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Abstract

Women of reproductive age (WRA) need adequate nutrient intakes to sustain a
healthy pregnancy, support fetal growth, and breastfeed after childbirth. However,
data on women's dietary intake in low- and middle-income countries (LMICs) are lim-
ited, and assessment of differences between dietary intakes of pregnant or lactating
women compared with that of nonpregnant, nonlactating (NPNL) women is untested.
Using single, multiple-pass 24-h dietary recall data from a sample of WRA residing in
rural Bangladesh, we examined women's dietary intakes for energy, protein, calcium,
iron, vitamin A, and dietary diversity for three groups: NPNL (n = 2,903), pregnant
(n = 197), and lactating women (n = 944). We used equivalence testing to examine
similarity in adjusted intakes for pregnant versus NPNL women and lactating versus
NPNL women with a predetermined equivalence threshold based on recommenda-
tions specific for each reproductive stage. On average, both pregnant and lactating
women had insufficient intakes for all dietary measures. Although statistically signifi-
cant differences were observed between pregnant and NPNL women for energy
intake and dietary diversity and between lactating and NPNL women for energy and
protein intake, the magnitudes of these differences were too small to reject equiva-
lence. Statistical similarity was also evident in all micronutrients and dietary diversity
for both two-group comparisons. Understanding statistical differences and similari-
ties between dietary measures of women in distinct reproductive stages has impor-
tant implications for the relevance, appropriateness, and evaluation of maternal diet-
enhancing interventions in LMICs, especially during pregnancy and lactation, when

demand for macronutrients and micronutrients is elevated.
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1 | INTRODUCTION

Women of reproductive age (WRA) need increased nutrient intakes to
sustain a healthy pregnancy, support fetal growth, and breastfeed after
childbirth. In low- and middle-income countries (LMICs), poor dietary
intake among WRA significantly contributes to maternal malnutrition
(Alam, Van Raaij, Hautvast, Yunus, & Fuchs, 2003; Kramer, 1987,
Roseboom, de Rooij, & Painter, 2006), which increases the risk for
adverse maternal and fetal complications during pregnancy, delivery,
and postpartum (Rasmussen, 2007; Rasmussen & Kjolhede, 2004; Rob-
inson et al., 2013; Van Lieshout, Taylor, & Boyle, 2011).

Recent World Health Organization (WHO) guidelines recommend
food as the main vehicle to fulfill the higher nutritional demands of
pregnancy and lactation, with supplementation only when needed
(WHO, 2016a). In LMICs, the latter half of this guideline has been
addressed through evidence-based maternal micronutrient supplemen-
tation (Bangladesh National Nutrition Policy 2015, 2015; Nguyen
et al., 2017; WHO, 2012; WHO, 2013; WHO 2016b). However,
assessing the feasibility of achieving the first half of the recommenda-
tion remains difficult for policy action in the absence of a population-
level dietary assessment (Blumfield, Hure, Macdonald-Wicks, Smith, &
Collins, 2012; Coates, Colaiezzi, Bell, Charrondiere, & Leclercq, 2017;
Lander et al., 2017; Picciano, 2003; Zeisel, 2009). Little is known about
what women eat in different stages of the reproductive cycle in LMICs,
particularly in South Asia, where maternal undernutrition is widespread
(Akseer et al, 2017) and maternal overweight is rising (Balarajan &
Villamor, 2009; Chowdhury, Adnan, & Hassan, 2018). This knowledge
gap limits our understanding of the relevance, timing, and potential
consequences of maternal nutrition interventions in LMICs.

Researchers who have examined women's diets in LMICs attri-
bute the lack of dietary diversity and inadequate nutrient intakes
among WRA to the monotonous nature of their diets, their poor
socioeconomic status, and a lack of maternal nutrition support pro-
grams (Darnton-Hill & Mkparu, 2015; Kavle & Landry, 2018; Lee,
Talegawkar, Merialdi, & Caulfield, 2013; Nguyen et al., 2018). Contex-
tual factors other than gender-inequitable intrahousehold food alloca-
tion also constrain food intake among pregnant and lactating women,
such as “eating down” during pregnancy for the fear of delivering large
babies, or cultural taboos that impose postpartum food restrictions
(Christian et al., 2006; Harding et al., 2017; Kavle & Landry, 2018;
Shannon, Mahmud, Asfia, & Ali, 2008).

This literature suggests that WRA in LMICs are unlikely to increase
their energy, protein, and micronutrient intakes during pregnancy and
lactation to the amounts recommended by the Institute of Medicine or
other national bodies with the result that, at a population level, diets of
pregnant and lactating women are similar to that of nonpregnant, non-
lactating (NPNL) women. However, this hypothesis has not previously
been tested for two reasons. First, data on nutrient intakes of WRA are
limited in their geographical representation (Arsenault et al., 2013;
Harris-Fry et al., 2015), with sample sizes ranging from 10-;600 women
from one or two reproductive stages (Leroy, Ruel, Sununtnasuk, &
Ahmed, 2018; Nguyen et al., 2018), or represent women from over a

decade ago when overnutrition among childbearing women in LMICs
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Key Messages

e This study demonstrates the important use of equiva-
lence testing—an appropriate statistical test to hypothe-
ses that aim to look for statistical similarity rather than
disparity = when  performing large-scale dietary
assessments.

e Application of equivalence testing to assessment of
women's diets suggest that macronutrient and micronu-
trient intakes of pregnant or lactating women are not
only suboptimal but also statistically equivalent to those
of nonpregnant, nonlactating women in rural Bangladesh.

o When assessing intakes in large samples, statistically sig-
nificant differences can co-occur with statistically signifi-
cant similarities, which may lead to divergent conclusions
on the need for diet-enhancing interventions in regions
where maternal nutritional problems are endemic.

o Testing for both differences and equivalencies in dietary
assessments can improve decision-making on the need,
relevance, and appropriateness of diet-enhancing inter-

ventions aimed at improving maternal nutrition.

was rare (Alam et al., 2003; Huybregts, Roberfroid, Kolsteren, & Van
Camp, 2009; Rao et al., 2003). Second, the hypothesized similarity in
the diets of women in different reproductive stages cannot be tested
using traditional t-tests because they are designed to evaluate statisti-
cal differences. Equivalence tests, which evaluate similarity rather than
difference, are more appropriate for establishing statistical similarity
(Barker, Luman, McCauley, & Chu, 2002; Limentani, Ringo, Ve,
Bergquist, & MCSorley, E. O., 2005; Walker & Nowacki, 2011). These
tests have not been used to assess disparities in dietary intakes of
WRA based on their reproductive state.

We analyzed diets of WRA by using dietary data from a large sur-
vey representative of rural Bangladesh to (i) compare nutrient intakes
of pregnant, lactating, and NPNL women to recommendations that
are specific for each stage of reproduction, (ii) demonstrate the use of
equivalence testing to evaluate whether the hypothesized similarity in
diets of women in different reproductive stages is statistically signifi-
cant at a population level, and (iii) compare results from equivalence
testing and the traditional t-test to determine whether the nutrient
intakes of pregnant and lactating women, adjusted for covariates, are

statistically similar to or different from those of NPNL women.

2 | METHODS
2.1 | Data and sampling

We used data from the Bangladesh Integrated Household Survey
(BIHS-1), a representative socioeconomic household survey of rural
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Bangladesh with data on individual-level food consumption
(Ahmed et al, 2013). The survey was conducted from October
2011 to March 2012—a period that excludes the Ramadan fasting
months. Data were collected in 5,503 households in 275 villages
using a two-stage stratified sampling approach. In the first stage,
villages were randomly selected from seven strata (administrative
divisions) with probability proportional to the number of house-
holds in each stratum. In the second stage, 20 households were
randomly selected from each village. Household interviews were
conducted using a multimodular questionnaire in Bengali by trained
male and female interviewers who interviewed an adult male and
an adult female, respectively. Details on the survey methodology
and the instrument have been published elsewhere (Ahmed
et al., 2013).

Apart from income expenditure and assets at the household
level, the BIHS also included individual-level food consumption,
demographic characteristics, (age, sex, education level, occupation,
etc.), anthropometric measurements, and the reproductive status of
women. Individual-level food consumption data were collected
using multiple-pass, 24-h recall and food-weighing methods for
meals prepared at home. The primary female food preparer and
server was interviewed to record recipes and weight of raw ingre-
dients of food items prepared in the last 24 h and the quantity of
food items consumed by each household member for three main
meals, that is, breakfast (“morning”), lunch (“noon”), and dinner
(“night”). Snacks consumed outside of these mealtimes were
recorded separately as “snacks.” The place of meal consumption
was also noted (e.g., at home, work, and restaurant) In this analysis,
we accounted for all foods that respondents reported to have con-
sumed in the 24-h period, regardless of the mealtime or place of
food consumption.

2.2 | Sample selection

We restricted our analyses to women 15-;49 years of age (i.e., WRA)
who were primary respondents of the survey, were ever-married
(because in Bangladeshi culture, women bear children after marrying;
Islam, Islam, Hasan, & Hossain, 2017; National Institute of Population
Research and Training (NIPORT), Mitra and Associates, and ICF Inter-
national, 2016), and were either the female head of the household or
were closely related to the male head of the household (i.e. wife,
daughter, or daughter-in-law; Figure S1). We excluded WRA for
whom data on reproductive status were missing or self-reported data
on dietary intake were unavailable. Lastly, we excluded participants
with implausible caloric intakes for at-home meals in rural Bangladeshi
households, defined as intakes beyond 4,205 kcal/day. This value is
the upper bound of the 95% confidence interval for the mean per
capita caloric consumption for rural Bangladeshi adults that was
recently estimated by Sununtnasuk and Fiedler (Sununtnasuk &
Fiedler, 2017) and compares with the 99th percentile of caloric intake
for our sample of WRA. Our final sample size consists of 4,044 WRA:
197 pregnant, 944 lactating, and 2,903 NPNL women.

_WILEY_L 2%
2.3 | Outcome variables

We assessed actual dietary intakes of our sample on five nutrients:
energy (kcal/day), protein (g/day), calcium (mg/day), iron (mg/day), and
vitamin A (retinol activity equivalents, measured in mcg/day). We used
the BIHS 24-h food recall data to estimate quantity of foods consumed
and food composition tables (FCTs) by the Institute of Nutrition and
Food Sciences (INFS), University of Dhaka (Shaheen et al, 2013), to ana-
lyze nutrient content of each consumed food. Nutritive values for
228 of the 290 reported food items were obtained from the INFS FCT.
Where information on the nutrient content of a food item was missing
from the INFS FCT, we first used information found in the FCT devel-
oped by Helen Keller specifically developed for
Bangladesh (Hill, Hassan, Karim, & Duthie, 1988) and then information
found in the recent FCT developed for Indian foods by the National

International

Institute of Nutrition, India (Longvah, Ananthan, Bhaskarachary, &
Venkaiah, 2017). Questions on intake of prenatal iron and folic acid sup-
plements and on receipt of a postnatal dose of vitamin A were limited
to mothers of children under 2 years of age. Given that only 768 women
who responded to these questions overlapped with our WRA sample of
4,044, we restricted our analyses to dietary intake of micronutrients.

We also identified food groups consumed by each subject to
assess diets for a sixth outcome measure—the women's dietary diver-
sity score (WDDS). WDDS is a well-established proxy for diet quality
specifically developed for WRA with revised guidelines published in
2016 by FAO of the United Nations for use at the population level
(Martin-Prével et al., 2015). The WDDS is calculated based on con-
sumption of 10 food groups, and consumption of =5 out of the
10 food groups in a day indicates a high probability of micronutrient
adequacy of women's diets for 11 micronutrients. The 10 food groups
are as follows: (1) grains, white roots and tubers, and plantains,
(2) pulses (beans, peas and lentils), (3) nuts and seeds, (4) dairy,
(5) meat, poultry and fish, (6) eggs, (7) dark green leafy vegetables,
(8) other Vitamin A-rich fruits and vegetables, (9) other vegetables,
and (10) other fruits.

2.4 | Exposure variable

Our exposure of interest is the current physiological status of women
aged 15-;49 years, who were classified into three groups: pregnant,
lactating, and NPNL. This categorical variable was created from two
guestions administered to female respondents: if they were pregnant,
and if they were lactating. If a respondent answered yes to both
(26 WRA), we classified them as “pregnant,” as it is biologically possi-
(Bongaarts &

ble for lactating women to become pregnant

Potter, 2013).
2.5 | Confounders

To reduce confounding bias, we used a set of covariates that influ-

ence diet during pregnancy and lactation. These variables were
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identified a priori, based on relevant literature (Arsenault et al., 2013;
Harris-Fry, Shrestha, Costello, & Saville, 2017; Lee et al., 2013; Leroy
et al., 2018; Rashid, Smith, & Rahman, 2011), plausibility, and observa-
tions from qualitative reports (Craig, Jeyanthi, Pelto, Willford, &
Stoltzfus, 2018; Kavle & Landry, 2018). We included three broad cate-
gories of control variables: (i) individual-level factors (age, relationship
to household head, education level, anthropometric measurements),
(i) household-level factors (household size, income calculated as total
monthly expenditure, ownership of livestock, participation in fisheries
for self-consumption, food security status), and (iii) community-level

factors (exposure to visits by community health worker).

2.6 | Statistical analysis

We used survey data analysis in Stata 15 for univariate and bivariate
analysis to account for the complex survey design and to generalize
findings to a sample representative of rural Bangladeshi WRA. Specifi-
cally, we used the “svyset” command to account for the stratified mul-
tistage sampling with administrative divisions as strata and clustered
sampling at the village and household level. We specified sampling
weights at the household level and used the “subpop” option in Stata
that is designed specifically to analyze survey data for a subpopulation
of interest. With the NPNL group as the comparator, we used
adjusted Wald tests to compare groupwise means and t-tests to com-
pare proportions between two groups. For comparing the actual
intake with dietary recommendations for WRA, we referred to rec-
ommended dietary allowances from India (National Institute of Nutri-
tion, Hyderabad, India, 2011) for two reasons: (i) dietary
recommendations for energy during pregnancy and lactation were
unavailable from the national dietary guidelines from Bangladesh
(Nahar, Faruque, & Mannan, 2013) and (ii) available dietary require-
ments for Bangladeshi adults closely resemble those for the Indian
population because of their shared ethnic origin.

Multiple linear regression models were fitted to identify signifi-
cant individual-, household-, and community-level covariates for the
association between reproductive status of WRA and energy intake.
Each covariate was individually tested for potential confounding at
p < 0.05 using bivariate linear regressions with caloric intake as the
outcome. Backward stepwise linear regression was used to eliminate
variables until all the covariates in the multivariate model were signifi-
cant at p < 0.05. These included age, age at marriage, height, educa-
tion level, income earning status, a dummy variable for skipping at
least one meal at the individual level, household income, and food
insecurity status at the household level. Once we identified this final
set of covariates, multivariable models for other dietary measures
were fitted using the same set of covariates for consistency. Because
intakes of protein, calcium, iron, and vitamin A were skewed (-
Figures S3-;S6), these outcomes were log-transformed before fitting
any linear models. For each step in the model-fitting process, residual
plots were assessed for normality of residuals.

Finally, we performed equivalence testing to assess for statisti-

cally significant similarity and differences in intakes of pregnant versus
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NPNL women and lactating versus NPNL women. Figure 1 illustrates
the difference between traditional difference testing and equivalence
testing. An important aspect of using equivalence tests is to specify
an a priori equivalence interval or & that is both practically and statisti-
cally important to suggest equivalence or “similarity.” In the absence
of published studies defining a & of practical significance and tests for
an appropriate equivalence interval when comparing dietary intakes,
we use a prespecified threshold of 60% of the additional nutrient
intakes recommended for pregnant and lactating women. As seen in
Tables 1a and 1b, & for calories for pregnant women is 210 kcal
(i.e., 60% of the additional 350 kcal/day recommended during preg-
nancy) and that for lactating women is 312 kcal (60% of the additional
520 kcal/day recommended during lactation). These values corre-
spond to an additional daily serving of cereal and pulse during preg-
nancy and an additional meal with cereal, pulse, and
milk/fruit/vegetables during lactation. For dietary diversity, we chose
an equivalence interval of one additional food group, based on recent
findings that suggest that women with a WDDS score of minimum six
food groups are more likely to achieve adequate micronutrient intakes
during pregnancy (Nguyen et al., 2018), compared with the minimum
score of five food groups during the NPNL stage.

Group-specific adjusted means obtained from multivariate models
were subject to equivalence testing with the prespecified & for two
comparisons: pregnant versus NPNL women and lactating versus
NPNL women. Note that the use of group-specific adjusted means
assists in addressing concerns regarding outcomes with skewed distri-
butions. Additionally, we performed post hoc power calculations to
assess if we had adequate power to declare statistically significant
equivalence or difference for the observed mean difference and vari-
ance. These calculations are based on statistical procedures rec-
ommended by Chow and Wang for bioequivalence trials (Chow &
Wang, 2001). R statistical software, Version 1.1.453, was used to per-
form two one-sided tests (TOST). An a of 0.05 yielded 90% confi-
dence intervals for equivalence testing because the formula for
confidence interval inTOST is 100(1-2a)%. Lastly, because recommen-
dations for iron intake are the same during lactation and the NPNL
period, 5 could not be defined and, therefore, the equivalence test for
iron could not be performed for lactating versus NPNL women.

3 | RESULTS
3.1 | Sample characteristics

The proportions of NPNL, pregnant, and lactating women in our sam-
ple were 71.8%, 4.9%, and 23.3%, respectively. The majority of
women in each group had completed at least primary school, were
currently married to the household head, and belonged to food-
secure, livestock-owning households with a median income ranging
from 23 to 28 US dollars per month (Table 2). NPNL women were sig-
nificantly older (by 8-;9 years) than women in the other two groups;
the average age at marriage was less than 18 years for all groups.

Although women from all three groups had similar average height and
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FIGURE 1

Equivalence testing versus difference testing. For testing equivalence, a reversal of the traditional null and alternative hypotheses

is required, such that we can then demonstrate equivalence that is statistically significant, practical, and precise. The “two-sided equivalence test”
(TOST), designed specifically for equivalence testing, begins with a null hypothesis that the two mean values are not equivalent, then attempts to
demonstrate that they are equivalent (or “similar”) within an a priori determined “equivalence interval” that provides evidence of statistically
significant equivalence or similarity. Unlike the two-sample t-test, TOST penalizes poor precision and/or small n values and places the burden on
the analyst to prove that the parameters are equivalent. The figure below, adapted with permission from Limentani et al. (2005), illustrates the
differences between the conclusions one can draw from the traditional t-test versus those from an equivalence test, based on confidence

intervals for mean difference y; —,, and equivalence interval +0

normal body mass index, lactating women were significantly lighter
and thinner than the NPNL group. The proportions of income-earning
women among pregnant and among lactating women were signifi-
cantly lower than the NPNL group; fewer than half of the pregnant
women earned some income. In all groups, 95%-;96% women con-
sumed at least three main meals. A significantly greater proportion of
pregnant and lactating women reported being visited by community
health worker (24%-;27%) compared with NPNL women (14%).

3.2 | Comparison of nutrient intakes with
reproductive stage-specific recommendations

Pregnant and lactating women had lower than recommended intakes
for all nutrients (Table 3). In both adjusted and unadjusted models,
mean intakes of energy and protein among NPNL women were
slightly higher than the recommended amounts, whereas pregnant
and lactating met 85%-;95% of their energy and protein recommen-
dations on average. For all micronutrients, mean intakes for all groups
of women—whether unadjusted or adjusted—fell short of recommen-

dations by 30%-;80%. Deficits were most pronounced for iron and

calcium in pregnant women and for vitamin A and calcium in lactating
women. Lastly, the expected pattern of incremental intakes rec-
ommended for pregnant and lactating women compared with the ref-
erent group of NPNL women was virtually absent for all nutrient
intakes.

3.3 | Results from difference testing (i.e., traditional
t-test) on mean intakes between NPNL and pregnant
women, and NPNL and lactating women

Mean nutrient intakes of pregnant and lactating women obtained
from bivariate analysis (i.e., unadjusted means) were statistically signif-
icantly different for some intakes as compared with the NPNL group
(Table 3). We found a significant difference of about 100 kcal/day
between the unadjusted mean energy intake of pregnant and NPNL
women. Similarly, although the unadjusted mean energy intake of lac-
tating women was significantly higher than that of NPNL women, the
mean difference was less than 80 kcal/day. Adjustment for covariates
did not change these results. Although PW had significantly higher
intakes for protein, dietary calcium, and dietary iron compared with
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TABLE 1a Predefined equivalence interval “s” for testing
equivalence in dietary intake between pregnant and NPNL women

Recommended
intake for NPNL Recommended
Dietary measure women intake for PW Spw
Energy (kcal/day) 2,230 +350 +210
Protein (g/day) 55 +23 +13.8
Vitamin A—Retinol 600 +200 +120
Adult Equivalent
(ng/day)
Calcium (mg/day) 600 +600 +360
Iron (mg/day) 21 +14 +8.4
Women's dietary 5 - +1

diversity score

Note. Recommended intakes for NPNL women and PW are based on rec-
ommended dietary allowances for Indians.
Abbreviations: NPNL, nonpregnant, nonlactating; PW, pregnant women.

TABLE 1b Predefined equivalence interval “s” for testing
equivalence in dietary intake between lactating and NPNL women
Recommended
intake for NPNL Recommended
Dietary measure women intake for LW ow
Energy (kcal/day) 2,230 +520 +312
Protein (g/day) 55 +19 +10.8
Vitamin A—Retinol 600 +350 +210
Adult Equivalent
(ng/day)
Calcium (mg/day) 600 +600 +360
Iron (mg/day) 21 +0 n/a
Women's dietary 5 - +1

diversity score

Note. Recommended intakes for LW are based on recommended dietary
allowances for Indians.
Abbreviations: NPNL, nonpregnant, nonlactating; LW, lactating women.

the NPNL group, these differences were no longer significant in
adjusted models. In case of lactating versus NPNL women, no statisti-
cally significant differences were found for unadjusted intakes of pro-
tein or micronutrients; however, there was a statistically significant
difference of 2.4 g/day in adjusted protein intake. Lastly, the mean
WDDS-10 was about 3.7 for all groups and was lower than the mini-
mum dietary diversity cut-off of 5 for all WRA. In the adjusted model,
mean WDDS-10 for pregnant women (3.67 + 0.41) was significantly
(but slightly) lower than that of NPNL women (3.73 + 0.44).

3.4 | Comparison of results from equivalence and
difference testing on adjusted means

In testing differences and equivalencies between adjusted mean
intakes of nutrients and the WDDS-10 score for pregnant versus

NPNL women and lactating versus NPNL women, we obtained two

WABLE GRANDNER €T AL.

combinations: one with differing results from the t-test and equivalent
test (“not equal but equivalent”), and another with consistent results
from the two tests (“equal and equivalent”). These combinations are
described below and are illustrated in Figures 2 and 3. Further details
on the confidence intervals around adjusted means are available in
Table S1, and individual graphs for the dietary measures are in
Figures S8 and S9.

Not equal but equivalent: Energy intakes and WDDS-10 values

for pregnant versus NPNL women and energy and protein intake for
lactating versus NPNL women were significantly different for the
equality of means. However, we could not reject the null hypothesis
of equivalence (or similarity) with the predefined equivalence margins
(£60% for energy and nutrient intakes and +1 food group for WDDS-
10) at a = 0.05. Sensitivity tests with lower equivalence margins of
50% and 40% did not change these results (Figures S10-;513).

Equal and equivalent: for all comparisons of micronutrient intakes,
for protein for pregnant versus NPNL women, and for WDDS-10 for
lactating versus NPNL women, differences between the means were
not significantly different and fell within the equivalence bounds. Sen-
sitivity tests with lower equivalence margins of 50% and 40% did not

change these results.

4 | DISCUSSION

Drawing on data representative of rural Bangladesh, we found that
macronutrient and micronutrient intakes of pregnant or lactating
women are both suboptimal and statistically equivalent to those of
women who were NPNL. Although significant differences were pre-
sent for four out of the 12 pairwise comparisons after controlling for
covariates (i.e., for adjusted energy and dietary diversity in pregnant
vs. NPNL women, and for adjusted energy and protein intake in lactat-
ing vs. NPNL women), the magnitudes of these differences were
small. When we performed equivalence tests at a predetermined
equivalence threshold, we found evidence for equivalence for all
group comparisons on all dietary measures at p < 0.05. These results
did not change with narrower equivalence thresholds, which confirms
that nutrient intakes of pregnant and lactating women are essentially
equivalent to those of NPNL women.

Although research continues to highlight multiple nutrient defi-
ciencies among Bangladeshi WRA by comparing reported intakes to
dietary recommendations (Arsenault et al., 2013; Leroy et al., 2018;
Nguyen et al., 2018), our study is the first to use dietary recommenda-
tions on a large, representative sample from an LMIC to demonstrate
that, at a population level, there is no meaningful difference in the
macronutrient or micronutrient intakes of pregnant or lactating
women compared to NPNL women, when there should be one. For
example, compared with the recommended additional daily energy
intake of 350 kcal during pregnancy and 520 kcal during lactation,
pregnant and lactating women consumed only 86 and 76 kcal on aver-
age above the adjusted mean energy intake of NPNL women.
Although negligible, these differences in energy were statistically sig-

nificant and hence deemed as “not equal.” We obtained similar results
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TABLE 2 Selected characteristics of the study sample

Individual characteristics

NPNL women (n = 2,903)

Pregnant women (n = 197)

~WI ]_Eym

Lactating women (n = 944)

Age, years 347 £ 7.5°
Adolescents (15-19y; %) 1.4
Age at marriage, years 16.6 +2.8
Weight, kg 48.6 £ 8.9
Height, cm 150.6 £ 5.7
Height below height 145 cm (%) 15.4
BMI, kg/m? 214+3.6
Marital status (%)
Currently married 96.0
Widowed 3.1
Divorced/separated 0.9
Relationship with HH head(%)
Self (i.e., is female head of the HH) 16.2
Wife 82.1
Daughter 0.4
Daughter-in-law 1.3
Education (%)
No schooling 44.3
Primary 28.3
Secondary 25.7
High school or higher 1.7
Has a child <2 years of age (%) 2.2
Income-earning (%) 64.6
Consumed at least three main meals (%) 94.9
HH characteristics
HH size 42+14
Monthly HH expenditure, USDP 28.3°(21.1-;38.8)
Food-secure HH, % 74.5
Owns livestock, % 81.6
Engaged in fishing for self-consumption, % 329

Community level characteristics
Visited by CHW 144

Note. All comparisons are relative to NPNL women as the reference category

260%62" 268+59"
105" 47"
17.3+3.2" 171277
49.6+85 451747
150.8 + 6.1 150.7 + 6.3
14.9 13.2
21.71+3.1 19.9+297
100.0™" 99.1"
00" 046"

00" 03

9.6 11.8"

83.9 85.8"

1.7 0.5

48 2.0

320" 29.6"™

26.5 31.6

405" 36.9™

1.0 1.9

100" 714"
469" 53.2""

96.4 96.3
37+14" 45+14"
30.3 (22.5-;39.4) 2317 (17.7-;31.3)
80.8" 74.2

79.2 746"

33.1 32.9

23.8° 2717

Abbreviations: BMI, body mass index; CHW, community health worker; HH, household; NPNL, nonpregnant, nonlactating women.

2Mean = SD (all such values).

PUSD = US dollars, 1 USD = 82 Bangladeshi Taka (on average since 2012).
‘Median (Q1-;Q3); all such values.

“p < 0.05.

“p<0.01.

“'p <0.001.

when we compared differences in diet diversity between pregnant
and NPNL women and protein intake between lactating and NPNL
women. Finding a negligible but statistically significant difference
(which is highly likely in large samples; Barker et al., 2002) could con-
vey that women who are pregnant or lactating have significantly
greater intakes than women who are not. Such understanding may

inadvertently understate the need for programmatic action to
enhance maternal diets in LMICs. However, the risk for programmatic
inaction could be avoided if, along with difference testing, equivalence
testing is performed to determine whether differences in subgroups
are also statistically equivalent at a predetermined threshold. In this

sample, the statistically significant increments are insufficient to
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TABLE 3 Comparison of mean nutrient intakes and WDDS-10 to reproductive-stage specific recommendations, and results from difference

testing (i.e., traditional t-test) on mean intakes between NPNL and pregnant women, and NPNL and lactating women

Dietary outcome

Energy (kcal/d)

NPNL women (n = 2,709)

Recommended 2,230
Unadjusted 2,359.8 + 543.4%
Adjusted® 2,364.6 £ 234.4
Protein (g/day)

Recommended 55
Unadjusted 62.0+20.8
Adjusted 62.1+234
Vitamin A (mcg/day)

Recommended 600
Unadjusted 233.2+4844
Adjusted 217.5 +596.0
Dietary calcium (mg/day)

Recommended 600
Unadjusted 413.2 +£ 366.5
Adjusted 405.9 + 437.9
Dietary iron (mg/day)

Recommended 21
Unadjusted 11.6+54
Adjusted 11.5+6.3
WDDS-10

Recommended 5

Unadjusted 3.7+1.0
Adjusted 3.73+0.44

Pregnant women (n = 179)

2,580
2,459.5 + 643.2°
2,450.1 +229.4"

Lactating women (n = 944)

2,750
2,438.5+577.4"
24405+ 2195

78 74
66.6 + 254 632+21.6
62.8 +25.0 64.5+237"
800 950

283.1 5235 219.5 + 466.4
235.7 + 430.6 215.7 + 432.7
1,200 1,200

468.6 +404.5 421.8 +381.9
4251 + 3515 4309 + 4155
35 21

128+ 6.4 11.5+52
12.1+6.7 11.8 +5.8

5 5

37+10 37+11

3.67 +0.41 3.71+0.43

Abbreviations: NPNL, nonpregnant, nonlactating; WDDS-10, women's dietary diversity score out of 10 food groups.

2Mean = SD (all such values).

bAdjusted for participant's age, age at marriage, height, education, income-earning status, number of meals skipped, household income, household food

security status, and accounting for the complex survey design.
“p < 0.05.
“p<0.01.

Hok

p < 0.001.

support the high nutritional demands placed by fetal growth and tis-
sue expansion during pregnancy and milk production during lactation
(United Nations University, World Health Organization, Food and
Agriculture Organization of the United Nations, 2004).

When equivalence and difference testing identify intakes of preg-
nant and lactating as “equal and equivalent” to NPNL, the need for
enhancing maternal diets becomes even more pronounced. In our
study, we found that this was true for both two-group comparisons
for all micronutrients. It was also true for the comparison on dietary
diversity between lactating and NPNL women. Intakes for all micro-
nutrients fell short of the recommendations by 30%-;80% in all WRA
subgroups in adjusted as well as unadjusted models, and results are
consistent with existing studies (Arimond et al., 2010; Arsenault
et al., 2013; Leroy et al., 2018; Nguyen et al., 2018; Ruel, Deitchler, &

Arimond, 2010). The mean dietary diversity score in all three groups
of women was 3.7 out of 10 food groups, which is lower than the cut-
off of five food groups associated with micronutrient adequacy in
WRA. These findings suggest that neither pregnancy nor lactation
results in women consuming an adequate or varied diet. Given the
critical role of these nutrients to support the unique metabolic states
during pregnancy and lactation, programs to improve maternal diets
through nutrition-specific and nutrition-sensitive interventions are
needed to improve maternal and child nutrition outcomes associated
with the first 1,000 days of life.

Although multiple nutritional deficits are evident in all our sample
subgroups, the relatively high intakes of energy and protein among
NPNL found in our sample were also found among Bangladeshi ado-

lescents and WRA by Leroy et al. (2018). Bangladesh is undergoing an
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Test Results Conclusion equivalence for t-test
test
not equal but
Energy —— equivalent 1.00 0.99
. equal and
Protein —a— equivalent 0.99 0.07
Vitamin A | - | équal and 0.41 0.07
I 1 | equivalent
. equal and
Calcium —— equivalent 1.00 0.10
equal and
Iron i equivalent 1.00 0.22
} [ not equal but
wDDS-10 equivalent 1.00 0.45
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FIGURE 2 Significant differences and equivalencies in nutrient intakes for pregnant women versus nonpregnant, nonlactating women. Note.
Significant difference and equivalence tested at a = 0.05; horizontal T-shaped bars depict 95% confidence intervals for difference testing.
Difference is statistically significant and conclusion is “not equal” if 95% confidence interval does not include zero. Equivalence is statistically
significant and conclusion is “equivalent” if 90% confidence interval (obtained from two one-sided tests with an a of 0.05 and using the formula
100[1-;2a]%) is contained in the interval with endpoints —pw and +dpw defined for each nutrient in Table 1a

economic and nutritional transition, accompanied by a rapid increase
in overnutrition and decline in undernutrition among WRA (Bhutta
et al., 2013; Chowdhury et al., 2018). Designing food-based maternal
nutrition interventions in this context poses challenges. Future trials
could test for differences and similarities in women's diets to assess
whether diet-enhancing interventions generated a statistically signifi-
cant and meaningful difference, and whether diet-restricting interven-
tions, if appropriate to address overnutrition, achieved practical
equivalence within recommended dietary allowances.

There are two important considerations when performing equiva-
lence tests for topics in public health nutrition. First is the careful
selection of the equivalence interval for statistical and practical signifi-
cance (Barker et al., 2002; Limentani et al., 2005). In the absence of
previous research on the application of equivalence testing to dietary
intakes in different reproductive stages, we chose a prespecified
threshold of 60% of the additional nutrient recommendations for
pregnancy and lactation. We restricted our analysis to this threshold
for analytical fidelity and because the corresponding equivalence mar-
gins of 210 kcal (for pregnant vs. NPNL women) and of 312 kcal (for
lactating vs. NPNL women) correspond to the practical guidelines on
consuming, at a minimum, an additional daily serving of staples during
pregnancy and an additional meal during lactation (Linkages, AED and
CORE Nutrition Working Group, USAID, 2004). Although our core
findings remained unchanged in post hoc sensitivity analyses with
40% and 50% thresholds, further research is needed to determine the
magnitude of tolerable difference, especially to evaluate dietary
intakes among WRA as risk factors for maternal and child health

outcomes.

Another important consideration is that equivalence testing
requires an adequate sample size (Shieh, 2016). The availability of
detailed individual-level dietary intake data from a nationally repre-
sentative sample of rural Bangladesh enabled us to apply equivalence
(and difference) testing to a large sample of WRA subgroups. Never-
theless, using survey data for performing equivalence tests also entails
that the subsamples for comparison should be obtained carefully. In
our study, the sample size of pregnant women (n = 197) was much
smaller relative to the comparator group, that is, NPNL women
(n = 2,903). Such relatively small subgroup of pregnant women is
expected in data obtained secondarily from surveys, especially those
conducted in developing countries where women often do not know
or do not report pregnancy in the first trimester. Therefore, we
adopted a “maximum sample” approach in our secondary analyses of
the BIHS data in order to obtain as many eligible candidates, including
pregnant women on whom dietary data is already scant. Although this
approach resulted in a smaller sample of pregnant WRA with self-
reported dietary data compared with the overall BIHS sample of WRA
who reported their status as “pregnant” (274 out of 6,062 WRA), the
proportion of pregnant women in our WRA sample (4.9%) was nearly
identical to that observed in the BIHS WRA sample (4.5%). We did
not use a priori measures to determine the required sample size for
the planned analysis. However, similar to other secondary data ana-
lyses, we performed post hoc power analysis that incorporates the
observed effect size and variance. As seen in Figures 2 and 3, equiva-
lence was observed for almost all group comparisons with a power of
"1.00. For vitamin A between pregnant and NPNL women, we

obtained a power of 0.41, which suggests that for the a priori-defined
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Power for Power
Test Results Conclusion equivalence for t-
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Energy HH not _equal but 1.00 1.00
equivalent
. not equal but
Protein i equivalent 1.00 0.75
. . equal and
Vitamin A - | equivalent 1.00 0.06
. equal and
Calcium | 5 | equivalent 1.00 0.33
WDDS-10 equal and 1.00 0.22
] equivalent
>
-OLw 0 OLw
Y1-V2

FIGURE 3 Significant differences and similarities in nutrient intakes for lactating women (LW) versus nonpregnant, nonlactating women.
Note. Significant difference and equivalence tested at a = 0.05; horizontal T-shaped bars depict 95% confidence intervals for difference testing.
Difference is statistically significant and conclusion is “not equal” if 95% confidence interval does not include zero. Equivalence is statistically
significant and conclusion is “equivalent” if 90% confidence interval (obtained from two one-sided tests with an « of 0.05 and using the formula
100[1-;2a]%) is contained in the interval with endpoints —p\ and +dpw defined for each nutrient in Table 1b

equivalence margin for vitamin A (i.e., 120 pg), there is a 41% chance
that such margin is truly statistically equivalent. One could achieve a
higher power by increasing the sample size or by declaring a wider
equivalence threshold. The former approach is not feasible in survey
data analysis if we choose eligible candidates uniformly across WRA
subsamples, and the latter would defeat the purpose of testing equiv-
alence at a prespecified threshold.

To our knowledge, no other studies have applied TOST to estab-
lish statistical similarity in dietary intakes of women across reproduc-
tive stages in an LMIC. Apart from using dietary data from a large
survey representative of rural Bangladesh, our study places the equiv-
alence test in a regression analysis framework with individual-,
household-, and community-level covariates that enables us to evalu-
ate similarity in adjusted nutrient intakes and adds depth to the test.

Our study has some limitations. We analyzed nutrient intakes
from a single 24-h dietary recall. This is acceptable for population-
level estimation of mean intakes and regression analyses (National
Institutes of Health, National Cancer Institute, n.d.). However, 24-h
recall dietary data are prone to inaccurate recall, which results in mea-
surement error (Bell, Saltzman, & Coates, 2016). In view of the lack of
gold-standard measurements on diets in LMICs (Coates et al., 2017),
we are unable to assess the extent of this mismeasurement. For our
sample of rural Bangladeshi women, misreporting of diet may be rela-
tively limited given their fixed meal pattern (three meals per day), the
monotonous nature of their day-to-day diet, and rare occurrences of
eating outside the home. (For instance, more than 97% of our sample
of WRA reported consuming breakfast, lunch, and dinner, whereas
only 21% reported consuming snacks, and the proportion of WRA
reporting consumption of foods at home ranged from 95% for snacks

and 98%-;99% for the main meals.) To minimize bias from

misreporting, we selected only those women for whom we have self-
reported dietary intake data for the 24-h reference period during
which dietary intakes were recorded. We were unable to adjust for
two important covariates: intake of iron supplements and trimester of
pregnancy. Women who take iron supplements may have higher iron
intake than we estimate. It is possible that some women, unaware of
their pregnancy in the first trimester, may not have the opportunity,
knowledge, or desire to adjust their dietary intake. However, because
data on prevalence of iron supplementation were missing for a large
proportion of our sample and data on gestational phase or antenatal
nutrition knowledge and practices were not collected, we were unable
to adjust for these covariates.

We demonstrate that intakes of WRA are not responsive to
the conditions of pregnancy and lactation and that appropriate sta-
tistical tests, such as the equivalence test, should be applied to
uncover the hypothesized similarities in diets of women in different
reproductive stages. Our results highlight the value of equivalence
testing—a relatively new but more appropriate statistical test for
hypotheses in nutrition research that aim to identify statistical simi-
larity rather than difference. Beyond contributing to improved
methodological rigor in nutrition research, equivalence testing in
our study reinforces the need for interventions designed to
improve women's diets during nutritionally vulnerable stages of
pregnancy and lactation and for evaluation of such interventions
by establishing that, if there is a statistical difference, it is a
meaningful one.
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