility in Quang Ninh province, Vietnam. (1st

quintile < 401 meters, 5th quintile > 2233 meters).

Figure 3 Time of neonatal death divided by distance quintiles
to closest health facility in Quang Ninh province, Vietnam, July
2008- December 2009 (c2 18.6, p = 0.017). 1st quintile < 401
meters, 5th quintile > 2233 meters.
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primary on faulty health records but on first hand infor-
mation from local care givers. The primary limitation of
this study can be found in the geographical measure-
ment. As discussed above, distance is a difficult entity to
pinpoint and it is up for discussion whether straight-line
distances are really a trustworthy proxy for the true
distance. Straight-line distance has however been

frequently used in previous studies. Another limitation
in relation to measuring distances is the diversity of geo-
graphical traits of the study area, which consists of both
mountainous areas as well as flatlands and coastal areas.
It can be argued that a straight-line distance in a moun-
tainous area is not equal to the same distance in the
flatlands. However, even this would rather strengthen

Table 2 Association between factors of the mother, the household and the health system and neonatal mortality
(bivariate analysis) in Quang Ninh province, Vietnam

Cases
(n)

Referents
(n)

Crude odds ratio Confidence interval (95%)

Socioeconomic determinants

Maternal ethnicity

Kinh 371 68 Ref

Minority 228 115 2.75 1.94 - 3.91

Maternal education

Tertiary school or higher 40 207 Ref

Secondary school 39 151 1.33 0.82 - 2.18

Primary school 37 134 1.43 0.87 - 2.35

No schooling 65 106 3.17 1.97 - 5.09

Household economy

5th quintile (rich) 12 120 Ref

4th quintile 22 120 1.83 0.86 - 3.89

3rd quintile 23 113 2.04 0.96 - 4.31

2nd quintile 60 124 4.84 2.41 - 9.71

1st quintile (poor) 66 122 5.41 2.69 - 10.9

Proximate determinants

Distance to closest health facility

1st quintile (<401 m) 30 119 Ref

2nd quintile (402 - 740 m) 26 120 1.28 0.68 - 2.44

3rd quintile (741 - 1256 m) 32 119 1.60 0.86 - 2.97

4th quintile (1257 - 2232 m) 48 120 2.38 1.32 - 4.29

5th quintile (>2233 m) 54 119 2.70 1.50 - 4.85

Close (1st to 3rd quintile) 78 358 Ref

Remote (4th to 5th quintile) 102 239 1.96 1.39 - 2.75

Antenatal care visits

Yes 113 507 Ref

No 70 91 3.45 2.35 - 5.07

Place of delivery

Regional hospital 37 152 Ref

District hospital 75 277 1.11 0.72 - 1.73

CHC 13 90 0.59 0.29 - 1.18

Home 58 80 2.98 1.79 - 4.96

Facility delivery 80 519 Ref

Home delivery 58 125 3.01 2.02 - 4.49

Målqvist et al. BMC Public Health 2010, 10:762
http://www.biomedcentral.com/1471-2458/10/762

Page 7 of 9



the association between distance and neonatal mortality,
since most neonatal deaths were found in the mountai-
nous area, as depicted in figure 1.
We have used linear distances for our analyses. Two-

dimensional road distances were manually measured
using the ArcGIS software as well. These distances were
proportional to straight-line distances with a factor of
1.4. Considering the imperfection of the concept of road
distance we chose not to use them in the analysis. In
real life there are a lot of components to consider when
calculating the true distance, like slope, road quality and
temporary obstructions along the road. There is also a
tendency in any GIS program to underestimate the true
length of a geographic line due to short-cutting and
generalizations [35]. Straight-line distances are on the
other hand well defined and calculated consequently
and may act as a proxy for the true distance. Even if the
true distance between home of the respondent and the
closest health facility or the facility where delivery care
was first sought would be refined by the use of more
detailed geographical information, there would still be a
question about transportation and other constraints on
care seeking. The perception of physical accessibility, of
which the true distance is one component only, plays an
important part for the first delay in care seeking and the
ability to pay and lack of transportation may for exam-
ple play a crucial part in the second delay [8]. Shannon
et al argue that what actually counts is the total effort

made to reach a health facility and suggest that per-
ceived travel time could be a good approximation of
this effort [11]. In our data there is neither a difference
in straight-line distance travelled nor in perceived travel
time between cases and referents, further strengthening
the use of straight-line distance as an approximation for
geographical constraints on delivery care seeking.
The Vietnamese government has for many years priori-

tized primary health care and managed to achieve a good
coverage of health facilities. This is reflected in our results
by the relative short distances to a health facility for most of
the mothers. Despite this, we can show that there is an
association between the distance to the closest health facil-
ity and neonatal mortality. To further expand the numbers
of CHCs, however, does not seem like a viable option con-
sidering the already short distances in this setting. The qual-
ity of roads might be an area where improvements may
affect facility delivery rates. However this is usually beyond
the scope of the health care system. In other settings, where
travel time to the health system is long, trials with maternity
waiting homes (MWHs) have been made. A Cochrane
review has however concluded that there is not enough evi-
dence to support the effectiveness of such facilities [36].

Conclusion
Distance from home to the closest health facility was asso-
ciated with neonatal mortality risk. Delivery care utilisa-
tion could partly explain this risk elevation since distance

Table 3 Risk of neonatal mortality related to distance from home to closest health facility, stratified by socio-
economic variables, in Quang Ninh Province, Vietnam

Cases
(n)

Ref
(n)

Odds ratio* Confidence interval (95%)

Household economy

Non-poor Close 68 317 Ref

Remote 48 159 1.40 0.92 - 2.13

Poor Close 10 41 Ref

Remote 54 80 2.84 1.30 - 6.21

Mother’s ethnicity

Kinh Close 45 226 Ref

Remote 23 104 1.30 0.75 - 2.28

Minority Close 33 92 Ref

Remote 79 135 1.61 0.99 - 2.62

Maternal education

Completed
1° school (≥5 y)

Close 68 325 Ref

Remote 46 165 0.84 0.86 - 2.01

Not completed
1° school (<5 y)

Close 10 33 Ref

Remote 54 73 2.59 1.16 - 5.82

“Close” representing 1st to 3rd distance quintiles (<1257 m), “Remote” representing 4th and 5th quintiles.

* Odds ratios adjusted for maternal age and marital status at delivery.
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was an important factor for the decision to deliver at a
health facility. To mothers who were poor, had low educa-
tion and belonged to an ethnic minority distance to the
closest health facility was an important determinant for
neonatal survival. Mothers, especially from socioeconomi-
cally disadvantaged groups, must therefore be facilitated to
overcome the constraints of distance and encouraged to
deliver at a health facility.

Author details
1International Maternal and Child Health (IMCH), Department of Women’s
and Children’s Health, Uppsala University, Uppsala, Sweden. 2National
Institute of Nutrition (NIN), Ministry of Health, Hanoi, Vietnam.

Authors’ contributions
MM had the primary responsibility in all steps of the study and supervised
field work together with TTD and LE. MM, LE and LÅP developed the study
design and analyzed data together with NS. All authors were involved the
writing of the manuscript and have approved the final version for
publication.

Competing interests
The authors declare that they have no competing interests.

Received: 21 June 2010 Accepted: 13 December 2010
Published: 13 December 2010

References
1. Martines J, Paul VK, Bhutta ZA, Koblinsky M, Soucat A, Walker N, Bahl R,

Fogstad H, Costello A: Neonatal survival: a call for action. Lancet 2005,
365(9465):1189-1197.

2. UNICEF: The state of the world’s children 2009. New York: Unicef; 2009.
3. Black RE, Cousens S, Johnson HL, Lawn JE, Rudan I, Bassani DG, Jha P,

Campbell H, Walker CF, Cibulskis R, et al: Global, regional, and national
causes of child mortality in 2008: a systematic analysis. Lancet 2010,
375(9730):1969-1987.

4. Lawn JE, Cousens S, Zupan J: 4 million neonatal deaths: when? Where?
Why? Lancet 2005, 365(9462):891-900.

5. Lawn JE, Kerber K, Enweronu-Laryea C, Massee Bateman O: Newborn
survival in low resource settings–are we delivering? BJOG 2009,
116(Suppl 1):49-59.

6. Bryce J, Boschi-Pinto C, Shibuya K, Black RE: WHO estimates of the causes
of death in children. Lancet 2005, 365(9465):1147-1152.

7. Lawn J, Shibuya K, Stein C: No cry at birth: global estimates of
intrapartum stillbirths and intrapartum-related neonatal deaths. Bull
World Health Organ 2005, 83(6):409-417.

8. Gabrysch S, Campbell OM: Still too far to walk: literature review of the
determinants of delivery service use. BMC Pregnancy Childbirth 2009, 9:34.

9. Thaddeus S, Maine D: Too far to walk: maternal mortality in context. Soc
Sci Med 1994, 38(8):1091-1110.

10. Titaley CR, Dibley MJ, Agho K, Roberts CL, Hall J: Determinants of neonatal
mortality in Indonesia. BMC Public Health 2008, 8:232.

11. Shannon GW, Bashshur RL, Metzner CA: The concept of distance as a
factor in accessibility and utilization of healthcare. Medical Care Review
1969, 26:143-161.

12. Muller I, Smith T, Mellor S, Rare L, Genton B: The effect of distance from
home on attendance at a small rural health centre in Papua New
Guinea. Int J Epidemiol 1998, 27(5):878-884.

13. Gething PW, Noor AM, Zurovac D, Atkinson PM, Hay SI, Nixon MS,
Snow RW: Empirical modelling of government health service use by
children with fevers in Kenya. Acta Trop 2004, 91(3):227-237.

14. Noor AM, Zurovac D, Hay SI, Ochola SA, Snow RW: Defining equity in
physical access to clinical services using geographical information
systems as part of malaria planning and monitoring in Kenya. Trop Med
Int Health 2003, 8(10):917-926.

15. Gage AJ: Barriers to the utilization of maternal health care in rural Mali.
Soc Sci Med 2007, 65(8):1666-1682.

16. Gage AJ, Guirlene Calixte M: Effects of the physical accessibility of
maternal health services on their use in rural Haiti. Popul Stud (Camb)
2006, 60(3):271-288.

17. Mwaniki PK, Kabiru EW, Mbugua GG: Utilisation of antenatal and
maternity services by mothers seeking child welfare services in Mbeere
District, Eastern Province, Kenya. East Afr Med J 2002, 79(4):184-187.

18. Schellenberg JA, Newell JN, Snow RW, Mung’ala V, Marsh K, Smith PG,
Hayes RJ: An analysis of the geographical distribution of severe malaria
in children in Kilifi District, Kenya. Int J Epidemiol 1998, 27(2):323-329.

19. Rojas F: Poverty determinants of acute respiratory infections among
Mapuche indigenous peoples in Chile’s Ninth Region of Araucania,
using GIS and spatial statistics to identify health disparities. Int J Health
Geogr 2007, 6:26.

20. Sankoh OA, Ye Y, Sauerborn R, Muller O, Becher H: Clustering of childhood
mortality in rural Burkina Faso. Int J Epidemiol 2001, 30(3):485-492.

21. Malqvist M, Nga NT, Eriksson L, Wallin L, Hoa DP, Persson LA: Ethnic
inequity in neonatal survival: a case-referent study in northern Vietnam.
Acta Paediatr 2010.

22. Nga NT, Malqvist M, Eriksson L, Hoa DP, Johansson A, Wallin L, Persson LA,
Ewald U: Perinatal services and outcomes in Quang Ninh province,
Vietnam. Acta Paediatr 2010, 99(10):1478-1483.

23. Malqvist M, Nga NT, Eriksson L, Wallin L, Ewald U, Persson LA: Delivery care
utilisation and care-seeking in the neonatal period: a population-based
study in Vietnam. Ann Trop Paediatr 2008, 28(3):191-198.

24. International Monetary Fund: World economic outlook, April 2009; Crisis
and Recovery. Washington, DC: The Fund; 2008.

25. Malqvist M, Eriksson L, Nga NT, Fagerland LI, Hoa DP, Wallin L, Ewald U,
Persson LA: Unreported births and deaths, a severe obstacle for
improved neonatal survival in low-income countries; a population based
study. BMC Int Health Hum Rights 2008, 8:4.

26. WHO: Health And Ethnic Minorities In Viet Nam. Hanoi: Technical Series
No. 1 2003.

27. Teerawichitchainan B, Phillips JF: Ethnic differentials in parental health
seeking for childhood illness in Vietnam. Soc Sci Med 2008,
66(5):1118-1130.

28. Van de Walle D, Gunewardena D: Sources of ethnic inequality in Viet
Nam. Journal of Development Economics 2001, 65:177-207.

29. Feikin DR, Nguyen LM, Adazu K, Ombok M, Audi A, Slutsker L, Lindblade KA:
The impact of distance of residence from a peripheral health facility on
pediatric health utilisation in rural western Kenya. Trop Med Int Health
2009, 14(1):54-61.

30. Hounton S, Chapman G, Menten J, De Brouwere V, Ensor T, Sombie I,
Meda N, Ronsmans C: Accessibility and utilisation of delivery care within
a Skilled Care Initiative in rural Burkina Faso. Trop Med Int Health 2008,
13(Suppl 1):44-52.

31. Eriksson L, Nga NT, Malqvist M, Persson LA, Ewald U, Wallin L: Evidence-
based practice in neonatal health: knowledge among primary health
care staff in northern Viet Nam. Hum Resour Health 2009, 7:36.

32. Minot N, Baulch B, Epprecht M: Poverty and inequality in Vietnam: spatial
patterns and geographic determinants. Washington DC: IFPRI and
Brighton: IDS; 2003.

33. Baulch B, Chuyen T, Haughton D, Haughton J: Ethnic minority
development in Vietnam. Journal of Development Studies 2007,
43(7):1151-1176.

34. Hoa DP, Nga NT, Malqvist M, Persson LA: Persistent neonatal mortality
despite improved under-five survival: a retrospective cohort study in
northern Vietnam. Acta Paediatr 2008, 97(2):166-170.

35. Longley PA: Geographical information systems and science/Paul A.
Longley. Chichester: Wiley;, 2 2005.

36. van Lonkhuijzen L, Stekelenburg J, van Roosmalen J: Maternity waiting
facilities for improving maternal and neonatal outcome in low-resource
countries. Cochrane Database Syst Rev 2009, , 3: CD006759.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2458/10/762/prepub

doi:10.1186/1471-2458-10-762
Cite this article as: Målqvist et al.: Distance decay in delivery care
utilisation associated with neonatal mortality. A case referent study in
northern Vietnam. BMC Public Health 2010 10:762.

Målqvist et al. BMC Public Health 2010, 10:762
http://www.biomedcentral.com/1471-2458/10/762

Page 9 of 9

http://www.ncbi.nlm.nih.gov/pubmed/15794974?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20466419?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20466419?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15752534?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15752534?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19740173?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19740173?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15794969?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15794969?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15976891?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15976891?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19671156?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19671156?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8042057?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18613953?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18613953?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9839747?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9839747?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9839747?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15246929?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15246929?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14516303?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14516303?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14516303?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17643685?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17060054?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17060054?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12625672?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12625672?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12625672?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9602418?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9602418?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17605804?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17605804?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17605804?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11416070?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11416070?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20528791?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20528791?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18727847?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18727847?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18727847?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18373839?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18373839?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18373839?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18179851?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18179851?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19021892?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19021892?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18578811?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18578811?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19393073?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19393073?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19393073?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18254906?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18254906?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18254906?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19588403?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19588403?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19588403?dopt=Abstract
http://www.biomedcentral.com/1471-2458/10/762/prepub

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Method
	Setting
	Study design and data collection
	Geographic information
	Data analysis
	Ethical approval

	Results
	Cases and referents
	Distance to health facilities
	Distance decay
	Neonatal mortality

	Discussion
	Conclusion
	Author details
	Authors' contributions
	Competing interests
	References
	Pre-publication history

