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Background: Iron and zinc deficiency are common public health problems in low-income countries largely due to poor consumption of iron and zinc rich foods. It has previously been observed that 57% of school aged children (SAC) in Tanzania suffer from anemia. In addition, estimates indicate that over 25% of the population have inadequate zinc intake. Pearl millet is an example of a nutrient dense, resilient cereal crop, that can be promoted to diversify diets and combat iron and zinc deficiency. This study overall aim was to increase pearl millet consumption among school aged (5 – 12 years) children. As part of the study, we investigated, the drivers of food choice relating to pearl millet consumption.

Methods: The study was a cross-sectional study of randomly selected households in Kongwa district, Dodoma region of Tanzania. In total, 128 women of reproductive age (20 – 49 years) were randomly selected for the study. A study questionnaire consisting of 66 items, was developed and validated. The constructs in the questionnaire were categorized in two groups: internal and external factors. Respondents were asked to indicate their level of agreement or disagreement with statements read to them by interviewers. The scores on intention and behavior constructs were based on the number of times caregivers intended to, or had fed their school going children with pearl millet in the referent month. Intention was considered high if it was higher than the median intention score of the group, and low if it was equal to or lower than the median scores. Correlations and multiple linear regressions were performed to measure association between constructs and to identify predictive constructs. The Mann-Whitney U test was used for score comparison.

Results: There was a significant difference between intention and behavior among those who did not consume pearl millet (P = 0.003), and those who consumed pearl millet two or more times a week, in the same month (P = 0.01). Knowledge was significantly correlated with behavior identity (ρ = 0.58, P = 0.001), while health behavior identity was significantly correlated with intention (ρ = 0.31, P = 0.001). Intention of caregivers was significantly and positively correlated (ρ = 0.44, P = 0.001) with and predicted consumption of pearl millet (ρ = 0.87, P = 0.067).

Conclusion: Increasing knowledge or awareness on nutritional benefits of pearl millet among caregivers may increase consumption of pearl millet by children of school going age.
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INTRODUCTION

Iron and zinc deficiency are common public health problems in low-income countries largely due to poor consumption of iron and zinc rich foods (Bouis, 2002; Brown et al., 2004; Nestel et al., 2006). Anemia is one of the many consequences of iron deficiency (Lopez et al., 2016). Among school aged children (SAC) specifically, a study conducted in 2001, indicated that 57% of SAC in Tanzania suffered from anemia (Hall et al., 2001). Anemic school-children have decreased motor activity, social inattention, and decreased school performance (Grantham-McGregor and Ani, 2001). In Tanzania, estimates indicate that over 25% of the population have inadequate zinc intake (Wessells et al., 2012). In terms of consequences of zinc deficiency, observational studies among school-age children, have shown hair zinc to be associated with reading ability, suggesting that zinc deficiency interfered with academic performance (Butrimovitz and Purdy, 1978; Cavan et al., 1993). Addressing these deficiencies is therefore crucial not only for the aforementioned consequences on growth and health but also for economic development (Zimmermann and Hurrell, 2007). Food based strategies to combat micronutrient deficiencies present a sustainable and accessible solution (FAO, 2011). Pearl millet (PM) is an example of a nutrient dense, resilient cereal crop, that can be promoted to diversify diets and combat iron and zinc deficiency (Rao et al., 2006; Kanatti et al., 2014). It is grown mostly in marginal environments in the arid and semi-arid tropical regions of Asia and Africa (Jukanti et al., 2016). In terms of dietary contribution, it is a major contributor of dietary protein, iron, and zinc intake in a variety of rural populations in sub-Saharan Africa (Agte et al., 1999; Kodkany et al., 2013).

This study was embedded within a wider program that aimed to link agriculture production to nutrition to address malnutrition in the semi-arid agro ecologies of Kongwa district, Dodoma Region, Tanzania, Although pearl millet is already consumed in Dodoma region of Tanzania (Rohrbach and Kiriwaggulu, 2007), we aimed to increase its consumption to a wider group beyond pre-school children. The results presented herein elucidate via a combination of two psychosocial theories-the Theory of Planned Behavior (TPB) and Health Belief Model (HBM); the factors that drive pearl millet consumption among their school going children (5 – 12 years).



METHODS


Ethical Approvals and Consent

This study did not seek for ethical approval from an ethical review board because it did not involve blood collection, any invasive procedure or anthropometry. Approvals from district administrative officials as well as traditional authorities were obtained as part of the study preparation. Prior to questionnaire administration, all respondents had the study explained to them in the local language Kiswahili, assured of confidentiality and offered the opportunity to ask questions. Respondents were also informed that they were free to decline participation at any point during the questionnaire administration. Study participants then indicated their approval by giving written informed consent or thumb print.



Study Site

This cross-sectional study of randomly selected households was conducted in Kongwa district, Dodoma region of Tanzania. Kongwa district is one of the action districts of the Africa Research in Sustainable Intensification for the Next Generation (Africa RISING) program. The program aims to create opportunities for smallholder farm households to move out of hunger and poverty through sustainably intensified farming systems that improve food, nutrition, and income security, particularly for women and children (Africa RISING, 2021). In Kongwa the study was conducted in, Laikala, the driest village in the district and largest producer of pearl millet. Laikala village receives about 357 mm of rainfall annually, with annual ambient temperatures ranging between 18 and 34°C. The main economic activity in the area is integrated crop and livestock farming (NBS, 2013).



Sampling and Study Participants

In total, 128 caregivers who were women of reproductive age (20 – 49 years) were randomly selected for the study. According to Francis et al. (2004) it is reasonable to assume at least a moderate effect size with a sample size of 80 – 160 individuals for Theory of Planned Behavior studies using a multiple regression. Households with school aged children (5 – 12 years) were intentionally selected using the random walk sampling method (Wei et al., 2004), and all caregivers from selected households were listed. From this list, one caregiver was randomly selected in each household for questionnaire administration. The main selection criteria were willingness to participate, presence of a school aged child (SAC) within the household and previous or current consumption of pearl millet. When a selected woman did not fulfill the selection criteria, she was replaced with another woman in the same household that met the inclusion/exclusion criteria. All selected women met the selection criteria.



Questionnaire Development and Validation

The study questionnaire consisted of 66 items, identified from literature. The items were characterized into 12 constructs based on the combined model of TPB and HBM as was undertaken in several studies (Sun et al., 2006; Fanou-Fogny et al., 2011; Macharia-Mutie et al., 2011; Abizari et al., 2013; Talsma et al., 2013) (Table 1). The following constructs were used: knowledge of iron and zinc deficiency and pearl millet, perceived susceptibility to iron and zinc deficiency, perceived severity of iron and zinc deficiency, health value attached to anemia or zinc deficiency in the SAC, health behavior identity attached to giving pearl millet to address iron deficiency, anemia or zinc deficiency, perceived barriers to give pearl millet, attitudes toward pearl millet consumption, subjective norms, external control beliefs and cues to action influencing (lack of) consumption of pearl millet by school aged children, intention to give pearl millet to the SAC, and behavior or pearl millet consumption among school aged children. In detail the constructs assessed the following (Table 1):

1. Knowledge assessed the caregivers understanding on the relationship between pearl millet and health, and specifically its' relationship to iron deficiency or anemia and zinc deficiency

2. Perceived susceptibility assessed caregiver's feeling about her school aged child being exposed to iron deficiency or anemia and zinc deficiency

3. Perceived severity assessed caregiver's feeling that her school aged child being exposed to iron deficiency or anemia and zinc deficiency is serious

4. Health value assessed the importance caregiver places on the outcome of her school aged child being anemic or zinc deficient

5. Health behavior identity assessed caregiver's evaluation of the effectiveness of giving pearl millet or iron rich food in reducing the perceived threat-that is iron deficiency anemia and zinc deficiency

6. Perceived barriers assessed caregiver's evaluation of various complications that hinder her in giving pearl millet to the school aged child

7. Attitude toward behavior assessed caregiver's evaluation of sensory and nutrient content attributes of pearl millet and how these influenced giving this to the SAC

8. Cues to action assessed surrounding situation that cause a caregiver to change her health behavior in feeding pearl millet to her school aged child

9. Control belief assessed a caregiver's perceived ability to make a decision on feeding pearl millet to their school aged child

10. Subjective norms assessed a caregiver's perceived social influencers to give, or not to give, pearl millet to their school aged child. In detail, this assessed who is important for the giving pearl millet to the SAC and the value of that persons opinion

11. Behavioral intention indicated how much effort a caregiver is planning to make, in order to give pearl millet to school aged child

12. Behavior assessed the giving pearl millet to SAC by caregivers


Table 1. Functioning explanation of constructs used to examine internal and external factors predicting intention of caregivers to give pearl millet to school aged children.
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Examples of item statements are provided in Table 5.

To assess nutrition related behavior of individuals, constructs were further categorized in two groups that is, internal and external factors. The internal factors were further grouped into “background and perception,” “beliefs and attitudes” and “intention.” “Background and perception” consisted constructs such as knowledge, perceived susceptibility, perceived severity and health value while “beliefs and attitudes” contained health behavior identity, attitude toward behavior and perceived barriers. External factors were subjective norms, cues to action and control belief.

Respondents were asked to indicate their level of agreement or disagreement with statements read to them by interviewers. Prior to administration, the questionnaire was verified in focus group discussions and pre-tested among caregivers in a site similar to Laikala village. Changes to the questionnaire were them made after pretesting and validation. The questionnaire was subsequently translated into the local language (Swahili) and correctness checked with back translation into English.



Scale Measurements and Analysis

Knowledge, perceived susceptibility, perceived severity, health value, health behavior identity, perceived barriers, cues to action and control belief constructs were rated using a five-point likert scale that ranged from strongly disagree, disagree, neutral, agree and strongly agree. The reason that odd numbered scales were chosen was so that a central neutral response and an equal number of positive and negative responses above and below the neutral middle response were provided (Emerson, 2017). The score for each construct was computed as the sum of individual item scores. The scores for the constructs “Attitudes toward behavior” and “Subjective norms” were sums of products of paired items; attitudes × evaluation of attitudes, and normative beliefs × motivation to comply, respectively. To show negative, neutral or positive influences, item scores of attitudes and normative beliefs ranged from −2 to 2 and the scores of the evaluation of attitudes and motivation to comply ranged from +1 to +5. This resulted in a paired-item score range of −10 to 10. For intention and behavior, the rating scale ranged from not consumed, four or less times per month and two or more times per month. The scores on intention and behavior constructs were based on the number of times caregivers intended to, or had fed their school going pearl millet in the refereed month, respectively. Intention was considered high if it was higher than the median intention score of the group, and low if it was equal to or lower than the median scores as it was in previous studies (Sun et al., 2006; Fanou-Fogny et al., 2011; Macharia-Mutie et al., 2011; Abizari et al., 2013; Talsma et al., 2013).



Statistical Analyses

Descriptive statistics were performed to describe the caregivers and children. Multiple sentence constructs were tested for reliability of the questionnaire and internal consistency using Cronbach alpha and sentence-total correlation. The items within a construct were regarded as consistent when Cronbach alpha was ~0.75 or higher and the corrected sentence-total correlation of all sentences in a construct were higher than 0.30 (Field, 2005). The Mann-Whitney U test was used to examine differences in construct items between high and low intenders as the variables were on the ordinal scale (Karadimitriou et al., 2018). Spearman's rank correlation was used to test for bivariate associations within the combined model of TPB and HBM as the variables were on the ordinal scale (Schober et al., 2018). Three multiple linear regression models were used to examine the contribution of constructs to health behavior identity, intention and behavior. The first model was designed to identify constructs within background and perception that were associated with health behavior identity (Model 1). To identify constructs associated with intention, the second model combined internal factors (Perceived barrier, Health behavior identity, and Attitudes toward behavior) and external factors (Subjective norms, Control beliefs, and Cues to action) as predictor variables (Model 2). Finally, to identify constructs associated with pearl millet consumption among SAC, we included constructs that were significantly associated with intention (Health behavior identity, Attitudes toward behavior, Subjective norms, Cues to action) as well as intention. We included perceived barriers despite the fact that it was not a construct significantly associated with intention because of the importance of considering the role barriers to consumption may play. An interaction term between perceived barriers and intention was also included in this model to investigate how perceived barriers modulated the association between intention and behavior. All models were corrected for age of the child, education and interviewer effect.

The three models were therefore constructed as follows:

Model 1: Health behavior identity = f (Knowledge, Perceived susceptibility, Perceived severity, Health value, Age of child, Education and Interview effect).

Model 2: Intention = f (Perceived barrier, Health behavior identity, Attitudes toward behavior, Subjective norms, Control beliefs, Cues to action, Age of child, Education and Interview effect).

Model 3: Behavior = f (Health behavior identity, Attitudes toward behavior, Subjective norms, Cues to action, Perceived barrier, Intention, Perceived barriers * behavioral intention, Age of child, Education and Interview effect).

Overall, statistical tests were 2-tailed, and p-values < 0.10 were considered statistically significant. We used this P-value cut off due to the finite sample size of our study and because this study was prone to random errors (Thiese et al., 2016). All analyses were performed using IBM SPSS Statistics for Windows (Version 20.0. IBM Corp, 2011, Armonk, NY).




RESULTS


Characteristics of the Study Participants

A total of 128 caregivers with a similar number of children participated in the study (Table 2). Majority of the school aged children included in the study were female (59.4%). The age of the children ranged from 6 to 12 years, with more than 60% in the age groups 7–8 years and 9–10 years. The majority of the respondents were married (82.0%). Only 40.7% of the caregivers had attained primary or secondary school education. The respondents were majorly from the Kaguru ethnic group (96.9%), the predominant tribe in Laikala. Agriculture and farming in particular were the predominant income generating occupation for most of the caregivers (89.1%). We then conducted preliminary analyses that investigated the associations between intention and behavior related to pearl millet consumption among the school aged children.


Table 2. Socio-demographic characteristics of school aged children and their caregivers in Kongwa (n = 128).
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There Was a Significant Difference Between Intention and Behavior Among Those Who Did Not Consume Pearl Millet and Those Who Consumed Pearl Millet Two or More Times a Week in the Referent Month

There was significant difference between intention and behavior when consumption was two or more times per week (53.1 vs. 32.8; P = 0.001) or where there was no intention to or consumption taking place (30.5 vs. 13.3%; P = 0.003). No significant difference was observed between intention and behavior among respondents who were classified as consuming or intending to consume pearl millet four or less times per month (Figure 1). We further investigated knowledge, attitudes and perceptions of caregivers related to feeding pearl millet to SAC to elucidate internal factors influencing pearl millet consumption.


[image: Figure 1]
FIGURE 1. Comparison of pearl millet consumption between behavioral intention and behavior (n = 128). P-value obtained using chi-square test comparisons of per cent of intention and behavior. Significant difference between intention and behavior P ≤ 0.10.




Caregivers Have Low Knowledge on the Nutritional Content and Benefits of Pearl Millet Consumption

In assessing knowledge of the nutrient composition of pearl millet, 22.7 and 29.0% of caregivers were aware that pearl millet contained zinc and iron, respectively. In terms of their importance of zinc and iron in supporting growth, 25.8 and 34.3% of caregivers, respectively, were aware of this role (Table 3). Majority of respondents however perceived pearl millet as tasty (92.3%) and nutritious (82.9%) with significantly higher positive perception among high intenders compared to low intenders for taste and nutritive value (P = 0.044 and P = 0.01, respectively; Tables 3, 4). Interestingly, respondents attributed positive health outcomes to consumption of pearl millet despite not being aware of its micronutrient composition. In detail, majority agreed that pearl millet can improve intelligence (73.2%), health (82.9%) and survival (80.6%) of their children. When comparisons for high and low intenders were made, high intenders had significantly higher scores and therefore agreement on these benefits compared to low intenders (intelligence; P = 0.041, health; P = 0.005 and survival; P = 0.015).


Table 3. Internal and external factors influencing pearl millet consumption.
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Table 4. Comparison between high and low intenders of pearl millet consumption.
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Majority of Caregivers View Their Child's Health as Important but a Lower Proportion Connect Specific Health Outcomes of Their SAC to Consumption of Pearl Millet

Over 90% caregivers reported the health, growth, intelligence, school performance, strength and survival of their SAC as important to them, that is they placed a high health value on these attributes (Table 3). Interestingly, when we assessed the caregiver's evaluation of the effectiveness of giving pearl millet or iron rich food to the various health value attributes, the proportion of caregivers that agreed with the statements reduced. In fact when we particularly considered the relationship between consuming iron rich foods and cognition, the proportion of caregivers that agreed with this association was 50.2%. There was a higher appreciation for pearl millet consumption (P = 0.0001) and the role of iron rich foods in cognition (0.076), intelligence (P = 0.041), health (P = 0.005), and survival (P = 0.015) among SAC when high and low intenders were compared.

Various barriers limiting pearl millet consumption were identified though investigating attitudes toward pearl millet consumption by SAC as well as other perceived barriers by respondents.



Attitudes Toward Consumption of Pearl Millet Are Positive Though Price, Seasonality, Availability, and Quantity of Fuel Required for Pearl Millet Preparation Limit Consumption

Over 90% of respondents indicated that pearl millet had good taste (93.5%), is nutritious (82.9%) and that they valued feeding their children with nutritious foods (89.7%). High intenders had a more positive attitude toward the taste of pearl millet grain (P = 0.006) and it's nutrient value (P = 0.044) compared to low intenders. Respondents indicated several barriers to pearl millet consumption among school aged children. Majority of respondents (71.9%) indicated price increases during rainy seasons as a barrier to consumption. When analyses were stratified according to high and low intention groups, high intention groups worried more about the high price of pearl millet in general (P = 0.021) especially during the rainy season (P = 0.043; Table 4). Other barriers identified by majority of the respondents include: contamination with stones (59.5% quantity of fuel required for preparation (62.6%), short shelf life of pearl millet flour (65.0%; Table 3).



The Role of Mothers, Teachers, and Nurses Is Crucial in Promoting Increased Pearl Millet Consumption Among School Aged Children

Caregivers indicated that mothers-in-law (71.1%), mothers (51.6%), teachers (78.9%) and nurses (51.6%) were influential in their decision on whether to give pearl millet to their school aged children (Table 3). In addition, community trainings were viewed as important in positively influencing consumption of pearl millet in the high intention group compared to the low intention group (P = 0.014; Tables 3, 4).

To elucidate associations of individual constructs with intention, we assessed various constructs reliability as well as their correlations with each other and eventually with intention.



There Was High Reliability of the Multiple Constructs and Correlations Between Various Constructs Were Observed

Cronbach-α scores ranged from 0.7 to 0.8, which demonstrating a medium reliability for most of the constructs, median scores of the constructs ranged from 3 to 30 (Table 5). Median scores of health value, attitude toward behavior, control belief, subjective norms and intention constructs were high compared to the range values. This showed that caregivers tended to agree with the statements in those constructs. Low medians values were found for knowledge, susceptibility, severity, health behavior identity, barriers, cues to action and behavior construct when compared to their range scores. This indicated that most caregivers tended to disagree with the statements. Control belief, behavioral intention, and behavior constructs consisted of only one item each, and therefore their reliability analyses were not carried out.


Table 5. Internal consistency and median scores of the constructs.
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In investigating associations between constructs, knowledge was significantly and positively associated with health behavior identity (ρ = 0.58, P = 0.001). Within Beliefs and attitudes constructs, health behavior identity was significantly and positively correlated with attitude toward behavior (ρ = 0.46, P = 0.001) and behavioral intention (ρ = 0.31, P = 0.001). Finally, health behavior identity was significantly and positively correlated with intention (ρ = 0.31, P = 0.001, respectively). In investigating external factors associated with intention, subjective norms (ρ = 0.27, P = 0.002) and cues to action (ρ = 0.30, P = 0.001) were significantly and positively correlated with intention. A statistically significant positive correlation between intention and consumption of pearl millet among school aged children was observed (ρ = 0.44, P = 0.001, Figure 2 and Supplementary Table 1).


[image: Figure 2]
FIGURE 2. A combined model of the theory of planned behavior and health belief model with Spearman correlation coefficients between related constructs **P ≤ 0.01 and ***P ≤ 0.001 (2-tailed).


To identify a combination of factors that are associated with intention and behavior, regression analyses were utilized.



Intention Is a Significant Predictor of Pearl Millet Consumption Among School Aged Children

Model 1 had predictors as knowledge, perceived susceptibility, perceived severity, health value and the outcome as health behavior identity. The control variables included were age of child, interviewer effect and caregivers' education. Knowledge was a significant predictor of health behavior identity (β = 0.53, P = 0.001) with an increase in knowledge resulting in a more positive evaluation of the effectiveness of giving pearl millet or iron rich foods to reduce iron deficiency or anemia and zinc deficiency. Perceived susceptibility (P = 0.271), perceived severity (P = 0.342), health value (P = 0.291), age of child (P = 0.624), interviewer effect (P = 0.693) and caregivers' education (P = 0.532) were not significant predictors. This model explained 34% of the variance in health behavior identity.

Model 2 had both internal factors (perceived barriers, health behavior identity and attitudes toward behavior) and external factors (subjective norms, control beliefs and cues to action) as predictors of intention. Age of child, interviewer effect and caregivers' education were included as control factors. We observed that intention to give pearl millet to the SAC increased as the caregiver's evaluation of the effectiveness of giving pearl millet or iron rich food to reduce iron deficiency anemia and zinc deficiencies increased (Health behavior identity, β = 0.09, P = 0.021). Similarly, caregivers' attitude toward pearl millet consumption was also positive (Attitude toward behavior β = 0.17, P = 0.010) their intention to give pearl millet to the SAC increased. When considering the control variables, as the age of the SAC child (β = 0.39, P = 0.005) and caregivers' education (β = 0.48, P = 0.048) increased, so did the intention to give pearl millet. Interestingly, as the mother asserted more control on what the school aged child was fed (Control belief, β = −0.30, P = 0.041), the effort she was intending to make toward giving her child pearl millet (intention) decreased, indicating she was less likely to feed pearl millet to the SAC. This model explained 27% of the variation in intention to give pearl millet to the SAC.

Model 3 investigated predictors of pearl millet consumption among SAC. We observed that as the caregiver's evaluation of the effectiveness of giving pearl millet or iron rich food to reduce iron deficiency or anemia and zinc deficiencies became more positive (Health behavior identity, β = 0.08, P = 0.051) or the effort that the caregiver planned to make in. order to give pearl millet to their SAC increased (Intention, β = 0.87, P = 0.067) or the caregivers' education increased (Caregivers' education β = 0.74, P = 0.008), the SAC was more likely to be fed pearl millet. Attitude toward behavior, Control belief, Perceived barriers, age of child and interviewer effect were not significantly associated with giving pearl millet to the SAC (P > 0.10). The interaction term investigating how perceived barriers influence the association between intention and behavior was also not significant (Barriers*intention, β = −0.01, P = 0.409). This model explained 28% of the variation in pearl millet consumption among school aged children. Details of all models are provided in Table 6.


Table 6. Constructs associated with health behavior identity, intention to feed pearl millet to children of school going age and feeding pearl millet to school aged children.
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DISCUSSION

The study herein presents an investigation aimed at identifying factors influencing consumption of the nutrient dense cereal crop-pearl millet among school aged children. We observed that there was a significant difference between intention and behavior among the children who did not consume pearl millet (P = 0.003) and those who consumed millet two or more times a week (P = 0.013). Additionally, caregivers did not have adequate knowledge on the nutritional content and benefits of pearl millet consumption although the health of their school aged child was important to them. The barriers identified as limiting pearl millet consumption were price, seasonality, availability and quantity of fuel required for preparation. In terms of external factors, influencing consumption, the role of mothers, teachers and nurses was observed as crucial in promoting increased pearl millet consumption among school aged children. Using the combined TPB and HBM model we observed that knowledge significantly predicted health behavior identity (β = 0.60, P = 0.001) while health behavior identity significantly predicted intention (β = 0.09, P = 0.021). Intention of caregivers was significantly correlated (ρ = 0.44, P < 0.001) and predicted consumption of pearl millet (β = 0.87, P = 0.067).

Our current study is in concordance with several studies that have observed a positive relationship between caregiver knowledge, nutritional behavior and nutritional status (Zeng et al., 2012; Christian et al., 2016; Oly-Alawuba and Ihedioha, 2018; Oduor et al., 2019). Caregivers with improved knowledge and skills are more likely to ensure proper composition of foods. However, when passing on knowledge, subjective norms that are the social pressures the individual experiences to adopt or avoid the desired behavior should be considered. This could explain why we observed that when the caregivers assertion of giving pearl millet increased, the likelihood that the SAC consumed pearl millet decreased. It may be possible that other reinforcing actors are crucial. For example, we observed that the role of female grandparents, teachers and nurses is crucial in promoting increased pearl millet consumption among school aged children. The impact of grandparental caregiving on child feeding becomes more direct and influential as their caregiving role with grandchildren increases. Previous research has shown that parent attitudes, beliefs and feeding practices have a significant influence on child dietary intake and weight status (Contento et al., 1993; Appoh and Krekling, 2005; Burchi, 2010; Fadare et al., 2019a,b). As grandparents take responsible roles in the lives of their grandchildren, it can be assumed that their attitudes, beliefs and feeding practices may have a similarly significant impact on child dietary intake and weight status as those of parents. This is additionally important in cultures where the role of grandparents in the family is valued and respected. While a large number of studies have examined the influence of various familial factors on child dietary intake or weight status, the vast majority of these have focused primarily on parents and on pre-school children. There is however now growing evidence to suggest that grandparents play an increasingly important role in influencing their grandchildren's feeding practices (Mukuria et al., 2016; Negin et al., 2016; Karmacharya et al., 2017; Young et al., 2018). Many of these studies observe that grandparents are important in influencing the diets of pre-school children. More studies are however required to investigate whether the grandparents influence on diets and nutrition statue extends beyond early childhood. That notwithstanding, our results buttress the observation that for a successful nutrition behavior change program in Kongwa, the role of female grandparents would have to be factored into interventions. Such an approach could involve nurses, who were also observed to be influential in our study. Indeed, a study on the role of nurses in Sub Saharan Africa has observed that they are often required to provide health education to the communities in which they serve (Ugochukwu et al., 2013). Expanding actors involved in disseminating nutrition knowledge is crucial especially because it has previously been observed that there is low coverage of nutrition education in Central Tanzania (Bundala et al., 2020). For nurses' involvement to be effective, they need to be trained to give in-depth nutrition education, a skill they often lack (DiMaria-Ghalili et al., 2014). For example, a study by Davis et al. (2017) among Ghanian nurses reported a lack of in-depth nutrition knowledge and young child feeding (YCF) education as a barrier to effective nutrition education. Perhaps incorporating other influential actors may also make up for this gap in nutrition education. Teachers also have an important role as health promoters (Pickett et al., 2015). It is important that it is however noted that a successful nutrition education program involving teachers also depends on their training and following of a standardized protocol to ensure fidelity (Murimi et al., 2018). Other factors that have been observed to be vital for success of a nutrition education program include an intervention period of at least 6 months and use of age-appropriate activities (Murimi et al., 2018). Based on these observations, Agriculture for nutrition programs that seek to promote pearl millet consumption therefore need to have a multi actor approach that are age appropriate, be of adequate duration and ensure fidelity and proper alignment between the stated objectives, the intervention, and the desired outcomes to ensure success. In addition, such program should include the use of appropriate media channels to encourage utilization. In our study, we did observe that respondents mentioned that the media had a positive effect on their consumption of pigeon pea.

It is important to take into account that though nutrition knowledge is necessary, it may not be a sufficient factor for changes in food consumption. Education interventions, which are expected to be effective in influencing dietary behaviors or choice, need to consider external influencing factors as well. For example, respondents in our study identified price, seasonality, availability and quantity of fuel required for pearl millet preparation as barriers to consumption, which interestingly has been observed in India too (Amarender Reddy et al., 2013; Singh et al., 2018). A previous study conducted in Tanzania indicates that virtually all of the pearl millet production is carried out on a subsistence basis (Rohrbach and Kiriwaggulu, 2001). In fact, <2% of the harvest is available in the formal market; with the bulk of the harvest consumed by farm households. These limited quantities of grain traded may explain the issues of seasonality, availability and price experienced by our respondents. As various programs begin to promote consumption of pearl millet, the production and functionality of the entire pearl millet grain value chain will need to be simultaneously improved to meet the growing demand and ensure affordability.

Our results confirm the mediating role of health behavior identity between background and perception constructs and intention in the combined TPB and HBM model. This indicates that the knowledge of caregivers about pearl millet together with the health values they hold for pearl millet consumption by their children resulted in a positive health behavior identity. This positive health behavior identity influenced attitude to feeding pearl millet to school aged children positively that subsequently predicted intention of caregivers to give pearl millet to their children. For programs and efforts to promote pearl millet consumption, it is imperative that pearl millet should be promoted as a nutrient dense crop to combat iron and zinc deficiency among school aged children since this what caregivers value.

Intention was utilized in our study as a predictor of previous behavior, which in turn is a surrogate for future behavior. We observed that though the internal reliability of our constructs was good, our model had low predictive ability. Three other studies in Africa that have utilized these predictive models have shown similar trends in low predictive abilities of models on intention (Fanou-Fogny et al., 2011; Macharia-Mutie et al., 2011; Abizari et al., 2013). The fact that pearl millet is consumed in combination with maize flour may explain the low contribution of the constructs to the prediction of intention in this study. Since the TPB requires participants to describe their cognitions, this requirement is based on the assumption that the answers given will reveal pre-existing states of mind (Armitage and Conner, 2001). Thus, if the behavior investigated is uncommon, in this case consumption of pearl millet alone, it is possible that the cognitions may be created simply by completing a questionnaire (Ogden, 2003). We sought to reduce the effect of unfamiliarity by setting certain requirements for participation such as, knowing and having consumed pearl millet. However, though majority of the respondents had consumed pearl millet in the past, they had not consumed it regularly and had consumed it as a blend with maize flour. Predictive ability may have been improved if reference to a specific food was made.

In summary, though pearl millet consumption presents a viable option to combat iron and zinc deficiency several considerations need to be made. Firstly, increasing awareness about iron and zinc deficiencies and nutritional benefits of pearl millet as well as health consequences of consuming pearl millet (health behavior identity) such as pearl millet improves cognitive development, intelligence, health and survival should be targeted. In addition, value chain factors such as price, seasonality and availability that present barriers should be addressed. For example, programs aiming to increase pearl millet consumption should not only invest in its increased production but also on new technologies, including processing machines, packaging and storage to influence growth of local markets. These strategies may not only promote pearl millet consumption among school aged children at household level but also at scale in school feeding programs.
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(The advice of my child's teacher(s) is important to me)

How often do you think you will feed pearl millet to your child in the coming
month?

How often did you feed pearl millet to your child in the last month?

Cronbach o«

08
07
07
08
08
08
07

08

08

Items

Ao N® oo~

Median (IQR)

21 (21,25)
11.5 (10, 15)
109, 12)
26 (24,28)
265 (25,28)
30 (25, 34)
1010, 12)

25 (22,31)
4(4,5)
6(1,10)
5,5

3(1,5)

Range values®

7-36
5-25
3-15
6-30
7-36
9-45
—40to 40

11-55
1-5
—110to 110

1-6

1-5

@Range refers to the minimum and maximum possible scores from complete set of questions within a construct before consistency evaluation, except ¢ and d, whose scores were from

paired questions.

bScores ranged from 1 = strongly disagree to 5 = strongly agree.
(behavioral belefs) iters ranged from 1 = strongly disagree to & = strongly agree * (outcome evaluation) items which ranged from —2 = strongly disagree to 2 = strongly agree.
9Scores ranged from 1 = very unlikely to 5 = very likely * Mc (motivation to comply) items which ranged from —2 = strongly disagree to 2 = strongly agree.

Sjtems ranged from 1

‘more than 2 times a week.
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Model description Predictors Unstandardized

Model 1: Y = Identity
Knowledge
Perceived susceplibiity
Perceived severity
Health value
Age of a child
Interviewer effect
Caregiver's education
Model 2: Y

Intention
Perceived barriers
Health behavior identity
Attitude toward behavior
Subjective norms
Control belief
Cues to action
Age of achild
Interviewer effect
Caregivers Education
Model 3: Y = Behavior
Health behavior identity
Attitude toward behavior
Control belief
Perceived barriers
Intention
Barriers'intention
Age of achild
Interviewer effect
Caregiver's education

0.60
0.08
-0.13
0.09
0.14
-0.13
0.97

-0.01
0.09
0.17
0.03

-0.30
0.03
0.39

-0.03
0.48

0.08
-0.01
-0.13

0.03

0.87
-0.01

0.09

0.05

074

0.001*
0.271

0.342
0.291

0.624
0.693
0.532

0.664
0.021*
0.010"
0.243
0.041*
0.133
0.008*
0.869
0.048*

0.051*
0.878
0.407
0.654
0.087%
0.409
0.545
0.769
0.008*

R?

0.34

0.27

0.28

Adjusted R

0.30

0.21

0.22

All models were adjusted for interviewer effect, education of caregivers and age of a child.
*Significant predictor in the model (p < 0.10).
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