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Abstract The antenatal care program in India requires that women attend a minimum of three antenatal medical visits and receive two or more tetanus injections and a three-month ironfolic tablets (IFT) supply. However, only 24.4% of Indian women complete this minimum recommendation and 34.3% do not get any type of antenatal care. Using two rounds of the Indian National Family Health Survey (NFHS), this paper evaluates the eﬀect of the antenatal care program on the nutritional status and survival of young infants (0-6 months of age). The uniqueness of the information allows to distinguish each component of the program and create innovative measures of antenatal care. In addition, I estimate heterogeneous health eﬀects according to the type of pregnancy, for stunted and severely underweight children, and at diﬀerent points of the conditional distributions of nutritional outcomes. Results indicate that complete antenatal care can contribute to improve short and long-term measures of the nutritional status and health of babies and their survival. These positive eﬀects seem to be persistent when comparing babies with their older siblings using mother ﬁxed eﬀects. Key words: Antenatal Care, Child Health, Child Survival, India.
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Introduction



Child and maternal mortality are still signiﬁcant problems in developing countries. Antenatal care is the ﬁrst step that helps to improve the health of infants and mothers, as the progress of the pregnancy is tracked. Women can experience complications during pregnancy that may aﬀect the development of the baby in the womb. Antenatal care can help to reduce the health risks of those complications by treating them promptly and properly. Babies born from normal pregnancies can also beneﬁt form antenatal care since mothers may receive health education and advise on pregnancy care. This study studies the impact of antenatal care programs on infant health in rural India. The antenatal care program in India requires that women attend a minimum of three antenatal medical visits and receive two or more tetanus injections and a three-month iron-folic tablets (IFT) supply (Sunil et al.; 2005). Ideally, all women must comply with those three requirements to complete their antenatal care. However, only 24.4% of Indian women complete the program and 34.3% do not get any type of antenatal care at all. An additional component of the program is the visit by a health worker at home for an antenatal check-up. Epidemiology studies have shown that tetanus toxoid vaccinations in pregnant women provide protection for the newborn through transplacental immunization (e.g. Gill et al.; 1983; Englund et al.; 1998). Neonatal mortality and neonatal tetanus are found lower among babies whose mothers received two tetanus immunization during pregnancy in rural Bangladesh, New Guinea and India (Schoﬁeld et al.; 1961; Suri et al.; 1964; Rahman et al.; 1982). On the other hand, low maternal hemoglobin concentration is associated with low birth weight and higher preterm birth (Rasmussen; 2001) and iron deﬁciency in early life is associated with delayed development (Beard and Connor; 2003). Therefore, iron supplementation during gestation reduces the incidence of preterm delivery and may have positive eﬀects on the health of newborn babies (Preziosi et al.; 1997; Merialdi et al.; 1999; Allen; 2000). For example, Preziosi et al. (1997) ﬁnd that, three months after delivery, the level of serum ferritin were signiﬁcantly higher in infants of women who were given iron-supplementation during pregnancy. Using two rounds of the Indian National Family Health Survey (NFHS), I evaluate the eﬀects of antenatal care on the nutritional status and child survival of young infants (0-6 months of age). This cohort was selected since the eﬀect of antenatal care is stronger for newborns and young infants than for older children. The uniqueness of the information allows to distinguish each component of the program and create innovative measures of antenatal care. I construct an index of antenatal care to identify each component of the program and their level of completion. This index takes values from zero to four and ensures that the components are fully exclusive. The ﬁve categories of the index are: [4] if the woman completed the antenatal care program, [3] if she completed only two components, [2] if completed only one component, 2



[1] if had some kind of antenatal care but did not fully complete any component and [0] if the woman did not participate in the program at all. The ﬁrst category [4] is a measure of adequate care and the following three categories (3, 2 and 1) are measures of incomplete care. Using the index, I create ﬁve fully exclusive categorical variables which indicate whether the mother completed three, two, one, some or none of the components of the program. These variables are the ﬁrst measures of antenatal care, which I subsequently expand into nine dummies to distinguish exact combinations of complete and incomplete components. Additional measures of antenatal care are the onset of antenatal care, and a dummy variable indicating whether the woman was visited at home by a health worker. Due to the particular characteristics of the data, it is possible to identify normal and complicated pregnancies. Since these two kinds of pregnancy may yield diﬀerent outcomes with diﬀerent distributions, it is necessary to distinguish among them to identify the actual impact of antenatal care (Conway and Deb; 2005). Infant health is measured using Z-scores of weight and height, and the survival status1 of babies aged 0-6 months. Weight and height are measures of the nutrition of children. Weight responds quicker to short-term nutritional and environmental shocks, while height is a measure of long-term nutritional status and other health investments over the life of the child (Thomas et al.; 1991; Strauss and Thomas; 1998; Duﬂo; 2003; Aturupane et al.; 2008). The construction of weight and height Z-scores controlling by age and gender make them equivalent to the anthropometric indices traditionally used as measures of the nutritional status of children (weight-for-age and height-for-age) - Tarozzi and Mahajan (2007). This is the ﬁrst study that presents evidence on the impact of speciﬁc components of antenatal care, such as tetanus injections and the IFT supply, and the eﬃcacy of more costly national health policies like antenatal visits at home. In addition, this study distinguishes heterogeneous health eﬀects according to the type of pregnancy, for vulnerable children (stunted or underweight), and at diﬀerent points of the conditional distributions of nutritional outcomes. Results show that adequate care during pregnancy can increase, on average, the weight of babies by 0.152 standard deviations (142 g), their height by 0.218 standard deviations (1 cm) and their probability of survival by 12.6%. It is required that women complete at least two components of the program2 , as one full component, or less, does not seem to have any impact on the short-term nutritional status of children (weight). On the other hand, the completion of one component has a weak3 positive impact on the height of babies. This is an important result since height is a measure of welfare and long-term development of children. 1



Categorical variable that takes a value of 1 if the child is alive at the time of the survey or 0 if the child died within six moths after their birth. 2 Speciﬁcally, at least three antenatal care visit and two tetanus injections, or, at least two tetanus injections and the IFT supply. 3 signiﬁcant at 10%.
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Most components of the antenatal care program, even if they are not complete, increase the probability of survival of infants. In particular, antenatal check visits at home directly contribute towards reducing child mortality, although they do not improve the weight or height of babies. In general, estimates from the ordinary least squares (OLS) model do not show signiﬁcant diﬀerences on babies’ health when mothers begin antenatal care within the ﬁrst trimester of pregnancy, compared to those who started later. Infant health production functions were estimated separately for complicated and normal pregnancies. Antenatal care has positive and signiﬁcant eﬀects on babies born from both kinds of pregnancy, conditional on the completion of two or more components of the program. The gains of weight due to antenatal care are slightly larger for children born from complicated pregnancies as they are heavier by 0.246 standard deviations. Babies of women who had a normal pregnancy and received antenatal care had an increase in weight by 0.203 standard deviations. Only the completion of antenatal care can make a diﬀerence to the height of 0-6 months old babies whose mothers experienced problems during pregnancy. The impact of antenatal care on infant survival is similar for babies born from both types of pregnancy. In general, 0-6 months babies are between 9% and 11% more likely to survive when their mothers receive any kind of antenatal care. Results by birth order indicate that antenatal care has a positive impact on the weight and height of all babies, but especially on ﬁrst-order children. First-born babies are heavier and taller when their mothers fully completed the antenatal care program by 0.180 and 0.289 standard deviations. The gains in weight and height for higher-order children are slightly smaller (0.145 and 0.191 standard deviations). Antenatal care is more eﬀective on improving long-term measures of health, nutrition and welfare of children. Complete and incomplete antenatal care reduce the probability of stunting in infants by 3%. Tetanus vaccinations seem to be the component of the program with the greatest impact on health. When mothers receive two or more tetanus injections, either combined with other component or not, babies are less likely to be stunted by at least 2.5%. The eﬀects of antenatal care seem to be stronger for babies at both ends of the conditional distributions for both weight and height. These results are remarkable as the most vulnerable children are beneﬁting more from the antenatal care policies. Although the completion of antenatal care produces similar improvements on weight (0.222 and 0.219 standard deviations) and height (0.193 and 0.171 standard deviations) on the lowest and highest quantiles, the beneﬁts for babies at the very bottom (0.10 and 0.25 quantiles) from incomplete antenatal care are slightly greater. Another notable result is that the completion of only one component of the program may help to improve the height (long-term welfare indicator) of the most vulnerable babies (0.10 quantile). 4



In addition, I expand the sample to include children under four years old and estimate the health impact of antenatal care using mother×gender ﬁxed eﬀects. Results indicate that antenatal care may have strong positive and persistent eﬀects on the nutritional status and survival of children, especially when their mothers fully complete the antenatal care program.
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Background



The eﬀects of antenatal care on the health and survival of children have been previously examined. However, these investigations have mainly focused on developed countries and, in particular, on the United States of America (USA). Most of the existing studies discuss and test the endogeneity of antenatal care and estimate health production functions by OLS and two-stage least squares (2SLS). Corman et al. (1987) analyse the eﬀectiveness of antenatal care to prevent neonatal mortality in various counties of the USA4 . Antenatal care is measured using the three-year average of live births for which antenatal care began in the ﬁrst trimester of pregnancy. Their results indicate that prompt initiation of antenatal care is eﬀective in lowering neonatal mortality among white women. Other studies have found evidence of the positive eﬀects of antenatal care on birth weight in the USA. In particular, babies of black women, who started antenatal care promptly after conception, are heavier at birth. Each month of delay reduces their birth weight by 4.4 g (Grossman and Joyce; 1991). In addition, Joyce (1995) uses a modiﬁed Kessner index to measure pregnancy care. The Kessner index combines the trimester in which care began, with the number of visits adjusted for gestation, and yields three levels of care: adequate, intermediate and inadequate. His results show that the greater gains on birth weight are realised when women move from inadequate to intermediate care, than from intermediate to adequate antenatal care. Currie and Grogger (2000) examine the eﬀect of health policy changes on the demand for antenatal care and infant health in the USA. They use three measures of antenatal care: whether the woman received antenatal care, whether care began before the ﬁrst trimester of gestation and an index of adequacy of care, which combines the beginning of care and the total number of visits conditional on the length of the pregnancy. Their results reveal that inadequate care and failure to obtain antenatal care are strongly associated with lower birth weights and that non-antenatal care is much worse than obtaining care that is merely inadequate. Increments in the adequacy of care reduce the incidence of very low birth weight. So far, these studies have not reached an agreement regarding the endogeneity of antenatal 4



Those counties represent about 80% of the white and black populations in the USA in 1970.
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care. Grossman and Joyce (1991), for example, do not ﬁnd evidence that antenatal care should be treated as endogenous. For Corman et al. (1987), antenatal care is endogenous, only if birth weigh is not included as a control for unobserved health endowments into the model. In contrast, Joyce (1995) concludes that OLS estimations of the health production function underestimate the true eﬀects of antenatal care on child health outcomes. Other research works highlight the fact that two kinds of pregnancy (complicated and normal) yield diﬀerent outcomes and do not have a single distribution. Therefore, health production functions should be estimated using ﬁnite mixture models (FMM). This is justiﬁed, on the basis that the 2SLS model frequently yields insigniﬁcant estimates, as a result of not taking into account the multimodal distribution of antenatal care (Conway and Deb; 2005). In spite of the previous evidence showing the potential positive eﬀects of antenatal care on children health outcomes, Reichman et al. (2006) do not ﬁnd any important relationship between antenatal care and child health on their USA dataset. They explore the potential bias of typically unobserved variables on the estimated eﬀects of antenatal inputs on infant health outcomes. Their ﬁndings suggest that starting antenatal care within the ﬁrst trimester of pregnancy is unrelated to birth weight, low birth weight and abnormal infant conditions. Nevertheless, they conclude that these results may indicate that antenatal care enhances child health by increasing the use of paediatric care. Panis and Lillard (1994) is the ﬁrst study to evaluate the eﬀects of antenatal medical care and institutional delivery on foetal and postnatal mortality risks in a developing country. They show that antenatal care has a strong beneﬁcial impact on foetal survival, but it does not appear to have a signiﬁcant eﬀect on postnatal survival in Malaysia. In addition, they claim that medical assistance at delivery strongly reduces infant mortality risks and ﬁnd evidence of adverse self-selection in the demand for medical care, which may substantially underestimate the beneﬁcial eﬀects of health care. The most relevant study for this investigation is Maitra (2004) as it examines the eﬀect of antenatal care on infant health in India. Maitra (2004) estimates a hazard model of child mortality, in which the antenatal care measure is whether the woman went for an antenatal check-up. He uses the Full Information Maximum Likelihood (FIML) method, arguing that it accounts for unobserved heterogeneity. His results indicate that antenatal care reduces the hazard of child mortality. In addition, he concludes that not accounting for unobserved heterogeneity and self-selection in the use of health inputs underestimates their eﬀects on child mortality. Yet, Maitra’s study only uses one measure of antenatal care and one infant health outcome (mortality). In the present study, I use a number of alternative deﬁnitions of antenatal care and study not only its eﬀects on survival, but also on the weight and height of babies. In summary, the literature mainly shows that antenatal care may have positive and signiﬁ6



cant eﬀects on the health of babies. However, early studies use limited measures of antenatal care, and the eﬀects found are mainly based on developed countries. In this study, I evaluate speciﬁc components of an antenatal care program, in a developing country with a high risk of tetanus transmission and high anaemia incidence among pregnant women. I further investigate heterogeneous eﬀects by type of pregnancy, children vulnerability and using quantile regressions5 . The next section develops the theoretical model on which the core of this investigation is based.
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Theoretical model



The theoretical basis for this analysis is the health production function model (see for example Rosenzweig and Schultz; 1983). Households are composed of two or more people and they care about the health condition of each member of the household. Since the core of this study is children’s health, members of households are parents and children, where parents make decisions on the health of their children. The healthier the family members are, the more welfare the family has. Thus, the households utility function is: 𝑈 = 𝑈 (𝑥𝑖 , ��),



(1)



in which 𝑥𝑖 are market goods and 𝐻 is child health. Child health (𝐻) is a production function deﬁned as: 𝐻 = Γ(𝐼𝑘 , 𝜇),



(2)



in which families demand health services (inputs - 𝐼𝑘 ) that are transformed into health status of children, subject to technological constraints speciﬁed by the health production function Γ(⋅). 𝐼𝑘 indirectly aﬀects household utility (𝑈 ) through Γ; and 𝜇 are family-speciﬁc health endowments, known to households but unobserved by the researcher. Since households are constrained by their budget, the maximisation problem they solve is described by: max 𝑈 = 𝑈 [𝑥𝑖 , Γ(𝐼𝑘 , 𝜇)] (3) ∑ ∑ s.t. 𝑇 𝐼 = 𝑊 + 𝐴 = 𝑥 𝑖 𝑝 𝑥 𝑖 + 𝐼 𝑘 𝑝 𝑘𝑖 , in which 𝑇 𝐼 is total income, 𝑊 and 𝐴 are labour and capital income, respectively, and 𝑝𝑥𝑖 , 𝑝𝑘𝑖 are the respective prices of market goods and health inputs. Household members demand the optimal quantities of each good (𝑥𝑖 and 𝐼𝑘 ) that maximises their utility function subject 5



Also known as the least-absolute value minimization technique.
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to their budget constraint. Optimal demand functions depend on the parameters of the model (given by the economy or nature), i.e. prices vector, income and family-speciﬁc endowments, as follows: 𝑥∗𝑖 = 𝑥(¯ 𝑝, 𝑇 𝐼, 𝜇) ∗ 𝐼𝑘 = 𝐼(¯ 𝑝, 𝑇 𝐼, 𝜇),



(4)



in which 𝑝¯ is the vector of all prices (𝑝𝑥𝑖 , 𝑝𝑘𝑖 ). Substituting the optimal demand function for health inputs into Equation (2), households obtain the optimal production of their children’s health (𝐻 ∗ ), which is also a function of the parameters of the model: 𝐻 ∗ = Γ(¯ 𝑝, 𝑇 𝐼, 𝜇).



(5)



Ideally, researches should estimate this equation in empirical work. However, due to the limited availability of data on health inputs, they have had to estimate hybrid equations with less desirable properties (Rosenzweig and Schultz; 1983), as follows: ˜ = ℎ(𝐼𝑚 , 𝑝𝑙 , 𝑇 𝐼, 𝜇), 𝐻



(6)



˜ is child health, 𝐼𝑚 are the health inputs and 𝑝𝑙 is the vector of prices available in which 𝐻 in the data and known by the econometrician6 . The empirical model is estimated using the health input 𝐼𝑚 of interest as a regressor besides the parameters of the model 𝑝𝑙 , 𝑇 𝐼 and 𝜇. The estimated coeﬃcient of 𝐼𝑚 contains information about the technological properties of the health production function and household’s preferences. In consequence, 𝐼𝑚 is potentially correlated with 𝜇. Therefore, its coeﬃcient would be biased as it would include the eﬀect of exogenous health factors that are known by the household but unobserved by researchers. Rosenzweig and Schultz (1983) demonstrate that consistent estimates of the health production function can be obtained using 2SLS. In their work, a ﬁrst-stage equation of the health input (𝐼𝑚 ) is estimated and the resulting predicted values are used to estimate a second equation of the health production function of children (𝐻). Rosenzweig and Wolpin (1988, 1995) acknowledge that the instruments (income and local prices) used in Rosenzweig and Schultz (1983) are unlikely to be valid, and aﬃrm that alternative instrumental variables are diﬃcult to ﬁnd. 6



Note that 𝑝𝑙 diﬀers from 𝑝¯ in Equation (5). 𝑝¯ is the vector of all goods and health inputs prices in the economy while 𝑝𝑙 are only the prices available in the data.
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Empirical model



The child health production function to be estimated in this work is: 𝐻𝑖𝑗 = 𝛼 + 𝛽𝐴𝐶𝑖𝑗 + 𝛾1 𝑋1𝑖𝑗 + 𝛾2 𝑋2𝑗 + 𝛾3 𝑋3 + 𝜀𝑖𝑗 ,



(7)



in which 𝑖 = child and 𝑗 = mother; 𝐴𝐶𝑖𝑗 indicates the participation of the mother in an antenatal care program during the pregnancy of her child 𝑖. 𝛽 is the parameter of interest. 𝑋1𝑖𝑗 are individual characteristics of the children; 𝑋2𝑗 are individual characteristics of mothers, fathers and households; and 𝑋3 are other exogenous variables such as the characteristics of villages. 𝐻𝑖𝑗 are age-gender-speciﬁc Z-scores of weight and height of 0-6 months-old babies or a child survival dummy, indicating whether the baby (0-6 months old) was alive at the time of the survey or died before (or at) 6 months of age. This cohort was selected as it is expected that the eﬀect of antenatal care is stronger for newborns and young infants than for older children. In addition, children older than 6 months are subject to other health inputs and parental individual behaviour which may have positive and negative eﬀects on . Section 5 gives detail information about the selection of this infant health outcomes as dependent variables.



Identiﬁcation Equation (7) is estimated by OLS. However, antenatal care is potentially endogenous in this model since it is a health input that may be correlated with the error term 𝜀𝑖𝑗 . The endogeneity is the result of unobserved heterogeneity and self-selection. Unobservable individual characteristics of mothers aﬀect their behaviour and also aﬀect the health outcome of interest. This is the case when more concerned women may demand more antenatal care and, in other ways, behave to improve the health of their children (upward bias on estimates). On the other hand, women who experience a complicated pregnancy will need more care and are likely to attend more visits. If complicated pregnancies result in more frail births, simple linear regressions will under-estimate the eﬀect of antenatal care (downward bias). The latter source of bias is known as adverse-self selection. Conway and Deb (2005) show that the later problem can be addressed diﬀerentiating complicated and normal pregnancies. These two types of pregnancy have diﬀerent distributions, and this diﬀerence matters in estimating the true eﬀect of antenatal care on babies’ health. Section 7 discuses how I use information on complicated and normal pregnancy to examine the presence of unobserved heterogeneity and self-selection among Indian women. In addition, I can control for mother-level unobservables (endogeneity) using mother ﬁxed eﬀects estimation. However, in my sample of 0-6 months-old babies, mothers can have more
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than one child only if they had a multiple birth7 . Therefore, in Section 9, I expand the sample to include children up to four years old and estimate mother ﬁxed eﬀects8 . Antenatal care data are available for the last three live births in the four years before the 1992/1993 NFHS and for the last two pregnancies in the three years preceding the 1998/1999 NFHS. A potential problem with this sample is that the birth-spacing is short and these mothers might not be representative of the population. I show that this is the case in Section 9. Finally, I attempted to estimate the model using a set of instrumental variables and tested the potential endogeneity of antenatal care by applying the Wu-Hausman test. I found weak empirical evidence that antenatal care should be treated as endogenous. Additionally, tests of the power and validity of the instruments showed that they were weak and their validity was questionable. Therefore, I do not include those estimations in this paper, but they are available upon request. The following section describes the data and the variables that were chosen to estimate the child health production function (Equation 7).
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Data and descriptive statistics



India is divided into 26 states which are further subdivided into districts. Districts are subdivided into talukas or tehsils (south India), which typically contain villages and/or municipalities. The data used in this paper are two rounds of the NFHS of India, conducted in 1992-1993 and 1998-1999. The NFHS is a large-scale, multi-round survey carried out in all the 26 states of India and in a representative sample of households. The survey collects extensive information on population, health, nutrition, family planning services, domestic violence and reproductive health with an emphasis on women and young children. This study will focus on rural data because health service information is available only for the rural part of the survey. Antenatal care information is available for the last three live births in the four years before the 1992/1993 NFHS and for the last two pregnancies in the three years preceding the 1998/1999 NFHS. The sample contains information about 13,606 babies aged 0-6 months old and 12,877 mothers who lived in 3,790 villages. At the time of the survey, 9,961 children were alive. 7 Only 3% of mothers in the sample have more than one child. In any case, these children were both exposed (or not exposed) to antenatal care together and I need at least one child exposed to antenal care and one child not exposed to antenatal care for each mother to be able to estimate mother ﬁxed eﬀects. 8 Under the assumption that antenatal care might have persisten health eﬀects on children.
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5.1



Children’s health variables



The NFHS contains the following information about infants: age, gender, birth weight, current weight and height9 , birth order, their survival status and age of death (if applicable). The focal point of this study is to analyse the impact of antenatal care on infant health in India. The ideal measure of health for this purpose is birth weight. Nevertheless, in my estimation sample this information is only known for 1,757 children who represent 11% of the sample. Sample selection bias is a potential problem when using such a small proportion, in the case that non-reporting is non-random. For this reason, I use Z-scores of weight and height of 0 to 6 months-old babies as dependent variables. This cohort was selected as the eﬀect of antenatal care is stronger for newborns and young infants than for older children. In addition, children older than 6 months are subject to other health inputs which may be correlated with antenatal care. Weight and height are measures of the nutritional status of children. Weight responds quicker to short-term nutritional and environmental shocks, while height is a measure of the long-term nutritional status and of the welfare of children10 (Thomas et al.; 1991; Strauss and Thomas; 1998; Duﬂo; 2003; Aturupane et al.; 2008). Z-scores were constructed with the age-gender-speciﬁc means and standard deviations of the measured weight and height of babies11 . Anthropometric indices such as weight-for-age, weight-for-height and height-for-age are frequently used as measures of the nutritional status of children (Tarozzi and Mahajan; 2007; Group; 1986). Note that the calculated Z-scores here are comparing the weight and height of children from the same age and gender groups. For this reason, the weight and height Z-scores are equivalent to the traditional indices weight-for-age and heightfor-age. However, the use of Z-scores facilitates the interpretation of health eﬀects (Tarozzi and Mahajan; 2007). Ideally, Z-scores of weight and height of babies must be correlated with birth-weight (the ideal measure). Figure 1 is a graphical examination of this relation. It shows the density functions of the Z-scores of weight and height for babies (0-6 months old) who had low (less than 2,500 g) and normal birth weight12 . The curve for babies with normal birth weight is shifted to the right of babies with low birth weight for both outcomes. The population means of both outcomes were tested and were found statistically diﬀerent (Table A1, columns 1 and 2). Babies who had normal birth weight are heavier and taller at 0-6 months of age than those with a low birth weight. As a complementary measure of child health, I use a child survival dummy, indicating 9



Children were measured by the interviewer at the time of the survey. Height also depends on genetic factors. One way to control for genetic factors is using the height of mothers, but this information is not available in the ﬁrst Indian NFHS round (1992-1993). 11 ¯ 𝑎𝑔 )/𝑠𝑑(𝑋𝑎𝑔 ) in which 𝑎=age, 𝑔=gender, 𝑋𝑖 = weight or height of child 𝑖, and 𝑋 ¯ 𝑎𝑔 and 𝑠𝑑(𝑋𝑎𝑔 ) 𝑍 = (𝑋𝑖𝑎𝑔 − 𝑋 are the age-gender-speciﬁc mean and standard deviation of the health outcomes (𝑋). 12 The comparison is made with the 1,757 observations (11% of the sample) of known birthweight. 10
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whether the baby (0-6 months old) was alive at the time of the survey or died before (or at) 6 months of age. This variable is related to birth weight since heavier newborns are stronger and more likely to survive after birth. The test of the population means conﬁrm this relation as they are statistically diﬀerent (Table A1, column 3).
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Figure 1: Weight and height distributions for low and normal birth weight. 0-6 months-old babies.
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(b) Z-score height.



Antenatal care variables



The antenatal care section of the NFHS allows to evaluate diﬀerent dimensions of the antenatal care program in India. It contains several questions regarding the antenatal behaviour of women such as: pregnancy month when ﬁrst antenatal visit took place, number of medical visits attended by the mother, whether the mother was given tetanus injections and how many, whether she received a three-month iron-folic tablets (IFT) supply, and whether she was visited by a health worker for an antenatal check-up at home. Women were asked these questions for their most recent live births13 , even if the baby died soon after the birth. Using this information, I create an index of “completeness” of antenatal care. The index takes values from 0 to 4 (5 categories) and ensures that the components are fully exclusive. Full completion of the antenatal care program in India requires three components: at least three antenatal medical visits, at least two tetanus injections and the IFT supply. Therefore, I will hereafter refer to a complete component when the mother reported that she fully complied with one of the three requirements14 . Along this line of thinking, an incomplete component of the program is when women attended one or two antenatal visits or received only one tetanus 13



three in the 1992/1993 NFHS and two in 1998/1999 NFHS. However the last live birth is the relevant information in both cases as the sample of interest are babies from 0 to 6 months old. 14 i.e. she attended at least three antental care medical visits, received at least two tetanus injections or received the IFT supply.
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vaccination. There is no incomplete option for the IFT supply. Finally, no antenatal care means that women did not attend any medical visit, received any tetanus injections or the IFT supply. In the construction of the index, each component of the program is identiﬁed and receives a value according to their level of completion (Table 1). Each full complete component has a score of ten. An incomplete component receives a score of one, and no antenatal care receive a score of zero. Therefore, if a woman completed all three components (full antenatal care) her associated score is 30 and will be classiﬁed in the category with the highest index [4]. This is a measure of adequate treatment. Table 1: Antenatal care (AC) index. Degree of completion Complete two full components one full component Some AC No AC



Component of the program 3+ antenatal 2+ tetanus IFT care visits injections supply 10 10 10 10 10 0 0 or 1 10 10 10 0 or 1 10 10 0 or 1 0 0 or 1 10 0 0 or 1 0 or 1 10 0 or 1 0 or 1 0 0 0 0



Total possible score 30 20 20, 21 20, 21 10, 11 10, 11 10, 11, 12 1, 2 0



Index 4 3



2 1 0



IFT: Iron-folic tablets. Component of the program, completion scores: 10 full, 1 some, 0 none.



A high proportion of women (41.4%) received some care, but did not complete the program. They fall in one of three categories: [3] if mother completed two full components (total score 20 or 21), [2] if completed one full component (total score 10, 11 or 12) and [1] if she had some care but did not complete any of the three components (total score 1 or 2). These last three categories are measures of “inadequate” treatment. The remaining category [0] comprises all women who did not have any type of antenatal care, in which case the total score takes a value of zero. The index also allows the identiﬁcation of exact combinations of complete and incomplete components when the program was not fully completed. Six additional sub-categories were constructed to reﬂect such combinations, in which the full components are: (i) three visits and two tetanus injections, (ii) two tetanus injections and the IFT supply, (iii) three visits and the IFT supply, (iv) three visits, (v) two tetanus injections and (vi) IFT supply. The analysis of these additional sub-categories is important to understand the isolated impact of speciﬁc antenatal care components and for the implementation of future policies. 13



Table 2 shows the percentage of population women in each sub-category. 22.1% of the mothers completed the full antenatal care treatment, 18.7% completed only two components, 16.7% ﬁnished only one component, 5.8% had some kind of antenatal care (but did not complete any component) and 36.8% did not have any kind of antenatal care. Using the index, I create ﬁve fully exclusive categorical variables which indicate whether the mother completed three, two, one, some or none of the components of the program. These variables are the ﬁrst measures of antenatal care, which I subsequently expand into nine dummies to distinguish exact combinations of complete and incomplete components. Table 2: Antenatal care (AC) expanded categories by degree of completion. Index 4



Degree of completion Complete



Total % women 22.1



3



two full components



18.7



2



one full component



16.7



1 Some AC 0 No AC Observations1/ Population size1/



5.8 36.8 16,288 17,765



Description of AC components by degree of completion Complete (i) Three visits and 2 tetanus injections (ii) 2 tetanus injections and the IFT supply (iii) Three visits and the IFT supply (iv) Three visits (main component) (v) 2 tetanus injections (main component) (vi) IFT supply (main component) Some antenatal care No antenatal care at all



% women 22.1 4.2 11.8 2.7 0.8 9.7 6.2 5.8 36.8 16,288 17,765



IFT: Iron-folic tablets. Observations is the number of women in the sample, and population size is the number of women they represent in the population after applying sample weights. Population size in millions.



1/



I also include the month or week of pregnancy when the antenatal care started15 , which is a traditional measure of antenatal care in the literature. A dummy variable indicates whether the beginning of antenatal care was in the ﬁrst trimester of pregnancy16 . The ﬁnal measure of antenatal care is whether the woman received an antenatal visit at home by a health worker. Table 3 provides descriptive statistics of these additional measures of antenatal care. 36.9% of women attended their ﬁrst antenatal visit within the ﬁrst trimester of pregnancy, and 22% received an antenatal visit at home by a health worker. As an initial examination of the eﬀect of antenatal care on babies’ health, Figure 2 shows the distribution of health outcomes17 by antenatal care participation (no antenatal care, in15



Some studies have emphasized the importance to start antenatal care during the ﬁrst semester of pregnancy, see for example Corman et al. (1987). 16 This variable only includes women who had attended at least one antenatal visit. This information is not applicable/relevant to those who did not have any type of antenatal care. Therefore, the omitted category are those women who participated in the antenatal care program but started after the fourth month of pregnancy. 17 Z-scores weight and height.



14



Table 3: Additional antenatal care variables. Variable



Description



ﬁrst3Mths AntVisit-HW



Observations



First visit on ﬁrst trimester of pregnancy Antenatal check-up at home by health worker



7,775 13,438



Population size 8,225 14,421



% women 36.9 22.0



Population size is the number of women they represent in the population after applying sample weights. Population size in millions.



complete18 and complete). Children of women who completed the antenatal care program or at least had some type of antenatal care seem to be heavier and taller. The mean of both outcomes were tested and were found statistically diﬀerent (Table A2, columns 1 and 2). Note as well, from Table A2, that the infant survival rate sharply increases with antenatal care participation (column 3).



.6



.5



Figure 2: Infant health and antenatal care (AC) participation, 0-6 moths-old babies. No AC Incomplete AC
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(a) Z-score weight.
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(b) Z-score height.



Explanatory variables



Infant health outcomes (weight and height) and child survival are modelled as dependent on antenatal care (described above), a set of individual, parental, household and village characteristics, and 25 Indian states dummy variables. Individual characteristics of babies are gender, age in months19 and whether they are the ﬁrst live birth of their mother. Parental characteristics are mother’s and father’s age at the time of birth, their level of education20 and whether 18



Includes the indices 1, 2 and 3 of Table 2. Age is not included as independent variable in the child survival model. 20 Consists of ﬁve dummy variables for each level of education: incomplete primary, complete primary, incomplete secondary, complete secondary and higher. The omitted category is no-education. 19
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the mother had a previous stillbirth. Household characteristics are: mother is household head, age of the head of the household at the time of the survey, religion and ethnicity. Village characteristics comprise eight dummy variables which indicate the distance to health facilities and the existence of social centres in the village. The health facilities are: (i) subcentre, primary health centre (PHC), community health centre (CHC), which are located in rural areas only; and (ii) government dispensary, government hospital, and private clinic or private hospital21 . Distance variables are six dummies which identify whether each group of health facilities, i.e. (i) or (ii), are available in the village, within 1-5 km or further (6 km or more). In some villages there are centres which help to develop social and economic networks among women and which also provide childcare. Those centres are called Mahila Mandal and Anganwadi centre. Anganwadi centre is mainly a childcare centre. Mahila Mandals are women’s clubs created in villages where “women from diﬀerent caste groups meet to share health knowledge and improve their socio-economic status. The women have diﬀerent economic programmes to improve their families and homes. This has a deep impact on the health of the people. In a number of villages, the women’s clubs are more active than the farmers’ clubs as the prime movers on such things as nutrition, health and hygiene, safe drinking water, kitchen gardens, aﬀorestation, credit bank, income generation, etc.” 22 . The availability of Mahila Mandal and Anganwadi centre are also explanatory variables in the model. Table A3 details the statistical information of each variable. 47.9% of babies are girls and 27.5% are ﬁrstborns. 69.7% of mothers and 39.6% of fathers did not have any kind of education. 5.6% of mothers had a stillbirth and 1.3% are household heads. 13.7% of households are Muslims and 82.3% are Hindu. 30.6% of villages have a Mahila Mandal and 51.4% an Anganwadi centre. The weight and height of babies seem to be higher if parents are more educated and if there are health facilities, Mahila Mandal and Anganwadi centre in villages. Antenatal care participation increases with parental education. High-educated mothers attended on average 5.78 antenatal visits, while uneducated women attended 1.37 only. Antenatal visits at home do not follow the same pattern, indicating that it might be a service provided by the government more than demanded by women. Muslim women are less likely to receive antenatal care. The presence of health facilities, Mahila Mandal and Anganwadi centre in the village was also found to encourage antenatal care participation. 21 22



These are health facilities of bigger size, located in urban and rural areas. Source: The Society for Comprehensive Rural Health Project. http://www.jamkhed.org/.
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Results



This section presents the estimates of the regression model described in Equation (7), in which the explanatory variables 𝑋1𝑖𝑗 , 𝑋2𝑗 and 𝑋3 are those described in Section 5.3. The dependent variables, 𝐻𝑖𝑗 , are the Z-scores of weight and height of babies between 0 and 6 months old, and a child survival dummy variable23 . Table 4 contains the OLS estimates of the three models24 . Columns one, three and ﬁve contain the estimates of the aggregate categories of the antenatal care index25 and of the other measures of antenatal care26 . Columns two, four and six show the results of the expanded deﬁnitions of the antenatal care components (single and pair combinations).



6.1



Eﬀects on weight



A simple linear model indicates that antenatal care can contribute to increasing the nutritional status of babies. In particular, Table 4 shows that the weight of babies increases 0.152 standard deviations (142 g on average), conditional on completion of the antenatal care treatment. It is not necessary that mothers complete the program to improve the weight of their babies. The combination of two components of the program increases the weight of babies by 0.097 standard deviations. Speciﬁcally, babies of women who attended three antenatal care visits and received two tetanus injections are heavier by 0.182 standard deviations. Two tetanus injections and the IFT supply provide 0.094 standard deviations more of weight to 0-6 months old infants. Three antenatal care visits and the IFT supply combination seems not to have any contribution to the weight of babies (Table 4 column 2). In general, it is required that women complete at least two components of the program, as one full component, or less, does not seem to have any impact on infants’ weight. Starting antenatal care early and antenatal check-ups at home by health workers seem not to have any eﬀect on infant weight (Table 4-rows 11 and 12).



6.2



Eﬀects on height



Eﬀects on the height of babies are very similar to those found for their weight. However, the magnitude of the impact is slightly stronger, and the completion of only one component weakly helps to improve the height of babies. This is a important result as height is a measure of long-term nutritional status, welfare, wellbeing and development of children. If mothers 23



= 1 if child is alive (0-6months), = 0 if child died between 0 and 6 months of age. Child survival model was estimated using probit since the dependent variables is dichotomous. 25 Two complete components and one complete component. 26 Note that I estimate three separate models in total. One in which the antenatal care variables are the dummies constructed with the index, and two more for the following antenatal care measures: (i) whether the woman started antenatal care during the ﬁrst three months of pregnancy and (ii) whether she had an antenatal check-up at home. Due to space constraints, they are presented in the same column. 24
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Table 4: Health impact of antenatal care (AC) on babies (0-6 months old). OLS results.



Type of antenatal care received Complete1/ Two complete components



Child health outcome Weight Z-score Height Z-score Child survival (1) (2) (3) (4) (5) (6) 0.152* [0.042] 0.097* [0.039]



Three visits and 2 tetanus injection



Three visits and the IFT supply -0.022 [0.040]



Three visits (main component) 2 tetanus injections (main component) IFT supply (main component) Some antenatal care First visit in ﬁrst trimester of pregnancy2/ Antenatal check-up at home (health worker) Constant Observations R-squared



0.218* [0.045] 0.155* [0.042]



0.182* [0.064] 0.094* [0.044] -0.013 [0.070]



2 tetanus injec. and the IFT supply



One complete component



0.154* [0.042]



-0.067 [0.056] 0.031 [0.034] 0.009 [0.031] -0.124 [0.090] 8,050 0.048



0.212* [0.045]



0.179* [0.070] 0.182* [0.046] -0.002 [0.076] 0.082+ [0.043]



0.223+ [0.135] -0.033 [0.047] -0.035 [0.057] -0.067 [0.056]



-0.124 [0.090] 8,050 0.049



0.126* [0.013] 0.146* [0.011]



-0.061 [0.061] 0.041 [0.035] 0.016 [0.033] -0.202+ [0.109] 7,219 0.034



0.126* [0.013]



0.167* [0.016] 0.133* [0.012] 0.130* [0.020] 0.112* [0.012]



0.222 [0.166] 0.098+ [0.051] 0.042 [0.058] -0.061 [0.061]



-0.182+ [0.110] 7,219 0.036



0.092* [0.016] 0.005 [0.012] 0.077* [0.011]



12,758



0.054 [0.043] 0.109* [0.014] 0.117* [0.015] 0.092* [0.016]



12,758



IFT: Iron-folic tablets. Robust standard errors in brackets; + signiﬁcant at 10%; * signiﬁcant at 5%. Notes: the number of observations is higher for the child survival model because weight and height information is available only for living children. Children were measured by the interviewer at the time of the survey. 1/ Components of complete AC are: at least 3 antenatal visits, at least 2 tetanus injections and an IFT supply. 2/ This variable includes only women who attended at least one antenatal visit, as this information is not applicable to those who did not have any type of antenatal care. The omitted category are all women who participated in the antenatal care program, but started after the fourth month of pregnancy. Therefore, in this model, the number of observations are always lower: 5,160 for weight Z-score (R2 =.056), 4,536 for height Z-score (R2 =.047) and 7,359 for child survival. Full results are presented in the appendix, Table A4
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complete their antenatal care, they can increase the height of their babies by 0.218 standard deviations (approximately, 1 cm on average). The combination of two complete components of the program, especially three visits and two tetanus vaccinations or two tetanus vaccinations and the IFT supply, seem to have a stronger eﬀect on height than in weight. These combinations were found to increase the stature of babies by 0.155 standard deviations as a whole. No eﬀects were found for antenatal visits at home or for a prompt initiation of the antenatal care treatment.



6.3



Impact on child survival



Previous results are relevant only for children who were strong enough to survive after birth. However, infant mortality is very high among newborns. Figure A1 plots the distribution of children’s age at death. The initial spike at zero months old indicates that a high proportion of newborns die soon after birth. Since the main objective of antenatal care programs is improving the health status of mothers and newborns, it is expected that those programs have a positive impact on the survival of babies. Columns ﬁve and six from Table 4 report the estimated marginal eﬀects (probit model) of antenatal care. All components of the antenatal care program, even if they are not complete, increase the probability of survival of infants. Full completion of antenatal care and the combination of two components increase the probability of infant survival by 12.6% and 14.6%, respectively. The only component which seems not to have a relevant impact on infant survival is when mothers attend only three or more medical visits and do not combine it with any other antenatal treatment (exclusive). Yet, the proportion of women in this category is only 0.8% (Table 2). Starting antenatal care sooner seems not to be relevant to reduce infant mortality. The eﬀect of the antenatal check at home is worth noting. Although they do not improve the weight or height of babies, they directly contribute towards reducing child mortality. Particularly, children of women who received an antenatal check-up at home by a health worker are more likely to reach the age of six months by 7.6%. These ﬁndings are consistent with Maitra (2004) who shows that antenatal care27 reduces the child mortality hazard. However, he did not analyse individual components of antenatal care and, consequently, their eﬀectiveness.



7



Complicated and normal pregnancies



Women can experience complications during pregnancy that may aﬀect the development of the baby in the womb. Antenatal care can help to reduce the health risks of those complications by treating them promptly and eﬀectively. Babies born from normal pregnancies can also beneﬁt 27



Dummy variable =1 if mothers went for antenatal care.
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from antenatal care since, as a preventive treatment, mothers may receive health education and advise on pregnancy care. Additionally, Conway and Deb (2005) emphasize that the outcomes of those two kinds of pregnancy may not have a single distribution. Therefore, it is necessary to diﬀerentiate them to estimate the actual eﬀects of antenatal care. The Indian 1998 NFHS28 asked women whether they experienced the following problems during pregnancy, as they are symptoms of pregnancy complications: - Night blindness; - Blurred vision; - Convulsions not from fever; - Swelling of the legs, body or face; - Excessive fatigue; - Anaemia; - Vaginal bleeding. An experienced physician29 was consulted about the frequency and signiﬁcance of each category. The ﬁrst four symptoms in the previous list are mainly related to three important pregnancy complications: Vitamin A deﬁciency, pre-eclampsia and eclampsia. Night blindness is a strong indicator of vitamin A deﬁciency on woman of childbearing age (without previous family record of night blindness). Women may experience blurred vision and swelling as signals for pre-eclampsia. Eclampsia is a serious complication of pregnancy which is characterised by convulsions. Women rarely survive eclampsia if they do not receive medical care. Note also that it is not necessary to develop pre-eclamptic symptoms before experiencing convulsions. Table 5 provides summary statistics of these symptoms. The ﬁrst three columns of the table contain a set of dummy variables which group them and relate them to possible pregnancy complications. Pregnancy problems (ﬁrst column) is a dummy variable that was created following the advice of the physician. It includes women who reported having experienced:



∙ Night blindness, or; ∙ Blurred vision AND swelling as pre-eclamptic symptoms, or; ∙ Convulsions AND attended/received at least one antenatal care visit, since the survival probability is very low without medical treatment30 , or; ∙ Anaemia AND received at least one antenatal care visit (needs medical test to identify anaemia)31 , or; 28



Note that this information is only available for the 1998/1999 NFHS. Nicolas Crossley. National Health Service (NHS). London, UK. 30 Other causes of convulsions can be epilepsy or infections. 31 The sample of women with pregnancy problems increases by 7.6% if I do not restrict the deﬁnition of these two complications (convulsions and anaemia) to antenatal care attendance. The changes in the results when using the unrestricted deﬁnitions are explained in the footnotes of Table 8. 29
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∙ Vaginal bleeding. Figure 3 shows the deﬁnition of the pregnancy problems dummy. This variable includes women in the shadowed areas of both graphs, or those who reported vaginal bleeding. Figure 3: Pregnancy problems dummy: shadowed areas.



Night blindness



Blurred vision



One or more antenatal medical Convulsions visits



Preeclampsia Vitamin A defficiency



Anaemia



Swelling



Eclampsia



According to their answers, 38% of women experienced problems during pregnancy, 20% anaemia, 18% pre- or eclampsia and 4% vaginal bleeding32 (Table 5, third row, columns 14). Women older than 25 years old were slightly more likely to report problems. Educated women were more likely to suﬀer from anaemia and vaginal bleeding but less from pre- or eclampsia. Women who had a spontaneous abortion were more likely to report complications during pregnancy (49.5%) than the rest of women (36.6%).



7.1



Unobserved heterogeneity - empirical examination



Traditional measures of antenatal care in the literature have been the total number of antenatal visits attended and the week or month of pregnancy when the care began33 . The disadvantage of each of these measures by their own is that they confound adverse self-selection and unobserved heterogeneity. On the one hand, women who experience complications during pregnancy tend to attend more visits (self-selection). On the other hand, those women who care more and want to ensure a good health status for their children, may start their antenatal care sooner and, also, attend more visits (unobserved heterogeneity). Using the information described in the previous section, it is possible to evaluate to what extend self-selection and unobserved heterogeneity are present in this data. Table 6 and Figure 4 compare the total number of antenatal care visits attended by women against the month when they attended the ﬁrst visit. The last four columns of the table summarise the t-test of population means. Women who did not have any type of antenatal care are excluded from 32



These percentages are not exclusive. e.g. Corman et al. (1987), Grossman and Joyce (1991), Currie and Grogger (2000), Conway and Deb (2005) and Maitra (2004). 33
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the previous tests as they never received or seek any type of treatment34 . On average, women who did not report any pregnancy problem attended the same number of visits than those who reported problems. Consider now the comparison by antenatal care onset. The means for both types of pregnancy are statistically equal in all cases35 , except when mothers attended the ﬁrst antenatal care visit on the second month of pregnancy. In this case, the average number of visits is slightly greater for the group of women with no complications. This result indicates that Indian women who experienced problems during pregnancy attended, in general, the same number of visits as those who had a normal pregnancy - no evidence of unobserved heterogeneity or adverse self-selection.



34



Information about the antenatal care onset is only available for those women who had some type of antenatal care. 35 As the t-test null hypothesis cannot be rejected at the 5% level of signiﬁcance.
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Pregnancy problems Anaemia



0.162 0.167 0.204 0.222 0.214 0.201 0.182 0.154 0.144 0.145 0.093 0.173 0.257 0.180 0.211 0.205 0.171 0.181 0.220



0.194 0.204 0.205 0.209 0.177 0.168 0.222 0.224 0.260 0.296 0.286 0.193 0.271 0.202 0.187 0.196 0.203 0.202 0.103



5,532 5,734 0.182 0.386 0 1



Pre- and eclampsia



Night blindness



0.040 0.006



0.047 0.036



0.038 0.064



0.040 0.034



0.041 0.047 0.031 0.030 0.031 0.057



0.039 0.037 0.043 0.030 0.059



0.158 0.184



0.199 0.139



0.158 0.169



0.153 0.202



0.191 0.178 0.137 0.084 0.043 0.030



0.141 0.141 0.180 0.192 0.208



5,840 5,844 6,036 6,040 0.039 0.158 0.194 0.365 0 0 1 1 Percentage of women2/



Vaginal bleeding



0.258 0.305



0.295 0.241



0.257 0.290



0.249 0.346



0.291 0.291 0.250 0.168 0.159 0.100



0.226 0.242 0.281 0.312 0.339



5,844 6,041 0.258 0.438 0 1



Blurred vision



0.164 0.209



0.188 0.154



0.165 0.171



0.161 0.203



0.191 0.150 0.125 0.110 0.128 0.090



0.147 0.147 0.190 0.210 0.192



5,843 6,038 0.165 0.371 0 1



Convulsions



0.286 0.345



0.312 0.275



0.284 0.355



0.283 0.327



0.300 0.280 0.260 0.241 0.259 0.326



0.261 0.273 0.317 0.316 0.333



5,841 6,037 0.287 0.452 0 1



Swelling



0.463 0.505



0.458 0.465



0.465 0.429



0.455 0.537



0.450 0.505 0.480 0.467 0.520 0.487



0.433 0.440 0.516 0.488 0.498



5,841 6,037 0.463 0.499 0 1



Excessive fatigue



Inc.: incomplete. 𝑥+ more than 𝑥 years old. Anaemia: if woman reported anaemia and had at least one antenatal care visit. Pre- and eclampsia: if mother reported pre- or eclampsia related symptoms during pregnancy, i.e. blurred vision and swelling (Pre-eclampsia) and convulsions (eclampsia). 1/ Observations is the number of women in the sample, and population size is the number of women they represent in the population after applying sample weights. Population size in millions. 2/ Row percentages: e.g. of the 100% of women who had a spontaneous abortion 49.5% reported pregnancy problems.



Mother characteristics Age 12-19 0.363 20-24 0.363 25-29 0.402 30-34 0.429 35+ 0.388 Education no education 0.382 Inc. Primary 0.391 Primary 0.360 Inc. Secondary 0.366 Secondary 0.401 Higher 0.359 Had a spontaneous abortion No 0.366 Yes 0.495 Had a stillbirth No 0.379 Yes 0.389 Working No 0.399 Yes 0.370 Mother is household head No 0.379 Yes 0.382



Descriptive statistics of each variable Observations1/ 5,844 5,321 Population size1/ 6,041 5,456 Mean 0.379 0.201 Std. Deviation 0.485 0.401 Minimum 0 0 Maximum 1 1



Component



Table 5: Problems experienced during pregnancy.



Table 6: Antenatal care (AC) beginning and visits by type of pregnancy. AC onset preg. month 0 1 2 3 4 5 6 7 8 9 Total



Mean (Antenatal visits) Type of pregnancy Complicated Normal 11.63 9.00 7.00 7.05 5.16 5.89 4.28 4.50 3.68 3.31 2.78 2.86 2.28 2.25 2.10 2.29 1.47 1.50 1.10 1.21 3.63 3.76



Means diﬀ.



t-test of population means t



2.63 0.73 -0.06 -0.08 -0.72 -2.01* -0.23 -1.04 0.37 1.66 -0.08 -0.57 0.04 0.27 -0.20 -1.44 -0.03 -0.26 -0.11 -0.82 -0.12 -1.12



p-value



obs.



pop. size



0.520 0.934 0.045 0.299 0.098 0.568 0.790 0.151 0.793 0.417 0.264



4 177 462 846 483 679 325 305 143 58 3,482



5.4 171.6 471.1 880.7 473.6 735.2 324.7 307.8 136.3 51.0 3,557.4



* signiﬁcant at 5%. Preg. month: Month of pregnancy. Means diﬀ.: Diﬀerence of the means. obs.: Observations - number of women in the sample. pop. size: Population size - number of women in the population after applying sample weights. Population size in millions. Recall that the sample of women in this table corresponds to all women who had some kind of antenatal care. Antenatal care onset is missing for women who did not attend any antenatal medical visits.



The previous results are conﬁrmed when comparing the means of the rest of antenatal care variables36 by type of pregnancy. Panel A of Table 7 shows the percentage of women by completion of antenatal care and type of pregnancy. As before, women who did not have any kind of antenatal care are excluded to make both samples comparable. On average, 36.2% of women who started the antenatal care program completed all three components. This percentage seems to be slightly higher among women who had a complicated pregnancy (37.8%), but the t-test shows that the diﬀerence is not statistically signiﬁcant. One complete component is the only category which shows signiﬁcant diﬀerences in the proportion of women who received antenal care by type of pregnancy. Speciﬁcally, women with normal pregnancies were more likely to receive two tetanus injections (21%) than women with pregnancy complications (13.7%)37 . This last result may indicate that more concerned women demand more tetanus vacinnations, which is a signal of unobserved heterogeneity. However, when I include all women in the sample and compare the population means of antenatal care for both types of pregnancy, there is evidence of self-selection. The demand for antenatal care is higher among women who experienced complications during pregnancy. The proportion of women who completed all components of the antenatal care program is higher 36 37



Explained in Section 5.2. t-test t=-5.57 p-value=0.000 - not shown in table.
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Figure 4: Antenatal care: beginning and visits by type of pregnancy.
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among women with complications (31.3% vs. 25.1% in Table 7, panel B, ﬁrst row). This result is similar for women who completed only two components (24.5% vs 19.7%) and opposite to women who did not have any type of antenatal care (17.3% vs 28.4%) (Table 7, panel B, rows two to ﬁve). In all cases, the null hypothesis of equality of means can be rejected at the 5% of signiﬁcance. The proportion of women with complications, who attended the ﬁrst visit within the ﬁrst trimester of pregnancy38 (42.6%), is not statistically diﬀerent from women with healthy pregnancies (43.2%). This reveals no evidence of unobserved heterogeneity, for the antenatal care onset, which is consistent with Table 6. Panel A from Table 7 shows that the proportion of women who had a normal pregnancy and completed one component of the program is higher than the proportion of women who experienced problems, as a result of a higher demand for tetanus vaccinations (discussed above). In panel B, this result is counteracted by a higher demand for IFT supply from women with complicated pregnancies39 . Therefore, the eﬀects of tetanus injections may be overestimated in the OLS regressions while the eﬀects of IFT supply may be under-estimated when women completed only one component of the program. In general, there is more evidence of adverse self-selection among Indian women, especially for the completion of antenatal care, the attendance of antenatal check-ups and the demand for the IFT supply; than for other forms of unobserved heterogeneity (tetanus vaccinations only). Therefore, it is expected that the OLS results in Table 4 may be under-estimated as a result of the endogeneity of antenatal care. 38



The sample here is, again, women who had some kind of antenatal treatment only. For this reason the number of observations is smaller (3,494). 39 The proportion of women who received the IFT supply is 5.8%(normal pregancies) vs. 8.4%(complicated) - t=3.12, p-value=0.002; and tetanus injections is 15% (normal pregancies) vs. 11.3% (complicated) - t=-3.59 p-value=0.000.



25



26 6.14 4.83 -0.96 1.06 -11.07 -0.57 0.97



2.74 2.17 -5.14 0.25 0



Means diﬀ.



4.26 3.68 -0.76 1.48 -8.86 -0.28 0.76



1.57 1.34 -3.28 0.27



t



0.000 0.000 0.447 0.138 0.000 0.776 0.445



0.116 0.179 0.001 0.790



p-value



5,844 5,844 5,844 5,844 5,844 3,494 5,842



4,383 4,383 4,383 4,383 4,383



obs.



6,041 6,041 6,041 6,041 6,041 3576 6,039



4,581 4,581 4,581 4,581 4,581



pop. size



t-test of population means



Preg. month: Month of pregnancy. Means diﬀ.: Diﬀerence of the means. obs.: Observations - number of women in the sample. pop. size: Population size - number of women in the population after applying sample weights. Population size in millions. 1/ The component which makes the means signiﬁcant diﬀerent is tetanus injections.



Type of antenatal care



% women Type of pregnancy Complicated Normal All PANEL A Women who had some kind of antenatal care Complete 37.8 35.1 36.2 Two complete components 29.6 27.4 28.3 One complete component1/ 24.6 29.8 27.7 Some antenatal care 8.0 7.8 7.9 None 0.0 0.0 0.0 PANEL B All women Complete 31.3 25.1 27.4 Two complete components 24.5 19.7 21.5 One complete component 20.4 21.3 21.0 Some antenatal care 6.6 5.6 6.0 None 17.3 28.4 24.2 First visit in ﬁrst trimester of pregnancy 42.6 43.2 43.0 Antenatal check-up at home 20.1 19.1 19.5



Table 7: Antenatal care by type of pregnancy.
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Figure 5: Residual distributions of weight and height models.
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(a) Weight residuals.



(b) Height residuals.



Conway and Deb (2005) show that complicated and normal pregnancies may follow a multimodal distribution, because their outcomes follow diﬀerent distributions. If this is the case, it is necessary to estimate the model using FMM, to ﬁnd the true eﬀect of antenatal care on children’s health. Figure 5 shows the distribution of the OLS residuals from weight and height regressions40 in my sample. These ﬁgures do not exhibit a bimodal distribution; therefore, FMM does not need to be applied for these data. As the distinction between normal and complicated pregnancies helps to avoid the selfselection bias in estimations, the following section evaluates the eﬀect of antenatal care by type of pregnancy. Before presenting the regression results, Figure 6 plots the distribution of weight and height Z-scores of babies by antenatal care completion41 and type of pregnancy. The health outcomes of babies born from complicated pregnancies improve when their mothers complete the antenatal care program, and even exceed those of babies from normal pregnancies whose mothers did not have any type of antenatal care. Table A5 summarises the t-test of population means. An interesting remark on Table A5 is that although the average weight and height of babies of mothers who did not participate in the antenatal care program is not statistically diﬀerent among both type of pregnancies, the infant mortality is much higher when women experience pregnancy complications. Therefore, the t-tests of population means are comparing babies from complicated pregnancies who were strong enough to survive42 against all (including frail) babies from normal pregnancies, when their mothers did not have any kind of antenatal care. Equation (7) was estimated by OLS for both types of pregnancy. The complete set of estimates are detailed in Tables 8 and 9. 40



Following Conway and Deb (2005), actual levels of weight and height are used as dependent variables in these regressions (not the Z-scores) to estimate the residuals and plot their distribution in Figure 5. 41 No antenatal care against complete antenatal care. 42 and who are from the top of the distribution of outcomes for complicated pregnancies.
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Figure 6: Infant health outcomes distribution by type of pregnancy (Preg.) and completion of antenatal care (AC). .5 .4 Kernel density .2 .3 0
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(a) Z-score weight.
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(b) Z-score height.



Eﬀects on weight and height - complicated vs. normal pregnancies



Antenatal care has positive and signiﬁcant eﬀects for both complicated and normal pregnancies, conditional on the completion of two or more components of the program (Table 8). The gains on weight due to antenatal care are slightly larger for children born from complicated pregnancies. Babies of women who experienced problems during pregnancy and completed antenatal care are heavier by 0.246 standard deviations, while those of women with normal pregnancies increase their weight by 0.203 standard deviations. When mothers do not ﬁnish the whole program, the strongest positive impact on infant’s weight comes from the combination of three or more visits and two or more tetanus vaccinations. Babies are heavier by 0.373 standard deviations if their mothers had a normal pregnancy, and by 0.333 standard deviations if mothers experienced problems during pregnancy. The combination of two or more tetanus injections and the IFT supply also improve the weight of babies from normal pregnancies by 0.195 standard deviations. This eﬀect is higher for babies from complicated pregnancies (0.236 standard deviations). Starting the antenatal care at an early stage of pregnancy (ﬁrst trimester) may improve the weight of babies of women who did not experience problems during pregnancy by 0.115 standard deviations. On the other hand, only the completion of antenatal care can make a diﬀerence on the height of 0-6 months old babies whose mothers experienced problems during pregnancy. They must ﬁnish the whole program to increase the stature of their babies by 0.216 standard deviations. Babies born from normal pregnancies are also taller by 0.216 standard deviations when their mothers complete the antenatal care program, but also beneﬁt from incomplete antenatal care. The combination of two tetanus injections and the IFT supply increases the height of babies 28



born from healthy pregnancies by 0.251 standard deviations. In conclusion, antenatal care contributes to improve the health and nutritional status of babies born from both type of pregnancies, but completing antenatal care is a requirement to have eﬀects on the long-run development of frail children born from complicated pregnancies.



7.3



Impact on child survival



Results in Table 9 indicate that the impact of antenatal care on infant survival is similar for babies born from normal and complicated pregnancies. In general, completion of antenatal care increases the survival probability of babies between 10% and 11%. Most of the antenatal care variables have positive and signiﬁcant eﬀects on reducing child mortality. Therefore, it is not required that women, who experienced complications in pregnancy, complete the program to improve the survival probability of their babies. I do not ﬁnd signiﬁcant eﬀects when mothers attend only three or more visits, or start the treatment before the fourth month of pregancy. Note also that the combination of three antenatal care visits and the IFT supply has positive and signiﬁcant eﬀects on the survival probability of children born from healthy pregnancies (13.1%). In addition, although the coeﬃcient of attending three visits only43 for babies from complicated pregancies is not signiﬁcant, it is positive. Recall that this group of women are those who, on average, attended more visits and demand more IFT. Apart from evaluating heterogeneous eﬀects by type of pregnancy, another way to investigate the endogeneity bias is by estimating the antenatal care impact on diﬀerent groups of children or at diﬀerent quantiles of the conditional distribution of outcomes. The following section presents the empirical estimation of Equation (7) distinguishing children by birth order, and for underweight and stunted children44 . In addition, I also estimate quantile regressions to evaluate the eﬀects of antenatal care at diﬀerent levels of the conditional distributions.



43



without IFT supply and none or one tetanus injections. Who fall at the lowest end of weight and height distributions, i.e. below two standard deviations from the mean. 44
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30 -0.052 [0.090] 0.115+ [0.061] -0.076 [0.058] -0.593* [0.157] 2,490 0.082



-0.045 [0.066]



Normal 0.203* [0.076] 0.219* [0.071]



Child health outcomes by type of pregnancy Weight Z-score Height Z-score Complicated Normal Complicated Normal Complicated Normal 0.246* 0.203* 0.245* 0.216* 0.216* 0.211* [0.104] [0.078] [0.105] [0.080] [0.095] [0.081] 0.234* 0.227* 0.131 [0.094] [0.073] [0.095] 0.373* 0.333* 0.254+ [0.123] [0.145] [0.143] 0.195* 0.236* 0.251* [0.079] [0.100] [0.076] 0.123 0.075 0.047 [0.126] [0.148] [0.137] 0.089 0.072 0.091 [0.100] [0.070] [0.096] -0.105 0.583 -0.17 [0.234] [0.409] [0.197] -0.017 0.095 0.07 [0.074] [0.120] [0.080] -0.104 0.042 0.1 [0.099] [0.110] [0.098] -0.008 -0.051 -0.009 -0.096 -0.053 -0.095 [0.128] [0.090] [0.128] [0.093] [0.136] [0.093] -0.036 0.037 -0.033 [0.067] [0.060] [0.065] -0.058 -0.026 -0.002 [0.069] [0.057] [0.063] -0.344 -0.576* -0.347 -0.266 -0.348+ -0.24 [0.215] [0.159] [0.216] [0.175] [0.198] [0.176] 1,655 2,490 1,655 2,514 1,667 2,514 0.065 0.083 0.068 0.079 0.047 0.08 -0.343+ [0.199] 1,667 0.049



0.484 [0.300] 0.115 [0.111] 0.028 [0.121] -0.054 [0.137]



0.173 [0.141] 0.147 [0.104] -0.022 [0.152]



Complicated 0.210* [0.096]



The sample of women with pregnancy problems increase by 7.6% when if I do not restrict the deﬁnition of two complications (convulsions and anaemia) to antenatal care attendance. The signiﬁcance of the results is the same. The size of the eﬀects becomes in general slightly smaller for nomal pregnancies and the positive eﬀect on the height of babies born from complicated pregnancies slightly increases.



Robust standard errors in brackets; + signiﬁcant at 10%; * signiﬁcant at 5%. IFT: Iron-folic tablets. Notes: Information about pregnancy complications is available only for the NFHS of 1998/1999, therefore, the number of observations are smaller. 1/ The number of observations for this model are 1,393 and 1,277 for normal and complicated pregnancies in the weight model; and 1,394 and 1284 in the height model.



Observations R-squared



Constant



Antenatal check-up at home (health worker)



First visit in ﬁrst trimester of pregnancy1/



Some antenatal care



IFT supply (main component)



2 tetanus injections (main component)



Three visits (main component)



One complete component



Three visits and the IFT supply



2 tetanus injections and the IFT supply



Three visits and 2 tetanus injections



Two complete components



Complete



Type of antenatal care received



Table 8: Antenatal care impact on infants’ nutrition by type of pregnancy (OLS).



Table 9: Antenatal care impact on infants’ survival by type of pregnancy (OLS). Type of antenatal care received Complete1/ Two complete components



Child survival by type of pregnancy Normal Complicated Normal Complicated 0.110* [0.025] 0.116* [0.021]



0.100* [0.030] 0.096* [0.026]



Three visits and 2 tetanus injections 2 tetanus injections and the IFT supply Three visits and the IFT supply One complete component



0.095* [0.019]



2 tetanus injections (main component) IFT supply (main component)



First visit in ﬁrst trimester of pregnancy Antenatal check-up at home (health worker) Observations



0.103* [0.025] 0.004 [0.022] 0.057* [0.022] 3,383



0.097* [0.030]



0.136* [0.029] 0.102* [0.022] 0.131* [0.034]



0.144* [0.026] 0.076* [0.028] 0.064 [0.048]



-0.002 [0.112] 0.097* [0.020] 0.087* [0.029] 0.103* [0.025]



0.059 [0.106] 0.107* [0.026] 0.075* [0.032] 0.076* [0.033]



3,383



2,247



0.097* [0.025]



Three visits (main component)



Some antenatal care



0.111* [0.025]



0.077* [0.033] -0.001 [0.023] 0.071* [0.024] 2,247



IFT: Iron-folic tablets. Robust standard errors in brackets; + signiﬁcant at 10%; * signiﬁcant at 5%. Notes: Information about pregnancy complications is available only for the NFHS of 1998/1999, therefore, the number of observations are smaller. 1/ Components of complete AC are: at least 3 antenatal visits, at least 2 tetanus injections and a three-months iron tablets supply. 2/ Number of observations in this model are 1,696 and 1,621 for normal and complicated pregnancies.



8 8.1



Extensions Birth-order eﬀects



First-born babies tend to be frail in comparison with higher-order children as they are born of relatively young and inexpert mothers. In my sample, for instance, a higher proportion of ﬁrst-born babies (33.5%) died before the age of six months, compared to the proportion of all higher-order babies who died before six months of age (26%). Table 10 details the estimated coeﬃcients of Equation (7) by birth order. Antenatal care has a positive impact on 31



the weight and height of all babies, but especially of ﬁrst-order children. First-born babies are heavier and taller when their mothers fully complete the antenatal care program by 0.180 and 0.289 standard deviations, while the gains in weight and height of higher-order children are in the order of 0.145 and 0.191 standard deviations, respectively. The completion of at least two components increases the weight and stature of ﬁrst-borns by 0.148 and 2.44 standard deviations, and of the higher-order children by 0.088 and 0.137 standard deviations. It is the combination of three or more antenatal care visits with two tetanus injections which drives the positive results on the weight of ﬁrst-born babies (by 0.292 standard deviations), while two tetanus injections and the IFT supply is the relevant combination to boost the short-term nutritional status of higher-order infants (by 0.109 standard deviations). The long-term nutritional status of ﬁrst-born babies is positively inﬂuenced by the completion of not only two components of the program but also one. The attendance at three or more antenatal visits, alone, or combined with two or more tetanus injections increases the stature of ﬁrst-borns by 0.684 or 0.328 standard deviations, respectively. In addition, babies of women who received at least two tetanus injections and the IFT supply, are taller by 0.239 standard deviations. On the other hand, women must complete two full components of the program to increase the height of higher-order children but, in particular, combine at least two tetanus injections with the IFT supply (0.176 standard deviations). In addition, a prompt start of antenatal care, within the ﬁrst three months of pregnancy, may have beneﬁcial eﬀects on the weight of ﬁrst-born children, as the coeﬃcient (0.111) is positive and signiﬁcant at 10%. I do not ﬁnd signiﬁcant eﬀects of antenatal check-ups at home on the weight or height of ﬁrst-borns and higher-order babies. Results also suggest that all babies are more likely to survive when mothers receive antenatal care (Table 11). As discussed above, the positive eﬀects are stronger for ﬁrst-born babies. Almost all components of antenatal care contribute to strengthen the likelihood that children live longer after birth. Speciﬁcally, the survival probability of ﬁrst-born and younger children increase by 18.5% and 10.1% when their mothers complete the program; by 18% and 13.8% if mothers complete at least two components; by 13.3% and 10.1% if mothers receive two tetanus vaccinations and by 13.8% and 11% when they are given the IFT supply. Low participation in the antenatal care program may also contribute to increase the survival probability of their children (9.1% and 9.6%). Children of women who were visited at home for an antenatal check-up are 9.2% more likely to survive if they are ﬁrst-born and 7.4% if they are younger. The greater beneﬁts on the health of ﬁrst-born babies indicate that they may be more elastic to antenatal care as they are often more fragile at birth. Mothers of higher-order children may have learnt from previous pregnancies or from previous antenatal care and have the necessary knowledge for subsequent pregnancies, even if they do not attend antenatal care.
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8.2



Vulnerable children



In this section, I introduce two new dependent (categorical) variables to identify babies who were severely underweight and stunted at the time of the survey. This is the group of most vulnerable infants. The new two dependent variables take the value of one if the weight or height of a child falls two standard deviations below their mean. As with the Z-scores, the mean and standard deviations are age and gender-speciﬁc. Table 12 reports the marginal eﬀects of the impact of antenatal care on the probability that a child is underweight or stunted - Equation (7). Consistent with the results in the previous section, antenatal care is more eﬀective on improving long-term measures of health, nutrition and welfare of children. Both complete and incomplete antenatal care reduce the probability of stunting on infants (0-6 months old). In particular, babies of women who ﬁnished the program are 3% less likely to be stunted. Regarding the program components, two or more tetanus vaccinations seem to have the greatest impact, as they, either combined with other component or not, reduce the likelihood of stunting by at least 2.5% among 0-6 months old infants. On the other hand, the combination of medical visits with tetanus vaccinations helps to reduce more the probability of wasting (extremely low weight) than other components or combinations. Completing antenatal care does not seem to strongly prevent wasting in babies who are 0-6 months old, although the coeﬃcient is negative. Babies of mothers who attended three antenatal care visits and two tetanus vaccinations are 5.6% less likely to be undernourished.
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34 -0.166 [0.133] 0.111+ [0.058] 0.067 [0.057] -0.462* [0.162] 2,151 0.112



0.037 [0.090]



First 0.165+ [0.090] 0.148+ [0.084]



Child health outcomes by birth order Weight Z-score Height Z-score Not ﬁrst First Not ﬁrst First Not ﬁrst First 0.148* 0.180* 0.145* 0.286* 0.199* 0.289* [0.047] [0.090] [0.048] [0.108] [0.049] [0.108] 0.088* 0.244* 0.137* [0.045] [0.101] [0.046] 0.292* 0.133 0.328* [0.107] [0.084] [0.134] 0.093 0.109* 0.239* [0.093] [0.050] [0.106] 0.088 -0.046 0.064 [0.151] [0.080] [0.180] -0.029 0.179+ 0.06 [0.045] [0.101] [0.047] 0.362 0.185 0.684* [0.434] [0.139] [0.271] -0.016 -0.031 0.203+ [0.106] [0.053] [0.115] 0.08 -0.056 0.11 [0.110] [0.066] [0.125] -0.043 -0.165 -0.044 -0.092 -0.037 -0.09 [0.061] [0.133] [0.062] [0.126] [0.069] [0.126] -0.022 0.081 0.022 [0.042] [0.062] [0.043] -0.006 0.065 0.008 [0.037] [0.061] [0.039] 0.016 -0.473* 0.023 -0.626* -0.053 -0.617* [0.112] [0.162] [0.112] [0.189] [0.136] [0.188] 5,899 2,151 5,899 1,930 5,289 1,930 0.044 0.115 0.046 0.088 0.03 0.091 -0.025 [0.137] 5,289 0.031



0.106 [0.193] 0.07 [0.056] 0.037 [0.065] -0.038 [0.069]



0.136 [0.085] 0.176* [0.052] -0.028 [0.085]



Not ﬁrst 0.191* [0.049]



IFT: Iron-folic tablets. Robust standard errors in brackets; + signiﬁcant at 10%; * signiﬁcant at 5%. 1/ Number of observations are 1,655 and 3,505 for ﬁrst-borns and higher-order children in the weight model; and 1,454 and 3,082 for ﬁrst-borns and higher-order children in the height model.



Observations R-squared



Constant



Antenatal check-up at home (health worker)



First visit in ﬁrst trimester of pregnancy1/



Some antenatal care



IFT supply (main component)



2 tetanus injections (main component)



Three visits (main component)



One complete component



Three visits and the IFT supply



2 tetanus injections and the IFT supply



Three visits and 2 tetanus injections



Two complete components



Complete



Type of antenatal care received



Table 10: Antenatal care impact on nutritional status of infants by birth order (OLS).



8.3



Quantile diﬀerences



Quantile regressions45 allow us to examine the impact of antenatal care at diﬀerent points of the weight and height conditional distributions. In this section, I evaluate how babies at the lower tail of the distribution beneﬁt from antenatal care and compare them with those at higher levels. Estimates of the quantile regressions46 for weight and height Z-scores are reported in Tables 13 and 14, respectively. The eﬀects of antenatal care seem to be stronger for babies at both ends of the conditional distributions of both weight and height. These results are remarkable as the most (and least) vulnerable children are beneﬁting more from the antenatal care policies. Although the completion of antenatal care produces similar improvements on weight (0.222 and 0.219 standard deviations) and height (0.193 and 0.171 standard deviations) on the lowest and highest quantiles, the beneﬁts for babies at the very bottom (0.10 and 0.25 quantiles) from incomplete antenatal care are slightly greater. The combination of at least two components of the program (either three visits and two tetanus injections; or two tetanus injections and the IFT supply) increases the weight of more vulnerable babies between 0.142 and 0.342 standard deviations and their height between 0.159 and 0.247 standard deviations. Another notable result is that the completion of only one component of the program may help to improve the long-term welfare of the most vulnerable babies (0.10 quantile). Two or more tetanus injections increase the height of babies by 0.189 standard deviations, and babies of women who received the IFT supply (weakly) grow 0.145 standard deviations more. Babies of women who started antenatal care in early pregnancy seem to be heavier at the upper levels of the distribution, with an increase in their weight above 0.086 standard deviations. The positive eﬀect on height of beginning antenatal care within the ﬁrst trimester of pregnancy is relevant only for children at the 0.75 quantile, increasing their stature by 0.067 standard deviations.



45



Also known as the least-absolute value minimization technique. Bootstrap estimates of the asymptotic variances of the quantile coeﬃcients are calculated with 100 repetitions. 46
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Table 11: Antenatal care impact on infants’ survival by birth order (OLS). Child survival by birth order First Not ﬁrst First Not ﬁrst



Type of antenatal care received Complete1/



0.185* [0.027] 0.179* [0.023]



Two complete components



0.101* [0.015] 0.138* [0.013]



Three visits and 2 tetanus injections 2 tetanus injections and the IFT supply Three visits and the IFT supply One complete component



0.133* [0.025]



2 tetanus injections (main component) IFT supply (main component)



First visit in ﬁrst trimester of pregnancy2/ Antenatal check-up at home (health worker)



0.102* [0.015]



0.216* [0.026] 0.166* [0.025] 0.075 [0.053]



0.150* [0.020] 0.122* [0.014] 0.149* [0.020]



0.049 [0.098] 0.133* [0.029] 0.138* [0.032] 0.092* [0.037]



0.055 [0.046] 0.101* [0.016] 0.111* [0.017] 0.096* [0.018]



3,555



9,203



0.105* [0.013]



Three visits (main component)



Some antenatal care



0.184* [0.027]



0.091* [0.037] 0.013 [0.022] 0.092* [0.022]



0.096* [0.018] 0 [0.014] 0.074* [0.013]



3,555



9,203



Constant Observations



IFT: Iron-folic tablets. Robust standard errors in brackets; + signiﬁcant at 10%; * signiﬁcant at 5%. 1/ Components of complete AC are: at least 3 antenatal visits, at least 2 tetanus injections and a three-months iron tablets supply. 2/ Number of observations in this model are 2,386 and 4,969 for ﬁrst-born and higher-order children.
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Table 12: Antenatal care impact on infant health for vulnerable children (OLS). Child health outcomes Underweight Stunted (1) (2) (3) (4)



Type of antenatal care received Complete1/



-0.018 [0.015] -0.009 [0.014]



Two complete components Three visits and 2 tetanus injections



-0.019 [0.015]



-0.030* [0.013] -0.025* [0.012]



-0.056* [0.020] 0.000 [0.016] 0.019 [0.029]



2 tetanus injections and the IFT supply Three visits and the IFT supply One complete component



0.008 [0.014]



Three visits (main component) 2 tetanus injections (main component) IFT supply (main component) Some antenatal care First visit in ﬁrst trimester of pregnancy2/ Antenatal check-up at home (health worker) Observations



0.010 [0.021] 0.008 [0.012] -0.001 [0.012] 8,050



-0.029* [0.013]



-0.030 [0.018] -0.027* [0.013] -0.003 [0.026] -0.025* [0.012]



-0.046 [0.042] 0.012 [0.018] 0.008 [0.021] 0.010 [0.021]



8,050



0.018 [0.020] -0.002 [0.011] -0.001 [0.011] 7,219



-0.037 [0.040] -0.024+ [0.014] -0.026 [0.016] 0.018 [0.020]



7,219



IFT: Iron-folic tablets. Robust standard errors in brackets; + signiﬁcant at 10%; * signiﬁcant at 5%. Marginal eﬀects of probit models are reported. 1/ Components of complete AC are: at least 3 antenatal visits, at least 2 tetanus injections and a three-months iron tablets supply. 2/ Number of observations in this model are 5,160 for underweight children and 4,536 for stunted children.
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38 0.067 [0.118] 0.003 [0.046] 0.023 [0.045] -1.008* [0.157] 8,050



0.035 [0.054]



0.209* [0.062] 0.163* [0.067]



q10



0.016 [0.064] 0.023 [0.037] -0.029 [0.034] -0.653* [0.107] 8,050



0.027 [0.043]



0.152* [0.045] 0.152* [0.043]



q25



-0.039 [0.059] 0.086* [0.031] -0.02 [0.036] -0.240* [0.090] 8,050



-0.016 [0.046]



0.134* [0.048] 0.096* [0.045]



q50



-0.06 [0.059] 0.087* [0.040] 0.027 [0.042] 0.194* [0.091] 8,050



-0.062 [0.054]



0.180* [0.057] 0.079+ [0.046]



0.036 [0.095] 0.111* [0.050] 0.042 [0.058] 0.485* [0.155] 8,050



0.029 [0.076]



0.229* [0.070] 0.149* [0.070]



-1.018* [0.135] 8,050



0.064 [0.196] 0.014 [0.067] 0.111 [0.078] 0.097 [0.103]



0.342* [0.106] 0.188* [0.067] 0.007 [0.098]



0.222* [0.059]



-0.650* [0.108] 8,050



0.135 [0.163] 0.003 [0.056] 0.034 [0.061] 0.015 [0.062]



0.223* [0.060] 0.142* [0.047] 0.07 [0.094]



0.150* [0.042]



Weight Z-scores by quantile q75 q90 q10 q25 q50



-0.241* [0.099] 8,050



0.128 [0.105] -0.044 [0.051] -0.018 [0.055] -0.031 [0.050]



0.171* [0.069] 0.067 [0.045] 0.096 [0.074]



0.135* [0.043]



IFT: Iron-folic tablets. Robust standard errors in brackets; + signiﬁcant at 10%; * signiﬁcant at 5%. 1/ Components of complete AC are: at least 3 antenatal visits, at least 2 tetanus injections and a three-month IFT supply. 2/ Number of observations in this model are 5,153.



Observations



Constant



Antenatal check-up at home (health worker)



First visit in ﬁrst trimester of pregnancy1/



Some antenatal care



IFT supply (main component)



2 tetanus injections (main component)



Three visits (main component)



One complete component



Three visits and the IFT supply



2 tetanus injections and the IFT supply



Three visits and 2 tetanus injections



Two complete components



Complete1/



Type of antenatal care received



Table 13: Antenatal care impact on infant health. Weight Z-scores quantiles.



q75



0.183 [0.115] 8,050



0.089 [0.206] -0.074 [0.060] -0.061 [0.073] -0.046 [0.063]



0.13 [0.082] 0.080+ [0.047] 0.056 [0.074]



0.188* [0.053]



q90



0.510* [0.203] 8,050



0.266 [0.210] 0.057 [0.088] -0.078 [0.092] 0.043 [0.085]



0.208 [0.145] 0.150+ [0.078] 0.041 [0.129]



0.219* [0.075]



39 0.045 [0.113] 0.018 [0.065] -0.037 [0.060] -1.144* [0.208] 7,219



0.168* [0.084]



0.191* [0.094] 0.212* [0.080]



q10



-0.012 [0.064] 0.001 [0.041] 0.003 [0.041] -0.672* [0.117] 7,219



0.054 [0.052]



0.167* [0.049] 0.137* [0.044]



q25



-0.078 [0.056] 0.022 [0.026] 0.003 [0.032] -0.365* [0.104] 7,219



0.015 [0.046]



0.123* [0.043] 0.086* [0.037]



q50



-0.081 [0.060] 0.067* [0.034] 0.024 [0.038] -0.052 [0.111] 7,219



0.011 [0.050]



0.187* [0.043] 0.097* [0.043]



-0.151 [0.120] 0.044 [0.055] -0.051 [0.068] 0.875* [0.299] 7,219



0.105 [0.091]



0.175* [0.081] 0.063 [0.072]



-1.136* [0.198] 7,219



0.236 [0.154] 0.189* [0.080] 0.145+ [0.088] 0.061 [0.108]



0.247+ [0.128] 0.194* [0.084] 0.217 [0.133]



0.193* [0.097]



-0.682* [0.117] 7,219



0.175 [0.165] 0.065 [0.048] 0.053 [0.066] 0.004 [0.063]



0.214* [0.076] 0.159* [0.053] 0.019 [0.068]



0.168* [0.051]



Height Z-scores by quantile q75 q90 q10 q25 q50



-0.355* [0.102] 7,219



0.007 [0.124] 0.034 [0.051] -0.01 [0.053] -0.079 [0.060]



0.137* [0.059] 0.076 [0.049] 0.017 [0.058]



0.119* [0.041]



IFT: Iron-folic tablets. Robust standard errors in brackets; + signiﬁcant at 10%; * signiﬁcant at 5%. 1/ Components of complete AC are: at least 3 antenatal visits, at least 2 tetanus injections and a three-month IFT supply. 2/ Number of observations in this model are 4,529.



Observations



Constant



Antenatal check-up at home (health worker)



First visit in ﬁrst trimester of pregnancy2/



Some antenatal care



IFT supply (main component)



2 tetanus injections (main component)



Three visits (main component)



One complete component



Three visits and the IFT supply



2 tetanus injections and the IFT supply



Three visits and 2 tetanus injections



Two complete components



Complete1/



Type of antenatal care received



Table 14: Antenatal care impact on infant health. Height Z-scores quantiles.



q75



-0.001 [0.108] 7,219



0.026 [0.150] 0.035 [0.056] -0.05 [0.069] -0.073 [0.058]



0.184* [0.069] 0.083+ [0.048] -0.006 [0.067]



0.174* [0.046]



q90



0.855* [0.267] 7,219



-0.087 [0.296] 0.116 [0.110] 0.115 [0.127] -0.167 [0.127]



0.062 [0.106] 0.119 [0.092] -0.062 [0.119]



0.171* [0.081]
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Mother Fixed Eﬀects



Up to now, I have discussed the eﬀect of antenatal care on the health outcomes of newborns and young infants (0-6 months old). The selection of this cohort was based on three factors. First, it is expected that the direct eﬀect of antenatal care at this age is stronger. Second, it may be argued that babies under six months of age receive a standard type of care. And third, after that age the heterogeneity on individual health investments and the demand for other health services, which may be correlated with antenatal care, may be stronger. However, it is also expected that antenatal care has a persistent eﬀect on children’s health. In this section, I expand the sample to evaluate the eﬀects of antenatal care on the health of children from zero to four years of age. As before, their weight and height47 are standardised using z-scores by age and gender (Section 5). In addition, I control for unobserved heterogeneity at the mother level, by estimating Equation (7) with mother×gender48 ﬁxed eﬀects. This methodology requires that all women in the sample have at least two children of the same gender. Antenatal care data are available for the last three live births in the four years before the 1992/1993 NFHS and for the last two pregnancies in the three years preceding the 1998/1999 NFHS. A potential problem with this sample is that birth-spacing is short and these mothers might not be representative of the population. In order to investigate this further, I compare the birth-spacing distribution for the full sample of interviewed women, with the sub-set of women who had two children for whom antenatal care information is available, i.e. mother ﬁxed-eﬀects sample (Figure 7). For consistency, I restrict the sample to women with two children for both surveys. Both distributions look similar for the 1992/1993 NFHS, except at the right tail. The birth-interval for both samples is the same at the 25th centile (21 months), and the median is similar (25 vs. 27 months), but at the 75th centile the diﬀerence is six months (32 vs. 38 months). Therefore, the sample of women with two children from the 1992/1993 NFHS is more representative of women with birth intervals below the median than above. In the case of the 1998/1999 NFHS, the distributions look very diﬀerent. The sample of women with two children is not representative of the population above the 10th percentile, as from this point the diﬀerence in their birth-spacing is more than two months. For this reason, I will only use the 1992/1993 sample to estimate mother ﬁxed eﬀects. This sample is, however, relevant since short birth-spacing children are more vulnerable. Bhalotra and Soest (2007), for example, show that a 10% increase in the lenght of birth interval reduces the probability of neonatal mortality by 45 percentage-points. In the ﬁnal sample, 16.6% of women have both children in a diﬀerent category of the antenatal care index. 47 48



Measured by the surveyor. Multiplicative ﬁxed eﬀects in which the health outcomes of same sex siblings are compared.



40



.06



Figure 7: Distribution of birth-spacing. Mother ﬁxed-eﬀects sample vs. all women. Full sample NFHS 1998/1999
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(b) NFHS 1998/1999.



Table 15 details mother×gender ﬁxed eﬀects results. Full completion of antenatal care has positive persistent eﬀects on the weight (increase of 0.188 standard deviations) and height (weak increase of 0.205 standard deviations) of children. Incomplete antenatal care may help to increase the weight of children when the mother receives two tetanus vaccination and the IFT supply. No other combination of components or incomplete antenatal care has eﬀects on the weight or height of children. On the other hand, all components of antenatal care (complete and incomplete) help to reduce child mortality. However, children of women who completed the full antenatal program or at least attended three medical visits and two tetanus injections are the most beneﬁted. Their survival probability increases between 17.7% and 20.8% compared to children of women who did not get any antenatal care. Children younger than four years old are 3.5% more likely to survive when their mothers start the antenatal care program on the ﬁrst trimester of pregnancy. Having an antenatal check-up at home increases the weight of these children by 0.140 standard deviations and their survival probability by 5.4%. Although the samples are not the same, the magnitude of the eﬀects of complete antenatal care on the weight and survival of children seem to be larger when I control for unobserved heterogeneity at the mother level. The beneﬁts of complete antenatal care on the weight and survival of 0-6 months-old babies are smaller (0.152 and 12.6%) in the OLS estimation (Table 4). This result gives some evidence of adverse self-selection in the demand for antenatal care among Indian women. In summary, mother×gender ﬁxed eﬀects results indicate that antenatal care may have strong positive and persistent eﬀect on the nutritional status and survival of children, especially when their mothers fully complete the antenatal care program. 41



Table 15: Health impact of antenatal care (AC). Mother×gender ﬁxed eﬀects.



Type of antenatal care received Complete1/ Two complete components



Child health outcome Weight Z-score Height Z-score Child survival (1) (2) (3) (4) (5) (6) 0.188* [0.095] 0.145+ [0.086]



Three visits and 2 tetanus injections



Three visits and the IFT supply 0.116 [0.085]



Three visits (main component) 2 tetanus injections (main component) IFT supply (main component) Some antenatal care First visit in ﬁrst trimester of pregnancy2/ Antenatal check-up at home (health worker) Constant Observations Number of mothers-childgender R-squared



0.205+ [0.110] 0.063 [0.107]



0.065 [0.161] 0.258* [0.095] -0.108 [0.134]



2 tetanus injections and the IFT supply



One complete component



0.175+ [0.096]



-0.017 [0.099] -0.098 [0.074] 0.140* [0.071] 0.064 [0.228] 10,778 8,622 0.05



0.200+ [0.108]



0.001 [0.149] 0.131 [0.120] -0.104 [0.199] 0.09 [0.108]



-0.025 [0.222] 0.193+ [0.115] 0.038 [0.111] -0.023 [0.099]



0.101 [0.229] 10,778 8,622 0.054



0.177* [0.027] 0.141* [0.026]



-0.15 [0.146] -0.111 [0.078] 0.121 [0.089] -0.246 [0.309] 8,331 6,654 0.069



0.171* [0.027]



0.208* [0.045] 0.123* [0.028] 0.105* [0.036] 0.106* [0.028]



-0.292 [0.295] 0.141 [0.144] 0.096 [0.138] -0.17 [0.146]



-0.24 [0.310] 8,331 6,654 0.072



0.051+ [0.028] 0.035* [0.016] 0.054* [0.022] 0.852* [0.024] 14,936 11,280 0.031



0.054 [0.073] 0.139* [0.040] 0.092* [0.034] 0.051+ [0.029]



0.852* [0.024] 14,936 11,280 0.033



IFT: Iron-folic tablets. Robust standard errors in brackets; + signiﬁcant at 10%; * signiﬁcant at 5%. Notes: the number of observations is higher for the child survival model because weight and height information is available only for living children. They were measured by the interviewer at the time of the survey. 1/ Components of complete AC are: at least 3 antenatal visits, at least 2 tetanus injections and an IFT supply. 2/ This variable includes only women who attended at least one antenatal visit, as this information is not applicable to those who did not have any type of antenatal care. The omitted category are all women who participated in the antenatal care program, but started after the fourth month of pregnancy. Therefore, in this model, the number of observations are always lower: 6,377 for weight Z-score (R2 =.06), 4,744 for height Z-score (R2 =.11) and 8,335 for child survival. The respective number of mothers-childgender groups are 5,233 (weight), 3,900 (height) and 6,593 (child survival).
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Conclusions



The primary objective of this study is to analyse to what extent antenatal care has a signiﬁcant impact on infant health in India. Using two rounds of the Indian NFHS, I estimate health production functions of weight and height, and child survival of 0-6 months-old babies. A simple linear model indicates that antenatal care can contribute to increase the nutritional status of babies. It is not necessary that mothers complete the program to improve the weight of their babies, but at least two components should be completed. The combinations which are more eﬀective to increase babies’ weight are the attendance of three antenatal care visits combined with two tetanus injections, or, two tetanus injections with the iron folic tables supply. Antenatal care is more eﬀective in improving long-term measures of health, nutrition and welfare of children. The magnitude of the antenatal care impact on height is stronger than on weight and the completion of only one component may help to improve the height of babies. All components of the antenatal care program, even if they are not complete, increase the probability of survival of infants. Results by type of pregnancy indicate that antenatal care increases the weight of babies born from both complicated and normal pregnancies, conditional on the completion of two or more components of the program. This eﬀect is slightly larger for complicated pregnancies. On the other hand, the completion of only one antenatal care program can make a diﬀerence on the height of 0-6 months-old babies whose mothers experienced problems during pregnancy. In addition, most of the antenatal care variables have positive and signiﬁcant eﬀects on reducing child mortality for both types of pregnancy. Similarly, complete and incomplete antenatal care reduce the incidence of stunting among infants. Two or more tetanus vaccinations seems to be the more eﬀective component to reach this objective. On the other hand, the combination of medical visits with tetanus vaccinations is the component which helps to reduce more the probability of wasting. The eﬀects of antenatal care seem to be stronger for babies at both ends of the conditional distributions of both weight and height, which indicates that the most and least vulnerable children are beneﬁting more from the antenatal care policies. The completion of only one component of the program may help to improve the long-term welfare of the most vulnerable babies (0.10 quantile). Mother × gender ﬁxed eﬀects results indicate that antenatal care may have strong positive and persistent eﬀect on the nutritional status and survival of children, especially when their mothers fully complete the antenatal care program. Finally, the current antenatal care policies in India may considerably improve babies’ health outcomes, reduce child and maternal mortality rates and counteract the negative eﬀects of low birth weight and frail infant development. These policies directly contribute to three of the 43



eight World Bank’s Millennium Development Goals: promote gender equality and empower women, reduce child mortality and improve maternal health. Nevertheless, it is necessary to continue making eﬀorts towards the achievement of an universal antenatal care coverage since, nowadays, only 22.1% of women have completed their antenatal care programme.
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Figure A1: Distribution of age at death of children in months.
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Table A1: Two-sample t-test with equal variances by normal and low birth weight.



Birth weight Normal Low t-test of means mean(Normal)-mean(Low) = t p-value Observations Population size



Children health variables (population mean) Weight Height Child is Z-score Z-score Alive (1) (2) (3) 0.412 0.304 0.913 -0.149 -0.111 0.811 0.561 9.51* 0.000 1,279 1,302



0.415 6.30* 0.000 1,173 1,179



0.103 4.82* 0.000 1,601 1,630



* signiﬁcant at 5%. Observations is the number of women in the sample, and population size is the number of women they represent in the population after applying sample weights. Population size in millions.
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Table A2: Two-sample t-test with equal variances by antenatal care completion.



No. 0 1 2



Antenatal care None Incomplete1/ Complete Observations Population size



Population means Weight Height Child is Z-score Z-score Alive (1) (2) (3) -0.179 -0.133 0.616 -0.107 -0.028 0.774 0.077 0.117 0.785 8,463 7,587 13,548 8,923 7,914 14,546



Tested Diﬀerence t-test of population means means of the means t p-value Weight Z-score H0 : (0)-(1)=0 -0.07 -2.35* 0.019 H0 : (1)-(2)=0 -0.18 -6.35* 0.000 H0 : (0)-(2)=0 -0.26 -7.71* 0.000 Height Z-score H0 : (0)-(1)=0 -0.11 -3.29* 0.001 H0 : (1)-(2)=0 -0.14 -4.83* 0.000 H0 : (0)-(2)=0 -0.25 -7.15* 0.000 Child is alive H0 : (0)-(1)=0 -0.16 -14.73* 0.000 H0 : (1)-(2)=0 -0.01 -1.11 0.267 H0 : (0)-(2)=0 -0.17 -14.14* 0.000 * signiﬁcant at 5%. No.: Number. H0 : Null hypothesis. 1/ Incomplete: if mother completed two, one or some of the components of the antenatal care program (index values 3, 2 and 1).
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Total observations



Age 16-24 25-29 30-34 35-39 40+ Education No education Inc. primary Primary Inc. secondary Secondary



Age 12-19 20-24 25-29 30-34 35+ Education No education Inc. primary Primary Inc. secondary Secondary Higher Had a stillbirth No Yes



Gender Girl Boy First born No Yes



39.6 8.5 7.9 21.7 10.9



5,362 1,156 1,062 2,933 1,478



94.4 5.6



12,837 761



20.5 32.0 22.3 14.5 10.8



69.7 7.0 5.7 11.3 3.4 2.9



9,461 947 777 1,538 465 387



2,741 4,294 2,982 1,942 1,446



24.2 37.0 22.4 10.6 5.8



72.5 27.5



9,859 3,743



3,285 5,037 3,045 1,447 789



47.9 52.1



%



6,520 7,082



Descriptive statistics Observations Population size Mean Std. Deviation Minimum Maximum



Component



-0.156 -0.080 -0.106 -0.033 -0.007



-0.156 -0.065 -0.033 -0.112 -0.043



-0.076 -0.076



-0.154 -0.048 0.019 0.067 0.200 0.275



-0.151 -0.075 -0.023 -0.039 -0.108



-0.060 -0.121



-0.081 -0.071



8,463 8,923 -0.076 0.972 -2.81 5.76



-0.077 -0.006 -0.026 -0.001 0.030



-0.119 -0.022 0.016 -0.012 0.061



-0.015 -0.098



-0.073 0.019 0.009 0.105 0.046 0.271



-0.114 -0.006 0.011 0.016 0.044



0.005 -0.089



-0.023 -0.016



7,587 7,914 -0.019 0.973 -4.50 4.49



Complete (%)



0.235 0.252



0.151 0.322 0.351 0.488 0.635 0.693



0.270 0.283 0.228 0.163 0.096



0.679 0.698 0.696 0.740 0.777



0.606 0.740 0.772 0.775 0.717



0.162 0.233 0.208 0.276 0.357



0.240 0.284 0.265 0.188 0.169



0.723 0.246 0.653 0.209 Father characteristics



0.694 0.716 0.777 0.783 0.821 0.863



0.624 0.747 0.780 0.733 0.681



0.740 0.207 0.665 0.341 Mother characteristics



0.731 0.709



13,602 13,548 14,611 14,546 0.719 0.244 0.449 0.429 0 0 1 1 Children characteristics



Health outcomes (mean) Weight Height Child is Alive Z-score1/ Z-score1/



0.379 0.476 0.462 0.441 0.399



0.409 0.429 0.422 0.400 0.376



0.414 0.393



0.412 0.491 0.477 0.403 0.312 0.275



0.418 0.426 0.421 0.372 0.361



0.418 0.402



0.418 0.409



13,548 14,546 0.413 0.492 0 1



Incomplete2/ (%)



Table A3: Descriptive statistics.



0.459 0.292 0.330 0.283 0.244



0.351 0.287 0.313 0.412 0.455



0.340 0.398



0.437 0.188 0.172 0.109 0.053 0.032



0.312 0.291 0.351 0.466 0.543



0.375 0.257



0.347 0.339



13,548 14,546 0.343 0.475 0 1



1.42 1.97 1.82 2.33 2.70



1.88 2.26 2.28 1.72 1.57



2.05 1.83



1.37 2.48 2.82 3.67 4.93 5.78



2.10 2.31 2.02 1.49 1.05



1.78 2.70



2.02 2.05



13,532 14,523 2.034 2.711 0 26



Antenatal Care None No. visits (%) (mean)



0.219 0.230 0.224 0.199 0.217



0.222 0.194



0.207 0.249 0.237 0.278 0.219 0.213



0.235 0.229 0.214 0.190 0.174



0.217 0.228



0.223 0.217



13,438 14,421 0.220 0.414 0 1



visit at home (%)



0.278 0.217 0.306 0.237 0.349 0.229 0.373 0.228 0.469 0.203 Continued on next page



0.369 0.380 0.375 0.352 0.335



0.372 0.327



0.280 0.363 0.429 0.492 0.596 0.677



0.360 0.389 0.371 0.336 0.273



0.335 0.439



0.368 0.370



7,775 8,225 0.369 0.483 0 1



1st visit, 1st trimester (%)
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1,543



Total observations



-0.077 0.037 -0.093 -0.083 0.254 -0.111 -0.144 -0.057



82.3 13.6 4.2



18.0 11.3 70.7



-0.069 -0.070 0.001



-0.019 -0.059 0.096



-0.020 0.022 0.244 0.194 0.402



0.244 0.248



0.334 0.204 0.216 0.190 0.368 0.171 0.314



0.718 0.706 0.735 0.709 0.747 0.689 0.750



0.400 0.428



0.420 0.402



0.397 0.433 0.414



0.421 0.433 0.385



0.431 0.406 0.410



0.413 0.418 0.396



0.414 0.370



0.428 0.258



0.390 0.230



0.268 0.362 0.370



0.260 0.361 0.419



0.341 0.451 0.326



0.343 0.388 0.202



0.342 0.382



0.186



1.48 2.57



1.62 2.99



2.78 1.71 1.80



2.65 1.71 1.66



1.77 1.35 2.21



2.02 1.75 3.22



2.04 1.91



3.19



Antenatal Care None No. visits (%) (mean)



0.324 0.401



0.338 0.420



0.386 0.337 0.384



0.427 0.339 0.313



0.307 0.332 0.388



0.370 0.340 0.418



0.368 0.423



0.527



1st visit, 1st trimester (%)



No. visits: Number of visits. PHC: Primary health centre. CHC: Community health centre. Observations is the number of women in the sample, and population size is the number of women they represent in the population after applying sample weights. Population size in millions. Notes: All means are weighted using the sample mean. 1/ The means of both weight and height Z-scores are not exactly equal to zero as this is the sample-weighted mean. Sample mean is exactly equal to zero. 2/ Include categories for which the index takes values 3, 2 and 1 in table 1: (3) two full components, (2) one full component and (1) some antenatal care.



0.320 0.206 0.195



0.743 0.724 0.685



0.698 0.228 0.719 0.143 0.725 0.264 Village characteristics



0.715 0.725 0.781



0.720 0.657



Health outcomes (mean) Weight Height Child is Complete Incomplete2/ Alive (%) Z-score1/ Z-score1/ (%) 0.027 0.052 0.795 0.397 0.417 Household characteristics



98.7 1.3



11.4



%



Distance to Sub-centre, PHC and CHC (rural areas) In Village 4,855 36.7 -0.031 0.007 0-5 kms 4,780 36.1 -0.072 -0.044 more than 5 km 3,605 27.2 -0.144 -0.013 Distance to public and private health facilities In Village 3,615 27.3 -0.039 -0.037 0-5 kms 4,440 33.6 -0.120 -0.053 more than 5 km 5,181 39.1 -0.058 0.019 Mahila Mandal in the village No 9,273 69.4 -0.105 -0.018 Yes 4,084 30.6 -0.007 -0.015 Anganwadi centre in the village No 6,489 48.7 -0.136 -0.049 Yes 6,848 51.4 -0.021 0.013



Mother is Household head No 13,419 Yes 183 Religion Hindu 11,175 Muslim 1,841 Other 567 Ethnicity Sched. Caste 2,450 Sched. Tribe 1,542 Other 9,610



Higher



Component



Table A3: Descriptive statistics. Continued.



0.186 0.252



0.199 0.268



0.282 0.194 0.199



0.234 0.196 0.232



0.227 0.239 0.215



0.230 0.167 0.203



0.221 0.162



0.215



visit at home (%)
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First Born



Six months old



Five months old



Four months old



Three months old



Two months old



One month old



Boy



NFHS92



Antenatal ckup at home healthwrkr



1st visit on 1st trim of preg



Some antenatal care



Iron supply (main comp.)



2 tetanus injections (main comp.)



Three visits (main comp.)



One complete component



Three visits and the iron supply



2 tetanus injections and the iron supply



Three visits and 2 tetanus injections



Two complete components



Complete



Type of antenatal care received



-0.096* [0.027] 0.017 [0.025] 0.017 [0.054] -0.017 [0.052] 0.011 [0.052] 0.003 [0.052] -0.029 [0.052] 0.012 [0.052] -0.114* [0.035]



-0.067 [0.056]



-0.022 [0.040]



0.152* [0.042] 0.097* [0.039]



(1)



-0.099* [0.027] 0.015 [0.025] 0.018 [0.054] -0.018 [0.052] 0.009 [0.052] 0.002 [0.053] -0.032 [0.052] 0.01 [0.052] -0.119* [0.036]



0.223+ [0.135] -0.033 [0.047] -0.035 [0.057] -0.067 [0.056]



0.182* [0.064] 0.094* [0.044] -0.013 [0.070]



0.154* [0.042]



-0.098* [0.034] -0.004 [0.031] 0.011 [0.064] 0.054 [0.063] 0.157* [0.063] 0.144* [0.064] 0.105 [0.064] 0.188* [0.063] -0.078+ [0.041]



0.031 [0.034]



Weight Z-score (2) (3)



0.009 [0.031] -0.096* [0.027] 0.021 [0.025] 0.014 [0.054] -0.02 [0.052] 0.009 [0.052] -0.002 [0.052] -0.028 [0.052] 0.012 [0.052] -0.104* [0.036]



(4)



-0.024 [0.031] -0.001 [0.026] 0.016 [0.065] 0.016 [0.063] 0.027 [0.064] 0.012 [0.064] 0.015 [0.063] 0.037 [0.064] -0.096* [0.038]



-0.061 [0.061]



0.082+ [0.043]



0.218* [0.045] 0.155* [0.042]



-0.021 [0.031] -0.004 [0.026] 0.017 [0.065] 0.015 [0.063] 0.024 [0.064] 0.012 [0.064] 0.014 [0.064] 0.038 [0.064] -0.100* [0.038]



0.222 [0.166] 0.098+ [0.051] 0.042 [0.058] -0.061 [0.061]



0.179* [0.070] 0.182* [0.046] -0.002 [0.076]



0.212* [0.045]



-0.02 [0.038] 0.011 [0.032] 0.043 [0.071] 0.096 [0.071] 0.166* [0.072] 0.172* [0.072] 0.142* [0.072] 0.159* [0.070] -0.05 [0.042]



0.041 [0.035]



Child health outcome Height Z-score (5) (6) (7)



0.016 [0.033] -0.034 [0.031] 0.002 [0.026] 0.008 [0.065] 0.007 [0.063] 0.022 [0.064] 0.004 [0.064] 0.012 [0.064] 0.035 [0.064] -0.084* [0.038]



(8)



-0.033* [0.013]



-0.046* [0.010] -0.020* [0.009]



0.092* [0.016]



0.112* [0.012]



0.126* [0.013] 0.146* [0.011]



(9)



-0.016 [0.015]



-0.050* [0.012] -0.018+ [0.011]



-0.023+ [0.013]



0.077* [0.011] -0.058* [0.010] -0.019* [0.009]



(12)



Continued on next page



-0.034* [0.013]



-0.046* [0.010] -0.020* [0.009]



0.054 [0.043] 0.109* [0.014] 0.117* [0.015] 0.092* [0.016]



0.167* [0.016] 0.133* [0.012] 0.130* [0.020]



0.005 [0.012]



Child survival (10) (11) 0.126* [0.013]



Table A4: Health impact of antenatal care (AC) on babies (0-6 months old). OLS results. Full Results.
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1 if scheduled Caste



OtherRel



Muslim



Mother is household head



Father - Higher Education



Father - Complete Secondary



Father - Incomplete Secondary



Father - Complete Primary



Father - Incomplete Primary



Father’s age 40+



Father’s age 35-39



Father’s age 30-34



Father’s age 25-29



Mother had stillbirths



Mother - Higher Education



Mother - Complete Secondary



Mother - Incomplete Secondary



Mother - Complete Primary



Mother - Incomplete Primary



Mother’s age 35+



Mother’s age 30-34



Mother’s age 25-29



Mother’s age 20-24



Type of antenatal care received 0.012 [0.039] 0.083+ [0.048] 0.1 [0.066] 0.04 [0.080] 0.027 [0.051] 0.109* [0.048] 0.136* [0.044] 0.226* [0.064] 0.298* [0.074] 0.028 [0.062] 0.031 [0.040] 0.023 [0.046] -0.039 [0.056] 0.081 [0.066] 0.034 [0.047] 0.027 [0.050] 0.068+ [0.037] 0.023 [0.044] 0.027 [0.047] 0.07 [0.088] 0.014 [0.041] 0.173* [0.076] -0.045



(1) 0.01 [0.039] 0.079 [0.048] 0.097 [0.066] 0.04 [0.079] 0.031 [0.051] 0.107* [0.048] 0.134* [0.044] 0.226* [0.064] 0.294* [0.074] 0.03 [0.061] 0.029 [0.040] 0.023 [0.046] -0.039 [0.056] 0.079 [0.066] 0.034 [0.046] 0.025 [0.050] 0.067+ [0.037] 0.023 [0.044] 0.025 [0.047] 0.073 [0.088] 0.015 [0.041] 0.176* [0.076] -0.045



0.021 [0.047] 0.08 [0.060] 0.175* [0.087] -0.02 [0.108] 0.051 [0.060] 0.154* [0.058] 0.165* [0.049] 0.265* [0.069] 0.322* [0.080] -0.01 [0.075] 0.019 [0.048] 0.018 [0.056] 0.013 [0.070] 0.071 [0.085] 0.03 [0.061] -0.076 [0.065] 0.044 [0.046] 0.021 [0.056] 0.055 [0.059] 0.107 [0.100] -0.018 [0.054] 0.115 [0.077] -0.075+



Weight Z-score (2) (3) 0.011 [0.039] 0.081+ [0.049] 0.098 [0.067] 0.037 [0.079] 0.039 [0.051] 0.127* [0.048] 0.169* [0.043] 0.265* [0.064] 0.348* [0.073] 0.037 [0.061] 0.03 [0.040] 0.023 [0.046] -0.039 [0.056] 0.074 [0.066] 0.04 [0.047] 0.03 [0.050] 0.076* [0.037] 0.038 [0.044] 0.046 [0.047] 0.082 [0.087] 0.004 [0.041] 0.175* [0.076] -0.045



(4) 0.061 [0.041] 0.08 [0.053] 0.098 [0.069] 0.109 [0.084] 0.045 [0.049] 0.034 [0.058] 0.123* [0.045] 0.042 [0.066] 0.265* [0.074] -0.088 [0.061] 0.025 [0.042] 0.038 [0.051] 0.027 [0.062] 0.135+ [0.071] 0.048 [0.049] 0.029 [0.051] 0.037 [0.039] 0.03 [0.049] 0.002 [0.050] 0.025 [0.116] 0.016 [0.041] 0.107 [0.072] -0.046



0.06 [0.041] 0.078 [0.053] 0.095 [0.069] 0.106 [0.084] 0.048 [0.049] 0.032 [0.059] 0.122* [0.045] 0.042 [0.067] 0.266* [0.074] -0.087 [0.060] 0.024 [0.042] 0.037 [0.051] 0.027 [0.062] 0.136+ [0.071] 0.045 [0.048] 0.028 [0.051] 0.035 [0.039] 0.029 [0.049] 0.002 [0.050] 0.025 [0.116] 0.018 [0.041] 0.109 [0.071] -0.048



0.058 [0.049] 0.06 [0.064] 0.174* [0.089] 0.065 [0.118] 0.066 [0.058] 0.075 [0.068] 0.151* [0.048] 0.099 [0.072] 0.277* [0.080] -0.153+ [0.082] 0.07 [0.050] 0.08 [0.063] 0.087 [0.076] 0.197* [0.094] 0.089 [0.062] -0.046 [0.061] 0.054 [0.048] 0.06 [0.060] 0.054 [0.062] 0.16 [0.154] -0.025 [0.055] 0.083 [0.064] -0.051



Child health outcome Height Z-score (5) (6) (7) (8) 0.062 [0.041] 0.079 [0.053] 0.095 [0.069] 0.102 [0.084] 0.063 [0.049] 0.061 [0.058] 0.160* [0.045] 0.09 [0.067] 0.319* [0.074] -0.075 [0.060] 0.029 [0.042] 0.04 [0.052] 0.027 [0.062] 0.128+ [0.072] 0.056 [0.049] 0.04 [0.050] 0.052 [0.039] 0.053 [0.049] 0.034 [0.050] 0.043 [0.117] 0.008 [0.041] 0.108 [0.071] -0.044



Table A4: Health impact of antenatal care (AC) on babies (0-6 months old). OLS results. Full Results.



0.057* [0.014] 0.075* [0.017] 0.032 [0.023] 0.013 [0.030] -0.023 [0.020] 0.035+ [0.019] 0.026 [0.017] 0.021 [0.027] 0.055+ [0.032] -0.055* [0.022] 0.073* [0.013] 0.093* [0.015] 0.125* [0.017] 0.095* [0.021] -0.01 [0.018] -0.005 [0.018] 0.034* [0.013] 0.059* [0.016] 0.055* [0.017] -0.100* [0.048] 0.012 [0.015] -0.019 [0.030] -0.013



(9) 0.047* [0.016] 0.057* [0.019] 0.003 [0.030] -0.014 [0.042] -0.008 [0.021] 0.051* [0.020] 0.019 [0.017] 0.033 [0.025] 0.035 [0.031] -0.065* [0.029] 0.070* [0.015] 0.067* [0.018] 0.098* [0.019] 0.071* [0.025] 0.004 [0.020] -0.001 [0.022] 0.035* [0.016] 0.050* [0.018] 0.056* [0.019] -0.017 [0.052] -0.008 [0.020] -0.042 [0.032] -0.006



(12) 0.058* [0.013] 0.071* [0.017] 0.025 [0.023] 0.006 [0.030] -0.011 [0.020] 0.051* [0.019] 0.038* [0.016] 0.038 [0.026] 0.071* [0.031] -0.055* [0.022] 0.077* [0.013] 0.098* [0.015] 0.125* [0.017] 0.093* [0.021] 0.002 [0.017] 0.005 [0.018] 0.048* [0.012] 0.075* [0.015] 0.076* [0.016] -0.099* [0.048] 0.01 [0.015] -0.022 [0.031] -0.012



Continued on next page



0.057* [0.014] 0.075* [0.017] 0.031 [0.023] 0.013 [0.030] -0.022 [0.020] 0.035+ [0.019] 0.024 [0.017] 0.021 [0.028] 0.054+ [0.032] -0.054* [0.022] 0.073* [0.013] 0.093* [0.015] 0.126* [0.017] 0.095* [0.021] -0.009 [0.018] -0.005 [0.018] 0.034* [0.013] 0.059* [0.016] 0.055* [0.017] -0.099* [0.047] 0.012 [0.015] -0.019 [0.030] -0.013



Child survival (10) (11)
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Tamil Nadu



Sikkim



Rajasthan



Punjab



Orissa



Nagaland



Mizoram



Meghalaya



Manipur



Maharashtra



Madhya Pradesh



Kerala



Karnataka



Jammu and Kashmir



Himachal Pradesh



Haryana



Gujarat



Goa



Bihar



Assam



Availability of Anganwadi centre



1 if scheduled Tribe



Type of antenatal care received [0.034] -0.049 [0.046] 0.031 [0.029] 0.01 [0.078] -0.072 [0.068] -0.167 [0.121] -0.068 [0.071] 0.121+ [0.069] 0.101 [0.076] 0.140+ [0.076] -0.07 [0.068] 0.058 [0.081] -0.244* [0.068] -0.059 [0.071] 0.803* [0.113] 0.204 [0.140] 0.524* [0.172] 0.542* [0.134] -0.198* [0.072] -0.02 [0.085] 0.049 [0.070] 0.460* [0.140] -0.101 [0.081]



(1) [0.034] -0.049 [0.046] 0.032 [0.029] 0.018 [0.078] -0.065 [0.069] -0.152 [0.120] -0.055 [0.071] 0.129+ [0.070] 0.125 [0.077] 0.145+ [0.076] -0.064 [0.068] 0.067 [0.081] -0.236* [0.068] -0.049 [0.071] 0.798* [0.113] 0.217 [0.140] 0.544* [0.173] 0.547* [0.134] -0.192* [0.073] -0.017 [0.085] 0.055 [0.070] 0.470* [0.141] -0.101 [0.081]



[0.042] -0.092 [0.062] 0.023 [0.036] -0.086 [0.093] -0.231* [0.089] -0.172 [0.123] -0.092 [0.076] 0.084 [0.078] 0.03 [0.081] 0.193* [0.082] -0.114 [0.072] 0.053 [0.085] -0.255* [0.081] -0.07 [0.077] 0.773* [0.125] 0.265 [0.165] 0.573* [0.192] 0.419* [0.176] -0.201* [0.081] 0.061 [0.091] -0.021 [0.090] 0.337* [0.152] -0.096 [0.083]



Weight Z-score (2) (3) [0.034] -0.06 [0.046] 0.03 [0.029] -0.045 [0.078] -0.146* [0.066] -0.159 [0.121] -0.09 [0.071] 0.091 [0.070] 0.059 [0.076] 0.143+ [0.077] -0.072 [0.068] 0.067 [0.081] -0.299* [0.066] -0.084 [0.071] 0.734* [0.113] 0.157 [0.140] 0.457* [0.171] 0.462* [0.133] -0.224* [0.072] -0.031 [0.085] -0.017 [0.069] 0.433* [0.138] -0.086 [0.081]



(4) [0.035] -0.066 [0.049] 0.029 [0.031] -0.197* [0.097] 0.072 [0.081] 0.062 [0.118] 0.036 [0.085] -0.045 [0.078] 0.031 [0.099] 0.002 [0.092] 0.193* [0.079] 0.031 [0.097] 0.022 [0.089] 0.201* [0.079] 0.348* [0.110] 0.006 [0.162] 0.126 [0.159] 0.349* [0.140] 0.079 [0.086] -0.054 [0.088] 0.074 [0.082] 0.113 [0.132] 0.182+ [0.108]



[0.035] -0.066 [0.049] 0.03 [0.031] -0.211* [0.097] 0.053 [0.081] 0.069 [0.117] 0.033 [0.085] -0.064 [0.078] 0.039 [0.099] -0.006 [0.092] 0.188* [0.079] 0.027 [0.096] 0.009 [0.089] 0.194* [0.079] 0.329* [0.110] 0.004 [0.161] 0.149 [0.161] 0.334* [0.139] 0.065 [0.085] -0.072 [0.088] 0.057 [0.082] 0.106 [0.132] 0.176 [0.108]



[0.042] -0.174* [0.063] 0.027 [0.038] -0.374* [0.123] -0.035 [0.100] 0.054 [0.123] 0.069 [0.096] -0.071 [0.088] 0.03 [0.107] 0.048 [0.103] 0.168+ [0.087] 0.048 [0.104] 0.117 [0.110] 0.196* [0.086] 0.287* [0.116] -0.052 [0.212] 0.145 [0.180] 0.2 [0.184] 0.113 [0.095] -0.001 [0.093] -0.043 [0.107] 0.056 [0.140] 0.184 [0.113]



Child health outcome Height Z-score (5) (6) (7) (8) [0.035] -0.084+ [0.049] 0.029 [0.031] -0.260* [0.096] -0.006 [0.080] 0.078 [0.119] 0.012 [0.086] -0.074 [0.079] 0 [0.099] 0.007 [0.093] 0.195* [0.079] 0.042 [0.096] -0.042 [0.088] 0.184* [0.079] 0.276* [0.110] -0.057 [0.160] 0.063 [0.159] 0.264+ [0.139] 0.061 [0.085] -0.061 [0.088] -0.007 [0.081] 0.081 [0.131] 0.197+ [0.108]



Table A4: Health impact of antenatal care (AC) on babies (0-6 months old). OLS results. Full Results.



[0.013] 0.040* [0.015] 0.021+ [0.011] -0.03 [0.033] 0.016 [0.026] 0.088* [0.044] -0.001 [0.030] -0.012 [0.030] 0.013 [0.033] 0.036 [0.032] -0.001 [0.029] 0.118* [0.029] -0.047+ [0.028] 0.03 [0.029] 0.102* [0.038] -0.053 [0.053] 0.098+ [0.054] 0.127* [0.039] -0.121* [0.033] 0.018 [0.035] 0.034 [0.025] 0.075 [0.049] -0.019 [0.034]



(9) [0.016] 0.042* [0.019] 0.035* [0.013] -0.023 [0.038] -0.002 [0.031] 0.097* [0.036] -0.038 [0.032] -0.016 [0.032] 0.001 [0.033] 0.019 [0.032] -0.001 [0.028] 0.113* [0.024] -0.033 [0.030] 0.026 [0.028] 0.05 [0.041] -0.057 [0.066] 0.098* [0.048] 0.006 [0.065] -0.077* [0.034] 0.016 [0.034] 0.018 [0.028] 0.039 [0.052] -0.025 [0.032]



(12) [0.013] 0.029+ [0.015] 0.020+ [0.010] -0.053 [0.034] -0.013 [0.027] 0.123* [0.040] -0.02 [0.031] -0.002 [0.030] 0.014 [0.032] 0.055+ [0.031] -0.008 [0.030] 0.135* [0.027] -0.057* [0.028] 0.036 [0.029] 0.101* [0.038] -0.076 [0.055] 0.099+ [0.053] 0.111* [0.040] -0.115* [0.033] 0.043 [0.033] 0.006 [0.026] 0.073 [0.048] -0.027 [0.034]



Continued on next page



[0.013] 0.041* [0.015] 0.021+ [0.011] -0.029 [0.033] 0.016 [0.026] 0.087+ [0.045] 0.001 [0.030] -0.01 [0.030] 0.014 [0.033] 0.036 [0.032] 0.001 [0.029] 0.119* [0.029] -0.046 [0.028] 0.03 [0.029] 0.104* [0.038] -0.052 [0.053] 0.101+ [0.053] 0.127* [0.039] -0.121* [0.033] 0.018 [0.035] 0.035 [0.025] 0.075 [0.049] -0.02 [0.034]



Child survival (10) (11)
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-0.103 [0.072] -0.103+ [0.062] 0.169 [0.204] 0.427* [0.133] -0.073 [0.110] -0.124 [0.090] 8,050 0.048



(1) -0.103 [0.072] -0.098 [0.062] 0.186 [0.204] 0.432* [0.132] -0.067 [0.110] -0.124 [0.090] 8,050 0.049



-0.150+ [0.079] -0.172* [0.073] 0.121 [0.222] 0.457* [0.154] -0.155 [0.132] -0.11 [0.100] 5,160 0.056



Weight Z-score (2) (3) -0.124+ [0.072] -0.171* [0.060] 0.17 [0.203] 0.388* [0.133] -0.1 [0.110] -0.048 [0.087] 8,049 0.044



(4) -0.128 [0.096] 0.053 [0.075] 0.682* [0.256] 0.249+ [0.131] 0.045 [0.135] -0.202+ [0.109] 7,219 0.034



-0.143 [0.096] 0.034 [0.075] 0.683* [0.258] 0.235+ [0.131] 0.028 [0.136] -0.182+ [0.110] 7,219 0.036



-0.154 [0.100] 0.003 [0.088] 0.667* [0.285] 0.267 [0.168] -0.245+ [0.129] -0.217+ [0.122] 4,536 0.047



Child health outcome Height Z-score (5) (6) (7) -0.139 [0.096] -0.029 [0.074] 0.686* [0.256] 0.21 [0.130] 0.015 [0.134] -0.083 [0.106] 7,218 0.029



(8)



12,758



-0.007 [0.030] -0.03 [0.026] 0.022 [0.078] 0.097* [0.038] 0 [0.044]



(9)



12,758



-0.008 [0.031] -0.03 [0.026] 0.023 [0.078] 0.098* [0.038] 0 [0.044]



7,359



-0.012 [0.031] 0.01 [0.026] 0.062 [0.077] 0.039 [0.049] 0.039 [0.049]



Child survival (10) (11)



IFT: Iron-folic tablets. Robust standard errors in brackets; + signiﬁcant at 10%; * signiﬁcant at 5%. Notes: the number of observations is higher for the child survival model because weight and height information is available only for living children. Children were measured by the interviewer at the time of the survey. 1/ Components of complete AC are: at least 3 antenatal visits, at least 2 tetanus injections and an IFT supply. 2/ This variable includes only women who attended at least one antenatal visit, as this information is not applicable to those who did not have any type of antenatal care. The omitted category are all women who participated in the antenatal care program, but started after the fourth month of pregnancy. Therefore, in this model, the number of observations are always lower: 5,160 for weight Z-score (R2 =.056), 4,536 for height Z-score (R2 =.047) and 7,359 for child survival.



Observations R-squared



Constant



Tripura



Arunachal Pradesh



New Delhi



Uttar Pradesh



West Bengal



Type of antenatal care received



Table A4: Health impact of antenatal care (AC) on babies (0-6 months old). OLS results. Full Results.



(12)



12,656



0.005 [0.030] -0.063* [0.026] 0.02 [0.080] 0.089* [0.038] -0.012 [0.045]



Table A5: Two-sample t-test with equal variances by completion of antenatal care (AC) and type of pregnancy.



No. 1 2 3 4



Population means Weight Height Child is Z-score Z-score Alive -0.217 -0.135 0.771 -0.084 -0.093 0.819 0.070 0.040 0.858 0.166 0.154 0.856 2,140 2,148 4,185 2,178 2,197 4,472



Categories Complicated preg. & no AC Normal preg. & no AC Complicated preg. & complete AC Normal preg. & complete AC Observations Population size Tested means Weight Z-score H0 : (1)-(2)=0 H0 : (1)-(3)=0 H0 : (3)-(4)=0 H0 : (2)-(4)=0 H0 : (2)-(3)=0 Height Z-score H0 : (1)-(2)=0 H0 : (1)-(3)=0 H0 : (3)-(4)=0 H0 : (2)-(4)=0 H0 : (2)-(3)=0 Child is alive H0 : (1)-(2)=0 H0 : (1)-(3)=0 H0 : (3)-(4)=0 H0 : (2)-(4)=0 H0 : (2)-(3)=0



Diﬀerence of the means



t-test of means t p-value



-0.13 -0.29 -0.10 -0.25 -0.15



-1.63 -3.40* -1.51 -4.18* -2.39*



0.104 0.001 0.130 0.000 0.017



-0.04 -0.17 -0.11 -0.25 -0.13



-0.51 -2.20* -1.98* -3.96* -2.12*



0.610 0.028 0.048 0.000 0.034



-0.05 -0.09 0.00 -0.04 -0.04



-2.20* -3.58* 0.08 -2.19* -2.18*



0.028 0.000 0.934 0.029 0.029



* signiﬁcant at 5%. No.: Number. H0 : Null hypothesis. preg.: Pregnancy. no AC: The mother did not have any kind of antenatal care. complete AC: The mother fully completed all three components of antenatal care: attended at least 3 antenatal visits and received at least 2 or more tetanus injections and a 3-months iron-folic tablets supply.
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