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Abstract
Objective: Various indicators and assessment tools exist to measure diets and
nutrition. Most studies eventually rely on one approach. Relatively little is known
about how closely results match when different tools are used in the same context.
The present study compares and correlates different indicators for the same
households and individuals to better understand which indicators can be used as
proxies for others.
Design: A survey of households and individuals was carried out in Kenya in 2015.
Seven-day food consumption and 24 h dietary recalls were administered at
household and individual level, respectively. Individual height and weight
measures were taken. Different indicators of food access (energy consumption,
household dietary diversity scores), dietary quality (individual dietary diversity
scores, micronutrient intakes) and nutrition (anthropometric indicators) were
calculated and correlated to evaluate associations.
Setting: Rural farm households in western Kenya.
Participants: Data collected from 809 households and 1556 individuals living in these
households (782 female adults, 479 male adults, 295 children aged 6–59 months).
Results: All measures of food access and dietary quality were positively correlated
at individual level. Household-level and individual-level dietary indicators were
also positively correlated. Correlations between dietary indicators and anthropo-
metric measures were small and mostly statistically insignificant.
Conclusions: Dietary indicators from 7d food consumption recalls at the
household level can be used as proxies of individual dietary quality of children
and male and female adults. Individual dietary diversity scores are good proxies of
micronutrient intakes. However, neither household-level nor individual-level
dietary indicators are good proxies of individual nutritional status in this setting.
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Despite notable improvements in achieving global food
security, more than 800 million people remain under-
nourished(1). One out of three individuals worldwide is
affected by at least one form of nutritional deficiency and
many suffer from several deficiencies simultaneously.
Micronutrient malnutrition remains one of the largest
nutritional problems worldwide(2,3). Multiple indicators to
measure and describe malnutrition and food insecurity
exist, ranging from various household-level food produc-
tion and consumption-based indicators to individual-level
dietary indicators, anthropometric measurements and
health outcomes(4–20). Each of the indicators has a some-
what different focus and interpretation, but eventually all
of them are used to measure how well people are nour-
ished. Hence, a positive correlation between the different
indicators would be expected(2,4). But is this really true?

Answering this question is important for at least two rea-
sons: first, to understand whether certain indicators can be
used as proxies for others for which data may not easily be
available in certain situations; and second, to understand if
household-level indicators can be used as proxies for
individual-level diets and nutrition(8). Empirical evidence
to answer such questions is limited; comparisons between
household-level and individual-level indicators are parti-
cularly rare(21,22).

We contribute to the literature on the measurement of
diets and nutrition by comparing a larger set of indicators
for the same study population. Our focus is on developing
countries, because this is where problems of nutritional
deficiencies are most pronounced(1). Results may be of
interest not only for researchers but also for development
agencies that are planning and implementing nutrition
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programmes. Simple but reliable diet and nutrition
assessment tools are important for practical programme
implementation(8,11,15).

The best measures of nutritional status are anthropo-
metric indicators based on individual weight and height
data(12). Common anthropometric indicators that are used
to measure nutritional status are BMI for adults and height-
for-age and weight-for-age Z-scores for children(16,19,20).
However, these anthropometric indicators are not neces-
sarily good proxies of food security and dietary quality, as
factors other than food intake can also influence body
height and weight. Nevertheless, child anthropometrics
are also used to report food insecurity(1,23,24).

Food security and dietary quality are better measured
through food consumption data that can be collected at
household or individual level(4,25). If data on the quantity
of different food items consumed are available, it is pos-
sible to calculate the intakes of energy and specific nutri-
ents and set these amounts in relation to recommended
levels to derive adequacy ratios(26). Alternatively, mea-
sures of food variety or dietary diversity can be calculated,
which is possible also when the frequency but not the
quantity of food items consumed is known(4,7). The food
variety score (FVS) is a simple count of the number of food
items consumed over a certain period of time and thus
measures the variety of dietary intake(5,10,13). Dietary
diversity (DD) scores count the number of food groups
consumed(9,13,14). Different DD scores with variations in
the food group classifications exist(14,27). Household-level
DD scores are generally considered good indicators of
access to food and food security(11,15,27). Depending on
the food group classification, individual-level DD scores
are better indicators of dietary quality(6). Specific DD
scores were developed for women and children, as these
are often the most vulnerable population groups(6,17,18).
Data to calculate FVS and DD scores are easy and fast to
collect, which is why these indicators have become pop-
ular among operational development agencies(4,14,28,29).

Food consumption data can be collected with different
methods. Most commonly, food recall methods are used,
with variations in the recall period(25). Seven-day or 30 d
food consumption recalls and 24 h dietary recalls are
typical tools(21,30). Beyond recall approaches, food record
approaches are also commonly employed(31). At the
household level, 7 d food consumption recalls are fre-
quently used to calculate measures of energy and nutrient
consumption. However, such consumption indicators do
not measure actual food intake, as issues of food waste,
intra-household distribution and food away from home are
not considered(22,25). Actual food intake is better captured
through 24 h dietary recall at the individual level, which
can also account for food preparation methods and food
consumed away from home.

Several studies have analysed the relationships between
different indicators at either household or individual level.
For instance, Hoddinott and Yohannes examined the

relationship between the household dietary diversity score
(HDDS) and the household availability of food energy(8).
Kennedy et al. found positive associations between the
HDDS and household food consumption scores(32). At the
individual level, positive associations were shown
between DD scores and micronutrient adequacy ratios,
and between DD scores and anthropometric measures of
women and children(14,25,28,29). For adult males, the
available evidence is scarce. Also, very few studies have
compared household-level with individual-level diet or
nutrition indicators. Recent research confirmed positive
associations between household-level and individual-level
DD scores in Malawi and Niger(22,33). Hatløy et al. found
significant associations between child nutritional status
and household-level food item counts in an urban area in
Mali(34). Bühler et al. reported mixed results when com-
paring child nutritional status and household-level food
insecurity measures in Cambodia and Laos(35).

Many existing studies only use one indicator, or a small
set of indicators, without comparing them with many
others(8,14,22,32–36). Therefore, we contribute to this litera-
ture by comparing a larger set of dietary and nutrition
indicators at household and individual levels. We use data
from rural areas of western Kenya, where subsistence
farming is widespread and rates of malnutrition are rela-
tively high(37,38). At the household level, we carried out a
7 d food consumption recall to calculate FVS, DD scores,
and household-level energy and micronutrient consump-
tion. At the individual level, we carried out a 24 h dietary
recall to calculate similar dietary indicators for male and
female adults and children. We also collected anthropo-
metric data to measure individual nutritional status.

Materials and methods

Study area
The present study builds on data from smallholder farm
households in the western part of Kenya. Specifically, the
survey was conducted in the counties of Kisii and Nya-
mira, where most households are involved in subsistence-
oriented farming(38). Child undernutrition in this part of
Kenya is relatively widespread. According to official sta-
tistics, 26% of children below the age of 5 years were
stunted in 2015(37). At the same time, almost 30% of the
female adults were classified as overweight or obese(37).

Data collection
We carried out an interview-based household survey in
Kisii and Nyamira between October and December 2015.
Participating households were randomly selected in a two-
stage procedure. As many of the rural households are
organized in farmer groups, we first randomly selected
forty-eight farmer groups (thirty-two groups in Kisii and
sixteen in Nyamira). Then, in each of the groups, we
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randomly selected fifteen to twenty households depend-
ing on group size. In total, 824 households (557 in Kisii
and 267 in Nyamira) were sampled. The interviews were
carried out in the local language by a team of interviewers
specifically recruited and trained for the study. The inter-
viewers were supervised by the researchers. Households
were informed about the date and time of the interview
several days in advance. Written informed consent was
obtained from household heads and the parents of parti-
cipating children.

To capture food consumption at the household level, a
7 d food consumption recall was conducted with the
person in the household responsible for food preparation.
For this recall we used a list of 130 food items commonly
consumed in this region. For each food item consumed by
the household during the past 7 d, the quantity, source
(own production, purchased, gift) and unit price were
captured. Of the 824 households, we have complete
consumption data for 809 households.

In addition, we collected individual-level food intake
and anthropometric data of persons living in the sampled
households. In each household, we intended to target the
household head, the spouse and one child aged 6–
59 months. However, in many households we were
unable to obtain data from three individuals because
either a spouse and/or children did not exist or were not
living in the same household. In some cases, individuals
were absent during the scheduled time of the interview,
even in a second attempt. In cases where more than one
child aged 6–59 months was living in the household, the
child included in the study was chosen randomly. In total,
we obtained data from 1261 adults (782 females and 479
males) and 295 children (147 girls and 148 boys).

Individual-level food intake data were collected through
a 24 h dietary recall. For adults, this recall was carried out
twice during two separate meetings. The second recall
was taken on a different and non-consecutive day to
capture day-to-day variation of food consumption(28).
During both recalls, participants were asked whether this
was a normal or an exceptional day (e.g. celebration or
sickness). Recalls of exceptional days were excluded from
the analysis(12,39,40). The anthropometric measures were
taken during the second meeting and were obtained from
1046 adults. For children, we only conducted one 24 h
dietary recall, which was answered by the mother or
caregiver. Anthropometric measures were taken from 238
children. Data from pregnant women were excluded from
the survey. Lactating women were included; in a robust-
ness check we confirmed that their exclusion does not
lead to very different results. The same approach was
chosen for breast-fed children.

One limitation of both food recall methods, the 7 d food
consumption and the 24 h dietary recalls, in our cross-
sectional survey is that they do not capture seasonal var-
iation(25). However, Kisii and Nyamira receive plenty of
rainfall and agricultural production takes place all year

round. Hence, seasonal variation in food consumption
may be lower than in many other parts of Africa.

Indicators of diets and nutrition
We use different indicators to measure diets and nutrition
at household and individual level. Table 1 shows a sum-
mary of all indicators used. Additional explanations are
provided below.

Nutritional status
Anthropometric data are used to depict the nutritional
status of adults and children. Weight and height were
measured for all individuals, following recommended
techniques(41). For adults, BMI was calculated. For the
classification of nutritional status, WHO standards were
applied(42). For children, Z-scores for weight-for-age
(WAZ), weight-for-height (WHZ) and height-for-age
(HAZ) were calculated according to the 2006 WHO stan-
dards(18,19). Implausible data of children, too high and too
low (n 6), were flagged and excluded, using the proposed
cut-off points of ±6 SD for WAZ and ±5 SD for WHZ and
HAZ(19,43).

Dietary diversity
Three different measures of dietary diversity are calcu-
lated. First, we used the HDDS with twelve food groups to
measure dietary diversity at the household level(11,15,44).
For comparison, we used the same twelve food groups
also to calculate a dietary diversity score (DDS) at the
individual level for all adults and children. Second, we
used the minimum dietary diversity for women (MDD-W)
with ten food groups(6). The MDD-W is recommended
primarily for women of reproductive age (15–49 years).
We use the MDD-W for these women in our sample (n
438), but additionally also use the same measure for the
entire sample of female and male adults (n 1026). Third,
for the child sample we calculated the minimum dietary
diversity (MDD) score with seven food groups(17).
Whereas the MDD was primarily developed and validated
for young children aged 6–23 months, we used this score
for all children in our sample aged 6–59 months (n 271).
Table 2 shows the classification of food groups for the
different dietary diversity scores.

In addition to the dietary diversity scores, we use the
FVS, where each food item consumed is counted(5,10,14).
The FVS is used at the household level as well as for
individual adults and children. Supplemental Table 1 in
the online supplementary material shows the different
food items consumed and the corresponding food group
classifications. For the calculations of dietary diversity
scores and FVS we considered all food groups and items,
regardless of the actual quantities consumed, as there is no
consensus whether – and if so, which – minimum
thresholds should be used(14,45,46).
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Nutritional intake
We calculated consumption and intake levels of food
energy, macronutrients (protein, fat, carbohydrates) and
three micronutrients (vitamin A, Zn, Fe) at the household
level and at the individual level for male and female adults
and children. Deficiencies in vitamin A, Zn and Fe make
up the largest share of the health problems caused by
micronutrient malnutrition in developing countries(1,47).
Quantities of all food items consumed were converted
using the Tanzanian food composition table(48), com-
plemented with other sources where necessary(49–52). For
some of the food items, consumed quantities were
reported in non-standard units. We carried out market
surveys and weighed typical unit measures for being able
to make gram conversions. Food preparation methods
were accounted for to the extent possible.

At the household level, energy and nutrient consump-
tion levels were expressed per adult equivalent (AE),
taking account of the demographic structure of each
household. The AE computations consider age, gender
and levels of physical activity of each household mem-
ber(26). We used common estimated average requirements
(EAR) per AE of energy and micronutrients to classify
households as nutritionally deficient(53,54). For energy, a
household was classified as undernourished if the con-
sumption is below 10 042 kJ (2400 kcal)/AE per d(26). For
the micronutrients, the AE thresholds are 625 µg retinol
equivalents for vitamin A, 15·0mg for Zn and 18·3mg for
Fe(55). In total, 801 households are included for this
household-level energy and nutrient consumption analy-
sis; eight households were excluded due to missing
information on consumed quantities of certain food items.

Table 1 Summary of indicators used to describe diets and nutrition at household and individual levels

Nutritional
outcome Indicator Target group n

Type of
data

Unit of
measurement Cut-off points Assessment of

Nutritional
status

Anthropometrics Adults (both sexes) 1044 Weight
Height

BMI (kg/m2) WHO(42) Nutritional status

Children (6–59 months) 215 Z-scores WHO(16)

Dietary
diversity

DDS† Whole household 809 7d FCR 1–12 FG No Economic access to food, measure of
FS

Adults (both sexes) 1026 24h DR No
Children (6–59 months) 271

MDD-W‡ Women (15–49 years) 438 24h DR 1–10 FG 5 or more FG Probability of micronutrient adequacy,
measure of dietary quality

Adults (both sexes) 1026
MDD§ Children (6–59 months) 271 24h DR 1–7 FG 4 or more FG Measure of dietary quality
FVS Whole household 809 7d FCR Food item

count
No Variety of dietary intake

Adults (both sexes) 1026 24h DR
Children (6–59 months) 271

Dietary
quality

Nutritional
intake

Whole household 801 7d FCR Nutrients in
AE

FAO(26) Dietary quality, measures of FS,
measures of micronutrient adequacy

Adults (both sexes) 1007 24h DR Nutrients IOM(56)

Children (6–59 months) 255

n, sample size; DDS, dietary diversity score; MDD-W, minimum dietary diversity for women; MDD, minimum dietary diversity (specifically for children); FVS, food
variety score; FCR, food consumption recall; DR, dietary recall; FG, food group; AE, adult equivalent; IOM, Institute of Medicine; FS, food security.
†FG classification according to Kennedy et al.(11).
‡FG classification according to FAO and US Agency for International Development, Food and Nutrition Technical Assistance III Project(6).
§FG classification according to WHO(17,18).

Table 2 Food groups used to construct different dietary diversity scores

Households, adults and children Women Children

DDS MDD-W MDD

No. Food group No. Food group No. Food group

1 Cereals 1 Grain, white roots and tubers, and plantain 1 Grains, roots, and tubers
2 White roots and tubers 2 Pluses (beans, peas, and lentils) 2 Legumes and nuts
3 Vegetables 3 Nuts and seeds 3 Dairy products
4 Fruits 4 Dairy 4 Flesh foods
5 Meat 5 Meat, poultry and fish 5 Eggs
6 Eggs 6 Eggs 6 Vitamin A-rich F&V
7 Fish and seafood 7 Dark green vegetables 7 Other F/V
8 Legumes, nuts and seeds 8 Other vitamin A-rich F&V
9 Milk and milk products 9 Other vegetables
10 Oil and fats 10 Other fruits
11 Sweets
12 Condiments

DDS, dietary diversity score; MDD-W, minimum dietary diversity for women; MDD, minimum dietary diversity; F&V, fruits and vegetables.
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At the individual level, EAR thresholds for energy and
micronutrients take account of the age and gender of the
individual adult or child; for energy individual weight is
additionally considered(55,56). In total, individual nutri-
tional intake was calculated for 1007 adults and 255
children. Several individuals had to be excluded due to
missing information for specific intake parameters.
Unlike child anthropometric measures, where agreed-
upon threshold values for the exclusion of outliers exist,
clear thresholds are not available for measures of energy
or nutrient consumption. We carried out robustness
checks by excluding observations more than 1·5 times
the interquartile range away from the mean. While the
sample mean values change to some extent when
excluding outliers, the statistical associations between the
indicators were not affected. At the individual level,
adequacy ratios for energy and micronutrients were also
calculated, using specific EAR thresholds for adults and
children(56).

Statistical analysis
The data were analysed with the statistical software
package Stata version 15.1. We show descriptive statistics
for the different dietary and nutrition indicators at house-
hold and individual levels. To analyse the associations
between the indicators, we computed correlation coeffi-
cients and used Pearson’s correlation coefficient test for
statistical significance(2,29,32,34,57–59). We are particularly
interested in the associations between different types of
dietary indicators and the associations between dietary
indicators and nutritional status at the individual level.
Furthermore, we are interested in the associations
between dietary indicators at the household level and
similar dietary indicators at the individual level, as these
results can help to judge whether household-level indi-
cators can be used as valid proxies for individual diets and
nutrition.

We computed the correlation of each indicator with all
the others. Of course, some of the correlations are more
interesting than others when the focus is on identifying
proxies. For instance, even without this analysis, it is clear
that using BMI as a proxy for vitamin A intake is not a
good idea. However, given that different forms of mal-
nutrition often coexist in the same households and indi-
viduals, detecting correlations may be of interest also
beyond the purpose of identifying proxies. We therefore
show all correlations, even though we concentrate only on
selected ones in the discussion.

Correlation analysis has certain limitations, as it only
shows to what extent two variables are linearly related. To
get a better understanding of whether correlations that
were found statistically significant hold true only for parts
of the sample or are possibly driven by correlated con-
founding factors, we also use regression analysis. In linear
regression models, we looked at associations between the

dietary indicators while controlling for a set of household
characteristics. Furthermore, to test the agreement
between household-level and individual-level DDS we
applied Bland–Altman plots(60,61).

Results

Nutritional status
The average household in our sample had 5·26 (SD 2·04)
household members, including adults and children.
Anthropometric indicators for the individual household
members are shown in the online supplementary material,
Supplemental Table 2. The male and female adults inclu-
ded in the sample had a mean age of 44·98 (SD 13·12)
years, a mean weight of 64·97 (SD 12·57) kg and a mean
height of 163·13 (SD 7·79) cm. The mean adult BMI was
24·44 (SD 4·57) kg/m2. Forty per cent of the adults included
in the study had a BMI above 25 kg/m2 and are therefore
classified as overweight. Overweight was significantly
more widespread among women (46%) than men (28%).
Only 6% of the adults were classified as underweight with
a BMI below 18·5 kg/m2.

The children included in the sample had a mean age of
32·27 (SD 14·58) months, a mean weight of 12·92 (SD 3·18)
kg and a mean height of 89·02 (SD 12·46) cm. Nineteen per
cent of the children were stunted, 75% were underweight
and 1% were wasted. Only a very small percentage of the
children were classified as overweight.

Dietary diversity
Descriptive statistics of the different dietary diversity and
food variety indicators calculated at household and indi-
vidual levels are summarized in Table 3. The average
household consumed 9·4 different food groups during the
7 d recall period. Cereals and vegetables were consumed
by all households. Within the group of cereals, the con-
sumption of maize flour was reported most frequently
(98%), followed by white rice (75%). The least consumed
food group was fish and seafood (Fig. 1).

At the individual level, both adults and children con-
sumed about six food groups during the 24 h recall period
on average, when using the twelve food group classifi-
cation to calculate DDS. The MDD-W and MDD scores
were lower, as one would expect given the different food
group classifications. In the adult sample, all individuals
consumed cereal-based food items – mostly ugali (a thick
porridge made from maize flour). Eggs and seafood were
consumed by only 5% of the sample. In the child sample,
almost all individuals consumed some form of staple foods
(cereals, roots or tubers) and 94% consumed at least one
type of vegetable (Fig. 1).

For the MDD-W and the MDD, critical levels were
established as guidelines for healthy and balanced nutri-
tion(6,17,18). Women of reproductive age should have
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MDD-W≥ 5 to guarantee an adequate intake of all
required nutrients(6). The mean MDD-W for women of
reproductive age in our sample was 4·79 food groups
(Table 3). Thirty-four per cent of the women remained
below the critical level of five food groups. For the com-
bined sample of male and female adults (n 1026), the

picture is similar with a mean MDD-W of 4·71 (SD 0·99).
Children should have MDD≥ 4 for a healthy diet(17,18).
Twenty-six per cent of the children in our sample
remained below this critical level. Also, when we confined
the sample to children aged 6–23 months (n 75), the
picture remained similar (mean 3·89 (SD 1·06)).

Table 3 Descriptive statistics for dietary diversity measures in households, adults and children
from Kisii and Nyamira counties, rural western Kenya, October–December 2015

Indicator Household (n 809) Adult (n 1026) Child (n 271)

DDS (12 FG)
Mean 9·41 6·09 6·32
SD 1·44 1·06 1·29
Range 4–12 2–10 1–9

MDD-W (10 FG; n 438)
Mean 4·79
SD 0·99
Range 2–7

MDD (7 FG)
Mean 3·94
SD 0·95
Range 1–6

FVS
Mean 22·45 10·48 10·66
SD 6·20 2·05 2·69
Range 7–55 3–20 1–19

n, sample size; DDS, dietary diversity score; FG, food group; MDD-W, minimum dietary diversity for women;
MDD, minimum dietary diversity for children; FVS, food variety score.
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Nutritional intake
Table 4 reports the average consumption of energy and
nutrients at the household level and for individual
household members. At the household level, 33% were
classified as undernourished in terms of food energy. At
the individual level, the calculated rates of energy under-
nourishment were significantly higher, 72% for adults and
53% for children. For micronutrient consumption levels
and deficiency rates, we also observed notable differences
between household-level and individual-level estimates.
While the household-level data point at widespread Fe
deficiency, the individual-level estimates suggest that Zn
deficiency is much more prevalent (Table 4).

The differences between the household-level and
individual-level dietary measures are striking. Especially
the levels of energy consumption are much higher at the
household level. This can be explained by two factors.
First, the household measures are expressed per male AE,
taking into account that male adults have higher energy
requirements than female adults and children. Second, the
household measures are based on the 7 d food con-
sumption recall, whereas the individual measures are
based on the 24 h dietary recall. Food consumption recalls
are known to overestimate actual intakes, because food
waste, quantities possibly consumed by guests and
quantities possibly fed to pets are also included(21,25).
Here, the focus is not primarily on the absolute values, but
on the associations between the different indicators.

Associations between indicators
Correlation coefficients between all the different indicators
at household and individual levels are shown in the online
supplementary material, Supplemental Tables 3 and 4. The
correlations of particular interest are summarized in
Tables 5–9 and are discussed in more detail in the
following.

Table 5 reports the correlation coefficients between the
different dietary indicators at the household level. All the
correlations are positive and statistically significant. As
expected, DDS is strongly correlated with FVS. Somewhat
more surprising is the fact that micronutrient consumption
is more strongly correlated with energy consumption than
with either DDS or FVS. The strong correlations between
energy, Fe and Zn consumption can be explained by the
fact that starchy staple foods, especially maize, are the
main source of Fe and Zn for households in the study
region. Another reason for the stronger correlation
between energy and micronutrients is that the energy
indicator accounts for the quantity of food items con-
sumed, whereas the DDS and FVS indicators do not. With
better energy availability, households also increase the
quantities of fruits, vegetables and animal-source foods
consumed, which is not fully captured when simply
counting the number of food groups or food items con-
sumed during the 7 d recall period. Ta
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Correlation coefficients between the individual-level
dietary and nutrition indicators for adults are reported in
Table 6. All correlations between the different dietary
indicators are positive and statistically significant, meaning
that improvements in one indicator are associated with

improvements in all the other indicators as well. This is a
welcome finding. However, this also implies that multiple
nutritional deficiencies are commonplace among the more
disadvantaged population segments: people with low
dietary diversity are also those who have low energy,

Table 5 Correlations between household dietary indicators in Kisii and Nyamira counties, rural western Kenya, October–December 2015

Household

DDS FVS Energy intake (kJ/AE per d)

FVS (n 809) 0·7099*** 1
Energy intake (kJ/AE per d; n 801) 0·2723*** 0·3432*** 1
Vitamin A (µg/AE per d; n 801) 0·1100** 0·2137*** 0·4203***
Zn (mg/AE per d; n 801) 0·1264*** 0·1793*** 0·7851***
Fe (mg/AE per d; n 801) 0·2261*** 0·2907*** 0·7442***

DDS, dietary diversity score; FVS, food variety score; AE, adult equivalent; n, sample size.
**P< 0·05, ***P< 0·01.

Table 6 Correlations between different dietary and nutrition indicators for adults in Kisii and Nyamira counties, rural western Kenya,
October–December 2015

Adult

DDS FVS
MDD-W
(women)

MDD-W
(both sexes) Energy (kJ/d) BMI (kg/m2)

FVS (n 1026) 0·7412*** 1
MDD-W (women; n 438) 0·6866*** 0·7084*** 1
MDD-W (both sexes; n 1026) 0·7074*** 0·7386*** 1·0000*** 1
Energy (kJ/d; n 1007) 0·2592*** 0·2886*** 0·2204*** 0·2467*** 1 −0·0600*
Undernourished (0/1; n 828) − 0·1884*** −0·1826*** −0·1906*** −0·1855*** − 0·7194*** 0·1505***
Protein (g/d; n 1007) 0·3186*** 0·3131*** 0·3269*** 0·3360*** 0·8130*** −0·0646*
Fat (g/d; n 1007) 0·3044*** 0·3256*** 0·3234*** 0·3273*** 0·6831*** −0·0325
Carbohydrate (g/d; n 1007) 0·1579*** 0·1910*** 0·1024** 0·1152*** 0·9014*** −0·0529
Vitamin A (µg/d; n 1007) 0·1285*** 0·1886*** 0·2133*** 0·2019*** 0·2372*** −0·0212
Zn (mg/d; n 1007) 0·1818*** 0·1795*** 0·1926*** 0·2235*** 0·7370*** −0·0843**
Fe (mg/d; n1007) 0·1549* 0·1501*** 0·1878*** 0·1964*** 0·7540*** −0·0757**
BMI (kg/m2; n 840) − 0·0097 0·0510 0·0225 0·0549 − 0·0600* 1

DDS, dietary diversity score; FVS, food variety score; MDD-W, minimum dietary diversity for women; n, sample size.
*P< 0·1, **P<0·05, ***P<0·01.

Table 7 Correlations between different dietary and nutrition indicators for children in Kisii and Nyamira counties, rural western Kenya,
October–December 2015

Child

DDS MDD FVS Energy (kJ/d)

MDD (n 271) 0·7392*** 1
FVS (n 271) 0·7672*** 0·6550*** 1
Energy (kJ/d; n 255) 0·2785*** 0·2638*** 0·3250*** 1
Protein (g/d; n 255) 0·2096*** 0·2907*** 0·2254*** 0·7788***
Fat (g/d; n 255) 0·2894*** 0·3142*** 0·2879*** 0·7496***
Carbohydrate (g/d; n 255) 0·2162** 0·1655** 0·2906*** 0·9310***
Vitamin A (µg/d; n 255) 0·2181*** 0·1874*** 0·2761*** 0·3722***
Zn (mg/d; n 255) 0·1150* 0·1968*** 0·1423** 0·7433***
Fe (mg/d; n 255) 0·1176* 0·1844*** 0·1499** 0·7545***
WAZ (n 210) 0·0009 0·0989 0·0178 0·0640
HAZ (n 201) − 0·0387 0·0715 − 0·0177 0·1515**
WHZ (n 199) 0·0771 0·0812 0·0497 −0·0933

DDS, dietary diversity score; MDD, minimum dietary diversity; FVS, food variety score; n, sample size; WAZ, weight-for-age Z-score; HAZ, height-for-age
Z-score; WHZ, weight-for-height Z-score.
*P< 0·1, **P<0·05, ***P<0·01.
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protein and micronutrient intakes. Additional results in
online supplementary material, Supplemental Table 5
confirm that adult dietary quality is positively associated
with education and income. Hence, the poorest people
suffer most from low dietary quality and nutritional defi-
ciencies. Particularly noteworthy in Table 6 is also the
strong correlation between the different food variety and
dietary diversity scores, including DDS and MDD-W,
suggesting that dietary indicators with different food group
classifications lead to similar conclusions.

However, most of the correlations between the adult
dietary indicators and BMI are very small and not statisti-
cally significant (Table 6). BMI is even negatively asso-
ciated with some of the dietary indicators. This is not
necessarily surprising for the micronutrients, as over-
weight and micronutrient malnutrition can occur simulta-
neously in the same individuals. However, BMI is also
negatively correlated with energy consumption and

positively correlated with being undernourished, which is
counterintuitive. We further tested the associations
through a regression model with BMI as dependent and
energy intake as explanatory variable (see online sup-
plementary material, Supplemental Table 6). After con-
trolling for age, gender and household income levels, the
energy intake coefficient turns insignificant. Hence, the
negative correlations between BMI and some of the intake
variables in Table 6 should not be over-interpreted. That
energy intake is not a good predictor of BMI in this case
may be related to the fact that food intake was collected
only for short recall periods.

Correlation coefficients between the individual-level
dietary and nutrition indicators for children are reported in
Table 7. As for the adult sample, all correlations between
the different dietary indicators are positive and statistically
significant. MDD is correlated more strongly with micro-
nutrient intakes than DDS and is therefore a better proxy

Table 8 Correlations between household-level and individual-level indicators for adults in Kisii and Nyamira counties, rural western Kenya,
October–December 2015

Household

Adult DDS FVS
Energy

(kJ/AE per d)

DDS (n 1012) 0·2745*** 0·2506*** 0·1342***
FVS (n 1012) 0·2953*** 0·3171*** 0·1883***
MDD-W (women; n 436) 0·2502*** 0·3036*** 0·1328***
Energy (kJ/d; n 993) 0·1923*** 0·1811*** 0·1957***
Protein (g/d; n 993) 0·2109*** 0·1659*** 0·2060***
Fat (g/d; n 993) 0·1719*** 0·1772*** 0·1698***
Carbohydrate (g/d; n 993) 0·1533*** 0·1373*** 0·1683***
Vitamin A (µg/d; n 993) 0·0702** 0·0784** 0·0016
Zn (mg/d; n 993) 0·1408*** 0·1229*** 0·1354***
Fe (mg/d; n 993) 0·1546*** 0·1180*** 0·1209***
BMI (kg/m2; n 1032) 0·0490 0·0948*** 0·1028***

DDS, dietary diversity score; FVS, food variety score; AE, adult equivalent; n, sample size; MDD-W, minimum dietary diversity for women.
**P<0·05, ***P<0·01.

Table 9 Correlations between household-level and individual-level indicators for children in Kisii and Nyamira counties, rural western Kenya,
October–December 2015

Household

Child DDS FVS
Energy

(kJ/AE per d)

DDS (n 269) 0·3094*** 0·3335*** 0·1521***
MDD (n 269) 0·2730*** 0·3213*** 0·1990***
FVS (n 269) 0·2946*** 0·3859*** 0·2110***
Energy (kJ/d; n 251) 0·1790*** 0·2637*** 0·1440**
Protein (g/d; n 251) 0·1096* 0·1993*** 0·1753***
Fat (g/d; n 251) 0·1078* 0·2529*** 0·1272**
Carbohydrate (g/d; n 251) 0·1738*** 0·2133*** 0·1123*
Vitamin A (µg/d n 251) 0·0479 0·1586** 0·0633
Zn (mg/d; n 251) 0·0795 0·1309** 0·1566**
Fe (mg/d; n 251) 0·0478 0·1030 0·1301**
WAZ (n 224) 0·1322* 0·1540** 0·2022**
HAZ (n 214) 0·1070 0·0816 0·0858
WHZ (n 212) 0·0794 0·1266* 0·1580**

DDS, dietary diversity score; FVS, food variety score; AE, adult equivalent; n, sample size; MDD, minimum dietary diversity; WAZ, weight-for-age Z-score; HAZ,
height-for-age Z-score; WHZ, weight-for-height Z-score.
*P< 0·1, **P<0·05, ***P<0·01.
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of child dietary quality. However, as for the adult sample,
we observe that most of the correlation coefficients
between the child dietary indicators and the anthropo-
metric measures are statistically insignificant. The only
exception is the positive correlation between energy
intake and HAZ. We infer that dietary indicators are not
suitable proxies for nutritional status, neither for adults nor
for children.

Beyond correlation analysis, we examined the associa-
tions between the dietary indicators at household, adult and
child levels using regression models and controlling for a
set of socio-economic characteristics (see online supple-
mentary material, Supplemental Table 5). All associations
remain positive and statistically significant. We also tested
for possible heteroscedasticity in the regression models. As
a clustered sampling procedure was used to select house-
holds, the error term distribution within clusters may pos-
sibly differ from the distribution across clusters. We tested
for this possibility by computing SE with cluster correction at
the farmer group level. These corrections had no effect on
the levels of statistical significance, hence underlining the
robustness of the findings.

Associations between household, adult and child
indicators
Results for the correlations between the dietary indicators
at the household level and the dietary and nutrition indi-
cators at the individual level are shown in Tables 8 and 9.
Table 8 focuses on the results for adults. Household DDS
and FVS are positively and significantly correlated with all
individual-level dietary indicators. Similarly, other
household-level dietary indicators are positively correlated
with most other individual-level dietary indicators,
including micronutrient intakes (see also online supple-
mentary material, Supplemental Table 3). The associations
remain positive and significant also after controlling for
socio-economic characteristics in regression models
(Supplemental Table 7).

Household DDS is not significantly correlated with
adult BMI. However, household FVS and household
energy consumption are positively and significantly
correlated with adult BMI (Table 8). This suggests that
household-level dietary indicators may be better proxies
for adult nutritional status than individual-level dietary
indicators. Most of these results also hold when we
considered male and female adults separately (see
online supplementary material, Supplemental Tables 8
and 9).

Table 9 shows the results for children. Household DDS
and FVS are positively and significantly correlated with the
individual-level dietary diversity indicators. However,
household DDS is not significantly correlated with child
micronutrient intakes. The same results are also obtained
with regression models after controlling for key socio-
economic characteristics (see online supplementary

material, Supplemental Table 10). In contrast, household
energy consumption and household micronutrient con-
sumption levels are positively and significantly correlated
with child micronutrient intakes (see also Supplemental
Table 4), suggesting that the household-level indicators
that account for the quantity of food items consumed are
better proxies of child dietary quality than household
DDS. Concerning child nutritional status, some of the
household-level dietary indicators are significantly corre-
lated with the weight-based measures (WAZ, WHZ), but
not with HAZ.

Comparing results in Tables 8 and 9, it is interesting to
observe that the correlation coefficients between
household-level energy consumption and individual-level
energy and nutrient intakes are very similar in magnitude
for adults and children. This suggests that household-level
consumption indicators are suitable proxies for the diets of
all family members. Supplemental Table 11 in the online
supplementary material provides further support for this
interpretation by correlating household-level energy and
micronutrient consumption with individual-level adequacy
ratios. For energy, Zn and Fe, these correlations are all
positive and statistically significant and similar in magni-
tude when comparing results for adults and children.

Bland–Altman plots for assessing the agreement of
household-level DDS and individual-level DDS for adults
and children are shown in Fig. 2. For adults, 95% of the
pairs of measurements fall within the limits of agreement.
For children, 97% of the pairs of measurements fall within
the limits of agreement. These findings further support the
result that household measures of dietary diversity can be
used as good proxies for individual adult and child dietary
diversity.

Discussion and conclusion

In the present paper we have calculated and compared a
large set of dietary and nutrition indicators based on
household-level and individual-level data collected for the
same target population in rural areas of western Kenya.
The main objective was to analyse associations between
different types of indicators, to better understand which
indicators can be used as proxies for others. Such infor-
mation can be useful to assess diets and nutrition
in situations with only limited availability of data.

First, we were interested in the associations between
different indicators within the same target group. We found
that all dietary indicators are positively correlated at a high
level of statistical significance. DDS and FVS calculated
based on 7d recall data at the household level are good
proxies not only of household energy consumption but also
of household micronutrient consumption. Likewise, DDS
and FVS calculated based on 24h recall data at the indivi-
dual adult and child level are good proxies of individual
energy and micronutrient intakes. This is consistent with
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previous studies that had tested such associations in dif-
ferent geographical contexts(2,27,29,34,59,62). In our data, the
significant associations between individual-level dietary
diversity scores and micronutrient intakes hold regardless of
the exact food group classification used, which is an
interesting and novel result.

In terms of nutritional status indicators, most of the cor-
relations between individual-level dietary data and anthro-
pometric measures are very small and statistically
insignificant. In other words, dietary indicators are not good
proxies of nutritional status, neither for adults nor for chil-
dren. This contrasts with a few other studies that had shown
significant associations between dietary diversity indicators
and children’s and women’s nutritional status in different
developing countries(14,63). However, our study is not the
first to find small or insignificant associations between
dietary diversity and anthropometric indicators in some
situations: Jones et al. used data from nine countries and
found significant associations between child MDD and HAZ
in only three of these nine countries(64). The relationship
may be confounded by uncontrolled factors related to
sanitation and hygiene(64). Furthermore, within-person
error may play a role when the dietary indicators are
based on a single-round 24h recall, as is true for our sample
of children. Within-person error can occur because certain
food groups (especially animal products) are not consumed
on a daily basis(65). Further research on the associations
between dietary indicators and anthropometric measures is
warranted, since results seem to be context-specific.

Second, we have analysed the associations between
different indicators across household and individual levels,
which was rarely done before. Our findings show that
household-level DDS and FVS are positively and sig-
nificantly correlated with individual-level DDS and FVS for
children as well as for male and female adults. Most

previous studies had not collected dietary and nutrition
data for adult men. Moreover, energy and micronutrient
consumption at the household level are positively and
significantly correlated with individual-level energy and
micronutrient intakes for all target groups. Interestingly,
the household-level dietary indicators are correlated more
closely with some of the adult and child anthropometric
measures than the individual-level dietary indicators. We
conclude that household-level data can be used to calculate
valid proxies of the diets of children and male and female
adults when individual-level data are not available. This is
an important result, because household-level data are often
included in nationally representative household living stan-
dard surveys, whereas individual-level data are not.

Third, through comparing household-level and
individual-level indicators we indirectly also compared
two different recall methods, namely 7 d food consump-
tion recall and 24 h dietary recall. Evaluating absolute
levels of energy and nutrient consumption, both methods
lead to different results. For instance, household-level
calculations with 7 d food consumption recall data result in
significantly higher levels of energy consumption and
lower rates of undernourishment than individual-level
calculations with 24 h dietary recall data. Interestingly,
both food recall methods lead to higher rates of under-
nutrition than what the anthropometric indicators suggest,
with notable differences especially in the adult sample.
This means that the concrete method of data collection
matters a lot when the focus is on measuring malnutrition.
However, as mentioned, the different indicators derived
from 7 d food consumption and 24 h dietary recall data are
positively and significantly correlated. In other words,
both methods are consistent in terms of ranking house-
holds and individuals according to their relative diet and
nutrition situation.
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Fig. 2 Bland–Altman plots assessing the agreement of household-level dietary diversity score (DDS) and individual-level DDS for
(a) adults and (b) children from Kisii and Nyamira counties, rural western Kenya, October–December 2015. ——— represents the
mean difference (bias) and – – – – – represent 95% limits of agreement (mean difference± 1·96 SD of the difference). (a) Mean
difference between household DDS and individual DDS for adults was 3·34 (95% CI 0·29, 6·38); (b) mean difference between
household DDS and individual DDS for children was 3·10 (95% CI 0·01, 6·20). Data were collected from 809 households and 1556
individuals (782 female adults, 479 male adults, 295 children aged 6–59 months) living in these households
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