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1 Abstract
2
3 Objective: Global monitoring of maternal, newborn and child 

4 health (MNCH) programmes use self-reported data subject to 

5 recall error which may lead to incorrect decisions for 

6 improving health services and wasted resources. To minimize 

7 this risk, samples of mothers of infants aged 0-2 and 3-5 

8 months are sometimes used. We test whether a single sample 

9 of mothers of infants 0-5 months provides the same 

10 information.

11 Design: An annual MNCH household survey in 2-districts of 

12 Bihar, India (N=6million).

13 Participants: Independent samples (n=475 each) of mothers 

14 of infants 0-5, 0-2 and 3-5 months.

15 Outcome measures: Main analyses compare responses from the 

16 0-5 and 0-2 month samples with Mantel-Haenszel-Cochran 

17 statistics using 51 indicators in 2-districts.

18 Results: No measurable differences detected in 79.4% 

19 (81/102) comparisons; 20.6% (21/102) display differences 

20 for the main comparison.  Sub-analyses produce similar 

21 results. A difference detected for exclusive breastfeeding 

22 is due to premature complementary-feeding by older infants. 

23 Measurable differences were detected in 33% (8/24) of the 

24 indicators on Front Line Worker (FLW) support, 26.9% (7/26) 

25 of indicators of birth preparedness and place of birth and 
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1 attendant, and 9.5% (4/42) of the indicators on neonatal 

2 and antenatal care. 

3 Conclusions: Differences in FLW visits and compliance with 

4 their advice may be due to seasonal effects: mothers of 

5 older infants 3-5 months were pregnant during the dry 

6 season; mothers of infants 0-2 months were pregnant during 

7 the monsoons, making transportation difficult.  Useful 

8 coverage estimates can be obtained by sampling mothers with 

9 infants 0-5 months as with two samples suggesting that 

10 mothers of young infants recall their own perinatal events 

11 and those of their children. For some indicators (e.g., 

12 exclusive breast feeding) it may be necessary to adjust 

13 targets. Excessive stratification wastes resources, does 

14 not improve the quality of information, and increases the 

15 burden placed on data collectors and communities, which can 

16 increase non-sampling error.

17  

18 STRENGTHS AND LIMITATIONS OF THIS STUDY

19  Strength: The data were produced using stratified random sampling with no apparent 

20 design effect leading to an efficient use of information.

21  Strength: Data were collected from female participants by female data collectors 

22 which is likely to have reduced non-sampling error.
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1  Strength: The large study population covers a large geographical area, reducing the 

2 likelihood that the results are pertinent only to a small group of mothers with infants, 

3 and may be generalizable.

4  Strength: Both weighted and unweighted results are presented giving strength to the 

5 conclusions.

6  Limitation: Due to insufficient overlap of variables in the 0-5 month sample and 

7 the 3-5 month sample, comparison between the 3-5 month sample vis a vis the 

8 0-5 month sample was not possible.  

9 Key Words:

10 Maternal recall, surveys, maternal health, MNCH, LQAS, 

11 Bihar, India

12

13 INTRODUCTION

14 The progress toward United Nations’ Sustainable Development 

15 Goal (SDG) 3 is measured with 9 targets, including the 

16 Maternal Mortality Ratio (MMR) and the under 5 mortality 

17 rate (U5MR) (1, 2). In India, Bihar is one of the largest 

18 (population 110 million) and poorest (53% of households are 

19 in the lowest wealth index quintile of India (3)) states 

20 with high child and maternal mortality (U5MR=54, 

21 MMR=208)(4), and is a priority for donor support for health 

22 systems strengthening (see (5) for an evaluation of the 

23 health care system in Bihar).
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1 To accelerate progress toward achieving SDG 3, state 

2 governments in India pursue programmes of community-based 

3 care (see (6, 7) for descriptions and assessments of this 

4 approach). Since 2011, the Bihar Ministry of Health has 

5 supported an Integrated Family Health Initiative to improve 

6 the availability, quality and use of prenatal, perinatal 

7 and postnatal care for mothers and infants (8).

8 The usual way to monitor progress toward achieving these 

9 goals is with household surveys. Perhaps the most commonly 

10 used surveys are cluster sample surveys such as the 

11 Demographic and Health Surveys and the Multiple Indicator 

12 Cluster Surveys (9, 10). An alternative design is Lot 

13 Quality Assurance Sampling (LQAS), which provides 

14 comparable data but is decentralized to local health 

15 services organisations and more useful for management and 

16 programme planning(11). Several states in India find it 

17 benefits their programs (12).  Surveys rely on the reports 

18 of mothers of infants and young children, but these reports 

19 are subject to several sources of potential error and bias 

20 through interviewees not knowing, forgetting, and having 

21 memory errors (13, 14). Studies have shown both that 

22 mothers can accurately report significant facts about the 

23 birth and care of their children many years after the event 

24 (15), but also that even immediately after giving birth 
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1 mothers may misreport details (16-18). Studies of mothers 

2 recall of their children’s vaccination status concluded 

3 that due to offsetting errors of maternal reports, the 

4 resulting data accurately measured vaccination rates (19); 

5 the pattern of error revealed that mothers whose children 

6 are up-to-date or nearly so tended to underestimate their 

7 child’s vaccination status whilst mothers whose children 

8 have few vaccinations, overestimate their coverage. 

9 To improve the validity of collected data, knowledge, 

10 practice and coverage surveys have used samples of mothers 

11 of infants 0-11 months of age or 0-5 months of age and 

12 children 6-11 months of age. In Bihar, local organisations 

13 departed from this convention of sampling among these three 

14 cohorts of children under one year of age and have been 

15 monitoring their programs’ progress by sampling five 

16 dedicated cohorts: mothers of children 0-2, 3-5, 6-8, 9-11 

17 and 12-23 months old with indicators focused on antenatal 

18 care, safe delivery practices, infant and young child 

19 feeding practices, immunisation, treatment seeking, and 

20 more. To avoid the possibility of maternal recall error, 

21 each of the five cohorts was asked questions particularly 

22 relevant to a child’s specific age group. 

23 In countries such as India with high maternal and 

24 child mortality rates, regular monitoring of related health 
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1 service coverage is critical to reducing these rates.  

2 However, survey designs should be affordable and 

3 sustainable for local health systems; they should also 

4 produce precise, unbiased estimates (20). In this study, we 

5 explore whether information is gained by sampling cohorts 

6 of children aged 0-2 and 3-5 months or whether sample sizes 

7 can be reduced by 50% by creating one sample cohort aged 0-

8 5 months.  

9 The research question we address is: “Do the health service 

10 delivery coverage estimates from a sample of mothers of 

11 infants aged 0-5 months differ from those obtained from a 

12 sample of mothers of infants ages 0-2 months?” A corollary 

13 to this question is: “Do mothers of infants 3-5 months of 

14 age display more recall error relative to mothers of 

15 infants 0-2 months of age for antenatal, delivery or young 

16 infant health practices?” We compare district coverage 

17 estimates obtained from two independent samples of infants 

18 0-2 months and 0-5 months of age.  The implications of this 

19 study are important for health systems researchers needing 

20 results to appraise and improve their programmes.

21 METHODS

22 To answer this question, we collected information from a 

23 sample of mothers with infants 0-5 months old and a sample 
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1 of mothers with infants 0-2 month old in two districts.  

2 This study took place within the context of a larger survey 

3 that also sampled children 3-5, 6-8, 9-11 and 12-23 months 

4 of age.  These four latter samples used questionnaires with 

5 variables that either did not overlap at all or overlapped 

6 on very few indicators with the questionnaires used to 

7 interview the 0-5 month and 0-2 month samples. Due to this 

8 constraint, in this study, we only use the two 

9 aforementioned groups to assess the measurement of the 

10 indicators and refer only to them for the remainder of this 

11 paper.  The household sampling design we used is a 

12 stratified random sample (21). Within each district, the 

13 strata are administrative units of the health system, which 

14 in Bihar is called a block. Within each block the primary 

15 sampling unit is the Anganwadi Centre (Community Health 

16 Subcentre) Catchment Area (ACCA); 19 ACCA are selected from each block 

17 with probability proportional to size. From each ACCA one respondent is 

18 randomly selected from each age-group under study using 

19 segmentation sampling (22, 23). The sample size 19 for each block is 

20 chosen to maximize the probability of correctly classifying a block with reference to 

21 performance targets on health related indicators (95% reliability) while balancing the 

22 probability (10% margin of error) of incorrectly classifying a block and thereby 

23 failing to recognize either the accomplishments of local health care delivery systems or 
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1 the local population's health care needs (22). For this purpose, principles of Lot Quality 

2 Assurance Sampling were used along with established probability tables (24-26). 

3 There are 14 and 11 blocks in Gopalganj and Aurangabad (N=6 

4 million), the two districts selected for this study, 

5 respectively. The total sample sizes are: (a) Gopalganj: 19 

6 x 14 blocks= 266 infants 0-2 months and 266 infants 0-5 

7 months, and (b) Aurangabad: 19 x 11 blocks= 209 infants 0-2 

8 months and 209 infants 0-5 months. The 0-5 month old sample 

9 is 60% 0-2 months old and 40% 3-5 months old.

10 Using summary data from each of the two samples we analyse 

11 the data with Cochran-Mantel-Haenszel (CMH) (27) tests for 

12 51 dichotomous indicators (See Supplementary File Table S1) 

13 common to the two samples. The CMH tests theoretically have 

14 a Chi-square probability distribution with 1 degree of 

15 freedom. With a sufficient number of respondents or a 

16 sufficient number of blocks the CMH test is equivalent to a 

17 conditional logistic regression (28: 114-115). In this 

18 analysis both the number of respondents and the number of 

19 blocks only approach sufficiency.  Consequently, the 

20 calculated chi-squares and probabilities must be considered 

21 as approximations of their true values.

22 We calculate both unweighted and weighted estimates. The 

23 unweighted estimates permit the results from smaller blocks 

24 to have equal weight vis à vis larger ones. Since the 
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1 research question concerns an analysis of which age cohort 

2 is most informative, the weighted estimates may not be as 

3 useful as the unweighted ones.  However, the weighted 

4 estimates provide better point estimates of the indicators 

5 at the district level. The effect of the weights on the 

6 Chi-square statistics is to increase the contribution of 

7 the larger blocks and decrease the contribution of the 

8 smaller blocks.  Hence, we report both sets of results (See 

9 Supplementary File Tables S2-S3).

10 The Chi-square probability distribution puts the 

11 differences between the districts on a probability scale 

12 (See Supplementary File Table S2). To determine meaningful 

13 differences in responses between the two age cohorts we 

14 used a probability of 0.05 as a cut-off value and consider 

15 differences with probabilities less than 0.05 to be 

16 possibly meaningful and those with larger probabilities to 

17 be likely due to sampling errors. With 102 comparisons (51 

18 indicators weighted or unweighted) we must expect some to 

19 exceed this cut-off by chance alone. If all of the 

20 comparisons were independent, we might randomly find 5 

21 differences, but many of the indicators measure related 

22 events (e.g., number of ANC visits and tetanus toxoid 

23 vaccinations) and the weighted and unweighted estimates are 

24 similar, so these indicators are not all independent and it 
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1 is not possible to calculate an expected number of 

2 differences nor is it appropriate to interpret these 

3 probabilities as measures of “statistical significance”.

4 Patient and Public Involvement

5 This study does not involve patients. Also, the public was 

6 not involved in the design, conduct and reporting of the 

7 research.  The public was engaged as interviewees. To 

8 ensure local engagement we coordinated with the Bihar 

9 Ministry of Health, local implementing non-governmental 

10 organizations and our donor. We also shared the results 

11 with them and offered further dissemination of results.

12 RESULTS

13 We find a high level of agreement between the two samples 

14 (Table 1). Out of 102 weighted and unweighted comparisons 

15 between the estimates from the 0-2 month and 0-5 month 

16 samples there is no probable difference in 81 (79.4%) in 

17 both the unweighted and weighted estimates. We detect that 

18 probable differences exist for 13 comparisons (12.7%). For 

19 the remaining eight comparisons the weighted and unweighted 

20 estimates disagree. The weighted estimates find seven 

21 differences that the unweighted estimates do not; the 

22 unweighted estimates find one difference that the weighted 

23 estimates do not find.  
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1
Table 1. Number of indicators by probability of a 
difference between the 0-2 months and the 0-5 months 
samples for weighted and unweighted samples

Weighted
Aurangabad Gopalganj Total

Unweighted

>= 
.05

< .05 >= 
.05

< .05 >= 
.05

< .05

>= .05 40 3 41 4 81 7
< .05 0 8 1 5 1 13

2
3

4 For different health service domains, the number of 

5 indicator comparisons varies from two (Exclusive 

6 Breastfeeding-EBF) to 24 concerning home visits by Front 

7 Line Worker (FLW) support (Table 2).  The two principal FLW 

8 are Anganwadi workers and Accredited Social Health 

9 Activists (ASHA).
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Table 2. Number of indicator comparisons by subject domain showing a measurable 
difference using weighted and unweighted estimates of 0-2 months and 0-5 months 
samples

Measurable  difference between 
0-2 and 0-5 months results

Health Service Domain Total 
compariso

ns

No measurable 
difference
between
0-2 and

0-5 months 
results

Both Unweight
ed only

Weight
ed 

only

Percent (%) 
indicators 

with 
different 
results

Antenatal care 22 21 0 0 1 5

Place of birth & 
attendant 8 6 1 0 1 25

Birth preparedness 18 13 3 0 2 28

Front Line Worker 
support 24 16 6 0 2 33

Maternal health 8 8 0 0 0 0

Neonatal care 20 17 1 1 1 15

Exclusive 
Breastfeeding 2 0 2 0 0 100

Totals 102 81 13 1 7 21.9
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1

2 In the FLW support domain 33% of comparisons have probable 

3 differences. The neonatal health domain has 20 comparisons 

4 and the birth preparedness domain has 18; in these domains 

5 15% and 28% show probable differences, respectively. Place 

6 of birth and attendant, and maternal health each have eight 

7 comparisons with 25%, or two comparisons, and 0 

8 comparisons, respectively, showing a possible difference. 

9 The differences between the two samples cluster around home 

10 visits from FLW and behaviours associated with birth 

11 preparedness and neonatal care.  Details of these 

12 differences are listed in Table 3. 

13 For two indicators, both the weighted and unweighted 

14 estimates display probable differences between the 0-2 and 

15 0-5 months samples in both districts. For indicator #52, 

16 the proportion exclusively breastfeeding, the 0-5 months 

17 cohort has the lower estimate, and indicator #24, the 

18 proportion of mothers visited by an ASHA at least once 

19 during their last pregnancy, the 0-5 months sample gives 

20 the higher estimate, about 74%, compared to 63% in the 0-2 

21 months sample (See Supplementary Tables S2-3). 

22

23 Additional analyses comparing  subsamples of mothers of 

24 infants 0-2 months and 3-5 months from the 0-5 months 
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1 sample, the sample of mothers of infants 0-2 months and the 

2 subsample of infants 0-2 month, and the sample of mothers 

3 of infants 3-5 months and the subsample of infants 3-5 

4 months produced similar results (See Supplementary Text and 

5 Tables S4a-b, Tables S5a-b and Table S6).  
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Table 3. Indicators by health service domain showing measurement differences between 0-2 months and 
0-5 months samples

Weighted 
Coverage (%) p-value

Health Service Domain and 
Indicator

Indica
tor 
No.

District 0-2 
months

0-5 
months

Unweighte
d 

Estimate

Weighte
d 

Estimat
e

Estimate 
type

Antenatal care

Proportion of mothers of infants 
(0-2/0-5 months) registered 
during their last pregnancy

1 Aurangabad 85.2 77.6 0.0552 0.0365 Weighted

Place of birth & attendant

Proportion of mothers of infants 
(0-2/0-5 months) whose last 
child was delivered at a public 
facility

38 Gopalganj 51.2 61.6 0.0363 0.0159 Both

Proportion of mothers of infants 
(0-2/0-5 months) whose last 
child was delivered at a health 
facility (private or public 
facility)

37 Gopalganj 78.9 85.5 0.0643 0.0459 Weighted

Birth preparedness

Proportion of mothers of infants 
(0-2/0-5 months) who planned 
transportation to health 
facility in their last pregnancy 
(home & institutional delivery) 

15 Gopalganj 45.7 56.0 0.0266 0.0158 Both

Proportion of mothers of infants 
(0-2/0-5 months) who identified 
persons to care for the baby 
immediately after birth (home + 
institutional delivery)

17 Gopalganj 51.8 62.6 0.0255 0.0103 Both

Proportion of mothers of infants 
(0-2/0-5 months) who planned for 
institutional delivery and 

23 Aurangabad 62.5 47.0 0.0039 0.0052 Both
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identified person to accompany 
her during the delivery

Proportion of mothers who 
planned for institutional 
delivery of infants (0-2/0-5 
months) who had a new blade & 
thread for their delivery

19 Aurangabad 23.5 14.5 0.062 0.0429 Weighted

Proportion of mothers who 
planned institutional delivery 
of infants (0-2/0-5 months) who 
arranged clean cloth for mothers 
and baby

21 Aurangabad 43.6 31.2 0.0546 0.0137 Weighted

Front Line Worker support

Aurangabad 62.2 75.2 0.0023 0.0042 BothProportion of mothers of infants 
(0-2/0-5 months) who were 
visited by ASHA at least once 
during their last pregnancy

24
Gopalganj 63.5 73.0 0.0284 0.0175 Both

Proportion of mothers of infants 
(0-2/0-5 months) visited at home 
by FLWs at least once during 
their last pregnancy

26 Aurangabad 63.5 76.7 0.0021 0.0032 Both

Proportion of mothers of infants 
(0-2/0-5 months) visited at home 
by ASHA within 24 hours of last 
delivery

31 Aurangabad 29.9 44.9 0.0009 0.0016 Both

Proportion of mothers of infants 
(0-2/0-5 months) visited at home 
by any FLW within 24 hours of 
last delivery

33 Aurangabad 32.2 46.7 0.0015 0.0026 Both

Proportion of mothers of infants 
(0-2/0-5 months) visited at home 
by any FLW within first week of 
last delivery

35 Aurangabad 44.5 59.3 0.0018 0.0026 Both

Proportion of mothers of infants 
(0-2/0-5 months) visited at home 
by any AWW within the first week 
of the last delivery

34 Gopalganj 14.4 8.9 0.0959 0.0471 Weighted

Proportion of mothers of infants 
(0-2/0-5 months) visited by 

27 Gopalganj 52.6 61.1 0.0617 0.0449 Weighted
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ASHAs at least once during their 
last trimester of pregnancy
Infant care

Aurangabad 78.0 45.4 0.0001 0.0006 BothProportion of infants aged (0-
2/0-5 months) who were delivered 
at home continued with dry cord 
care

51

Gopalganj 63.7 41.1 0.0431 0.0627 Unweighte
d

Proportion of infants aged (0-
2/0-5 months) weighed after 
birth (Public facility/Private 
facility/Home)

48 Gopalganj 70.7 78.2 0.0727 0.0464 Weighted

Exclusive Breastfeeding

Aurangabad 69.2 59.7 0.0229 0.0411 BothProportion of infants (0-2/0-5 
months) breast-fed in the past 
24 hours (Exclusively Breast-
Fed)

52
Gopalganj 82.1 68.4 0.0001 0.0003 Both
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1

2 DISCUSSION

3 Statement of principal findings

4 There are no measurable differences in coverage estimates 

5 for 79.4% (81 comparisons) of the indicator comparisons 

6 between the samples of mothers with infants 0-2 months old 

7 versus mothers of infants 0-5 months old; 12.7% (13 

8 comparisons) display measurable differences. The remaining 

9 7.8% (eight comparisons) display discrepancies between the 

10 weighted and unweighted estimates.  

11 Strengths and weaknesses of the study

12 The strengths of this study are that it compares estimates 

13 from two independent samples and that there are many 

14 estimates from diverse domains. The weaknesses of this 

15 study are that the data were collected in only 2 districts 

16 of 1 state in India and in different months of a single 

17 year, and that indicators from the sample of mothers of 3-5 

18 month old infants comparable to those of the 0-2 month old 

19 infants, using the same questionnaire, were not collected. 

20 Supplemental analyses comparing 0-2 and 3-5 month 

21 subsamples of the 0-5 sample did not uncover evidence of 

22 bias due to the combination of these two age groups.

Page 19 of 78

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

20

1 Strengths and weaknesses in relation to other studies

2 Other studies of maternal recall bias have sought a “gold 

3 standard” to represent reality and to evaluate measures. 

4 Our study, of course, is interested in reality, but this 

5 study compares alternative measures needed to assess the 

6 Bihar health program.  It also uses a complete sample of 

7 the age grouping under study rather than just a sub-sample 

8 of a larger age grouping. A weakness of this approach is 

9 that the analysis does not result in a formal statistical 

10 test; our conclusion is based on the weight of the 

11 evidence.

12 Meaning of the study 

13 The evidence indicates that samples of the broader group 

14 yield comparable results to those of the narrower age 

15 group. It is not necessary to double the total sample by 

16 measuring independently 0-2 months and 3-5 months cohorts 

17 of children. These results also tend to dispel the 

18 hypothesis that maternal recall is problematic for mothers 

19 during the first 6 months following delivery. Our results 

20 are more consistent with conclusions presented in earlier 

21 research (15) and they support those organizations 

22 collecting data with 0-5 month cohorts.
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1 Indicator #52, EBF, displayed two comparisons measuring 

2 decreases in both districts. This is not surprising as 

3 fewer infants are expected to be exclusively breast fed in 

4 a sample ranging from 0 to 5 months than a sample ranging 0 

5 to 2 months; mothers introduce complementary feeding and 

6 liquids as infants age despite this being a health risk. 

7 This difference could be accommodated by adjusting 

8 expectations and targets for the indicator.

9 Unanswered questions and future research 

10 Further investigation and consideration of the differences 

11 is warranted. The eight differences found in the FLW 

12 support indicators deserve more scrutiny. Seven show higher 

13 estimates for the 0-5 cohort and one has a higher estimate 

14 for the 0-2 month cohort.  The former seven differences may 

15 be due to excessive rainfall during the July-September 

16 (monthly average 318.95mm, range:195.99-395.8mm  versus the )

17 lesser rainfall during June-April (monthly average 25.52mm, 

18 range: 0.3-27.88mm  which in the last trimester may have )

19 reduced the access of ASHA in the 0-2 month cohort (29).  

20 Indicators such as these may be particularly sensitive to 

21 rainfall and may explain why more mothers in the 0-5 month 

22 cohort displayed higher FLW visitation estimates since FLW 
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1 were not impeded by the monsoon and the resulting muddy 

2 roads.  

3 Differences in birth preparedness and institutional birth 

4 may be a consequence of differences in rainfall or in FLW 

5 support; the results signal a need for more careful 

6 planning when transportation is difficult and decreases the 

7 effectiveness of FLW by reducing their access to women. Or, 

8 some of these differences may just be due to noise in the 

9 data.

10

11 CONCLUSIONS

12 Overall, the answer to the research question, “Can one get 

13 the same district coverage estimates from a sample of 

14 mothers of infants aged 0-5 months as from a sample of 

15 mothers of infants ages 0-2 months?” is yes. This result 

16 can be paraphrased as: mothers do not display increased 

17 recall errors of their perinatal health care behaviour in a 

18 cohort of mothers with infants 0-5 months as compared with 

19 mothers with younger infants. Substantial resources and 

20 effort can be saved using a survey design that avoids 

21 needless expenses to collect data that provides 

22 insubstantial amounts of information.  It also reduces the 

23 burden on data collectors and community participants. 
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1 Fatigue to both groups can result in needless non-sampling 

2 error.
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Supplementary Text for Tables  S4a through S6 

We make four comparisons to inform an evaluation of these data. The first compares the 0-5 
month sample to the 0-2 month sample and is presented in Table 2 in the main text and 
Tables S2-3. In a second comparison, indicators estimated for the 0-2 month old subsample 
are compared to the 3-5 month old subsample to assess the internal consistency of estimates 
for the entire 0-5 sample (Table 4a-b). In the third comparison, the 0-2 subsample of the 0-5 
sample is compared to the 0-2 month sample to assess the sampling variability for this age 
group (Tables S5a-b). Finally, in the fourth comparison, the 3-5 subsample of the 0-5 sample 
is compared to the 3-5 month sample (Table S6). This last comparison is limited because the 
3-5 month sample collected limited data; there are only 3 indicators common to the two 
samples.  

Table S4a has the complete results for the second comparison with point estimates for the 
two subsamples 0-2 and 3-5 of the 0-5 sample, differences and estimated confidence 
intervals for the estimates and differences of 104 comparisons. Fourteen indicators for which 
the estimated confidence interval of the difference does not include zero are listed in Table 
S4b. The table has 2 panels. In the top panel are 6 indicators for which a difference is also 
reported in Table S2. Table S2 compares the 0-2 month sample and the 0-5 month sample. 
For each of these indicators the reported difference is in the same direction. Two of these 
indicators are indicator 52, exclusive infant breast feeding, in the 2 provinces. These 
differences are not surprising as it is common for mothers to introduce supplemental foods as 
infants age. The authors speculate in their paper that the timing of the monsoon may have 
reduced some of the indicators for the younger infants. Of the remaining four indicators of 
the top panel, three of the indicator differences are negative, lower for the younger infants 
and might plausibly be related to a monsoon. In the bottom panel of Table S4b are 8 
indicators where zero is not in the confidence interval of the difference between subsamples, 
which suggests difference, but the results between two full-samples in Tables S2 and S3 
suggest there is no meaningful difference, except that one of them, indicator 37 in Gopalganj; 
it does show a difference in Table S2. Of these 8, the difference between samples is in the 
same direction five times and in a different direction three times. For the 5 indicators where 
the differences are in the same direction, the absolute value of the differences between 0-2 
subsample and the 3-5 subsample are larger than the absolute values of the differences 
between the 0-2 month sample and the 3-5 subsample. For these 5 indicators the 0-2 month 
sample is more like the 3-5 subsample than the 0-2 subsample. For the 3 indicators where 
the differences are in the different directions the 0-2 subsample closely resembles the 0-2 
month sample; two of the estimates are different by less than 1 percent and the third by 2.4 
percent.  

A third comparison is in Tables S5a-b. In Table S5a the 0-2 subsample is compared to the 0-
2 month sample. The expectation here would be that there are no differences because these 
two samples are designed to represent the same population. However, this expectation is not 
met; there are 10 differences where the confidence interval for the difference does not contain 
0. These differences are listed in Table S5b. Nine of these 10 indicators are also among the 
differences in Table S3 and Table 3 in the paper. For 3 of these 9 differences the 3-5 
subsample is closer to the 0-2 month sample than it is the 0-2 subsample (indicators 15, 17-2, 
51); and for 3 indicators the 3-5 subsample is further from the 0-2 month sample than the 0-2 
subsample (indicators 31, 33, 35). For 3 indicators the 0-2 and 3-5 subsample indicator 
values are nearly equal (indicators 23, 24, 26). For the final indicator in this list (indicator 17-
1, the indicator for which zero is in the confidence interval of the difference between the 0-2 
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month sample and the 0-5 sample in Table S3) the difference between the indicator values for 
the 0-2 and 3-5 subsamples and the 0-2 month sample are about equal in magnitude but have 
opposite signs.  

Results from the fourth comparison, comparing the 3-5 subsample of the 0-5 sample to the 
3-5 month sample are limited, as noted above. There are only 3 indicators in the 2 districts – 
six comparisons. Zero is within the confidence interval of 5 of the differences (Table S6).  

We note in the paper that in making this number of comparisons one must expect that some 
will be large enough to be considered meaningful by chance alone. In the above analysis 
there are 3 comparisons of 51 indicators in 2 provinces producing 16, 14 and 10 differences 
and a fourth comparison with 1 difference in 6. In their paper the authors find that some of 
these differences are readily understood and others may be interpreted effects of monsoon 
rains. Post hoc interpretation is risky here; many of these differences may be noise in the 
data.  There is evidence in the third comparison to support this position with 3 differences 
moving the 0-5 sample closer to the 0-2 month sample, 3 moving it away, and 4 not moving 
it one way or the other. Furthermore, 9 of the 10 differences in the third comparison are also 
differences in the first comparison, suggesting that about half the differences between the 0-2 
month sample and the 0-5 sample may be due to differences between the 0-2 month sample 
and the 0-2 subsample of the 0-5 sample. 

The second comparison, comparing the 0-2 subsample to the 3-5 subsample, provides 
evidence both undermining and supporting the conclusion that a 0-5 sample will provide the 
same answers as two samples 0-2 and 3-5. On the one hand 5 of the fourteen differences in 
the third comparison are also in the first, the comparison of the 0-5 sample to the 0-2 sample, 
suggesting that the inclusion of 3-5 month olds in the 0-5 sample might contribute to the 
differences. On the other hand, in 5 out of the 8 indicators that are not different between the 
0-2 and 0-5 samples, the 3-5 subsample more closely matches the 0-2 month sample than 
does the 0-2 subsample of the 0-5 sample. That this is true in general and not only for these 
extreme differences is suggested by the mean absolute differences between samples which 
are  5.2 for the differences between the 0-2 month sample and 3-5 month subsample and 6.6 
for the differences between the 0-2 month subsample and the 3-5 month subsample. 

Finally, the overall result of all these comparisons is the same as that of the comparison 
presented in the main text of the paper: in each comparison 85% or more of the indicators 
show no differences between the samples. The most consistent evidence of differencCae is 
between the 0-2 subsample of the 0-5 sample and the 0-2 month sample.   
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Table S1. Subject domain and indicators labels 
Domaina Indicator Indicator text 

1 1 Proportion of mothers of infants (0-2/0-5) months who were registered during their last pregnancy 
1 2 Proportion of mothers of infants (0-2/0-5) months whose last pregnancy was registered in the first 

three months of pregnancy 
1 3 Proportion of mothers of infants (0-2/0-5) months attended at least one ANC visit during their last 

pregnancy 
1 4 Proportion of mothers of infants (0-2/0-5) months attended 3 or more ANC visits during their last 

pregnancy  
1 5 Proportion of mothers of infants (0-2/0-5) months attended 4 or more ANC visits during their last 

pregnancy  
1 6 Proportion of mothers of infants (0-2/0-5) months who attended at least one ANC visit where BP was 

checked during her last pregnancy 
1 7 Proportion of mothers of infants (0-2/0-5) months who attended at least one ANC where at least one 

sonography was performed during her last pregnancy 
1 8 Proportion of mothers of infants (0-2/0-5) months who attended at least one ANC where at least one 

abdominal examination was performed during her last pregnancy 
1 9 Proportion of mothers of infants (0-2/0-5) months who attended at least one ANC where at least one 

urine test was performed during her last pregnancy 
1 10 Proportion of mothers of infants (0-2/0-5) months who attended at least one ANC where at least one 

blood test was performed during her last pregnancy 
1 40 Proportion of mothers of infants (0-2/0-5) months who have used an ambulance to reach an institution 

for last delivery  
2 11 Proportion of mothers of infants (0-2/0-5) months who were protected against tetanus in their last 

pregnancy (Neonatal TT) 
2 12 Proportion of mothers of infants (0-2/0-5) months who received two or more doses of TT injection in 

their last pregnancy 
2 13 Proportion of mothers of infants (0-2/0-5) months who received IFA for 100 days or more during their 

pregnancy 
2 14 Proportion of mothers of infants (0-2/0-5) months consumed IFA for 100 days or more in their 

pregnancy  
3 15 Proportion of mothers (home + institutional delivery) of infants (0-2/0-5) months who planned 

transportation to health facility in their last pregnancy 
3 16 Proportion of mothers (home + institutional delivery) of infants (0-2/0-5) months who have identified 

anybody who would donate blood in the case of emergency in their last pregnancy 
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3 17 Proportion of mothers (home + institutional delivery) of infants (0-2/0-5) months who have identified 
persons who would take care of the baby immediately after birth 

3 18 Proportion of mothers (home + institutional delivery) of infants (0-2/0-5) months who have arranged 
new blade & thread for their last delivery 

3 19 Proportion of mothers who planned for institutional delivery of infants (0-2/0-5) months who arranged 
new blade & thread for their delivery 

3 20 Proportion of mothers (home + institutional delivery) of infants (0-2/0-5) months who have arranged 
clean cloth for mothers and baby 

3 21 Proportion of mothers who planned institutional delivery of infants (0-2/0-5) months who arranged 
clean cloth for mothers and baby 

3 22 Proportion of mothers of infants (0-2/0-5) months who have saved money for the delivery 
3 23 Proportion of mothers who planned for institutional delivery of infants (0-2/0-5) months identified 

person to accompany her during the delivery 
4 24 Proportion of mothers of infants (0-2/0-5) months who were visited by ASHA at least once during 

their last pregnancy 
4 25 Proportion of mothers of infants (0-2/0-5) months who were visited by AWW at least once during 

their last pregnancy 
4 26 Proportion of mothers of infants (0-2/0-5) months who were visited by FLWs at least once during 

their last pregnancy  
4 27 Proportion of mothers of infants (0-2/0-5 months) visited by ASHAs at least once during their last 

trimester of pregnancy 
4 28 Proportion of mothers of infants (0-2/0-5) months who were visited by AWW at least once during 

their last pregnancy  
4 29 Proportion of mothers of infants (0-2/0-5) months who were visited by any FLW in the last trimester 

during their last pregnancy 
4 30 Proportion of mothers of infants (0-2/0-5) months who were visited 2 or more times by any FLW in 

the last trimester during their last pregnancy 
4 31 Proportion of mothers of infants (0-2/0-5) months who were visited home by ASHA within 24 hours 

of last delivery 
4 32 Proportion of mothers of infants (0-2/0-5) months who were visited home by AWW within 24 hours 

of last delivery 
4 33 Proportion of mothers of infants (0-2/0-5) months who were visited home by any FLW within 24 

hours of last delivery 
4 34 Proportion of mothers of infants (0-2/0-5) months who were visited home by any AWW within the 

first week of last delivery 
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4 35 Proportion of mothers of infants (0-2/0-5) months who were visited home by any FLW within first 
week of last delivery 

5 37 Proportion of mothers of infants (0-2/0-5) months whose last child was delivered at a health facility 
(private or public facility) 

5 38 Proportion of mothers of infants (0-2/0-5) months whose last child was delivered at public facility 
5 39 Proportion of mothers (home delivery) of infants (0-2/0-5) months who had home delivery attended 

by skilled birth attendant (SBA) 
5 39.5 Proportion of mothers (home + institutional delivery) of infants (0-2/0-5) months who had home 

delivery attended by skill birth attendant (SBA) 
6 42 Proportion of infants (home + institutional delivery) aged (0-2/0-5) months with nothing applied to the 

umbilical cord after cutting and tying in their last delivery 
6 43 Proportion of mothers (home + institutional delivery) of infants (0-2/0-5) months who have delivered 

baby practiced skin to skin care (STSC) immediately after birth 
6 44 Proportion of mothers with institutional delivery of infants (0-2/0-5) months who continued skin to 

skin care (STSC) at home  
6 45 Proportion of mothers with home delivery of infants (0-2/0-5) months who continued skin to skin care 

(STSC) later 
6 46 Proportion of mothers of infants (0-2/0-5) months who were breastfed within one hour of birth 
6 47 Proportion of infants aged (0-2/0-5) months who have received delayed bath (between 48 hours and 

before 7 days after birth) (Public facility/Private facility/Home) 
6 48 Proportion of infants aged (0-2/0-5) months who were weighed after birth (Public facility/Private 

facility/Home) 
6 49 Proportion of infants aged (0-2/0-5) months who were delivered at HF received dry cord care 
6 50 Proportion of infants aged (0-2/0-5) months who were delivered at HF continued with dry cord care 
6 51 Proportion of infants aged (0-2/0-5) months who were delivered at home continued with dry cord care 
7 52 Proportion of infants (0-2/0-5) months who were breast-fed in the past 24 hours (Exclusively Breast-

fed) 
a. 1 Antenatal care, 2 Maternal health, 3 Birth preparedness, 4 Front Line Worker Support, 6 Place of birth & attendant, 7 Exclusive 
Breastfeeding 
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Table S2. Indicators from two samples in Aurangabad and Gopalganj of mothers of infants aged 0-2 months compared to 0-5 
months: Estimates, Cochran-Mantel-Haenszel Chi-squares, and probabilities: Bihar 2015 

   Unweighted Weighted 
Domaina Indicatorb Districtc Percent 

0-2 
Percent 

0-5 
Chi-

square 
Probability Percent 

 0-2 
Percent 

0-5 
Chi-square Probability 

1 1 1 86.6 79.9 3.6775 0.0552 85.2 77.6 4.3758 0.0365 
1 1 2 85.3 85.3 0.0000 1.0000 85.0 85.4 0.0187 0.8911 
1 2 1 44 40.7 0.4996 0.4797 43.0 38.3 1.0147 0.3138 
1 2 2 47.7 47.0 0.0304 0.8616 47.5 48.2 0.0212 0.8843 
1 3 1 84.7 80.9 1.2398 0.2655 83.8 80.4 0.9592 0.3274 
1 3 2 81.2 78.6 0.5985 0.4391 80.6 77.8 0.6424 0.4229 
1 4 1 60.3 63.6 0.4931 0.4826 61.1 63.1 0.1792 0.6720 
1 4 2 59.4 63.2 0.8252 0.3637 57.4 61.0 0.7211 0.3958 
1 5 1 42.1 45.0 0.3491 0.5546 43.2 45.7 0.2561 0.6128 
1 5 2 44.7 47.7 0.4866 0.4854 43.4 46.9 0.6302 0.4273 
1 6 1 59.8 59.3 0.0107 0.9177 58.9 60.1 0.0644 0.7996 
1 6 2 67.7 63.5 1.0487 0.3058 66.3 63.3 0.5176 0.4719 
1 7 1 42.6 39.2 0.5043 0.4776 42.0 39.5 0.2824 0.5952 
1 7 2 70.3 73.3 0.6025 0.4376 69.2 72.6 0.7537 0.3853 
1 8 1 44.0 45.9 0.1685 0.6815 42.7 44.8 0.2028 0.6525 
1 8 2 53.4 54.1 0.0322 0.8576 52.4 54.5 0.2438 0.6215 
1 9 1 45.9 42.6 0.5004 0.4793 45.8 41.7 0.7523 0.3857 
1 9 2 42.9 43.6 0.0321 0.8579 42.8 43.5 0.0231 0.8792 
1 10 1 67.0 59.8 2.6555 0.1032 67.2 59.6 2.9924 0.0837 
1 10 2 55.3 58.3 0.5191 0.4712 54.8 58.5 0.7674 0.3810 
1 40 1 11.5 17.7 3.4797 0.0621 10.6 16.0 2.8329 0.0924 
1 40 2 8.6 10.2 0.3686 0.5438 8.5 9.5 0.1374 0.7109 
2 11 1 98.6 98.1 0.1451 0.7033 98.5 98.1 0.0844 0.7715 
2 11 2 97.0 96.6 0.0614 0.8044 96.9 97.1 0.0131 0.9089 
2 12 1 68.4 66.5 0.1763 0.6746 69.3 67.5 0.1626 0.6868 
2 12 2 79.7 79.3 0.0116 0.9141 81.9 80.4 0.2143 0.6434 
2 13 1 3.8 2.4 0.7384 0.3902 4.0 2.6 0.6021 0.4378 
2 13 2 3.4 5.6 1.5745 0.2096 3.0 5.1 1.6016 0.2057 
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Table S2. Indicators from mothers two samples in Aurangabad and Gopalganj of mothers of infants aged 0-2 months compared to 
0-5 months: Estimates, Cochran-Mantel-Haenszel Chi-squares, and probabilities: Bihar 2015 - Continued 

   Unweighted Weighted 
Domaina Indicatorb Districtc Percent 

0-2 
Percent 

0-5 
Chi-

square 
Probability Percent 

 0-2 
Percent 

0-5 
Chi-square Probability 

2 14 1 1.4 1.9 0.1474 0.7010 1.6 2.0 0.1025 0.7489 
2 14 2 1.9 3.8 1.7161 0.1902 1.7 3.6 1.8535 0.1734 
3 15 1 26.3 34.0 3.1510 0.0759 25.9 33.3 2.9594 0.0854 
3 15 2 47.0 56.4 4.9192 0.0266 45.7 56.0 5.8262 0.0158 
3 16 1 4.3 3.8 0.0639 0.8004 4.3 3.6 0.1410 0.7073 
3 16 2 10.2 13.9 1.8263 0.1766 9.7 14.3 2.8157 0.0933 
3 17 1 48.8 56.5 2.5852 0.1079 48.5 55.6 2.2155 0.1366 
3 17 2 53.4 62.8 4.9914 0.0255 51.8 62.6 6.5790 0.0103 
3 18 1 24.9 22.5 0.3601 0.5485 26.1 23.4 0.4531 0.5009 
3 18 2 39.5 45.1 2.2194 0.1363 38.2 43.7 2.1362 0.1439 
3 19 1 22.6 14.4 3.4821 0.0620 23.5 14.5 4.0983 0.0429 
3 19 2 45.2 40.7 1.1508 0.2834 43.4 39.4 0.6771 0.4106 
3 20 1 40.7 37.8 0.4565 0.4993 44.1 39.5 1.1927 0.2748 
3 20 2 51.9 57.1 1.8538 0.1733 50.0 55.9 2.3539 0.1250 
3 21 1 40.1 30.4 3.6953 0.0546 43.6 31.2 6.0749 0.0137 
3 21 2 58.1 52.8 1.7277 0.1887 55.6 51.6 0.8220 0.3646 
3 22 1 65.1 59.3 1.5561 0.2122 65.5 59.4 1.7643 0.1841 
3 22 2 62.4 68.4 2.2445 0.1341 60.2 68.0 3.6903 0.0547 
3 23 1 65.0 49.0 8.3301 0.0039 62.5 47.0 7.8078 0.0052 
3 23 2 68.8 63.0 1.8993 0.1682 68.0 62.5 1.5725 0.2098 
4 24 1 61.2 75.1 9.2638 0.0023 62.2 75.2 8.2048 0.0042 
4 24 2 65.8 74.4 4.8055 0.0284 63.5 73.0 5.6444 0.0175 
4 25 1 11.5 12.9 0.2096 0.6471 11.1 12.5 0.2064 0.6496 
4 25 2 20.7 18.4 0.4319 0.5111 19.3 19.1 0.0019 0.9656 
4 26 1 62.7 76.6 9.4840 0.0021 63.5 76.7 8.6936 0.0032 
4 26 2 68.4 75.9 3.8007 0.0512 66.9 74.3 3.5169 0.0607 
4 27 1 42.1 47.8 1.4400 0.2301 42.3 47.6 1.2194 0.2695 
4 27 2 54.5 62.4 3.4903 0.0617 52.6 61.1 4.0230 0.0449 
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Table S2. Indicators from mothers two samples in Aurangabad and Gopalganj of mothers of infants aged 0-2 months compared to 
0-5 months: Estimates, Cochran-Mantel-Haenszel Chi-squares, and probabilities: Bihar 2015 - Continued 

   Unweighted Weighted 
Domaina Indicatorb Districtc Percent 

0-2 
Percent 

0-5 
Chi-

square 
Probability Percent 

 0-2 
Percent 

0-5 
Chi-square Probability 

4 28 1 8.6 8.1 0.0323 0.8575 8.2 7.6 0.0561 0.8127 
4 28 2 16.2 13.9 0.5345 0.4647 15.4 13.8 0.2732 0.6012 
4 29 1 43.1 48.8 1.4361 0.2308 43.3 48.5 1.1846 0.2764 
4 29 2 57.5 64.7 2.9183 0.0876 55.9 63.5 3.2352 0.0721 
4 30 1 29.7 35.4 1.6374 0.2007 28.7 34.2 1.5497 0.2132 
4 30 2 48.1 53 1.2686 0.2600 46.9 51.4 1.0908 0.2963 
4 31 1 30.1 45.9 10.9581 0.0000 29.9 44.9 9.9713 0.0016 
4 31 2 47.4 53.0 1.6849 0.1943 44.5 52.7 3.6136 0.0573 
4 32 1 5.3 3.8 0.4948 0.4818 5.3 3.6 0.7401 0.3896 
4 32 2 9.8 9.0 0.0897 0.7646 9.1 9.9 0.0974 0.7550 
4 33 1 32.5 47.8 10.1305 0.0015 32.2 46.7 9.0939 0.0026 
4 33 2 50.8 56.4 1.7133 0.1906 48.2 56.2 3.5264 0.0604 
4 34 1 6.2 10.0 2.0808 0.1492 6.2 9.9 1.9617 0.1613 
4 34 2 13.5 9.0 2.7721 0.0959 14.4 8.9 3.9431 0.0471 
4 35 1 45.0 60.3 9.7398 0.0018 44.5 59.3 9.0930 0.0026 
4 35 2 64.7 69.5 1.4491 0.2287 62.5 69.0 2.5201 0.1124 
5 37 1 73.2 76.6 0.6496 0.4203 72.9 74.9 0.2182 0.6404 
5 37 2 80.1 86.1 3.4220 0.0643 78.9 85.5 3.9858 0.0459 
5 38 1 55.5 56.5 0.0389 0.8436 54.7 55.3 0.0117 0.9139 
5 38 2 52.3 61.3 4.3834 0.0363 51.2 61.6 5.8090 0.0159 
5 39 1 5.7 0 3.3034 0.0691 5.4 0 3.6637 0.0556 
5 39 2 10.2 8.3 0.2393 0.6247 9.1 6.6 0.3451 0.5569 
5 39.5 1 1.4 0 0.0003 0.0833 1.4 0 2.8978 0.0887 
5 39.5 2 1.9 1.1 0.5139 0.4735 1.8 0.9 0.7629 0.3824 
6 42 1 42.6 47.4 1.0165 0.3134 43.8 47.6 0.6553 0.4182 
6 42 2 41.4 46.2 1.3134 0.2518 41.8 46.3 1.1228 0.2893 
6 43 1 24.9 29.7 1.3262 0.2495 25.6 30.4 1.3008 0.2541 
6 43 2 27.1 29.7 0.4968 0.4809 26.9 31.2 1.2586 0.2619 
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Table S2. Indicators from mothers two samples in Aurangabad and Gopalganj of mothers of infants aged 0-2 months compared to 
0-5 months: Estimates, Cochran-Mantel-Haenszel Chi-squares, and probabilities: Bihar 2015 - Continued 

   Unweighted Weighted 
Domaina Indicatorb Districtc Percent 

0-2 
Percent 

0-5 
Chi-

square 
Probability Percent 

 0-2 
Percent 

0-5 
Chi-square Probability 

6 44 1 9.8 12.5 1.2833 0.2573 12.2 13.0 0.3958 0.5293 
6 44 2 21.1 20.1 0.0586 0.8087 21.6 18.7 0.5178 0.4718 
6 45 1 7.5 10.2 0.6321 0.4266 7.8 11.1 0.8502 0.3565 
6 45 2 8.2 5.6 0.4009 0.5266 5.2 8.3 0.1670 0.6828 
6 46 1 55.5 58.9 0.4904 0.4837 56.6 59.2 0.2960 0.5864 
6 46 2 62.8 68.0 1.6764 0.1954 61.7 66.3 1.2736 0.2591 
6 47 1 34.0 32.1 0.1768 0.6741 35.9 32.8 0.4369 0.5086 
6 47 2 67.3 66.5 0.0344 0.8528 66.6 68.3 0.1745 0.6762 
6 48 1 65.6 67.5 0.1782 0.6729 64.9 66.6 0.1312 0.7172 
6 48 2 71.1 77.8 3.2208 0.0727 70.7 78.2 3.9664 0.0464 
6 49 1 62.7 59.4 0.1537 0.6950 64.5 61.2 0.1691 0.6809 
6 49 2 68.1 67.2 0.0166 0.8974 67.3 66.8 0.0011 0.9735 
6 50 1 49.0 55.0 1.2527 0.2630 48.4 54.7 1.3188 0.2508 
6 50 2 56.8 55.9 0.0964 0.7562 56.1 55.5 0.0615 0.8042 
6 51 1 81.1 44.9 14.9736 0.0000 78.0 45.4 11.7395 0.0000 
6 51 2 63.3 38.9 4.0901 0.0431 63.7 41.1 3.4654 0.0627 
7 52 1 70.3 59.8 5.1727 0.0229 69.2 59.7 4.1723 0.0411 
7 52 2 82.3 67.3 16.2014 0.0000 82.1 68.4 13.3711 0.0000 

a . 1 Antenatal care, 2 Maternal health, 3 Birth preparedness, 4 FLW Support, 5 Place of birth & attendant, 6 Neonatal Health, 7 
Exclusive breastfeeding 
b . For text see Table S1 
c.  1 Aurangabad, 2 Gopalganj 
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Table S3. Weighted indicators and confidence intervals from two samples in two districts of Bihar 

Indicatora Districtb 

0-2 Month Sample 0-5 Month Sample Difference 
Point 

estimate 
Confidence 

intervalc 
Point 

estimate 
Confidence 

intervalc 
Point 

estimate 
Confidence 

interval 
Lower Upper Lower Upper Lower Upper 

 1  1 85.2 80.2 90.2 77.6 72.6 82.6  7.6  0.1 15.2 
 1  2 85.0 80.5 89.6 85.4 80.9 90.0 -0.4 -6.7  5.9 
 2  1 43.0 36.3 49.8 38.3 31.5 45.0  4.7 -4.5 14.0 
 2  2 47.5 41.5 53.6 48.2 42.1 54.2 -0.6 -9.5  8.2 
 3  1 83.8 78.8 88.8 80.4 75.4 85.4  3.4 -3.6 10.4 
 3  2 80.6 75.7 85.5 77.8 72.9 82.7  2.8 -4.5 10.0 
 4  1 61.1 54.4 67.8 63.1 56.4 69.9 -2.0 -11.4  7.3 
 4  2 57.4 51.2 63.6 61.0 54.8 67.2 -3.5 -12.3  5.2 
 5  1 43.2 36.4 50.1 45.7 38.9 52.6 -2.5 -12.2  7.2 
 5  2 43.4 37.1 49.8 46.9 40.5 53.2 -3.4 -12.4  5.6 
 6  1 58.9 52.3 65.6 60.1 53.5 66.7 -1.2 -10.4  8.0 
 6  2 66.3 60.2 72.4 63.3 57.2 69.4  2.9 -5.7 11.6 
 7  1 42.0 35.3 48.8 39.5 32.7 46.3  2.5 -7.0 12.1 
 7  2 69.2 63.2 75.2 72.6 66.6 78.6 -3.4 -11.7  4.9 
 8  1 42.7 36.1 49.3 44.8 38.2 51.4 -2.1 -11.4  7.2 
 8  2 52.4 46.2 58.7 54.5 48.2 60.8 -2.1 -10.9  6.7 
 9  1 45.8 39.0 52.6 41.7 34.9 48.4  4.1 -5.4 13.6 
 9  2 42.8 36.6 49.1 43.5 37.3 49.7 -0.6 -9.5  8.2 
10  1 67.2 60.9 73.6 59.6 53.2 65.9  7.6 -1.2 16.5 
10  2 54.8 48.5 61.1 58.5 52.2 64.8 -3.7 -12.5  5.2 
11  1 98.5 96.7 100.2 98.1 96.4 99.9  0.4 -2.2  2.9 
11  2 96.9 94.8 99.1 97.1 94.9 99.3 -0.2 -3.0  2.7 
12  1 69.3 63.0 75.7 67.5 61.2 73.9  1.8 -7.2 10.8 
12  2 81.9 77.3 86.6 80.4 75.7 85.0  1.6 -5.2  8.4 
13  1  4.0  1.2  6.7  2.6 -0.1  5.4  1.3 -2.2  4.9 
13  2  3.0  1.0  5.0  5.1  3.1  7.1 -2.2 -5.5  1.2 
14  1  1.6 -0.2  3.4  2.0  0.2  3.8 -0.4 -3.1  2.3 
14  2  1.7  0.2  3.2  3.6  2.1  5.1 -1.9 -4.7  0.9 
15  1 25.9 20.1 31.6 33.3 27.5 39.0 -7.4 -15.9  1.1 
15  2 45.7 39.6 51.8 56.0 49.9 62.1 -10.3 -19.0 -1.5 
16  1  4.3  1.5  7.0  3.6  0.8  6.3  0.7 -3.0  4.4 
16  2  9.7  6.1 13.3 14.3 10.8 17.9 -4.7 -10.5  1.1 
17  1 48.5 41.8 55.2 55.6 48.9 62.3 -7.1 -16.5  2.4 
17  2 51.8 45.6 58.0 62.6 56.4 68.8 -10.8 -19.6 -2.1 
18  1 26.1 20.2 32.1 23.4 17.5 29.4  2.7 -5.5 10.9 
18  2 38.2 33.0 43.3 43.7 38.5 48.8 -5.5 -13.2  2.2 
19  1 23.5 16.4 30.7 14.5  7.3 21.7  9.1  0.4 17.7 
19  2 43.4 37.3 49.5 39.4 33.3 45.5  4.0 -4.6 12.6 
20  1 44.1 38.3 50.0 39.5 33.7 45.4  4.6 -3.7 12.9 
20  2 50.0 44.7 55.4 55.9 50.5 61.3 -5.9 -13.7  2.0 
21  1 43.6 36.7 50.5 31.2 24.3 38.1 12.4  3.3 21.5 
21  2 55.6 49.5 61.7 51.6 45.5 57.7  4.0 -4.6 12.6 
22  1 65.5 59.0 72.0 59.4 52.9 65.9  6.1 -3.0 15.2 
22  2 60.2 54.0 66.3 68.0 61.8 74.2 -7.8 -16.4  0.7 
23  1 62.5 54.9 70.2 47.0 39.3 54.7 15.5  5.4 25.7 
23  2 68.0 61.2 74.8 62.5 55.7 69.3  5.5 -3.8 14.8 
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24  1 62.2 55.5 68.9 75.2 68.5 81.9 -13.0 -22.0 -4.1 
24  2 63.5 57.4 69.7 73.0 66.9 79.2 -9.5 -17.9 -1.1 
25  1 11.1  7.0 15.1 12.5  8.4 16.5 -1.4 -7.5  4.7 
25  2 19.3 14.4 24.2 19.1 14.3 24.0  0.1 -6.9  7.2 
26  1 63.5 56.8 70.1 76.7 70.1 83.4 -13.2 -22.1 -4.4 
26  2 66.9 60.9 73.0 74.3 68.3 80.3 -7.4 -15.7  1.0 
27  1 42.3 35.6 49.1 47.6 40.8 54.4 -5.3 -14.8  4.3 
27  2 52.6 46.3 58.9 61.1 54.8 67.4 -8.5 -17.2  0.3 
28  1  8.2  4.6 11.8  7.6  4.0 11.2  0.6 -4.4  5.7 
28  2 15.4 11.0 19.8 13.8  9.4 18.3  1.6 -4.7  7.8 
29  1 43.3 36.5 50.1 48.5 41.7 55.3 -5.2 -14.8  4.3 
29  2 55.9 49.7 62.2 63.5 57.2 69.8 -7.5 -16.3  1.2 
30  1 28.7 22.6 34.7 34.2 28.1 40.2 -5.5 -14.3  3.2 
30  2 46.9 40.5 53.3 51.4 45.0 57.8 -4.5 -13.5  4.5 
31  1 29.9 23.5 36.3 44.9 38.5 51.3 -15.0 -24.4 -5.6 
31  2 44.5 38.2 50.8 52.7 46.5 59.0 -8.2 -17.2  0.7 
32  1  5.3  2.2  8.5  3.6  0.4  6.7  1.7 -2.3  5.8 
32  2  9.1  5.7 12.6  9.9  6.4 13.4 -0.8 -6.0  4.4 
33  1 32.2 25.8 38.7 46.7 40.2 53.2 -14.5 -23.9 -5.0 
33  2 48.2 41.9 54.5 56.2 49.9 62.5 -8.1 -16.9  0.8 
34  1  6.2  2.8  9.6  9.9  6.5 13.3 -3.7 -8.9  1.5 
34  2 14.4  9.8 19.0  8.9  4.4 13.5  5.5 -0.3 11.3 
35  1 44.5 37.7 51.4 59.3 52.5 66.2 -14.8 -24.4 -5.1 
35  2 62.5 56.4 68.7 69.0 62.9 75.2 -6.5 -15.1  2.1 
37  1 72.9 66.7 79.1 74.9 68.7 81.0 -2.0 -10.5  6.5 
37  2 78.9 73.5 84.2 85.5 80.2 90.8 -6.6 -13.7  0.4 
38  1 54.7 47.8 61.7 55.3 48.4 62.2 -0.5 -10.3  9.2 
38  2 51.2 44.7 57.6 61.6 55.2 68.0 -10.4 -19.4 -1.5 
39  1  5.4 -0.9 11.8  0.0 -6.4  6.4  5.4 -0.9 11.8 
39  2  9.1  1.3 16.9  6.6 -1.2 14.4  2.5 -9.1 14.1 

39.5  1  1.4 -0.2  3.0  0.0 -1.6  1.6  1.4 -0.2  3.0 
39.5  2  1.8  0.2  3.4  0.9 -0.6  2.5  0.9 -1.0  2.8 
40  1 10.6  6.5 14.7 16.0 12.0 20.1 -5.4 -11.7  0.8 
40  2  8.5  4.9 12.2  9.5  5.8 13.1 -0.9 -5.9  4.1 
42  1 43.8 36.9 50.6 47.6 40.7 54.5 -3.8 -13.3  5.6 
42  2 41.8 35.6 48.1 46.3 40.1 52.6 -4.5 -13.4  4.4 
43  1 25.6 19.8 31.5 30.4 24.6 36.2 -4.8 -13.3  3.7 
43  2 26.9 21.5 32.4 31.2 25.7 36.6 -4.2 -12.0  3.5 
44  1 12.2  7.3 17.1 13.0  8.1 17.9 -0.8 -7.7  6.1 
44  2 21.6 16.3 26.8 18.7 13.4 24.0  2.8 -4.4 10.1 
45  1  7.8  0.4 15.2 11.1  3.7 18.5 -3.3 -16.2  9.6 
45  2  5.2  0.3 10.1  8.3  3.4 13.2 -3.1 -17.4 11.2 
46  1 56.6 49.9 63.2 59.2 52.5 65.8 -2.6 -12.2  7.0 
46  2 61.7 55.5 67.9 66.3 60.1 72.6 -4.6 -13.3  4.1 
47  1 35.9 29.3 42.5 32.8 26.2 39.5  3.0 -6.2 12.3 
47  2 66.6 60.6 72.7 68.3 62.3 74.4 -1.7 -10.1  6.7 
48  1 64.9 58.5 71.4 66.6 60.1 73.0 -1.6 -10.8  7.5 
48  2 70.7 64.9 76.5 78.2 72.4 84.0 -7.5 -15.2  0.2 
49  1 64.5 57.1 71.8 61.2 53.9 68.5  3.3 -6.7 13.3 
49  2 67.3 60.6 73.9 66.8 60.1 73.4  0.5 -8.9  9.9 
50  1 48.4 40.3 56.4 54.7 46.7 62.8 -6.4 -17.4  4.7 
50  2 56.1 49.0 63.2 55.5 48.4 62.6  0.7 -9.2 10.5 
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51  1 78.0 65.9 90.2 45.4 33.3 57.6 32.6 13.0 52.2 
51  2 63.7 48.8 78.5 41.1 26.2 56.0 22.5 -2.2 47.2 
52  1 69.2 62.7 75.6 59.7 53.3 66.1  9.5  0.2 18.8 
52  2 82.1 77.1 87.0 68.4 63.5 73.4 13.6  6.0 21.2 

a.  For text see Table S1 
b.  1 Aurangabad, 2 Gopalganj 
c.  Estimated with Stata command svy 
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Table S4a: Point estimates and confidence intervals of indicators for subsamples of 0-2 and 3-5 month old 
infants in two districts: Bihar, India, 2015 

Indicatora Districtb 

0-2 month subsample 3-5 month subsample Difference 
Point 

estimate 
Confidence 

intervalc 
Point 

estimate 
Confidence 

intervalc 
Point 

estimate 
Confidence 

interval 
Lower Upper Lower Upper Lower Upper 

1 1 79.2 71.9 86.5 75.2 66.0 84.4  4.0 -7.7 15.7 
1 2 80.8 74.4 87.2 92.3 87.5 97.2 -11.5 -19.5 -3.5 
2 1 36.1 27.8 44.4 41.5 31.7 51.3 -5.4 -18.2  7.4 
2 2 46.5 38.1 54.8 50.6 40.3 61.0 -4.2 -17.5  9.1 
3 1 81.0 75.0 87.1 79.5 71.5 87.5  1.5 -8.5 11.6 
3 2 79.9 73.4 86.5 74.7 65.8 83.7  5.2 -5.9 16.3 
4 1 61.8 53.1 70.4 65.2 55.0 75.3 -3.4 -16.7 10.0 
4 2 62.7 54.7 70.7 58.4 48.4 68.3  4.4 -8.4 17.1 
5 1 45.0 36.2 53.9 46.8 35.5 58.0 -1.7 -16.0 12.6 
5 2 49.1 40.8 57.4 43.5 33.3 53.7  5.6 -7.6 18.7 
6 1 60.3 51.9 68.7 59.8 49.6 70.0  0.5 -12.7 13.7 
6 2 68.5 60.8 76.1 55.8 45.7 65.8 12.7  0.0 25.4 
7 1 40.3 31.8 48.8 38.4 27.4 49.3  1.9 -11.9 15.8 
7 2 74.5 67.2 81.9 69.8 60.3 79.3  4.7 -7.3 16.8 
8 1 49.3 41.2 57.3 38.2 27.9 48.5 11.1 -2.0 24.2 
8 2 60.0 52.0 67.9 46.4 36.7 56.2 13.6  1.0 26.1 
9 1 39.8 31.3 48.4 44.4 33.9 54.8 -4.5 -18.0  9.0 
9 2 44.7 36.6 52.8 41.7 31.5 51.9  3.0 -10.0 16.0 
10 1 61.9 54.4 69.4 56.1 45.3 66.9  5.7 -7.4 18.9 
10 2 63.9 56.1 71.7 50.5 40.3 60.6 13.5  0.7 26.2 
11 1 98.4 96.3 100.6 97.6 94.3 100.9  0.8 -3.1  4.8 
11 2 96.7 94.1 99.3 97.7 95.1 100.3 -1.0 -4.7  2.7 
12 1 65.0 56.4 73.6 71.3 61.8 80.7 -6.3 -19.1  6.5 
12 2 77.8 71.1 84.6 84.1 76.7 91.4 -6.2 -16.2  3.8 
13 1  3.3  0.1  6.5  1.6 -1.5  4.8  1.7 -2.8  6.2 
13 2  6.7  2.6 10.9  2.8  0.0  5.6  3.9 -1.1  8.9 
14 1  2.2 -0.4  4.8  1.6 -1.5  4.8  0.6 -3.5  4.7 
14 2  4.5  1.0  8.0  2.3 -0.4  4.9  2.2 -2.2  6.6 
15 1 35.2 26.8 43.6 30.4 20.9 39.9  4.8 -7.8 17.5 
15 2 56.8 48.7 64.9 54.8 44.3 65.3  2.0 -11.3 15.2 
16 1  5.3  1.4  9.3  0.9 -0.8  2.6  4.5  0.2  8.7 
16 2 16.6 10.2 23.0 11.0  4.8 17.1  5.7 -3.2 14.5 
17 1 59.6 51.4 67.9 49.5 38.7 60.3 10.1 -3.5 23.7 
17 2 64.4 56.5 72.4 59.9 49.8 70.0  4.5 -8.3 17.4 
18 1 24.2 16.8 31.6 22.2 13.9 30.5  2.0 -9.1 13.1 
18 2 45.9 38.1 53.8 40.3 32.0 48.6  5.7 -5.7 17.1 
19 1 17.9 11.2 24.5  9.2  2.4 16.1  8.6 -0.9 18.2 
19 2 40.5 32.4 48.6 37.7 29.0 46.4  2.8 -9.0 14.6 
20 1 42.5 34.8 50.2 35.1 26.0 44.2  7.4 -4.5 19.4 
20 2 59.4 51.7 67.0 50.7 42.3 59.1  8.6 -2.7 20.0 
21 1 37.0 29.2 44.8 22.1 13.1 31.2 14.9  2.9 26.8 
21 2 54.2 46.1 62.3 47.7 38.9 56.6  6.5 -5.6 18.5 
22 1 62.5 54.0 70.9 54.7 44.8 64.6  7.8 -5.2 20.8 
22 2 69.7 62.3 77.1 65.5 55.4 75.5  4.2 -8.2 16.7 
23 1 47.5 39.1 55.9 46.1 35.0 57.3  1.4 -12.5 15.3 
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23 2 64.9 56.9 73.0 58.9 48.4 69.5  6.0 -7.3 19.3 
24 1 75.1 67.4 82.9 75.3 66.0 84.7 -0.2 -12.4 11.9 
24 2 67.6 59.7 75.5 81.0 72.7 89.3 -13.4 -24.8 -1.9 
25 1 12.1  6.1 18.0 13.1  5.9 20.2 -1.0 -10.3  8.3 
25 2 16.7 10.3 23.1 22.7 13.8 31.6 -6.0 -16.9  4.9 
26 1 76.2 68.6 83.8 77.5 68.5 86.6 -1.3 -13.1 10.5 
26 2 69.4 61.6 77.2 81.6 73.3 89.8 -12.2 -23.6 -0.8 
27 1 50.4 41.5 59.3 43.4 33.0 53.9  6.9 -6.8 20.7 
27 2 57.2 48.9 65.4 66.9 57.7 76.0 -9.7 -22.0  2.7 
28 1  8.6  3.7 13.6  6.0  1.3 10.6  2.7 -4.1  9.5 
28 2  9.8  5.1 14.5 19.7 11.4 28.1 -9.9 -19.5 -0.3 
29 1 50.4 41.5 59.3 45.6 35.4 55.9  4.8 -8.8 18.4 
29 2 59.2 51.1 67.4 69.7 60.5 79.0 -10.5 -22.9  1.8 
30 1 32.7 24.5 41.0 36.3 25.9 46.7 -3.6 -16.9  9.7 
30 2 49.2 41.0 57.4 54.7 44.3 65.1 -5.5 -18.8  7.7 
31 1 42.0 33.0 51.1 49.2 39.0 59.5 -7.2 -20.9  6.5 
31 2 48.6 40.3 56.8 58.9 48.8 69.0 -10.3 -23.3  2.7 
32 1  3.9  0.4  7.3  3.2 -0.4  6.8  0.7 -4.3  5.7 
32 2  9.4  4.2 14.5 10.7  4.7 16.8 -1.4 -9.3  6.5 
33 1 43.6 34.5 52.6 51.4 41.1 61.7 -7.8 -21.6  5.9 
33 2 52.9 44.8 61.0 61.1 51.1 71.2 -8.2 -21.1  4.7 
34 1  7.0  2.5 11.5 14.2  7.0 21.4 -7.2 -15.7  1.2 
34 2  8.6  3.8 13.4  9.5  4.0 15.0 -0.9 -8.2  6.4 
35 1 57.2 48.2 66.2 62.5 52.7 72.4 -5.3 -18.7  8.0 
35 2 63.2 55.1 71.4 77.6 68.6 86.6 -14.3 -26.5 -2.2 
37 1 76.6 69.1 84.1 72.3 62.7 81.8  4.3 -7.8 16.4 
37 2 81.6 74.9 88.3 91.3 85.8 96.8 -9.7 -18.4 -1.0 
38 1 59.0 49.9 68.0 49.7 39.3 60.2  9.2 -4.6 23.1 
38 2 56.1 47.8 64.4 69.7 61.2 78.2 -13.6 -25.5 -1.7 
39 1  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 
39 2  5.8 -3.1 14.7  9.6 -40.1 59.3 -3.8 -54.3 46.7 

39.5 1  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 
39.5 2  1.1 -0.4  2.6  0.7 -0.7  2.1  0.3 -1.7  2.4 
40 1 17.6 10.9 24.4 13.6  7.5 19.8  4.0 -5.2 13.2 
40 2  8.0  3.9 12.1 11.6  5.6 17.7 -3.7 -11.0  3.6 
42 1 52.6 44.3 61.0 40.1 29.6 50.6 12.5 -0.9 25.9 
42 2 47.5 39.4 55.6 44.6 34.4 54.8  2.9 -10.2 16.0 
43 1 35.6 27.4 43.8 22.6 13.6 31.5 13.1  0.9 25.2 
43 2 35.5 28.0 43.0 24.8 16.4 33.1 10.8 -0.5 22.0 
44 1 10.1  4.2 16.0 17.6  9.5 25.7 -7.5 -17.6  2.5 
44 2 20.6 14.1 27.0 16.2  8.7 23.8  4.3 -5.6 14.3 
45 1  9.0 -4.7 22.7 13.7 -0.7 28.1 -4.7 -24.6 15.2 
45 2  6.6 -9.9 23.2 14.4 14.4 14.4 -7.7 -24.3  8.8 
46 1 63.4 54.6 72.2 52.8 41.5 64.0 10.7 -3.6 24.9 
46 2 68.9 61.1 76.7 62.5 52.6 72.4  6.4 -6.2 19.0 
47 1 33.0 24.7 41.4 32.5 22.2 42.9  0.5 -12.8 13.8 
47 2 70.4 62.8 77.9 65.3 55.9 74.8  5.1 -7.1 17.2 
48 1 68.8 60.6 77.0 63.2 52.5 73.8  5.7 -7.8 19.1 
48 2 76.2 69.3 83.0 81.3 73.9 88.6 -5.1 -15.2  5.0 
49 1 66.5 57.9 75.1 52.7 41.0 64.3 13.8 -0.6 28.3 
49 2 68.6 59.9 77.3 64.4 53.8 75.0  4.2 -9.5 17.9 
50 1 51.7 42.1 61.4 59.5 47.6 71.5 -7.8 -23.1  7.6 
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50 2 55.2 46.3 64.1 55.8 45.1 66.6 -0.7 -14.6 13.3 
51 1 33.2 14.6 51.7 61.0 36.7 85.4 -27.9 -58.5  2.7 
51 2 40.6 17.5 63.7 43.0 -6.7 92.7 -2.4 -57.2 52.4 
52 1 73.0 65.1 80.9 39.7 28.6 50.7 33.3 19.8 46.9 
52 2 83.8 78.2 89.3 45.8 35.6 55.9 38.0 26.4 49.5 

a.  For text see Table S1 
b.  1 Aurangabad, 2 Gopalganj 
c.  Estimated with Stata command svy 
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Table S4b: Indicators in Table S4a where zero is not in the estimated confidence interval of difference between 0-2 and 3-5 month subsamples 

Indicator Districta 
Point estimate 

Difference 
Confidence intervalb 

0-2 
month 

3-5 
month Lower Upper 

  In Table S4a and in Table S2 
21 Proportion of mothers who planned institutional delivery of infants (0-

2/0-5) months who arranged clean cloth for mothers and baby 
1 37.0 22.1 14.9  2.9 26.8 

24 Proportion of mothers of infants (0-2/0-5) months who were visited by 
ASHA at least once during their last pregnancy 

2 67.6 81.0 -13.4 -24.8 -1.9 

37 Proportion of mothers of infants (0-2/0-5) months whose last child was 
delivered at a health facility (private or public facility) 

2 81.6 91.3 -9.7 -18.4 -1.0 

38 Proportion of mothers of infants (0-2/0-5) months whose last child was 
delivered at public facility 

2 56.1 69.7 -13.6 -25.5 -1.7 

52 Proportion of infants (0-2/0-5) months who were breast-fed in the past 
24 hours (Exclusively Breast-fed) 

1 73.0 39.7 33.3 19.8 46.9 
52 2 83.8 45.8 38.0 26.4 49.5 
   In Table S4a but not in Table S2 
1 Proportion of mothers of infants (0-2/0-5) months who were registered 

during their last pregnancy 
2 80.8 92.3 -11.5 -19.5 -3.5 

8 Proportion of mothers of infants (0-2/0-5) months who attended at least 
one ANC where at least one abdominal examination was performed 
during her last pregnancy 

2 60.0 46.4 13.6  1.0 26.1 

10 Proportion of mothers of infants (0-2/0-5) months who attended at least 
one ANC where at least one blood test was performed during her last 
pregnancy 

2 63.9 50.5 13.5  0.7 26.2 

16 Proportion of mothers (home + institutional delivery) of infants (0-2/0-5) 
months who have identified anybody who would donate blood in the 
case of emergency in their last pregnancy 

1  5.3  0.9  4.5  0.2  8.7 

26 Proportion of mothers of infants (0-2/0-5) months who were visited by 
FLWs at least once during their last pregnancy  

2 69.4 81.6 -12.2 -23.6 -0.8 

28 Proportion of mothers of infants (0-2/0-5) months who were visited by 
AWW in the last trimester during their last pregnancy 

2  9.8 19.7 -9.9 -19.5 -0.3 

35 Proportion of mothers of infants (0-2/0-5) months who were visited 
home by any FLW within first week of last delivery 

2 63.2 77.6 -14.3 -26.5 -2.2 
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43 Proportion of mothers (home + institutional delivery) of infants (0-2/0-5) 
months who have delivered baby practiced skin to skin care (STSC) 
immediately after birth 

1 35.6 22.6 13.1  0.9 25.2 

a. 1 = Aurangabad; 2 = Gopalganj 
b. Calculated from standard errors for point estimates estimated with Stata command svy 
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Table S5b: Point estimates of weighted indicators and differences between a sample of mothers of 0-2 month old infants and a subsample of 
mothers of 0-2 month old infants from a sample of mothers of 0-5 month old infants in two districts of Bihar, India 

Indicator Districta Point estimates Difference 

Estimate Confidence intervalb 
Subsample Sample Lower Upper 

15 Proportion of mothers (home + institutional delivery) of infants (0-2/0-
5) months who planned transportation to health facility in their last 
pregnancy 

2 56.8 45.7 11.1  0.9 21.2 

17 Proportion of mothers (home + institutional delivery) of infants (0-2/0-
5) months who have identified persons who would take care of the 
baby immediately after birth 

1 59.6 48.5 11.1  0.5 21.7 
2 64.4 51.8 12.7  2.6 22.7 

23 Proportion of mothers who planned for institutional delivery of infants 
(0-2/0-5) months identified person to accompany her during the 
delivery 

1 47.5 62.5 -15.0 -26.4 -3.6 

24 Proportion of mothers of infants (0-2/0-5) months who were visited by 
ASHA at least once during their last pregnancy 

1 75.1 62.2 12.9  2.7 23.2 

26 Proportion of mothers of infants (0-2/0-5) months who were visited by 
FLWs at least once during their last pregnancy 

1 76.2 63.5 12.7  2.6 22.8 

31 Proportion of mothers of infants (0-2/0-5) months who were visited 
home by ASHA within 24 hours of last delivery 

1 42.0 29.9 12.1  1.1 23.2 

33 Proportion of mothers of infants (0-2/0-5) months who were visited 
home by any FLW within 24 hours of last delivery 

1 43.6 32.2 11.3  0.2 22.5 

35 Proportion of mothers of infants (0-2/0-5) months who were visited 
home by any FLW within first week of last delivery 

1 57.2 44.5 12.7  1.3 24.0 

51 Proportion of infants aged (0-2/0-5) months who were delivered at 
home continued with dry cord care 

1 33.2 78.0 -44.9 -67.0 -22.7 

a. 1 = Aurangabad; 2 = Gopalganj 
b. Calculated from standard errors for point estimates estimated with Stata command svy 
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Table S5a: Point estimates and confidence intervals of indicators for a sample 0-2 month old infants and a 
subsample of 0-2 month old infants from a sample of 0-5 month old infants in two districts: Bihar, India, 
2015 

Indicatora Districtb 

0-2 month subsample 0-2 month sample Difference 
Point 

estimate 
Confidence 

intervalc 
Point 

estimate 
Confidence 

intervalc 
Point 

estimate 
Confidence 

interval 
Lower Upper Lower Upper Lower Upper 

 1  1 79.2 71.9 86.5 85.2 80.2 90.2 -6.0 -14.8  2.8 
 1  2 80.8 74.4 87.2 85.0 80.5 89.6 -4.2 -12.1  3.6 
 2  1 36.1 27.8 44.4 43.0 36.3 49.8 -6.9 -17.6  3.8 
 2  2 46.5 38.1 54.8 47.5 41.5 53.6 -1.1 -11.3  9.2 
 3  1 81.0 75.0 87.1 83.8 78.8 88.8 -2.8 -10.7  5.1 
 3  2 79.9 73.4 86.5 80.6 75.7 85.5 -0.7 -8.8  7.5 
 4  1 61.8 53.1 70.4 61.1 54.4 67.8  0.7 -10.3 11.6 
 4  2 62.7 54.7 70.7 57.4 51.2 63.6  5.3 -4.8 15.4 
 5  1 45.0 36.2 53.9 43.2 36.4 50.1  1.8 -9.4 13.0 
 5  2 49.1 40.8 57.4 43.4 37.1 49.8  5.7 -4.8 16.2 
 6  1 60.3 51.9 68.7 58.9 52.3 65.6  1.4 -9.3 12.1 
 6  2 68.5 60.8 76.1 66.3 60.2 72.4  2.2 -7.6 12.0 
 7  1 40.3 31.8 48.8 42.0 35.3 48.8 -1.7 -12.6  9.2 
 7  2 74.5 67.2 81.9 69.2 63.2 75.2  5.3 -4.2 14.8 
 8  1 49.3 41.2 57.3 42.7 36.1 49.3  6.5 -3.9 16.9 
 8  2 60.0 52.0 67.9 52.4 46.2 58.7  7.6 -2.6 17.7 
 9  1 39.8 31.3 48.4 45.8 39.0 52.6 -5.9 -16.8  5.0 
 9  2 44.7 36.6 52.8 42.8 36.6 49.1  1.8 -8.3 12.0 
10  1 61.9 54.4 69.4 67.2 60.9 73.6 -5.3 -15.2  4.5 
10  2 63.9 56.1 71.7 54.8 48.5 61.1  9.1 -0.9 19.1 
11  1 98.4 96.3 100.6 98.5 96.7 100.2 -0.0 -2.8  2.8 
11  2 96.7 94.1 99.3 96.9 94.8 99.1 -0.2 -3.7  3.2 
12  1 65.0 56.4 73.6 69.3 63.0 75.7 -4.3 -15.0  6.4 
12  2 77.8 71.1 84.6 81.9 77.3 86.6 -4.1 -12.3  4.1 
13  1  3.3  0.1  6.5  4.0  1.2  6.7 -0.6 -4.9  3.6 
13  2  6.7  2.6 10.9  3.0  1.0  5.0  3.7 -0.9  8.3 
14  1  2.2 -0.4  4.8  1.6 -0.2  3.4  0.7 -2.5  3.8 
14  2  4.5  1.0  8.0  1.7  0.2  3.2  2.8 -1.1  6.7 
15  1 35.2 26.8 43.6 25.9 20.1 31.6  9.3 -0.8 19.5 
15  2 56.8 48.7 64.9 45.7 39.6 51.8 11.1  0.9 21.2 
16  1  5.3  1.4  9.3  4.3  1.5  7.0  1.1 -3.7  5.9 
16  2 16.6 10.2 23.0  9.7  6.1 13.3  7.0 -0.4 14.3 
17  1 59.6 51.4 67.9 48.5 41.8 55.2 11.1  0.5 21.7 
17  2 64.4 56.5 72.4 51.8 45.6 58.0 12.7  2.6 22.7 
18  1 24.2 16.8 31.6 26.1 20.2 32.1 -1.9 -11.4  7.6 
18  2 45.9 38.1 53.8 38.2 33.0 43.3  7.8 -1.6 17.1 
19  1 17.9 11.2 24.5 23.5 16.4 30.7 -5.7 -15.5  4.1 
19  2 40.5 32.4 48.6 43.4 37.3 49.5 -2.9 -13.0  7.3 
20  1 42.5 34.8 50.2 44.1 38.3 50.0 -1.6 -11.3  8.0 
20  2 59.4 51.7 67.0 50.0 44.7 55.4  9.3  0.0 18.7 
21  1 37.0 29.2 44.8 43.6 36.7 50.5 -6.6 -17.0  3.8 
21  2 54.2 46.1 62.3 55.6 49.5 61.7 -1.4 -11.6  8.7 
22  1 62.5 54.0 70.9 65.5 59.0 72.0 -3.0 -13.7  7.7 
22  2 69.7 62.3 77.1 60.2 54.0 66.3  9.5 -0.1 19.2 
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23  1 47.5 39.1 55.9 62.5 54.9 70.2 -15.0 -26.4 -3.6 
23  2 64.9 56.9 73.0 68.0 61.2 74.8 -3.1 -13.7  7.4 
24  1 75.1 67.4 82.9 62.2 55.5 68.9 12.9  2.7 23.2 
24  2 67.6 59.7 75.5 63.5 57.4 69.7  4.1 -5.9 14.1 
25  1 12.1  6.1 18.0 11.1  7.0 15.1  1.0 -6.2  8.2 
25  2 16.7 10.3 23.1 19.3 14.4 24.2 -2.6 -10.6  5.5 
26  1 76.2 68.6 83.8 63.5 56.8 70.1 12.7  2.6 22.8 
26  2 69.4 61.6 77.2 66.9 60.9 73.0  2.4 -7.4 12.3 
27  1 50.4 41.5 59.3 42.3 35.6 49.1  8.1 -3.1 19.3 
27  2 57.2 48.9 65.4 52.6 46.3 58.9  4.6 -5.8 15.0 
28  1  8.6  3.7 13.6  8.2  4.6 11.8  0.5 -5.7  6.6 
28  2  9.8  5.1 14.5 15.4 11.0 19.8 -5.6 -12.0  0.8 
29  1 50.4 41.5 59.3 43.3 36.5 50.1  7.1 -4.1 18.3 
29  2 59.2 51.1 67.4 55.9 49.7 62.2  3.3 -7.0 13.6 
30  1 32.7 24.5 41.0 28.7 22.6 34.7  4.1 -6.1 14.3 
30  2 49.2 41.0 57.4 46.9 40.5 53.3  2.3 -8.1 12.7 
31  1 42.0 33.0 51.1 29.9 23.5 36.3 12.1  1.1 23.2 
31  2 48.6 40.3 56.8 44.5 38.2 50.8  4.1 -6.3 14.5 
32  1  3.9  0.4  7.3  5.3  2.2  8.5 -1.5 -6.2  3.2 
32  2  9.4  4.2 14.5  9.1  5.7 12.6  0.2 -6.0  6.4 
33  1 43.6 34.5 52.6 32.2 25.8 38.7 11.3  0.2 22.5 
33  2 52.9 44.8 61.0 48.2 41.9 54.5  4.7 -5.5 15.0 
34  1  7.0  2.5 11.5  6.2  2.8  9.6  0.8 -4.8  6.4 
34  2  8.6  3.8 13.4 14.4  9.8 19.0 -5.8 -12.5  0.8 
35  1 57.2 48.2 66.2 44.5 37.7 51.4 12.7  1.3 24.0 
35  2 63.2 55.1 71.4 62.5 56.4 68.7  0.7 -9.5 10.9 
37  1 76.6 69.1 84.1 72.9 66.7 79.1  3.7 -6.0 13.4 
37  2 81.6 74.9 88.3 78.9 73.5 84.2  2.7 -5.8 11.3 
38  1 59.0 49.9 68.0 54.7 47.8 61.7  4.2 -7.2 15.6 
38  2 56.1 47.8 64.4 51.2 44.7 57.6  4.9 -5.6 15.4 
39  1  0.0  0.0  0.0  5.4 -0.9 11.8 -5.4 -11.8  0.9 
39  2  5.8 -3.1 14.7  9.1  1.3 16.9 -3.3 -15.1  8.5 
40  1  0.0  0.0  0.0  1.4 -0.2  3.0 -1.4 -3.0  0.2 
40  2  1.1 -0.4  2.6  1.8  0.2  3.4 -0.7 -2.9  1.4 
40  1 17.6 10.9 24.4 10.6  6.5 14.7  7.0 -0.9 14.9 
40  2  8.0  3.9 12.1  8.5  4.9 12.2 -0.6 -6.0  4.9 
42  1 52.6 44.3 61.0 43.8 36.9 50.6  8.9 -2.0 19.7 
42  2 47.5 39.4 55.6 41.8 35.6 48.1  5.7 -4.6 15.9 
43  1 35.6 27.4 43.8 25.6 19.8 31.5 10.0 -0.1 20.1 
43  2 35.5 28.0 43.0 26.9 21.5 32.4  8.6 -0.7 17.8 
44  1 10.1  4.2 16.0 12.2  7.3 17.1 -2.1 -9.8  5.6 
44  2 20.6 14.1 27.0 21.6 16.3 26.8 -1.0 -9.3  7.3 
45  1  9.0 -4.7 22.7  7.8  0.4 15.2  1.2 -14.3 16.8 
45  2  6.6 -9.9 23.2  5.2  0.3 10.1  1.4 -15.8 18.7 
46  1 63.4 54.6 72.2 56.6 49.9 63.2  6.9 -4.2 17.9 
46  2 68.9 61.1 76.7 61.7 55.5 67.9  7.2 -2.8 17.2 
47  1 33.0 24.7 41.4 35.9 29.3 42.5 -2.8 -13.5  7.8 
47  2 70.4 62.8 77.9 66.6 60.6 72.7  3.7 -6.0 13.4 
48  1 68.8 60.6 77.0 64.9 58.5 71.4  3.9 -6.5 14.3 
48  2 76.2 69.3 83.0 70.7 64.9 76.5  5.4 -3.6 14.4 
49  1 66.5 57.9 75.1 64.5 57.1 71.8  2.1 -9.2 13.3 
49  2 68.6 59.9 77.3 67.3 60.6 73.9  1.3 -9.7 12.3 
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50  1 51.7 42.1 61.4 48.4 40.3 56.4  3.4 -9.2 15.9 
50  2 55.2 46.3 64.1 56.1 49.0 63.2 -0.9 -12.3 10.4 
51  1 33.2 14.6 51.7 78.0 65.9 90.2 -44.9 -67.0 -22.7 
51  2 40.6 17.5 63.7 63.7 48.8 78.5 -23.0 -50.5  4.5 
52  1 73.0 65.1 80.9 69.2 62.7 75.6  3.8 -6.3 14.0 
52  2 83.8 78.2 89.3 82.1 77.1 87.0  1.7 -5.7  9.1 

a.  For text see Table S1 
b.  1 Aurangabad, 2 Gopalganj 
c.  Estimated with Stata command svy 
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Table S6: Point estimates and confidence intervals of indicators for a sample of 3-5 month infants and subsample of 3-5 month 
infants in two districts: Bihar, India, 2015 

Indicatora Districtb 

3-5 month subsample 3-5 month sample Difference 
Point 

estimate 
Confidence 

intervalc 
Point 

estimate 
Confidence 

intervalc 
Point 

estimate 
Confidence 

interval 
Lower Upper Lower Upper Lower Upper 

37 1 72.3 62.7 81.8 70.4 64.2 76.5 1.9 13.3 -9.5 
37 2 91.3 85.8 96.8 86.2 81.8 90.6 5.1 12.2 -2.0 
38 1 49.7 39.3 60.2 45.8 38.9 52.6 4.0 16.4 -8.5 
38 2 69.7 61.2 78.2 64.4 58.3 70.5 5.4 15.8 -5.1 
52 1 39.7 28.6 50.7 65.3 58.8 71.8 -25.6 -12.8 -38.4 
52 2 45.8 35.6 55.9 55.2 49.1 61.2 -9.4 2.4 -21.2 

a.  For text see Table S1 
b.  1 Aurangabad, 2 Gopalganj 
c.  Estimated with Stata command svy 
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2

1 Abstract
2
3 Objective: Global monitoring of maternal, newborn and child 

4 health (MNCH) programmes use self-reported data subject to 

5 recall error which may lead to incorrect decisions for 

6 improving health services and wasted resources. To minimize 

7 this risk, samples of mothers of infants aged 0-2 and 3-5 

8 months are sometimes used. We test whether a single sample 

9 of mothers of infants 0-5 months provides the same 

10 information.

11 Design: An annual MNCH household survey in 2-districts of 

12 Bihar, India (N=6million).

13 Participants: Independent samples (n=475 each) of mothers 

14 of infants 0-5, 0-2 and 3-5 months.

15 Outcome measures: Main analyses compare responses from the 

16 0-5 and 0-2 month samples with Mantel-Haenszel-Cochran 

17 statistics using 51 indicators in 2-districts.

18 Results: No measurable differences detected in 79.4% 

19 (81/102) comparisons; 20.6% (21/102) display differences 

20 for the main comparison.  Sub-analyses produce similar 

21 results. A difference detected for exclusive breastfeeding 

22 is due to premature complementary-feeding by older infants. 

23 Measurable differences were detected in 33% (8/24) of the 

24 indicators on Front Line Worker (FLW) support, 26.9% (7/26) 

25 of indicators of birth preparedness and place of birth and 
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3

1 attendant, and 9.5% (4/42) of the indicators on neonatal 

2 and antenatal care. 

3 Conclusions: Differences in FLW visits and compliance with 

4 their advice may be due to seasonal effects: mothers of 

5 older infants 3-5 months were pregnant during the dry 

6 season; mothers of infants 0-2 months were pregnant during 

7 the monsoons, making transportation difficult.  Useful 

8 coverage estimates can be obtained by sampling mothers with 

9 infants 0-5 months as with two samples suggesting that 

10 mothers of young infants recall their own perinatal events 

11 and those of their children. For some indicators (e.g., 

12 exclusive breast feeding) it may be necessary to adjust 

13 targets. Excessive stratification wastes resources, does 

14 not improve the quality of information, and increases the 

15 burden placed on data collectors and communities, which can 

16 increase non-sampling error.

17 INTRODUCTION

18 Global monitoring of maternal, newborn and child health 

19 (MNCH) programmes use self-reported data subject to recall 

20 error which leads to incorrect decisions for improving 

21 health services and wasted resources. To minimize this 

22 risk, samples of mothers of infants aged 0-2 and 3-5 months 

23 are sometimes used. We report a test of whether a single 
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4

1 sample of mothers of infants 0-5 months provides the same 

2 information. 

3 METHODS

4 An annual MNCH household survey in two districts of Bihar, 

5 India (N=6million), collected data from independent samples 

6 of mothers of infants 0-5, 0-2 and 3-5 months. Analyses 

7 compare responses from the 0-5 and 0-2 month samples 

8 (n=950),  0-2 and 3-5 month subsamples (n=475), 0-2 month 

9 sample and 0-2 month subsample (n=7136759), and 3-5 month 

10 sample and 3-5 month subsample (n=713666) to assess recall 

11 bias using 51 indicators with Mantel-Haenszel-Cochran 

12 statistics.  

13 RESULTS

14 No measurable differences are detected in 79.4% of 

15 comparisons while 20.6% display differences for the main 

16 comparison of the 0-5 and 0-2 month samples. The other sub-

17 analyses produced similar results. A difference detected 

18 for exclusive breastfeeding is due to early commencement of 

19 complementary-feeding by older infants. There are 

20 measurable differences in a third of the indicators on 

21 front line worker (FLW) support, about a quarter of 

22 indicators of birth preparedness and place of birth and 

23 attendant, a sixth or less of indicators on neonatal and 

24 antenatal care. Differences in FLW visits and compliance 
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5

1 with their advice may be due to seasonal effects: mothers 

2 of older infants 3-5 months were pregnant during the dry 

3 season; mothers of children 0-2 months were pregnant during 

4 the monsoons, making transportation difficult.  

5 CONCLUSIONS

6 Useful coverage estimates can be obtained by sampling 

7 mothers with infants 0-5 months as with two cohorts: 0-2 

8 and 3-5 months suggesting that mothers of young infants 

9 recall their own perinatal events and those of their 

10 children, but for some indicators, for example exclusive 

11 breast feeding, it may be necessary to adjust targets. 

12 Excessive stratification wastes resources, does not improve 

13 the quality of information, and increases the burden placed 

14 on data collectors and communities. This burden can 

15 increase non-sampling error. 

16 STRENGTHS AND LIMITATIONS OF THIS STUDY

17  Strength: The data were produced using stratified random sampling with no apparent 

18 design effect leading to an efficient use of information.

19  Strength: Data were collected from female participants by female data collectors 

20 which is likely to have reduced non-sampling error.

21  Strength: The large study population is very large coversing a large geographical 

22 area, reducing the likelihood that the results are pertinent only to a small group of 

23 mothers with infants, and ; results may be generalizable.
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1  Strength: Both weighted and unweighted results are presented giving strength to the 

2 conclusions.

3 Limitation: Due to insufficient overlap of variables in the 0-5 month sample and 

4 the 3-5 month sample, The study is confined to assessing data in the 0-2 month 

5 sample vis a vis a 0-5 month sample of infants; a comparison between the 3-5 

6 month sample vis a vis the 0-5 month sample was not possible. would have been 

7 informative; however, insufficient overlap of variables in the 0-5 month sample 

8 and 3-5 month sample prevented us for doing so.  

9  Limitation: Non-independence of indicators precludes formal statistical testing 

10 of difference between samplesOur study compares a 0-2 month subsample with 

11 a 3-5 month subsample as an alternative.

12   

13 Key Words:

14 Maternal recall, surveys, maternal health, MNCH, LQAS, 

15 Bihar, India

16

17 INTRODUCTION

18 The progress toward United Nations’ Sustainable Development 

19 Goal (SDG) 3  is measured with 9 targets, including the 

20 Maternal Mortality Ratio (MMR) and the under 5 mortality 

21 rate (U5MR) (1, 2). In India, Bihar is one of the largest 

22 (population 110 million) and poorest (53% of households are 

23 in the lowest wealth index quintile of India (3)) states 
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7

1 with high child and maternal mortality (U5MR=54, 

2 MMR=208)(4) (see(5) for an evaluation of the health care 

3 system in Bihar), and is a priority for donor support for 

4 health systems strengthening (see (5) for an evaluation of 

5 the health care system in Bihar).

6 To accelerate progress toward achieving SDG 3, state 

7 governments in India pursue programmes of community-based 

8 care (see (6, 7) for descriptions and assessments of this 

9 approach). Since 2011, the Bihar Ministry of Health has 

10 supported an Integrated Family Health Initiative to improve 

11 the availability, quality and use of prenatal, perinatal 

12 and postnatal care for mothers and infants (8).

13 The usual way to monitor progress toward achieving these 

14 goals is with household surveys. Perhaps the most commonly 

15 used surveys are cluster sample surveys such as the 

16 Demographic and Health Surveys and the Multiple Indicator 

17 Cluster Surveys (9, 10). An alternative design is Lot 

18 Quality Assurance Sampling (LQAS), which provides 

19 comparable data but is decentralized to local health 

20 services organisations and more useful for management and 

21 programme planning(11). Several states in India find it 

22 benefits their programs (12).  Surveys rely on the reports 

23 of mothers of infants and young children, but these reports 

24 are subject to several sources of potential error and bias 
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1 through interviewees not knowing, forgetting, and having 

2 memory errors (13, 14). Studies have shown both that 

3 mothers can accurately report significant facts about the 

4 birth and care of their children many years after the event 

5 (15), but also that even immediately after giving birth 

6 mothers may misreport details (16-18). Studies of maternal 

7 mothers recall of her their children’s vaccination status 

8 concluded that due to offsetting errors of maternal 

9 reports, the resulting data accurately measured vaccination 

10 rates (19); the pattern of error revealed that mothers 

11 whose children are up-to-date or nearly so tended to 

12 underestimate their child’s vaccination status whilst 

13 mothers whose children have few vaccinations, overestimate 

14 their coverage. 

15 To improve the validity of collected data, knowledge, 

16 practice and coverage surveys have used samples of mothers 

17 of infants 0-11 months of age or 0-5 months of age and 

18 children 6-11 months of age. In Bihar, local organisations 

19 departed from this convention of sampling among these three 

20 cohorts of children under one year of age and have been 

21 monitoring their programs’ progress by sampling five 

22 dedicated cohorts: mothers of children 0-2, 3-5, 6-8, 9-11 

23 and 12-23 months old with indicators focused on antenatal 

24 care, safe delivery practices, infant and young child 
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9

1 feeding practices, immunisation, treatment seeking, and 

2 more. To avoid the possibility of maternal recall error, 

3 each of the five cohorts was asked questions particularly 

4 relevant to a child’s specific age group.   

5 In countries such as India with high maternal and 

6 child mortality rates, regular monitoring of related health 

7 service coverage is critical to reducing these rates.  

8 However, the survey designs should be affordable and 

9 sustainable for local health systems; they should also 

10 produce precise, unbiased estimates (20). In this study, we 

11 explore whether information is gained by sampling cohorts 

12 of children aged 0-2 and 3-5 months or whether the sample 

13 sizes can be reduced by 50% by creating one sample cohort 

14 aged 0-5 months.  

15 The research question we address is: “Do the health service 

16 delivery coverage estimates from a sample of mothers of 

17 infants aged 0-5 months differ from those obtained from a 

18 sample of mothers of infants ages 0-2 months?” A corollary 

19 to this question is: “Do mothers of infants 3-5 months of 

20 age display more recall error relative to mothers of 

21 infants 0-2 months of age for antenatal, delivery or young 

22 infant health practices?” We compare district coverage 

23 estimates obtained from two independent samples of infants 

24 0-2 months and 0-5 months of age.  The implications of this 
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10

1 study are important for health systems researchers needing 

2 results to appraise and improve their programmes.

3 METHODS

4 To answer this question, we collected information from a 

5 sample of mothers with infants 0-5 months old and a sample 

6 of mothers with infants 0-2 month old infants in two 

7 districts.  This study took place within the context of a 

8 larger survey that also sampled children 3-5, 6-8, 9-11 and 

9 12-23 months of age.  These four latter samples used 

10 questionnaires with variables that either did not overlap 

11 at all or overlapped on very few indicators with the 

12 questionnaires used to interview the 0-5 month and 0-2 

13 month samples. Due to this constraint, in this study, we 

14 only use the two aforementioned groups  to assess the 

15 measurement of the indicators and refer only to them for 

16 the remainder of this paper.  The household sampling design 

17 we used is a stratified random sample (21). Within each 

18 district, the strata are administrative units of the health 

19 system, which in Bihar is called a block. Within each block 

20 the primary sampling unit is the Anganwadi Centre 

21 (Community Health Subcentre) Catchment Area (ACCA); 19 ACCA 

22 are selected from each block with probability proportional to size. From each ACCA 

23 one respondent is randomly selected from each age-group 
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1 under study using segmentation sampling (22, 23). The sample 

2 size 19 for each block is chosen to maximize the probability of correctly classifying a 

3 block with reference to performance targets on health related indicators (95% reliability) 

4 while balancing the probability (10% margin of error) of incorrectly classifying a 

5 block and thereby failing to recognize either the accomplishments of local health care 

6 delivery systems or the local population's health care needs (22). For this purpose, 

7 principles of Lot Quality Assurance Sampling were used along with established 

8 probability tables (24-26). 

9 There are 14 and 11 blocks in Gopalganj and Aurangabad (N=6 

10 million), the two districts selected for this study, 

11 respectively. The total sample sizes are: (a) Gopalganj: 19 

12 x 14 blocks= 266 infants 0-2 months and 266 infants 0-5 

13 months, and (b) Aurangabad: 19 x 11 blocks= 209 infants 0-2 

14 months and 209 infants 0-5 months. The 0-5 month old sample 

15 is 60% 0-2 months old and 40% 3-5 months old.

16 Using summary data from each of the two samples we analyse 

17 the data with Cochran-Mantel-Haenszel (CMH) (27) tests for 

18 51 dichotomous indicators (See Supplementary File Table S1) 

19 common to the two samples. The CMH tests theoretically have 

20 a Chi-square probability distribution with 1 degree of 

21 freedom. With a sufficient number of respondents or a 

22 sufficient number of blocks, the CMH test is equivalent to 

23 a conditional logistic regression (28: 114-115). In this 

24 analysis both the number of respondents and the number of 
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1 blocks only approach sufficiency.  Consequently, the 

2 calculated chi-squares and probabilities must be considered 

3 as approximations of their true values.

4 We calculate both unweighted and weighted estimates. The 

5 unweighted estimates permit the results from smaller blocks 

6 to have equal weight vis à vis larger ones. Since the 

7 research question concerns an analysis of which age cohort 

8 is most informative, the weighted estimates may not be as 

9 useful as the unweighted ones.  However, the weighted 

10 estimates provide better point estimates of the indicators 

11 at the district level. The effect of the weights on the 

12 Chi-square statistics is to increase the contribution of 

13 the larger blocks and decrease the contribution of the 

14 smaller blocks.  Hence, we report both sets of results (See 

15 Supplementary File Tables S2-S3).

16 The Chi-square probability distribution puts the 

17 differences between the districts on a probability scale 

18 (See Supplementary File Table S2). To determine meaningful 

19 differences in responses between the two age cohorts we 

20 used a probability of 0.05 as a cut-off value and consider 

21 differences with probabilities less than 0.05 to be 

22 possibly meaningful and those with larger probabilities to 

23 be likely due to sampling errors. With 102 comparisons (51 

24 indicators weighted or unweighted) we must expect some to 
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1 exceed this cut-off by chance alone. If all of the 

2 comparisons were independent, we might randomly find 5 

3 differences, but many of the indicators measure related 

4 events (e.g., number of ANC visits and tetanus toxoid 

5 vaccinations) and the weighted and unweighted estimates are 

6 similar, so these indicators are not all independent and it 

7 is not possible to calculate an expected number of 

8 differences nor is it appropriate to interpret these 

9 probabilities as measures of “statistical significance”.

10 Patient and Public Involvement

11 This study does not involve patients. Also, the public was 

12 not involved in the design, conduct and reporting of the 

13 research.  The public was engaged as interviewees. To 

14 ensure local engagement we coordinated with the Bihar 

15 Ministry of Health, local implementing non-governmental 

16 organizations and our donor. We also shared the results 

17 with them and offered further dissemination of results.

18 RESULTS

19 We find a high level of agreement between the two samples 

20 (Table 1). Out of 102 weighted and unweighted comparisons 

21 between the estimates from the 0-2 month and 0-5 month 

22 samples there is no probable difference in 81 (79.4%) in 

23 both the unweighted and weighted estimates. We detect that 
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1 probable differences exist for 13 comparisons (12.7%). For 

2 the remaining eight comparisons the weighted and unweighted 

3 estimates disagree. The weighted estimates find seven 

4 differences that the unweighted estimates do not; the 

5 unweighted estimates find one difference that the weighted 

6 estimates do not find.  

7
Table 1. Number of indicators by probability of a 
difference between the 0-2 months and the 0-5 months 
samples for weighted and unweighted samples

Weighted
Aurangabad Gopalganj Total

Unweighted

>= 
.05

< .05 >= 
.05

< .05 >= 
.05

< .05

>= .05 40 3 41 4 81 7
< .05 0 8 1 5 1 13

8
9

10 For different health service domains, the number of 

11 indicator comparisons varies from two (Exclusive 

12 Breastfeeding-EBF) to 24 concerning home visits by Front 

13 Line Worker (FLW) support (Table 2).  The two principal FLW 

14 are Anganwadi workers and Accredited Social Health 

15 Activists (ASHA).
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Table 2. Number of indicator comparisons by subject domain showing a measurable 
difference using weighted and unweighted estimates of 0-2 months and 0-5 months 
samples

Measurable  difference between 
0-2 and 0-5 months results

Health Service Domain Total 
compariso

ns

No measurable 
difference
between
0-2 and

0-5 months 
results

Both Unweight
ed only

Weight
ed 

only

Percent (%) 
indicators 

with 
different 
results

Antenatal care 22 21 0 0 1 5

Place of birth & 
attendant 8 6 1 0 1 25

Birth preparedness 18 13 3 0 2 28

Front Line Worker 
support 24 16 6 0 2 33

Maternal health 8 8 0 0 0 0

Neonatal care 20 17 1 1 1 15

Exclusive 
Breastfeeding 2 0 2 0 0 100

Totals 102 81 13 1 7 21.9
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1

2 In the FLW support domain 33% of comparisons have probable 

3 differences. The neonatal health domain has 20 comparisons 

4 and the birth preparedness domain has 18; in these domains 

5 15% and 28% show probable differences, respectively. Place 

6 of birth and attendant, and maternal health each have eight 

7 comparisons with 25%, or two comparisons, and 0 

8 comparisons, respectively, showing a possible difference. 

9 The differences between the two samples cluster around home 

10 visits from FLW and behaviours associated with birth 

11 preparedness and neonatal care.  Details of these 

12 differences are listed in Table 3. 

13 For two indicators, both the weighted and unweighted 

14 estimates display probable differences between the 0-2 and 

15 0-5 months samples in both districts. For indicator #52, 

16 the proportion exclusively breastfeeding, the 0-5 months 

17 cohort has the lower estimate, and indicator #24, the 

18 proportion of mothers visited by an ASHA at least once 

19 during their last pregnancy, the 0-5 months sample gives 

20 the higher estimate, about 74%, compared to 63% in the 0-2 

21 months sample (See Supplementary Tables S2-3). 

22

23 Additional analyses comparing  subsamples of mothers of 

24 infants 0-2 months and 3-5 months from the 0-5 months 
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1 sample, the sample of mothers of infants 0-2 months and the 

2 subsample of infants 0-2 month, and the sample of mothers 

3 of infants 3-5 months and the subsample of infants 3-5 

4 months produced similar results (See Supplementary Text and 

5 Tables S4a-b, Tables S5a-b and Table S6).  
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Table 3. Indicators by health service domain showing measurement differences between 0-2 months and 
0-5 months samples

Weighted 
Coverage (%) p-value

Health Service Domain and 
Indicator

Indica
tor 
No.

District 0-2 
months

0-5 
months

Unweighte
d 

Estimate

Weighte
d 

Estimat
e

Estimate 
type

Antenatal care

Proportion of mothers of infants 
(0-2/0-5 months) registered 
during their last pregnancy

1 Aurangabad 85.2 77.6 0.0552 0.0365 Weighted

Place of birth & attendant

Proportion of mothers of infants 
(0-2/0-5 months) whose last 
child was delivered at a public 
facility

38 Gopalganj 51.2 61.6 0.0363 0.0159 Both

Proportion of mothers of infants 
(0-2/0-5 months) whose last 
child was delivered at a health 
facility (private or public 
facility)

37 Gopalganj 78.9 85.5 0.0643 0.0459 Weighted

Birth preparedness

Proportion of mothers of infants 
(0-2/0-5 months) who planned 
transportation to health 
facility in their last pregnancy 
(home & institutional delivery) 

15 Gopalganj 45.7 56.0 0.0266 0.0158 Both

Proportion of mothers of infants 
(0-2/0-5 months) who identified 
persons to care for the baby 
immediately after birth (home + 
institutional delivery)

17 Gopalganj 51.8 62.6 0.0255 0.0103 Both

Proportion of mothers of infants 
(0-2/0-5 months) who planned for 
institutional delivery and 

23 Aurangabad 62.5 47.0 0.0039 0.0052 Both
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identified person to accompany 
her during the delivery

Proportion of mothers who 
planned for institutional 
delivery of infants (0-2/0-5 
months) who had a new blade & 
thread for their delivery

19 Aurangabad 23.5 14.5 0.062 0.0429 Weighted

Proportion of mothers who 
planned institutional delivery 
of infants (0-2/0-5 months) who 
arranged clean cloth for mothers 
and baby

21 Aurangabad 43.6 31.2 0.0546 0.0137 Weighted

Front Line Worker support

Aurangabad 62.2 75.2 0.0023 0.0042 BothProportion of mothers of infants 
(0-2/0-5 months) who were 
visited by ASHA at least once 
during their last pregnancy

24
Gopalganj 63.5 73.0 0.0284 0.0175 Both

Proportion of mothers of infants 
(0-2/0-5 months) visited at home 
by FLWs at least once during 
their last pregnancy

26 Aurangabad 63.5 76.7 0.0021 0.0032 Both

Proportion of mothers of infants 
(0-2/0-5 months) visited at home 
by ASHA within 24 hours of last 
delivery

31 Aurangabad 29.9 44.9 0.0009 0.0016 Both

Proportion of mothers of infants 
(0-2/0-5 months) visited at home 
by any FLW within 24 hours of 
last delivery

33 Aurangabad 32.2 46.7 0.0015 0.0026 Both

Proportion of mothers of infants 
(0-2/0-5 months) visited at home 
by any FLW within first week of 
last delivery

35 Aurangabad 44.5 59.3 0.0018 0.0026 Both

Proportion of mothers of infants 
(0-2/0-5 months) visited at home 
by any AWW within the first week 
of the last delivery

34 Gopalganj 14.4 8.9 0.0959 0.0471 Weighted

Proportion of mothers of infants 
(0-2/0-5 months) visited by 

27 Gopalganj 52.6 61.1 0.0617 0.0449 Weighted
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ASHAs at least once during their 
last trimester of pregnancy
Infant care

Aurangabad 78.0 45.4 0.0001 0.0006 BothProportion of infants aged (0-
2/0-5 months) who were delivered 
at home continued with dry cord 
care

51

Gopalganj 63.7 41.1 0.0431 0.0627 Unweighte
d

Proportion of infants aged (0-
2/0-5 months) weighed after 
birth (Public facility/Private 
facility/Home)

48 Gopalganj 70.7 78.2 0.0727 0.0464 Weighted

Exclusive Breastfeeding

Aurangabad 69.2 59.7 0.0229 0.0411 BothProportion of infants (0-2/0-5 
months) breast-fed in the past 
24 hours (Exclusively Breast-
fedFed)

52
Gopalganj 82.1 68.4 0.0001 0.0003 Both
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1

2 DISCUSSION

3 Statement of principal findings

4 There are no measurable differences in coverage estimates 

5 for 79.4% (81 comparisons) of the indicator comparisons 

6 between the samples of mothers with infants 0-2 months old 

7 versus mothers of infants 0-5 months old; 12.7% (13 

8 comparisons) display measurable differences. The remaining 

9 7.8% (eight comparisons) display discrepancies between the 

10 weighted and unweighted estimates.  

11 Strengths and weaknesses of the study

12 The strengths of this study are that it compares estimates 

13 from two independent samples and that there are many 

14 estimates from diverse domains. The weaknesses of this 

15 study are that the data were collected in only 2 districts 

16 of 1 state in India and in different months of a single 

17 year, and that indicators from the sample of mothers of  3-

18 5 month old infants comparable to those of the 0-2 month 

19 old infants, using the same questionnaire, were not 

20 collected. Supplemental analyses comparing 0-2 and 3-5 

21 month subsamples of the 0-5 sample did not uncover evidence 

22 of bias due to the combination of these two age groups.
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1 Strengths and weaknesses in relation to other studies

2 Other studies of maternal recall bias have sought a “gold 

3 standard” to represent reality and to evaluate measures. 

4 Our study, of course, is interested in reality, but this 

5 study compares alternative measures needed to assess the 

6 Bihar health program.  It also uses a complete sample of 

7 the age grouping under study rather than just a sub-sample 

8 of a larger age grouping. A weakness of this approach is 

9 that the analysis does not result in a formal statistical 

10 test; our conclusion is based on the weight of the 

11 evidence.

12 Meaning of the study 

13 The evidence indicates that samples of the broader group 

14 yield comparable results to those of the narrower age 

15 group. It is not necessary to double the total sample by 

16 measuring independently 0-2 months and 3-5 months cohorts 

17 of children. These results also tend to dispel the 

18 hypothesis that maternal recall is problematic for mothers 

19 during the first 6 months following delivery. Our results 

20 are more consistent with conclusions presented in earlier 

21 research (15) and they support those organizations 

22 collecting data with 0-5 month cohorts.
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1 Indicator #52, EBF, displayed two comparisons measuring 

2 decreases in both districts. This is not surprising as 

3 fewer infants are expected to be exclusively breast fed in 

4 a sample ranging from 0 to 5 months than a sample ranging 0 

5 to 2 months; mothers introduce complementary feeding and 

6 liquids as infants age despite this being a health risk. 

7 This difference could be accommodated by adjusting 

8 expectations and targets for the indicator.

9 Unanswered questions and future research 

10 Further investigation and consideration of the differences 

11 is warranted. The eight differences found in the FLW 

12 support indicators deserve more scrutiny. Seven show higher 

13 estimates for the 0-5 cohort and one has a higher estimate 

14 for the 0-2 month cohort.   The former seven differences 

15 may be due to excessive rainfall during the July-September 

16 (monthly average 318.95mm, range:195.99-395.8mm  versus the )

17 lesser rainfall during June-April (monthly average 25.52mm, 

18 range: 0.3-27.88mm  which in the last trimester may have )

19 reduced the access of ASHA in the 0-2 month cohort (29).   

20 Indicators such as these may be particularly sensitive to 

21 rainfall and may explain why more mothers in the 0-5 month 

22 cohort displayed higher FLW visitation estimates since FLW 

Page 72 of 78

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

24

1 were not impeded by the monsoon and the resulting muddy 

2 roads.  

3 Differences in birth preparedness and institutional birth 

4 may be a consequence of the differences in rainfall or in 

5 FLW support; the results signal a with increases a response 

6 to the needs for more careful planning when transportation 

7 is difficult and decreases due to a reductions in the 

8 educational effectivenessefforts of the FLW by reducing 

9 their access to women. Or, some of these differences may 

10 just be due to noise in the data.

11

12 CONCLUSIONS

13 Overall, the answer to the research question, “Can one get 

14 the same district coverage estimates from a sample of 

15 mothers of infants aged 0-5 months as from a sample of 

16 mothers of infants ages 0-2 months?” is yes. This result 

17 can be paraphrased as: mothers do not display increased 

18 recall errors of their perinatal health care behaviour in a 

19 cohort of mothers with infants 0-5 months as compared with 

20 mothers with younger infants. Substantial resources and 

21 effort can be saved using a survey design that avoids 

22 needless expenses to collect data that provides 

23 insubstantial amounts of information.  It also reduces the 

24 burden on data collectors and community participants. 
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1 Fatigue to both groups can result in needless non-sampling 

2 error.
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