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Table 1: Variables Definitions 

Variables   Description and categorization 

Community level factors 
Type of residence 
Region 
 
Community poverty 
Community Education 
Proximate factors 
Maternal age 
Age at first birth 
Maternal education 
Marital status 
Religion 
Parity 
Birth interval 
Breast feeding 
Place of delivery 
Placed on chest after delivery 
Mode of delivery 
Delivery assistant 
 
Antenatal care 
Postnatal care 

 
1=rural  2=urban 
1=north central 2= north-east 3=north-west 4=south-east  
5= south-west 6=south-south. 
1=rich 2=middle 3= poor 
1= low   2=middle  3=high 
 
1=15-24   2=25-34    3=35-49 
1=15-24   2=25-34    3=35-49 
1= no education  2=primary 3=secondary & higher 
1=single 2=married 3=previously married 
1=Christianity 2= Islam 3= others 
1=< 4 births  2= >=5 births 
1=<24 months  2=24-35months 3= >35months 
1=yes    2=no 
1=home delivery 2=health facility 3=missing 
1=yes  2=no 3= missing 
1=caesarean section  2=vaginal delivery  
1=nurses and doctors   2=home and non-professional attendant 3= No 
one 
1= attended antenatal 2=did not attend 
1 = obtained  2= did not obtain 

 



Table 2: Background characteristics of study participants by socio-demographic characteristics and 
maternal health care utilization. 

Characteristics Frequency Percentage 

Antenatal Care   
Received Antenatal Care 

Yes 
No 

 
13530 
17952 

 
43.00 
57.00 

Number of Visits 

4 or more visits 
Less than 4 

 
10,487 
3043 

 
33.31 
9.67 

Delivery Care   
Type of Attendant at birth 

Skilled attendant 
Non Skilled 

No one 

 
12900 
15887 
3,822 

 
40.98 
50.46 
12.14 

Mode of delivery 

Caesarean Section 
Vaginal Delivery 

 
659 

30823 

 
(2.14) 

(97.86) 
Postnatal Care   
Received PNC 

Yes 
No 

 
5754 

25728 

 
18.28 
81.72 

Breast feeding   



Immediate 
Not immediate 

30086 
1396 

(95.73) 
(4.40) 

Socio-demographic   
Maternal Age 

15 – 24 
25 – 34 

≥ 35 

 
7614 

15698 
8170 

 
(24.19) 
(40.86) 
(25.59) 

Education 

No Education 
Primary 

Secondary and above 

 
14762 
6432 

10288 

 
(46.89) 
(20.43) 
(32.68) 

Marital Status 

Married 
Not Married 

 
29990 
1492 

 
(95.26) 
(4.74) 

Religion 

Christianity 
Islam 

Others 

 
12654 
18354 

474 

 
(40.19) 
(58.30) 
(1.51) 

Parity 

≤ 4 
5 and above 

 
18590 
12892 

 
(59.15) 
(40.85) 

Place of Residence 

Urban 
Rural 

 
21131 
10351 

 
(67.12) 
(32.88) 

Geographical Zone 

North Central 
North East 
North West 
South East 

South South 
South West 

 
4614 
6517 
9906 
2816 
3747 
3882 

 
(14.66) 
(20.70) 
(31.47) 
(8.94) 

(11.90) 
(12.33) 

Wealth Index 

Poor 
Average 

Rich 

 
14462 
6272 

10748 

 
(45.94) 
(19.92) 
(34.14) 

   



 
Table 3: Neonatal mortality rates and 95% confidence interval by individual maternal, contextual 
characteristics and neonatal factors. 

Maternal  factors Total live 
births=31428 

Neonatal mortality    
  1189 (% 

NMR(95%CI)  

INDIVIDUAL    
Maternal age    
15-24 7614 342(28.76)                                47.9(2.5-53.1) 
25-34 15698 516(43.40)                               32.9(1.4-35.7) 
≥35  8170 331(27.84)                                    40.5(2.1-45.0) 
Education    
No education 14762 593(49.87)                                40.2(37.1-44.3) 
Primary 6432 274(23.04)                                 42.6(37.8-40.4) 
Secondary or higher 10288 322(27.08)                                 31.3(31.7-33.9) 
Marital status    
Married  29990 1115(93.78)                        37.2(35.1-42.1) 
Not married 1492     74(6.22)                                        49.6(39.1-45.3) 
Parity    
1 3624 135(11.35)                                 37.1(31.2-40.3) 
2-4 14966 519(43.65)                                34.7(31.8-37.3) 
>or =5 12892 535(45.00)                               41.5(38.1-47.4) 
Birth interval    
<24 5817 314(26.41)                                 54(48.3-52.4) 
24-35 9868 305(25.65)                                  30.9(27.6-35.5) 
>35 15797 570(47.94)                                 36.1(33.2-34.7) 
CONTEXTUAL FACTORS 
Place of residence 

Urban 10351 319(26.83) 30.8(27.5 – 31.5) 
Rural 21131 870(73.17) 41.1(38.5 – 41.3) 
Geopolitical zone 

North central  4614 156(13.12) 33.8(28.7-39.4) 
North east 6517 253(21.28) 38.8(34.2-43.7) 
North west 9096 414(34.82) 45.5(41.3.50.0) 
South east 2816 112(9.42) 39.8(32.9-47.6) 
South south 3747 114(9.59) 30.42(25.1-36.4) 
South west 3882 140(11.77 36.1(30.4-42.4) 
Wealth index    
Poor 14462 621(52.23) 42.9(39.6  - 42.6) 
Average 6272 227(19.09) 36.2(31.7 – 38.7) 
Rich 10748 341(28.68 31.7(28.5 – 40.1) 
NEONATAL  FACTORS 
Sex of child    
Male 15965 683 (57.44) 42.7 (39.7 - 46.0) 
Female 15517 506 (42.56) 32.6 (29.9 - 35.5) 
Size of the child 

Large 13589 378(31.79) 27.8 (1.4 - 30.7) 
Average 15976 621(52.23) 38.9 (1.5 - 41.9) 
Small  1917 190 (15.98) 99.1 (6.8 – 113) 
Birth Order    
1 
2 -3 
4 – 6 
≥ 7 

6109 
10074 
9971 
5328 

286 (24.05) 
322 (27.08) 
327 (27.50) 
254 (21.36) 

46.8 (41.7 -52.4) 
42.0 (28.6 – 35.6) 
32.8 (29.4 – 36.5) 
47.7 (42.1 – 53.7) 

    



 

 

 

 

 

 

 

Table 5: Hazards ratios (HR) and 95% confidence interval (CI) from multilevel Cox proportional hazard 

regression analysis showing the effects of ANC and selected variables on neonatal mortality in Nigeria 

Characteristics Model 0 Model 1 Model 2 Model 3 

Fixed Effects Empty Model HR (CI) HR (CI) HR (CI) 

Antenatal care     
Less than 4 visits (RC)  1 1 1 
4 or more visits  0.76 (0.61-0.95)* 0.80 (0.66-0.97)* 0.78 (0.61-0.98)* 
Age Group     
15-24 (RC)  1  1 
25-34  1.78 (1.29-2.47)*  1.81 (1.31-2.51)* 
35+  3.08 (1.99-4.76)*  3.15(2.04-4.88)* 
Age at birth     
15-24 (RC)  1  1 
25-34  1.00 (0.43-2.35)  0.99 (0.42-2.33) 
35+  1.57 (0.63-3.94)  1.55 (0.62-3.88) 
Religion     
Christianity (RC)  1  1 
Islam  0.87 (0.69-1.09)  0.81 (0.58-1.13) 
Others  1.26 (0.58-2.74)  1.29 (0.59-2.80) 
Birth Interval     
<24 months (RC)  1  1  
24-35 months  0.73 (0.57-0.94)*  0.75(0.58-0.96)* 
36+  0.61 (0.47-0.79)*  0.63 (0.49-0.81)* 
Parity     
<3 (RC)  1  1 
3-4  0.37  (0.29-0.48)*  0.37 (0.29-0.47)* 
5+  0.25 (0.19-0.33)*  0.24 (0.180.32)* 
Wealth Index     
Poor (RC)  1 1 1 
Middle  0.92 (0.70-1.21) 1.16 (0.92-1.46) 0.94 (0.69-1.27) 
Rich  0.76 (0.58-1.00)* 1.33 (1.04-1.69)* 0.90 (0.64-1.26) 
Marital Status     
Never married (RC)  1   1 
Currently married  1.00 (0.32-3.16)  1.04 (0.33-3.29) 
Previously married  0.85 (0.22-3.33)  0.87 (0.22-3.42) 
Region     
South-west (RC)   1 1 
North Central   0.82 (0.57-1.16) 0.89 (0.58-1.35) 
North East   1.08 (0.77-1.50) 1.19 (0.77-1.83) 
North West   0.93 (0.66-1.30) 1.12 (0.72-1.74) 
South East   1.47 (1.03-2.10)* 1.35 (0.87-2.09) 
South South   1.04 (0.73-1.48) 1.06 (0.70-1.62) 
Place of Residence     
Urban  (RC)   1 1 
Rural   1.34 (1.08-1.66)*  1.44 (1.09-1.90)* 
Community Poverty     
Rich (RC)    1 
Middle    1.09 (0.83-1.42) 
Poor    1.32 (0.99-1.78) 

Table 4: Association between the Utilization of Maternal Health Services and Neonatal Mortality 

Continuum of Maternal Care  Neonatal Mortality    

Present (%) Absent (%) Chi
2
 P value 

Antenatal Care      
ANC by skilled provider 51.4 41.2 30.2 ˂0.001 
At Least (4) Four ANC Visit 50.4 49.6 2.9 0.084 
Told Complications 53.9 46.1 34.3 ˂0.001 
Delivery Care     
Skilled Attendance at Birth 53.0 47.0 55.6 ˂0.001 
Caesarean Section 78.7 21.3 36.1 ˂0.001 
Postnatal Care     
PNC by skilled provider 56.3 43.7 30.7 ˂0.001 
Initiate Breastfeeding 
immediately 

34.2 65.8 6.3 0.012 



Community level of Education    
Low (RC)   1 1 
Medium   1.17 (0.91-1.50) 1.11 (0.81-1.51) 
High   0.97 (0.73-1.29) 0.90 (0.63-1.30) 

Random Effects Null Model Model 1 (ANC) Model 2 Model 3 

Community-Level 

Variance (SE) 
 
0.73 (0.12)* 

 
0 (0.01) 

 
0 (0.01) 

 
0 (0.01) 

Model fit statistics 

AIC 
BIC 

 
10084.7 
10109.8 

 
3763.8 
3902.2 

 
5166.7 
5277.5 

 
3768.8 
3984.1 

*p<0.05, SE=Standard Error, AIC=Akaike information criterion, BIC=Bayesian information criterion  

 
 

Table 6: Hazard ratio (HR) and 95% confidence interval (CI) from multilevel Cox proportional hazard 

regression analysis showing the effects of PNC and selected variables on neonatal mortality in Nigeria 

Characteristics Model 0 Model 1 Model 2 Model 3 

Fixed Effects Empty Model HR (CI) HR (CI) HR (CI) 

Postnatal care     
Had no PNC (RC)  1 1 1 
Had PNC by skilled 
provider 

 0.40 (0.29-0.54)* 0.35 (0.27-0.47)* 0.41 (0.30-0.56)* 

Age Group     
15-24 (RC)  1  1 
25-34  1.95 (1.39-2.73)*  1.98 (1.41-2.78)* 
35+  3.34 (2.15-5.33)*  3.46 (2.20-5.44)* 
Age at birth     
15-24 (RC)  1  1 
25-34  1.01 (0.40-2.56)  1.01 (0.40-2.55) 
35+  1.52 (0.56-4.11)  1.51 (0.56-4.08) 
Religion     
Christianity (RC)  1  1 
Islam  0.88 (0.70-1.11)  0.80 (0.56-1.13) 
Others  1.15 (0.50-2.65)  1.16 (0.50-2.67) 
Birth Interval     
<24 months (RC)  1  1 
24-35 months  0.81 (0.62-1.05)  0.82 (0.63-1.06) 
36+  0.65 (0.50-0.84)*  0.66 (0.50-0.86)* 
Parity     
<3 (RC)  1  1 
3-4  0.38 (0.29-0.49)*  0.38 (0.29-0.48)* 
5+  0.24 (0.18-0.33)*  0.24 (0.18-0.32)* 
Wealth Index     
Poor (RC)  1  1 
Middle  0.86 (0.65-1.15)  0.89 (0.65-1.22) 
Rich  0.86 (0.66-1.12)  1.00 (0.71-1.41) 
Marital Status     
Never married (RC)  1  1 
Currently married  0.85 (0.27-2.70)  0.85 (0.27-2.71) 
Previously married  0.69 (0.17-2.80)  0.69 (0.17-2.78) 
Region     
South-west (RC)   1 1 
North Central   0.72 (0.50-1.04) 0.81 (0.53-1.25) 
North East   0.89 (0.63-1.26) 1.08 (0.70-1.69) 
North West   0.76 (0.53-1.07) 1.00 (0.63-1.57) 
South East   1.08 (0.74-1.59) 1.03 (0.65-1.64) 
South South   0.83 (0.57-1.20) 0.88 (0.57-1.37) 
Place of Residence     
Urban   (RC)   1 1 
Rural   1.28 (1.02-1.61)* 1.43 (1.07-1.90)* 
Community Poverty     
Rich (RC)   1 1 
Middle    1.16 (0.91-1.48) 1.11 (0.84-1.46) 
Poor   1.30 (1.00-1.68)* 1.30 (0.96-1.76) 
Community level of Education    
Low (RC)   1 1 
Medium   1.17 (0.91-1.51) 1.10 (0.80-1.51) 
High   1.06 (0.79-1.41) 0.89 (0.62-1.30) 



Random Effects Empty Model 1 (PNC) Model 2 Model 3 
Community-Level 

Variance (SE) 
 
0.73 (0.12)* 

 
0 (0.01) 

 
0 (0.01) 

 
0 (0.01) 

Model fit statistics 

AIC 
BIC 

 
10084.7 
10109.8 

 
3548.5 
3686.2 

 
4849.1 
4959.4 

 
3556.8 
3771.2 

*p<0.05, SE=Standard Error, AIC=Akaike information criterion, BIC=Bayesian information criterion 










