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Abstract 40 

Objectives: We aimed to examine (1) whether an association exists between maternal high-risk 41 

fertility behavior and chronic undernutrition among children under-5 and (2) exploring the 42 

relationship between poverty and high-risk fertility behavior and the relative roles they play as 43 

obstacles to reducing the risk of undernutrition among children  44 

 45 

Methods: Analysis were based on response from  married women aged 15 to 49 years living 46 

with at least one children under-5 years by considering three cross-sectional, nationally 47 

representative samples from India, Bangladesh, and Nepal.  48 

 49 

Results: Maternal high-risk fertility behavior was associated with an increased risk of chronic 50 

undernutrition among children in India, Bangladesh and Nepal respectively. Multiple high-risk 51 

categories appeared to have more profound consequences on the outcome measured. Findings 52 

also demonstrated that for the risk of undernutrition, children among those mothers who were 53 

either poor or experienced high-risk fertility were not uniquely disadvantaged. 54 

 55 

Conclusions: The results suggest that for the risk of chronic undernutrition, the negative effect 56 

of high-risk fertility behavior extends across all economic backgrounds and is not limited to 57 

children among those mothers who were either poor or experienced high-risk fertility.  58 

 59 

Key words: Fertility behaviors, mother’s age at delivery, birth order, birth interval, South Asia 60 

 61 
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Introduction 75 

 76 

Despite economic growth, and a reduction in poverty over the past decade, chronic 77 

undernutrition among children under-5 is still rampant in South Asia (SA). Of the 175 million 78 

under-5 children, 45% are chronic undernourished, eclipsing even sub-Saharan Africa (SSA).1 In 79 

India, Bangladesh, and Nepal, the proportion of chronic undernourished children is significantly 80 

higher than even the poorest countries of the SSA and are house to half of the world’s 81 

undernourished children.1 In 2012, the prevalence of child chronic undernutrition in India, 82 

Bangladesh, and Nepal were 48%, 43.2%, and 49.3% respectively.2 83 

 84 

There is still not enough evidence and no clear assessment on why the rate of children 85 

undernutrition is so much higher in SA than anywhere in the world. While poverty is the main 86 

underlying cause of chronic undernutrition, the superior economic growth experienced by SA 87 

countries compared to those in SSA, has not translated to significant improvements 88 

in nutrition outcomes at a large. The child nutritional status continues to worsen in SA compared 89 

to SSA. The available evidence suggests a possible explanation for such high rate of 90 

undernutrition among children in SA as the ‘Asian enigma’.3 These include: low status of 91 

women, lack of access to safe, clean drinking-water and basic sanitation, and rapid urbanization. 92 

Besides, other socio-economic factors including education have also some contribution to this 93 

difference but not as large as the others.4 94 

 95 

Moreover there may be possibility on the effects of other bio-demographic factors such as high-96 

risk fertility behavior defined as exposure of women to any of four demographic risks at their last 97 
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childbirth (age less than 18, more than three births, birth interval less than 24 months and age 35 98 

or higher) 5-7 for such higher rates of undernutrition among SA children. SA countries have 99 

higher proportions of teenage pregnancies, since early marriage is common and there is a family 100 

expectation to have a child soon after the marriage. In SA, nearly half (46%) of young women 101 

aged 20-24 years were married by their 18th birth day.8  Where as in SSA, nearly two out of five 102 

(37%) of young women aged 20-24 years were married by their 18th birthday.8 Within SA, 103 

teenage pregnancy rate is highest in Bangladesh (35%) followed by Nepal (21%), and India (15-104 

21%).5 SA countries have also the higher parentage of birth with an interval of less than 24 105 

months (26.6%) compared with SSA (19.9%).9 106 

 107 

There is increasing evidences that various determinants of high-risk fertility behavior among SA 108 

women are associated with poor child nutritional outcomes. Investigators have documented 109 

association of child chronic undernutrition with short birth interval (<24 months) 10-14 and with 110 

increasing birth order.14-17 In addition, investigators noted that women who get married and 111 

begin childbearing at a younger18-20 or older age 21, 22 are also more likely to have chronic 112 

undernourished children. Although such evidences supports the consideration of various 113 

exposure of high-risk fertility behavior as a high-priority maternal and child health concern 114 

within the region, no studies have assessed the relationship between combination of those 115 

exposure and major sources of child mortality.  Generally, children may have greater probability 116 

of poor health outcomes if they are born to mothers who are too old or too young, if they are 117 

born after a short birth interval, or if they are of high birth order.23 Therefore, analysis is needed 118 

for a clearer understanding of the separate and combined influences of maternal high-risk 119 
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fertility behavior and its association with child chronic undernutrition for the development of 120 

effective prevention programming for this region. 
121 

 122 

Moreover, the relationship between high-risk fertility behavior and child chronic undernutrition 123 

needs to be carefully examined in poorer settings because undernutrition are more common in 124 

those areas,15, 24-28 and such settings have also been associated with an increased risk of maternal 125 

high-risk fertility behavior.29-34 Women belonging to the poor household may be at a distinct 126 

disadvantage because an increased chance of high-risk fertility behavior29-33, 35-37 and impaired 127 

resources that can restrict education, job opportunities, proper housing, sanitation, food security, 128 

and higher level of depressive disorders38 creating a favorable setting for child undernutrition. 129 

Therefore, a comparative assessment is needed to examine whether poverty, an indicator of 130 

economic status that has an independent association with maternal fertility behavior and/or risk 131 

of chronic undernutrition among children, plays a role in mediating the association between 132 

maternal high-risk fertility behavior and nutritional disadvantages among children. 133 

 134 

To date, no research has been conducted in resource-poor settings to examine whether the 135 

children from poor households and whose mothers have experienced high-risk fertility behavior 136 

have a unique risk of chronic undernutrition. In this study, we aimed to further this important 137 

area of inquiry by (1) addressing whether an association exists between maternal high-risk 138 

fertility behaviors and chronic undernutrition among children under-5 and (2) exploring the 139 

relationship between poverty and high-risk fertility behaviors and the relative roles they play as 140 

obstacles to reducing the risk of child chronic undernutrition in three nationally representative 141 

samples from India, Bangladesh, and Nepal where chronic undernutrition is epidemic. 142 

 143 
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Methods 144 

 145 

Data sources 146 

 147 

The data for our study were from the 2005-2006 Indian National Family Health Survey (NFHS-148 

3), 2011 Bangladesh Demographic Health Survey (BDHS), and 2011 Nepal Demographic Health 149 

Survey (NDHS). NFHS-3/BDHS/NDHS are nationally-representative household surveys 150 

conducted by ICF Macro/MEASURE DHS on behalf of Ministries of Health (MoH) with 151 

financial support from the United States Agency for International Development.39 NFHS-152 

3/BDHS/NDHS were designed to collect information on population health, nutrition, and fertility 153 

behavors.5-7NFHS-3/BDHS/NDHS used a probability-based multi-stage cluster sampling 154 

procedure. First, sampling frames were developed on the basis of non-overlapping units of 155 

geography (typically census enumeration areas) that cover the entire country. These geographic 156 

areas were identified as the primary sample units (PSU); samples of which were selected with 157 

probability proportional to population size. Next, within the selected PSU a list of all households 158 

was generated through field visits and a fixed proportion of households were selected using 159 

systematic sampling.5-7 Within selected households, all ever-married women aged 15–49 years 160 

were invited for interviews. The target number of women in this age group per PSU was 161 

typically 20–25 in urban areas and 30–40 in rural areas.  162 

 163 

In 2005-2006 NFHS-3, of the 131,596 ever-married  women 15 to 49 years old deemed eligible 164 

to complete the women’s questionnaire on maternal and child health behaviors and outcomes, 165 

124,385 did so (response rate=94.5%). The 2011 BDHS successfully interviewed 17,882 married 166 
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women, and the 2011 NDHS interviewed 12,674 married women. The overall response rate in 167 

2011 BDHS and 2011 NDHS were 98.1% respectively. The questionnaires of NFHS-168 

3/BDHS/NDHS were drafted in English and then translated into the national language of each 169 

specific country. In our analyses, we included only married women aged 15 to 49 years living 170 

with their last born children under-5 years of age (NFHS-3: n=29,713; BDHS: n=6,462; NDHS: 171 

n=1,829; for details on sample selection, see Table 1). 172 

 173 

Measures 174 

 175 

Child chronic undernutrition (stunting) was the outcome of this study. We classified children as 176 

chronically undernourished (stunted) if their height-for-age z score was 2 standard deviations 177 

below the median as per World Health Organization’s reference population. Stunting was chosen 178 

because it reflects prolonged nutritional deficiency, on the other hand wasting or acute 179 

malnutrition is usually dependent on a recent set of events such as illness or food shortage. 180 

Therefore, chronic undernutrition, which is related to a nutritional deficiency over time, was 181 

determined to be more appropriate when defining exposure to high-risk fertility behavior as one 182 

or multiple events. We excluded the anthropometric observations outside the range +6 to -6 Z-183 

scores. 184 

 185 

Binary indicator of chronic undernutrition was used because their average values are easier to 186 

elucidate intuitively than continuous value. All NFHS-3/BDHS/NDHS studies stated that 187 

enumerators, including those collecting anthropometric data, received observed training and 188 

testing that included lecture and practical exercise components. Teams also often included 189 

personnel with advanced medical training.5-7 
190 
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Maternal high-risk fertility behavior was the exposure of interest in this study. We applied the 191 

definition of “high-risk fertility behavior” adopted by the Demographic and Health Surveys.5-7 
192 

We considered three parameters: maternal age at the time of delivery, birth order, and birth 193 

interval to define the high-risk fertility behavior. Three exposure variables were defined for this 194 

analysis: 1) any high-risk fertility behavior versus none; 2) exposure to different categories of 195 

high-risk fertility behavior versus none (defined as exposure to single high-risk category versus 196 

none and multiple high-risk categories versus none); and 3) the specific types of high-risk 197 

fertility behavior versus none. The presence of any of the four conditions was termed as a single 198 

high-risk fertility behavior: i) mothers aged less than 18 years at the time of delivery; ii) mothers 199 

aged over 34 years at the time of delivery; iii) latest child born less than 24 months after the 200 

previous birth; and iv) latest child of order 3 or higher. Combinations of two or more single 201 

conditions were referred to as multiple high-risk categories. 202 

 203 

This study also included the following maternal and child socio-demographic and health-related 204 

factors: respondents' education, age, sex, decision-making autonomy, employment status, place 205 

of residence, family size, height, body mass index (BMI), whether received ANC or not, 206 

pregnancy intention, presence of children younger than 2 years, initiation of breast feeding, 207 

whether children under-5 years were suffering from illness  (1; combined fever, acute respiratory 208 

illness [ARI], and diarrhea) in the 2 weeks prior to the survey, and child gender. Information on 209 

diarrhea, ARI (defined as reports of cough accompanied by short, rapid breathing), and fever was 210 

gathered from women’s NFHS-3/BDHS/NDHS questionnaire responses.5-7 
211 

 212 
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We utilized the household wealth index as a surrogate indicator to estimate the poverty–wealth 213 

status of households. Principal component analysis was used to developed the NFHS-214 

3/BDHS/NDHS wealth index by utilizing  data on a household’s ownership of selected assets, 215 

such as televisions and bicycles, construction materials, and types of drinking water access and 216 

sanitation facilities.5-7 Each household was then weighted by the number of household members, 217 

and was divided into five groups: the first quintile (poorest), the second quintile (poorer), the 218 

third quintile (middle class), the fourth quintile (richer) and the fifth quintile (richest).5-7 -We 219 

classified women as “poor” if they were belonged to the first wealth quintile and women 220 

belonging to any other wealth quintile were appointed as “non-poor”. We restricted the concept 221 

of “poor” to the very poorest in order to see more starkly the effect of being both poor and 222 

subject to high-risk fertility behavior. 223 

 224 

Analytical methods 225 

 226 

We run descriptive analyses first, to provide general information on the characteristics of the 227 

sample. We then created three fully adjusted logistic regression models to analyze our binary 228 

outcome variable for each country, with each model containing a different fertility risk predictor 229 

(any versus no risk; separate effects of single high-risk, multiple high-risk versus no risk; 230 

specific types of high-risk versus no risk). To see whether women either in poverty and high-risk 231 

categories were unique for the risk of child chronic undernutrition, we conducted logistic 232 

regression analyses to examine the adjusted association between high-risk fertility behavior and 233 

child undernutrition after stratification by household wealth level.  234 

 235 
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Since the size of the Indian population is larger than both the Bangladesh and Nepal populations 236 

and also the size of India also has several diverse regions, we therefore additionally conducted 237 

logistic regression analyses to examine the adjusted association between chronic undernutrition 238 

among children and high-risk fertility behavior after stratification by Indian state. We entered all 239 

the covariates simultaneously into the multiple regression models. Variance inflation factors 240 

(VIFs) was used to check the problem of multicollinearity and found no problem in our models. 241 

Significance for all analyses was set at p<0.05. The proportion of child under chronic nutrition 242 

attributable to maternal  high-risk fertility behavior was estimated from the frequency of any 243 

high-risk behavior and the odds ratios obtained in the multivariate model, using the following 244 

expression: (p * [AOR - 1]/1 + p * [AOR - 1]) * 100, where p = prevalence of any high-risk 245 

fertility behavior and AOR = associated outcome effect size.40 Sample weights were used for all 246 

analyses, and statistical testing was performed in Stata for Windows (Release 13.0, Stata 247 

Corporation, College Station, TX, USA). 248 

 249 

Ethical considerations 250 

 251 

All NFHS-3/BDHS/NDHS follow a standard protocol and were given blanket approval by the 252 

ORC Macro Institutional Review Board. Each survey that deviated substantially from the 253 

standard protocol was reviewed and approved separately. Each survey also received approval 254 

from an in-country ethical review board. Informed consent was obtained from each respondent 255 

for this survey. This study was considered to be exempt from full review as it was based on an 256 

anonymous public use of a secondary data set with no identifiable information on the survey 257 

participants. 258 
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Results 259 

 260 

Table 2 shows the descriptive statistics of the participants. Key descriptive statistics highlighted 261 

some of the major differences between the countries. In the countries studied, a large proportion 262 

of mothers had no education; in India and Nepal the proportion was much lower than 263 

Bangladesh. More than two-thirds of the mothers lived in rural areas and more than one quarter 264 

of the women had no decision-making autonomy in all these countries. Regarding their 265 

occupation status, 30.0% and 57.3% of the women in India and Nepal had jobs; in Bangladesh 266 

the proportion was much lower. The proportion of underweight women (BMI <18.5) ranged 267 

from 19.4% to 38.3%, but was markedly higher in India. 268 

 269 

Receiving ANC varied among countries. In Nepal more than 83% of women received ANC, 270 

whereas the corresponding figure for India and Bangladesh was 76.9% and 64.6%. In all these 3 271 

countries, a large proportion of mothers had delivered normal birth and approximately one 272 

quarter of the births were unintended. Among children aged 0–59 months, the prevalence of 273 

stunting (HAZ less than -2 SD) was highest in India and was notably higher in all 3 countries in 274 

the SA region. In the countries studied, the proportion of women with low birth weight baby was 275 

higher in India, followed by Nepal and Bangladesh. In all these three countries, more than half of 276 

the mothers did not initiate early breastfeeding; in India the proportion was much higher. 277 

 278 

In these 3 countries, among the latest children born in the five years preceding the survey, the 279 

prevalence of any risky fertility behavior among women was very high. The proportion of any 280 

risk categories ranged from 38.3% in Nepal and 44.9% in India. Approximately 32.0% of women 281 
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were in a single risk category in Bangladesh whereas this was reported by 34.4% and 27.2% of 282 

the mothers in India and Nepal. Regarding multiple risk categories, the prevalence ranged from 283 

9.1% in Bangladesh to 11% in Nepal. The most common single risk category in Bangladesh 284 

were mothers’ younger age at birth (younger than 18 years) followed by a birth order of three or 285 

higher. In India and Nepal the most common single risk category was birth order three or higher 286 

followed by preceding birth interval less than 24 months. The most common multiple risk 287 

categories in India and Bangladesh were preceding birth interval less than 24 months and birth 288 

order three or higher, whereas in Nepal the most common multiple risk categories were mothers’ 289 

age at birth  more than 34 years and birth order three or more. 290 

 291 

Figure 1 show the prevalence of undernutrition according to household wealth by countries. In 292 

the countries studied, the prevalence of undernutrition was higher among the poor mothers 293 

compared with non-poor mothers and ranged from 51.5% in Bangladesh and 57.3% in India. 294 

Supplementary Table 1 shows the prevalence of chronic undernutrition among children under-5 295 

according to Indian State. The proportion of undernutrition was lower in Goa and Kerala 296 

compared with other Indian states. 297 

 298 

Supplementary Figure 1 shows the association between maternal high-risk fertility behavior with 299 

chronic undernutrition among children by Indian state. Maternal high-risk fertility behavior was 300 

associated with higher likelihood of having chronic undernourished children in Punjab, 301 

Rajasthan, Assam, West Bengal, Jharkhand, Orissa, Madhya Pradesh, Gujarat, Maharashtra, 302 

Andhra Pradesh, and Karnataka, respectively. 303 
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Table 3 shows the association between maternal risky fertility behavior with child chronic 304 

undernutrition. After adjusting all relevant covariates, maternal risky fertility behavior was 305 

associated with 29%, 25%, and 40% higher likelihood of having chronic undernourished children 306 

in India, Bangladesh, and Nepal respectively. Significant association was observed between 307 

single risk category and child undernutrition in India (adjusted odds ratio [AOR], 1.26; 95% CI, 308 

1.17-1.35) and Bangladesh (AOR, 1.19; 95% CI, 1.04-1.36). Relative to women who were not 309 

fall in any risk categories, women who fall in multiple risk categories had 1.53 (95% CI, 1.35-310 

1.74), 1.73 (95% CI, 1.34- 2.23), and 1.48 (95% CI, 1.06-1.79) times higher risk of having 311 

undernourished children in India, Bangladesh, and Nepal respectively. Regarding specific type of 312 

risk categories, mothers’ younger age at birth only (younger than 18 years) or mothers younger 313 

age at birth, preceding birth interval less than 24 months or birth order three or higher, and 314 

mothers having birth order three or higher and birth interval less than 24 months were found to 315 

be associated with likelihood of undernutrion among children in these 3 countries. Significant 316 

association was observed between maternal ages at birth over 34 years, birth order three or 317 

higher or having birth interval less than 24 months and the likelihood of child undernutrition in 318 

India and Bangladesh. In addition, significant association was observed between preceding birth 319 

interval less than 24 months and the likelihood of undernutrition in India and Nepal. 320 

 321 

Table 4 shows association between maternal high-risk fertility behavior with child chronic 322 

undernutrition by wealth. Non-poor women who were fall in any high risk-categories were more 323 

likely to report of having undernourished children in India (AOR, 1.38, 95 % CI,1.30–1.47), 324 

Bangladesh (AOR, 1.28, 95 % CI,1.10–1.50), and Nepal (AOR, 1.62, 95 % CI,1.20–2.18) than 325 

those women who did not fall in any high risk categories and were non-poor. Poor women who 326 

were fall in any high risk-categories were significantly more likely to report of having 327 
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undernourished children only in India than the poor women who did not fall in any high risk-328 

categories. In all the three countries, multiple high-risk categories were found to be associated 329 

with the increased risk of child undernutrition for both poor and non-poor mothers. In addition, 330 

significant association was found between single high-risk category and the increased risk of 331 

child undernutrition among poor and non-poor mothers in India, where as non-poor women who 332 

were fall in any single risk-category were more likely to report of having undernourished 333 

children in Bangladesh. 334 

 335 

Population-attributable risk fractions  336 

 337 

Calculations based on population-attributable risk estimates suggest that avoiding maternal high- 338 

risk fertility behavior could potentially reduce child chronic undernutrition by 11.5%, 9.2%, and 339 

13.3% in India, Bangladesh, and Nepal respectively. 340 

 341 

 342 

Discussion 343 

 344 

To best our knowledge, this is the first study of the relation between separate and combined 345 

influences of high-risk fertility behavior and chronic undernutrition among children under-5 in 346 

SA region by considering three countries India, Bangladesh, and Nepal. Findings from these 347 

three large representative surveys indicate that over 44%, 40%, and 38% of married women in 348 

India, Bangladesh, and Nepal respectively who were living with at least one children under-5 349 

were in at least one of the high-risk categories of fertility behavior. This extremely high 350 
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prevalence rate confirms that high-risk fertility behaviors are alarming common place in these 351 

impoverished SA nations, potentially affecting the health of a majority of Indian, Bangladeshi, 352 

and Nepalese women.  353 

 354 

Generally, women in Muslim societies and communities face gender-based inequalities 355 

associated with the so-called “patriarchal gender system.”41  However, this study indicates 10-356 

15% higher education of Bangladeshi women where Islam is the largest religion than Nepalese 357 

or Indian where Hinduism is the major religion, and more maternal autonomy in decision-358 

making as well. The possible explanation is that, although India is dominated by the Hindu faith 359 

and Bangladesh is Muslim, however India is a nation spilt by castes and religions and there 360 

change comes slowly for religious diversity in India. An additional analysis was performed in 361 

our study to support this hypothesis, and Jain and Christian women in India have higher level of 362 

literacy and decision making autonomy compared to other religions. 363 

 364 
 365 

This study also demonstrated that there are variations in the prevalence of undernutrition within 366 

India; the prevalence of undernutrition was found to be higher in the Central and East Indian 367 

state such as in Bihar and Uttar Pradesh where as the prevalence is lower in the states which are 368 

located in the coastal area. The possible explanation of such higher rate of undernutrition is due 369 

to low consumption of meat and fish in Bihar and Uttar Pradesh. In Bihar and Uttar Pradesh 370 

majority of the population are  Hindus and vegetarian whereas in Goa and Kerala, while still 371 

mainly Hindu, has a relatively large proportion of people are Muslims and Christians and have 372 

the highest record of chicken/meat/fish consumption; fish consumption especially is particularly 373 

noteworthy in these states for a long time.42 
374 

 375 
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 This study further reveals an elevated risk of chronic undernutrition among children of mothers 376 

who were in at least one of the high-risk categories of fertility behavior in India, Bangladesh, and 377 

Nepal respectively. Our findings of the association between maternal high-risk fertility behavior 378 

and child chronic undernutrition strongly suggest that high-risk fertility behavior threatens not 379 

only the health and well-being of women but also that of their young children. Importantly, 380 

because the present analyses were adjusted for potential confounders, these effects persist after 381 

consideration of demographic characteristics, multiple domains of socioeconomic status, 382 

household characteristics, and child characteristics that are strong confounders of fertility 383 

behavior and chronic undernourishment. 384 

 385 

Our findings of the association between maternal high-risk fertility behavior and chronic 386 

undernutrition among children build on previous work that demonstrates a range of negative 387 

health consequences of certain fertility behavior on women 43-57 and children.10-22 Currently 388 

identified associations of maternal high-risk fertility behavior with childhood undernutrition 389 

provide a critical context for the elevated rates of infant and early childhood deaths demonstrated 390 

in prior work among women who are in at least one of the high-risk categories of fertility 391 

behavior 48-51 (ie, the currently documented increased rates of chronic undernutrition likely relate 392 

to increased risk of child death). 393 

 394 

The mechanisms underpinning the association of maternal high-risk fertility behavior with 395 

undernutrition among children could be related to social and health related vulnerabilities among 396 

mothers who were in at least one of the high-risk categories of fertility behavior, including 397 

increased rates of poverty, maternal depression, and malnutrition.29-30, 32-33, 44-45, 52 Biological 398 
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vulnerability for adverse child nutritional outcome of early or too late motherhood, short birth 399 

interval or high birth order may also persist through pregnancy-induced hypertension,53-55 intra-400 

uterine growth retardation,56 congenital abnormalities,57 iron-deficiency anemia,58 prematurity 401 

and by competition for scarce nutrients between the mother and fetus.55 Moreover, the observed 402 

association between fertility behavior and child nutritional outcome could be explained by the 403 

inadequate feeding practices, inadequate access to health care viz., incomplete infant vaccination 404 

schedules, lower use of ANC, skilled delivery care or through increased exposure to infectious 405 

pathogens.20,52, 59-60 Correlating with these findings, is also linked with poor maternal health 406 

outcomes, including pregnancy complications and maternal mortality, which in turn increase the 407 

likelihood of poor infant and child health outcomes.52, 59-60 408 

 409 

Another new important finding is that multiple high-risk categories appeared to have more 410 

profound consequences on the outcome that was measured. There seems to be a dose-response 411 

relationship observed between the types of high-risk fertility behavior and child chronic 412 

undernutrition. This is in line with previous observations according to which more victimization 413 

predicts higher levels of depressive symptoms, higher levels of biological vulnerability, 414 

receiving inappropriate preventive and curative services, and inadequate feeding practices, 60,61 415 

which may in turn facilitate child chronic undernutrition. 416 

 417 

The findings also demonstrated that for the risk of chronic undernutrition, children among those 418 

mothers who were either poor and who were in at least one of the high-risk categories were not 419 

more uniquely disadvantaged. Therefore, it is the experience of maternal fertility behavior per se 420 

that disadvantages child nutritional outcome, whereas poverty does not uniquely disadvantage 421 
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the nutritional status of children among women who are in at least one of the high-risk 422 

categories. In fact, for chronic undernutrition single or multiple high-risk categories in the three 423 

countries under studied significantly affects children among women who are “wealthy” more 424 

than it does women who are “poor”. The importance of this finding therefore needs to be 425 

underscored. When the experience of high-risk fertility behavior adversely impacts a children’s 426 

risk of undernutrition, it does so whether the children is of a low economic status or not. For the 427 

risk of child undernutrition, the negative effect of high-risk fertility behavior extends across all 428 

economic backgrounds and is not limited to children among those mothers who were either poor 429 

or experienced high-risk fertility. 430 

 431 

The strengths of the present study are:  1) This study used data of nationally representative 432 

sample of married women aged 15 to 49 years living with their last born children covering both 433 

rural and urban areas with a large number of subjects (NFHS-3: n=29,713;BDHS: n=6,462; 434 

NDHS: n=1,829), therefore the results represent the Indian, Bangladeshi, and Nepalese 435 

nationwide population;2) The subjects were evaluated by interviewers and biomarker staffs 436 

(health technicians or nurses), who visited, interviewed, and collected data at households of the 437 

subjects; 3) A high participation rate was achieved through rigorous training of field staff and 438 

close supervision of the fieldwork, which provided the study with good statistical power 439 

 440 

We note some important caveats to the findings presented here. First, our exposure variables 441 

were based on self-report, which is vulnerable to social desirability and recall biases. However, 442 

in order to avoid such biases, analyses were restricted to women who were living with their last 443 

children born in the five years preceding the survey. Second, analyses are cross sectional and 444 

causality cannot be assumed; however, as age at birth and birth interval occurred before the 445 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

19 

 

assessed outcome, ordering of this exposure relative to child health events can be assumed. 446 

Nonetheless, prospective investigation is needed to better evaluate the effects of maternal high-447 

risk fertility behavior on child health outcomes. Third, birth weight data were not available in 448 

BDHS survey. To extend assessment of infant birth weight, maternal reports of relative infant 449 

size at birth were included; this measure has questionable reliability and validity. Fourth, we 450 

used anthropometric method (height-for-age z score) to measure the nutritional status among the 451 

children. Although several studies have reported reliability scores of height-for-age z score,62,63 452 

however, to obtain precise and accurate estimate the measurement of laboratory assessment are 453 

necessary. However because the subjects were a large number of people in communities and 454 

there is lack of trained personal and facilities, DHS/NFHS avoided to perform laboratory 455 

assessment. Fifth, although availability of food and custom are important determinants of 456 

undernutrition,64, 65 information on these variables was not available from DHS/NFHS. Several 457 

countries in South Asia such as Bangladesh, India and Nepal, although a variety of animal foods 458 

are used by economically privileged people, for a large section of the population animal foods do 459 

not constitute part of their diet due to economic reasons. In Nepal meat is either prohibitively 460 

expensive or not eaten for religious reasons. Most Nepalese are therefore restricted to a 461 

vegetarian diet for financial reasons. Therefore their diet is lack of sulfur amino acid which plays 462 

essential for human nutrition.66 However, because the demonstrated associations between high-463 

risk fertility behavior and child chromic undernutrition were so strong, it is unlikely that adding 464 

the variables food availability and custom into the model would result in an insignificant link 465 

between predicting probability of chromic undernutrition among children and maternal high-risk 466 

fertility behavior. 467 

 468 
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Finally, the study can be criticized for using an indirect measure of household wealth. However, 469 

because of the fact that in developing countries like Bangladesh it is hard to obtain reliable 470 

income and expenditure data, an asset-based index is generally considered a good proxy for 471 

household wealth status.  472 

 473 

 474 

In spite of these limitations, our study brings to light important information that could serve as a 475 

basis to reduce the risk of child chronic undernutrition among women in SA region. Our results 476 

may also be relevant in other resource-limited settings where child undernutrition is common, 477 

and they may be of interest to clinicians assessing children with problems related to nutritional 478 

status. 479 

 480 

 481 

Conclusions 482 

 483 

High-risk fertility behaviors are shockingly frequent practices among women in SA region, 484 

which likely affects the health of their children. A woman’s high-risk of fertility behavior is an 485 

important risk marker for the increased risk of undernutrition among children under-5. The 486 

results suggest that women who were from low economic strata and experienced high-risk 487 

fertility behavior were not unique in their child nutritional disadvantages. The results suggest that 488 

for the risk of chronic undernutrition, the negative effect of high-risk fertility behavior extends 489 

across all economic backgrounds and is not limited to children among those mothers who were 490 

either poor or experienced high-risk fertility. Our findings underscore the calls for avoiding high-491 

risk fertility behavior largely in the form of short birth spacing, higher number of total live births, 492 
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and too early or too late childbearing patterns to reduce the risk of chronic undernutrition among 493 

children. Investigation of the causal link between high-risk fertility behavior and child nutritional 494 

outcome will be critical to developing interventions to improve child nutritional status, which is 495 

a public health research priority. 496 

 497 
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Table 1 Data cleaning and sample sizes 
 

Data cleaning India Bangladesh Nepal 
 

Ever married women deemed eligible to 
participate 
 

131,596 18,222 12,918 

Declined to participate 
 

-7,211 -340 -244 

Had no child or having children ≥60 months 
 

-88,815 -10,755 -8,709 

Multiple births 
 

-281 -61 -27 

Children lived elsewhere 
 

-163 -48 -24 

Missing/flagged anthropometric data for children 
 

-5,251 -520 -2081 

Missing/flagged anthropometric data for women 
 

-162 -36 -4 

Total children anthropometric sample 29,713 6,462 1,829 
Note: Analyses were restricted on last born children in the five years preceding the survey 
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Table 2: Socio-demographic, high-risk fertility behavior, and anthropometry characteristic of the study 
participants: Demographic and Health Surveys India, Bangladesh, and Nepal 

Characteristics India 
(n=29,713) 

(%) 

Bangladesh 
(n=6,462) 

(%) 

Nepal 
(n=1,829) 

(%) 
Maternal age, years 

15-24 
25-34 
35-49 
Data missing 

 
10,761 (40.8) 
15,798 (49.8) 

3,154 (9.4) 

 
3137 (49.3) 
2717 (41.7) 

600 (9.0) 
8 

 
744 (42.7) 
863 (45.2) 
222 (12.1) 

Maternal education 
No education 
Primary education 
Secondary and higher education 

 

 
11,162 (46.7) 
4,264 (14.2) 

14,287 (39.1) 

 
1,154 (19.0) 
1,934 (30.1) 
3,374 (50.9) 

 
785 (43.9) 
361 (20.0) 
683 (36.1) 

Maternal decision making autonomy, no. of aspectsa 

0 
1 
2 
3 

 

 
7,080 (28.4) 
4,932 (18.8) 
5,695 (19.5) 

12,006 (33.3) 

 
1,688 (26.4) 
1,014 (16.0) 

970 (15.3) 
2,790 (42.3) 

 
561 (32.2) 
327 (17.4) 
260 (13.8) 
681 (36.6) 

Respondent employed 
No 
Yes 
Data missing 

 

 
20,858 (70.0) 

8801 (30.0) 
54 

 
5,818 (90.4) 

644 (9.6) 

 
676 (42.7) 

1,153 (57.3) 

Area of residence 
Rural 
Urban 

 

 
18,355 (74.2) 
11,358 (25.8) 

 
4,404 (76.9) 
2058 (23.1) 

 
1,436 (90.4) 

393 (9.6) 

No. of household member, tertiles 
2-4 
5-6 
7+ 

 

 
7,747 (23.7) 
9,910 (33.1) 

12,056 (43.2) 

 
2,032 (31.7) 
2,341 (36.2) 
2,089 (32.1) 

 
580 (31.2) 
641 (35.3) 
608 (33.5) 

Wealth index 
Poor 
Non- poor 

 

 
4,918 (23.8) 

24,795 (76.2) 

 
1,348 (22.2) 
5,114 (77.8) 

 
512 (23.6) 

1,317 (76.4) 

Maternal BMI categoryb 

Thin 
Normal 
Overweight/obese 

 

 
9,543 (38.3) 

17,007 (53.9) 
3,163 (7.7) 

 
1,744 (26.9) 
3,878 (61.0) 

840 (12.1) 

 
311 (19.4) 

1,333 (70.7) 
185 (9.9) 

Maternal height (cm) 
<145 
≥145  

 

 
3,299 (12.1) 

26,414 (87.9) 

 
831 (12.9) 

5,631 (87.1) 

 
216 (12.4) 

1,613 (87.6) 

Receiving antenatal care 
No 
Yes 
Data missing 

 

 
5,614 (23.1) 

24,077 (76.9) 
22 

 
2,141 (35.4) 
4,317 (64.6) 

4 

 
286 (16.7) 

1,543 (83.3) 

Types of delivery 
Normal 
Cesarean  
Data missing 

 

 
26,150 (90.4) 

3,538 (9.6) 
25 

 
5,449 (85.3) 
1,003 (14.7) 

10 

 
1,738 (94.9) 

91 (5.1) 

Pregnancy intention 
Unintended 
Intended 
Data missing 

 
6,523 (22.1) 

23,187 (77.9) 
3 

 
1,894 (29.7) 
4,568 (70.3) 

 
476 (27.1) 

1,353 (72.9) 
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(Continued….) 
Characteristics India 

(n=29,713) 
(%) 

Bangladesh 
(n=6,462) 

(%) 

Nepal 
(n=29,713) 

(%) 
Child age, year 

<2 
≥2 

 
15,160 (52.0) 
14,553 (48.0) 

 
2,843 (44.0) 
3,619 (56.0) 

 
871 (48.9) 
958 (51.1) 

Child gender 
Female 
Male 

 
13,739 (46.0) 
15,974 (54.0) 

 
3,124 (48.4) 
3,338 (51.6) 

 
861 (48.6) 
968 (51.4) 

Initiation of breastfeeding 
Early 
Late 
Data missing 

 
9,394 (23.8) 

20,313 (76.2) 
6 

 
3,409 (46.2) 
3,042 (53.8) 

11 

 
867 (45.2) 
962 (54.8) 

Low birth weight baby 
No 
Yes 
Data missing 

 
23,405 (78.2) 
6,307 (21.8) 

1 

 
5,366 (82.9) 
1,095 (17.1) 

1 

 
1,487 (82.4) 

342 (17.6) 

Recent child illness 
No 
Yes 
Data missing 

 
22,224 (74.5) 
7,483 (25.5) 

6 

 
3,792 (59.3) 
2,667 (40.7) 

3 

 
1,243 (66.5) 

586 (33.5) 

Chronic undernutrion among children 
No 
Yes 

 
17,567 (54.9) 
12,146 (45.1) 

 
3,929 (60.3) 
2,533 (39.7) 

 
1,125 (63.3) 

704 (36.7) 
Any high-risk category 

No 
Yes 

 

 
17,295 (55.1) 
12,418 (44.9) 

 
3,833 (59.3) 
2,629 (40.7) 

 
1,131 (61.7) 

698 (38.3) 

Types of high-risk category 
 

No risk 
 

Single high-risk category 
 

Mother’s age at birth <18 years 
Mother’s age  at birth >34 years 
Birth interval <24 months 
Birth order >3 

 

Multiple high-risk category 
 

Age at birth <18 years and birth interval <24 months 
Age at birth< 18 years and birth order >3 
Age at birth  <18 years, birth interval <24 months, and birth order >3 
Age  at birth >34 years and birth interval <24 months 
Age  at birth >34 years  and birth order >3 
Age at birth  >34 years, birth interval <24 months, and birth order >3 
Birth interval <24 months and birth order >3 

 

 
 

17,295 (55.1) 
 

9,536 (34.4) 
 

1,113(4.8) 
368 (0.8) 

3,442 (11.3) 
4,613 (17.6) 

 

2,882 (10.6) 
 

141(0.6) 
7 (0.03) 

21 (0.02) 
25 (0.07) 

1,077 (3.7) 
178 (0.6) 

1,433 (5.4) 

 
 

3,833 (59.3) 
 

2,045 (31.5) 
 

878 (13.7) 
111 (1.7) 
245 (3.7) 

811 (12.5) 
 

584 (9.1) 
 

65 (1.0) 
2 (0.05) 

-- 
1 (0.02) 

239 (3.7) 
38 (0.5) 

239 (3.8) 

 
 

1,131 (61.7) 
 

495 (27.2) 
 

100 (5.9) 
17 (1.2) 

143 (8.1) 
235 (12.0) 

 

203 (11.0) 
 

13 (0.7) 
-- 
-- 
-- 

97 (6.7) 
26 (1.2) 
67 (3.4) 

Note. BMI = body mass index (defined as weight in kilograms divided by the square of height in meters); Numbers are unweighted; 
percentages are weighted. aAspects of family decisions a woman participated alone or jointly in making. bBMI categories were thin 
(< 18.5), normal (18.5–24.9), or overweight/obese (≥25).  
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Table 3: Adjusted odds ratios for associations between different forms of high-risk fertility behavior among women and chronic undernutrition among 
children under five: Demographic and Health Surveys India, Bangladesh, and Nepal 
 
 

Measure Chronic undernutrition among children 
 

India Bangladesh Nepal 

 AOR 95% CI AOR 95% CI AOR 95% CI 
Any high-risk category 

No 
Yes 
 

 
1.00 

1.29a 

 
-- 

1.21-1.39 

 
1.00 

1.25b 

 
-- 

1.10-1.43 

 
1.00 

1.40c 

 
-- 

1.08-1.81 

Types of high-risk category 
No risk 
Single high-risk category 
Multiple high-risk category 
 

 
1.00 

1.26a 

1.53a 

 
-- 

1.17-1.35 
1.35-1.74 

 
1.00 

1.19c 

1.73a 

 
-- 

1.04-1.36 
1.34-2.23 

 
1.00 
1.38 

1.48c 

 
-- 

0.92-2.41 
1.06-1.79 

Specific types of high-risk category 
No risk 
Mother’s age at birth <18 years 
Mother’s age at birth  >34 years 
Birth interval <24 months 
Birth order >3 
Age at birth <18 years and birth interval <24 months† 

Age  at birth >34 years and birth interval <24 months± 

Birth interval <24 months and birth order >3 

 
1.00 

1.46a 

0.86 

1.32a 

1.13 

1.95b 

1.20c 

1.50a 

 
-- 

1.25-1.71 
0.59-1.24 
1.20-1.46 
0.95-1.50 
1.30-2.94 
1.01-1.24 
1.29-1.74 

 
1.00 

1.27b 

1.24 
1.24 

1.22 
1.57c 

1.76c 

1.82a 

 
-- 

1.07-1.51 
0.76-2.03 
0.89-1.75 
0.98-1.50 
1.01-2.64 
1.13-2.75 
1.33-2.49 

 
1.00 

1.94b 

0.71 
1.49c 

1.25 
1.52c 

1.07 
2.28b 

 
-- 

1.21-3.09 
0.21-2.39 
1.04-2.16 
0.84-1.85 
1.00-4.89 
0.56-2.07 
1.29-4.04 

Models were adjusted for maternal age, education, maternal decision-making autonomy, maternal occupation, residence, number of household members, wealth index, maternal BMI, 
maternal height, receiving ANC, types of delivery, pregnancy intention, child age, sex of child, initiation of breastfeeding, size of birth, and recent illness.  †Includes the category age at 
birth  <18  years and birth order >3 and age at birth  <18  years, birth order >3 and birth interval < 24 months ; †Includes the category age at birth > 34 years and birth order >3 and age 
at birth  >34 years, birth order >3 and birth interval < 24 months. AOR adjusted odds ratio, CI confidence interval, ap<0.001, bp<0.01, cp<0.05 
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Table 4: Adjusted odds ratios for associations between different forms of high-risk fertility behavior among women and chronic undernutrition among 
children under-5 by wealth: Demographic and Health Surveys India, Bangladesh, and Nepal 
 
 

Measure Chronic undernutrition among children  
AOR (95% CI) 

 
India  Bangladesh Nepal 

 Poor Non-poor Poor Non-poor Poor Non-poor 
Any high-risk category 

No 
Yes 
 

 
1.00 

1.21 (1.04-1.40)c 

 
1.00 

1.38 (1.30-1.47)a 

 

1.00 
1.15 (0.88-1.51) 

 
1.00 

1.28 (1.10-1.50)b 

 
1.00 

1.10 (0.78-1.73) 

 
1.00 

1.62 (1.20-2.18)b 

Types of high-risk category 
No risk 
Single high-risk category 
Multiple high-risk category 
 

 
1.00 

1.17 (1.00-1.36)c 

1.42 (1.13-1.80)b 

 
1.00 

1.35 (1.26-1.43)a 

1.63 (1.46-1.82)a 

 

1.00 
1.08 (0.81-1.43) 

1.68 (1.06-2.67)c 

 
1.00 

1.23 (1.05-1.44)c 

1.73 (1.28-2.35)a 

 
1.00 

0.99 (0.59-1.66) 
1.39 (1.01-2.73)c 

 
1.00 

1.52 (0.77-2.99) 

1.66 (1.15-2.39)b 

Models were adjusted for maternal age, education, maternal decision-making autonomy, maternal occupation, residence, number of household members, maternal BMI, maternal 
height, receiving ANC, types of delivery, pregnancy intention, child age, sex of child, initiation of breastfeeding, size of birth, and recent illness.  AOR adjusted odds ratio, CI 
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Figure 1: Distribution of chronic undernutrition among 
children under-5 by country
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Highlights for review 

 

• Maternal high-risk fertility behavior was associated with an increased risk of chronic 

undernutrition among children under-5  

 

• Multiple high-risk categories appeared to have more profound consequences on the 

outcome measured. 

 

• For for the risk of undernutrition, children among those mothers who were either poor or 

experienced high-risk fertility were not uniquely disadvantaged 

.  

 


