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ABSTRACT
Background: Women’s dietary diversity and quality are limited in low- and middle-income countries (LMICs). Nutritionsensitive interventions that promote food crop diversity and women’s access to income could improve diets and address
the double burden of malnutrition in LMICs.
Objectives: We examined the associations among food crop diversity and women’s income-earning activities with
women’s diet quality, as well as effect modification by access to markets, in the context of small-holder food production
in rural Tanzania.
Methods: Data from a cross-sectional study of 880 women from Rufiji, Tanzania, were analyzed. Women’s dietary
intake was assessed using a food frequency questionnaire. The prime diet quality score (PDQS; 21 food groups; range,
0–42), a unique diet-quality metric for women that captures the healthy and unhealthy aspects of diet, was computed.
Generalized estimating equation linear models were used to evaluate the associations of food crop diversity and women’s
income-earning activities with PDQS, while controlling for socio-economic factors.
Results: Maternal overweight (24.3%) and obesity (13.1%) were high. The median PDQS was 19 (IQR, 17–21).
Households produced 2.0 food crops (SD ± 1.0) yearly. Food crop diversity was positively associated with PDQS (P
< 0.001), but the association was strengthened by proximity to markets (P for interaction = 0.02). For women living
close (<1.1 km) to markets, producing 1 additional food crop was associated with a 0.67 (95% CI, 0.22–1.12) increase in
PDQS, versus a 0.40 (95% CI, 0.24–0.57) increase for women living farther away. The PDQS increased with women’s
salaried employment (estimate, 0.96; 95% CI, 0.26–1.67).
Conclusions: Household food production may interact with access to markets for sales and purchases, while
nonfarm income also improves women’s diet quality in rural Tanzania. Programs to improve women’s diet quality should
consider improving market access and women’s access to income (source of empowerment), in addition to diversifying
production. J Nutr 2020;00:1–11.
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Introduction
Food systems are a key influencer of diet quality and can
play an important role in addressing the double-burden of
malnutrition—that is, both undernutrition and overnutrition
- in low- and middle-income countries (LMICs) (1–3). Dietrelated diseases are a leading cause of morbidity and have
been associated with 11 million deaths globally (4–6). In many

LMICs, women’s diets are characterized by consumption of
staple grains and low intake of animal-source foods (ASF),
fruits, and vegetables and, consequently, poor micronutrient
intake (7–9). In Tanzania, only 46% of rural women meet
minimum dietary diversity (i.e., consume at least 5 food groups
out of 10 daily), a measure of micronutrient adequacy (10, 11),
and women’s intake of protein, fruits, and vegetables is low
(12). The consequences of poor dietary intake for women are
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women’s diets have a key role in preventing micronutrient and
other deficiencies and optimizing nutrition for women and their
infants (34).
Dietary diversity (DD), a proxy for micronutrient adequacy,
has been used in previous studies as a measure for diet
quality. However, DD does not assess other aspects of diet
quality, including consumption of unhealthy foods and caloric
moderation (35, 36). There is limited knowledge on diet quality
and its determinants among women living in rural Tanzania.
It is important to determine whether agriculture production
is associated with women’s diet quality, given recent nutrition
transition and dietary changes in Tanzania and the potential
consequences of poor-quality diets (37–39). We used the prime
diet quality score (PDQS), an index that considers consumption
of healthy and unhealthy foods associated with diet-related
diseases, as a measure of diet quality in Tanzania (34)(13).
The objective of this study was to determine the associations
between food crop diversity, women’s income-earning activities,
and access to and quality of food markets with women’s diet
quality (PDQS) in a cross-sectional study in rural Tanzania. We
evaluated for modification of these associations by access to
food markets. We hypothesized that greater food crop diversity
and women’s access to income would enhance diet quality and
that market access and diversity had differential effects on
observed associations.

Methods
Study design and population
The study population participated in a cluster-randomized, prospective
Homestead Agriculture and Nutrition (HANU) project set in the rural
Rufiji district in Eastern Tanzania (ClinicalTrials.gov NCT03311698).
Out of 16 villages within the Rufiji Health and Demographic
Surveillance System, 10 were randomly selected, pair-matched based on
location and other factors, and randomly assigned to the intervention
or control arms (40). Participants were women enrolled in the study
conducted to evaluate the association of integrated homestead food
production with maternal and child health and nutrition. We analyzed
data from 880 women participating in a midline assessment conducted
from August to October 2017. The midline study included an extensive
dietary intake assessment, unlike the study baseline. Baseline data
collection was also before differences in dietary intake and quality
would have occurred. Details of the parent study are published
elsewhere (40).
The eligibility criteria for the study included households with a
woman of reproductive age (18–49 years) with at least 1 child aged 6–36
months and access to land for vegetable production. Study participants
provided informed consent. Study research assistants used semistructured questionnaires to collect data on household demographics
and socio-economic status, maternal anthropometric data, dietary
intake, hemoglobin levels, and household agriculture production for the
study.

Exposure variables
The main exposure, food crop diversity, was determined by classifying
all crops grown by households (self-reported) in the previous year into
7 groups based on the FAO’s Minimum Dietary Diversity for Women
(MDD-W) index. The 7 crop groups included in the score were 1)
grains, roots and tubers, and plantains; 2) legumes (beans, peas, and
lentils); 3) nuts and seeds; 4) vitamin A−rich dark green vegetables; 5)
other vitamin A−rich fruits and vegetables; 6) other vegetables; and 7)
other fruits. We excluded animal-source foods (dairy; meats, poultry,
and fish; and eggs). A similar classification has been used elsewhere
(23, 41). Food crop diversity was determined as the sum of food crop
groups produced by the household in the previous year. Additionally,
we considered including livestock production in the computation
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dire. Globally, 500 million women are anemic and 15% of all
women are vitamin A deficient, while 10% are underweight
(BMI < 18.5) and 40% are overweight or obese (BMI ≥ 25),
with the highest burden of undernutrition in LMICs (13–15).
Nutrition-sensitive interventions in agriculture are critical
for addressing poor diets in LMICs. Diversification of household agricultural production is a strategy to improve women’s
diets (16, 17), and provides a direct pathway to improved
consumption through increased availability of diverse foods
for home consumption. Agricultural production also indirectly
improves diets, as it is a source of livelihood for rural farmers
and provides income to purchase nutrient-dense foods for
women (16, 18). Previous studies have shown small, positive
associations between production diversity and household and
maternal dietary diversity; however, how these relationships
have been measured has been inconsistent, and associations vary
with geographic regions (16, 19–24).
The relationship between crop production diversity and
women’s diet quality is complex. The literature is not clear
as to which pathway through which diversified production
leads to diet change (i.e., consumption of own produced food
vs. using income from sales of crops) is more important,
and few studies have evaluated this. Studies suggest that the
subsistence production pathway (i.e., diversified production
that contributes directly to own consumption) is the stronger
pathway in most contexts (22, 24). Other studies have found
that the magnitude of the association between income from
market sales and diet is larger than that of diversified production
for own consumption and diet (25, 26), arguing that increased
agricultural income is also a primary way in which households can diversify their diets (27). Conversely, agricultural
income can increase purchasing power to potentially purchase
unhealthy or processed foods (28). Further, the functionality
of local markets, the diversity of foods sold, and distance to
markets may determine a household’s access to nutrient-rich
foods for purchase and whether foods produced on-farm are
sold or consumed (29). Finally, literature shows that women’s
decision-making on the use of income from agriculture and
off-farm employment may influence diet quality by increasing
women’s ability to act on their nutrition knowledge (30, 31). It
is unclear how these factors interact to inform women’s diets in
rural Tanzania.
We focus on women’s diets over men’s because in rural
LMICs women are often more nutritionally vulnerable than
men and at greater risk of micronutrient and macronutrient
deficiencies, given the biologic demands of pregnancy and
women’s often poorer social status (32, 33). In addition,
women’s nutrition status prior to and during pregnancy has an
impact on the nutrition status of their offspring (33). Quality

Study outcome
The primary outcome of the study, women’s diet quality, was assessed
using the PDQS, a food group−based dietary score based on selfreported women’s dietary intake. Women’s dietary intake was assessed
using a food frequency questionnaire (FFQ). The FFQ was composed
of a list of 79 common local foods and was validated in the Tanzanian
context (45). Women were asked to recall foods consumed in the
previous month and the frequency of consumption of the foods, with
options of frequency of consumption of 0 times in a month, 1–3 times
per month, 1 time per week, 2–4 times per week, 5–6 times per week, 1
time per day, 2–3 times per day, 4–5 times per day and 6 or more times
per day.
Foods consumed by women in the previous month, as reported by
the FFQ, were classified into 21 food groups for the PDQS. Foods were
classified into 14 healthy food groups [dark green leafy vegetables, other
vitamin A−rich vegetables (including carrots), cruciferous vegetables,
other vegetables, whole citrus fruits, other fruits, fish, poultry, legumes,
nuts, low-fat dairy, whole grains, eggs, and liquid vegetable oils]
included in the PDQS (13, 46). In addition, foods were classified into
7 unhealthy food groups (red meat, processed meats, refined grains
and baked goods, sugar-sweetened beverages, desserts and ice cream,
fried foods obtained away from home, and potatoes) (13, 46). We
made the following adaptations to the score: 1) red and orange fruits
and vegetables were included in the “other vitamin A−rich fruits and
vegetables” category, in place of “carrots” as a food group; and 2) a
“roots and tubers” group was used in place of the “potatoes” group

from the original score. We categorized maize flour−based products
as refined grains. Processed meat intake and liquid vegetable oil intake
were not measured in the study and low-fat dairy intake could not be
ascertained; therefore, all women were assigned low intakes for these
groups, meaning 2 points for processed meats and 0 points for liquid
vegetable oil and low-fat dairy intake. These adaptions were made in
order to conform to local food consumption patterns.
Points were assigned for consumption of healthy food groups
as 0–1 serving/week (0 points), 2–3 servings/week (1 point), and
≥4 servings/week (2 points). Scoring for unhealthy food groups was
assigned as: 0–1 serving/week (2 points), 2–3 servings/week (1 point),
and ≥4 servings/week (0 points) (47). Points for each food group were
summed to give an overall score.
The PDQS has been used as measure of diet quality in studies
in developed countries and has been associated with a higher risk
of chronic diseases, including cardiovascular disease and diabetes
(13, 46, 48, 49).

Ethics
Approval for the study was provided by the Ifakara Health Institute
independent research board and the medical research council committee
of the National Institutes of Medical Research in Tanzania and by
the Harvard TH Chan School of Public Health (Boston) institutional
review board. Written informed consent was obtained from all enrolled
women.

Analysis
We described the prevalence of the household demographic characteristics and individual characteristics using means and standard deviations
for continuous data, and frequencies for categorical data. We also
described the frequency of household production of food crops, the
prevalence of sales of food crops, and consumption of PDQS foods by
women in the study population using frequencies.
We used generalized estimating equation (GEE) linear models with
exchangeable correlation (50), controlling for clustering by village pair,
to evaluate the associations of food crop diversity and women’s participation in nonfarm economic activities or employment with diet quality
in the study. We adjusted for assignment to intervention (homestead
garden/control) in the parent study and the cluster study design. In a subanalysis, we further evaluated the association of production of specific
food groups (grains, white roots and tubers, and plantains; legumes;
nuts and seeds; vitamin A−rich dark green vegetables; other vitamin
A−rich fruits and vegetables; other vegetables; and, other fruits) with
the PDQS. In a secondary analysis, we also evaluated the association
of alternative measures of on-farm diversity, crop species richness, and
cash crop diversity with the PDQS. We evaluated for effect modification
of associations by 1) MFD; 2) market access; and 3) sale of crops (sold
at least 1 food crop in the previous year).
We selected confounders based on associations with the outcome in
univariate models at P < 0.20. Potential confounders included maternal
education (no/primary, secondary, tertiary), wealth index (quintiles),
parity (0, 1–2, ≥3 children), family size (continuous), women’s age (18–
24 years, 25–34 years, ≥35 years), BMI (<18.5, 18.5–24.9, ≥25 kg/m2 ),
marital status (married/not married), food expenditure (continuous),
weekly income (log, continous), farm size (continuous), and sale of food
crops (sold at least 1 food crop in the previous year). We controlled
for BMI as a proxy for energy intake, which could be a potential
confounder. The missing-indicator method was used to account for
missing covariate data.
In a sensitivity analysis, we evaluated women’s dietary diversity
according to the MDD-W criteria outlined above. Food consumed by
women was categorized into 10 food groups. We calculated a daily
frequency of consumption for all food groups. If her frequency of
consumption of a food group was 1 or more times daily, a woman was
considered to have consumed the food group. Dietary diversity score
(DDS) was computed as the total number of food groups consumed by
a woman. We evaluated the association of food crop diversity with the
DDS. The analyses were conducted using SAS version 9.4.
Food crop diversity and maternal diet quality 3
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of production diversity in a sensitivity analysis and created an 8
food-group variable instead of the original (7 food-group) indicator that
excludes animal-source foods.
An alternative method of evaluating the diversity of on-farm
production is to use a measure of species richness (24). Crop species
richness has been used as an indicator of diversity of on-farm production
in previous studies (22, 23, 42). We assessed crop species’ richness as the
number of food crop species produced by households in the previous
year, out of 37 food crops. Cash crop diversity was evaluated as the
number of cash crops grown by the household in the previous year out
of 3 crops: cashew, sesame, and cotton. We determined the main cash
crops based on the study data, and sesame was the most commonly
sold food crop (31.5%), while cashew was sold by 9.4% of households.
We also determined that cotton was a cash crop based on literature
(43).
Market food diversity (MFD) was determined based on the diversity
of foods sold in smaller, local markets using the 10 food groups for
the MDD-W (including ASF). A similar approach has been taken in
previous research in Ethiopia (41). A total of 27 key informants selected
by project staff in collaboration with local leaders in each village
recalled foods sold in their local markets in the previous year, and all
foods were classified into the 10 food groups. MFD was determined
as the total number of food groups sold in the market based on each
informant’s recall. We computed a median score of MFD based on
available informants per village. MFD was calculated at the village
level and each household from the village was assigned the median
MFD.
We calculated distance to market for each study household to
2 larger, regional markets that had GPS coordinates using the Stata
program. The 2 larger markets identified by informants in the study
were Kibiti market for Kibiti A, Kibiti B, Mchukwi A, and Mchukwi B
villages and Ikwiriri market for Umwe North, Umwe South, Mgomba
North, Mgomba South, Ikwiriri South, and Ikwiriri Centre villages.
MFD was calculated for local markets closer to the respondents’
villages, and the distance to markets was calculated for 2 larger regional
markets. A similar approach of referencing 2 types of markets has been
taken in another study (44).
We considered women’s participation in nonfarm economic activities and women’s receipt of wages or salaried employment. We
asked women whether they participated in nonfarm economic activities
(yes/no) or wage and salary employment (yes/no). Finally, a livestock
diversity score was defined as the number of livestock species owned by
the household.

TABLE 1 Background characteristics of study women in
Tanzania
Characteristic

Values

868
—
—
—
868
—
—
862
—
—
—
—
—
868
—
—
—
689
—
—
—
868
—
—

31.5 ± 7.7
200 (23.0)
354 (40.8)
314 (36.2)
—
672 (77.4)
196 (22.6)
—
24.4 ± 5.0
59 (6.7)
481 (55.8)
209 (24.3)
113 (13.1)
—
293 (33.8)
499 (57.5)
76 (8.8)
—
169 (24.5)
421 (61.1)
99 (14.4)
—
166 (19.1)
702 (80.9)

868
868
—
—
—
—
—
821
711

6.5 ± 2.6
—
173 (19.9)
231 (26.6)
109 (12.6)
182 (21.0)
173 (19.9)
7327 ± 4166
3.4 ± 3.7

288
288
870
868

9.3 ± 14.4
1.0 ± 3.6
442 (50.8)
252 (29.0)

868
878
870
870
870

136 (15.7)
1.1 [0.8–1.7]
7.5 [7.5–8.0]
2.0 [1.0–3.0]
19.0 [17.0–21.0]

Values are mean ± SD, median [IQR], or frequency (percent). N = 870. Abbreviation:
PDQS, prime diet quality score.

Results
We analyzed data from 870 women. We excluded 10 women
under 18 years or aged 50 years or older from the analysis.
Table 1 presents the baseline characteristics of the study
population. The mean age (± SD) for women in the study
was 31.5 (± 7.7) years. The mean BMI (± SD) for women
in the study was 24.4 (± 5.0), and the prevalences of
underweight, overweight, and obesity were 6.8%, 24.3%, and
13.1%, respectively. Maternal education was low, with 91.2%
4
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Sociodemographic
Maternal age (years)
18–24
25–34
≥35
Marital status
Married
Single, divorced or widowed
BMI
Mean ± SD
Underweight, BMI <18.5
Normal weight, BMI 18.5–24.99
Overweight, BMI 25–29.99
Obese, BMI ≥30
Maternal education
None
Primary school
Secondary school or higher
Paternal education
None
Primary school
Secondary school or higher
Parity
1 child or none
2 or more children
Household
Size of household
Wealth quintile score
First/lowest
Second
Third
Fourth
Fifth/highest
Food expenditure, Tanzanian shillings
Plot size, acres
Ownership of livestock
Chickens
Goats
Sold at least 1 crop
Women’s participation in nonfarm economic
activities
Woman received wages or salaried employment
Distance to market, km
Market food diversity
Food crop diversity
PDQS median

N

of women having primary school education or less; men’s
education was also low, with 85.6% of men having primary
school education or less. The mean household size (± SD) was
6.5 (±2.6). Only 32 households (4.0%) owned goats, and 271
(31.1%) owned chickens. The median MFD score was 7.5 (IQR,
7.5–8.0) food groups and the median distance traveled to the
nearest local market was 1.1 (IQR, 0.8–1.7) km. There were
136 women (15.7%) that reported participating in salaried
employment and 252 women (29.0%) who participated in
nonfarm income activities.
Most households produced grains (80.6% of all participants)
and dark green vegetables (51.0%). The most common crops
produced by households in the study were rice (65.2%),
maize (60.6%), amaranthus leaves (50.7%), and sesame
(38.3%; Figure 1). Food crop diversity was low, with 2.4
food groups (± 1.5) produced in the previous year out of a
maximum of 7 crop groups. Approximately 49.2% of the study
households did not report selling crops in the previous year.
On average, 31.5% of all households reported selling sesame,
11.2% reported selling amaranthus leaves, and 9.4% reported
selling cashew nuts (results not shown).
The median PDQS for women was 19 (IQR, 17–21; possible
maximum score is 42; Table 1). Table 2 presents the distribution
of foods consumed by women using the PDQS classification.
Most women consumed at least 4 servings/week of other
vegetables (97.1%), fish (89.4%), legumes (81.6%), and dark
green leafy vegetables (62.3%). Alternatively, the consumption
of refined grains was high (100%), as was the consumption
of foods in the roots and tubers group (including potatoes;
82.7%).
All 27 market respondents indicated that their markets
sold starchy staples, other fruits, and meats and few markets
sold dairy or nuts and seeds (<23% of markets). The
foods most commonly sold in the local markets in the
previous year included fish, oranges, mangoes, cassava, rice,
eggs, tomatoes, onions, okra, pumpkins, and cooking oil
(Figure 2).
Table 3 shows the association of food crop diversity with
PDQS. In multivariate models, for every food group produced,
women’s PDQS increased by 0.47 (95% CI, 0.27–0.67). MFD
was positively associated with PDQS (estimate, 0.50; 95%
CI, 0.06–0.94), while distance to local markets was negatively
associated with PDQS (estimate, -0.27; 95% CI, -0.39 to -0.14)
in adjusted models. Women who were employed had a 0.96
(95% CI, 0.26–1.67) higher PDQS compared to women who
were not employed. Further, we found that selling at least 1 food
crop was negatively associated with the PDQS (estimate, -0.88;
95% CI, -1.17 to -0.58), and found no association between
livestock diversification at the farm level with the PDQS.
When we introduced interaction variables, the association of
production diversity with PDQS varied by distance to market
(P for interaction = 0.02) in multivariate models. Figure 3
shows that for women living close to a market (under a median
distance of 1.1 km), production of an additional food crop was
associated with a 0.67 (95% CI, 0.22–1.12) increase in PDQS,
compared to a 0.40 (95% CI, 0.24–0.57) increase for women
living further from markets.
We considered an analysis of the association of an 8
food-group production diversity score (including livestock
production) with the PDQS in a sensitivity analysis. We found
that for every food group produced, women’s PDQS increased
by 0.44 (95% CI, 0.24–0.64; Supplemental Table 1).
In another sensitivity analysis, we evaluated the association
of food crop diversity with DDS. We found that in multivariate

rice
maize
amaranth leaves
sesame seed
okra
spinach
tomatoes
pigeon peas
light green vegetables
cabbage
cowpeas
amaranthus grain
0

10

20

30

40

50

60

70

Households growing crops, %
FIGURE 1 Percentage of study households growing crops in the previous year.

models, for every food group produced, women’s DDS was
higher by 0.14 (95% CI, 0.02–0.26; Supplemental Table 2).
Additionally, livestock diversity (estimate, 0.37; 95% CI, 0.23–
0.51) and women’s participation in nonfarm economic activities
(estimate, 0.36; 95% CI, 0.20–0.52) were positively associated
with the DDS. Distance to a local market (estimate, -0.19; 95%
CI, −0.22 to −0.16) and sale of food crops (estimate, −0.36;
95% CI, −0.54 to −0.18) were negatively associated with DDS
(Supplemental Table 2).

Table 4 shows the association of production of food
crops with PDQS. The production of crops in the nuts and
seeds group (sesame, cashew, and groundnuts) was associated
with a 0.72 (95% CI, 0.22–1.22) point increase in women’s
PDQS. The production of crops in the “other vitamin A−rich
fruits and vegetables” group (carrots, mangoes, orange sweet
potatoes, pawpaw fruits, and pumpkin) was associated with
a 1.40 (95% CI, 0.72–2.07) point increase in the PDQS, and
production of vitamin A−rich dark green vegetables (green leafy

TABLE 2 Percent of women reporting consumption of prime diet quality score food groups in rural
Tanzania

Healthy foods
Cruciferous vegetables
Dark leafy green vegetables
Eggs
Fish
Legumes
Liquid vegetable oils1
Low fat dairy1
Nuts
Other vegetables
Other vitamin A–rich vegetables, incl. carrots
Other whole fruits
Poultry
Whole citrus fruits
Whole grains
Unhealthy foods
Desserts and ice cream2
Fried foods away from home
Potatoes3
Processed meat1
Red meats
Refined grains, baked goods4
Sugar-sweetened beverages

0–1 serving/wk

2–3 servings/wk

≥4 servings/wk

0 point
706 (81.3)
137 (15.8)
839 (96.7)
5 (0.6)
46 (5.3)
870 (100)
870 (100)
793 (91.4)
5 (0.6)
469 (54.0)
397 (46.7)
818 (94.2)
324 (37.3)
532 (61.3)
2 points
190 (21.9)
830 (95.6)
29 (3.3)
870 (100)
777 (89.5)
0 (0)
566 (65.2)

1 point
133 (15.3)
190 (21.9)
26 (3.0)
87 (10.0)
114 (13.1)
0 (0)
0 (0)
61 (7.0)
20 (2.3)
208 (24.0)
244 (28.1)
40 (4.6)
295 (34.0)
209 (24.1)
1 point
307 (35.4)
33 (3.8)
121 (13.9)
0 (0)
83 (9.6)
0 (0)
193 (22.2)

2 points
29 (3.3)
541 (62.3)
3 (0.3)
776 (89.4)
708 (81.6)
0 (0)
0 (0)
14 (1.6)
853 (97.1)
191 (22.0)
227 (26.2)
10 (1.2)
249 (28.7)
127 (14.6)
0 points
371 (42.7)
5 (0.6)
718 (82.7)
0 (0)
8 (0.9)
868 (100)
109 (12.6)

Values are frequencies (percent).
1
Processed meat intake, low-fat dairy, and liquid vegetable oil were not measured in the study; therefore, all women were assigned
low intake for these groups. Low intake was 2 points for processed meats and 0 points for low-fat dairy and liquid vegetable oil.
2
The desserts and ice cream group includes cakes, doughnuts, rice cake, honey, and ice cream.
3
A roots and tubers group was used in place of a “potatoes” group in the original score. This category includes potatoes, sweet
potatoes, and taro.
4
Maize flour–based products are included as refined grains.
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FIGURE 2 Percentage of markets selling common foods in the previous year based on 27 key informant interviews.

vegetables, spinach, and amaranthus leaves) was associated with
a 0.69 (95% CI, 0.37–1.01) point increase in the PDQS in
adjusted models that controlled for production of other food
groups. In the analysis for DDS, we found that production of
crops in the “other vegetables” group was associated with a
higher DDS (estimate, 0.37; 95% CI, 0.22–0.51; Supplemental
Table 3).
We evaluated crop species richness as an alternative measure
of production diversity. In adjusted models that controlled for
cash crop diversity and other factors, we found a significant,
positive association between crop species richness and PDQS.
Production of an additional food crop was associated with
a 0.31 (95% CI, 0.18–0.44) unit increase in the PDQS in
fully adjusted models (results not shown). MFD was positively
associated with the PDQS (estimate, 0.57; 95% CI, 0.02–1.12),
while distance to a local market was negatively associated
(estimate, −0.23; 95% CI, −0.36 to −0.09) with the PDQS
in adjusted models (results not shown). We found evidence of

effect modification in the association of crop species richness
with PDQS by the sale of food crops (P for interaction < 0.001).
Among households that sold at least 1 crop, the production of
an additional food crop was associated with a 0.48 (95% CI,
0.37–0.60) increase in the PDQS, versus no association with the
PDQS (estimate, 0.00; 95% CI, −0.18 to 0.17) for women from
households that did not sell any crops (Figure 4).

Discussion
In this study, we found a positive association between food crop
diversity and women’s diet quality, as measured by the PDQS
in rural Tanzania. Distance to a market was a modifier of this
association, since food crop diversity was associated with the
PDQS with a larger effect estimate for women residing close
to a market compared to women who lived further from a
market. Women’s participation in wage or salaried employment

TABLE 3 Association of food crop diversity with prime diet quality score among women in rural
Tanzania
Prime diet quality score
Univariate1
Food crop diversity score
Livestock diversity score
Women’s participation in off-farm activities
Women’s participation in nonfarm economic activities
Women’s participation in wage/salary employment
Market participation
Sold crops
Market food diversity score
Distance to market
∗

Adjusted model2
∗∗∗

0.32 (0.19–0.44)
0.27 (0.08–0.47)∗

0.60 (0.22–0.98)∗∗
0.87 (0.43–1.32)∗∗∗
0.09 (−0.06–0.24)
0.81 (0.29–1.32)∗∗
− 0.10 (−0.20–0.01)

0.47 (0.27–0.67)∗∗∗
− 0.07 (−0.38–0.24)
0.47 (−0.02–0.96)
0.96 (0.26–1.67)∗
− 0.88 (−1.17−0.58)∗∗∗
0.50 (0.06–0.94)∗
− 0.27 (−0.39–0.14)∗∗∗

P < 0.05, ∗∗ P < 0.01, ∗∗∗ P < 0.001. Values are estimates (95% CIs). GEE linear models with exchangeable correlation, controlling
for clustering by village pair, were used to evaluate the association of agriculture production diversity with maternal diet quality.
1
Univariate models are shown. Abbreviations: GEE, generalized estimating equation; HANU, Homestead Agriculture and Nutrition.
2
Adjusted model controls for treatment (HANU/control), maternal age (15–24 years, 25–34 years, ≥35 years), maternal education
(none, primary, secondary, and higher), parity (0–2, ≥3), wealth index (quintiles), land size (acres), weekly income (log), livestock
diversity score, women’s participation in nonfarm economic activities, receiving wages or salary, household sold at least 1 food crop
in last year, maternal BMI categories, and market food diversity score and distance to market.
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pumpkin

was positively associated with the PDQS. Finally, diversified
food markets were associated with a higher PDQS, while living
further away from a market was associated with a lower PDQS.
Previous studies in LMICs, including in Tanzania, have
found positive associations between production diversity and
maternal DD (23, 24, 26, 41, 42, 44, 51–55). In this study,
we found a small increase in the PDQS with increasing food
crop diversity. On average, the production of an additional food
group was associated with a 0.47 (95% CI, 0.27–0.67) unit
increase in the PDQS (Table 3). In a sensitivity analysis, we

also found an association of a smaller magnitude between food
crop diversity and DDS (estimate, 0.14; 95% CI, 0.02–0.26;
Supplemental Table 2). This implies that a large increase in
food crop diversity might be needed to substantially improve
the PDQS (or DD) through this pathway, a finding that is
consistent with previous studies (23, 24, 44). A recent review
reported that under 20% of studies found an association
between production diversity and DD (55). It should be noted
that the associations observed are consistent in magnitude and
direction when comparing across the same metrics. However,

TABLE 4 Association of production of food crops with prime diet quality score among women in
rural Tanzania

Staples and grains
Other vitamin A–rich fruits and vegetables3
Other fruit
Nuts and seeds3
Vitamin A–rich dark green vegetables3
Other vegetables
Beans and peas

Univariate model

Adjusted model1,2

0.57 (0.02–1.11)∗
0.81 (−0.09−1.72)
0.72 (−0.39−1.83)
0.50 (0.32–0.68)∗∗∗
0.64 (−0.17–1.45)
1.00 (0.30–1.69)∗∗
0.22 (−0.12−0.56)

0.24 (−0.12–0.61)
1.40 (0.72–2.07)∗∗∗
− 0.50(−1.08−0.09)
0.72 (0.22–1.22)∗∗
0.69 (0.37–1.01)∗∗∗
0.59 (−0.04–1.21)
0.10 (−0.39−0.58)

∗

P < 0.05, ∗∗ P < 0.01, ∗∗∗ P < 0.001. Values are estimates (95% CIs).
GEE linear models with exchangeable correlation, controlling for clustering by village pair, were used to evaluate the association of
production of food groups with maternal diet quality. Abbreviations: GEE, generalized estimating equation; HANU, Homestead
Agriculture and Nutrition; PDQS, prime diet quality score.
1
Results are from a multivariate model that includes all food groups produced and covariates.
2
Adjusted model includes production of all food groups and controls for treatment (HANU/control), maternal age (years), maternal
education (none, primary, secondary, and higher), parity (0–2, ≥3), wealth index (quintiles), land size (acres), livestock diversity
score, women’s participation in nonfarm economic activities, receiving wages or salary, household selling at least 1 food crop,
maternal BMI categories, and market food diversity score and distance to market.
3
Production of other vitamin A–rich vegetables is associated with a 1.40-unit increase in PDQS score; nut and seed production is
associated with a 0.72 increase in score; and vitamin A–rich dark green vegetable production is associated with a 0.69 increase in
PDQS.
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FIGURE 3 Association of food crop diversity with PDQS among women in rural Tanzania, stratified by distance to markets. Error bars are
95% CIs. The median distance to market is 1.1 kilometers. GEE linear models with exchangeable correlation, controlling for clustering by village
pair, were used to evaluate the association of food crop diversity with maternal diet quality. Stratified models were restricted to women whose
households were nearer than the median distance to their nearest market or whose household was at a median distance to market or further.
The models control for treatment (HANU/control), maternal age (15–24 years, 25–34 years, ≥35 years), maternal education (none, primary,
secondary, and higher), parity (0–2, ≥3), wealth index (quintiles), land size (acres), livestock diversity score, women’s participation in nonfarm
economic activities, women receiving wages or salary, household sold at least 1 food crop in last year, maternal BMI categories, and market
food diversity score. For women whose households were nearer to markets, production diversity had a higher estimated association with diet
quality compared to women who were further away from the market. Abbreviations: GEE, generalized estimating equation; HANU, Homestead
Agriculture and Nutrition; PDQS, prime diet quality score.

because the types of metrics used to evaluate these associations
to date have varied widely, there has been inconsistency in
findings across different models (55). There has also been a
bias in the literature toward studies from sub-Saharan Africa,
limiting the generalizability of the overall literature.
Other studies have shown stronger associations when species
diversity is used a measure of production diversity (25, 26). Our
study found a positive association between crop species richness
and the PDQS; however, our findings indicate a stronger
association for food crop diversity. These mixed results could
also be attributed to limitations in study designs and differences
in the indicators of production diversity and DD used (24, 56).
Household participation in markets, size and diversification
of local markets, physical distance to markets, and economic
access to markets can play a critical role in determining what is
consumed at the household level (41). We found that distance
to markets was negatively associated with the PDQS, implying
that households living farther from a market had lower PDQS
results. We also found evidence of interaction by distance to
markets in associations between food crop diversity and PDQS.
Sibhatu et al. (26) similarly found negative associations in a
multi-country study, but found limited evidence of mediation
by distance to markets. Another study found that decreasing
distance to markets was more positively associated with DD
than producing 1 additional food group (44). The role of
markets is, however, complex. Markets are important for diets
because they allow households to generate income from farm
production and can increase household demand for quality diets
(57). Markets can also supply a diversity of foods to satisfy
demand for quality diets (57). Conversely, increased access to
markets can lead to increased access to refined and processed
foods. In this study in a rural setting in Tanzania, we found
that selling food crops was negatively associated with maternal
diet quality. However, markets remain important in this setting,
8
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and it is feasible that when markets offer a variety of foods,
households are more likely to purchase and consume them.
We found that diverse food markets were associated
with greater diet quality. The magnitude of the estimate
of association was similar to that for food crop diversity,
indicating a potentially important contribution of market foods
to diet quality. Given that the food crop diversity measure
includes fewer food groups (excludes ASFs), it is important
to note that we did not expect to find similar associations,
speaking to the equivalent importance of production diversity
in comparison to market diversity for diets in this context. As a
sensitivity analysis, we included livestock in the computation
of production diversity scores and found that results for
associations with the PDQS were similar to the original food
crop diversity (excluding ASF) score. This finding is reassuring
for our analysis using food crop diversity that is presented in
this study.
Our findings have implications for interventions to improve
diet quality, as they show that the food environment is
important for maternal diet quality even in rural locations.
Previous studies have shown similar associations with women’s
DD (19, 22, 29, 41, 58). We suggest that programs aiming
to improve maternal diet quality in rural farming households
consider also actions to increase access to markets (decreasing
distance to) and promoting the development of functional rural
markets. In addition, evidence suggests that households with
better access to markets have more diverse children’s diets (59).
We also considered women’s access to and use of income
resources, and the effect of these resources on women’s ability
to access quality diets (30). We found that women who
participated in salaried employment were more likely to have
higher diet quality, with estimated effects of higher magnitude
than the effects of food crop diversity, and this association
was independent of wealth status. We believe that women’s
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FIGURE 4 Association of crop species richness with PDQS among women in rural Tanzania, stratified by sale of food crops. Error bars are
95% CIs. GEE linear models with exchangeable correlation, controlling for clustering by village pair, were used to evaluate the association of
crop species richness with maternal diet quality. Stratified models were restricted to women whose households sold at least 1 food crop or
households that did not sell food crops in the previous year. The models control for treatment (HANU/control), maternal age (years), maternal
education (none, primary, secondary, and higher), parity (0–2, ≥3), wealth index (quintiles), land size (acres), livestock diversity score, women’s
participation in nonfarm economic activities, receiving wages or salary, maternal BMI categories, market food diversity score, and distance to
market. The association of crop species richness with PDQS is stronger among women from households that sold food crops. Abbreviations:
GEE, generalized estimating equation; HH, household; PDQS, prime diet quality score.

This study adds to the literature by evaluating the association
of food crop diversity with maternal diet quality using a unique
dietary metric that captures the healthy and unhealthy aspects
of diet simultaneously. Studies in LMICs have often assessed
dietary diversity, which measures micronutrient adequacy (36),
as a proxy for women’s diet quality. However, DD does
not fully account for rapid nutrition transition, shifts in
diet patterns, and increased consumption of unhealthy and
processed foods, including in low-resource settings such as rural
Tanzania (38, 69, 70). The PDQS considers consumption of
unhealthy saturated fats, consumption of refined grains, and
excess consumption of red and processed meats that have
been associated with an increased risk of chronic diseases,
including coronary heart disease and hypertension, in highincome settings (13, 47, 71). In another study, we have also
recently found an association between the PDQS and poor
pregnancy outcomes in urban Tanzanian women (34). We
observed relatively high prevalences of overweight (24.3%) and
obesity (13.1%) in our study population, and this supports
the use of the PDQS in this setting, given its relevance for
double-burden settings. Our study provides evidence of poor
diet quality in rural Tanzania and clarifies the role of food crop
diversity in maternal diet quality in this context.
This study has several strengths. We assessed various
measures of agriculture production diversity and related them to
maternal diet quality using the PDQS, a novel tool that has been
validated in developed country locations. Our study provides
some of the first measures of diet quality in a rural population
in Tanzania and explores potential determinants. There are
several limitations related to the study. The cross-sectional
design of the study limits our ability to make causal inference.
We controlled for known confounders for the associations
evaluated; however, a prospective study is required to evaluate
these associations in the future. The study did not assess
women’s caloric intake, which could confound associations
between production diversity and PDQS, where diet quality
could be a proxy for energy intake. However, we mitigated
for this by adjusting for BMI in order to adjust for excess
or insufficient caloric intake by study participants. However,
there may still be residual confounding, which may affect our
findings. In this study, we present food crop diversity based
on the number of crops grown over the previous year, and
the PDQS based on a recall of consumption over the previous
month. Previous studies have taken a similar approach, with
these measured at nonoverlapping time points (23, 72, 73). We
believe this approach is reasonable in our study, given that we
are interested in evaluating the overall role of crop diversity
in all agricultural seasons and how it relates to maternal diet
quality. Finally, this study was conducted within the context
of a homestead gardening intervention, and eligibility for the
intervention included access to land for vegetable production,
which can limit generalizability of the study.
In conclusion, this research examines the complexity of
pathways from food systems to improved nutrition outcomes
among women. Our findings indicate that household food
production may act both with access to markets for sale
and purchase and with access to nonfarm income activities
(nonfarm determinants) in its association with women’s diet
quality among Tanzanian women. Policies and programs to
improve women’s diet quality should consider aspects of market
access and women’s access to off-farm income, in addition to
diversifying household crop production. Further, it is imperative
that nutrition programs consider overall diet quality for women
Food crop diversity and maternal diet quality 9
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employment and participation in off-farm labor may contribute
to increasing women’s access to and control of income and
enhance their empowerment in our study. Our findings for
women’s employment are consistent with other studies that
show that women’s empowerment (or its components; e.g. input
in credit decisions) is positively associated with women’s DD
(60–63).
There are several ways that off-farm income may affect
diets. First, it diversifies income for women and households,
providing additional resources for the purchase of food, and has
been associated with improved household food security (64).
Secondly, women’s decision-making power over productive
assets and the use of income from agriculture and off-farm
employment can serve as an enabler for women to act on their
nutrition knowledge (30, 31). Studies show that income under
women’s control is more likely to be directed to food purchases
(24). Male control of farming revenue has been negatively
associated with dietary quality (65, 66). Additionally, income
from off-farm activities can also be used by households to
enhance farm production, increase purchases of farm inputs, or
meet health and other needs, with benefits to nutrition (67).
We found that production of “other vitamin A−rich fruits
and vegetables” was positively associated with the PDQS, and
its coefficient was nearly twice as large as that for nuts and
seeds production. Significant associations were also found for
the production of vitamin A−rich dark green vegetables, whose
production was promoted under the homestead gardening
intervention. Sales of vegetables and fruits were not prevalent
in this study. This observation suggests that the production of
vegetables and fruits for consumption by the household may
have been important for supporting maternal diet quality. While
nuts and seeds production—the most commonly produced
of which is sesame, a cash crop—were positively associated
with PDQS, the income pathway to an improved PDQS may
be relatively less important. Finally, while cashew nuts were
grown in the area, qualitative data from the study suggests
that they are considered an “exotic food”; therefore, they are
not often consumed. One study suggested that production of
non-cereal food groups was associated with an increase in their
consumption (68). Evidence also suggests that the subsistence
pathway may be important in farms with low agricultural
biodiversity (24). In this study, food crop diversity was low,
with a mean (± SD) of 2 (± 2) food groups produced. It is
plausible that in this study, which was conducted in the context
of a homestead agriculture intervention, households consumed
what they produced on-farm: for example, amaranthus leaves
and spinach (Table 2). However, amaranthus was sold by 11%
of the households; therefore, it may have had a dual role in
households by also contributing to income.
This study found a positive association between crop species
richness and PDQS, and evidence of effect modification by
sale of food crops. In households where food crops were
sold, the association of crop species richness with PDQS was
stronger. However, we also observed in this study that there
was a negative association between selling crops and the PDQS.
These findings suggest that for households that were producing
surplus or crops for sale, crop species richness is important for
women’s diet quality, as the additional income is not translated
to increases in purchases of healthy foods. It could also be that
the additional income is translated to purchases of unhealthy
foods. Alternatively, households that did not sell crops may not
be producing a surplus or may be poorer and, thus, have poorer
diet quality.

in LMICs, including in rural locations, in addition to measures
of dietary diversity.
16.
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