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Abstract  1 

Background Low fruit and vegetable (FV) intake in low- and middle- income countries, 2 

associated with non-communicable diseases and micronutrient deficiencies, requires food 3 

system interventions FV addressing affordability, acceptability and accessibility. Periodic FV 4 

intake monitoring during interventions informs progress towards achieving increased intakes 5 

and contributes to understanding the effectiveness of these interventions. Objective This study 6 

evaluates the trend in FV intake before, during and after implementation of a set of nutrition-7 

sensitive food system interventions addressing accessibility, affordability and acceptability to 8 

increase FV consumption over a 1-year period in Vietnamese and Nigerian low-income urban 9 

and peri-urban females. Methods We used the Diet Quality Questionnaire to assess FV food 10 

groups consumption among 600 Vietnamese (Hanoi) and 610 Nigerian (Ibadan) females, 11 

before, during and after the interventions (Vietnam: July 2020 - September 2021; Nigeria: 12 

November 2020 – December 2021). A FV score was compared between exposure groups with 13 

(mixed) count modelling. The trend in consumption of individual FV groups was analysed 14 

with mixed logistic regression. Results The FV score was stable over time and a small 15 

increase was observed after the intervention period especially in Nigeria and in urban 16 

Vietnam. A decrease in the total score was observed in peri-urban Vietnam. Fluctuations were 17 

detected in the probability of consumption of individual FV groups over time especially 18 

within the fruit groups, probably due to seasonal availability. The degree of exposure could 19 

not explain differences in FV intake. Conclusions We found a marginal increase in the 20 

proportion of females consuming FV during the interventions in both countries. The FV score 21 

appeared to be a simple, quick and easy to use indicator for monitoring diversity, variety and 22 

consumption.  23 

 24 

Teaser Text 25 
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Fruit and vegetable consumption of low-income Vietnamese and Nigerian females slightly 26 

increased over one-year-period while being exposed to nutrition sensitive interventions using 27 

an integrated approach at food system level.  28 

Keywords: Food system, fruit and vegetable intake, diet quality, low- and middle-income 29 

countries, innovations, monitoring, acceptability, accessibility, affordability, women.   30 

Introduction 31 

The intake of fruits and vegetables (FV) is particularly low in low- and middle-income 32 

countries (LMICs) where over 80% of the population [1], [2] fail to meet the daily intake 33 

requirement of 400 grams as recommended by the WHO [3]. FV play an important role in 34 

preventing micronutrient deficiencies and diet-related non-communicable diseases [3]. The 35 

health benefits are attributed to their high content of essential minerals, vitamins, 36 

phytochemicals and dietary fibre. These nutrients are often deficient in many diets across the 37 

globe [4], [5]. Low intake of FV is recognized as a risk factor for the global burden of disease 38 

and is associated with a risk of cancer, stroke, cardiovascular disease and all-cause mortality 39 

[6]. Improving FV intake is a key strategy for increasing diet quality. 40 

Dietary intakes and choices for FV are driven by complex combinations and interactions of 41 

psychosocial, socio-economic and environmental factors, related to food system activities 42 

[7]–[10]. Accordingly, there is evidence that interventions focusing on the food environment, 43 

behaviour change communication, subsidies and taxes are effective strategies to promote FV 44 

consumption [11]. Therefore, a food system approach is needed to make healthy foods, such 45 

as FV, accessible, acceptable and affordable to people with the ultimate goal to improve their 46 

quality of diets [12].  47 

With this rationale, the “Fruit and Vegetable Intake in Vietnam and Nigeria” (FVN) project 48 

was implemented in the context of urban and peri-urban Vietnam and Nigeria to increase FV 49 
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intake among low-income urbanites through a bundle of three food system interventions 50 

addressing accessibility, affordability and acceptability of FV. These interventions included 51 

diverse retail-level innovations designed and implemented by small-scale FV (in)formal 52 

vendors, a client-specific coupon system, and promotional campaigns about the importance of 53 

eating FV daily. The interventions were implemented over a 12-month period in 2020/2021 in 54 

purposely selected low-income urban and peri-urban areas in Hanoi and Ibadan, where FV 55 

consumption is low [13], [14], and unprivileged females are at higher risk low-quality diets 56 

[15].  (In)formal open-air FV vendors were targeted by the interventions, because low-income 57 

urbanites mainly depend on these more traditional vending structures [16]. In urban Hanoi, 58 

these structures contribute to 70% of the food intake among low-income populations [17], and 59 

also across sub-Saharan Africa traditional markets and informal traders remain the main 60 

source of fresh foods for low- to middle- income urbanites [18], [19].  61 

Periodic monitoring of FV intake throughout the period of intervention [20] could provide 62 

information on progress in achieving increased intakes, and contribute to the final evaluation 63 

of the interventions, to assess whether the planned objectives are being met, and contribute to 64 

the limited knowledge and understanding of the effectiveness of nutrition interventions [11], 65 

[21]. The repetitive nature of the data needed in such periodic monitoring asks for a simple, 66 

intuitive, replicable and non-invasive tool and indicator. Thus, the FV score, previously 67 

validated by the authors in the FVN project using the Diet Quality Questionnaire (DQQ) [22] 68 

captures well the total FV intake and variety among FV food groups [23], and it is a 69 

promising tool to provide a preliminary evaluation of the effect of the interventions and 70 

comparison across countries.  71 

This study aimed to assess the changes of FV intake and of single FV food groups 72 

consumed over the period of the interventions using the FV score derived from the DQQ. It 73 
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also evaluated the association between FV food group consumption and degree of exposure to 74 

the interventions, in urban Vietnamese and Nigerian females targeted by the FVN project.   75 

Methods  76 

Study population  77 

The participants were females aged 18-49 years from low-income households living in Hanoi, 78 

Vietnam, and Ibadan, Nigeria. Pregnant and lactating females were excluded from the study. 79 

In both cities, one urban and one peri-urban area were selected for the high prevalence of low-80 

income households: Đống Đa and Hà Đông in Hanoi, and Abàeja and Bagadajé in Ibadan. 81 

Participants were selected from the lists of households residing in the selected areas that 82 

included at least one female aged 18-49 years, provided by community health workers in 83 

Vietnam and the local project team in Nigeria. Part of the respondents were recruited in 2019, 84 

at the beginning at the FVN project, and part in 2020. The reason of the two different rounds 85 

of recruitment is the large dropout of females after a break of the project imposed by COVID-86 

19 pandemic. When it became possible to start with the implementation of the interventions, 87 

new respondents were selected to replace the dropout using the same selection method. Data 88 

analysis for this study comprised only those that stayed in the study and the replacements of 89 

the dropouts, excluding those lost to follow-up during the period of the interventions.   90 

FVN project 91 

The three FVN interventions initially aimed at improving i) the accessibility by enlarging the 92 

diversification of the FV assortment of FV vendors, ii) the affordability by means of a client-93 

specific coupon system and iii) the acceptability through a promotional campaign about the 94 

importance of eating daily FV. All country-specific interventions were then further developed 95 

based on data on the dietary intake [24] and knowledge, attitude and practices around FV 96 

consumption [25], [26] of the study population, barrier analysis [27], product seasonality [28], 97 

[29] and market assessment [30], [31] of the studied areas (Supplementary materials, Tables 98 
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S1-S2). Although the first intervention (i) initially envisaged to focus solely on accessibility, 99 

in the end, it focused on affordability and acceptability, as a result of the participatory co-100 

creation method employed [16]. Different innovations were implemented, such as improved 101 

point of sales and product display (Nigeria), improved marketing (Vietnam and Nigeria), 102 

delivery of nutritional information to consumers (Vietnam and Nigeria), improved food safety 103 

and customer service practices (Nigeria) and set-up of a loyalty card system (Vietnam). This 104 

intervention was implemented for eight months, in both countries.  105 

The second intervention (ii) consisted of the distribution of coupons of two different monetary 106 

values (Vietnam: 30,000/60,000 Vietnamese dong; Nigeria: 400/800 Nigerian naira) to 107 

purchase a selection of fruit items (8 in Vietnam and 9 in Nigeria) from selected FV vendors. 108 

In Vietnam, coupons were delivered to randomly selected sample households on a biweekly 109 

basis, first by a delivery service and then by community health workers two months after the 110 

project began. In Nigeria, sets of coupons were delivered to randomly selected sample 111 

households by project staff on a weekly basis. In both countries, coupons expired two weeks 112 

after they were received by households and could be redeemed at the retail outlets of 113 

participating vendors. The coupon intervention lasted five months in both countries. 114 

The third intervention (iii) involved a series of neighbourhood-specific campaigns aimed to 115 

promote the importance of adequate daily FV consumption, which were developed and 116 

reviewed through a series of four co-creation workshops engaging low-income residents from 117 

the study areas. In Vietnam, communication materials (pamphlets, posters) focused messaging 118 

around the health benefits of FV, variety, seasonality, WHO recommended intake of 400 119 

g/day, food safety and home production, and they were disseminated by local health centres 120 

through social media platforms, market events, training courses, and loudspeaker 121 

announcements (Hà Đông only). In Nigeria, messaging in the communication materials 122 

(pamphlets, posters, branded merchandise, jingles, dramas and expert talks) highlighted 123 
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disease prevention, WHO recommended intake of 400 g/day, affordability, food safety, home 124 

production, variety and seasonality, and campaigns were carried out through radio stations, 125 

primary health care centres, religious centres and schools. 126 

All three interventions targeted consumers and FV vendors within the selected study areas. 127 

Therefore, the first intervention at the vendor level and the promotional campaign targeted all 128 

selected respondents. In contrast, the coupon system followed a randomized control trial 129 

design with part of respondents receiving the intervention (coupons) and others not (control 130 

group). A total of 600 Vietnamese and 610 Nigerian females were included at FVN baseline, 131 

which declined to 494 Vietnamese and 473 Nigerian at end-line. The main reasons for loss to 132 

follow-up were the unwillingness to continue, the unavailability at the time of interviews or 133 

migration outside the study area.  134 

Ethical approval  135 

Ethical approvals for the aforementioned research project was obtained prior to the start of the 136 

study from Hanoi Medical University Institutional review Board in Hanoi (45-18/HMU-IRB) 137 

and University of Ibadan/University College Hospital Ethical review Committee (UI/UCH-138 

ERC) in Nigeria (HNHREC/05/01/2008a), and the International Food Policy Research 139 

Institute’s Institutional Review Board (IFPRI IRB-007490). The randomized controlled trial 140 

associated with the affordability intervention was registered with the American Economic 141 

Association’s registry (AEARCTR-0007701). All participants signed an informed consent 142 

before the start of the study and confirmed the consent by phone before the subsequent data 143 

collection rounds. 144 

Study design and dietary assessment 145 

The study was designed as a panel and participants were followed for one year. Dietary intake 146 

data was collected every two months for a total of six timepoints (T1 – T6). The first 147 

assessment (T1) was performed before the start of the interventions; T2, T3, T4, and T5 148 
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during the interventions; and T6 post-interventions. Dietary assessment at T6 was performed 149 

3 months after the end of the interventions in Vietnam, and immediately after the end of the 150 

interventions in Nigeria. The 3-months delay of data collection faced in Vietnam was because 151 

the planned home visits were restricted by governmental directives imposed from July to 152 

September 2021 to limit the spread of COVID-19 pandemic. Data on FV intake were 153 

measured in Vietnam between 28 July 2020 and 27 September 2021; and in Nigeria between 154 

24 November 2020 and 15 December 2021. Data were collected with a DQQ, a simple, 155 

relatively quick method and of low burden for interviewers and participants [22]. The 156 

questionnaire consists of 29 dichotomous questions (yes/no) on the food groups consumed the 157 

previous day, including a list of country specific sentinel food items within the same food 158 

group. The DQQ was administered as part of a larger survey in T6, but it was administered in 159 

the first module to minimize any potential effects of survey fatigue, which could cause 160 

differences between answers in T6 and T1 through T5. Additionally, a questionnaire was 161 

administered at T1 to obtain socio-demographic information and at T6 to assess the self-162 

reported exposure to the interventions. The latter included multiple-choices questions about 163 

each intervention. Respondents were asked to report whether they noticed or used specific 164 

components of the interventions, showing supporting images of the interventions. Due to the 165 

governmental restrictions to limit the spread of COVID-19, data were collected via phone 166 

and, when possible, in-person interviews performed by local researchers using digital forms in 167 

KoboToolbox software [32] in both countries. 168 

Variables  169 

The six FV groups (dark green leafy vegetables, vitamin A rich orange vegetables, other 170 

vegetables, vitamin A rich fruits, citrus, other fruits) from the DQQ were used to create the 171 

FV score as the main outcome. The FV score ranges from 0, meaning no FV groups 172 

consumed during the previous day, to 6, when all FV food groups were consumed. It was 173 
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assumed that a higher score indicated a higher and more diverse intake of FV at population 174 

level [23]. For individual FV groups, a dichotomous score (0-1) was created to indicate 175 

whether the food group was consumed or not at each timepoint. Based on the self-reported 176 

information, respondents were categorized into four groups according to exposure to the 177 

interventions in the previous year: not exposed (0), exposed to one intervention (1), exposed to 178 

two interventions (2) and exposed to all interventions (3). As the degree of exposure was 179 

assessed only at T6, the association between FV score and exposure to the interventions was 180 

investigated only with data from respondents who were interviewed at T6. 181 

Data analysis  182 

Data was first explored with descriptive statistics for socio-demographic information at 183 

baseline and FV food groups consumed at each timepoint. Potential confounders and effect 184 

modifiers were identified for all studied associations. The confounders assessed were (1) area, 185 

age and household size because FV intake might vary based on individual and household 186 

characteristics [27]; (2) baseline FV score because influences the possible changes in 187 

consumption; and (3) education, occupation and food insecurity because underprivileged 188 

females possibly have a lower FV intake [33], [34]. These indicators were also studied at each 189 

timepoint to check for confounders that could have been introduced by loss to follow-up [35]. 190 

The only effect measure modifier that was assessed was area since availability and 191 

accessibility of FV groups and exposure to the interventions could vary between locations 192 

[36]. As area was found to be an effect measure modifier in all models for Vietnam, we 193 

decided to analyse data separately for urban and peri-urban areas for both countries.  194 

The change in the total FV score (ranging from 0 to 6) at population level over the six 195 

timepoints was analysed with a generalized Poisson regression, selected because the count 196 

data were found to be under-dispersed [37]. Timepoints were included in the model as 197 

independent variables and the FV score as a dependent variable. A random intercept and 198 
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random slope were added to fulfil the assumption of independency of measurements within 199 

persons.  200 

The changes in the probability of consumption of individual FV groups were analysed over 201 

time with mixed effects logistic regression models. Having consumed or not a specific FV 202 

group on the previous day was the dependent variable of each model, timepoints were the 203 

independent variables and estimated coefficients reflected probabilities of consumption. 204 

 For both analysis, measurement dependency was assessed by the likelihood ratio tests and 205 

Intraclass Correlation Coefficients (ICC). Random intercept and a random slope were added 206 

to correct for the measurement dependency only in the models with ICC >0.05 [38], [39]. For 207 

these models, the differences between the model with or without random intercept and 208 

random slope were checked. If no difference was found, the simplest model was kept.   209 

To study the association of exposure to the interventions and the FV score, we developed a 210 

count model with exposure to intervention as independent variable and FV score as dependent 211 

variable. FV scores at T5 and at T6 were compared to the degree of exposure to the 212 

interventions. T5 was chosen because participants were most likely to have been exposed to 213 

the interventions during the previous year; and T6 provided information on the lasting effect 214 

on FV score post-interventions. Area was included as covariate only in the models of Vietnam 215 

as this was found to be associated to exposure to the interventions and FV score. For each 216 

model all covariates were tested and the final model was selected based on the lowest Akaike 217 

Information Criterion and Bayesian Information Criterion. Data analysis was performed with 218 

Stata [40] software and performed separately for Vietnam and Nigeria. 219 

Results  220 

General characteristics 221 

In Vietnam, half of the participants were from Đống Đa (50%) and the mean age of the study 222 

population was 35 (8.2) years (Table 1). On average, females lived in a household of 5 223 
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people, had two children and were married (92%). Females were mainly employed with a 224 

regular salary (44%) and in Hà Đông, more people were employed in crop production and 225 

livestock raising compared to Đống Đa (14% and 0.3%, respectively). In general, most 226 

participants finished high school (33%) but participants in urban area were more likely to be 227 

higher-educated. 228 

In Nigeria, 48% of the participants were from Abàeja and the mean age of the study 229 

population was 35 (8.3) years. On average, females lived in a household of 5 people, had 3 230 

children and were married, either monogamously (77%) or polygamously (9%). Most females 231 

had finished secondary school (57%) and trading was the most dominant employment sector 232 

(52%) followed by working in the artisan/handicraft (26%) sector.Trend of total F&V score  233 

In Vietnam, Đống Đa had a lower FV score at T1 compared to Hà Đông (3.46, 95%CI 3.34 - 234 

3.59 versus 2.60, 95%CI 2.50 - 2.70) (Figure 1A). In Đống Đa, the FV score was relatively 235 

stable over time from T1 to T5 and increased by almost one point from T5 to T6 (from 2.85, 236 

95%CI 2.73 - 2.97 to 3.73, 95%CI 3.58 - 3.88). In contrast, a downward trend in FV score 237 

was shown in Hà Đông from T1 to T5. However, it slightly increased from T5 to T6. At T6 238 

Đống Đa had a higher FV score compared to Hà Đông. In Nigeria, the two areas followed a 239 

similar trend in mean FV scores over time (Figure 1B). The F&V score was relatively stable 240 

over all timepoints and ranged from 3.00, 95%CI 2.87 – 3.13 to 3.48, 95%CI 3.34 – 3.62. In 241 

both areas, a small increase in the mean FV score was observed between T1 and T3. 242 

Moreover, the FV scores at T6 were slightly higher compared to T1 in both areas.  243 

[Figure 1A-B] 244 

Trend of single FV groups  245 

The trend of consumption over time differed for the individual FV groups and differences 246 

were observed between areas in the Vietnamese population (Figure 2A-F). In general, low 247 
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consumption of vit A-rich orange vegetables was observed and the probability of 248 

consumption increased over time for Đống Đa, whereas it decreased for Hà Đông. The 249 

probability of consumption of dark green leafy vegetables was high and stable throughout the 250 

year for both areas. The trend of consumption observed for the other vegetables was stable 251 

from T1 to T5. However, it increased at T6 in Đống Đa, whereas in Hà Đông it increased at 252 

T2 and T3, but decreased afterwards with the lowest probability at T6. The probability of 253 

consumption of vit A-rich fruits was low all year round but increased over time for Đống Đa, 254 

with probabilities twice as high at the last three timepoints; whereas, in Hà Đông, the highest 255 

probabilities were observed at T1 and T4. A large variation in consumption levels over time 256 

was shown within the citrus group. The highest probabilities were observed at T2 and T3, 257 

which were 3-4 times higher compared to T1 and T5 in both areas. Large variation over time 258 

was also shown for the other fruit group with the highest probabilities of consumption at T1, 259 

T5 and T6 in both areas.  260 

In Nigeria, the trend of consumption over time differed for the individual FV groups, but they 261 

were similar in the two areas (Figure 3A-F). The probability of consumption for the three 262 

vegetable groups was high and stable. A small increase was observed in the probability of 263 

consumption of vit A-rich orange vegetables from T1 to T2 and of dark green leafy 264 

vegetables from T1 to T3, with a small decrease from T3 to T6. The probability of 265 

consumption of the other vegetables group was the highest and the most stable over time. The 266 

probability of consumption of vit A-rich fruits was low all year round except from T2 to T3 267 

when consumption doubled. Most variation over time was observed for citrus and other fruits 268 

groups. The probability of consumption of citrus dropped at T3 to a level more than twice as 269 

low as T1; it increased between T3 and T6 reaching the same level as T1. In contrast, other 270 

fruits group showed an upward trend between T1 and T3. First, the probability almost 271 

doubled, and then it decreased between T3 and T6.  272 
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[Figure 2A-F] 273 

[Figure 3A-F] 
274 

Association between exposure to the interventions and FV score  275 

In the total of 494 Vietnamese participants interviewed at T6, 18.4% of the population 276 

reported not being exposed while 26.7%, 34.0% and 20.9% reported being exposed to one, 277 

two or three interventions, respectively. The mean FV scores of the exposure groups were 278 

relatively similar but slightly higher at T6 compared to T5, ranging from 2.65, 95%CI 2.50 - 279 

2.79 to 2.85, 95%CI 2.68 - 3.0 at T5, and from 3.11, 95%CI, 2.87 - 3.34 to 3.46, 95%CI 3.22 - 280 

3.70 at T6 (Figure 4A-D). In the total of 473 Nigerian participants interviewed at T6, all 281 

reported to be exposed, of which 4.2%, 37.2% and 58.6% of the population was exposed to 282 

one, two or three interventions, respectively. The mean FV scores of the exposure groups 283 

ranged from 2.97, 95%CI 2.55 – 3.40 to 3.42, 95%CI 3.29 – 3.56 at T5; and from 3.20, 284 

95%CI 2.72 – 3.68 to 3.42, 95%CI 3.29 – 3.56 at T6. No large differences were observed in 285 

mean FV score between the exposure groups both at T5 and T6.  286 

[Figure 4A-D] 287 

Discussion  288 

In this study we investigated the consumption trend of the total and single FV food groups 289 

during the FVN project in urban and peri-urban Vietnamese and Nigerian females. While the 290 

total FV consumption did not vary strongly over the intervention period in either country, the 291 

intakes of single FV group, especially fruits, fluctuated over time. In Vietnam, we also found 292 

differences in FV consumption and changes herein between urban and peri-urban areas.  293 

In both countries, we found that the total FV score remained stable over the study period, with 294 

only a slight increase in both countries. This finding suggests that the number of females 295 
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consuming FV and the diversity and variety of FV consumed did not drastically change over 296 

the intervention period.  297 

It is uncertain whether this finding indicates that the quantities consumed were stable over 298 

time, because the FV score on the DQQ does not directly capture information on the 299 

quantities consumed since only consumption (yes/no) of FV food groups is reported. A 300 

validation of the FV score previously carried out in the same population in the FVN project 301 

by the authors, showed that a higher FV score was correlated with a higher FV intake, 302 

stronger in Nigeria (β=0.62, p<2e-16) than Vietnam (β=0.21, p=60.4e-14) [23]. In settings 303 

where a low proportion of females consume FV, an increase in this proportion would indicate 304 

an increase in FV intake [41]. However, in settings where FV are commonly consumed by 305 

most of the females but in inadequate amounts, the FV intake can only be improved by 306 

increasing portion sizes. In the first setting the FV score will capture the change, but in the 307 

latter will not be able to reflect changes in intake. This could also explain the stable score of 308 

vegetable intake as on average 98% and 96% of the population consumed vegetables in 309 

Vietnam and Nigeria, respectively. For fruits, in both countries, these percentages were lower 310 

(62% in Vietnam and 71% in Nigeria), and hence, the fluctuation may better reflect the 311 

changes in amounts of fruit consumed.  312 

Contrary to the relative stability of total FV score, we did see large variation in consumption 313 

of individual FV food groups over the year and more for fruits than for vegetables in both 314 

countries. These trends largely followed the seasonal availability of FV, a major determinant 315 

of consumption in a population that relies on short food chains, where availability, diversity 316 

and affordability are shaped by the seasons [42]. The consumption of citrus fruits during the 317 

dry season and vitamin A rich fruit and vegetables, and other fruits during wet season follow 318 

the peaks in availability of these fruits [28], [29]. The FV score is indeed a suitable indicator 319 

to detect seasonal fluctuation of consumption because of its dichotomous nature. A higher 320 
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score reflects the consumption of the food group, implying that specific FV are available and 321 

accessible at a certain time of the year. As, according to a preliminary cross-sectional study by 322 

Herforth et al. [41], the FV component of the DQQ positively correlates with FV 323 

consumption, the fluctuation of the FV score in our study shows periods of low and high 324 

intake of fruits through the year.  325 

In Vietnam, we found an increased intake trend of total FV in the peri-urban area, but not in 326 

the urban area. This was mainly due to an increase in the proportion of females reporting 327 

consumption of vitamin A rich fruits, vitamin A rich orange vegetables and other vegetables. 328 

Although we do not have primary data on own production of our study population, the 329 

difference between peri-urban and urban areas could be partially explained by the production 330 

of FV by households in the peri-urban area. As Hà Đông was recently added to the city 331 

boundaries, several peri-urban households still have vegetables and fruit tree gardens used for 332 

household consumption [43]. This production could have also contributed to maintaining 333 

consumption during the intervention period, which was characterized by disruptions of 334 

transportation and markets, fluctuation of prices, and limited mobility due to COVID-19 335 

pandemic [44]. Moreover, limited access to wet markets in urban areas and widespread 336 

absence of storage facilities for fresh foods may have affected food choices and consumption 337 

[45]. Availability of own produce might have mitigated these effects in peri-urban areas while 338 

households in urban areas might have been compelled to reduce their FV consumption [45].    339 

Due to the non-randomized placement of two of the three interventions and the absence of a 340 

control group, we cannot attribute changes in our outcome variables to the interventions. 341 

These prevented controlling for the effect of temporal factors influencing the study outcome 342 

other than the interventions, such as COVID-19 measures put in place to limit the spread of 343 

the pandemic. We may speculate that being exposed to the interventions protected females 344 

from COVID-19 related disruptions to the food system possibly leading to decrease in FV 345 
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consumption. Some studies are indicating this negative effect on diet quality [46], [47] while 346 

others suggest an increased intake because of the believed boosted immunity [48]–[50]. 347 

However, the design of and data available from our study does not allow us to test this 348 

hypothesis directly. 349 

To note an effect, we associated the FV score to the degree of exposure to the interventions, 350 

i.e. having been involved in 1, 2 or 3 of the interventions. This was based on self-reported 351 

experienced exposure, which might have been underreported as the promotional campaign in 352 

the market environment and local vendors could have been unconsciously experienced by the 353 

respondents but not reported. In addition, the loss to follow-up of 20% could have introduced 354 

a selection bias at T5 and T6. People exposed to the interventions could have more likely 355 

stayed involved in the study because they were more aware of the benefits of FV. However, 356 

sociodemographic characteristics and the baseline FV score of people lost to follow-up were 357 

comparable to the participants that were involved until the end. 358 

Overall, monitoring the program outcomes over the period of the interventions allowed to 359 

identify the direction and trend of FV intake. Although the effect of the interventions on 360 

consumption needs to be interpreted with caution due to the above-addressed limitations in 361 

the study design, absence of information on own production especially in the peri-urban areas, 362 

and the multifactorial nature of consumption, this study highlights the relevance of a 363 

comprehensive approach of simultaneously addressing multiple causes of low FV 364 

consumption through three bundled food system interventions.  In this study, the FV score 365 

was selected as indicator because it is simple to administer, quick and relatively cheap. 366 

Although it did not directly provide information about FV quantities, it is a proxy of 367 

quantities and other aspects of FV intakes, such as diversity, variety and fluctuation over the 368 

seasons were captured. Additionally, the use of FV score and count modelling allowed 369 

comparison across different contexts and a broader outcome range compared to a binary 370 
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score. Furthermore, the longitudinal study design is appropriate for monitoring nutrition 371 

interventions and capturing seasonal effects. Lastly, implementation of the interventions in an 372 

urban and a peri-urban area of two different countries provided accurate insights of FV 373 

intakes in different settings and contexts.  374 

Conclusion  375 

In conclusion, we found a marginal increase in the proportion of urban females consuming FV 376 

during the interventions in Vietnam and Nigeria. The FV score appeared to be a simple, quick 377 

and easy to use indicator for monitoring diversity, variety and consumption. 378 
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Table 1 Sociodemographic characteristics of the study population of Hanoi, Vietnam and Ibadan, Nigeria at baseline measurement per area.  

 Vietnam Nigeria 

Distribution over areas Hanoi 

(total) 

Đống Đa 

(urban) 

Hà Đông  

(peri-urban) 

Ibadan 

(total) 

Abàeja 

(urban) 

Bagadajé 

(peri-urban) 

n 600 297 303 610 296 314 

Urban area , % (n)  49.5 (297) 100 (297) 0 48.5 (296) 100 (296) 0 

Age, mean ± SD1 35.1 ± 8.2 35.2 ± 8.5 35.1 ± 7.9 34.7 ± 8.3 34.7 ± 8.4 34.7 ± 8.2 

Household size, mean ± SD2 4.8 ± 1.9 4.9 ± 1.5 4.7 ± 2.3 5.2 ± 2.0 4.9 ± 1.9 5.4 ± 2.1 

Number of children, mean ± SD1,2 2.0 ± 0.9 2.2 ± 0.9 1.7 ± 0.8 2.8 ± 1.8 2.6 ± 1.8 3.1 ± 1.7 

Main occupation, % (n)3 

- Crop production/livestock  

- Trading 

- Salary employment  

- Non-agriculture daily labourer 

- Unpaid housework 

- Artisan/Handicraft 

- Other 

 

7.2 (43) 

11.9 (71) 

44.4 (265) 

16.3 (97.3) 

5.9 (35) 

0.0 (0) 

14.4 (86) 

 

0.3 (1) 

13.8 (41) 

52.2 (155) 

8.4 (25) 

6.4 (19) 

0.0 (0) 

18.9 (56) 

 

14.0 (42) 

10.0 (30) 

36.7 (111) 

24.0 (73) 

5.3 (16) 

0.0 (0) 

10.0 (30) 

 

0.3 (2) 

52.1 (318) 

10.5 (64) 

0.0 (0) 

1.3 (8) 

26.2 (160) 

9.5 (56) 

 

0.7 (2) 

48.0 (142) 

11.8 (35) 

0.0 (0) 

0.7 (2) 

25.3 (75) 

13.5 (40) 

 

0.0 (0) 

56.1 (176) 

9.2 (29) 

0.0 (0) 

1.9 (6) 

27.1 (85) 

5.7 (18) 

Highest education level, % (n)1,2 

- Primary school  

- Secondary school 

- High school 

- Tertiary institution 

- Other 

 

4.9 (29) 

24.1 (144) 

32.7 (196) 

37.4 (224) 

1.0 (6) 

 

1.4 (4) 

10.4 (31) 

31.3 (93) 

55.6 (165) 

1.4 (4) 

 

8.4 (25) 

37.7 (114) 

34.0 (103) 

19.2 (58) 

0.7 (2) 

 

19.3 (118) 

57.4 (350) 

NA 

20.8 (127) 

2.5 (15) 

 

16.6 (49) 

55.7 (165) 

NA 

24.7 (73) 

3.0 (9) 

 

22.0 (69) 

58.9 (185) 

NA 

17.2 (54) 

1.9 (6) 

Marital status, % (n)1,2 

• Single 

• Married, monogamous 

• Married, polygamous 

• Other 

 

5.7 (34) 

91.8 (550) 

NA 

2.5 (15) 

 

7.1 (21) 

90.2 (268) 

NA 

2.7 (8) 

 

4.4 (13) 

93.3 (277) 

NA 

2.4 (7) 

 

10.0 (61) 

77.0 (470) 

9.0 (55) 

3.9 (24) 

 

12.5 (37) 

73.6 (218) 

7.5 (22.2) 

6.4 (19) 

 

7.6 (24) 

80.3 (252) 

10.5 (33) 

1.6 (5) 

NA = not applicable; 1 1 missing value in Nigeria; 2 6 missing value in Vietnam, 3 3 missing values in Vietnam
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Figure 1A-B.  Predicted mean FV score with 95% CI at six timepoints of females from A) 

Đống Đa (urban) and Hà Đông (peri-urban), Hanoi and B) Abàeja (urban) and Bagadajé (peri-

urban), Ibadan. No evidence was found for confounding by area, age, household size, baseline 

FV score, education, occupation and food insecurity.  

Figure 2A-F. Mean probabilities of having consumed individual FV groups at each timepoint 

with 95% CI in Hanoi, Vietnam for Đống Đa (urban) and Hà Đông (peri-urban). Timepoint 

1=pre-interventions, 2-3=two interventions implemented, 4-5=three interventions 

implemented, and timepoint 6=post-interventions. 

Figure 3A-F. Mean probabilities of having consumed individual FV groups at each timepoint 

with 95% CI in Ibadan, Nigeria for Abàeja (urban) and Bagadajé (peri-urban). Timepoint 

1=pre-interventions, 2-3=two interventions implemented, 4-5=three interventions 

implemented, and 6=post-interventions. 

Figure 4A-D. Mean FV score with 95%CI compared between exposure groups at T5 (n=521 

Vietnam; n=505 Nigeria) and T6 (n=494 Vietnam; n=473 Nigeria) for Vietnam (A-B) and 

Nigeria (C-D). 0=not exposed, 1=exposed to one intervention, 2=exposed to two 

interventions, 3=exposed to all interventions. The model was adjusted for area in Vietnam. 

FV score of the non-exposed could not be calculated as all participants were exposed to at 

least one intervention. 
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