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Abstract: Food security in Bangladesh has improved in recent years, but the country is now facing
a double burden of malnutrition while also being highly vulnerable to climate change. Little is
known about how this may affect food supply to different sectors of the population. To inform
this, we used a national dietary survey of 800 rural households to define dietary patterns using
latent class analysis. Nutrient adequacy of dietary patterns and their potential vulnerability to
climate shocks (based on diversity of calorie sources) were assessed. We fitted mixed effects logistic
regression models to identify factors associated with dietary patterns. Four dietary patterns were
identified: rice and low diversity; wheat and high diversity; pulses and vegetables; meat and fish.
The wheat and high diversity and meat and fish patterns tended to be consumed by households
with higher levels of wealth and education, while the rice and low diversity pattern was consumed
by households with lower levels of wealth and education. The pulses and vegetables pattern was
consumed by households of intermediate socio-economic status. While energy intake was high, fat
and protein intake were suboptimal for all patterns except for the wheat and high diversity pattern.
All patterns had fruit and vegetable intake below the WHO recommendation. The wheat and high
diversity pattern was least vulnerable to shocks, while the rice and low diversity pattern was the
most vulnerable, relying mainly on single cereal staples. The diets showed “double vulnerability”
where the nutrient inadequate patterns were also those most vulnerable to shocks.

Keywords: staples; dietary pattern; latent class analysis; farm production; diet vulnerability; nutri-
tion transition

1. Introduction

Bangladesh is one of the most populous countries in the world and will be home
to a significant proportion of the world’s population in the near future despite declines
in population growth rates over the last decade [1]. The country has undergone one of
the most rapid declines in poverty in the world in the last 30 years, and this has been
accompanied by major improvements in food security. However, this progress has not
occurred equally across all population groups, and large sections of the population are still
vulnerable to food insecurity [2]. The country is, thus, currently facing a double burden of
malnutrition where both over- and under-nutrition persist in the same society [3,4]. Recent
estimates show that 31% of children under five years are stunted [5], yet overweight and
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obesity prevalence is above 18% in adults and has tripled in adolescents between the years
2000 and 2016 [6].

Given the diversity of diets and nutritional health within the country, the requirements
and needs for nutritional improvement vary greatly [7]. Thirteen per cent of the population
have insufficient habitual food consumption, and 32% experience moderate or severe food
insecurity [8]. In addition, Bangladesh is classified as being highly vulnerable to climate
change [9] and has widespread subsistence agriculture [10], which adds further pressure to
food production, supply and food prices. Due to the substantial inequalities in access to an
adequate and diverse supply of foods, some diets may be more vulnerable than others to
shocks such as price fluctuations induced by climate change, disease outbreaks or other
events.

In order to take evidence-based decisions aiming at improving nutritional health and
resilience to shocks at the sub-national level, it is important to identify hotspots of poor nu-
trition (both over and under-nutrition) and study the exact composition and socio-economic
determinants of such diets. Identification of dietary patterns allows for a broader under-
standing of population diets than looking at individual foods or nutrients alone [11,12].
Analysis of single nutrients or foods also fails to account for the fact that people eat meals
that include many foods and nutrients that interact in different ways. This makes dietary
advice based on these analyses less useful and more difficult to implement. As a result,
population-wide dietary pattern analysis has been proposed as an alternative method of
assessing the way people eat and its relationship with health [13]. The identification of
dietary patterns over space and time can be a solid first step in identifying what needs
there are at sub-national levels, so as to guide key decision makers to develop tailored
responses. Patterns can identify which food groups are inadequate or overly abundant
in diets and identify priority populations at risk of poor nutrition. This can inform the
planning of agriculture and food production to improve diets.

In this analysis, we have determined dietary patterns, identified associated factors and
assessed both nutrient adequacy and vulnerability of the diet to potential shocks (based on
the diversity of calorie sources) in order to inform appropriate diet shifts towards resilient
and nutrient-adequate diets in Bangladesh.

2. Materials and Methods
2.1. Study Design and Participants

This study is a secondary analysis of cross-sectional data from the Bangladesh Climate
Change Adaptation Survey (BCCAS) Round I [14]. The survey involved 800 farming house-
holds, which were selected to be representative of the seven broad agroecological zones
of Bangladesh and collected in the same season. It was administered by the International
Food Policy Research Institute (IFPRI) and Data Analysis and Technical Assistance Limited
(DATA) from December 2010 to February 2011. The database contains data on demographic
characteristics, crop and livestock production, food consumption, land tenure, incidence of
climatic shocks in the last five years and adaptation options. The present analysis is based
on the food consumption, crop and livestock production and household characteristics
data.

2.2. Food Consumption and Socio-Demographic Data

Participants reported through interview, the quantities of household consumption
of 127 different food items over a 14-day recall period. Women responsible for food
preparation and distribution were interviewed on behalf of household members with
assistance from other household members. They were asked to estimate the amounts in
grams or kilograms of foods household members had consumed over the last 14 days
preceding the survey. Total household level intakes of each raw food item in grams were
linked with the Bangladesh food composition tables (FCT) [15] to determine total energy
and amounts of carbohydrate, fat and protein. Subsequent calculations of energy from
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carbohydrate, fat and protein were done by multiplying total amounts in grams of each
macronutrient by the general Atwater factors: 4, 9 and 4 kcal/g, respectively.

We obtained proxy-individual level daily intakes of energy and macronutrients by di-
viding daily household intakes by a weighted sum of the household size, which accounted
for age and sex differences in energy intake. We used proxy-individual requirements that
are relevant to South Asia and previously used by the Indian National Sample Survey [16]
and recently by Aleksandrowicz et al. [17] to convert daily household level intakes into
approximate individual intakes. This approach has been demonstrated to be a useful
measure, which approximates well the individual intakes from household level data [18].

The adequacy of energy intake from macronutrients was calculated following World
Health Organization (WHO) guidelines on the appropriate daily range of proportions of
energy from macronutrients to total energy intake [19]. We calculated the proportion of
energy each macronutrient contributed to the total daily energy intake and compared it
with the WHO guideline. Participants whose proportion of intake of a macronutrient fell
within the WHO recommended range for that nutrient were regarded as having adequate
energy intake for that nutrient.

Other covariates selected based on previous literature were household size and age,
educational level and religion of the head of household. Variables representing character-
istics of the head of household were chosen on the basis that they would act as a proxy
for general household characteristics. Household wealth status was determined using
household possession of 29 durable items in principal component analysis [20,21].

Farm or home production diversity was assessed as the total number of types of crops
and livestock produced by households over the last 12 months preceding the survey [22].
We classified farm production diversity into ≤5, 6–10 and >10. Grouping of categorical
variables was done to ensure a reasonable spread of participants in each category in order
to avoid the problem of data sparsity in statistical modelling.

2.3. Vulnerability of Dietary Patterns

The vulnerability of household dietary patterns was assessed based on extent of
dependency on major calorie sources of the diets [23]—an indication of dietary vulnerability
to crop failure or price fluctuations. Vulnerability scores were calculated by determining
calorie concentration proportions of staples to total consumption in the diets. Dietary
patterns with the highest proportion of calories from single staples were considered to be
more vulnerable than those dependent on many major sources of energy.

2.4. Statistical Analysis

Thirty-two food groups were created from the 127 food items based on shared nutri-
tional content. For example, different types of large fish and small fish were combined
to form the large and small fish food groups; similarly, different types of green leafy
vegetables were combined to form the green leafy vegetables group. Details on the food
groupings are provided in the Supplementary Materials (Table S1). Average household
level energy intakes were categorized into zero, low, medium and high proportions of
total calories by each food group (i.e., zero intake and tertiles of energy from that food
group as a proportion of total dietary energy consumption). The categorical variables
were used to define separate dietary patterns of the data using finite mixture modelling.
All dietary predictor variables were considered to be uncorrelated with one another and
were entered into the latent class analysis (LCA) models (see Supplementary Materials).
The LCA method of dietary pattern analysis allows membership of dietary patterns to be
mutually exclusive, hence each household was assigned to a single dietary pattern based
on probability. We described each pattern by looking at the mean consumption of the
different food groups by households assigned to that pattern.

The main explanatory variables were wealth status, age, religion, marital status and
educational level of the head of household, plus household size and farm production
diversity of households. Dietary patterns were the outcomes of interest.
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Due to likely clustering in the data within both households and districts, we fitted
mixed effects logistic regression models to enable us to account for the correlations in
dietary intake. Therefore, we specified households nested in districts as random effects
and included the explanatory variables as fixed effects utilizing the melogit command in
Stata. Further details on the modelling strategy, tests for interactions and multicollinearity
are provided in the Supplementary Materials (Table S2).

LCA was conducted in Mplus (version 7.5). Descriptive statistics and mixed effects
logistic regression modelling were performed using Stata (version 16.1).

3. Results
3.1. Dietary Patterns in Bangladesh

The study sample included 800 households in predominantly rural areas of Bangladesh.
The mean age of household heads was 45 ± 14 years who mostly practiced Islam (88.9%),
and nearly half (47.6%) had no formal education. The average household size was 5 ± 2
members, and 40% were classified as poor households. Most households across dietary
patterns had farm production diversity between six and 10 different crops or livestock
(48.5%). All geographical regions of Bangladesh were reasonably equally represented
(Table 1).

Table 1. Distribution of socio-demographic characteristics of households by dietary pattern in Bangladesh.

Characteristic
Rice and Low

Diversity
n (%)

Wheat and High
Diversity

n (%)

Pulses and
Vegetables

n (%)

Meat and Fish
n (%)

Total
n (%)

Total 263 (32.9) 262 (32.8) 259 (32.4) 16 (2.0) 800 (100.0)

Age group a (years)
≤35 53 (20.2) 99 (37.8) 68 (26.3) 3 (18.8) 223 (27.9)
36–45 95 (36.1) 62 (23.7) 64 (24.7) 4 (25.0) 225 (28.1)
46–55 55 (20.9) 55 (21.0) 65 (25.1) 6 (37.5) 181 (22.6)
>55 60 (22.8) 46 (17.6) 62 (23.9) 3 (18.8) 171 (21.4)

Religion a

Muslim 247 (93.9) 223 (85.1) 230 (88.8) 11 (68.8) 711 (88.9)
Hindu/other 16 (6.1) 39 (14.9) 29 (11.2) 5 (31.3) 89 (11.1)

Educational level a

None 156 (59.3) 102 (38.9) 119 (45.9) 4 (25.0) 381 (47.6)
Primary school 96 (36.5) 123 (46.9) 113 (43.7) 7 (43.7) 339 (42.4)
Secondary/Tertiary 11 (4.2) 37 (14.1) 27 (10.4) 5 (31.3) 80 (10.0)

Household size
1–4 89 (33.8) 159 (60.7) 119 (46.0) 7 (43.8) 374 (46.8)
5–7 136 (51.7) 86 (32.8) 116 (44.8) 8 (50.0) 346 (43.2)
>7 38 (14.6) 17 (6.5) 24 (9.3) 1 (6.3) 80 (10.0)

Farm production
≤5 97 (36.9) 72 (27.5) 86 (33.2) 3 (18.7) 258 (32.2)
6–10 125 (47.5) 129 (49.2) 124 (47.9) 10 (62.5) 388 (48.5)
>10 41 (15.6) 61 (23.3) 49 (18.9) 3 (18.8) 154 (19.3)

Household wealth
Poor 146 (55.5) 69 (26.3) 101 (39.0) 4 (25.0) 320 (40.0)
Medium 39 (14.8) 6.1 (23.3) 58 (22.4) 2 (12.5) 160 (20.0)
Rich 78 (29.7) 132 (50.4) 100 (38.6) 10 (62.5) 320 (40.0)

Region of residence
Northern 83 (31.6) 50 (19.1) 59 (22.8) 8 (50.0) 200 (25.0)
Eastern 100 (38.0) 99 (37.8) 97 (37.4) 4 (25.0) 300 (37.5)
Central 39 (14.8) 50 (19.1) 49 (18.9) 2 (12.5) 140 (17.5)
Southern 41 (15.6) 63 (24.0) 54 (20.8) 2 (12.5) 160 (20.0)

a Characteristic of household head.
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Four dietary patterns were identified in the best-fitting latent class analysis model.
We named these patterns rice and low diversity (263 households or 33% of the sample);
wheat and high diversity (262 households or 33% of the sample); pulses and vegetables
(259 households or 32% of the sample); meat and fish (16 households or 2% of the sample),
based on the major food groups consumed in each pattern.

3.2. Energy and Nutrient Intakes of Dietary Patterns

There were notable differences in the intake of staple cereals between dietary patterns:
all patterns were highly based on rice, but rice consumption was highest among participants
who followed the rice and low diversity and the meat and fish pattern, while those who
followed the wheat and high diversity pattern consumed around 500 kcal less rice per day,
accompanied by a higher consumption of wheat, pulses and oils (Figure 1).

Fruit and vegetable consumption was low in the rice and low diversity pattern at
around 100 kcal per day and highest in the wheat and high diversity pattern at around 180
kcal per day. Meat and fish represented a significant amount of daily energy for followers
of the meat and fish and the wheat and high diversity patterns but were much more rarely
consumed in the other two patterns (Figure 1). Dairy products were hardly ever consumed
in all sampled households (Supplementary Table S2). Further details of food groups that
describe the patterns are provided in Supplementary Table S3.

The average daily energy intake was 2934 kcal/capita/day. Energy intakes were high-
est among followers of the wheat and high diversity pattern (3055 kcal/capita/day) and
lowest in the rice and low diversity pattern (2813 kcal/capita/day) (Table 2). Average diets
across the sample were high in carbohydrates and did not meet WHO recommendations
for the proportion of energy from fat or protein (Table 2). However, consumers of the
wheat and high diversity pattern did meet these requirements on average, and consumers
of the meat and fish pattern just met the recommendation on protein intake. In the rice
and low diversity pattern, only 3% of individuals met the requirement on fat intake, and
10% met the requirement on protein intake. Even though participants in the wheat and
high diversity pattern had the highest daily fruit and vegetable intake (381 g), this was still
below the WHO recommendation of 400 g per day. Only 18.4% of the total sample met
the recommendation for fruit and vegetables—lowest in the rice and low diversity pattern
(3.4%) and highest in the wheat and high diversity pattern (37.0%) (Table 2). The distribu-
tion of proportions of participants meeting the WHO recommendations for carbohydrates,
fat, protein and fruit and vegetables by other household characteristics are presented in the
Supplementary Materials (Table S4).

Table 2. Adequacy of macro-nutrient intake and fruit and vegetable intake by dietary pattern in Bangladesh.

WHO Recom-
mendation

Rice and Low
Diversity
(n = 263)

Wheat and
High Diversity

(n = 262)

Pulses and
Vegetables

(n = 259)

Meat and Fish
(n = 16) Total (n = 800)

Total energy (kcal/capita/day)
mean (95% CI)

2812.86
(27310.8–2893.3)

3054.7
(2956.6–3152.8)

2918.7
(2839.1–2998.3)

3225.1
(2750.9–3699.3)

2933.5
(2883.5–2983.5)

Macro-nutrient (mean % of total energy)
Carbohydrate 55–75 78.9 70.6 76.1 75.2 75.2
Fat 15–30 9.1 16.2 11.4 12.5 12.2
Protein 10–15 9.0 11.0 9.7 10.1 9.9

Fruit and vegetables (mean in grams) 400 218.9 380.7 284.4 248.6 293.7
Met WHO recommendation (%)

Carbohydrate 100.0 97.7 100.0 100.0 99.2
Fat 3.0 48.1 8.5 25.0 20.0
Protein 10.0 37.0 29.0 37.5 25.4
Fruit and vegetables 3.4 36.6 15.4 12.5 18.4

Bolded values indicate inadequacy.
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3.3. Predictors of Dietary Patterns in Bangladesh

Wealth and education levels both varied according to the dietary patterns: the rice
and low diversity pattern tended to be consumed by poorer households and those with
lower levels of education, while the meat and fish and wheat and high diversity patterns
were consumed by households with higher levels of education and wealth (Table 1 and
Supplementary Table S5). The pulses and vegetables pattern tended to be consumed by
households of intermediate status. There was also some evidence of differences in dietary
patterns according to region. In particular, the rice and low diversity pattern was more
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likely to be consumed in the north and less in the central and southern regions, as was the
meat and fish pattern, although the sample size for this diet was low. The wheat and high
diversity pattern was less likely to be consumed in the north and more common in the
southern and central regions. Few other differences between household characteristics and
dietary patterns were observed (Table 1).

In a mixed effects regression model adjusting for other potential predictor variables
including household wealth, age of household head, religion, education, household size,
farm production diversity and region of residence (Table 3), the most important predictors
of consumption of the rice and low diversity pattern were lower household wealth (OR
0.41 (95% CI: 0.27–0.61) of following this pattern for the wealthiest households compared
to the least wealthy), lower educational attainment (OR 0.37 (95% CI: 0.18–0.77) for heads
of households with at least secondary education compared to none), larger household size
(OR 4.15 (95% CI: 2.28–7.58 for largest households compared to smallest) and residence in
the northern region (OR 2.43 (95% CI: 1.46–4.03) compared to those in the south) (Table 3).

Table 3. Predictors of dietary pattern in Bangladesh (mixed effects logistic regression).

Predictor
Rice and Low Diversity

(n = 263)
Wheat and High Diversity

(n = 262)
Pulses and Vegetables

(n = 259)
Meat and Fish

(n = 16)

AOR † (95% CI) p-Value AOR † (95% CI) p-Value AOR † (95% CI) p-Value UOR ¶ (95% CI) p-Value

Household wealth

<0.001 <0.001 0.49 0.19
Poor 1 1 1 1
Medium 0.46 (0.29–0.73) 1.94 (1.23–3.06) 1.21 (0.58–2.53) 1.00 (0.18–5.52)
Rich 0.41 (0.27–0.61) 2.66 (1.77–4.02) 0.91 (0.54–1.51) 2.55 (0.79–8.21)

Age group (years)

0.04 0.10 0.16 0.57
≤35 1 1 1 1
36–45 1.75 (1.11–2.74) 0.63 (0.41–0.97) 0.87 (0.47–1.63) 1.32 (0.29–6.00)
46–55 1.00 (0.61–1.64) 0.66 (0.42–1.04) 1.36 (0.51–3.66) 2.51 (0.62–10.20)
>55 1.17 (0.71–1.92) 0.60 (0.37–0.98) 1.42 (0.47–4.31) 1.31 (0.26–6.57)

Religion
0.02 0.25 0.84 0.03Muslim 1 1 1 1

Other 0.49 (0.27–0.91) 1.35 (0.81–2.25) 1.06 (0.58–1.93) 3.79 (1.28–11.17)

Educational status

0.002 0.74 0.74 0.01
None 1 1 1 1
Primary school 0.71 (0.50–1.01) 1.10 (0.77–1.57) 1.21 (0.63–2.31) 1.99 (0.58–6.80)
Secondary/Tertiary 0.37 (0.18–0.77) 1.23 (0.71–2.15) 1.31 (0.48–3.63) 1.28 (1.65–23.95)

Household size

<0.001 <0.001 0.80 0.93
1–4 1 1 1 1
5–7 2.30 (1.59–3.32) 0.43 (0.30–0.62) 1.06 (0.70–1.62) 1.24 (0.45–3.46)
>7 4.15 (2.28–7.58) 0.28 (0.15–0.54) 0.87 (0.41–1.83) 0.66 (0.08–5.47)

Farm production

0.35 0.22 0.93 0.51
<5 1 1 1 1
6–10 0.81 (0.56–1.18) 1.22 (0.83–1.80) 0.94 (0.61–1.44) 2.07 (0.56–7.60)
>10 0.70 (0.42–1.17) 1.54 (0.94–2.52) 0.91 (0.50–1.64) 1.56 (0.31–7.81)

Region of residence

<0.001 0.005 0.74 0.20
Northern 2.43 (1.46–4.03) 0.43 (0.26–0.70) 0.87 (0.45–1.69) 3.29 (0.69–15.72)
Eastern 1.32 (0.81–2.17) 0.79 (0.50–1.25) 1.02 (0.61–1.70) 1.07 (0.19–5.89)
Central 1.20 (0.68–2.12) 0.74 (0.44–1.25) 1.18 (0.56–2.48) 1.14 (0.16–8.24)
Southern 1 1 1 1

† Adjusted for all other variables in the model (mixed effects model). ¶ Unadjusted odds ratio from univariate logistic regression.

By contrast, higher household wealth (OR 2.66 (95% CI: 1.77–4.02) for the wealth-
iest households compared to the least wealthy), smaller household size (OR 0.28 (95%
CI: 0.15–0.54) for the largest households compared to the smallest) and residence in the
southern region (OR 0.43 (95% CI: 0.26–0.70) for households in the north compared to the
south) were the strongest predictors of the wheat and high diversity pattern.

There was no significant association between any household characteristics and house-
holds following the pulses and vegetables dietary pattern, which appeared to be broadly
spread across all categories of households.

For predictors of the meat and fish dietary pattern, due to data sparsity problems in
multivariable models, we present only univariate logistic regression tests of associations
between explanatory variables and this dietary pattern. Non-Muslim-headed households
were more likely to have this pattern of eating compared with Muslim-headed households
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(OR 3.79 (95% CI 1.28–11.17)), and having at least secondary education showed some
evidence of an association (OR 1.28 (95% CI: 1.65–23.95)). However, results for this pattern
should be interpreted with caution due to the small sample size.

In general, age of household head tended to be only weakly associated with dietary
pattern, and we found no significant associations between levels of farm production
diversity and dietary pattern.

3.4. Vulnerability of Dietary Patterns to Potential Shocks

The test of vulnerability of the diets to possible price fluctuations and crop failure
showed that diets in the sample tended to be highly vulnerable with an overall 75% of total
household calories contributed by a single staple crop (rice). The rice and low diversity
pattern was the most vulnerable with 84.2% of total calories contributed by a single staple
crop; the wheat and high diversity pattern was the least vulnerable, with a little above half
of total calories (63%) derived from a single staple. The pulses and vegetables and meat
and fish patterns were the second and third most vulnerable diets, respectively (Table 4).

Table 4. Vulnerability scores of household dietary patterns.

Pattern V1 V2 V3 Vulnerability Rank

Rice and low diversity 84.16 85.19 85.20 1 *
Wheat and high diversity 63.00 69.45 69.54 4

Pulses and vegetables 76.40 79.04 79.06 2
Meat and fish 75.50 78.81 78.81 3

Overall 74.55 77.92 77.95
Vi = proportion of total calories consumed from staple food accounted for by i most important staple crops. *
Most vulnerable diet.

4. Discussion
4.1. Summary of Main Results

Our analysis of dietary patterns among households in Bangladesh identified four
distinct dietary patterns: we characterized these as being based on rice and low diversity,
wheat and high diversity, pulses and vegetables and meat and fish. The most important
factors predicting dietary pattern of households were wealth and education, with family
size, age and religion also showing some associations. Farm production diversity was not
associated with dietary pattern after adjustment for other factors. All patterns attained by
far the majority of their energy supply from carbohydrates and tended to have inadequate
consumption of the other macronutrients and fruit and vegetables. Households following
the rice and low diversity pattern had the lowest proportion of members with adequate
fat, protein and fruit and vegetable intake. Those following other patterns had a higher
proportion of members with adequate intakes. The rice and low diversity and meat and
fish patterns were the most vulnerable diets to external shocks, while the wheat and high
diversity and pulses and vegetables patterns were less vulnerable to potential shocks
and potentially more nutritionally adequate, as indicated by higher intakes of fruit and
vegetables.

4.2. Comparison with Previous Studies

Previous studies reporting dietary patterns in Bangladesh have found varying num-
bers of patterns. Two studies found three patterns using principal component analy-
sis [24,25]. Seven patterns were identified by Waid et al. using principal component
analysis [26]. The basic components of identified patterns are, however, similar and include
intake of foods such as rice, vegetables, pulses, meats and oils, which are similar to the
foods that make up the patterns identified in the present analysis. For instance, the three
patterns described by Chen et al. [24] were a “balanced pattern” characterized by rice, fish,
meat, fruits and vegetable consumption; an “animal protein diet” and a “gourd and root
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vegetable diet”. These patterns could be traced to the wheat and high diversity, meat and
fish and the pulses and vegetables patterns identified in the present study.

The high wealth and education associated with the wheat and high diversity and the
meat and fish patterns make them characteristic of diets that might represent a nutrition
transition. Even though these patterns were generally associated with high energy from
fats and proteins, the wheat and high diversity pattern may be a healthier pattern than the
meat and fish pattern because it had higher intakes of fruit and vegetables. Previous studies
have found evidence of a positive association between production diversity and dietary
diversity [22,27]. This was not the case in the present study, although for the two patterns
more associated with higher social status, there was some evidence of a positive trend
with increased production diversity. However, in this study, at least it appears clear that
wealth and education levels were much more clearly associated with dietary diversity than
diversity of production. There is evidence that as wealth increases, consumption of less
expensive staples such as rice decreases with a shift towards intake of prestigious cereals
such as polished rice or processed wheat, meat, oils, sugar and high diet diversity [28,29].
The characteristic high education and wealth of these two patterns is indicative of this
idea. These findings are consistent with a recent global analysis, which showed that
household wealth and higher female education are strongly related to nutrition and health
outcomes [30].

Low membership of the meat and fish pattern may suggest that it is an emerging
dietary pattern in the country. It has characteristics typical of a nutrition transition diet:
high meat, oils, rice and sugar [31]. In addition, low membership could be because the
sample was drawn from predominantly rural farming areas of Bangladesh, and most of
this pattern’s components are less likely to be available to or affordable by many rural
households.

The high proportion of total energy from carbohydrates in all patterns is consistent
with the results of previous national data, where 70% of total energy of Bangladeshi diets
was from cereals [32]. Even though increased energy intake from carbohydrates has been
linked with good health and delayed onset of chronic diseases [33], having more than
the recommendation could mean a substitution for other essential energy sources that
are important to health. The low proportion of households with adequate intakes of fats,
proteins and fruit and vegetables is indicative of nutrient substitution.

4.3. Strengths and Limitations

This study has some important strengths. Data were collected on a wide range of
household variables across population groups in Bangladesh, which allowed for a better
understanding of diet and associated characteristics. Another strength is the availability
of food quantities, which enabled energy calculations for use in LCA, improving the
interpretations of results compared to using food frequencies to define dietary patterns [34].
An additional strength is the ability to estimate macro-nutrient adequacy of the diets,
which many studies reporting dietary patterns are not able to do, either due to limitations
in statistical methods or underlying data limitations. Our assessment of the relative
vulnerability of the diets to external shocks is an added strength not usually assessed in
similar studies.

The study also has some limitations that are worth noting. We cannot rule out
data validity and reliability problems associated with use of recalled dietary intake data.
However, the longer recall period could mean that the dietary data reflect the usual
intake of households, hence dietary patterns resulting from them are more likely to reflect
people’s regular food intake. The United Nation’s Food and Agriculture Organization
food balance sheet data show an increasing trend of total energy per person per day in
Bangladesh. However, these have remained ~2500 kcal/person/day between 2008 and
2013 [35], which could indicate some level of over-reporting of energy intakes in this study
where average intakes were ~3000 kcal per person per day. As the estimation of dietary
patterns relies largely on comparing proportions of different foods consumed rather than
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absolute amounts, over-reporting is likely to have had a minimal effect on the findings of
the study. Despite the likely high over-reporting of intakes, fats, proteins and fruit and
vegetables consumption were still suboptimal, implying that actual intakes could even be
lower than what we have reported. There is also a possibility that the results obtained from
the survey were seasonally biased, since data collection took place only in the months of
December to February. Other dietary patterns may, therefore, exist among this population
in other seasons that were not captured in the present analysis.

In addition, the data used in defining dietary patterns did not include foods eaten out
of home. It is possible the foods people eat out of home are different from what they will
eat in the home. This may constitute an important part of the pattern that people eat and
could affect the validity of our results. While this may be a limitation of the data, it can be
difficult to obtain accurate estimates of out of home food intake at the household level, and
attempts to do this may increase errors associated with recalled data. There are also not
many reasons to suggest that out of home eating had much effect on our results, because
households were from mostly rural areas and foods eaten away from home are less likely
to be very different from what they will normally eat at home.

Further, individual-level energy and macro-nutrient intakes were derived from house-
hold level estimates using proxy nutrient requirements of individuals. Even though this
approach is shown to closely approximate individual intakes in comparison with self-
reported data [18] and has also permitted the use of household food expenditure and
food consumption data in making useful individual level inference, some limitations
may persist. For instance, household food may not be equitably distributed among all
members [36], but the approach is unable to account for this potential intra-household
food distribution problem. Therefore, our estimates of energy intake and macro-nutrient
adequacies need to be interpreted with caution. To avoid over-interpretation of results, we
did not estimate micro-nutrient adequacy of the diets; rather, we assessed the adequacy
of fruit and vegetable intake, a good proxy for micro-nutrient intake. However, because
of the limited nutritional variables used in the analysis, we were unable to adequately
measure over-consumption of particular nutrients such as sugar or salt, which may have
shed further light on the double burden of malnutrition in Bangladesh.

When defining the vulnerability of dietary patterns to shocks, we used the proportion
of energy that came from single staples as the defining factor. This measure is, therefore,
based heavily on diversity of the diet and does not take into account potential vulnerability
of individual crops to particular shocks. Some dietary patterns may, therefore, be more
vulnerable in particular ways that are not documented in this analysis.

Another limitation is the size and representativeness of the dataset. The data are
representative across regions, but there was likely under representation of urban and some
socio-economic groups because households were sampled from largely rural farming areas.
The sample size proved adequate for the analysis of three of the four dietary patterns
identified, but there were too few households assigned to the meat and fish pattern to
produce a robust analysis. Finally, the data were collected between 2010 and 2011, so diets
may have changed quite substantially since this time.

4.4. Implications Including Policy Recommendations

Our findings suggest that energy deprivation is not a major problem among rural farm-
ing households in Bangladesh. Public health nutrition efforts should focus on improving
other diet quality indicators: fruit and vegetable intake, fats and protein adequacy.

We also find that household wealth and education were more strongly related to
diets than farm production diversity. Those who are doing the farm production might
prefer selling their products over consumption, as they perceive it as an income generating
source. Public health nutrition interventions aiming to improve diets should target the
consumption of one’s own produce among less wealthy and less educated households.

Further, the dietary patterns showed characteristics of an emerging nutrition transition.
The patterns represent a mixture of both healthy and potentially less healthy diets. They
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appear to indicate a transition from a more staple-based diet composed of less diversity
through a mixture of staples and high diversity towards diets high in meats, fats and refined
foods (potentially represented by the emerging meat and fish pattern, although this diet
was only consumed by small numbers of households at the time of data collection). These
results are suggestive of an emerging transition of Bangladeshi diets towards potentially
less healthy patterns as people get wealthier [37], although in our analyses, we found no
evidence that fat intake was above the recommended levels in any of the dietary patterns.

Finally, our data show evidence of a double vulnerability of diets [38], whereby the
dietary patterns most associated with nutritional inadequacy (rice and low diversity and
pulses and vegetables) were also those most vulnerable to shocks including those that
may occur as a result of food price fluctuations and future climate change. As Bangladesh
is already highly vulnerable to climate change, crop failure and food price instability,
especially in rice, it will have a greater impact on diets. In the spectrum of the transitioning
diets, the pulses and vegetables diet could be an achievable short-term goal towards a lower
vulnerability and increased nutritional adequacy for households currently consuming the
rice and low diversity diet, due to its greater diversity and likely higher micronutrient
content. While diet diversification of major staples will make diets less vulnerable to
shocks from crop failure and price instability, switching to other staples such as wheat or
maize could come with additional costs in the short term, which can hinder their uptake
and sustainability. In spite of this possible initial setback, our analysis shows that some
households such as those following the wheat and high diversity pattern are already
deriving a substantial amount of dietary energy from alternative sources such as wheat,
which can be considered for a national scale-up. While existing Government of Bangladesh
price stabilization plans for rice remain a major guard against diet vulnerabilities, potential
future declines in rice yields due to climate change and resulting increases in price may
become unbearable in the long term. Therefore, it is important to promote and subsidize
alternative staples such as wheat and maize to ensure that major shocks affecting rice will
have minimal impacts on overall diets in Bangladesh.

5. Conclusions

Our findings show clear evidence of vulnerability to shocks among all diets in the
sampled rural Bangladeshi households, due to their reliance on single staple foods. The
identified dietary patterns consist of a mixture of healthy and potentially less healthy
patterns, with some patterns showing evidence of greater dietary diversity but only among
wealthier population groups. The diets also showed “double vulnerability” where the
nutrient-inadequate patterns were also those most vulnerable to potential shocks. National
food policies should aim to increase the availability of other staples and fruits and vegeta-
bles to reduce over reliance on single staples such as rice to minimize dietary vulnerability
and improve nutrient adequacy of diets.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/nu13062049/s1, Table S1: 32 food groups from 127 foods data, S1: Latent class analysis
modelling, Table S2: Latent class model fit statistics, S2: Statistical modelling strategy, Table S3: 32
food groups and mean individual daily consumption (in kcal) by identified dietary patterns, Table S4:
Distribution of proportions meeting WHO recommendations by selected sample characteristics, Table
S5: Univariable predictors of dietary patterns in Bangladesh.

Author Contributions: Conceptualization, Z.A. and R.G.; methodology, Z.A., R.G., P.F.D.S., K.I.S.,
T.S.T., T.A. and A.M.P.; software, Z.A. and R.G.; validation, K.I.S., T.S.T., T.A. and A.M.P.; formal
analysis, Z.A. and R.G.; investigation, Z.A., R.G., P.F.D.S., K.I.S., T.S.T., T.A. and A.M.P.; resources,
Z.A., R.G. and P.F.D.S.; data curation, Z.A. and R.G.; writing—original draft preparation, Z.A., R.G.
and P.F.D.S.; writing—review and editing, R.G., P.F.D.S., K.I.S., T.S.T., T.A. and A.M.P.; visualization,
Z.A.; supervision, R.G. and P.F.D.S.; project administration, Z.A.; funding acquisition, Z.A., R.G. and
P.F.D.S. All authors have read and agreed to the published version of the manuscript.

https://www.mdpi.com/article/10.3390/nu13062049/s1
https://www.mdpi.com/article/10.3390/nu13062049/s1


Nutrients 2021, 13, 2049 12 of 13

Funding: This research was funded by Wellcome Trust under the FACE-Africa project (grant number
216021/Z/19/Z) as part of the Wellcome Climate Change and Health Award Scheme.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Institutional Review Board (or Ethics Committee) of
the London School of Hygiene and Tropical Medicine (Ref. 17414, approved: 2019).

Informed Consent Statement: Written informed consent has been obtained from the patient(s) to
publish this paper.

Data Availability Statement: The data used in this analysis have been made completely anonymized
and available for free download by the International Food Policy Research Institute (IFPRI) through
the following web address: https://doi.org/10.7910/DVN/27704, accessed on 10 June 2019. IFPRI
obtained informed consent from all subjects involved in the study.

Acknowledgments: Z.A. acknowledges financial support from the John Stephenson Scholarship
from LSHTM, which supported the initial writing of the paper.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. World Bank. Population Growth-Bangladesh 2019; World Bank: Washington, DC, USA, 2020.
2. Osmani, S.R.; Ahmed, A.; Ahmed, T.; Hossain, N.; Huq, S.; Shahan, A. Strategic Review of Food Security and Nutrition in Bangladesh

Executive Summary; WFP: Rome, Italy, 2016.
3. Das, S.; Shah, M.F.; Islam, M.S.; Biswas, T.; Mahfuz, M.; Ahmed, T. Prevalence and Sociodemographic Determinants of Household-

Level Double Burden of Malnutrition in Bangladesh. Public Health Nutr. 2019, 22, 1425–1432. [CrossRef]
4. Biswas, T.; Islam, A.; Islam, M.S.; Pervin, S.; Rawal, L.B. Overweight and Obesity among Children and Adolescents in Bangladesh:

A Systematic Review and Meta-Analysis. Public Health 2017, 142, 94–101. [CrossRef]
5. National Institute of Population Research and Training; The DHS Program; ICF. Demographic and Health Survey 2017–2018 Key

Indicators; NIPORT; ICF: Rockville, MD, USA, 2019.
6. Development Initiatives. 2018 Global Nutrition Report: Shining a Light to Spur Action on Nutrition; Development Initiatives Poverty

Research Ltd.: Bristol, UK, 2018.
7. Popkin, B.M.; Adair, L.S.; Ng, S.W. Global Nutrition Transition and the Pandemic of Obesity in Developing Countries. Nutr. Rev.

2012, 70, 3–21. [CrossRef]
8. FAO; IFAD; UNICEF; WFP; WHO. The State of Food Security and Nutrition in the World 2020. In Transforming Food Systems for

Affordable Healthy Diets; FAO: Rome, Italy, 2020.
9. Chen, C.; Noble, I.; Hellmann, J.; Coffee, J.; Murillo, M.; Chawla, N. University of Notre Dame Global Adaptation Index Country Index

Technical Report; ND-GAIN: South Bend, IN, USA, 2015.
10. Rahaman, M.A.; Rahman, M.M.; Hossain, M.S. Climate-Resilient Agricultural Practices in Different Agro-ecological Zones of

Bangladesh. In Handbook of Climate Change Resilience; Leal Filho, W., Ed.; Springer International Publishing: Cham, Switzerland,
2018; pp. 1–27.

11. Hu, F.B. Dietary Pattern Analysis: A New Direction in Nutritional Epidemiology. Curr. Opin. Lipidol. 2002, 13, 3–9. [CrossRef]
[PubMed]

12. Jacques, P.F.; Tucker, K.L. Are Dietary Patterns Useful for Understanding the Role of Diet in Chronic Disease? Am. J. Clin. Nutr.
2001, 73, 1–2. [CrossRef]

13. Cespedes, E.M.; Hu, F.B. Dietary Patterns: From Nutritional Epidemiologic Analysis to National Guidelines; Oxford University Press:
Oxford, UK, 2015.

14. International Food Policy Research Institute. Bangladesh Climate Change Adaptation Survey (BCCAS), Round I; International Food
Policy Research Institute, Data Analysis Technical Assistance, Center for Development Research, Eds.; Harvard Dataverse:
Washington, DC, USA, 2014.

15. Shaheen, N.; Rahim, A.; Mohiduzzaman, M.; Banu, C.P.; Bari, M.; Tukun, A.B.; Mannan, M.; Bhattacharjee, L.; Stadlmayr, B.
Food Composition Table for Bangladesh; Institute of Nutrition and Food Science, Centre for Advanced Research in Sciences: Dhaka,
Bangladesh, 2013; Volume 187.

16. National Sample Survey Office. Nutritional Intake in India, 2011–2012. NSS 68th Round; Government of India: New Delhi, India,
2014.

17. Aleksandrowicz, L.; Green, R.; Joy, E.J.; Harris, F.; Hillier, J.; Vetter, S.H.; Smith, P.; Kulkarni, B.; Dangour, A.D.; Haines, A.
Environmental Impacts of Dietary Shifts in India: A Modelling Study using Nationally-Representative Data. Environ. Int. 2019,
126, 207–215. [CrossRef] [PubMed]

18. Bermudez, O.I.; Lividini, K.; Smitz, M.-F.; Fiedler, J.L. Estimating Micronutrient Intakes from Household Consumption and
Expenditures Surveys (HCES): An Example from Bangladesh. Food Nutr. Bull. 2012, 33, S208–S213. [CrossRef] [PubMed]

https://doi.org/10.7910/DVN/27704
http://doi.org/10.1017/S1368980018003580
http://doi.org/10.1016/j.puhe.2016.10.010
http://doi.org/10.1111/j.1753-4887.2011.00456.x
http://doi.org/10.1097/00041433-200202000-00002
http://www.ncbi.nlm.nih.gov/pubmed/11790957
http://doi.org/10.1093/ajcn/73.1.1
http://doi.org/10.1016/j.envint.2019.02.004
http://www.ncbi.nlm.nih.gov/pubmed/30802638
http://doi.org/10.1177/15648265120333S209
http://www.ncbi.nlm.nih.gov/pubmed/23193772


Nutrients 2021, 13, 2049 13 of 13

19. World Health Organization. Diet, Nutrition, and the Prevention of Chronic Diseases: Report of a Joint WHO/FAO Expert Consultation;
World Health Organization: Geneva, Switzerland, 2003; Volume 916.

20. Krefis, A.C.; Schwarz, N.G.; Nkrumah, B.; Acquah, S.; Loag, W.; Sarpong, N.; Adu-Sarkodie, Y.; Ranft, U.; May, J. Principal
Component Analysis of Socioeconomic Factors and Their Association with Malaria in Children from the Ashanti Region, Ghana.
Malar. J. 2010, 9, 201. [CrossRef] [PubMed]

21. Vyas, S.; Kumaranayake, L. Constructing Socio-Economic Status Indices: How to Use Principal Components Analysis. Health
Policy Plan. 2006, 21, 459–468. [CrossRef]

22. Sibhatu, K.T.; Krishna, V.V.; Qaim, M. Production Diversity and Dietary Diversity in Smallholder Farm Households. Proc. Natl.
Acad. Sci. USA 2015, 112, 10657–10662. [CrossRef] [PubMed]

23. Brooks, J.; Matthews, A. Trade Dimensions of Food Security; OECD: Paris, France, 2015.
24. Chen, Y.; McClintock, T.R.; Segers, S.; Parvez, F.; Islam, T.; Ahmed, A.; Rakibuz-Zaman, M.; Hasan, R.; Sarwar, G.; Ahsan, H.

Prospective Investigation of Major Dietary Patterns and Risk of Cardiovascular Mortality in Bangladesh. Int. J. Cardiol. 2013, 167,
1495–1501. [CrossRef]

25. Jiang, J.; Mengling, L.; Parvez, F.; Binhuan, W.; Fen, W.; Eunus, M.; Bangalore, S.; Ahmed, A.; Islam, T.; Rakibuz-Zaman, M.
Association of Major Dietary Patterns and Blood Pressure Longitudinal Change in Bangladesh. J. Hypertens. 2015, 33, 1193.
[CrossRef]

26. Waid, J.L.; Sinharoy, S.S.; Ali, M.; Stormer, A.E.; Thilsted, S.H.; Gabrysch, S. Dietary Patterns and Determinants of Changing Diets
in Bangladesh from 1985 to 2010. Curr. Dev. Nutr. 2018, 3, nzy091. [CrossRef]

27. Sibhatu, K.T.; Qaim, M. Meta-Analysis of the Association between Production Diversity, Diets, and Nutrition in Smallholder
Farm Households. Food Policy 2018, 77, 1–18. [CrossRef]

28. Bennett, M.K. International Contrasts in Food Consumption. Geogr. Rev. 1941, 31, 365–376. [CrossRef]
29. Hsu, H.-H.; Chern, W.S.; Gale, F. How Will Rising Income Affect the Structure of Food Demand? China Food Agric. 2001, 63, 10–13.
30. Headey, D.D. Developmental Drivers of Nutritional Change: A Cross-Country Analysis. World Dev. 2013, 42, 76–88. [CrossRef]
31. Kearney, J. Food Consumption Trends and Drivers. Philos. Trans. R. Soc. Lond. B Biol. Sci. 2010, 365, 2793–2807. [CrossRef]
32. Nahar, Q.; Choudhury, S.; Faruque, M.; Sultana, S.; Siddiquee, M. Desirable Dietary Pattern for Bangladesh. Final Res. Results

2013, 15, 226–244.
33. Gil, A.; Ortega, R.M.; Maldonado, J. Wholegrain Cereals and Bread: A Duet of the Mediterranean Diet for the Prevention of

Chronic Diseases. Public Health Nutr. 2011, 14, 2316–2322. [CrossRef] [PubMed]
34. Fahey, M.T.; Thane, C.W.; Bramwell, G.D.; Coward, W.A. Conditional Gaussian Mixture Modelling for Dietary Pattern Analysis.

J. R. Stat. Soc. Ser. A 2007, 170, 149–166. [CrossRef]
35. Food and Agriculture Organization (FAO). Food Balance Sheets (Old Methodology); FAOSTAT: Rome, Italy, 2019.
36. Harris-Fry, H.; Shrestha, N.; Costello, A.; Saville, N.M. Determinants of Intra-Household Food Allocation between Adults in

South Asia—A Systematic Review. Int. J. Equity Health 2017, 16, 107. [CrossRef] [PubMed]
37. Bishwajit, G. Nutrition Transition in South Asia: The Emergence of Non-Communicable Chronic Diseases. F1000 Res. 2015, 4.

[CrossRef] [PubMed]
38. De Brauw, A.; Waid, J.; Meisner, C.A.; Akter, F.; Khan, B.F. Food Systems for Healthier Diets in Bangladesh: Towards a Research Agenda;

IFPRI: Washington, DC, USA, 2020. [CrossRef]

http://doi.org/10.1186/1475-2875-9-201
http://www.ncbi.nlm.nih.gov/pubmed/20626839
http://doi.org/10.1093/heapol/czl029
http://doi.org/10.1073/pnas.1510982112
http://www.ncbi.nlm.nih.gov/pubmed/26261342
http://doi.org/10.1016/j.ijcard.2012.04.041
http://doi.org/10.1097/HJH.0000000000000534
http://doi.org/10.1093/cdn/nzy091
http://doi.org/10.1016/j.foodpol.2018.04.013
http://doi.org/10.2307/210172
http://doi.org/10.1016/j.worlddev.2012.07.002
http://doi.org/10.1098/rstb.2010.0149
http://doi.org/10.1017/S1368980011002576
http://www.ncbi.nlm.nih.gov/pubmed/22166190
http://doi.org/10.1111/j.1467-985X.2006.00452.x
http://doi.org/10.1186/s12939-017-0603-1
http://www.ncbi.nlm.nih.gov/pubmed/28637477
http://doi.org/10.12688/f1000research.5732.2
http://www.ncbi.nlm.nih.gov/pubmed/26834976
http://doi.org/10.2499/p15738coll2.133549

	Introduction 
	Materials and Methods 
	Study Design and Participants 
	Food Consumption and Socio-Demographic Data 
	Vulnerability of Dietary Patterns 
	Statistical Analysis 

	Results 
	Dietary Patterns in Bangladesh 
	Energy and Nutrient Intakes of Dietary Patterns 
	Predictors of Dietary Patterns in Bangladesh 
	Vulnerability of Dietary Patterns to Potential Shocks 

	Discussion 
	Summary of Main Results 
	Comparison with Previous Studies 
	Strengths and Limitations 
	Implications Including Policy Recommendations 

	Conclusions 
	References

