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Risk factors of neonatal mortality and 
child mortality in Bangladesh

Background Child and neonatal mortality is a serious problem in 
Bangladesh. The main objective of this study was to determine the 
most significant socio-economic factors (covariates) between the 
years 2011 and 2014 that influences on neonatal and child mortal-
ity and to further suggest the plausible policy proposals.

Methods We modeled the neonatal and child mortality as categor-
ical dependent variable (alive vs death of the child) while 16 covari-
ates are used as independent variables using χ2 statistic and multiple 
logistic regression (MLR) based on maximum likelihood estimate.

Findings Using the MLR, for neonatal mortality, diarrhea showed 
the highest positive coefficient (β = 1.130; P < 0.010) leading to most 
significant covariate for both 2011 and 2014. The corresponding 
odds ratios were: 0.323 for both the years. The second most signif-
icant covariate in 2011 was birth order between 2-6 years (β = 0.744; 
P < 0.001), while father’s education was negative correlation 
(β = -0.910; P < 0.050). In general, 10 covariates in 2011 and 5 co-
variates in 2014 were significant, so there was an improvement in 
socio-economic conditions for neonatal mortality. For child mortal-
ity, birth order between 2-6 years and 7 and above years showed the 
highest positive coefficients (β = 1.042; P < 0.010) and (β = 1.285; 
P < 0.050) for 2011. The corresponding odds ratios were: 2.835 and 
3.614, respectively. Father’s education showed the highest coefficient 
(β = 0.770; P < 0.050) indicating the significant covariate for 2014 
and the corresponding odds ratio was 2.160. In general, 6 covariates 
in 2011 and 4 covariates in 2014 were also significant, so there was 
also an improvement in socio-economic conditions for child mor-
tality. This study allows policy makers to make appropriate decisions 
to reduce neonatal and child mortality in Bangladesh.

Conclusions In 2014, mother’s age and father’s education were also 
still significant covariates for child mortality. This study allows pol-
icy makers to make appropriate decisions to reduce neonatal and 
child mortality in Bangladesh.
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The online version of this article contains supplementary material.

Bangladesh is the most densely populated country in the world. There were 
about 160 million people all across Bangladesh in 2013 [1]. There are eight 
administrative regions (see Figure 1).  Neonatal and child mortality is an 
important indicator of the development of a country like Bangladesh. From 
1990 to 2011, the number of child deaths decreased worldwide from 12 
million to 6 million [2]. This indicates that 14000 fewer children died each 
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day in 2011 compared to 1990. However, 19000 
children aged less than five years still perished every 
day in 2011. The report of the Bangladesh Demo-
graphic and Health Survey (BDHS 2011 report: 
https://dhsprogram.com/pubs/pdf/fr265/fr265.pdf) 
showed that the child mortality rate (those less than 
5 years of age) in Bangladesh had dropped from 57 
deaths per 1000 live births in 1993 to 28 deaths in 
2011. Although child mortality had declined, it was 
still high compared to other countries in the region. 
Therefore, it is essential to reduce child mortality.

Muhuri [3], Forste [4], Doctor [5] and Machado et 
al [6] showed that there was an inverse relationship 
between socio-economic factors and infant mortality. 
There was also evidence that mother’s characteristics 
and a child’s environment were directly related to in-
fant mortality [7]. Parent’s education and occupation 
was the third pair of factors that have significant in-
fluence on neonatal and child mortality in emerging 
countries [4,8]. Mosley et al [9] showed that the 
child mortality was directly influenced by mother’s 

education, type of toilet facility, source of drinking water, maternal and child health care services. Cleland 
et al [10] studied that early child mortality was highly associated with the mother’s education. Breierova et 
al [11] also showed that both father’s and mother’s education were highly significant for child mortality.

Cleland et al [12] demonstrated that a one year increase in mother’s education was associated with 7%-9% 
reduction in the under-five mortality rate. Gakidou et al [13] found a significant effect of mother’s educa-
tion on under-five mortality in 175 countries. Similarly, Akter et al [14] showed that there was a positive 
association between parents’ education and under-five mortality. The factors of infant mortality and child 
mortality were also studied by Hossain et al [15] and they provided evidence that the determinants were 
changing according to the age of child. The study also showed that access to health care services, birth in-
terval and mother’s education were the main features of neonatal and child mortality. Abir et al [16] indi-
cated that combined birth rank (less than 2-year interval or greater than 2-year interval) and interval, as 
well as contraceptive use were the common factors that were associated with child mortality. However, 
Chowdhury et al [17] studied on the covariates of neonatal and post-neonatal mortality in Bangladesh by 
using the BDHS 2007 data set and they showed that father’s education, type of place, wealth index, and 
child’s age were the significant factors for neonatal and child mortality. On the other hand, Hossain et al 
[18] also conducted studies on child mortality jointly in the Rajshahi and Natore districts.

The main objectives of this paper are: i) To determine the covariates which influence on neonatal and child 
mortality using χ2 and multiple logistic regression (MLR), (ii) To compare of neonatal and child mortality 
between the years of 2011 and 2014, especially comparing neo11 vs neo14 and child11 against child14, 
(iii) Understanding the Emerging Risk factors for neonatal and child mortality over time, and (iv) To sug-
gest the plausible policy proposals to reduce the neonatal and child mortality. While these objectives are 
addressed, the readers will find the following novelties in our study compared to the previous studies:

 (i) �The study shows the usage of the latest BDHS 2014 data sets.

(ii) �The study will utilize first time 16 covariates compared to previous studies with limited covari-
ance.

(iii) �Utilization of the χ2-test to show the association between neonatal and child mortality for 16 
covariates on the basis of P-values.

(iv) �Utilization of MLR to identify the risk factors on the basis of odds ratio (OR) and P-values.

 (v) �Besides the conventional risk factors, we will show new and first time introduced risk factors 
which are responsible for neonatal and child mortality, demonstrating difference compared to 
previous studies.

Figure 1. Bangladesh map showing 8 regions.
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(vi) �Comprehensive analysis in understanding the factors which influence on the neonatal and child 
mortality over time.

(vii) �Suggests policy solutions based on the most significant covariates or risk factors to reduce neo-
natal and child mortality.

The layout of this paper is prepared as follows. Section 1.2 represents Methods. Results are discussed in 
section 2. Section 3 represents the plausible solutions. Section 4 represents discussion in details and fi-
nally a conclusion.

METHODS

Input BDHS data

The data sets used in this study were derived from the 2011 and 2014 surveys. The BDHS data set consist-
ed of a total 8753 respondents, taken from 2011 and 7886 respondents, taken from 2014. In 2011, among 
these, 506 babies died in 0-28 days and 224 babies died under five years of age. In 2014, 240 babies died 
in 0-28 days and 319 babies died under five years of age. The analysis of this study considered only ever 
married women of reproductive age (15-49 years) who had at least one live birth before the time of inter-
view. The sampling techniques, survey design, survey instruments, measuring system and quality control 
have been discussed [19] (BDHS data source: http://www.dhsprogram.com/data/dataset_admin). This study 
was based on an analysis of existing public domain survey data sets that is freely available online with all 
identifier information removed. The survey was approved by the Ethics Committee in Bangladesh.

Tabular representation of the input BDHS data

In the BDHS data set, there were few questions in the questionnaire that were not filled-up by the respon-
dents. As a result, there were some missing values in the data set. In 2011 data set, there were 6 missing 
values in father’s education levels, 1 missing value in father’s occupation, 7774 in mother’s occupation, 
and 7395 in succeeding birth interval (SBI), 412 in diarrhea and 11 in mother’s age. On the other hand, 
in 2014 data set, there were two missing values in father’s education levels, 27 missing values in father’s 
occupation, 5780 in mother’s education, 6904 in succeeding birth interval (SBI), 1 in type of toilet facil-
ity and 326 in diarrhea. Most of the papers did not considered the missing values. However, in this study, 
we have replaced missing values with the mode for categorical variables and arithmetic mean for numer-
ical variables.

We created Table 1 for representing the socio-economic characteristics for neonatal and child mortality. 
The first column represents the attributes of the selected covariates. The second and fourth columns rep-
resent the number of neonatal death (alive vs death) and the third and fifth columns represent child death 
(alive vs death). We will use the following abbreviations: neo11 for neonatal mortality 2011, child11 for 
child mortality 2011, neo14 for neonatal mortality 2014 and child14 for child mortality 2014. Number 
in bolds indicates the highest and lowest percentages. Additionally, all percentages described are sub-per-
centages of the overall neonatal and child mortality percentages for 2011 and 2014. For example, the 
overall neonatal mortality rate for 2011 is 5.78% [506/ (506 + 8247)]. The features of Table 1 are dis-
cussed in Appendix S3 in Online Supplementary Document while the graphical representations are in 
Figures S1-S16 in Online Supplementary Document.

Table 1. Background characteristics of neonatal and child mortality in 2011 and 2014*
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Covariates

2011 2014
Neonatal death Child death Neonatal death Child death

Total alive 
(8247)

Total death 
(506)

Total alive 
(8529)

Total death 
(224)

Total alive 
(7646)

Total death 
(240)

Total alive 
(7567)

Total death 
(319)

1 Region

Barisal 927 (11.24) 50 (9.88) 947 (11.10) 30 (13.40) 887 (11.60) 19 (7.90) 882 (11.70) 24 (7.50)

Chittagong 1665 (20.18) 85 (16.79) 1694 (19.90) 56 (25.00) 1474 (19.30) 43 (17.90) 1453 (19.20) 64 (20.10)

Dhaka 1358 (16.46) 87 (17.19) 1415 (16.60) 30 (13.40) 1346 (17.60) 32 (13.30) 1335 (17.60) 43 (13.50)

Khulna 938 (11.37) 44 (8.69) 970 (11.40) 12 (5.40) 829 (10.80) 33 (13.80) 822 (10.90) 40 (12.50)

Rajshahi 1013 (12.28) 70 (13.83) 1054 (12.40) 29 (12.90) 927 (12.10) 32 (13.30) 923 (12.20) 36 (11.30)

Rangpur 1047 (12.69) 60 (11.85) 1088 (12.80) 19 (8.50) 930 (12.20) 28 (11.70) 920 (12.20) 38 (11.9)

Sylhet 1299 (15.75) 110 (21.73) 1361 (16.00) 48 (21.40) 1253 (16.40) 53 (22.10) 1232 (16.30) 74 (23.20)
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Covariates

2011 2014
Neonatal death Child death Neonatal death Child death

Total alive 
(8247)

Total death 
(506)

Total alive 
(8529)

Total death 
(224)

Total alive 
(7646)

Total death 
(240)

Total alive 
(7567)

Total death 
(319)

2 Type of place:

Urban 2520 (30.55) 154 (30.43) 2614 (30.60) 60 (26.80) 2418 (31.60) 70 (29.20) 2399 (31.70) 89 (27.90)

Rural 5727 (69.44) 352 (69.56) 5915 (69.40) 164 (73.20) 5228 (68.40) 170 (70.80) 5915 (69.40) 230 (72.10)

3 Gender of child:

Male 4214 (51.10) 288 (56.9) 4399 (51.60) 103 (46.00) 3927 (51.40) 134 (55.80) 3892 (51.40) 169 (53.00)

Female 4033 (48.90) 218 (43.10) 4130 (48.40) 121 (54.00) 3719 (48.60) 106 (44.20) 3675 (48.6) 121 (47.00)

4 Mother’s education:

No education 1587 (19.20) 100 (19.76) 1607 (18.80) 62 (27.70) 1190 (15.60) 43 (17.90) 1169 (15.40) 64 (20.10)
Primary 2506 (30.40) 178 (35.20) 2605 (30.50) 79 (35.30) 2133 (27.90) 73 (30.40) 2107 (27.80) 99 (31.00)
Secondary 3482 (42.20) 208 (41.10) 3628 (42.50) 80 (35.70) 3509 (45.90) 112 (46.70) 3480 (46.00) 141 (44.20)

Higher 672 (8.10) 20 (3.95) 689 (8.10) 3 (1.30) 814 (10.60) 12 (5.00) 811 (10.70) 15 (4.70)

5 Father’s education:

No education 2283 (27.70) 179 (31.00) 2374 (27.80) 88 (39.30) 1932 (25.30) 76 (31.70) 1902 (25.10) 106 (33.20)

Primary 2396 (29.10) 157 (31.00) 2475 (29.00) 78 (34.80) 2298 (30.10) 79 (32.90) 2276 (30.10) 101 (31.70)
Secondary 2432 (29.50) 129 (25.50) 2508 (29.40) 53 (23.70) 2291 (30.00) 69 (28.80) 2270 (30.00) 90 (28.20)
Higher 1136 (13.80) 41 (8.10) 1172 (13.70) 5 (2.20) 1125 (14.70) 16 (6.70) 1119 (14.80) 22 (6.90)

6 Mother’s occupation:

Working 544 (6.60) 37 (7.30) 558 (6.50) 23 (10.30) 952 (12.50) 29 (12.10) 942 (12.40) 39 (12.20)

Not working 7703 (93.40) 469 (92.70) 7971 (93.50) 201 (89.70) 6694 (87.50) 211 (87.90) 6625 (87.60) 280 (87.80)
7 Father’s occupation:

Farmer 3438 (42.10) 221 (43.70) 3588 (42.10) 101 (45.10) 1879 (24.60) 68 (28.30) 1854 (24.50) 93 (29.20)
Business 3434 (41.60) 192 (37.90) 3550 (41.60) 76 (33.90) 4178 (54.60) 123 (51.20) 4144 (54.80) 157 (49.20)

Service 505 (6.10) 22 (9.30) 519 (6.10) 8 (3.60) 501 (6.60) 8 (3.30) 498 (6.60) 11 (3.40)

Others 840 (10.20) 71 (14.00) 872 (10.20) 39 (17.40) 1088 (14.20) 41 (17.10) 1071(14.20) 58 (18.20)
8 Radio:

No 7653 (92.80) 473 (93.50) 7919 (92.80) 207 (92.40) 6757 (88.40) 222 (92.50) 6684 (88.30) 295 (92.50)

Yes 594 (7.20) 33 (6.50) 610 (7.20) 17 (7.60) 889 (11.60) 18 (7.50) 883 (11.70) 24 (7.50)

9 TV

No 5264 (63.80) 352 (69.60) 5447 (63.90) 169 (75.40) 4027 (52.70) 151 (62.90) 3977 (52.60) 201 (63.00)

Yes 2983 (36.20) 154 (30.40) 3082 (36.10) 55 (24.60) 3619 (47.30) 89 (37.10) 3590 (47.40) 118 (37.00)

10 Religion:

Non-Muslim 802 (9.70) 47 (9.30) 826 (9.70) 23 (10.30) 7021 (91.80) 12 (5.00) 6953 (91.90) 23 (7.20)

Muslim 7445 (90.30) 459 (90.70) 7703 (90.30) 201 (89.70) 625 (8.20) 228 (95.00) 614 (8.10) 296 (92.80)

11 Wealth index:

Poor 3408 (41.30) 238 (47.00) 3511 (41.20) 135 (60.30) 4618 (60.40) 150 (62.50) 4561 (60.30) 207 (64.90)

Middle 1565 (19.00) 96 (19.00) 1627 (19.10) 34 (15.20) 1470 (19.20) 46 (19.20) 1460 (19.30) 56 (17.70)
Rich 3274 (39.70) 172 (34.00) 3391 (39.80) 55 (24.60) 1558 (20.40) 44 (18.30) 1546 (20.40) 55 (17.50)

12 SBI (months):

<24 7478 (90.70) 442 (87.40) 7738 (90.70) 182 (81.20) 613 (8.00) 181 (75.40) 602 (8.00) 230 (72.10)

25-48 693 (8.40) 60 (11.90) 712 (8.30) 41 (18.30) 1533 (20.00) 41 (17.10) 1514 (20.00) 60 (18.80)
49 and above 76 (0.90) 4 (0.80) 79 (0.90) 1 (0.40) 5500 (71.90) 18 (7.50) 5451 (72.00) 29 (9.10)

13 Birth order (years):

One 7478 (90.70) 442 (87.40) 3079 (36.10) 43 (19.20) 2984 (39.00) 110 (45.80) 2960 (39.10) 134 (42.00)
2-6 693 (8.40) 60 (11.90) 5253 (61.60) 171 (76.30) 4524 (59.20) 124 (51.70) 4470 (59.10) 178 (55.80)

7 and above 76 (0.90) 4 (0.80) 197 (2.30) 10 (4.50) 138 (1.80) 6 (2.50) 137 (1.80) 7 (2.20)

14 Type of toilet facility:

Unhygienic 

toilet
6546 (79.37) 382 (75.49) 6758(81.94) 170 (75.89) 5572 (72.90) 184 (76.70) 5506 (72.80) 250 (78.40)

Hygienic 

toilet
1701 (20.26) 124 (24.50) 1771 (21.47) 54 (24.10) 2074 (27.10) 56 (23.30) 2061 (27.20) 69 (21.60)

15 Diarrhea:

Yes 7861 (95.30) 497 (98.20) 8140 (95.40) 218 (97.30) 7170 (93.80) 12 (95.00) 7170 (94.80) 10 (96.86)

No 386 (4.70) 9 (1.80) 389 (4.60) 6 (2.70) 476 (6.20) 240 (5.00) 397 (5.20) 309 (3.14)

16 Mother’s age (years):

15-24 4028 (48.80) 315 (62.30) 4223 (49.50) 120 (53.60) 3731 (48.80) 129 (53.80) 3698 (48.90) 162 (50.80)

25-34 3486 (42.30) 158 (31.20) 3565 (41.80) 79 (35.30) 3296 (43.10) 91 (37.90) 3266 (43.20) 121 (37.90)
35-44 699 (8.50) 29 (5.70) 704 (8.30) 37 (16.51) 582 (7.60) 18 (7.50) 567 (7.50) 33 (10.30)
45 and above 34 (0.40) 4 (0.80) 24 (10.70) 1 (0.44) 37 (0.50) 2 (0.80) 36 (0.50) 3 (0.90)

SBI – succeeding birth interval
*Source: BDHS, 2011 and 2014. Numbers in bold indicate the highest and lowest percentages.

Table 1. Continued
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Graphical interpretation of BDHS data: neonatal and child mortality

Figure S1(a) in Online Supplementary Document shows that the relative order of the regions in terms 
of their neonatal mortality percentages changed significantly, but the three regions that increased their 
percentages (Chittagong, Sylhet, and Khulna) were the ones with the highest percentages in 2014. These 
three areas have some common criteria. Because, there are many rootless people live in this area and gov-
ernment intervention does not reach these areas properly. The increasing rate of neonatal mortality in 
2014 than 2011 is ocular proof of delay medical intervention or negligence of medical worker or may be 
lake of health worker. Figure S1(b) in Online Supplementary Document shows the same trends as Fig-
ure S1(a), with the exception of Rangpur, Dhaka, and Chittagong, which all had very large reductions in 
child mortality from 2011 to 2014, a pattern not visible in their neonatal mortality percentages. The steps 
taken in these regions should be applied to the entirety of Bangladesh to result in similar reductions.

Figure S2(a) and Figure S2(b) in Online Supplementary Document indicate neonatal and child mor-
tality are slightly high in urban in 2014 compared to 2011. But both mortalities are low in rural in 2014 
than 2011. Clearly, the advancements available to urban families are necessary to reduce neonatal and 
child mortality in rural areas. Figure S3(a) and Figure S3(b) in Online Supplementary Document show 
a startlingly high percentage for both males and females, with little change in neonatal mortality be-
tween 2011 and 2014. However, child mortality for males and females show a more discernible change, 
with the male percentage increasing over time and the female percentage decreasing during the same 
time. Figure S4(a) and Figure S4(b) in Online Supplementary Document show that neonatal and child 
mortalities both increase most significantly at the level of secondary education from 2011 to 2014. Giv-
en that this increase is also present at the level of higher education, it seems that mothers beyond a pri-
mary level of education are not being targeted for contraception use with the assumption that they un-
derstand their own situation. Therefore, more attention needs to be given at this level in order to reduce 
child and neonatal mortality as a whole. Figure S5(a) in Online Supplementary Document demon-
strates that the only case in which neonatal mortality has decreased when the father has achieved a lev-
el of higher education. On the other hand, Figure S5(b) in Online Supplementary Document presents 
a conflicting view that child mortality actually increases when the father has secondary or higher edu-
cation between 2011 and 2014. Figure S6(a) and Figure S6(b) in Online Supplementary Document 
represents that the mortality percentage increases between 2011 and 2014 is in the area of neonatal 
mortality with working mothers.

Maternity Benefit is a payment on maternity leave women from work. This benefit can decrease neonatal 
mortality by decreasing working pressure. It gives a family financial support. Paternal benefits or at least 
paternity leave is also essential for decreasing neonatal mortality rate. A neonatal needs intensive care 
when a mother has a tension about her job it not possible take care of her baby. Maternity benefits can 
be made her free of job tension and financial support. One can think maternal benefits may be a good 
solution to decrease the neonatal and child mortality. Figure S7(a) and Figure S7(b) in Online Supple-
mentary Document appear to be most homologous out of the seven covariates observed thus far. Figure 
S8(a) and Figure S8(b) in Online Supplementary Document are even more similar than their seven 
counterparts. It is interesting to note that the presence of a radio is indicative of such a large disparity 
within the same regions.

Figure S9(a) and Figure S9(b) in Online Supplementary Document show both mortalities are higher 
for whose families have TV in 2014 than 2011. In 2014, neonatal death and child deaths are higher in 
Muslim families compared to non-Muslim family (Figure S10(a) and Figure 10(b) in Online Supplemen-
tary Document. This is consistent with the majority of the country being Muslim; therefore the majority 
of deaths will occur in Muslims. From 2011 to 2014, both mortalities are up in poor families because 
they do not get proper nutrition’s and health care facilities (Figure S11(a) and Figure S11(b) in Online 
Supplementary Document. In middle-class families both mortalities are comparable in 2011 and 2014. 
But in rich families both mortalities are down in 2014 compared to 2011. In Figure S12(a) and Figure 
S12(b) in Online Supplementary Document, as time between births increases, the likelihood of neona-
tal and child mortality decreases. The only case which seems to defy expectation is that of SBI 49 and 
above, where child and neonatal mortality both increases from 2011 to 2014. This may be because of the 
increased burden of having one or more children already 49 months or above of age and having to care 
for the other child on the way. We observe that from Figure S13(a) and Figure S13(b) in Online Supple-
mentary Document neonatal death is down and child death is up for first birth order in 2014 compared 
to 2011.
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It is also observed for 2nd order neonatal death is slightly high and child death is down in 2014. Neona-
tal and child death is almost comparable for type of toilet facility in both years (Figure S14(a) and Figure 
S14(b) in Online Supplementary Document. Figure S15(a) and Figure S15(b) in Online Supplemen-
tary Document confirm our understanding that diarrhea is one of the most serious problems to address 
in Bangladesh. Figure S16(a) and Figure S16(b) in Online Supplementary Document indicate that neo-
natal and child mortalities are down for mothers who are 15-24 years; whereas, both mortalities are up 
for mothers who are 25-34 years. Therefore, as these two categories produce the vast amount of the neo-
natal and child mortality in Bangladesh, increased incentives for the education of the youth in Bangladesh 
need to be put into action to lower these numbers.

Segmentation of potential risk factors

Mosley et al [9] showed some factors influencing child survival in developing countries. The outcome 
variables were studied against all selected potential risk variables and these variables were divided into 
three distinct groups: (i) community, (ii) household and (iii) individual factors. (i) The community level 
factors are type of place and the geographical region. The type of place is divided into two categories (ur-
ban and rural) and geographic regions are divided into seven categories (Barisal, Chittagong, Dhaka, Khu-
lna, Rajshahi, Rangpur, and Sylhet). (ii) The household factor was the wealth index variable that measured 
the financial status of a household. The household wealth index variable is divided into five categories 
(poorest, poorer, middle, richer and richest), but for our calculation, this index was divided into three 
categories (poor, middle and rich). The bottom 40% of households are of poor, the next 40% are of the 
middle and the top 20% are of the rich category households. (iii) The individual factors were: religion, 
watches TV, listens to radio, gender of the child, birth order, SBI, and paternal education.

Methodological approach

Our methodology is based on application of bivariate analysis, namely χ-2 test, for examination of various 
predictors and response variables using a single population. We used the SPSS version 20.00 and R i386 
version 3.4.1 software system for our analysis. The methodology used multiple logistic regression (MLR) 
where the goal was to determine which predictor variables influence on (a) neonatal mortality and (b) 
child mortality. The main predictor variables are: region, type of place, gender of child, mother’s and fa-
ther’s education, mother’s and father’s occupation, radio, TV, religion, wealth index, SBI, birth order, type 
of toilet facility, diarrhea, and mother’s age.

The system block diagram has been shown in Figure 2. It has two phases: BDHS 2011 data set (shown 
in left) and BDHS 2014 data set (shown in right side). χ2 analysis applied on both BDHS 2011 and 2014 

data set. χ2-test gives only message as to which of 
the 16 covariates are associated or differed with 
mortality (neonatal and child). We determined sig-
nificant covariates based on their P-values. Similar-
ly, we also applied MLR on both data sets. MLR 
measures the average of the relationship between 
the categorical dependent variable (alive vs death) 
and two or more predictor variables (16 covariates).

χ2-test shows only the association between two cat-
egorical dependent variable (DV) and independent 
variables (categorical), but doesn’t show the depen-
dency of DV on independent variables. On the oth-
er hand, MLR shows both association and the de-
pendency of DV on independent variables, hence 
can be adapted for studying the effect of change in 
independent variables on DV. Figure 2 shows the 
system used for estimating the most significant co-
variates.

We use two strategies for understanding (a) the as-
sociation between covariates and mortalities (neo-
natal and child) and (b) significance of the covari-
ates when it comes to mortalities. For (a) we use Figure 2. System block diagram.
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chi-square test and for (b) we use multiple logistic regression (MLR). The corresponding mathematical 
expressions are given in Appendix S1 and S2 in Online Supplementary Document, respectively. Note 
that the P-value is the deciding criteria during the χ2-test analysis leading to the association between co-
variates and mortalities. On the contrary, the regression coefficients and the Odds ratio (OR) are adapted 
for concluding the significance of the covariates for mortalities.

RESULTS

Results using χ2-test: understanding associations

The χ2-test shows the association between the selected covariates of neonatal and child mortality. Table 
2 contains the results of chi-square test. The first column of the Table 2 represents the attributes of se-
lected covariates sequentially for which the association to be tested. Based on their respective P-values, 
in 2011, we say that the region, gender of child, father’s and mother’s education, father’s occupation, TV, 
wealth index, SBI, birth order, type of toilet facility, diarrhea and mother’s age are significant covariates 
for neonatal mortality. Whereas, region, father’s and mother’s education, father’s and mother’s occupation, 
TV, wealth index, SBI, birth order and mother’s age are also significant covariates for child mortality. In 
2014, region, father’s and mother’s education, father occupation, radio, TV, birth order, diarrhea and moth-
er’s age are significant factors for neonatal mortality, whereas, region, mother’s education, father’s and 
mother’s occupation, radio, TV, type of toilet facility, diarrhea and mother’s age are also significant factors 
for child mortality.

Results using multiple logistic regression

We create Table 3 and Table 4 to show the logistics effect of the selected covariates on neonatal and child 
mortality. The columns of the Table 3 and Table 4 have been presented by selecting those covariates, re-
gression coefficient (β), and odds ratios (OR) which are statistically significant. This constitutes only co-
variates such as: region, gender of child, mother’s and father’s education, father’s occupation, religion, SBI, 
birth order, type of toilet facility, diarrhea and mother’s age are statistically significant at 1, 5 and 10% lev-
el of significance. Rests of the covariates (type of place, mother’s occupation, radio, TV, wealth index) are 
not significant of that level of significance. Because their P-values are greater than 0.010, 0.050 and 0.001, 
so they have no effect on neonatal and child mortality. Here, we have discussed only the significant vari-
able covariates which are given in Table 3. The description of the observations corresponding to Table 3 
and Table 4 are shown in Appendix S4 and Appendix S5 in Online Supplementary Document, respec-
tively. The importance of the 16 covariates in terms of its risk is presented in Table 5 (columns 4 and 5).

Table 2. Association of neonatal mortality and child mortality with respect to the selected covariates by χ2-test for 2011 and 2014*

Covariates

2011 2014
Neonatal mortality Child mortality Neonatal mortality Child mortality

χ2-test P-value χ2-test P-value χ2-test P-value χ2-test P -value

Region 18.852 P < 0.010 19.573 P < 0.010 12.087 P < 0.050 17.556 P < 0.050

Type of place 0.003 0.954 1.535 0.215 0.651 0.420 2.051 0.152

Gender of child 6.464 P < 0.050 2.735 0.098 1.864 0.172 0.292 0.589

Mother’s education 24.675 P < 0.001 57.599 P < 0.001 8.465 P < 0.050 16.069 P < 0.010

Father’s education 24.675 P < 0.001 4.888 P < 0.001 14.902 P < 0.001 0.014 0.906

Mother’s occupation 0.394 0.530 16.714 P < 0.010 0.029 0.865 21.269 P < 0.001

Father’s occupation 11.142 P < 0.050 0.063 P < 0.010 6.882 P < 0.050 12.535 P < 0.001

Radio 0.332 0.564 12.733 0.564 3.894 P < 0.050 5.168 P < 0.001

TV 6.821 P < 0.010 0.085 P < 0.001 9.811 P < 0.001 13.424 P < 0.001

Religion 0.104 0.798 33.685 0.771 3.158 0.075 0.337 0.562

Wealth index 7.286 P < 0.050 27.863 P < 0.001 0.649 0.723 2.806 0.246

SBI (months) 9.316 P < 0.010 29.433 P < 0.001 1.496 0.473 0.714 0.700

Birth order (years) 10.872 P < 0.010 2.356 P < 0.001 5.585 P < 0.050 1.485 0.483

Type of toilet facility 8.197 P < 0.050 1.795 0.502 1.697 0.193 4.881 P < 0.050

Diarrhea 9.316 P < 0.001 37.139 0.180 27.478 P < 0.001 29.123 P < 0.001

Mother’s age (years) 37.139 P < 0.001 P < 0.001 3.205 P < 0.001 6.787 P < 0.001

SBI – succeeding birth interval
*Source: BDHS, 2011 and 2014. Numbers in bold indicate significant covariates at 1%, 5% and 0.1%.
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Table 3. Multiple logistic regression estimates for the effect of the selected covariates on neonatal mortality in 2011 and 2014*
St

ud
y 

Nu
m

be
r

Covariates

2011 2014

Coef. P-value OR
95% CI for OR

Coef. P-value OR
95% CI for OR

Lower Upper Lower Upper

1 Region:

Barisal (Ref) - - 1.000 - - - - 1.000 - -

Chittagong -0.093 0.620 0.911 0.632 1.315 0.122 0.711 1.130 0.592 2.159

Dhaka 0.133 0.477 1.142 0.792 1.648 0.153 0.666 1.165 0.582 2.332

Khulna -0.127 0.555 0.881 0.577 1.343 0.914 0.015 2.494 1.196 5.202

Rajshahi 0.249 0.201 1.282 0.876 1.877 0.806 P < 0.010 2.238 1.098 4.563

Rangpur -0.036 0.858 0.965 0.650 1.431 1.040 P < 0.001 2.829 1.342 5.966

Sylhet 0.416 P < 0.050 1.517 1.060 2.171 0.649 P < 0.050 1.914 0.996 3.679

2 Type of place:

Urban (Ref) - - 1.000 - - - - 1.000 - -

Rural -0.172 0.134 0.842 0.673 1.054 -0.176 0.407 0.838 0.553 1.272

3 Gender of the child:

Male (Ref) - - 1.000 - - - - 1.000 - -

Female 0.275 P < 0.010 0.759 0.632 0.968 -0.080 0.634 0.923 0.663 1.285

4 Mother’s education:

No education (Ref) - - 1.000 - - - - 1.000 - -

Primary 0.190 0.174 1.209 0.920 1.590 -0.118 0.648 0.888 0.535 1.476

Secondary 0.239 0.128 1.270 0.930 1.726 0.259 0.348 1.295 0.755 2.223

Higher 0.054 P < 0.001 1.056 0.575 1.937 -0.133 0.789 0.876 0.332 2.311

5 Father’s education:

No education (Ref) - - 1.000 - - - - 1.000 - -

Primary -0.216 0.080 0.806 0.633 1.026 -0.079 0.724 0.924 0.598 1.428

Secondary -0.350 P < 0.050 0.705 0.532 0.935 -0.113 0.656 0.893 0.542 1.470

Higher -0.642 P < 0.010 0.526 0.324 0.853 -0.910 P < 0.050 0.403 0.163 0.992

6 Mother’s occupation:

Working (Ref) - - 1.000 - - - - 1.000 - -

Not working -0.205 -0.264 0.814 0.568 1.168 0.032 0.902 1.033 0.618 1.724

7 Father’s occupation:

Farmer (Ref) - - 1.000 - - - - 1.000 - -

Business 0.007 0.952 1.007 0.808 1.255 -0.402 0.068 0.669 0.435 1.030

Service 0.281 P < 0.010 1.324 0.758 2.314 0.411 0.499 1.509 0.458 4.970

Others 0.239 0.101 1.270 0.954 1.692 -0.499 0.060 0.607 0.361 1.021

8 Radio:

No (Ref) - - 1.000 - - - - 1.000 - -

Yes 0.030 0.873 1.031 0.710 1.496 -0.567 0.093 0.567 0.293 1.099

9 TV:

No (Ref) - - 1.000 - - - - 1.000 - -

Yes -0.175 0.178 0.840 0.651 1.083 -0.273 0.221 0.761 0.491 1.179

10 Religion:

Non-Muslim (Ref) - - 1.000 - - - - 1.000 - -

Muslim -0.070 0.669 0.932 0.676 1.285 0.070 P < 0.050 0.440 0.218 0.889

11 Wealth index:

Poor (Ref) - - 1.000 - - - - 1.000 - -

Middle 0.040 0.772 1.041 0.794 1.365 0.280 0.226 1.323 0.841 2.080

Rich 0.034 0.830 1.034 0.760 1.408 0.231 0.337 1.260 0.786 2.018

12 SBI:

<24 (Ref) - - 1.000 - - - - 1.000 - -

25-48 0.353 P < 0.010 1.423 1.064 1.903 -0.107 0.763 .899 0.450 1.795

49 and above 0.022 0.967 1.022 0.368 2.835 0.166 0.628 1.181 0.602 2.316

13 Birth order:

One (Ref) - - 1.000 - - - 1.000 - -

2-6 0.744 P < 0.001 2.105 1.677 2.642 -0.266 0.286 0.767 0.470 1.249

7 and above 0.954 P < 0.001 2.597 1.300 5.186 0.167 0.812 1.182 0.299 4.674

14 Type of toilet facility:

Unhygienic toilet (Ref) - - 1.000 - 1.000

Hygienic toilet 0.240 P < 0.050 1.271 1.027 1.574 0.144 0.549 1.155 0.721 1.851
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Table 4. Multiple logistic regression estimates for the effect of the selected covariates on child mortality in 2011 and 2014*

St
ud

y 
Nu

m
be

r

Covariates

2011 2014

Coef. P-value OR
95% CI for OR

Coef. P-value OR
95% CI for OR

Lower Upper Lower Upper

1 Region:

Barisal (Ref) - - 1.000 - - - - 1.000 - -

Chittagong -0.017 0.943 0.983 0.617 1.567 -0.469 0.125 0.625 0.344 1.138

Dhaka -0.450 0.095 0.638 0.376 1.081 -0.369 0.264 0.691 0.362 1.322

Khulna -0.744 P < 0.050 0.475 0.239 0.943 -1.074 P < 0.010 0.342 0.168 0.694

Rajshahi -0.161 0.551 0.851 0.501 1.446 -0.758 P < 0.050 0.469 0.236 0.929

Rangpur -0.819 P < 0.010 0.441 0.243 0.802 -1.342 P < 0.001 0.261 0.126 0.541

Sylhet -0.115 0.644 0.891 0.547 1.452 -0.872 P < 0.001 0.418 0.226 0.774

2 Type of place:

Urban (Ref) - - 1.000 - - - - 1.000 - -

Rural -0.200 0.253 0.818 0.580 1.154 -0.085 0.675 1.089 0.732 1.620

3 Gender of child

Male (Ref) - - 1.000 - - - - 1.000 - -

Female 0.198 0.152 1.219 0.930 1.599 -0.101 0.531 0.904 0.660 1.239

4 Mother’s education:-

No education (Ref) - - 1.000 - - - - 1.000 - -

Primary -0.454 P < 0.010 0.635 0.448 0.900 0.232 0.346 1.261 0.779 2.042

Secondary -0.697 P < 0.001 0.498 0.325 0.762 -0.095 0.718 0.909 0.542 1.524

Higher -1.179 0.080 0.307 0.082 1.150 0.500 0.287 1.649 0.656 4.146

5 Father’s education:

No education (Ref) - - 1.000 - - - - 1.000 - -

Primary 0.099 0.287 1.203 0.856 1.691 0.166 0.436 1.181 0.778 1.793

Secondary 1.396 0.701 1.087 0.710 1.663 0.070 0.773 1.073 0.666 1.729

Higher -0.355 P < 0.010 0.187 0.059 0.595 0.770 P < 0.050 2.160 0.950 4.914

6 Mother’s occupation:

Working (Ref - - 1.000 - - - - 1.000 - -

Not working -0.502 0.034 0.605 0.380 0.963 -0.108 0.664 0.897 0.550 1.463

7 Father’s occupation:

Farmer (Ref) - - 1.000 - - - - 1.000 - -

Business 0.097 0.564 1.102 0.792 1.534 0.533 P < 0.010 1.704 1.122 2.588

Service 1.388 0.324 4.008 1.645 9.763 -0.360 0.525 0.697 0.229 2.121

Others 0.355 0.075 1.426 0.965 2.107 0.462 P < 0.050 1.587 0.963 2.614

8 Radio:

No (Ref) - - 1.000 - - - - 1.000 - -

Yes 0.379 0.155 1.460 0.867 2.460 0.494 0.112 1.639 0.890 3.016

9 TV:

No (Ref) - - 1.000 - - - - 1.000 - -

Yes 0.028 0.897 1.028 0.676 1.564 0.094 0.659 1.099 0.723 1.671

10 Religion:

Non-Muslim (Ref) - - 1.000 - - - - 1.000 - -

Muslim -0.269 0.253 0.764 0.482 1.212 0.272 0.379 1.313 0.716 2.407

St
ud

y 
Nu

m
be

r
Covariates

2011 2014

Coef. P-value OR
95% CI for OR

Coef. P-value OR
95% CI for OR

Lower Upper Lower Upper

15 Diarrhea:

No (Ref) - - 1.000 - - - - 1.000 - -

Yes 1.130 P < 0.010 0.323 0.165 0.632 1.130  P < 0.010 0.323 0.165 0.632

16 Mother’s age:

15-24 (Ref) - - 1.000 - - - - 1.000 - -

25-34 -0.899 P < 0.001 0.407 0.326 0.508 0.036 P < 0.001 0.407 0.326 0.508

35-44 -1.047 P < 0.001 0.351 0.227 0.542 0.015 P < 0.001 0.351 0.227 0.542

45 and above -0.162 0.779 0.851 0.275 0.634 -0.054 0.779 0.851 0.275 0.634

OR – Odds ratio, Coef – Coefficients, CI – Confidence interval, Ref – Reference category
*Source: BDHS, 2011 and 2014. Numbers in bold indicate significant covariates at 1%, 5% and 0.1%.

Table 3. Continued

http://www.jogh.org


V
IE

W
PO

IN
TS

Maniruzzaman et al. 
RE

SE
A

RC
H

 A
RT

IC
LE

S

December  2018  •  Vol. 8 No. 1 •  010421	 10	 www.jogh.org •  doi: 10.7189/jogh.08.010421

St
ud

y 
Nu

m
be

r

Covariates

2011 2014

Coef. P-value OR
95% CI for OR

Coef. P-value OR
95% CI for OR

Lower Upper Lower Upper

11 Wealth index:

Poor (Ref) - - 1.000 - - - - 1.000 - -

Middle -0.404 0.063 0.668 0.436 1.023 -0.099 0.655 0.905 0.585 1.401

Rich -0.521 0.037 0.594 0.365 0.968 -0.176 0.445 0.839 0.534 1.317

12 SBI:

<24 (Ref) - - 1.000 - - - - 1.000 - -

25-48 0.804 P < 0.001 2.235 1.555 3.213 0.286 0.380 1.332 0.703 2.522

49 and above -0.634 0.533 0.531 0.072 3.888 0.242 0.450 1.273 0.681 2.382

13 Birth order:

One (Ref) - - 1.000 - - - - 1.000 - -

2-6 1.042 P < 0.010 2.835 1.941 4.140 0.280 0.237 1.324 0.832 2.107

7 and above 1.285 P < 0.050 3.614 1.563 8.356 0.833 0.228 2.301 0.593 8.933

14 Type of toilet facility:

Unhygienic toilet 

(Ref)
- - 1.000 - - - - 1.000 - -

Hygienic toilet 0.163 0.315 1.177 0.857 1.617 0.099 0.667 1.104 0.704 1.732

15 Diarrhea:

No (Ref) - - 1.000 - - - - 1.000 - -

Yes -0.723 0.086 0.485 0.212 1.108 -0.723 0.086 0.485 0.212 1.108

16 Mother’s age:

15-24 (Ref) - - 1.000 - - - - 1.000 - -

25-34 -0.769 P < 0.001 0.463 0.336 0.639 -0.063 0.759 0.939 0.626 1.407

35-44 -0.586 P < 0.050 0.557 0.331 0.937 -0.757 P < 0.050 0.469 0.233 0.943

45 and above -1.356 0.203 0.258 0.032 2.077 -0.979 0.339 0.376 0.050 2.801

OR - Odds ratio, Coef. – Coefficients, SBI – succeeding birth interval
*Source: BDHS, 2011 and 2014. Numbers in bold indicate significant covariates at 1%, 5% and 0.1%.

Table 4. Continued

Table 5. Definition and categorization of the variables used in the analysis

Study 
Number

Name of variable Definition and categorization Importance of the Variable

Neonatal Mortality (Neo11 vs Neo14) Child Mortality (Child11 vs Child14)

1
Geographical 
region

There are seven regions of the 
country Bangladesh: (i) Barisal, 
(ii) Chittagong, (iii) Dhaka, (iv) 
Khulna, (v) Rajshahi, (vi) Rang-
pur and (vii) Sylhet

Sylhet region is 2nd risk factors of neo11.
Rangpur region is the highest risk factors 
for neo14.

Khulna region is lower risk for child11. Ra-
jshahi region is the highest risk factor for 
cild14.

2 Type of place
There are two type of place as: (i) 
rural and (ii) urban

It is not the risk factors for both neo11 and 
neo14.

It is not risk factors for both child11 and 
child14.

3
Gender of 
child

Gender considered for the child: 
male and female

Female child are lower risk for neo11 com-
pared to male child. Female child has no 
risk for neo14.

Female child is not risk factors for both 
child11 and child14

4
Mother’s 
education

There are four categories of moth-
er’s education as: (i) No educa-
tion, (ii) Primary, (iii) Secondary, 
and (iv) Higher

Mother’s education is the 6th risk factors 
of neo11.But it has no risk factors in neo14 
(improve mother’s education).

Mother’s education is the 3rd risk factors 
of child11. But it has no risk factors in 
child14. (Improve mother’s education)

5
Father’s 
education

There are four categories of fa-
ther’s education as: (i) No educa-
tion, (ii) Primary, (iii) Secondary, 
and (iv) Higher

Father’s education is an important risk 
factor for neo11 and neo14.

Father’s education also is an important 
risk factor (6th) for child11. Father’s edu-
cation also is the 6th highest risk factor for 
child14.

6
Mother’s 
occupation

There are two categories of moth-
er’s occupation as: (i) Working 
and (ii) not working

It is not risk for both neo11 and neo14. It is not risk for both child11 and child14.

7
Father’s 
occupation

There are four categories of moth-
er’s occupation as: (i) Farmer, (ii) 
Business(iii) Service, and (iv) 
Others

Father’s occupation is the top four high-
est risk factors for neo11. It has no risk for 
neo14.

Father’s occupation has no risk factors for 
child11. It is the 2nd highest risk factor for 
child14.

8 Radio
There are two categories of listen-
ing radio as: (i) No, and (ii) Yes

It has no risk for neo11 and neo14. It has no risk for child11 and child14.

9 TV
There are two categories of 
watching radio as: (i) No, and 
(ii) Yes

It has no risk for neo11 and neo14. It has no risk for child11 and child14.
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Table 5. Continued

Comparative study between 2011 and 2014

Using χ-2 test, we have got 12 significant covariates out of 16 covariates for neonatal mortality in 2011 
and 9 covariates in 2014. This is shown in Appendix S6 in Online Supplementary Document, entitled 
“Plots of Most Significant Factors using χ2 for Neonatal and Child Mortality: 2011 vs. 2014”. In 2011, 
Figure S17(a) in Online Supplementary Document indicates that first four top significant covariates are: 
mother’s age, mother’s education, father’s education and regions. Father’s occupations, birth order, diar-
rhea, SBI are the medium importance covariates and rests of the four covariates are lower importance. On 
the contrary, diarrhea and father’s education are the top covariates in 2014 (Figure S17(b) in Online Sup-
plementary Document) and these are the higher importance covariates. Using χ-2 test for child mortal-
ity, 10 significant covariates are in 2011 and 9 covariates in 2014. Figure S18(b) in Online Supplemen-
tary Document indicates that mother’s education is the top significant covariates in 2011. The medium 
importance covariates are: mother’s age, father’s education, wealth index, birth order, and SBI and rests 
of the four covariates are lower importance. On the other way, Figure S18(b) in Online Supplementary 
Document shows that diarrhea is the highest importance covariates in 2014. The medium importance 
covariates are mother’s occupations, region, mother’s education, TV, and father education, respectively. 
The bottom 3 covariates are: mother’s age, radio, and type of toilet facility. In 2011, using MLR, we have 
10 significant covariates out of 16 covariates for neonatal mortality based on their P-value and odds ra-
tio. We have arranged the odds ratio in descending order (from largest to smallest). Then we plot these 
significant covariates vs odds ratio. From Figure S19(a) in Online Supplementary Document, we see 
that first top significant covariate is birth order and it is high importance covariates for neonatal mortal-
ity. The middle level covariates are: Sylhet region, SBI, father occupation, type of toilet facility, and moth-
er’s education and these are medium importance covariates. The bottom 4 covariates are: gender of child, 
father’s education, mother’s age and diarrhea.

In 2014, we have only 5 significant covariates (Figure S19(b) in Online Supplementary Document), 
so there was an improvement in socio-economic conditions. Among these 5 covariates, Rangpur region 
was the highest importance covariates. The rest of the importance covariates are religion, father educa-
tion, mother’s age and diarrhea. In 2011, we have 6 significant covariates for child mortality (Figure 
S20(a) in Online Supplementary Document. Among them birth order and SBI was the highest impor-
tance covariates for child mortality. The lower risk significant factors are: mother’s education, mother’s 
age, Khulna region, and father’s education, whereas, we have only 4 significant covariates out of 16 co-
variates in 2014. Father’s education and father’s occupation are highly importance factors for child mor-
tality and the lowest importance factors are Rajshahi region and mother’s age (Figure S20(b) in in On-
line Supplementary Document).

Study 
Number

Name of variable Definition and categorization Importance of the Variable

Neonatal Mortality (Neo11 vs Neo14) Child Mortality (Child11 vs Child14)

10 Religion
There are two types of religion 
are used as: (i) Non-Muslim and 
(iii) Muslim

Religion has no risk for neo11Religion is 
the 2nd highest risk factors for neo11.

Religion has no risk for child11 and 
child14.

11 Wealth index
There are 3 categories of wealth 
index as: (i) Poor (ii) Middle, 
(iii) Rich

Wealth index has no risk for neo11 and 
neo14.

Wealth index has no risk for child11 and 
child14.

12
Succeeding 
birth interval 
(SBI)

There are 3 categories of SBI as: 
(i)<24, (ii) 25-48(iii) 49 and 
above

SBI is the 3rd risk factor for neo11. It has 
no risk for neo14.Improvement was no-
ticed.

SBI is the 2nd risk factors for child11. It 
has no risk for child14.

13
Birth order 
(months)

There are 3 categories of birth 
order as: (i) One, (ii) 2-6, (iii) 7 
and above

Birth order is the top one risk factor for 
neo11. It has no risk for neo14.

Birth order is also the top one risk factor for 
child11. It has no risk for child14.

14
Type of toilet 
facility

Two categories of type of toilet 
facility as: (i)Unhygienic toilet, 
and (ii) Hygienic toilet

It is the top five risk factors for neo11. It 
has no risk for neo14.

It is the top two risk factors for child11.It 
has no risk for child14.

15 Diarrhea
There are two categories who 
having Diarrhea as: (i) No and 
(ii) Yes

Diarrhea is the top ten risk factors for neo 
11.It is also the top five risk factors for 
neo14.

It has no risk for both child11 and child14.

16 Mother’s age

There are 3 categories of 
Mother’s age as: (i) 15-24(ii) 
25-34, (iii) 35-44, and (iv) 45 
and above

Mother’s age is the top nine risk factors for 
neo11.It is also the top four risks factors 
for neo14.

Mother’s age is the top four risk factors for 
child11. It is also the top three risks factors 
for child14.
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PLAUSIBLE POLICY SOLUTIONS

Primary solution

Mother’s education exerts an influence on both child survival and the management of childhood dis-
eases. There is a positive relationship among the formal education of the mother, the use of prenatal 
care, and delivery assistance. This relationship has been shown to hold up even after controlling a 
range of indicators of income, social status, and access to health services. The reasoning for this comes 
from the increased consciousness from educated mothers about their own life and the life of their chil-
dren. In most of the developing countries, children having a mother with secondary or higher educa-
tion were at a lower risk of child mortality compared to children having a mother with no education 
[20]. Lalou et al [21] showed that there was a strong relationship between educating women and child 
life expectancy as well as progresses in child and family health and nutrition. There are five potential 
pathways linking maternal education and child health: (i) improved socio-economic status; (ii) health 
knowledge; (iii) modern attitudes towards health care; (iv) female autonomy; and (v) reproductive be-
havior. Investments in women’s education are important for lowering infant and child mortality. When 
children are born, the Ministry of Education of Bangladesh should message to families to begin their 
child’s schooling at the age of 5 years old [22]. Additionally, kids must be required to go to school up 
to age of 18 years, ie, grade 12 (high school). In the school, there should be a mandatory education 
about marriage age, priority for job, and challenges during early marriage and births. Those families 
who undergo education up to college must be discounted if they are living in rural areas. This will en-
courage more students go to college and prevent early marriages. Gender disparity in primary and 
secondary education must be eliminated to eradicate poverty and hunger, combat disease and ensure 
environmental sustainability.

Family planning is required to prevent as many as one in every three maternal deaths by allowing 
women to delay motherhood, space births, avoid unintended pregnancies and abortions, and stop 
childbearing when they have reached their desired family size [23]. After giving birth, family planning 
also help women wait at least two years before trying to become pregnant again, thereby reducing 
newborn, infant, and child deaths significantly [24]. Healthcare systems are an important organiza-
tion in spreading the benefits of controlled births and the gap between the births of new born [25]. 
When the first kid is born, the doctors must spread messages to families to have the second child only 
after 3 years of age. Child mortality under five years is related to births spaced too close to one anoth-
er, to large families, and to high birth orders. Better timing and spacing of pregnancies improves child 
health outcomes. As a result child mortality may be reduced. According to the WHO, about 80% of 
health care in developing countries occurs in the home and the majority of children who die do so at 
home, without being seen by a health worker. About 40% of child deaths may prevented with con-
trolling family and community care not high-tech health equipment, but access to solid knowledge, 
support and basic supplies [26].

Secondary solution

Participation in sports is also plausible solution of child mortality. It must be mandatory for kids to un-
dergo sports curriculum and physical exercises and its benefits [27]. Teachers must be trained to talk 
about the advantages of marriages encouraged after 18 years or preferred after under-graduate years. 
The role of social media should be tapped in spreading information about college education, jobs by the 
government of Bangladesh [28]. Radios and Movie Theaters must be made by the government to put 
out messages about child birth, education, year’s gap between new born and jobs. We need to increase 
communication between urban and rural regions. In urban areas, kids get better services such as med-
ical facility, education facility and so on. Government of Bangladesh must take the necessary steps to 
apply these same facilities to rural areas. The use of family planning can reduce infant mortality, by re-
ducing the incidence of short birth intervals.

DISCUSSION

Analysis

Akter et al [14], Chowdhury et al [17] and Chowdhury et al [29] studied neonatal and child mortality in 
Bangladesh. However, they did not consider region as a significant factor (covariate). In this study, we 
show that regions is a significant influence on both neonatal and child mortalities for 2011 and 2014. In 
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2011, Sylhet region was higher risk of neonatal mortality. Whereas, in 2014, our findings showed that 
the risk of neonatal death was higher in three regions comparing to Barisal region. We order based on 
their odds ratio (OR) such as: (a) Rangpur (OR = 2.829), (b) Rajshahi (OR = 2.238) and (c) Sylhet 
(OR = 1.914). Because, a low number of prenatal care visits and low birth weights have been associated 
with post neonatal death [30]. Some of the regions in Bangladesh lack access to health facilities. As a re-
sult, there are regional differences in neonatal deaths. Most of the developing communities are more like-
ly to get better sanitation connections that will improve child survival [31]. On the contrary, Khulna and 
Rangpur regions were lower risk of child mortality in 2011 and 2014. Moreover, the risk of child mor-
tality was also lower in Rajshahi, and Sylhet compared to Barisal region in 2014.

Our findings show that male neonates and child’s had a significantly lower risk of dying during the neo-
natal and child’s period in 2011. On other way, this factor (gender of child) had improved in 2014. Moth-
er’s education had a significantly higher risk of neonatal mortality and lower risk of child mortality in 
2011. On the contrary, mother’s education was improved for the year of 2014. Father’s education had a 
great influence on the survival of young children. The previous studies showed that early childhood mor-
tality was highly associated with the father education for all major developing countries. Chowdhury et 
al [29] showed father’s education was not a significant influence on both neonatal and child mortality. In 
our present study, father’s education has a significant influence on both neonatal and child mortality in 
2011. In 2014, father’s education has also impact on both neonatal and child mortality. So we conclude 
that by improving father’s education, the childhood mortality rate will decrease. This is because an edu-
cated father is more conscious of their own life and children (see Table 6).

Father’s occupation is a powerful influence on neonatal and child mortality because he maintains an eco-
nomic status, nutrition and housing condition, access to health care facilities, and clothing for the family. 
Father’s occupation is also associated with nutritional status of their children. The rate of neonatal and 
child mortality is higher for a business and others compared to service. Chowdhury et al [29] studied that 
father’s occupation was not a significant influence on neonatal mortality and child mortality. In this study 
we showed that father’s occupation had significant influence on neonatal mortality in 2011, whereas, fa-
ther’s occupation had no effect on neonatal mortality in 2014. So it is say that this factor had improved 
for neonatal mortality in 2014. On the contrary, father’s occupation had no significant influence on child 
mortality in 2011, whereas, in 2014, it had significant higher risk of child mortality. In this study also 
showed that while father’s occupation are in farmer posed a risk to child mortality, father’s occupation are 
in business and others increased the odds of child mortality (see Table 6).

Religion is also very important factor in relation to mortality. In 2011, religion had no effect on both 
neonatal and child mortality, whereas, religion has significant effect on neonatal mortality in 2014. Our 

Table 6. Key difference between current study and previous study

Authors
Number of 
variables

Names of variables Data size BDHS Methods Highest important risk factor

Akter et al 
[14]

4
Mother’s education, Father’s 
education, Mother’s age, Place of 
residence

39875&38544
1995-2002 

&2002-2007
χ2 & MLR Mother’s education

Chowdhury 
et al [29]

7

Mother’s education, Father’s 
education, Mother’s occupation, 
Father’s occupation, Wealth 
index, Types of toilet facilities, 
Electricity

796 No χ2 & MLR
Mother’s education, Occupation, 
Type of latrine, Electricity

Chowdhury 
et al [17]

9

Mother’s education, Father’s 
education, Wealth index, Type 
of Place, Region, SBI, Child’s 
age, Mother’s age, Death of 
sibling

4003 2007 χ2 & MLR
Father’s education, Place of 
residence, Wealth, Index, Child’s 
age

Proposed 
Study (2017)

16

Region, Type of place, Gender of 
child, Mother’s education, 
Father’s education, Mother’s 
occupation, Father’s occupation, 
Radio, TV, Religion, Wealth 
index, SBI Birth order, Type of 
toilet facility, Diarrhea, Mother’s 
age

8753&7882 2011&2014 χ2 & MLR

NM (neo14) Region (Rangpur), 
Religion (Muslim), Father’s 
education, Mother’s Age, Diarrhea, 
CM (child14), Father’s education, 
Father’s occupation, Region 
(Rajshahi), Mother’s age, 
Improvement: Birth Order 
improved from 2011 to 2014 for 
neo11 and neo14.

BDHS – Bangladesh Demographic and Health Survey, MLR – multiple logistic regression
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findings showed that Muslim children are at increased risk of neonatal death compared to non-Mus-
lims. Particularly some Islamic people believe in myths concerning child birth. It is evident that Mus-
lim women have higher fertility, lower rate of contraceptive use, early age at marriage and motherhood 
and lower access to maternal health care services utilization than their peer non-Muslim sisters in Ban-
gladesh [32]. It is also evident that neonatal mortality has a positive influence on fertility. There is no 
doubt that Muslim women have higher fertility compared to non-Muslims. As a result the rate of neo-
natal death may be increased. Finally we conclude that traditional practices, cultural norms and reli-
gious faith are partly attributed to higher rate of neonatal death among the Muslims. SBI and birth or-
der were the most significant covariates in 2011 were SBI between 25-48 months and birth order 
between 7 and above years having higher odds ratio as: 2.235 and 3.614. In 2014, SBI and birth order 
may be improved. Diarrhea showed the highest positive coefficient P < 0.01) leading to most significant 
covariate of neonatal mortality for both 2011 and 2014. The corresponding odds ratios were: 0.323 and 
0.323 for both the years. Our findings also showed that there were lower risk of neonatal and child 
deaths in 25-34 and 35-44 age’s mother than 12-24 age of mother. Machado and Hill [6], Markovitz et 
al [33] and Seedhom and Kamal [34] showed a higher risk of neonatal mortality in younger adolescents 
than older mothers.

Benchmarking

Using Table 6, we can see that Chowdhury et al [29] used the mortality data set of Natore sadar upzil-
la in Natore district of Bangladesh. This data was collected from 796 women. The factors selected for 
study were: parents’ education, parents’ occupation and wealth index. They used χ2-test to show how 
much the selected factors are associated with neonatal and child mortality. They also used logistic re-
gression to show the dependency of selected factors on both mortalities. From the result of logistic re-
gression, it was found that mother’s education, father’s occupation and wealth index were significant 
influencing factors on both neonatal mortality and child mortality. BDHS 2007 data set were used by 
Chowdhury et al [17]. The data set consisted of 4003 samples. They are also used both chi-square and 
logistic regression for analysis. They showed that father’s education, wealth index and birth order were 
risk factors for neonatal mortality.

Akter et al [14] used the two set mortality data that consisted of 39875 samples in 1995-2000 and 38544 
samples in 2000-2007. They only showed the association between parents’ education and child mor-
tality by using χ2-test and logistic regression. Their study result indicated that mother’s education was 
highly significant influence on child’s mortality. Uddin et al [35] used BDHS 1999-2000, that consisted 
of 6686 samples. They identified the potential risk factors were: mother’s and father’s education, moth-
er’s and father’s occupation, birth order, mother’s age were responsible for neonatal and child mortality. 
However, in our study, χ2-test shows that mother’s and father’s education, mother’s and father’s occu-
pation, wealth index, birth order, SBI and region are associated with both neonatal mortality and child 
mortality in 2014. On the contrary, MLR shows that Rangpur region, father’s education, religion, diar-
rhea and mother’s age are significant influence on neonatal mortality, whereas, region, father’s educa-
tion and occupation, and mother’s age are also significant factors on child mortality.

Limitations

We demonstrated the following itemized items in our study: (i) usage of the latest BDHS 2014 data sets; (ii) 
The study utilized first time 16 covariates compared to previous studies with limited covariance; (iii) Utili-
zation of the χ2-test to show the association between neonatal and child mortality for 16 covariates on the 
basis of P-values; (iv) Utilization of MLR to identify the risk factors on the basis of odds ratio (OR) and P-val-
ues; (v) Besides the conventional risk factors, we showed new and first time introduced risk factors which 
are responsible for neonatal and child mortality, demonstrating difference compared to previous studies; (vi) 
Comprehensive analysis in understanding the factors which influence on the neonatal and child mortality 
over time; (vii) Suggests policy solutions based on the most significant covariates or risk factors to reduce 
neonatal and child mortality. Even though the system offered several novelties, it had some challenges.

First, the survey interviewing surviving women may be considered as a limitation, and this may have led 
to an under estimation of mortality rates because of the association between child and maternal deaths. 
The effect of some of the associated factors, such as delivery complications, could have also been under-
estimated. Second, most of the variables in this paper are not infant specific as they only reflected the 
most recent conditions or birth, like mother’s work status, which represented the employment status 
within the past 12 months preceding the survey. In future, we will study the multilevel modeling which 

http://www.jogh.org


V
IE

W
PO

IN
TS

Risk factors of neonatal mortality and child mortality in Bangladesh

RE
SE

A
RC

H
 A

RT
IC

LE
S

www.jogh.org •  doi: 10.7189/jogh.08.010421	 15	 December  2018  •  Vol. 8 No. 1 •  010421

takes into account the effect of clustering to better estimate the level of association of the study factors 
with the outcome.

Extension of current work

Correspondence analysis (CA) may be used to show the association between mortalities and covariates 
instead of using chi-square criteria. To find the dependency of neonatal and child mortality on covariates, 
we may use another regressions such as multivariate proportional hazards models, step-wise regression, 
and multilevel logistic regression instead of multiple logistic regression. We will want to predict neonatal 
and child mortality by applying machine learning techniques such as Linear discriminant analysis (LDA), 
Quadratic discriminant analysis (QDA), Support vector machine (SVM), Gaussian process-based model 
(GP), Artificial neural network (ANN), Convolutional neural network (CNN), Fast neural network (FNN), 
and AdaBoost. We want to also monitoring the effect of covariates and mortalities changed over time.

CONCLUSIONS

In 2011, using MLR, we got 10 significant covariates out of 16 covariates for neonatal mortality. These 
covariates are birth order, Sylhet region, SBI, father occupation, type of toilet facility, mother’s educa-
tion, and gender of child, father’s education, mother’s age and diarrhea. In 2014, we got only 5 signifi-
cant covariates, so there was an improvement in socio-economic conditions. In spite of improving so-
cio-economic conditions, father’s education, mother’s age and diarrhea were still significant covariates 
for neonatal mortality in 2014. On the other hand, in 2011, we got 6 significant covariates for child 
mortality. Among them birth order and SBI was the highest importance covariates for child mortality. 
The lower risk significant factors were: mother’s education, mother’s age, Khulna region, and father’s 
education. In 2014, mother’s age and father’s education were also still significant covariates for child 
mortality. This study allows policy makers to make appropriate decisions to reduce neonatal and child 
mortality in Bangladesh.

Acknowledgements: We would like to acknowledge the support of Ministry of Health and Family Welfare 
(MOHFW), Bangladesh, Dr. Mohammed Nasser, Dept. of Statistics, Rajshahi University, Bangladesh and their re-
sources.

Ethical approval: The survey was approved by the Ethics Committee in Bangladesh.

Funding: We have no funding for this research.

Authorship declaration: MM did the statistical analysis of the data under the guidance of JSS and MJR. NK, MMA, 
MJR, JSS gave the idea. MM, JSS, HSS interpreted the data and drafted the initial and subsequent manuscript ver-
sions. All authors contributed equally to subsequent versions and supported in finalization of this submission.

Competing interests: The authors have completed the Unified Competing Interest form at www.icmje.org/coi_
disclosure.pdf (available on request from the corresponding author) and declare no conflict of interest.

  1 �Chowdhury AM, Bhuiya A, Chowdhury ME, Rasheed S, Hussain Z, Chen LC. The Bangladesh paradox: exceptional 
health achievement despite economic poverty. Lancet. 2013;382:1734-45. Medline:24268002 doi:10.1016/S0140-
6736(13)62148-0

  2 �You D, New JR, Wardlaw T. Levels and trends in child mortality. Report 2012. Estimates developed by the UN Inter-agen-
cy Group for Child Mortality Estimation, 2010.

  3 �Muhuri PK. Health programs, maternal education, and differential child mortality in Matlab, Bangladesh. Popul Dev 
Rev. 1995;21:813-34. doi:10.2307/2137775

  4 �Forste R. The effects of breastfeeding and birth spacing on infant and child mortality in Bolivia. Population Studies. 
1994;48:497-511. doi:10.1080/0032472031000147996

  5 �Doctor HV. The effect of living standards on childhood mortality in Malawi. African Population Studies. 2004;19:241-63.
  6 �Machado CJ, Hill K. Maternal, neonatal and community factors influencing neonatal mortality in Brazil. J Biosoc Sci. 

2005;37:193-208. Medline:15768774 doi:10.1017/S0021932004006595
  7 �Rajna PN, Mishra AK, Krishnamoorthy S. Impact of maternal education and health services on child mortality in Uttar 

Pradesh, India. Asia Pac Popul J. 1998;13:27-38. Medline:12321739

R
E

FE
R

E
N

C
E

S

http://www.jogh.org
http://www.icmje.org/coi_disclosure.pdf
http://www.icmje.org/coi_disclosure.pdf
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24268002&dopt=Abstract
https://doi.org/10.1016/S0140-6736(13)62148-0
https://doi.org/10.1016/S0140-6736(13)62148-0
https://doi.org/10.2307/2137775
https://doi.org/10.1080/0032472031000147996
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15768774&dopt=Abstract
https://doi.org/10.1017/S0021932004006595
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12321739&dopt=Abstract


V
IE

W
PO

IN
TS

Maniruzzaman et al. 
RE

SE
A

RC
H

 A
RT

IC
LE

S

December  2018  •  Vol. 8 No. 1 •  010421	 16	 www.jogh.org •  doi: 10.7189/jogh.08.010421

  8 �Sandiford P, Cassel J, Montenegro M, Sanchez G. The impact of women’s literacy on child health and its interaction with 
access to health services. Population Studies. 1995;49:5-17. doi:10.1080/0032472031000148216

  9 �Mosley W, Chen LC. Analytical framework for the study of child survival in developing countries. Popul Dev Rev. 
1984;10:25-45. doi:10.2307/2807954

10 �Cleland JG, Van Ginneken JK. Maternal education and child survival in developing countries: the search for pathways 
of influence. Soc Sci Med. 1988;27:1357-68. Medline:3070762 doi:10.1016/0277-9536(88)90201-8

11 �Breierova L, Duflo E. The impact of education on fertility and child mortality: Do fathers really matter less than moth-
ers? National Bureau of Economic Research. 2004;7:105-13.

12 �Gakidou E, Cowling K, Lozano R, Murray CJ. Increased educational attainment and its effect on child mortality in 175 
countries between 1970 and 2009: a systematic analysis. Lancet. 2010;376:959-74. Medline:20851260 doi:10.1016/
S0140-6736(10)61257-3

13 �Akter T, Hoque D, Chowdhury ME, Rahman EK, Russell M, Arifeen SE. Is there any association between parental ed-
ucation and child mortality? A study in a rural area of Bangladesh. Public Health. 2015;129:1602-9. Medline:26363670 
doi:10.1016/j.puhe.2015.08.004

14 �Hossain MZ, Main MAB. Mortality differentials in rural Bangladesh: Evidence from Matlab data. Sust Stud. 2010;3:5-14.
15 �Abir T, Agho KE, Page AN, Milton AH, Dibley MJ. Risk factors for under-5 mortality: evidence from Bangladesh Demo-

graphic and Health Survey, 2004-2011. BMJ Open. 2015;5:e006722. Medline:26297357 doi:10.1136/bmjop-
en-2014-006722

16 �Chowdhury AH, Islam SS, Abdul Karim D. Covariates of neonatal and post-neonatal mortality in Bangladesh. Global 
Journal of Human-Social Science Research. 2013;13:739-45.

17 �Hossain K, Mondal N. A study on the health factors of infant and child mortality in Rajshahi, Bangladesh. Asian J Med 
Sci. 2009;1:82-7.

18 �Bangladesh D. H. S. (2007). National Institute of Population Research and Training (NIPORT), Mitra and Associates, 
and Macro International. (2009). Calverton, Maryland: Bangladesh Demographic and Health Survey.

19 �Roudi-Fahimi F, Moghadam VM. Empowering women, developing society: female education in the Middle East and 
North Africa. 2003. Population Reference Bureau Policy Brief.

20 Lalou R, Le Grand TK. Child mortality in the urban and rural Sahel. Popul Engl Selection. 1997;9:147-68.
21 �Lochner L, Moretti E. The effect of education on crime: Evidence from prison inmates, arrests, and self-reports. Am 

Econ Rev. 2004;94:155-89. doi:10.1257/000282804322970751
22 �Amuzu B, Laxova R, Shapiro SS. Pregnancy outcome, health of children, and family adjustment after donor insemina-

tion. Obstet Gynecol. 1990;75:899-905. Medline:2342733
23 �Adesola AF. Determinants of family planning among married people in Lagos-State. Oman Chapter of Arabian Journal 

of Business and Management Review. 2012;2:70-5. doi:10.12816/0002270
24 �Starfield B, Shi L. The medical home, access to care, and insurance: a review of evidence. Pediatrics. 2004;113 Sup-

pl:1493-8. Medline:15121917
25 �McDonagh M. Is antenatal care effective in reducing maternal morbidity and mortality? Health Policy Plan. 1996;11:1-

15. Medline:10155875 doi:10.1093/heapol/11.1.1
26 �Pannekoek L, Piek JP, Hagger MS. Motivation for physical activity in children: a moving matter in need for study. Hum 

Mov Sci. 2013;32:1097-115. Medline:24100193 doi:10.1016/j.humov.2013.08.004
27 �Valenzuela S. Unpacking the use of social media for protest behavior the roles of information, opinion expression, and 

activism. Am Behav Sci. 2013;57:920-42. doi:10.1177/0002764213479375
28 �Chowdhury QH, Islam R, Hossain K. Socio-economic determinants of neonatal, post neonatal, infant and child mor-

tality. International Journal of Social Anthropology. 2010;2:118-25.
29 �Machado CJ, Hill K. Determinants of neonatal and post-neonatal mortality in the City of Sao Paulo. Rev Bras Epidemi-

ol. 2003;6:345-58. doi:10.1590/S1415-790X2003000400009
30 �Jones G, Steketee RW, Black RE, Bhutta ZA, Morris SS; Bellagio Child Survival Study Group. How many child deaths 

can we prevent this year? Lancet. 2003;362:65-71. Medline:12853204 doi:10.1016/S0140-6736(03)13811-1
31 �Kamal SM. Socio-economic determinants of age at first marriage of the ethnic tribal women in Bangladesh. Asian 

Popul Stud. 2011;7:69-84. doi:10.1080/17441730.2011.544906
32 �Markovitz BP, Cook R, Flick LH, Leet TL. Socioeconomic factors and adolescent pregnancy outcomes: distinctions 

between neonatal and post-neonatal deaths? BMC Public Health. 2005;5:79. Medline:16042801 doi:10.1186/1471-
2458-5-79

33 �Seedhom AE, Kamal NN. Some determinants of neonatal mortality in a rural area, El-Minia governorate, Egypt, 2008. 
Egypt J Community Med. 2010;8:63-72.

34 �Uddin J, Hossain Z. Predictors of infant mortality in a developing country. Asian J Epidemiol. 2008;1:1-16. 
doi:10.3923/aje.2008.1.16

35 �Walker SH, Duncan DB. Estimation of the probability of an event as a function of several independent variables. Bio-
metrika. 1967;54:167-79. Medline:6049533 doi:10.1093/biomet/54.1-2.167

R
E

FE
R

E
N

C
E

S

http://www.jogh.org
https://doi.org/10.1080/0032472031000148216
https://doi.org/10.2307/2807954
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3070762&dopt=Abstract
https://doi.org/10.1016/0277-9536(88)90201-8
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20851260&dopt=Abstract
https://doi.org/10.1016/S0140-6736(10)61257-3
https://doi.org/10.1016/S0140-6736(10)61257-3
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26363670&dopt=Abstract
https://doi.org/10.1016/j.puhe.2015.08.004
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26297357&dopt=Abstract
https://doi.org/10.1136/bmjopen-2014-006722
https://doi.org/10.1136/bmjopen-2014-006722
https://doi.org/10.1257/000282804322970751
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2342733&dopt=Abstract
https://doi.org/10.12816/0002270
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15121917&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10155875&dopt=Abstract
https://doi.org/10.1093/heapol/11.1.1
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24100193&dopt=Abstract
https://doi.org/10.1016/j.humov.2013.08.004
https://doi.org/10.1177/0002764213479375
https://doi.org/10.1590/S1415-790X2003000400009
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12853204&dopt=Abstract
https://doi.org/10.1016/S0140-6736(03)13811-1
https://doi.org/10.1080/17441730.2011.544906
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16042801&dopt=Abstract
https://doi.org/10.1186/1471-2458-5-79
https://doi.org/10.1186/1471-2458-5-79
https://doi.org/10.3923/aje.2008.1.16
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6049533&dopt=Abstract
https://doi.org/10.1093/biomet/54.1-2.167

