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ABSTRACT
OF THE THESIS OF

Mariam Albert Assaad for Master of Science
Major: Scholars in HeAlth Research Program

Title: Agreement of the Modified Mediterranean Prime Screen with a Reference Food
Frequency Questionnaire in Assessing Diet Diversity and Micronutrients’ Adequacy
Among Women of Reproductive Age in Lebanon [2019-2021]

Background: Women of reproductive age (WRA) have elevated nutritional
requirements due to their reproductive physiology, pregnancy, and lactation. Adequate
dietary intake and micronutrient adequacy are essential for maternal health, optimal
pregnancy outcomes, and child growth and development. In Lebanon, WRA face
compounded risks of malnutrition due to economic instability, limited food diversity,
and restricted access to nutritious foods. The Minimum Dietary Diversity for Women
(MDD-W) is a validated measure of diet quality and micronutrient adequacy, yet data
on dietary patterns and nutritional status among Lebanese WRA remain scarce,
particularly in the context of the ongoing economic crisis.

Objectives: This study aimed to: 1) assess the reproducibility and agreement of the
Modified Mediterranean Prime Screen (MMPS) with a reference Food Frequency
Questionnaire (FFQ) in evaluating MDD-W and key micronutrient intake; 2) determine
micronutrient adequacy among WRA using Estimated Average Requirements (EARs);
3) explore dietary changes and shifts in MDD-W scores during the economic crisis
(December 2019—September 2021); and 4) investigate associations between
micronutrient adequacy, maternal body mass index (BMI), and neonatal anthropometric
outcomes.

Methods: This secondary analysis utilized data from a prospective cohort study
conducted between December 2019 and September 2021. Dietary intake was assessed
using both a validated FFQ and MMPS, administered over two visits via face-to-face
and telephone interviews. MDD-W scores were derived from ten food groups, and
nutrient adequacy was calculated for 12 micronutrients (including vitamin D).
Agreement between MMPS and FFQ was evaluated using weighted Kappa and
intraclass correlation coefficients (ICCs), while nutrient intake correlations were
assessed via Pearson coefficients. Nutrient adequacy ratios (NAR) and mean adequacy
ratios (MAR) were computed, with EAR-based cutoffs applied. Exploratory analyses
examined dietary changes over time and associations between maternal nutritional
status and neonatal growth percentiles.

Expected Outcomes: The study will provide a comprehensive overview of dietary
diversity, micronutrient intake, and the impact of economic disruptions on WRA in
Lebanon. Findings will inform the validity of the MMPS as a practical dietary assessment
tool, identify populations at nutritional risk, and guide interventions to improve diet
quality and maternal and child health outcomes.
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CHAPTER I

INTRODUCTION

A. Overview of Nutritional Challenges Among Women of Reproductive Age
1. Importance of Adequate Nutrition During Reproductive Years

Women of reproductive age (WRA), typically defined as those between 15 and
49 years old, represent a key population subgroup due to their potential for conception,
pregnancy, and childbirth (WHO, 2006). This stage of life is marked by unique
physiological and nutritional demands that directly impact not only women's health but
also pregnancy outcomes and the well-being of future generations.

There is increasing attention on the influence of lifestyle factors including
nutrition, physical activity, psychological stress, socioeconomic status, body mass index
(BMI), smoking, alcohol, and caffeine intake on the health of women of reproductive
age (Skoracka et al 2021). Among these factors, dietary intake both in terms of total
caloric content and the quality of nutrients such as vitamins, proteins, fats,
carbohydrates, and minerals appears to be especially important, particularly in relation
to conditions such as ovulatory dysfunction and endometriosis, which are common in
this population (Garruti et al 2019, Oostingh et al 2019, Nazni et al 2014).

Women of reproductive age (WRA) have distinct nutritional requirements due to
the physiological demands of menstruation, potential pregnancy, and lactation. Key
micronutrients such as iron, folate, vitamin B12, vitamin A, and calcium are crucial
during this life stage to support metabolic health, prevent anemia, and ensure fetal
development when applicable. International guidelines, including those by the Institute

of Medicine (IOM) and the FAO/WHO, have established age- and sex-specific nutrient
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reference values such as the Estimated Average Requirements (EAR), Recommended
Dietary Allowances (RDA), and Tolerable Upper Intake Levels (UL) (IOM 2011, FAO
& WHO 2004). These standards allow researchers and clinicians to benchmark
individual and population-level intake adequacy. Their application is particularly
relevant in populations facing nutritional transitions, such as in Lebanon, where both
undernutrition and overnutrition may coexist.

Researchers continue to explore how different dietary patterns impact female
reproductive health. The impact of diet should be understood in the context of
individual lifestyle and comorbidities, which may influence dietary behavior and
physiological response (Fotana et al 2016). This section compares two distinct
nutritional patterns and their effects on fertility related outcomes in both women and
men.

2. The Mediterranean Diet

One widely studied dietary approach is the Mediterranean diet (MeD). The MeD
emphasizes high consumption of vegetables (including legumes), fruits, olive oil, whole
grains, low-fat dairy products, poultry, and oily fish, along with limited intake of red
meat and refined sugars. It also includes moderate red wine consumption (Carlos et al
2018). Evidence suggests that this pattern not only supports overall physical and mental
health but also helps regulate insulin sensitivity, metabolic balance, and body weight
factors closely related to reproductive well being (Silverstris et al 2019, Fontana et al
2016).

A prospective cohort study involving 22,786 individuals with a mean age of 35
years where majority were women (61%) found a positive association between

adherence to the MeD and reproductive health indicators including (Carlos et al 2018).
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Additional studies have demonstrated that healthy dietary patterns, such as the MeD,
may also improve the likelihood of live birth among women undergoing assisted
reproductive technologies (ART) (Gaskins et al 2019, Karayiannis et al 2018). For
instance, in a cohort of 17,544 women either planning pregnancy or who became
pregnant during the study, Chavarro et al. found that a profertility diet closely
resembling the MeD was linked to a lower risk of ovulatory dysfunction (Chavarro et al
2007). This dietary pattern was characterized by reduced intake of trans fats, increased
consumption of monounsaturated fats and plant-based protein, and higher intake of
foods with a low glycemic index and high fiber content. Interestingly, high-fat dairy
products were included in this pattern. Women following this diet also consumed more
non-heme iron and B-vitamin-rich multivitamins (particularly folic acid), and were
more physically active.

In a randomized controlled trial, Kermack et al. (2020) investigated the effects
of pre-IVF supplementation with omega-3 fatty acids, vitamin D, and olive oil—
components aligned with the Mediterranean diet (MeD)—on embryo cleavage rates.
Fifty-five couples received a 6-week intervention of a daily supplement drink enriched
with omega-3 fatty acids and vitamin D, plus additional olive oil and olive oil-based
spread, while 56 couples received the control intervention. The study found that the
supplementation did not significantly affect embryo cleavage rates (Kermack et al
2020). However, adherence to the MeD was associated with increased red blood cell
folate and serum vitamin B6 levels. Furthermore, couples who followed the MeD while
undergoing IVF treatment showed a higher likelihood of achieving pregnancy

(Vujkovic et al 2010).
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3. The Western-Style Diet

Unlike the Mediterranean diet, the Western-style diet (WsD) is typically
characterized by a high intake of refined and simple carbohydrates mainly sugars,
sweets, and sugar-sweetened beverages as well as red and processed meats (Skoracka et
al 2021). It is also marked by low consumption of fresh fruits, vegetables, whole grains,
lean poultry, and fish. Nutritionally, this dietary pattern is high in calories, fats, and
glycemic index, while being deficient in dietary fiber and essential vitamins (Christ et al
2019, Bentov et al 2014).

Research has shown that the WsD may have adverse effects on reproductive
parameters. For instance, it has been linked to reduced levels of IL-1RA (Interleukin-1
Receptor Antagonist) and a lower cortisol to cortisone ratio in follicular fluid, along
with a decrease in the number of blastocysts formed (Ravisankar et al 2021).
Additionally, greater intake of fast food combined with reduced fruit consumption has
been associated with increased rates of infertility and a slight delay in the time it takes
to conceive (Grieger et al 2018). Findings from animal studies also suggest that the
WsD can disrupt ovarian function by altering hormonal profiles lowering levels of
progesterone and anti-Miillerian hormone and by increasing the number of antral
follicles while delaying the estradiol surge (Bishop et al 2021).

Furthermore, diets high in glycemic index, animal-derived protein, trans fatty
acids (TFAs), and saturated fatty acids (SFAs) have been found to potentially impair
fertility (Silvestris et al 2019).

In summary, dietary patterns play a crucial role in shaping reproductive health
outcomes among women of reproductive age. While the Mediterranean diet is

consistently associated with improved metabolic, hormonal, and fertility-related
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parameters, the Western-style diet has been linked to adverse effects on ovarian
function, hormonal balance, and conception outcomes. These contrasting findings
highlight the importance of promoting nutrient-rich, balanced diets in this population.
Addressing dietary habits during the reproductive years offers a valuable opportunity to
enhance not only fertility potential but also long-term health for both mothers and future
offspring. This underscores the need for targeted nutritional interventions and public
health strategies that support optimal dietary practices among WRA.
B. Nutritional Vulnerabilities of WRA Due To Physiological Demands of
Pregnancy and Lactation

Women of reproductive age (WRA) face elevated nutritional demands due to
pregnancy and lactation, making them particularly vulnerable to micronutrient
deficiencies (Black et al., 2013; Torheim & Arimond, 2013). Compared to adult men,
their requirements for most nutrients are significantly higher (Branca et al., 2015). The
period from conception through the child’s second birthday often referred to as the first
1,000 days is a critical window for brain development and long-term health (Tieu et al
2017). Sufficient nutritional intake during pregnancy and breastfeeding is essential to
promote optimal maternal and child health outcomes, supporting proper growth and
development in early life (Tieu et al 2017). In contrast, inadequate nutrient consumption
has been linked to adverse outcomes such as preeclampsia, low birth weight, and
increased maternal and neonatal mortality rates (Haidar et al 2015).

Chronic energy deficiency (CED) remains a widespread issue among pregnant
women and women of reproductive age in low- and middle-income countries, driven by
a range of factors including poverty, rural residence, large household size, infrequent

meals, and poor diet quality (Tejayanti et al 2020, Wubie et al 2020). CED significantly
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contributes to maternal anemia, which is a key risk factor for premature birth and low
birth weight infants (Lipoeto et al 2020, Kumar et al 2013). Moreover, multiple studies
have documented that pregnant women often experience insufficient energy intake and
are commonly affected by anemia and deficiencies in several key micronutrients, such
as iron, folate, vitamin A, vitamin D, vitamin B12, zinc, and iodine (Wibowo et al 2017,
Blumfield et al 2013).

For example, low iron intake during pregnancy has been associated with a
higher likelihood of preterm delivery, low birth weight, and delayed cognitive
development in infants. Similarly, inadequate folic acid consumption can lead to poor
pregnancy outcomes, including neural tube defects, elevated maternal homocysteine

levels, preeclampsia, and early delivery (WHO 2022, Georgieff et al 2020).

C. The Significance of Dietary Diversity and Micronutrient Intake in Maternal

and Neonatal Health

The dietary patterns and overall nutritional adequacy of women of reproductive

age (WRA) are critical determinants of both maternal and child health outcomes
(Karimi et al 2022; Amati et al 2019; Hjertholm et al 2018). Sufficient intake of
essential micronutrients including vitamins and minerals is vital for reproductive
function, healthy pregnancy outcomes, and the general well-being of WRA (Karimi et
al 2022; Amati et al 2019). Due to the increased physiological demands of pregnancy
and lactation, nutrient requirements in WRA exceed those of adult men (National
Research Council, 2006; WHO/FAOQO, 2004). A woman’s nutritional status directly

influences fetal development, infant survival, and long-term health, with implications
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for chronic disease risk later in life (Brantsaeter et al 2012; Shaikh et al 2014; Walsh et
al 2012).

Inadequate dietary intake can lead to micronutrient deficiencies, contributing to
poor physical growth and impaired cognitive development in children. These effects can
persist into adulthood, impacting educational achievement and long-term
socioeconomic outcomes (Schwarzenberg et al 2018; FAO, 2016). In many low- and
middle-income countries, poor dietary diversity and low-quality diets continue to pose
major nutritional challenges among WRA aged 1549 years (Custodio et al 2019).
Maternal undernutrition is strongly associated with abnormal fetal growth patterns,
including low birth weight (LBW), small for gestational age (SGA), fetal growth
restriction (FGR), macrosomia, and large for gestational age (LGA) each of which is
linked to elevated risks of chronic disease development in childhood and adulthood
(Marshall et al 2022).

When comparing dietary patterns, it is clear that nutrient-rich approaches like
the Mediterranean diet support metabolic and hormonal balance in WRA, while
Western-style diets are associated with negative reproductive and endocrine outcomes.
These findings highlight the urgent need to promote balanced, diverse diets among
women of reproductive age to support not only fertility but also lifelong maternal and

child health (Marshall et al 2022).

D. Dietary Assessment Tools
1. The Food Frequency Questionnaire (FFQ)

The FFQ remains one of the most widely employed tools for dietary assessment
in epidemiological and public health research. Its practicality, relatively low cost, and

capacity to capture long-term dietary habits make it especially suitable for large-scale
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studies (Subar et al 2004; Willet et al 2012). Compared to other methods such as 24-
hour recalls (24-HRs) or dietary records (DRs) which are better suited for short-term
intake but are time-consuming and resource intensive FFQs offer a more feasible
solution for investigating chronic dietary exposure and its relationship to long-term
health outcomes (Willet et al 2012, York et al 1998, Henriquez-Sanchez et al 2009).

FFQs are typically designed to estimate habitual intake over a period ranging
from six months to one year (Hankin et al 1991, Harlan et al 1990). They consist of a
structured list of food items, where participants report the frequency, and sometimes the
quantity of the item consumption. This method allows researchers to categorize
individuals by their nutrient intake levels, assess average group consumption, and
examine potential associations between diet and non-communicable diseases (NCDs)
(Willett et al 1988).

However, since food choices are shaped by cultural, social, and ethnic
influences, FFQs must be regularly updated and tailored to the dietary context of the
target population (Cade et al 2002; Wakai et al 2009). For this reason, culturally
adapted FFQs have been developed for diverse ethnic groups such as Hawaiians,
Japanese, Chinese, Filipinos, and white populations (Hankin et al 1991). Both short-
form (approximately 60 items) and long-form (over 100 items) FFQs are available
(Harlan et al 1990), though neither format is typically ideal for measuring current
energy intake important parameter in clinical nutrition and obesity management.

In addition to general dietary assessment, modified FFQs have been specifically
designed to screen for high dietary fat intake or low consumption of fiber, fruits, and
vegetables. These adapted tools are not only useful for selecting participants for

nutrition-based intervention trials, but also serve as practical instruments for healthcare
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providers to identify individuals who may benefit from dietary counseling (Block et al
1989).

a. Validity and Reliability of the FFQ

The validity and reliability of FFQs are central to their effectiveness in research.
Non-validated or poorly designed FFQs can introduce both systematic bias and random
error, potentially weakening or obscuring true associations between diet and disease
(Shrma et al 2011, Day et al 2001, Shim et al 2014). To mitigate such limitations, FFQs
are often validated by comparison with reference methods such as 24-HRs, dietary
records (DRs), or nutritional biomarkers each considered to have independent sources
of measurement error (Willett et al 2012). This triangulation strengthens the accuracy
and interpretability of FFQ-based findings.

The need to document and compare dietary behaviors across different cultural
contexts underscores the importance of using culturally specific and validated FFQs in
regional nutrition research (Stevens et al 1996). In recent years, validated FFQs have
been developed for use in several countries across the Middle East and North Africa
(MENA) region, including Iran, Palestine, Saudi Arabia, Kuwait, and Lebanon (EI
Sayed Ahmad et al 2020).

b. FFQ in Lebanon

In Lebanon, where the Mediterranean diet is predominantly characterized by a
high consumption of fruits, vegetables, legumes, whole grains, and olive oil a culturally
specific Food Frequency Questionnaire (FFQ) was developed and validated (Papazian
et al 2016; El Sayed Ahmad et al 2020). This Lebanese FFQ includes 157 food items
(APPENDIX 1) reflecting the country’s traditional and commonly consumed foods, and

has been validated among adults and pregnant women (Aoun et al 2019). It has shown
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strong agreement with 24-hour dietary recalls (add info about the observed correlations)
and is capable of assessing habitual intake with portion sizes included.

Despite their widespread use in nutritional research, FFQs may be impractical in
routine clinical or time-limited research settings due to their length and complexity

(Bailey et al 2021; Thompson et al 2017).

2. Dietary Screeners: (MMPS)

To overcome the limited and impractical utility of FFQs in clinical settings,
dietary screeners have been proposed as time- and resource-efficient alternatives
(Thompson et al 2017). Although they may not capture a full dietary profile like FFQs,
screeners can still offer reliable and practical insights into eating patterns, especially
when they include questions on portion sizes (Thompson et al 2017).

One such widely used tool is the Mediterranean Diet Adherence Screener
(MEDAS), a 14-item screener developed from the PREDIMED trial that assesses
adherence to the Mediterranean diet, albeit without accounting for portion size
(Schroder et al 2011). A telephone-based version was later validated to improve
feasibility in remote or constrained settings (Gregoério et al 2020).

In the Middle East and North Africa (MENA) region, particularly in Lebanon,
several FFQs have been culturally adapted to reflect local dietary patterns among adults
and women of reproductive age (Papazian et al 2016; Harmouche-Karaki et al 2020).

Notably, a Lebanese study validated the Modified Mediterranean Pattern
Screener (MMPS) by comparing it to the reference FFQ in a sample of women of
reproductive age, demonstrating its utility as a practical dietary assessment tool (Assaad

& Ajjour et al 2024).
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We adapted the MMPS from the validated Prime Screen (PS), originally
developed to assess diet quality related to non-communicable diseases (NCDs) such as
cardiovascular disease, cancer, and osteoporosis (Rifas et al 2001). The PS was
previously used in the VIVA cohort to evaluate maternal diet across 18 food groups,
including fruits, vegetables, dairy, whole grains, fish, red and processed meats, and fried
foods (Rifas et al 2001; Oken et al 2015).

To culturally adapt the PS to the Lebanese population, a panel of three
experienced dietitians modified the tool by adding locally consumed foods and grouping
items based on energy and macronutrient content. Special attention was given to
nutrients associated with obesity, such as energy, carbohydrates, added sugars, trans
fats, and unsaturated fats.

The final version of the MMPS consists of 32 food and beverage items,
including vegetables (raw, cooked, and stuffed), fruits, juices, dairy products, cheeses,
eggs, oils and seeds, butter and cream, grains, sweets and pastries, meats (fish, poultry,
red and processed), sugars and jams, diet drinks, sweeteners, and alcohol. Participants
respond using four frequency categories (rarely/never, monthly, weekly, or daily)
(APPENDIX II). To facilitate understanding, portion sizes were expressed using
household measures such as cups, spoons, thumbs, and palms rather than numerical
weights or volumes.

The MMPS was validated against the reference FFQ using a sample of women
of reproductive age residing in Lebanon. It required only half the time to administer
compared to the full-length FFQ, while still offering a reliable assessment of several
obesogenic nutrients, including energy, protein, carbohydrates, fiber, sodium, and sugar.

However, its estimation of trans fatty acid (TFA) and saturated fatty acid (SFA) intake
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was limited. The MMPS demonstrated moderate reliability for energy and most
obesogenic nutrients, with the exception of SFA. Furthermore, its agreement with the
reference FFQ was found to be acceptable for energy and key nutrients related to
obesity, though less consistent for TFA and polyunsaturated fatty acids (PUFA) (Assaad

& Ajjour et al 2024).

a. Brief Description of the FFQ and MMPS as Used in Lebanon.

As described above, both the FFQ and the MMPS have been culturally adapted
and validated in Lebanon for use among adults and women of reproductive age
(Papazian et al., 2016; El Sayed Ahmad et al., 2020; Assaad & Ajjour et al., 2024).

The Food Frequency Questionnaire (FFQ) is one of the most widely used dietary
assessment tools in epidemiological and public health research due to its practicality,
relatively low cost, and ability to capture long-term dietary habits (Subar et al., 2004;
Willett et al., 2012). In Lebanon, a culturally specific FFQ comprising 157 food items
reflective of the traditional Mediterranean diet has been developed and validated among
adults and pregnant women. This FFQ has demonstrated strong agreement with 24-hour
dietary recalls and effectively assesses habitual intake, including portion sizes (Papazian
et al., 2016; El Sayed Ahmad et al., 2020; Aoun et al., 2019).

Given the length and complexity of FFQs, which may limit their use in clinical
and time-limited settings, dietary screeners such as the Modified Mediterranean Pattern
Screener (MMPS) have been adapted for the Lebanese population. The MMPS, adapted
from the Prime Screen (PS), includes 32 food and beverage items and uses simple
frequency categories along with household measures to assess diet quality related to

non-communicable diseases (Assaad & Ajjour et al., 2024). Validated against the
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reference FFQ, the MMPS provides a reliable and time-efficient alternative for

assessing several obesogenic nutrients among Lebanese women of reproductive age.

3. MDD-W
a. Validity and Reliability of MDD-W

To fill the gap for simple, cost-effective indicators of diet quality, the Minimum
Dietary Diversity for Women (MDD-W) was developed as a simplified, food-based
proxy for micronutrient adequacy. It is a dichotomous indicator based on the
consumption of at least five out of ten predefined food groups within a 24-hour recall
period (Martin-Prevel et al., 2015, 2017). MDD-W was validated against the probability
of adequate intake of 11 micronutrients (vitamin A, thiamine, riboflavin, niacin, vitamin
B-6, folate, vitamin B-12, vitamin C, calcium, iron, and zinc) using nine data sets
conducted across six countries in Africa and Asia. It remains the only standardized
dietary diversity indicator specifically designed for WRA.

Although MDD-W data are collected at the individual level, the indicator is
intended for population-level use, reflecting dietary intake from a single 24-hour period.
Validation research indicates that populations in which a higher proportion of women
meet the five-group threshold tend to have better micronutrient adequacy (Martin-
Prevel et al., 2015, 2017). These women are also more likely to consume animal-source
foods, legumes, and a variety of fruits and vegetables.

Nutritional scores serve as vital tools for assessing overall diet quality by
summarizing complex dietary intake data into quantitative measures that reflect
adherence to evidence-based dietary guidelines. These scores enable researchers,
clinicians, and policymakers to evaluate and monitor dietary patterns in populations,

identify nutritional risks, and develop targeted interventions to improve public health.
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Nutritional scores like MDD-W, for example, play an essential role in translating food
intake into meaningful, actionable metrics that can be used across contexts and
populations. For instance, the Healthy Eating Index (HEI-2015) is a comprehensive
measure designed to assess how closely an individual’s diet aligns with the 2015-2020
Dietary Guidelines for Americans (DGA). The HEI-2015 includes 13 components
grouped into adequacy (foods and nutrients to consume more of) and moderation (foods
and nutrients to limit) categories, with scoring that reflects dietary quality on a scale up
to 100 points (Krebs-Smith et al., 2018). This scoring facilitates a nuanced
understanding of diet patterns and their relation to health outcomes. Similarly, the
Mediterranean Diet Score (MDS) evaluates adherence to the Mediterranean dietary
pattern, classifying participants into low, moderate, or high adherence groups, which
has been linked to beneficial health effects (Trichopoulou et al., 2003). By distilling
dietary complexity into interpretable scores, these tools support the evaluation of diet-
disease relationships, guide personalized nutrition advice, and inform nutrition policy
decisions, highlighting their essential role in nutritional epidemiology and public health
nutrition.

Furthermore, MDD-W demonstrated a modest inverse relationship with
ischemic heart disease (IHD) and nonfatal IHD (Fung et al., 2018). However, as MDD-
W does not capture unhealthy food groups, researchers have called for expanding it to
examine associations with health outcomes like coronary artery disease and diabetes
(Fung et al., 2020; Gicevic et al., 2018). Including unhealthy food groups may help

better characterize the dual burden of malnutrition (FAO, 2021).

b. MDD-W Use in the Literature (Different Contexts, Availability of Validated
Versions Especially in Arabic)
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MDD-W is increasingly applied across a range of contexts—from research
studies to national-level surveys—and is used by global agencies including the UN,
GIZ, and the DHS Program. Two non-quantitative methods, list-based and open recall,
have been validated as low-cost, effective ways to collect MDD-W data in large-scale
studies.

As MDD-W adoption expands, operational and technical challenges—
particularly in digital and remote data collection—have emerged. Recent FAO-led
studies in three countries compared the list-based and open recall approaches to
improve data usability and reliability. These results inform updated global guidance and
support harmonization with initiatives like the DHS, the Global Diet Quality Project
(GDQP), and Infant and Young Child Feeding (I'YCF) surveys (Herforth et al., 2019;
2020).

With digital tools like mobile surveys and computer-assisted interviews
increasingly replacing paper questionnaires, MDD-W has proven feasible in emergency
settings and routine national assessments. As global demand for robust diet quality
metrics grows, refining the MDD-W framework remains a critical priority (FAO, 2021).

In the Middle East and North Africa (MENA) region—and particularly in
Lebanon—economic challenges have severely impacted food security and dietary
quality. Women in Lebanon and the broader region are at heightened risk for inadequate
dietary intake due to financial instability, especially after the October 2019 economic
collapse (Kharroubi et al., 2021; Hoteit et al., 2022). Studies highlight that Lebanese
women of reproductive age frequently fall short of dietary recommendations, with low
intake of fruits, vegetables, and other nutrient-rich foods (Jabbour et al., 2023; Hasan et

al., 2022).
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c. What Does MDD-W Measure Exactly, Their Scores, Ranges, and Their Meaning

The MDD-W indicator evaluates dietary diversity by capturing whether women
consume at least five of ten predefined food groups in a 24-hour period. This score
serves as a proxy for the likelihood of achieving micronutrient adequacy. Research
confirms that groups with higher proportions of women meeting the five-group
threshold are more likely to have diets sufficient in key micronutrients (Martin-Prevel et
al., 2015; Martin-Prevel et al., 2017). The ten food groups include: (1) grains, white
roots and tubers, plantains; (2) pulses; (3) nuts and seeds; (4) dairy; (5) meat, poultry,
and fish; (6) eggs; (7) dark green leafy vegetables; (8) other vitamin A-rich fruits and
vegetables; (9) other vegetables; and (10) other fruits. MDD-W is a population-level
tool, meaning it should not be used to assess individual adequacy due to intra-individual
variation and reliance on a single-day recall.

To construct the food group diversity score, each woman is assigned a value
from 0 to 10 based on whether she consumed any food item from each of the ten MDD-
W food groups during the reference day. Scoring begins at zero, and one point is added
for each food group from which at least one item was consumed, regardless of quantity.
This creates a simple summative score reflecting overall dietary diversity. A binary
indicator is then generated: women who consumed foods from five or more food groups
are categorized as meeting the minimum dietary diversity threshold (coded as “yes”),
and those consuming fewer than five are coded as “no.”

At the population level, the MDD-W indicator is calculated as the percentage of
women of reproductive age (WRA) who consumed foods and beverages from at least
five of the ten food groups on the preceding day. The numerator includes all WRA

meeting or exceeding the five-group cutoff, and the denominator is the total number of
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WRA surveyed. This proportion serves as a proxy for the adequacy of diet quality in a
population. Dummy tables can be used to organize the required variables and program

the scoring algorithm into statistical software such as SPSS, Stata, or R (FAO, 2021).

E. Importance of Validating Dietary Assessment Tools in Different Populations

The MDD-W is useful because it is relatively simple to administer, making it
appropriate for national and subnational assessments of diet quality (Martin-Prevel et
al., 2015). However, dietary habits and food availability vary widely across regions,
emphasizing the need to validate dietary assessment tools for specific populations.
Efficient screeners are essential for identifying at-risk groups and implementing timely
nutrition interventions (Vadiveloo et al., 2020). In resource-limited environments like
Lebanon, economic constraints limit access to diverse, nutritious foods, exacerbating
nutrition-related vulnerabilities among women of reproductive age (WRA). Despite the
importance of micronutrient adequacy, there remains limited data on the nutritional
status of this population (Arimond et al., 2010; Lee et al., 2013).

To address this gap, this study investigates the dietary patterns and nutritional
adequacy of WRA in Lebanon. By using validated tools such as the Food Frequency
Questionnaire (FFQ) and the Modified Mediterranean Prime Screen (MMPS), we aim
to provide a comprehensive assessment of current diet quality. The findings will inform
future interventions to enhance food security, support healthy eating habits, and ensure
adequate nutrient intake among WRA in Lebanon.

Validating dietary assessment tools in different populations is essential because
dietary habits, food availability, cultural practices, literacy levels, and portion size
perceptions vary widely across contexts. A tool developed and validated in one

population may not accurately reflect dietary intake in another, leading to measurement
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error, biased estimates of nutrient intake, or misclassification of dietary adequacy.
Without population-specific validation, the reliability and interpretability of findings are
compromised, especially when used to inform public health interventions or policy

decisions (Shim et al 2014).

F. Context of the Thesis

1. Overview of the Dietary Patterns of Lebanese Women of Reproductive Age (WRA)/
Impact of the Recent Economic Crisis (December 2019 — September 2021)

Lebanon has been facing one of the world’s worst economic crises in modern
history since late 2019, with hyperinflation, severe currency devaluation, political
instability, and the Beirut port explosion leading to deep socioeconomic disruption
(Daher et al., 2022). The COVID-19 pandemic further exacerbated this collapse,
resulting in daily currency fluctuations and acute shortages of basic necessities such as
food and medications (Itani et al., 2023).

By 2024, over 67% of the population faced food insecurity, with 23% at crisis
level or worse (Hwalla et al., 2025). Lebanon, a lower-middle-income country in the
Eastern Mediterranean region, has been affected by intertwined crises economic,
political, social, and environmental leading to a food security emergency (Integrated
Food Security Phase Classification, 2024). Key drivers include triple-digit inflation,
severe currency depreciation, reduced food assistance, unsustainable food consumption,
a weakened food system, and persistent political instability (Lebanese Parliament
Department of Research and Studies, 2024).

In parallel, Lebanon suffers from the double burden of malnutrition, with 9.6%
of its population undernourished in 2021-2023 (FAO, 2024b), and 64.9% having

overweight or obesity in 2016-2017 (MoPH & WHO, 2017). The nutrition transition
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from the traditional Mediterranean diet to more Westernized, energy-dense dietary
patterns is a contributing factor (Naja et al., 2019; Hwalla et al., 2021). These shifts,
worsened by economic hardship, push households toward cheap, nutrient-poor food
options (Iacoviello, 2019; American Society of Nutrition, 2021).

Among women of reproductive age (WRA), the crisis has severely reduced
dietary diversity and intake of nutrient-rich foods (e.g., fruits, vegetables, dairy, animal-
source proteins), especially in poorer households. The triple burden of malnutrition
(undernutrition, overnutrition, and micronutrient deficiencies) disproportionately affects
WRA. A 2023 study found that 38% of WRA did not meet the MDD-W threshold, with
lowest intake seen for eggs (11.2%) and nuts/seeds (12.8%) (El Ahmad Matar et al.,
2023).

Women with higher MDD scores had greater intakes of healthy food groups and
most micronutrients (except iodine), and more often met the DRIs. Dietary diversity
was significantly associated with income, education, breakfast frequency, and number
of meals consumed per day (El Ahmad Matar et al., 2023).

Another study showed over half of Lebanese adults had inadequate vitamin B12
intake and low serum B12 levels. Women, food-insecure individuals, and those with
low dietary diversity (DD) were most affected (Hoteit et al., 2024). 56.3% of
households had low DD, and over half (54.3%) consumed two or fewer meals the
previous day. Between April 2020 and December 2021, food insecurity prevalence rose

by 23 percentage points (WFP, 2021).

2. Similar Economic Crises Elsewhere and Their Effects on Maternal Nutrition

36



Historical crises have also demonstrated similar patterns of dietary decline
among women and children. In Zimbabwe, from 2010 to 2019, economic turmoil
contributed to a steep rise in nutritional deficiencies among WRA. Major causes
included drought, reduced crop output, low vegetable consumption, and political
instability, all of which drove food insecurity and maternal malnutrition (Jiang et al.,
2022).

In Venezuela, years of hyperinflation, declining food production, and food
shortages deteriorated maternal and child diet quality. By 2019, most of the population
faced food insecurity, with rising rates of acute malnutrition among children and
pregnant women (Doocy et al., 2019).

These international examples underscore how Lebanon’s crisis fits into a global

pattern where economic instability amplifies maternal nutrition risks.

3. Importance of Studying Dietary Changes and Transitions in This Context
Lebanon is undergoing a rapid nutrition transition, shifting from traditional

Mediterranean eating patterns (high in fruits, vegetables, legumes, and whole grains)
toward more processed and energy-dense diets (Hwalla et al., 2025). These dietary
shifts are compounded by worsening food access, rising prices, and reduced purchasing
power (Hwalla et al., 2025; Iacoviello, 2019).

This transition coincides with high rates of non-communicable diseases (NCDs).
As 0f 2024, 52.4% of Lebanese adults have NCDs (El Haidari et al., 2024), which
accounted for 91% of deaths in 2016 (WHO, 2018). Lebanese studies also link

Westernized diets to higher environmental footprints (Naja et al., 2018).
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Documenting how WRA adapt their diets under such pressure is critical for guiding
nutrition policy and designing public health interventions that address both the nutrition

transition and the economic realities.

Relevance of Assessing Micronutrient Adequacy in the Lebanese Population

Lebanon is a unique setting for dietary research. As a middle-income country
facing political instability and nutritional challenges, it has seen a rapid rise in obesity,
sedentary behavior, and poor diet quality characterized by high consumption of fat,
sugar, and salt (Naja et al., 2019).

Between 1997 and 2009, obesity among adult women rose by over 50%, reaching
29% (Naja et al., 2019). Since 2011, the Syrian refugee crisis has added demographic
and economic strain, with refugees making up nearly 30% of Lebanon’s 4.5 million
population (Jomaa et al., 2020).

A 2015 cross-sectional study found 42% of households in Greater Beirut faced
moderate to severe food insecurity, and food-insecure mothers were at higher risk of
dietary inadequacy and obesity (Jomaa et al., 2020).

In a 2023 national survey among pregnant women, 38.6% were anemic, and
nearly 54% were not taking iron supplements. Despite relatively high MDD-W scores
(79.2%), 38% had low Mediterranean diet adherence and over 80% fell short of USDA
dietary guidelines. Food insecurity ranged from 14.6% to 22.6% depending on scale
used (Mahfouz et al., 2025).

These findings stress the urgency of monitoring micronutrient adequacy using
validated tools like the MDD-W, FFQ, and MMPS particularly in vulnerable groups

like WRA.

38



39



CHAPTER II

METHODOLOGY

A. Study Design

This thesis is a secondary analysis of data from a prospective cohort study
conducted at the American University of Beirut Medical Center (AUBMC) between
December 2019 and September 2021. This validation study aimed to evaluate dietary
intake among women of reproductive age in Lebanon. The present analysis specifically
examines the reproducibility and agreement of the Modified Mediterranean Prime
Screen (MMPS) with a reference Food Frequency Questionnaire (FFQ) in estimating
minimum dietary diversity for women or reproductive age (MDD-W) and selected
micronutrients.

The original validation study was carried out as part of a larger longitudinal birth
cohort at AUBMC. It adhered to the principles of the Declaration of Helsinki, with
ethical approval obtained from the Institutional Review Board (IRB) of the American
University of Beirut (study number IMGEHF22). Written informed consent was
obtained from all participants following an explanation of the study objectives, risks,
and benefits.

Data collection took place between December 2019 and September 2021.
Initially, questionnaires were administered in person; however, due to COVID-19
restrictions, telephone interviews replaced face-to-face assessments starting April 2020,
in accordance with IRB guidelines. Face-to-face visits were reinstated in December

2020, and data collection concluded in September 2021.
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B. Study Population and Sampling
1. Study Population

The study population consisted women aged 18—49 years residing in Lebanon,
recruited from private and outpatient clinics at AUBMC. Eligible participants were

those attending routine pediatric visits for infants aged between 1 week and 18 months.

2. Sampling
Participants were recruited from private and outpatient clinics at AUBMC,

ensuring a diverse population sample.

3. Inclusion Criteria
Women aged >18 years, attending routine pediatric visits for their infants aged

between 1 week and 18 months at AUBMC.

4. Exclusion Criteria
Women with diabetes, history of gestational diabetes, twins/triplets, neonatal

anomalies, renal stones, recent cancer diagnosis (excluding basal cell carcinoma),
uncontrolled thyroid dysfunction, or pregnancy. These exclusion criteria were set to be
in conformity with the exclusion criteria of the parent cohort from which this ancillary

study originated (Chakhtoura et al 2016).

C. Data Sources and Plan Analysis

1. Primary Data Source
Data was collected across two visits spaced 2 weeks to 6 months apart.
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Visit 1: Demographic and socioeconomic characteristics, medical and
reproductive history, anthropometrics, physical activity (Arabic IPAQ-SF), and food
security (Arab Family Food Security Scale).

Visit 2: Dietary intake was assessed using both the validated FFQ and MMPS, in
addition to repeated physical activity and food security assessments. Concepts and

Measures.

2. Dietary Assessment Tools

a.FFQ
Assessed intake of food items over the past 3 months.

This Lebanese FFQ includes 157 food items reflecting the country’s traditional

and commonly consumed foods (APPENDIX ).

b.MMPS

Assessed meal patterns and micronutrient intake over the same recall period.

We adapted the MMPS from the PrimeScreen (PS), a validated dietary screener
originally designed to assess diet quality in relation to non-communicable diseases
(NCDs), including cardiovascular disease, cancer, and osteoporosis (Rifas et al 2001).
The PS, applied in the VIVA cohort, served as a rapid tool to evaluate maternal diet
quality by examining the frequency of intake of eighteen food categories such as fruits,
vegetables, dairy, whole grains, fish, red and processed meats, and fried foods (Rifas et
al 2001, Oken et al 2015). For the current study, an expert panel of three registered
dietitians modified the PS to better reflect foods commonly consumed in the
Mediterranean Lebanese context and to capture items linked to chronic disease,

metabolic syndrome, and cancer. To keep the tool concise, food items with similar
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caloric and macronutrient content were grouped together. Nutrients considered
“obesogenic,” such as energy, carbohydrates, added sugars, trans-fatty acids (TFA), and
unsaturated fats, were emphasized due to their relevance to obesity. The final MMPS
included 32 food and beverage items (vegetables; raw, cooked, and stuffed, fruits,
juices, dairy, cheeses, eggs, oils and seeds, butters and creams, grains, pastries, sweets,
fish, meats, poultry, processed meats, sugars and jams, diet drinks, sweeteners, and
alcohol) with four frequency options (rarely/never, monthly, weekly, daily)
(APPENDIX II). Food groups were classified to enable calculation of diet quality
scores, and portion sizes were expressed in simple household measures (cups, spoons,
thumbs, palms) rather than weights or volumes.

The MMPS was compared with a validated, culturally specific semi-quantitative
FFQ covering 157 Mediterranean and Western food items regularly consumed in
Lebanon (Papazian et al 2016). The FFQ, validated in both adults and pregnant women,
demonstrated good reproducibility and agreement with 24-hour dietary recalls
(Papazian et al 2016, Aoun et al 2019). It is used to assess usual dietary intake across
different age groups and health conditions by asking participants to report frequency of
consumption (daily, weekly, monthly) alongside standard portion sizes (Papazian et al
2016).

To determine the nutrient composition of foods, we used databases from the US
Department of Agriculture (USDA), Middle Eastern cuisine tables, and other locally
relevant sources (Pellet et al 1970, Batal et al 2015, Hoteit et al 2021, Hoteit et al 2021).
For the purposes of the present thesis, these nutrient values were reviewed and updated
prior to the analysis to ensure accuracy. Since food composition tables reported

nutrients per 100 g rather than in commonly used household portions, FFQ and MMPS
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items were weighed in the main kitchen at AUBMC to align portion sizes with those
used in the screeners.

After obtaining approval from the primary physician, the research assistant will
review the pediatric clinic schedule in EPIC to identify infants aged 1 week to 18
months attending routine visits. The physician or healthcare team will then be asked to
introduce the study to eligible families during the visit. If parents express interest, the
research assistant will provide detailed information about the study and obtain informed
consent during the same appointment. Subsquently, two trained research assistants,
supervised by licensed dietitians, administered both tools using Lebanese food models.
To ensure consistency, research assistants followed standardized written protocols for

estimating portion sizes of local dishes, minimizing variation in data collection.

¢.MDD-W
For the Minimum Dietary Diversity for Women (MDD-W), a food group is
considered “consumed” by women of reproductive age (WRA) if the intake is at least
15 g, which is roughly equivalent to one tablespoon for many foods (FAO 2021).. The
ten MDD-W food groups are: (1) grains, white roots, tubers, and plantains; (2) pulses;
(3) nuts and seeds; (4) dairy products; (5) meat, poultry, and fish; (6) eggs; (7) dark
green leafy vegetables; (8) other vitamin A-rich fruits and vegetables; (9) other

vegetables; and (10) other fruits (FAO 2021).

This MDD-W food group includes staple foods that primarily provide energy,
with some contributing micronutrients such as B vitamins, and dietary fiber when

consumed as whole grains. It is divided into two subgroups: (1) grain-based foods,
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which cover breads, flatbreads, pasta, noodles, and porridges made from cereals like
maize, millet, sorghum, or cassava; and (2) white roots, tubers, and plantains, including
potatoes, white-fleshed sweet potatoes, yams, yucca, and cooking bananas, which
function as main carbohydrate sources in the diet. Sweet ripe bananas are excluded and
classified under “Other Fruits,” while sweet baked goods and instant noodles are not
included in this category. This group represents the primary source of carbohydrates in
many diets and contributes to overall energy and some micronutrient intake (FAO

2021).

ii.  Pulses (Beans, Peas, and Lentils)

This group comprises members of the Fabaceae (legume) family, including
beans, peas, and lentils. Pulses are typically harvested at maturity, dried, and consumed
directly or processed into various foods. They are rich in protein and B vitamins, though
their protein is incomplete and requires combination with other foods for all essential
amino acids. Pulses are a key protein source in plant-based diets and in populations
where animal-source foods are less accessible. Most pulses are low in fat, except for
soybeans (FAO 2021).

Commonly consumed pulses include mature beans (e.g., black, kidney, pinto),
broad beans, chickpeas, pigeon peas, cowpeas, lentils, and soy-based products such as
tofu, tempeh, soymilk, soy cheese, hummus, and texturized vegetable protein. Sprouted
pulses and other processed legume products are also included.

This category excludes: Green or immature legumes eaten fresh, which are

classified under “Other Vegetables.”
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Peanuts (groundnuts), which, despite belonging to the Fabaceae family, are high
in fat and commonly consumed like tree nuts; they are therefore placed in the “Nuts and

Seeds” group.

iii.  Nuts and Seeds
This group primarily includes tree nuts, as well as peanuts and certain seeds
when consumed in sufficient amounts (>15 g). Nut and seed butters, such as peanut

butter, cashew butter, and tahini, are included only when consumed in substantial

quantities rather than as minor flavoring in mixed dishes (FAO 2021).

iv.  Milk and Milk Products
This group includes liquid and solid dairy products from cows, goats, buffalo,
sheep, or camels, which are significant sources of high-quality protein, calcium,
potassium, vitamin B12, and other micronutrients. Included items encompass fresh
whole, low-fat, and skim milk; reconstituted powdered or evaporated milk; UHT milk;

hard cheeses (e.g., cheddar, Swiss, parmesan); soft cheeses (e.g., ricotta, cottage,

mozzarella, paneer); as well as kefir and yoghurt/curd.

V. Meat, Poultry, and Fish
This MDD-W category includes all fresh, dried, and processed meats, organ
meats, poultry, wild game, seafood, and other edible reptiles and amphibians. These
foods are key sources of high-quality protein and bioavailable micronutrients,

particularly iron, zinc, and vitamin B12.

For survey purposes, the group can be subdivided into five categories:
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Organ Meats: Includes iron-rich red organs such as liver, heart, kidney, gizzard,
and blood products like blood sausage. Pale organ meats, such as tripe, are excluded
here and classified under white meats.

Red Flesh Meats: All mammalian meats, including beef, goat, lamb, pork,
rabbit, buffalo, deer, and wild or domesticated small mammals (e.g., cane rat, guinea
pig).

Processed Meats: Meats that are smoked, cured, or preserved with salt or
chemicals, such as salami, bacon, sausages, ham, bologna, paté, and pepperoni.

Poultry and Other White Meats: Includes domestic and wild birds (chicken,
duck, goose, turkey, pigeon, guinea fowl), pale organ meats, and reptiles or amphibians
like crocodile, frog, and snake.

Fish and Seafood: Encompasses fresh, frozen, dried, or canned fish from marine
and freshwater sources, shellfish (clams, mussels, oysters, scallops), crustaceans
(shrimp, lobster, crab), cephalopods (octopus, squid, cuttlefish), and other edible marine

animals (e.g., sea urchins, sea cucumbers) (FAO 2021).

vi.  Eggs
This MDD-W category includes eggs from all types of birds, whether
domesticated or wild. Eggs provide high-quality protein, vitamin B12, and a range of
bioavailable micronutrients. Common examples are chicken, duck, quail, and guinea

fowl eggs (FAO 2021).
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vii.  Dark Green Leafy Vegetables

This MDD-W group includes medium- to dark-green leafy vegetables, which are
generally rich in vitamin A, folate, and other micronutrients. Common examples include
romaine and bibb lettuce, Chinese cabbage, and the green leaves of crops such as
cassava, beans, and pumpkin. Both cultivated and wild or foraged leaves can be
included, assuming medium-to-dark green coloration indicates sufficient vitamin A

content. Pale green leaves, such as iceberg lettuce, are excluded from this category

(FAO 2021).

viii.  Other Vitamin A-Rich Fruits and Vegetables

This group includes fruits and a limited number of vegetables (excluding leafy
greens) that are high in vitamin A, and may also provide vitamin C, folate, and other
micronutrients. Fruits and vegetables are listed separately in the questionnaire for
clarity. Common vitamin A-rich fruits include ripe mango, ripe papaya, apricot, red
palm fruit, passion fruit, and certain types of melon. Deep yellow- or orange-fleshed
bananas can also be included if their vitamin A content is high and they can be
distinguished by color in the field (FAO 2021).

Vitamin A-rich vegetables in this group include orange-fleshed sweet potato,
carrot, pumpkin, and deep yellow- or orange-fleshed squash. Excluded from this group

are green or unripe mango and papaya, most bananas, and citrus fruits such as oranges,

as these are not considered rich sources of vitamin A (FAO 2021).
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ix.  Other Vegetables

This group includes vegetables that are not classified as dark green leafy
vegetables or other vitamin A-rich vegetables. Vegetables in this category contribute a
variety of bioactive compounds, such as phenolics, flavonoids, and dietary fiber, which
are associated with positive health outcomes beyond their micronutrient content.

The classification follows culinary definitions rather than botanical ones,
including stems, fruits, and flowers commonly eaten in savory dishes. Examples include
fresh legumes eaten in the pod (e.g., green peas, snow peas, green beans), cucumber,
tomato, and okra. High-carbohydrate starchy roots and tubers, such as white potatoes,
yams, and cassava, are excluded because their nutrient profile differs and they are

counted under starchy staples. The types of vegetables consumed may vary by region

and can include both cultivated and foraged species (FAO 2021).

X.  Other Fruits

This MDD-W group includes most fruits that are not classified as vitamin A-rich
(FAO 2021). Commonly recognized fruits are included, while items such as tomatoes
are excluded. Starchy fruits like plantains and cooking bananas are counted under
starchy staples, whereas sweet white bananas are classified as fruits.

The group encompasses both fresh and dried fruits and may include cultivated or
foraged varieties, which vary by region. Sweetened or processed fruit products are
excluded and should be classified under “Sweets” or “Sugar-sweetened beverages”
Additional Food Groups.

The following food groups are not included in the calculation of the MDD-W

indicator. However, they are recommended for inclusion in the questionnaire for
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descriptive purposes, reporting the percentage of surveyed women of reproductive age
(WRA) who consumed these items.

Unhealthy Food Groups — Related to Non-Communicable Disease (NCD) Risk
Highly processed, low-cost, nutrient-poor foods, such as crisps, chips, puffs, and sugar-
sweetened beverages, have become increasingly common worldwide. Diets high in
these products are associated with overweight and obesity and are major risk factors for
NCDs, including cardiovascular diseases, cancer, and diabetes. Consumption of these
foods should therefore be limited, as they oppose the health benefits promoted by the
ten MDD-W food groups.

Evidence also indicates that pre-existing conditions like type 2 diabetes,
hypertension, and obesity can increase the severity of complications from infections
such as COVID-19. Women, in particular, are more likely to experience overweight and
obesity than men, which has important implications for reproductive health. Excess
body weight is linked to increased risks during pregnancy, including gestational
diabetes, preeclampsia, operative delivery, fetal macrosomia, and neonatal morbidity.
While previously considered a problem primarily in high-income countries, overweight
and obesity are now a global epidemic, affecting many women in low- and middle-

income countries.

3. Physical Activity: Assessed Using the IPAQ Short Form
Physical activity during pregnancy was measured using the International

Physical Activity Questionnaire (IPAQ), which is the WHO-recommended tool for
monitoring physical activity (Lee et al 2011). Although the Arabic version of the IPAQ

long form has been validated (Helou et al 2017), this study will employ the short form,
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which has undergone translation and back-translation. An Arabic version of the PPAQ

was also accessible for use (APPENDIX VI).

4. Food Security
Food security status was assessed using the Arab Family Food Security Scale

(AF-FSS) (APPENDIX III). This validated tool was specifically developed and adapted
for use in Arabic-speaking populations to capture culturally relevant indicators of food
access and sufficiency. The scale consists of a series of questions addressing household
experiences of food insecurity, such as worry about food availability, reduced food
quality, and instances of insufficient food intake. Responses were scored according to
standard guidelines, allowing classification of households into categories ranging from
food secure to severely food insecure. The use of this scale ensured comparability with
other studies conducted in the Middle East and provided a reliable assessment of the
impact of socioeconomic circumstances, including the economic crisis, on household

food security.

5. Anthropometric Measures
Anthropometric data were collected following standardized procedures.

Participants’ weight was measured using a calibrated digital scale, while height was
measured with a stadiometer. Both measures were taken with participants wearing light
clothing and no shoes. Body Mass Index (BMI) was then calculated as weight in
kilograms divided by the square of height in meters (kg/m?). Classification of BMI
followed World Health Organization (WHO, 2000) guidelines: normal weight (18.5—
24.9 kg/m?), overweight (25.0-29.9 kg/m?), and obesity (>30.0 kg/m?). These categories

allowed for consistent comparison with global benchmarks and facilitated examination
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of the relationship between dietary diversity, micronutrient adequacy, and nutritional

status in this population.

D. Data Analysis

1. Descriptive Statistics
The analysis will begin with descriptive statistics of the study population.

Normality assessment: The distribution of continuous variables will be examined using
Q-Q plots, histograms, and Shapiro—Wilk tests.

Summarization of variables: Continuous variables will be reported as mean =+
standard deviation (SD) if normally distributed, or as median and interquartile range
(IQR) if non-normally distributed. Categorical variables will be summarized using
frequencies and percentages.

Comparison of interview modes: Since data collection occurred through both
face-to-face and phone interviews, differences between these two modalities will be
tested using independent samples t-tests for continuous variables and chi-square tests
for categorical variables. This will allow assessment of whether the mode of

administration influenced responses.

2. Calculations
a. Nutrient Intake

For each participant, daily nutrient intakes obtained from the FFQ and MMPS
across the two visits will be averaged. Intakes will then be energy-adjusted using the

residual method to control for variations in total energy intake.
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b. MDD-W Calculation

Foods reported in the FFQ and MMPS will be mapped to the 10 standard MDD-
W food groups, following FAO (2016) guidelines (mapping detailed below). For each
woman, a Dietary Diversity Score (WDDS-10) ranging from 0—10 will be calculated by
assigning one point for each food group from which at least one item is consumed
(intake >15 g). Women consuming foods from five or more groups will be classified as
achieving minimum dietary diversity (MDD-W >5), while those consuming fewer than
five groups will be classified as not achieving it (MDD-W <5). A binary variable will
be created accordingly (yes/no), and the proportion of women meeting the cut-off will
be reported.

At the population level, the MDD-W indicator represents the proportion of
WRA who consumed foods or beverages from at least five of the ten food groups on the
previous day. The numerator includes all WRA meeting or exceeding the five-group
threshold, and the denominator is the total number of WRA surveyed. This percentage

serves as a proxy measure for the overall diet quality in the population.

c¢. Indicator formula

[Percentage of WRA meeting MDD-W] = [Number of WRA consuming >5 food
groups]/[Total number of WRA surveyed]* 100

Mapping of FFQ Food Items to MDD-W Categories: FFQ data, which included
individual food items with reported consumption frequencies, were directly mapped to
the corresponding MDD-W food groups. Since the FFQ contains detailed items (e.g.,

carrots, tomatoes, apples), the classification process was straightforward, and each item
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was assigned to the MDD-W category it best fit according to nutrient content and
standard MDD-W definitions (APPENDIX V).

Mapping of MMPS Food Groups to MDD-W Categories: Mapping MMPS data
required additional considerations because MMPS reports broader food groups rather
than individual foods. To ensure accurate classification, an expert review was
conducted, supported by consumption frequency data from the FFQ. Several challenges
were addressed during this process:

Starchy Vegetables: The MMPS category “Starchy Vegetables” includes
potatoes, corn, beet, and green peas. These items could belong either to the MDD-W
“Grains, White Roots, Tubers, and Plantains” category (e.g., potatoes, corn) or the
“Pulses” category (e.g., green peas). Based on FFQ consumption frequencies (potatoes:
0.17 cups/day; corn: 0.12 cups/day; green peas: 0.15 cups/day), the starchy vegetables
were classified under “Grains, White Roots, Tubers, and Plantains” for the MDD-W
score (APPENDIX V).

Other Vegetables: The MMPS “Other Vegetables” group contains both Vitamin
A-rich vegetables (carrots, okra, artichokes) and non-rich vegetables (e.g., tomatoes).
Considering FFQ consumption data (tomatoes: 0.81 cups/day; carrots: 0.17 cups/day;
okra, artichokes, green beans: 0.12 cups/day each), the overall intake was higher for
non—Vitamin A-rich vegetables. Consequently, the group was mapped to the “Other
Vegetables” category in the MDD-W score (APPENDIX V).

Other Fruits: The MMPS “Other Fruits” group includes both Vitamin A-rich
fruits (watermelon, melon, apricots) and fruits with lower Vitamin A content (bananas,
apples, pears). Since low Vitamin A fruits were consumed more frequently according to

the FFQ (0.802 cups/day vs. 0.1835 cups/day for high Vitamin A fruits). The final
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classification was based on expert judgment considering both nutrient content and
consumption data, ensuring accurate mapping for the MDD-W score. The other Fruits
were classified under “Other Fruits” for the MDD-W score (APPENDIX V).

Expert consultation was essential for the MMPS mapping due to the presence of
mixed food groups. The combined approach of expert opinion and FFQ consumption
data allowed for a consistent and justifiable assignment of food groups to the MDD-W

categories.

d. Micronutrient Adequacy

To estimate the nutrient adequacy of the diet, we will calculate the nutrient
adequacy ratio (NAR) for 12 micronutrients assessed. The NAR value for a given
nutrient will be the ratio of a respondent’s current intake of the nutrient to the Estimated
Average Requirement (EAR) for the corresponding age category (DRIs 2019). A NAR
of 1 will indicate a value that is 100% of the EAR, meaning that the intake equals the
requirement. EAR values will be used as they are recommended as the standard
parameters to estimate the prevalence of inadequate nutrient intake within a group (IOM
2003). The mean adequacy ratio (MAR) will be calculated as the sum of all NARs
divided by the number of nutrients assessed (n = 12). NARs will be truncated at 1 so
that a nutrient with a high NAR cannot compensate for a nutrient with a low NAR. An
adequacy ratio of 0.6 will be used as a cut-off point for nutrient adequacy to ensure
comparability with previous multi-country analyses. MARs will be compared by age
group, country, socioeconomic status (SES), nutritional status, and dietary diversity

accomplishment (Gomez et al 2020).
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3. Statistical Analysis
Agreement of MDD-W scores: To evaluate how closely MMPS aligns with the

reference FFQ in assessing MDD-W, agreement will be measured using weighted
Kappa statistics. Interpretation of Kappa values will follow established benchmarks: <0
indicates no agreement, 0.01-0.20 slight, 0.21-0.40 fair, 0.41-0.60 moderate, 0.61-0.80
substantial, and 0.81-1.00 almost perfect agreement.

Agreement in micronutrient intake: To assess the agreement of the mean values
of micronutrients intake between PS and FFQ, we will calculate Pearson correlation
coefficients and their 95% confidence intervals (CI). A Pearson correlation above 0.4
will be considered to represent adequate validity. We will generate Bland—Altman plots
to evaluate the extent of agreement across the range of micronutrient intakes between
MMPS and FFQ. Differences between the two methods will be plotted against the
average of the two measures, and the limits of agreement (LOA) (mean difference + 2
SD) will be used to reflect the extent of discrepancies between the two methods. To
generate correction factors for the calculation of corrected intakes in future studies
utilizing MMPS, we will run a linear regression model where energy-adjusted FFQ
measurements will be considered the reference against the corresponding MMPS
energy-adjusted values, and the relevant slopes and intercepts will be generated

(APPENDIX IV).

Reproducibility of MDD-W scores from MMPS and FFQ: The reproducibility
of MDD-W scores across visits will be assessed using intraclass correlation coefficients
(ICCs). ICC values <0.50 will indicate poor reproducibility, 0.50-0.75 moderate, 0.75—

0.90 good, and >0.90 excellent reproducibility (APPENDIX 1V).
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Reproducibility of micronutrient intakes from MMPS and FFQ: The reproducibility of
estimated micronutrient intakes across the two time points will also be assessed using
ICCs, interpreted using the same cut-offs as above.

Interval between visits: The duration between Visit 1 and Visit 2 will be
calculated for each participant in days. Dietary intake changes across predefined
intervals (e.g., within the first 6 months, between 6—12 months, etc.) will be compared

to assess consistency or potential dietary transitions over time.

4. Exploratory Analysis
a. (Impact of the Economic Crisis)

Given that the study spanned December 2019 to September 2021, overlapping
with the Lebanese economic crisis, dietary data will be stratified into two-month
intervals. MDD-W scores and MAR values will be compared across these intervals to

identify potential shifts in dietary diversity and adequacy linked to the crisis.

b. Associations with Maternal and Neonatal Outcomes

To explore the relationship between maternal diet quality and health outcomes,
linear regression models will be used. Specifically, associations will be examined
between MAR and maternal BMI, as well as neonatal weight and length percentiles.
Where appropriate, multivariable regression models will be fitted adjusting for potential

confounders (e.g., maternal age, parity, socioeconomic status).

c. Ethical Considerations and Confidentiality

The original study was approved by the Institutional Review Board at AUB

(Protocol IMGEHF22). Written informed consent was obtained from participants prior
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to enrollment. For this secondary analysis, all data are anonymized, and confidentiality
is maintained.
Confidentiality. For secondary analysis, all participant data are anonymized to

maintain confidentiality.

E. Challenges and Limitations

1. Data Limitations
Limitations of the secondary data, such as missing values, recall bias from the

FFQ, or lack of control over the original data collection process, will be discussed.

2. Challenges with Mixed Dishes
Due to the complexity of assessing nutrient intake from mixed dishes,

alternative data sources may be explored to impute missing values, and references for

imputed values will be provided.
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CHAPTER III
RESULTS

A. Data Integrity and Preliminary Analysis
1. Normality Assessment

Normality testing revealed that several dietary intake variables did not follow a
normal distribution. For raw intake data, non-normality was observed in iron (Visit 1
FFQ); fiber, potassium, iron, thiamine, niacin, vitamin A, folate, and trans fatty acids
(Visit 1 MMPS); and energy, carbohydrates, sugar, folate, and saturated fatty acids
(Visit 2 FFQ).

Attempts to normalize the data through energy adjustment and log
transformation yielded mixed results. While some variables remained non-parametric
after adjustment most notably Vitamin D (FFQ) and Niacin (MMPS) log transformation
successfully normalized several Visit 2 variables, including carbohydrates, zinc, and
cholesterol. Consequently, non-parametric tests or median reporting were employed for

the following specific variables (APPENDIX VII).

2. Data Collection Modality Validation
No statistically significant differences were found between the two groups for
key maternal and neonatal basweline characteristics (all p > 0.05), indicating that the
mode of administration did not influence participant responses. Consequently, the data
were pooled for subsequent analyses.
Descriptive characteristics of the cohort are presented in Table 1. Continuous
variables followed a normal distribution and are reported as mean + SD, whereas non-

parametric distribution are reported as median (IQR).
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Table 1. Baseline Characteristics of Subjects by Interview Setting

Maternal Characteristics
Maternal age (years),
mean + SD *

Maternal BMI (kg/m?),
mean = SD

Parity, n (%)
Primiparous
Multiparous

Gravida

Primigravida
Multigravida

Current Marital Status, n
(%0)

Married

Divorced

Education, n (%)
University

Secondary
Intermediate
Elementary

Work Status, n (%)
Full Time

Part Time
Unemployed

Medical History, n (%)
Food security, n (%)
Secure

Moderately insecure
Severely insecure
Physical Activity level,
n (%)

Sedentary/No activity
Low

Moderate

High

Infant Characteristics
Infant age (years), mean
+ SD

Neonatal (<28 days)
Infant (28 days-<1 yr)
Toddler (1-3 yrs)
Weight percentile
(WHO)

Overall Subjects

(N=143)
31.5+4.6

242 +£4.0

63 (44)
80 (56)

49 (34)
94 (66)

142 (99)
1(0.7)

124 (87)
8 (5.6)
9 (6.3)
2 (1.4)

62 (43)
10 (7)

71 (50)
31 (22)

90 (91)
7(7.1)
2(2)

38 (38)
39 (39)
19 (19)
3(3)

0.72 £0.44

2 (1.4%)

97 (68.3%)
43 (30.3%)
72.9 +29.4
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Interview

Over the phone

(N=48)
332+4.71*

23.5+£3.1

22 (46)
26 (54)

14 (29)
34 (71)

48 (100)
0(0)

46 (96)
12.1)
12.1)
0 (0)

24 (50)
3(6.3)
21 (44)
10 (21)

46 (95.8)
2 (4.2)
0 (0)

20 (42)
16 (33)
10 (21)
2 (4.2)

0.80+0.44

1 (1.1%)

66 (70.2%)
27 (28.7%)
74.7 +28.5

Interview
Face to face

(N=95)
30.7 +4.4

245+44

41 (43)
54 (57)

35 (37)
60 (63)

94 (99)
1(1.1)

78 (82)
7(7.4)
8 (8.4)
2(2.1)

38 (40)
7(7.4)
50 (53)
21 (22)

44 (86)
5(9.8)
2 (3.9)

18 (35)
23 (45)
9 (18)
1(2)

0.67+0.43

1 (2.1%)

31 (64.6%)
16 (33.3%)
69.5+31.1



Height Percentile 77+254 80.6 £23 70.1 +28.7
(WHO)
B. Participant Characteristics
1. Sociodemographic Profile

The baseline sociodemographic and clinical characteristics of the 143
participants are summarized in Table 1, stratified by the interview setting (Over the
phone, n=48; Face-to-face, n=95). The mean maternal age for the total sample was
31.5+ 4.6 years, with mothers in the phone interview group being significantly older
(33.2+£4.7 years) compared to those in the face-to-face group (30.7 + 4.4 years; p <
0.05). The average maternal BMI was 24.2 + 4.0 kg/m?. The mean child age was 0.72 +
0.44 years. Age distribution showed that 1.4% were neonates (<28 days), 68.3% were
infants (28 days—1 year), and 30.3% were aged 1-3 years. No significant differences
were observed between the two settings for these variables.

In terms of parity and obstetric history, 56% of the participants were multiparous
and 66% were multigravida, showing a consistent distribution across both interview
groups. The cohort was characterized by high educational attainment, with 87% (n =
124) of mothers holding a university degree. Employment status was nearly evenly
distributed, with half of the participants engaged in full- or part-time work and the
remaining 50% unemployed.

2. Food Security and Lifestyle

The majority of the sample reported high levels of food security (91%) and

identified as married (99%). Lifestyle data revealed a predominantly low-activity

population, as 77% of participants reported either sedentary or low physical activity
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levels. Medical history was similar across groups, with 22% of the total subjects

reporting a pre-existing medical condition (Table 1).

C. Comparative Analysis of Daily Nutrient Intakes (Visit 1 vs. Visit 2)
1. Validity and Stability at Baseline (Visit 1)
The comparison of mean daily nutrient intakes and the subsequent correlation
analysis between FFQ1 and MMPSI1 are summarized in Table 2. Overall, the dietary
assessment tools demonstrated robust agreement across most energy and nutrient

categories.

a. Energy and Macronutrient Validity

The mean energy intake was comparable between instruments, recorded at
2381.8 + 958.2 kcal/day via FFQI1 and 2255.5 + 929.7 kcal/day via MMPSI1. Strong
unadjusted Pearson correlations were observed for total energy (r = 0.815), protein (r =
0.785), and carbohydrates (r = 0.784). While energy adjustment slightly attenuated these
values, all macronutrient correlations remained well above the 0.40 threshold for

adequate validity.

b. Lipid Profile and Fatty Acid Agreement

Unadjusted correlations for fatty acids were generally strong, particularly for
SFA (r=0.759) and MUFA (r = 0.766). Cholesterol showed the highest overall
agreement in this category (r = 0.861). However, energy adjustment significantly
lowered the correlations for PUFA (r = 0.323) and TFA (r = 0.226), falling below the

predefined validity threshold in the Pearson model.
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c. Stability of Vitamin and Mineral Estimation

The assessment of minerals showed substantial agreement, with all unadjusted
Pearson coefficients exceeding 0.70, including Sodium (r = 0.810) and Calcium (r =
0.799). Similarly, most vitamins demonstrated adequate validity. Notably, Vitamin D, a
primary nutrient of concern, showed a strong unadjusted correlation of 0.717 [95% CI:
0.585, 0.814], which remained robust after energy adjustment (r = 0.627).

Consistent with the Pearson results, the Spearman rank correlations confirmed
these findings, with most nutrients showing coefficients higher than 0.50. Niacin (B3)
exhibited the lowest unadjusted Pearson correlation among vitamins (r = 0.413), which
dropped to 0.132 after energy adjustment, suggesting higher variability in the estimation

of this specific nutrient between the two assessment tools.
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Table 2. Correlation and Agreement Analysis of Daily Nutrient Intake Between FFQ and MMPS at Visitl

Energy &
Macronutrients
Energy
(Kcal/day)

Protein (g/day)

Total Fat

(g/day)
Carbohydrates

(g/day)
Fiber (g/day)

Total Sugar

(g/day)
Fatty Acids &

Cholesterol
SFA (g/day)

MUFA (g/day)
PUFA (g/day)
TFA (g/day)

Cholesterol
(mg/d)

FFQI

(N=143)
Mean = SD

2381.8 £
958.2
839+
344
113.7 +
51.9
2642 +
110.9
277+
13.4
88.3 £
46.7

347+
17.5
27.6 £
12.9
113+
5.2
1.9+£1.2
2341 £
119.6

MMPS1
(N=143)

2255.5+929.7
80.5+31.4
108.2 +49.4
246.0 £ 108.8
27.7+12.3

93.2+41.6

33.7+17.3
37.3+18.3
17.7 £ 8.6

25+14
253.1+128.5

Pearson correlation

Unadjusted

0.815[0.719, 0.880]
0.785 [0.636, 0.885]
0.767 [0.609, 0.872]
0.784 [0.704, 0.853]
0.649 [0.492, 0.784]

0.748 [0.631, 0.838]

0.759 [0.648, 0.851]
0.766 [0.651, 0.851]
0.675 [0.559, 0.764]

0.585 [0.352, 0.755]
0.861 [0.804, 0.909]
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Energy adjusted

0.739 [0.649, 0.813]
0.596 [0.455, .707]

0.616 [0.496, 0.708]
0.557 [0.427, 0.674]

0.608 [0.488, 0.724]

0.450 [0.286, 0.583]
0.636 [0.497, 0.750]
0.323 [0.159, 0.469]

0.226 [0.053, 0.387]
0.736 [0.646, 0.809]

Spearman correlation

Unadjusted

0.778 [0.680, 0.858]
0.789 [0.682, 0.865]
0.750 [0.637, 0.841]
0.784 [0.685, 0.847]
0.686 [0.575, 0.777]

0.790 [0.702, 0.858]

0.736 [0.616, 0.838]
0.742 [0.645, 0.817]
0.643 [0.516, 0.742]

0.512 [0.369, 0.660]
0.827 [0.743, 0.887]

Energy adjusted

0.743 [0.658, 0.807]
0.542 [0.407, 0.661]
0.609 [0.499, 0.710]
0.542 [0.389, 0.652]

0.624 [0.492, 0.747]

0.413 [0.264, 0.556]
0.584 [0.450, 0.697]
0.297 [0.126, 0.435]

0.297 [0.141, 0.456]
0.739 [0.620, 0.823]



Minerals
Sodium
(mg/d)
Calcium
(mg/d)
Phosphorus
(mg/d)
Potassium
(mg/d)

Iron (mg/d)

Zinc (mg/d)

Vitamins
Vitamin A
(IU/day)
Vitamin C
(mg/d)
Vitamin D
(IU/day)
Folate
(mcg/day)
Thiamine
(mg/d)
Riboflavin
(mg/d)
Niacin (mg/d)

3327.7+
1322.4
969.3 +
452.1
927.7 £
369.0
2621.0 £
1025.6
14.7 £
7.2

10.5 £
4.1

860.6 +
384.5
1313+
63.2
69.4 +
63.9
3442 +
169.6
1.2+£0.5

1.5+0.6

154 +
6.4

2704.8 + 1208.2

945.5+411.1

1442.3 £ 567.9

2871.4 £ 1094.7

143+6.2

13.5+5.4

820.4 +358.0

109.8 + 57.7

97.5+64.5

403.8 £213.6

1.3+£0.6

1.9+0.7

21.9+13.8

0.810 [0.731, 0.867]
0.799 [0.703, 0.865]
0.744 [0.658, 0.816]
0.718 [0.641, 0.793]
0.562 [0.353, 0.764]

0.716 [0.619, 0.788]

0.517 [0.381, 0.635]
0.573 [0.447, 0.683]
0.717 [0.585, 0.814]
0.658 [0.519, 0.758]
0.616 [0.502, 0.714]
0.684 [0.560, 0.782]

0.413 [0.250, 0.625]
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0.495 [0.352, 0.608]
0.617 [0.504, 0.719]
0.511 [0.351, 0.640]
0.557 [0.410, 0.681]
0.533 [0.382, 0.690]

0.521 [0.325, 0.676]

0.322 [0.165, 0.487]
0.489 [0.365, 0.593]
0.627 [0.485, 0.759]
0.567 [0.455, 0.671]
0.396 [0.255, 0.511]
0.383 [0.237, 0.533]

0.132 [-0.066, 0.344]

0.765 [0.676, 0.831]
0.767 [0.674, 0.845]
0.722 [0.608, 0.802]
0.758 [0.671, 0.827]
0.708 [0.587, 0.799]

0.690 [0.574, 0.780]

0.555 [0.410, 0.659]
0.611[0.485, 0.701]
0.666 [0.555, 0.762]
0.647 [0.533, 0.750]
0.598 [0.481, 0.711]
0.693 [0.566, 0.776]

0.588 [0.449, 0.703]

0.493 [0.329, 0.612]
0.639 [0.501, 0.748]
0.489 [0.352, 0.613]
0.558 [0.416, 0.672]
0.583 [0.447, 0.702]

0.522 [0.364, 0.646]

0.361 [0.196, 0.499]
0.577 [0.457, 0.693]
0.563 [0.417, 0.688]
0.543 [0.413, 0.654]
0.349 [0.199, 0.494]
0.380 [0.211, 0.524]

0.204 [0.004, 0.382]



Table 3. Correlation and Agreement Analysis of Daily Nutrient Intake Between FFQ and MMPS at Visit2

Energy &
Macronutrients
Energy
(Kcal/day)

Protein (g/day)

Total Fat (g/day)

Carbohydrates

(g/day)
Fiber (g/day)

Total Sugar

(g/day)
Fatty Acids &

Cholesterol
SFA (g/day)
MUFA (g/day)
PUFA (g/day)
TFA (g/day)

Cholesterol
(mg/d)
Minerals
Sodium (mg/d)

Calcium (mg/d)

Phosphorus
(mg/d)

FFQ2
(N=143)
Mean = SD

2117.5+
817.5

74.7 +£28.5
101.5+
42.0
233.1+
99.9
243+104
77.1+48.4

299+15.2
269+ 12.0
10.4+4.7
1.7+ 0.9

2153+
114.1

2085.6 +
1096.0
844.3 +
359.8
818.8 £
321.2

MMPS2
(N=143)

2037.0 £ 733.7

73.9+27.3
96.8+37.0

222.5+91.2

249+9.5
83.4+374

293+ 13.1
340+ 14.1
159+6.7
21+£1.0
233.3+£113.9

2471.5+987.4
830.2 +350.1

1286.4 +482.3

Pearson correlation

Unadjusted

0.841 [0.780, 0.888]

0.827 [0.745, 0.886]
0.818 [0.743, 0.874]

0.803 [0.722, 0.877]

0.727 [0.588, 0.814]
0.667 [0.561, 0.769]

0.724 [0.625, 0.803]
0.819 [0.730, 0.886]
0.704 [0.594, 0.788]
0.575 [0.416, 0.691]
0.880 [0.802, 0.930]

0.790 [0.698, 0.863]
0.774 [0.680, 0.847]

0.774 [0.697, 0.841]
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Energy adjusted

0.773 [0.703, 0.832]
0.658 [0.513, 0.753]

0.747 [0.630, 0.840]

0.476 [0.301, 0.630]
0.636 [0.492, 0.745]

0.546 [0.343, 0.698]
0.735 [0.641, 0.821]
0.303 [0.157, 0.447]
0.188 [-0.019, 0.407]
0.851 [0.786, 0.902]

0.563 [0.410, 0.697]
0.629 [0.507, 0.731]

0.542 [0.418, 0.665]

Spearman correlation

Unadjusted

0.818 [0.742, 0.878]

0.806 [0.717, 0.872]
0.810 [0.728, 0.871]

0.787 [0.705, 0.849]

0.624 [0.478, 0.732]
0.790 [0.707, 0.850]

0.754 [0.663, 0.841]
0.814[0.716, 0.878]
0.669 [0.541, 0.770]
0.554 [0.405, 0.670]
0.881 [0.834, 0.917]

0.762 [0.653, 0.836]
0.793 [0.701, 0.862]

0.772 10.675, 0.839]

Energy adjusted

0.767 [0.674, 0.827]
0.634[0.516, 0.729]

0.676 [0.554, 0.774]

0.452 [0.314, 0.580]
0.615 [0.487, 0.727]

0.505 [0.351, 0.653]
0.728 [0.634, 0.803]
0.300 [0.132, 0.447]
0.264 [0.107, 0.420]
0.836 [0.757, 0.879]

0.596 [0.476, 0.703]
0.600 [0.459, 0.719]

0.563 [0.433, 0.681]



Potassium
(mg/d)

Iron (mg/d)
Zinc (mg/d)

Vitamins
Vitamin A
(IU/day)
Vitamin C
(mg/d)
Vitamin D
(IU/day)
Folate
(mcg/day)
Thiamine
(mg/d)
Riboflavin
(mg/d)

Niacin (mg/d)

2375.1
920.4
13.3£5.8

93+38

806.9 £
382.0
121.8 £
58.8
60.9+49.9

3122+
156.0
1.1£0.5
1.3+£0.5

142+5.5

2611.4+871.0

129+4.6
12.4+4.8

734.4 +£284.8

99.4 +46.1

89.0 +£57.3

367.4 + 148.6

1.2+0.5

1.7+0.7

20.0+10.5

0.767 [0.654, 0.846]

0.698 [0.594, 0.784]
0.775 [0.680, 0.846]

0.610 [0.472, 0.712]
0.512 [0.360, 0.652]
0.710 [0.589, 0.813]
0.706 [0.544, 0.806]
0.528 [0.355, 0.657]
0.757 [0.644, 0.839]

0.544 [0.411, 0.659]

0.519 [0.371, 0.659]

0.527 [0.393, 0.636]
0.682 [0.555, 0.764]

0.428 [0.292, 0.534]
0.381[0.249, 0.521]
0.738 [0.602, 0.836]
0.474 [0.299, 0.622]
0.163 [-0.008, 0.334]
0.490 [0.336, 0.632]

0.269 [0.089, 0.475]

0.694 [0.573, 0.787]

0.632 [0.486, 0.739]
0.727 [0.603, 0.713]

0.638 [0.515, 0.727]
0.522 [0.381, 0.655]
0.658 [0.535, 0.753]
0.607 [0.474, 0.717]
0.507 [0.356, 0.640]
0.744 [0.641, 0.821]

0.591 [0.441, 0.707]

Table 4 Correlation and Agreement Analysis of Mean Daily Nutrient Intake Between FFQ and MMPS

Energy &

Macronutrient

S

Energy
(Kcal/day)
Protein

(g/day)

FFQ Mean

(N=143)
Mean + SD

2249.7 £
773.3
79.3+27.0

MMPS Mean
(N=143)

2146.3 +
722.8
77.2+254

Pearson correlation

Unadjusted

0.863 [0.816, 901]

0.862 [0.781,
0.916]
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Energy adjusted

0.796 [0.734, 0.844]

Spearman correlation

Unadjusted

0.822 [0.728,
0.882]
0.862 [0.792,
0.907]

0.484 [0.328, 0.603]

0.507[0.377, 0.621]
0.629 [0.499, 0.748]

0.459 [0.304, 0.594]
0.468 [0.328, 0.597]
0.646 [0.514, 0.747]
0.427 [0.284, 0.576]
0.168 [0.007, 0.322]
0.514 [0.387, 0.631]

0.324 [0.156, 0.455]

Energy adjusted

0.799 [0.734,
0.853]



Total Fat
(g/day)

Carbohydrates

(g/day)
Fiber (g/day)

Total Sugar
(g/day)

Fatty Acids &

Cholesterol
SFA (g/day)

MUFA
(g/day)

PUFA (g/day)

TFA (g/day)

Cholesterol
(mg/d)
Minerals
Sodium
(mg/d)
Calcium
(mg/d)
Phosphorus
(mg/d)
Potassium
(mg/d)

107.6 £39.8

248.7+92.7

26.0+10.3

82.7+£41.0

323+ 13.8

27.3+10.7

109+4.4

1.8+£0.9

224.7+£104.2

3156.7 £
1039.5
906.8 £347.1

873.2+£299.3

2498.0 £
852.9

102.5+37.4

234.2 £ 86.9

26.3+£9.5

85.8 £37.3

31.5+13.4

35.6£13.6

16.8+ 6.6

23+1.0

243.2+£107.9

2588.2 +
952.6
887.8+321.4

1107.1 +
368.6
2741.4 +
854.6

0.847 [0.767,
0.897]
0.822 [0.758,
0.879]
0.759 [0.617,
0.862]
0.896 [0.851,
0.942]

0.819 [0.747,
0.874]
0.833 [0.767,
0.887]
0.727 [0.635,
0.810]
0.649 [0.497,
0.758]
0.909 [0.868,
0.937]

0.832 [0.767,
0.876]

0.844 [0.30, 0.774]

0.913 [0.883,
0.940]
0.797 [0.725,
0.858]

0.690 [0.587, 0.770]
0.735 [0.659, 0.800]
0.609 [0.457, 0.729]

0.795[0.715, 0.861]

0.575 [0.440, 0.696]
0.722 [0.600, 0.811]
0.316 [0.169, 0.460]
0.307 [0.142, 0.438]

0.828 [0.754, 0.886]

0.520 [0.388, 0.635]
0.660 [0.560, 0.747]
0.678 [0.532, 0.782]

0.581 [0.400, 0.711]

0.810 [0.724,
0.870]
0.808 [0.703,
0.873]
0.715 [0.611,
0.800]
0.930 [0.893,
0.955]

0.784 [0.684,
0.854]
0.791 [0.705,
0.861]
0.690 [0.581,
0.785]
0.581 [0.455,
0.695]
0.880 [0.821,
0.919]

0.812 [0.742,
0.864]
0.809 [0.728,
0.865]
0.920 [0.886,
0.941]
0.763 [0.662,
0.837]

0.662 [0.553,
0.754]
0.716 [0.622,
0.793]
0.558 [0.417,
0.669]
0.784[0.701,
0.847]

0.518 [0.374,
0.641]
0.670 [0.545,
0.766]
0.298 [0.145,
0.458]
0.342 [0.180,
0.482]
0.825 [0.735,
0.882]

0.574 [0.445,
0.680]
0.662 [0.557,
0.755]
0.621 [0.470,
0.740]
0.557 [0.407,
0.684]



Iron (mg/d)
Zinc (mg/d)

Vitamins
Vitamin A
(IU/day)
Vitamin C
(mg/d)
Vitamin D
(IU/day)
Folate
(mcg/day)
Thiamine
(mg/d)
Riboflavin
(mg/d)

Niacin (mg/d)

14.0£5.5

99+34

833.8£311.8

126.6 £50.7

65.1 £46.7

3282 +137.9

1.1+0.4

14+£0.5

14.8+5.2

13.6 4.7

13.0+43

777.4+279.0

104.6 £45.4

79.1 £48.7

385.6 £ 158.0

1.3+04

1.8+0.6

21.0+10.6

0.702 [0.531,
0.834]
0.788 [0.709,
0.853]

0.653 [0.538,
0.740]
0.614 [0.505,
0.710]
0.637 [0.481,
0.752]
0.755 [0.637,
0.838]
0.637 [0.555,
0.722]
0.753 [0.665,
0.825]
0.518 [0.380,
0.680]
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0.602 [0.473, 0.726]

0.581 [0.475, 0.683]

0.439 [0.322, 0.574]
0.487 [0.371, 0.603]
0.572 [0.424, 0.696]
0.598 [0.458, 0.711]
0.286 [0.126, 0.421]
0.426 [0.283, 0.578]

0.231 [-0.011,
0.454]

0.751 [0.646,
0.830]
0.769 [0.677,
0.841]

0.632 [0.508,
0.730]
0.6140.511,
0.712]
0.548 [0.403,
0.671]
0.684 [0.564,
0.782]
0.596 [0.457,
0.706]
0.754 [0.651,
0.827]
0.656 [0.515,
0.764]

0.592 [0.472,
0.701]
0.568 [0.435,
0.687]

0.496 [0.366,
0.623]
0.530 [0.375,
0.656]
0.483 [0.337,
0.624]
0.565 [0.422,
0.678]
0.236 [0.081,
0.384]
0.491 [0.348,
0.622]
0.275 [0.100,
0.458]



2. Validity and Stability (Visit 2)
The comparative analysis of nutrient intakes at the second study visit (Visit 2)
continues to demonstrate high validity for the majority of the nutrients assessed (Table
3).

a. Energy and Macronutrient Validity

The mean energy intake at Visit 2 was 2117.5 + 817.5 kcal/day (FFQ2) and
2037.0 + 733.7 kcal/day (MMPS2). Strong unadjusted Pearson correlations were
maintained for total energy (r = 0.841), protein (r = 0.827), and carbohydrates (r =
0.803). Notably, even after energy adjustment, carbohydrates (r = 0.747) and protein (r
= (0.773) showed higher stability compared to the first visit, remaining well above the

0.40 adequacy threshold.

b. Lipid Profile and Fatty Acid Agreement

Cholesterol exhibited exceptional agreement at this interval, with an unadjusted
Pearson correlation of 0.880 and an energy-adjusted coefficient of 0.851. While MUFA
showed strong unadjusted agreement (r = 0.819), PUFA (r = 0.303) and TFA (r =0.188)
unadjusted values fell below the predefined validity threshold upon energy adjustment,

echoing the trends observed in Visit 1.

c. Stability of Vitamin and Mineral Estimation

The assessment of minerals remained highly reliable at Visit 2. Sodium (r =
0.790), Calcium (r = 0.774), Phosphorus (r = 0.774), and Zinc (r = 0.775) all
demonstrated strong unadjusted validity. Upon energy adjustment, Zinc showed a

particularly robust correlation (r = 0.682).

70



Regarding vitamin intake, Vitamin D demonstrated remarkable consistency. The
unadjusted Pearson correlation was 0.710, which actually increased to 0.738 following
energy adjustment, confirming its status as a reliably measured nutrient in this study
population. Vitamin A and Riboflavin (B2) also maintained adequate validity after
adjustment (r = 0.428 and r = 0.490, respectively). Conversely, Thiamine and Niacin
exhibited weaker agreement after energy adjustment (r =0.163 and r = 0.269,

respectively), indicating these nutrients are more sensitive to total energy variance.

3. Validity and Stability (Mean of All Visits)
The final assessment of validity, utilizing the mean intake values across all
visits, indicates superior agreement compared to individual visit analyses (Table 4).
This averaging effect typically reduces day-to-day intake variation, resulting in higher

correlation coefficients.

a. Energy and Macronutrient Validity

The mean energy intake derived from the combined visits was 2249.7 + 773.3
kcal/day for the FFQ and 2146.3 + 722.8 kcal/day for the MMPS. Unadjusted Pearson
correlations for energy (r = 0.863), protein (r = 0.862), and total fat (r = 0.847) were
exceptionally high. Even after energy adjustment, all primary macronutrients remained
well above the 0.40 validity threshold, with protein and carbohydrates showing
coefficients of 0.796 and 0.735, respectively. Total sugar demonstrated the highest

reliability in this category, with an unadjusted Spearman correlation of 0.930.
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b. Lipid Profile and Fatty Acid Agreement

Cholesterol maintained the highest level of agreement among lipids, with an
unadjusted Pearson correlation of 0.909 and an energy-adjusted value of 0.828. While
SFA and MUFA demonstrated robust unadjusted correlations ($>0.80%), PUFA (r =
0.316) and TFA (r = 0.307) continued to exhibit lower validity after energy adjustment,

falling below the optimal 0.40 threshold.

c. Stability of Vitamin and Mineral Estimation

The mean mineral intakes showed high validity across all indicators. Phosphorus
(r=10.913), Calcium (r = 0.844), and Sodium (r = 0.832) displayed strong unadjusted
correlations. Energy-adjusted values for minerals were consistently high, particularly
for phosphorus (r = 0.678) and calcium (r = 0.660), confirming the reliability of these
tools for mineral assessment.

In the vitamin category, Vitamin D, the primary nutrient of concern—showed
stable and adequate validity with a mean unadjusted Pearson correlation of 0.637 and an
energy-adjusted coefficient of 0.572 [95% CI: 0.424, 0.696]. Folate and Riboflavin (B2)
also performed well after adjustment (r = 0.598 and r = 0.426, respectively). However,
similar to individual visits, Thiamine (r = 0.286) and Niacin (r = 0.231) showed the

lowest agreement after accounting for energy intake.

4. Bland-Altman Agreement and Bias Analysis
We generated Bland—Altman plots to evaluate the extent of agreement across the
range of micronutrient intakes between MMPS and FFQ. Differences between the two

methods were plotted against the average of the two measures, and the limits of
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agreement (LOA) (mean difference = 2 SD) were used to reflect the extent of
discrepancies between the two methods. To generate correction factors for the
calculation of corrected intakes in future studies utilizing MMPS, we run a linear
regression model where energy-adjusted FFQ measurements were considered the
reference against the corresponding MMPS energy-adjusted values, and the relevant

slopes and intercepts were generated (Figure 1).

5. Bias in Energy and Macronutrients

For each nutrient, we assess the Bias (average difference) and the 95% Limits of
Agreement (LoA) (the range of expected individual difference) (Table 5).

Energy (kcal): Showed a mean bias of 103.38 kcal, indicating a slight
overestimation by the FFQ. The LoA are somewhat wide (-686.19 to 892.96),
suggesting individual variability in calorie reporting.

Protein (g): Excellent agreement with a negligible bias of 2.11 g. The FFQ is
highly reliable for protein assessment at the group level.

Total Fat (g): Bias of 5.09 g indicates slight overestimation. The LoA (-37.83 to
48.00) reflect moderate variation.

Carbohydrates (g): Bias of 14.41 g (overestimation). Most data points fall within
the LoA (-93.34 to 122.15).

Fiber (g): Very strong agreement with almost zero bias (-0.31 g).

Sugar (g): Slight underestimation by -3.12 g. The LoA (-39.56 to 33.32) are

acceptable for sugar intake patterns.
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6. Systematic Bias in Minerals and Vitamins

Sodium (Na, mg): Significant overestimation by 568.48 mg. This is common in
FFQs due to the difficulty of capturing added table salt vs. hidden salts.
Calcium (Ca, mg): Good group-level agreement with a bias of only 18.98 mg.
Phosphorus (Ph, mg): Underestimated by the FFQ by -233.84 mg.
Potassium (K, mg): Underestimated by -243.36 mg. The wide LoA suggests the MMPS
might be capturing more fruit/vegetable variety than the FFQ.
Iron (Fe, mg): Very high accuracy with a bias of only 0.42 mg. The LoA (-7.60 to 8.43)
are narrow, making it reliable for individual assessment.
Zinc (mg): Underestimated by -3.07 mg.
Thiamine (mg) & Riboflavin (mg): Both show minimal underestimation (Bias: -0.14
and -0.41 respectively), indicating strong validity.
Niacin (mg): Underestimated by -6.20 mg.
Vitamin C (mg): Overestimated by 21.99 mg. The LoA are wide, which is expected for
Vitamin C due to its high day-to-day variance.
Vitamin A (mcg): Bias of 56.37 mcg. The scatter plot shows some outliers at higher
intake levels.
Vitamin D (mcg): Underestimated by -13.96 mcg.

Folate (mcg): Underestimated by -57.43 mcg.

7. Agreement in Fatty Acids and Cholesterol
Saturated Fat (SFA, g): High accuracy with a bias of only 0.79 g.
MUFA (g): Underestimated by -8.38 g.
PUFA (g): Underestimated by -5.98 g.

Trans Fat (g): Very strong agreement with a bias of only -0.52 g.
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Figure 1. a, band c¢: Bland—Altman Plots Illustrating the Agreement Between the Food
Frequency Questionnaire (FFQ) and the 24-hour Dietary Recall for Daily Intake of

Micronutrients
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Table 5. Summary Table for Bland Altman of Macro and Micronutrients (Among FFQ

and MMPS)
Nutrient Mean
Bias
Energy (kcal) 103.4
Protein (g) 2.1
Total Fat (g) 5.1

Carbohydrates 14.4
(2)

Fiber (g) -0.3
Sugar (g) -3.1
Sodium (Na) 568.5
(mg)

Calcium (Ca) 18.98
(mg)

Phosphorus (Ph)  -233.8
(mg)

Potassium (K) -243.4
(mg)

Iron (Fe) (mg) 0.4
Thiamine (mg) -0.14
Riboflavin (mg) -0.4
Niacin (mg) -6.2
Vitamin C (mg)  21.99

Vitamin A (mcg) 56.4

Vitamin D (mcg) -13.96
Zinc (mg) -3.07
Folate (mcg) -57.4
SFA (g) 0.79
MUFA (g) -8.38
PUFA (g) -5.98
Trans Fat (g) -0.52
Cholesterol (mg) -18.5

95% LoA

(Lower)
-686.19

-25.61
-37.83
-93.34

-14.09
-39.56
-598.81

-358.02
-543.39
-1330.59

-7.6
-0.87
-1.19
-24.36

-62.96
-439.06
-95.38
-8.37
-267.81
-15.57
-23.44
-15.12
2.14
-109.5
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95% LoA

(Upper)
892.96

29.83
48
122.15

13.46
33.32
1735.78

395.98
75.72
843.86

8.43
0.6
0.38

11.97

106.94
551.79
67.46
2.24
152.94
17.15
6.68
3.16
1.09
72.49

Interpretation

Slight Overestimation
Excellent Agreement
Slight Overestimation

Moderate Overestimation

High Accuracy
Slight Underestimation

Systematic
Overestimation
Good Agreement

Systematic
Underestimation
Moderate
Underestimation
High Accuracy

High Accuracy
Good Agreement

Moderate
Underestimation
Moderate Overestimation

Slight Overestimation
Underestimation
Underestimation
Underestimation
High Accuracy
Underestimation
Underestimation
High Accuracy

Underestimation



8. Calibration and Linear Regression Models

We used linear regression to determine how well the MMPS predicts the
reference FFQ. The intercept represents constant bias, while the slope represents
proportional bias. By using the formula Y'=a+ bX , where X is the MMPS score,
we can 'calibrate' future MMPS data to more accurately reflect true intake as defined by
our reference standard.

Nutrient Intake Calibration and Linear Regression Analysis To evaluate the
degree of agreement and potential systematic bias between the MMPS and the reference
FFQ: linear regression analysis was performed on energy-adjusted nutrient intakes
(Table 6). The resulting intercepts (a) and slopes (b) provide the necessary parameters
for generating correction factors for future applications of the MMPS.Strength of
Association (R?): The regression models demonstrated varying degrees of variance
explanation. The strongest associations were observed for Energy (R? = 0.714),
Cholesterol (R? = 0.686), and Sugar (R? = 0.633). Conversely, weaker associations were
found for Niacin (R? = 0.053) and Trans Fatty Acids (TFA) (R? = 0.094), though these
remained statistically significant. Proportional Bias (Slope): The slopes (b) for most
macronutrients ranged from 0.71 to 0.90, indicating a strong linear relationship. A slope
of 0.90 for Sugar suggests near-perfect proportional agreement, while lower slopes,
such as for Sodium (b = 0.18) and Thiamine (b = 0.22), indicate that the MMPS may
significantly compress the range of intake compared to the FFQ.Constant Bias
(Intercept): Significant positive intercepts were noted across all nutrients. For example,
the high intercept for Potassium (1627.67 mg/day) and Sodium (455.79 mg/day)
indicates a constant overestimation or "floor effect" by the MMPS at lower intake

levels.Significance: All regression slopes were statistically significant (p < 0.01),
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confirming that the MMPS measurements are valid predictors of the energy-adjusted

FFQ reference values across the entire nutrient profile.

Table 6. Correction Parameters for Macro and Micronutrients
Energy Adjusted Nutrient Intake Intercept (a) Slope (b) P-value of slope R

Energy (Kcal/day) 1.43 0.81 0.0001 0.714
Protein (g/day) 16.67 0.76 0.0001 0.634
Carbohydrates (g/day) 38.99 0.78 0.0001 0.540
Fiber (g/day) 14.01 0.45 0.0001 0.371
Sugar (g/day) 12.33 0.9 0.0001 0.633
Fat (g/day) 24.87 0.71 0.0001 0.476
SFA (g/day) 13.37 0.54 0.0001 0.330
MUFA (g/day) 14.15 0.76 0.0001 0.522
PUFA (g/day) 12.23 0.36 0.0001 0.100
TFA (g/day) 1.78 0.24 0.0001 0.094
Cholesterol (mg/day) 52.95 0.84 0.0001 0.686
Sodium (mg/day) 455.79 0.18 0.0001 0.270
Calcium (mg/day) 398.39 0.52 0.0001 0.436
Phosphorus (mg/day) 459.43 0.74 0.0001 0.460
Potassium (mg/day) 1627.67 0.42 0.0001 0.338
Iron (mg/day) 7.92 0.38 0.0001 0.362
Thiamine (mg/day) 0.98 0.22 0.001 0.082
Riboflavin (mg/day) 1.22 0.37 0.0001 0.181
Niacin (mg/day) 13.53 0.44 0.006 0.053
Vitamin C (mg/day) 40.62 0.51 0.0001 0.487
Vitamin A (mcg/day) 466.89 0.36 0.0001 0.193
Vitamin D (mcg/day) 42.36 0.53 0.0001 0.572
Zinc (mg/day) 7.18 0.55 0.0001 0.337
Folate (mcg/day) 181.16 0.59 0.0001 0.357

Correction factors for the energy adjusted nutrient intake that can be used to correct for
measurement errors when estimating the true intake.

D. Dietary Reproducibility
1. Test-Retest Reliability of Nutrient Intakes (ICC)
The reproducibility of MDD-W scores across visits was assessed using

intraclass correlation coefficients (ICCs). ICC values <0.50 indicated poor
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reproducibility, 0.50-0.75 moderate, 0.75-0.90 good, and >0.90 excellent

reproducibility.

a. Reproducibility of Micronutrient Intakes from MMPS and FFQ

The reproducibility of estimated micronutrient intakes across the two time points
was assessed using ICCs, interpreted using the same cut-offs as above.

Interval between visits: The duration between Visit 1 and Visit 2 was calculated
for each participant in days. Dietary intake changes across predefined intervals (e.g.,
within the first 6 months, between 6—12 months, etc.) was compared to assess

consistency or potential dietary transitions over time.

b. Dietary Reproducibility (Visit 1 vs. Visit 2)

The reproducibility of nutrient intake estimates between the two study visits was
evaluated using Intraclass Correlation Coefficients (ICCs). These values were
categorized to determine the stability of dietary reporting over time. The complete

reproducibility data for both instruments is presented in Table 7.
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Table 7. Intraclass Correlation of Daily Macro and Micronutrient Intake Assessed Using the Food Frequency Questionnaire and the
Modified Mediterranean Prime Screen

Energy &
Macronutrie
nts

Energy
(Kcal/day)

Protein

(g/day)
Total Fat

(g/day)
Carbohydrat

es (g/day)
Fiber (g/day)

Total Sugar
(g/day)
Water
(mL/day)
Fatty Acids
&
Cholesterol
SFA (g/day)

MUFA
(g/day)
PUFA

(g/day)
TFA (g/day)

FFQ1 FFQ2
(N=14 (N=14
3) 3)
Mean + SD
2381.8 2117.5
+958.2 +817.5
839+ 747+
344 28.5
113.7+ 101.5+
51.9 42.0
2642+ 2331+
110.9 99.9
277+ 243+
13.4 10.4
883+ 771+
46.7 48.4
2468.3 23364
+963.8 +737.5
347+ 299+
17.5 15.2
276+ 269+
12.9 12.0
113+ 104+
5.2 4.7
1.9+ 1.7 £
1.2 0.9

Correlations

[95% Confidence Interval]

Unadjusted ICC

0.656 [0.512,
0.756]

0.617 [0.462,
0.727]
0.578 [0.412,
0.696]
0.686 [0.551,
0.779]
0.616 [0.462,
0.726]
0.645 [0.504,
0.745]
0.722 [0.610,
0.802]

0.569 [0.398,
0.691]
0.648 [0.510,
0.747]
0.701 [0.584,
0.785]
0.597 [0.441,
0.710]

Adjusted ICC

0.621 [0.470,
0.728]
0.390 [0.082,
0.587]
0.393 [0.032,
0.607]
0.594 [0.381,
0.726]
0.505 [0.286,
0.653]

0.520 [0.216,
0.692]
0.666 [0.535,
0.759]
0.608 [0.450,
0.720]
0.502 [0.310,
0.641]

MMPS|
(N=143)

Mean + SD

22555+
929.7

80.5+31.4
108.2 +49.4
246.0 £ 108.8
27.7+12.3
93.2+41.6

882.8 £ 365.6

33.7+17.3
37.3+18.3
17.7+8.6

25+14

MMPS2
(N=143)

2037.0 +
733.7

73.9+£273
96.8 £37.0
222.5+91.2
249+9.5
83.4+37.4

801.4 +
310.9

203 +13.1
34.0+14.1
159+6.7

2.1+1.0

Correlations

[95% Confidence Interval]

Unadjusted ICC

0.645 [0.502,
0.746]

0.648 [0.509,
0.747]
0.628 [0.479,
0.733]
0.656 [0.519,
0.753]
0.647 [0.506,
0.747]
0.717 [0.600,
0.799]
0.631 [0.485,
0.735]

0.673 [0.536,
0.768]
0.538 [0.359,
0.667]
0.629 [0.483,
0.733]
0.653 [0.507,
0.754]

Adjusted ICC

0.680 [0.505,
0.786]
0.534[0.241,
0.700]
0.643 [0.374,
0.781]
0.549 [0.318,
0.695]
0.575 [0.366,
0.710]

0.413 [0.166,
0.585]
0.631 [0.481,
0.737]
0.560 [0.361,
0.694]
0.518 [0.301,
0.664]



Cholesterol
(mg/d)
Minerals

Sodium
(mg/d)

Calcium
(mg/d)
Phosphorus
(mg/d)
Potassium
(mg/d)

Iron (mg/d)
Zinc (mg/d)

Vitamins

Vitamin A
(IU/day)
Vitamin C
(mg/d)
Vitamin D
(IU/day)
Folate
(mcg/day)
Thiamine
(mg/d)
Riboflavin
(mg/d)
Niacin
(mg/d)

234.1+
119.6

3327.7

1322.4
969.3 +
452.1
927.7+
369.0
2621.0

1025.6
14.7 +
7.2
10.5+
4.1

860.6 £+
384.5
1313+
63.2
69.4 +
63.9
3442 +
169.6
1.2+
0.5
1.5+
0.6
154 +
6.4

2153+
114.1

2985.6
+
1096.0
844.3 +
359.8
818.8
321.2
2375.1
+920.4

133+
5.8
93+
3.8

806.9 £+
382.0
121.8 +
58.8
60.9 +
49.9
3122+
156.0
1.1+
0.5
1.3+
0.5
142 +
5.5

0.737 [0.634,
0.811]

0.620 [0.467,
0.728]

0.597 [0.43,
0.712]
0.644 [0.493,
0.749]
0.682 [0.553,
0.773]

0.587 [0.426,
0.703]
0.641 [0.492,
0.745]

0.487 [0.288,
0.631]
0.547 [0.372,
0.674]
0.491 [0.293,
0.633]
0.598 [0.442,
0.710]
0.641 [0.501,
0.742]
0.683 [0.555,
0.774]
0.676 [0.549,
0.767]

0.659 [0.526,
0.755]

0.501 [0.278,
0.652]

0.579 [0.397,
0.704]
0.501 [0.283,
0.649]
0.651[0.516,
0.749]

0.619 [0.456,
0.731]
0.459 [0.242,
0.613]

0.439 [0.222,
0.595]
0.406 [0.176,
0.571]
0.517 [0.329,
0.653]
0.479 [0.279,
0.625]
0.408 [0.184,
0.572]
0.518 [0.325,
0.655]
0.491 [0.296,
0.633]
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253.1+128.5

2704.8 +
1208.2

945.5+411.1
14423 +
567.9

2871.4 +
1094.7

143+6.2

13.5+54

820.4 £ 358.0

109.8 +£ 57.7

97.5+64.5

403.8 £213.6

1.3+0.6

1.9+0.7

21.9+13.8

2333+
113.9

2471.5 +
987.4

8302+
350.1
1286.4 +
482.3

26114+
871.0

129+ 4.6

124 +£4.8

734.4 +
284.8

99.4 + 46.1
89.0+57.3
367.4 +
148.6
1.2+0.5
1.7+0.7

20.0 £ 10.5

0.729 [0.623,
0.805]

0.650 [0.513,
0.749]

0.571 [0.401,
0.693]
0.585 [0.420,
0.703]

0.647 [0.505,
0.748]
0.606 [0.451,
0.717]
0.581 [0.419,
0.698]

0.642 [0.497,
0.744]
0.669 [0.540,
0.762]
0.675 [0.549,
0.766]
0.637 [0.495,
0.739]
0.603 [0.448,
0.714]
0.562 [0.385,
0.687]
0.669 [0.540,
0.762]

0.691 [0.570,
0.778]

0.583 [0.408,
0.705]

0.448 [0.219,
0.608]
0.419 [0.089,
0.619]

0.486 [0.248,
0.644]
0.369 [0.075,
0.564]
0.454 [0.239,
0.608]

0.574 [0.398,
0.697]
0.598 [0.441,
0.710]
0.623 [0.477,
0.729]
0.565 [0.393,
0.688]
0.565 [0.395,
0.687]
0.511[0.162,
0.697]
0.167 [-0.121,
0.454]



c. Energy and Macronutrient Reproducibility

Both the FFQ and MMPS demonstrated moderate reproducibility for total
energy intake, with ICCs of 0.656 and 0.645, respectively. This suggests a consistent
reporting of overall food volume across the study interval (Table 7).

FFQ Performance: Most macronutrients in the FFQ, including protein (0.617)
and fiber (0.616), showed moderate stability. However, when adjusted for energy, total
fat (0.390) and carbohydrates (0.393) fell into the poor reproducibility category,
indicating that the nutrient density of these categories was more variable than their
absolute amounts (Table 7).

MMPS Performance: The MMPS showed more robust stability for
macronutrients, with all unadjusted values exceeding 0.60. Total sugar in the MMPS

achieved a high-moderate ICC of 0.717.

d. Micro-nutrients and Fatty Acids

The stability of micronutrient estimates varied by nutrient and assessment tool:

Minerals: In both tools, the majority of minerals (Sodium, Calcium, Phosphorus,
and Zinc) fell within the moderate reproducibility range (0.50—0.75). Potassium showed
the highest stability in the FFQ (ICC = 0.682).

Vitamins: Vitamin D showed poor unadjusted reproducibility in the FFQ (ICC =
0.491), though it crossed into the moderate threshold after energy adjustment (ICC =
0.517). In contrast, the MMPS demonstrated stronger moderate reproducibility for
Vitamin D (unadjusted ICC = 0.675; adjusted ICC = 0.623).

Primary Outliers: Vitamin A in the FFQ (ICC = 0.487) and Niacin in the MMPS

after energy adjustment (ICC = 0.167) were identified as having poor reproducibility,
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suggesting significant shifts in the consumption of foods rich in these nutrients or higher

reporting variability between visits.

2. Comparative and Longitudinal Nutrient Intake (Comparison of FFQ and MMPS

Estimations)

The daily nutrient intakes represent the average of FFQ and MMPS data across

two time points. Following the application of the residual method, the energy-adjusted

nutrient intakes were found to be more normally distributed for several micronutrients

compared to their raw counterparts (Table 8).

Table 8. Mean Macro and Micro Nutrients Intake of FFQ and MMPS

Nutrient Category
Energy (kcal)
Protein (g)

Total Fat (g)
Carbohydrates (g)
Fiber (g)

Sugar (g)

Sodium (mg)
Calcium (mg)
Phosphorus (mg)
Potassium (mg)
Iron (mg)
Thiamine (mg)
Riboflavin (mg)
Niacin (mg)
Vitamin C (mg)
Vitamin A (mcg)
Vitamin D (mcg)
Zinc (mg)

Folate (mcg)
Saturated Fat (SFA) (g)
MUFA (g)

PUFA (g)

Trans Fat (g)
Cholesterol (mg)

FFQ Total Mean (SD)

2249.7 (773.3)
79.3 (27.0)
107.6 (39.8)
248.7 (92.7)
26.0 (10.3)
82.7 (41.0)

3156.7 (1039.5)

906.8 (347.1)
873.2 (299.3)
2498.0 (852.9)
14.0 (5.5)

1.1 (0.4)

1.4 (0.5)

14.8 (5.2)
126.6 (50.7)
833.8 (311.8)
65.1 (46.7)
9.9 (3.4)
328.2 (137.9)
32.3 (13.8)
27.3 (10.7)
10.9 (4.4)

1.8 (0.9)
224.7 (104.2)
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MMPS Total Mean (SD)
2146.3 (722.8)
77.2 (25.4)
102.5 (37.4)
234.2 (86.9)
26.3 (9.5)
85.8 (37.3)
2588.2 (952.6)
887.8 (321.4)
1107.1 (368.6)
2741.4 (854.6)
13.6 (4.7)

1.3 (0.4)

1.8 (0.6)

21.0 (10.6)
104.6 (45.4)
777.4 (279.0)
79.1 (48.7)
13.0 (4.3)
385.6 (158.0)
31.5(13.4)
35.6 (13.6)
16.8 (6.6)
2.3(1.0)
243.2 (107.9)



Table 9. Mean Macro And Micro Nutrients Intake of FFQ and MMPS Among Visits 1
and 2

FFQ V1 FFQ V2 MMPS V1 MMPS V2

Nutrient Mean Mean p-value  Mean Mean p-value

Category (SD) (SD) (FFQ) (SD) (SD) (MMPS)
2468.3 2336.4 882.8 801.4

Water (mL) (963.8)  (737.5) 0.04 (365.6) (310.9) 0.006
2381.8 2117.5 2255.5 2037.0

Energy (kcal) (958.2) (817.5)  <0.001 (929.7) (733.7) 0.002
83.9 74.7 80.5 73.9

Protein (g) (34.4) (28.5) 0.001 (31.4) (27.3) 0.008
113.7 101.5 108.2 96.8

Total Fat (g) (51.9) (42.0) 0.005 (49.4) (37.0) 0.003

Carbohydrates 264.2 233.1 246.0 222.5

(2) (110.9)  (99.9) <0.001 (108.8) (91.2) 0.006
27.7 24.3 27.7

Fiber (g) (13.4) (10.4) 0.001 (12.3) 24.9 (9.5) 0.003
88.3 77.1 93.2 83.4

Sugar (g) (46.7) (48.4) 0.006 (41.6) (37.4) 0.002
3327.7 2985.6 2704.8 2471.5

Sodium (mg)  (1322.4) (1096.0) 0.001 (1208.2)  (987.4) 0.013
969.3 844.3 945.5 830.2

Calcium (mg) (452.1) (359.8)  0.001 (411.1) (350.1) 0.001

Phosphorus 927.7 818.8 1442.3 1286.4

(mg) (369.0)  (321.2)  <0.001 (567.9) (482.3) 0.001
2621.0 2375.1 2871.4 2611.4

Potassium (mg) (1025.6) (920.4)  0.002 (1094.7)  (871.0) 0.002

Iron (mg) 14.7(7.2) 13.3(5.8) 0.018 143 (6.2) 12.9(4.6) 0.007

Thiamine (mg) 1.2(0.5) 1.1(0.5) 0.027 1.3(0.6) 1.2(0.5) 0.014
Riboflavin (mg) 1.5 (0.6) 1.3(0.5) 0.003 1.9(0.7) 1.7(0.7) <0.001

21.9 20.0

Niacin (mg) 154 (6.4) 14.2(5.5) 0.015 (13.8)  (10.5)  0.057
131.3 121.8 109.8 99.4

Vitamin C (mg) (63.2)  (58.8)  0.098 (577)  (46.1)  0.017
860.6 806.9 820.4 734.4

Vitamin A (IU) (384.5)  (382.0)  0.152 (358.0)  (284.8)  0.002
69.4 60.9 97.5 89.0

Vitamin D (IU) (63.9)  (49.9)  0.13 (64.5)  (57.3)  0.094

Zinc (mg) 10.5(4.1) 9.3(3.8) 0.001 13.5(5.4) 12.4(4.8) 0.023
344.2 312.2 403.8 367.4

Folate (mcg) (169.6)  (156.0)  0.029 (213.6) (148.6) 0.023
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34.7 29.9 33.7 293

SFA (g) (17.5)  (152)  0.002 (17.3)  (13.1)  0.001
27.6 26.9 37.3 34.0

MUFA (g) (129)  (12.0)  0.501 (183)  (14.1)  0.033

PUFA (g) 11.3(5.2) 10.4 (4.7) 0.034 17.7 (8.6) 15.9(6.7) 0.008

Trans Fat(g) 1.9(1.2) 1.7(0.9) 0.029 2.5(1.4) 2.1(1.0) 0.001

Cholesterol ~ 234.1 215.3 253.1 233.3

(mg) (119.6)  (114.1)  0.036 (128.5)  (113.9)  0.035

The mean daily macro- and micronutrient intakes across the total study period
are summarized in Table 8. Overall, the Food Frequency Questionnaire (FFQ) and the
Modified Mediterranean PrimeScreen (MMPS) provided comparable estimates for
major macronutrients, with a mean energy intake of 2249.7 + 773.3 kcal/day and 2146.3
+ 722.8 kcal/day, respectively. However, the MMPS captured significantly higher
intakes of heart-healthy fats, specifically Monounsaturated Fatty Acids (MUFA: 35.6g
vs. 27.3g) and Polyunsaturated Fatty Acids (PUFA: 16.8g vs. 10.9g).

When comparing nutrient intake between the two study visits (Table 9), a
consistent and significant downward trend in consumption was observed. Total energy
intake decreased significantly from Visit 1 to Visit 2 as measured by both the FFQ
(2381.8 to 2117.5 kcal; p < 0.001) and the MMPS (2255.5 to 2037.0 kcal; p = 0.002).
This reduction was reflected across all macronutrient categories, with significant
declines in protein, total fat, and carbohydrate consumption (p <0.01).

Micronutrient intake followed a similar trajectory, with significant decreases in
sodium, calcium, potassium, and iron. Notably, while most nutrients declined, Vitamin
A and Vitamin D intakes remained relatively stable in the FFQ analysis (p = 0.152 and
p = 0.13, respectively), suggesting that despite a reduction in total food volume, the

density of these specific vitamins was maintained. These findings indicate a general
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reduction in total dietary intake as the postpartum period progressed, though the MMPS

remained a more sensitive tool for capturing Mediterranean-style fat profiles.

Table 10. Macro and Micro Adjusted Nutrients Intake of FFQ Among Visit 1 and Visit
2

FFQ1 FFQ2 Paired T-test
(N=143) (N=143) P-value
Mean = SD
Nutrients Adjusted Values
Protein 74.87+ 12.98 71.36+ 14.41 0.004
Total Fat 104.57+ 14.95 9427+ 12.88 0.0001
Carbohydrates 247.71+£36.42 217.12+ 35.43 0.0001
Fiber 26.02+ 6.6 23.07+5.94 0.0001
Total Sugar 81.49+ 25.58 70.07+ 23.54 0.0001
Fatty Acids & Cholesterol
SFA 31.38+6.17 27.36+ 6.32 0.0001
MUFA 26.55+9.84 25.74+ 8.82 0.301
PUFA 10.72+3.13 9.87+2.74 0.001
TFA 1.79+ 0.83 1.6+ 0.69 0.014
Cholesterol 220.66+ 79.23 205.23+ 86.07 0.028
Minerals
Sodium 3143.33+633.1  2858.6+550.65  0.0001
Calcium 912.76+276.06 @ 811.5+256.37 0.0001
Phosphorus 888.09+229.26  786.12+214.27  0.0001
Potassium 2514.65+ 590.67 2444.75+ 610.71
Iron 13.79+ 3.55 12.64+ 3.24 0.0001
Zinc 10.09+ 2.69 8.97+ 2.66 0.0001
Vitamins
Vitamin A 821.58+263.3 770.27+281.35 | 0.062
Vitamin C 126.86+ 47.33 118.03+47.51 0.07
Vitamin D 65.724+ 56.18 59.53+49.47
Folate 32749+ 112.11  297.08+102.32  0.004
Thiamine 1.12+0.29 1.03+0.29 0.003
Riboflavin 1.39+0.38 1.26+0.35 0.0001
Niacin 14,73+ 4.11 13.69+ 3.88 0.008

3. Impact of Clinic Setting

Table 11 Comparison of Nutrient Intake Change (Delta) Between Clinic Type OPD (N=

37) and Private Clinics (N=106)

Nutrient (Unit) FFQ Diff
(Mean)

MMPS Diff
(Mean)

FFQ p-
value

MMPS p-
value

86



Energy (kcal/d) -227.3 vs - 0.367 -177.5 vs -335.9  0.328

370.1
Water (g/d) -159.8 vs -52.3  0.476 -70.5 vs -112.9 0.535
Protein (g/d) -9.9vs -7.0 0.604 -6.7 vs -6.7 1.000
Carbohydrates -24.3vs-50.5  0.190 -18.9 vs -36.7 0.355
(g/d)
Total Fat (g/d) -10.8 vs -16.4  0.503 -8.8 vs -18.8 0.276
Fiber (g/d) -3.3vs-3.8 0.845 -2.4vs -3.8 0.490
Sugar (g/d) -7.8 vs -20.6 0.146 -8.3 vs-14.1 0.429
SFA (g/d) -4.5vs-5.8 0.638 -3.8 vs -6.1 0.477
MUFA (g/d) +0.5 vs -4.2 0.025%* -2.1 vs -6.7 0.200
PUFA (g/d) -0.4 vs -2.1 0.066 -1.4 vs -3.1 0.282
Trans Fat (g/d) -0.1 vs -0.5 0.103 -0.2 vs -0.7 0.084
Cholesterol (mg/d) -21.9 vs -9.6 0.514 -19.9 vs -19.6 0.987
Sodium (mg/d) -282.8 vs - 0.330 -219.5vs -272.6  0.792
512.0
Calcium (mg/d) -143.1 vs -73.0 0.373 -130.3 vs -72.3 0.423
Iron (mg/d) -1.5vs-1.0 0.666 -1.1vs-1.9 0.510
Potassium (mg/d)  -203.8 vs - 0.373 -235.7vs -329.3  0.617
366.4
Phosphorus -121.3 vs -73.5  0.505 -158.5vs -148.2  0.922
(mg/d)
Vitamin C (mg/d) -7.0vs-16.4 0.471 -8.2 vs -16.8 0.445
Vitamin A -552vs-49.5  0.943 -80.1 vs -102.8 0.706
(mcg/d)
Vitamin D -9.3vs-5.9 0.750 -12.0 vs +1.6 0.241
(mcg/d)
Zinc (mg/d) -1.1vs-1.3 0.828 -1.1vs-0.9 0.842
Folate (mcg/d) -254vs-50.9  0.443 -32.7 vs -46.9 0.678
Thiamine (mg/d)  -0.10 vs -0.06  0.690 -0.10 vs -0.16 0.593
Riboflavin (mg/d) -0.18 vs -0.04  0.175 -0.23 vs -0.24 0.937
Niacin (mg/d) -1.3 vs-0.9 0.703 -1.0 vs 4.7 0.204

e Overall Trend of Decrease: In both the OPD and Private clinic groups, the mean
difference ( Delta ) for almost all nutrients is negative. This indicates that, on
average, reported nutrient intake decreased from Visit 1 to Visit 2 across the
entire sample (Table 11).

e Comparison of Magnitude:

e For Energy and Carbohydrates, the Private Clinic group showed a larger

decrease (more negative) than the OPD group.
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o For Protein, the OPD group actually had a slightly larger decrease (-9.90g)
compared to the Private group (-7.00g).

o Statistical Significance: Based on the Independent Samples T-Test, none of the
differences between the two clinic types reached statistical significance ( p >

0.05).

e The lowest p -value observed was for FFQ Carbohydrates ( p = 0.174 ), which
is still well above the 0.05 threshold.

Conclusion: While the raw means suggest that Private Clinic patients had a
steeper decline in reported energy and carbohydrate intake, this difference is not
statistically significant. The location of the clinic (OPD vs. Private) did not significantly
influence how much a patient's reported diet changed between the two visits.

High Stability Between Clinics: For almost all nutrients, there was no significant
difference in how the two clinics changed between Visit 1 and Visit 2 (p > 0.05).

The MUFA Exception: For the FFQ, MUFA showed a significant difference ( p
=0.025). OPD stayed relatively stable ( +0.5 ), while private clinic showed a decrease (
-4.2 ). Interestingly, the Modified mediteranean PrimeScreen (MMPS) did not pick up
this significant difference ( p=0.200 ).

General Trend: In both tools and both clinics, almost all mean difference values
are negative. This suggests a slight "testing effect" or "social desirability bias" where
participants reported eating slightly less at the second visit regardless of the tool used.

Although significant differences in dietary intake were observed between visit 1
and visit 2, food security status remained largely stable. Most participants maintained
their category across visits; for instance, 94.4% of participants who were food secure

(category 1) at visit 2 were also food secure at visit 1. Only a few participants changed
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categories, and overall, the McNemar-Bowker test indicated no significant difference in

food security between visits (3> = 3.286, p = 0.350).

Table 12 Time Interval Between Visit 1 and Visit 2
Time Interval Frequency (n) Valid Percent (%)

2 months 41 28.7
3 months 29 20.3
4 months 26 18.2
5 months 27 18.9
6 months 20 14.0
Total 143 100
E. Temporal and Seasonal Influences on Dietary Reporting

1. Influence of Enrollment Year and Calendar Dates

To ensure the stability of the dietary data, the mean differences in nutrient intake
(Visit 2 — Visit 1) were analyzed based on the time elapsed between visits and the year
of enrollment.

e Time Interval Between Visits: A one-way ANOVA was conducted to compare
the nutrient intake differences (FFQ change V2-V1) across the various time-
interval groups (2, 3, 4, 5, and 6 months). The analysis revealed no statistically
significant differences in the reporting of macronutrients or micronutrients
between these groups (p > 0.05). This indicates that the length of time between
visits did not systematically affect the participants' reporting consistency or
dietary stability (APPENDIX VIII).

e Year of Enrollment: For the subgroup of patients with a consistent two-month
interval between visits, one-way ANOVA was conducted to determine if the

change in intake (delta V2 - V1) varied significantly based on the chronological
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timing of the visits. When analyzed by the Visit 1 date, significant differences in
intake change were observed for Niacin (FFQ, p = 0.03), with a marginal trend
for Saturated Fatty Acids (SFA) (FFQ, p =0.066). Conversely, when analyzed
by the Visit 2 date, significant variance was found for SFA (FFQ, p =0.002) and
Vitamin D (FFQ, p =0.037), with a trend for Thiamine (FFQ, p = 0.057). These
results indicate that the seasonal or calendar timing of the assessment
significantly impacts the reported difference in intake for these specific micro
and macronutrients, independent of the visit duration.
F. Minimum Dietary Diversity for Women (MDD-W) Assessment
The Minimum Dietary Diversity for Women (MDD-W) score was calculated for
both the FFQ and MMPS at each visit. To ensure comparability between the two
instruments, a standardized computational procedure was developed in SPSS to
translate raw consumption frequencies into the 10 FAO-defined food groups based on a

mandatory >15g/day threshold.

1. Computational Logic and Standardization Procedures
For both instruments, daily intake was quantified using a consistent

mathematical formula to convert household measures into daily gram weights:

Total Grams = Daily Frequency * Portion Factor * 100

Here, the Daily Frequency represents the reported rate of consumption, the Portion
Factor adjusts for the specific serving size, and the constant of 100 normalizes the result
into total daily grams. Once gram weights were established, a binary score was assigned
to each of the 10 categories (1 if intake >15g, 0 otherwise). The final MDD-W score (0—
10) represents the sum of these binary variables, with a score >5 indicating "Minimum

Dietary Diversity."
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2. Mapping Protocols for Food Group Classification
Application to FFQ (Quantitative Transformation)

The FFQ-derived score relied on the high-granularity aggregation of over 100
individual food items. For complex categories such as "Grains, White Roots, Tubers,
and Plantains," the syntax summed over 50 distinct items including ethnic breads (e.g.,
markouk, pita), cereals, and mixed dough-based items. Similarly, the "Meat, Poultry,
and Fish" category aggregated fresh cuts, organ meats, seafood, and traditional
processed meats like kawarma and basterma.

Application to MMPS (Categorical Mapping)
Mapping the MMPS required additional systematic considerations because it reports
broader food categories. To maintain methodological consistency:

Expert-Led Classification: Mixed MMPS groups were assigned based on FFQ
consumption trends.

Starchy vegetables from MMPS to be classified under Pulses Category OR
Grains, white roots and tuburs, and plantains Category in MDD-W Score:

The MMPS group of ““starchy vegetables™ includes items like potatoes, corn,
beet, and green peas. This creates a challenge, as both grains/white roots food items
(e.g., potatoes and corn) and pulses food items (e.g., green peas) are represented. Upon
reviewing the consumption frequencies based on the FFQ data, we observed that
potatoes (0.17 cups/day) and corn (0.12 cups/day) were consumed more frequently than
green peas (0.15 cups/day). Based on this, we classified the entire group of starchy
vegetables (from MMPS) under the "Grains, White Roots, and Tubers, and Plantains"

category in the MDD-W score.
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Due to the categorical nature of the MMPS, Vitamin A-rich fruits and vegetables
were not analyzed as a standalone group. Instead, following the mapping protocol
established in Methodology which was based on the predominance of low-Vitamin A
varieties in the FFQ (e.g., 0.80 cups/day for other fruits vs. 0.18 cups/day for Vitamin
A-rich fruits)—these items were captured within the 'Other Vegetables' and 'Other
Fruits' categories for all MMPS analyses.

Other Vegetables from MMPS to be classified under Other Vegetables Category
OR Other vitamin A-rich fruits and vegetables Category in MDD-W score:

The MMPS group of “Other Vegetables” includes both Vitamin A-rich
vegetables (carrots, okra, artichokes) and non-rich vegetables like tomatoes. According
to FFQ consumption data, tomatoes were the most frequently consumed (0.81
cups/day), followed by carrots (0.17 cups/day), and okra, artichokes, and green beans
(each at 0.12 cups/day). After summing the consumption of high RAE items (0.29
cups/day) compared to the low RAE content of tomatoes (0.81 cups/day), we classified
the entire group of Other Vegetables under the “Other Vegetables” category in the
MDD-W score.

Other Fruits from MMPS to be classified under Other Fruits Category OR Other
vitamin A-rich fruits and vegetables Category in MDD-W score:

In the MMPS, the "Other Fruits" category includes both Vitamin A-rich fruits
and those with lower Vitamin A content. Bananas, apples, and pears (low Vitamin A
content, 5.8 RAE/100g) were consumed more frequently (0.802 cups/day) than
watermelon, melon (higher Vitamin A content, 130 RAE/100g), and apricots (96

RAE/100g). The sum of the high RAE fruits consumption is 1.835 cups/day, compared
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to 1.487 cups/day for low RAE fruits. Based on this, we classified this group under
"Other Fruits" category in the MDD-W score.

Foods are classified as rich in Vitamin A if they contain >60 RAE (Retinol
Activity Equivalents) per 100 grams, and low in Vitamin A if they contain <60 RAE per
100 grams.

Missing Data Handling: To ensure a conservative estimate, any missing values
in the MMPS constituent categories were treated as zero consumption (IF SYSMIS = 0)
to prevent the inflation of diversity scores (syntax of MDD calculation from FFQ and
MMPS).

Indicator formula:[Percentage of WRA meeting MDD-W] = [Number of WRA
consuming >5 food groups]/Total number of WRA surveyed]* 100
3. Prevalence of Dietary Diversity (MDD-W) at Visits 1 & 2

The prevalence of consuming five or more food groups was assessed using both
the FFQ and MMPS instruments across two study visits. At Visit 1, both instruments
showed a 100 percent prevalence rate, with all 143 surveyed participants meeting the
criteria. At Visit 2, the MMPS maintained a 100 percent prevalence rate (143 of 143),
while the FFQ showed a slight decrease to 98.6 percent, with 141 of 143 participants
reaching the numerator. These findings indicate nearly universal adherence to the five
or more food group threshold within the study population, with high consistency

between the two assessment tools over time (Table 13).

Table 13. MDD W Score Among Visit 1 and Visit 2
Instrument Visit Numerator (n>5 groups) Total Surveyed (N) Prevalence (%)

FFQ Visit 1 143 143 100%
Visit 2 141 143 98.6%
MMPS Visit 1 143 143 100%
Visit 2 143 143 100%
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(Calculated from FFQ and MMPS)

4. Stability Analysis of Individual MDD-W Food Categories
An analysis of Minimum Dietary Diversity for Women (MDD-W) food

categories across two visits revealed high stability in consumption patterns. According
to McNemar test results, no food group showed a statistically significant change in
prevalence between Visit 1 and Visit 2 for either the FFQ or the MMPS (all p > 0.05).
Grains and Milk/Dairy remained highly stable across both instruments. While some
fluctuations were observed such as a decrease in FFQ-reported Nuts/Seeds (40.6 percent
to 32.2 percent) and an increase in MMPS-reported Eggs (42.0 percent to 47.6 percent)
these shifts did not reach statistical significance. The N/A result for Other Vegetables in
the FFQ Visit 1 and Visit 2 indicates zero variance, as 100 percent of participants

reported consumption at both time points (Table 14).

Table 14. Detailed MDD W Categories in Each Visit (FFQ and MMPS)

FFQ
McN MMPS MMPS
Food FFQ Visit In  FFQ Visit2n emar Visit 1 n  MMPS Visit McNemar
Group (%) (%) P (%) 2n (%) ()
141
Grains 142 (99.3%) 142 (99.3%) 1 (98.6%) 141 (98.6%) 1
103
Pulses 122 (85.3%) 122 (85.3%) 1 (72.0%) 107 (74.8%) 0.636
0.12 120
Nuts/Seeds 58 (40.6%) 46 (32.2%) 6 (83.9%) 129 (90.2%) 0.078
0.79 132
Milk/Dairy 131 (91.6%) 133 (93.0%) 1 (92.3%) 133 (93.0%) 1
0.28 134
Meat/Fish 137 (95.8%) 133 (93.0%) 9 (93.7%) 132 (92.3%) 0.687
60
Eggs 64 (44.8%) 65 (45.5%) 1 (42.0%) 68 (47.6%) 0.185
Dark 133

Green Veg 108 (75.5%) 101 (70.6%) 036 (93.0%) 136 (95.1%) 0.549
Vit-A
Fruits/Veg 94 (65.7%)  93(65.0%) 1  — — —

94



N/A 138
Other Veg 143 (100.0%) 143 (100.0%) *  (96.5%) 140 (97.9%) 0.727

Other 0.28 137
Fruits 139 (97.2%) 135(94.4%) 9 (95.8%) 138 (96.5%) 1

G. High-Resolution Dietary Analysis: Continuous Food Group Intake
1. Methodological Rationale: Addressing the "Ceiling Effect"”

While the primary objective was to assess dietary diversity using the Minimum
Dietary Diversity for Women (MDD-W) binary score, initial analysis revealed that
100% of participants (in several instances) achieved the adequacy threshold ( >5 out of
10 food groups). This lack of variance in the binary score resulted in a "ceiling effect,"
precluding any meaningful statistical comparison of dietary diversity between Visit 1
and Visit 2 or between the FFQ and MMPS instruments. To overcome this limitation
and detect more granular shifts in dietary behavior, we performed a secondary analysis
using the continuous intake values (grams/day) for each of the 10 food groups. By
analyzing the actual quantity consumed rather than the binary presence of a food group,
we were able to identify significant physiological shifts in intake such as the reductions
in Grains and Dairy that the binary MDD-W score was not sensitive enough to capture.

The binary MDD-W score only requires a minimum of 15g of a food group to
"count." If a participant reduces their grain intake from 400g to 100g, their MDD-W
score remains unchanged (both are > 15g), but their nutritional profile has shifted
significantly. Our continuous analysis captured these 50g and 30g reductions that the
binary score missed.

- Stability Assessment: The continuous data provided the "resolution" needed to
run Paired Samples T-Tests, confirming that while the diversity of the diet was stable,

the quantity of certain staple groups was more dynamic over time.
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2. Consumption Trends in FFQ Food Categories

Analysis of the FFQ data revealed significant reductions in the consumption of
several primary food groups over the study period. The most substantial decrease was
observed in Grains, Roots, and Tubers, which dropped by 50.61 g (p < 0.001).
Additionally, Milk and Dairy Products consumption decreased by 33.46 g (p = 0.002),
and Vitamin A-rich fruits and vegetables saw a reduction of 15.36 g (p = 0.021).

Conversely, intakes of animal-source proteins, including Meat, Poultry, and Fish
(p=0.139) and Eggs (p = 0.769), as well as Dark Green Leafy Vegetables (p = 0.928),

remained statistically stable between the two visits (Table 15).

3. Consumption Trends in MMPS Food Categories

The MMPS findings largely corroborated the trends captured by the FFQ.
Significant reductions were again noted for Grains, Roots, and Tubers (32.43 g
decrease; p = 0.035) and Other Fruits (22.69g decrease; p = 0.049). The decrease in
Milk and Dairy Products (22.20 g) reached the threshold of statistical significance (p =
0.050), mirroring the trend observed in the FFQ data.

Notably, while the FFQ showed a significant drop in Vitamin A-rich produce,
the MMPS captured a downward trend in Dark Green Leafy Vegetables (10.21g
reduction), though this did not reach statistical significance (p = 0.101). All other food
groups, including Meat, Eggs, and Pulses, showed high stability with no significant

differences in mean intake (Table 16).
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Table 15. Comparison of Mean Daily Intake (g/day) by MDD W Food Group (FFQ

Visit 1 vs. Visit 2)
Food Group

Grains, Roots &
Tubers

Pulses (Beans, Peas,
Lentils)

Nuts & Seeds

Milk & Dairy Products

Meat, Poultry & Fish
Eggs

Dark Green Leafy Veg
Vit-A Rich Fruits &
Veg

Other Vegetables

Other Fruits

Visit 1 Mean
(SD)

383.81
(185.35)
72.65 (81.43)

26.86 (60.01)
175.14
(133.92)
115.86 (66.82)
16.89 (17.77)
37.16 (28.62)
64.40 (80.51)

243.92
(147.32)
207.62
(157.15)

Visit 2 Mean Mean

(SD) Difference
333.20 50.61
(161.12)

67.12 (56.22)  5.53

19.21 (34.08)  7.65
141.67 (99.65) ' 33.46

108.49 (63.28)  7.38
16.49 (16.00)  0.40
36.92 (28.78) | 0.24
49.04 (53.72) 1536

220.94 22.98
(126.52)

198.75 8.87
(162.66)

*Statistically significant at p < 0.05 (Paired Samples T-Test).

p-value
<0.001*
0.438

0.149
0.002*

0.139
0.769
0.928
0.021*
0.061

0.582

Table 16. Comparison of Mean Daily Intake (g/day) by MDD W Food Group (MMPS

Visit 1 vs. Visit 2)
Food Group

Grains, Roots &
Tubers

Pulses (Beans, Peas,
Lentils)

Nuts & Seeds
Milk & Dairy
Products

Meat, Poultry &
Fish

Eggs

Dark Green Leafy
Veg

Other Vegetables
Other Fruits

Visit 1 Mean
(SD)

351.86 (192.28)
45.99 (69.97)

58.40 (55.23)
168.24 (123.18)

82.11 (49.28)

17.09 (18.62)
79.13 (68.20)

82.61 (65.96)
205.86 (146.20)

Visit 2 Mean Mean
(SD) Difference
319.43 (160.38) 3243
44.16 (44.13) 1.83

54.49 (46.91) 3.91
146.04 (122.75) 222

83.11 (52.73) -1

16.62 (15.65) 0.47
68.92 (52.06) 10.21

82.51 (53.95) 0.1
183.17 (146.68)  22.69

*Statistically significant at <0.05 (Paired Samples T-Test).
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value
0.035*
0.76

0.4
0.050*

0.791

0.725
0.101

0.987
0.049*



H. Reliability and Concurrent Validity of MDD-W Measures

To assess the test- retest reliability of the MDD-W continuous scores, Intraclass
Correlation Coefficients (ICCs) were calculated between Visit 1 and Visit 2 for both the
Food Frequency Questionnaire (FFQ) and the modified mediteranean primescreen
(MMPS). Based on the criteria by Koo and Li (2016), both instruments demonstrated
moderate reliability. Specifically, the FFQ yielded an ICC of 0.635 (95% CI: 0.494—
0.738), while the MMPS showed a comparable ICC of 0.624 (95% CI: 0.478-0.729).
These results indicate that both assessment tools provide a consistent measurement of

dietary diversity over time in this population (Table 17).

Table 17. Reproducibility of MDD-W Continuous Scores Across Two Visits Using
Intraclass Correlation Coefficients (ICC) for FFQ and MMPS (N=143)
FFQI1 FFQ2 Correlations  MMPS1  MMPS2  Correlations

(N=143) (N=143) (N=143) (N=143)
Mean + SD ICC [95% Mean + SD ICC [95%
Confidence Confidence
Interval] Interval]
MDD W 796+ 7.78 + 0.635 7.68 £ 7.86 £ 0.624
continous = 1.22 1.26 [0.494, 1.06 0.98 [0.478,
score 0.738] 0.729]

1. Reproducibility and Test-Retest Reliability (ICC)

The test-retest reliability of the MDD-W continuous scores was evaluated using
Intraclass Correlation Coefficients (ICCs) between Visit 1 and Visit 2, following the
interpretation benchmarks established by Koo and Li (2016).

Overall Reliability (Table 17)

For the total sample (N=143), both assessment tools demonstrated moderate
reliability. The FFQ achieved an ICC of 0.635 (95% CI: 0.494—-0.738), while the MMPS
showed a comparable ICC of 0.624 (95% CI: 0.478-0.729). All overall and subgroup

ICCs were statistically significant (p < 0.01).
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2. Reliability Variance by Interview Administration Mode

When stratified by the mode of administration (Face-to-Face vs. Phone
Interview), reliability varied across categories (Table 18)

Category A (Face-to-Face at both visits: Demonstrated moderate reliability for
both the FFQ (ICC = 0.710) and MMPS (ICC = 0.635).

Category B (Face-to-Face followed by Phone): This group showed the lowest
reliability for the FFQ (ICC = 0.532), though it remained within the moderate range.
The MMPS also showed moderate reliability (ICC = 0.591).

Category C (Phone at both visits): Reliability remained moderate for both tools
(FFQ ICC =0.685; MMPS ICC = 0.628).

Category D (Phone followed by Face-to-Face): Interestingly, this subgroup
demonstrated the highest reproducibility. The FFQ achieved good reliability (ICC =
0.770), while the MMPS maintained moderate reliability (ICC = 0.725).

Summary of Reliability Outcomes

Across all administration modes, the reproducibility of the MDD-W score
consistently met the threshold for moderate-to-good reliability. The shift between phone
and face-to-face interviews did not result in poor reliability for either tool, suggesting
that the MDD-W can be reliably administered via either platform in this study context.

Table 18. Reproducibility of MDD-W Continuous Scores for Total Sample and by
Interview Mode Subgroups (N=143)

Group / Instrument  Mean+ Mean=+ ICC [95% p- Interpretation
Category SD SD Confidence value (Koo etal.,
(Visit (Visit Interval] 2016)
1) 2)
Total FFQ 796+ 778+  0.635[0.494, < Moderate
Sample 1.22 1.26 0.738] 0.001
(N=143)
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MMPS 7.68+ 786+ 0.624[0.478, < Moderate

1.06 0.98 0.729] 0.001
Category  FFQ 7.83+ 7.58+ 0.710[0.437, 0.0001 Moderate
A: Face- 1.42 1.11 0.851]
to-Face /
Face-to-
Face
(n=36)
MMPS 769+  7.64+ 0.635[0.279, 0.002 Moderate
1.19 1.15 0.815]
Category FFQ 800+  7.73+ 0.532[0.221, 0.002  Moderate
B: Face- 1.17 1.31 0.720]
to-Face /
Phone
(n=59)
MMPS 759+ 7.85+ 0.591[0.319, 0.0001 Moderate
0.97 0.93 0.755]
Category FFQ 791+ 800+  0.685[0.365, 0.001 Moderate
C: Phone 1.14 1.46 0.843]
/ Phone
(n=34)
MMPS 7.82+ 803+ 0.628 [0.264, 0.003 Moderate
1.06 0.94 0.813]
Category FFQ 821+ 8.00+ 0.770[0.306, 0.006 Good
D: Phone 1.05 0.78 0.925]
/ Face-to-
Face
(n=14)

MMPS 7.64+ 807+  0.725[0.200, 0.008 Moderate
1.15 0.73 0.910]

3. Concurrent Validity: Correlation between FFQ and MMPS

Table 19 demonstrates a moderate to strong positive correlation between the
FFQ1 and MMPSI1 (r = 0.559; p = 0.566), indicating significant concurrent validity for
the MDD-W continuous score. The close alignment of the mean values (7.96 + 1.22 vs.
7.68 £ 1.06) further suggests that both instruments provide consistent and comparable

estimates of dietary diversity.
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Table 19. Pearson Correlation of Continuous MDD W Between FFQ1 and MMPSI1

FFQ1 MMPSI1 Pearson correlation =~ Spearman
(N=143) (N=143) correlation
Mean + SD

MDD W 7.96+1.22 7.68+1.06 0.559[0.431,0.669] 0.566 [0.443, 0.684]
continous
score
Table 20 shows a strong positive correlation between the FFQ2 and MMPS2 (r =
0.647; p = 0.670), demonstrating high concurrent validity for the MDD-W continuous
score at the second time point. The mean scores are nearly identical (7.78 £ 1.26 vs.

7.86 £ 0.98), indicating that both tools remained highly consistent in measuring dietary

diversity as the study progressed.

Table 20. Pearson Correlation of Continuous MDD W Between FFQ2 and MMPS2

FFQ2 MMPS2 Pearson correlation =~ Spearman
(N=143) (N=143) correlation
Mean + SD

MDD W 7.78+£1.26 7.86+0.98 0.647[0.551,0.725] 0.670 [0.564, 0.757]
continous
score

Table 21. Pearson Correlation of Continuous MDD W Between Mean FFQ and MMPS
Across (V1 and V2)

FFQ (Mean MMPS Pearson correlation = Spearman
across V1 & (Mean correlation
V2) across V1 &

V2)
(N=143) (N=143)
Mean + SD

MDD W  7.87+1.06 7.77+0.87 0.674[0.590, 0.746] 0.671[0.558, 0.766]
continous
score
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I. Kappa Agreement Analysis Between FFQ and MMPS in MDD W Score
Calculation

1. Categorical Agreement Across Visits
To assess the validity of the FFQ in capturing the individual components of the

Minimum Dietary Diversity for Women (MDD-W) score, the agreement between FFQ
and MMPS food categories was measured using Weighted Kappa (kappa_w) analysis.
Overall Agreement Performance: The analysis revealed varying levels of agreement
across the food groups, with all categories achieving statistical significance (p < 0.05).

Excellent/Substantial Agreement: The highest level of agreement was observed
for the Eggs category (kappa w = 0.858 ; p <0.0001), followed by Grains (kappa w =
0.664 ; p=0.0001) and Meat (kappa w =0.649 ; p=0.0001) (Table 22).

Moderate Agreement: Moderate validity was found for the Other Fruits
(kappa_w = 0.586), Pulses (kappa_w = 0.574), and Milk/Dairy (kappa w = 0.385)
categories.

Fair to Poor Agreement: The lowest levels of agreement were noted for Dark
Green Leafy Vegetables (kappa w = 0.377) and Nuts/Seeds (kappa w = 0.182).

Discrepancies in Reporting Notably, the "Other Vegetables" category showed a
unique distribution; the FFQ reported 100% consumption (n=143), whereas the MMPS
indicated 96.5% consumption. Due to the lack of variation in the FFQ responses (every
respondent answered "Yes"), the Kappa coefficient for this specific category could not
be interpreted as a measure of agreement in the same way as other categories.

To evaluate the concurrent validity of the FFQ during the second visit, Weighted
Kappa (Kappa w) coefficients were calculated for the ten MDD-W food categories.
The analysis demonstrated varying degrees of agreement, with most categories reaching

statistical significance (p < 0.05).
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The degree of agreement ranged from "slight" to "almost perfect" based on standard
Landis and Koch benchmarks:

Almost Perfect Agreement: The highest level of validity was observed for Meat
(kappa w=0.949 ; p<0.0001) and Eggs (kappa w =0.845; p <0.0001).

Substantial Agreement: Strong validity was maintained for Other Fruits
(kappa_ w=0.759 ; p <0.0001) and Grains (kappa_w = 0.664 ; p < 0.0001).

Moderate Agreement: Milk/Dairy (kappa_w = 0.570) and Pulses (kappa w =
0.548) both showed moderate agreement between the two assessment tools.

Slight to Fair Agreement: Lower agreement was found for Dark Green Leafy
Vegetables (kappa w=0.176 ; p=10.001) and Nuts/Seeds (kappa w = 0.033). Notably,
the agreement for Nuts/Seeds was the only category that failed to reach statistical
significance (p = 0.365).

Invariable Reporting and Category Trends.

Similar to Visit 1, the "Other Vegetables" category in the FFQ showed 100%
consumption (n=143), while the MMPS reported 97.9% consumption. This lack of
variance in the FFQ prevents a meaningful Kappa calculation for this specific group.
In terms of consumption prevalence, the FFQ generally aligned with the MMPS for
staple groups like Grains (99.3 % vs 98.6 %) and Meat (93.0 % vs 92.3%). However,
substantial discrepancies were noted in Nuts/Seeds, where the FFQ reported 32.2 %
consumption compared to 90.2 % in the MMPS, suggesting a potential
underestimation of nut intake by the FFQ at this time point.

Agreement between FFQ and MMPS for MDD-W Food Categories
Visit 1: Agreement between the FFQ and MMPS across various food categories was

evaluated using weighted Kappa statistics. Almost perfect agreement was observed for
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Eggs (Kappa = 0.858, p =0.0001), while Grains and Meat showed substantial
agreement (Kappa = 0.664 and 0.649, respectively). Other Fruits and Pulses
demonstrated moderate agreement, whereas Milk and Dark Green Vegetables showed
only fair agreement. The lowest level of concordance was found for Nuts, which
showed slight agreement (Kappa = 0.182, p = 0.001). For the Other Vegetables
category, the data remained invariable, precluding Kappa calculation. Overall, all
calculated Kappa values reached statistical significance (p < 0.05), indicating that the
observed agreement between the two assessment tools was greater than would be
expected by chance (Table 22)

Visit2: The level of agreement between the Food Frequency Questionnaire
(FFQ) and the Mobile Phone Sessions (MMPS) for food category consumption was
assessed using weighted Kappa statistics. Meat and Eggs demonstrated the highest
levels of concordance, both showing almost perfect agreement (Kappa = 0.949 and
0.845, respectively). Substantial agreement was found for Other Fruits and Grains,
while Milk and Pulses showed moderate agreement. In contrast, Dark Green Vegetables
yielded only a slight agreement (Kappa = 0.176). The lowest level of concordance was
observed for Nuts, which showed poor or no agreement (Kappa = 0.033) and was the
only category that failed to reach statistical significance (p = 0.365) (Table 23).

Comparative Analysis of FFQ and MMPS Agreement Across Study Visits
While both tables show that Meat and Eggs maintain the highest levels of agreement
(Almost Perfect), there are notable discrepancies in other categories between the two
visits. In the second visit, Pulses and Other Fruits saw an improvement in agreement
levels. However, categories like Dark Green Vegetables and Nuts showed a marked

decline in reliability. Most notably, the agreement for Nuts dropped from "Slight" in the
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first table to "Poor/None" in the second, losing its statistical significance (p = 0.365).

This suggests that reporting for these specific categories is highly variable and may be

more susceptible to the assessment tool used or the specific patient subgroup analyzed

(Table 24).

Table 22. Agreement Between FFQ and MMPS for MDD-W Food Categories (Visit 1)

Food
Category

Eggs

Grains
Meat

Other Fruits
Pulses

Milk

Dark Green
Veg

Nuts

Other Veg

FFQ (%
Yes)

44.80%
99.30%
95.80%
97.20%
40.60%
91.60%
75.50%
59.40%

100.00%

MMPS (%
Yes)
42.00%
98.60%
93.70%
95.80%
72.00%
83.90%
93.00%
16.10%

96.50%

Weighted Kappa

[95% CI]
0.858 [0.773,
0.943]
0.664 [0.045,
1.282]
0.649 [0.364,
0.934]
0.586 [0.219,
0.953]
0.574[0.419,
0.728]
0.385[0.118,
0.653]
0.377 [0.203,
0.550]
0.182 [0.087,
0.276]

Of

p-
value

0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001

0.001

Interpretation
Almost
Perfect
Substantial
Substantial
Moderate
Moderate
Fair

Fair

Slight

Invariable

Table 23. Agreement Between FFQ and MMPS for MDD-W Food Categories (Visit 2)

Food
Category
Meat

Eggs

Other Fruits
Grains
Milk

Pulses

Dark Green
Veg
Nuts

FFQ (%
Yes)
93.00%

45.50%

94.40%
99.30%
93.00%
85.30%
70.60%

32.20%

MMPS (%
Yes)
92.30%

47.60%

96.50%
98.60%
93.00%
74.80%
95.10%

90.20%

Weighted
Kappa (xw)
0.949

0.845

0.759
0.664
0.57

0.548
0.176

0.033
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p-value
<0.0001
<0.0001

<0.0001
0.0001
0.0001
0.0001
0.001

0.365

Interpretation

Almost
Perfect
Almost
Perfect
Substantial

Substantial
Moderate
Moderate
Slight

Poor/None



Table 24. Comparison of Weighted Kappa Coefficients (kw) and Reliability Trends
Across Two Visits

Food Category = Table 1 Kappa Table 2 Kappa Trend
Meat 0.649 (Substantial) 0.949 (Almost Perfect) Improved
Eggs 0.858 (Almost Perfect) 0.845 (Almost Perfect) Stable
Milk 0.385 (Fair) 0.570 (Moderate) Improved
Dark Green Veg 0.377 (Fair) 0.176 (Slight) Declined
Nuts 0.182 (Slight) 0.033 (Poor/None) Declined

2. Influence of Interview Mode on Agreement

VISIT1: Top Performing Categories: Eggs demonstrated the highest validity
across both modes, reaching "Almost Perfect" agreement (F2F kappa w = 0.821;
Phone kappa w = 0.916). Meat also showed consistent "Substantial" agreement
regardless of the interview mode (Table 25).

Mode-Specific Differences: Pulses and Other Fruits saw a drop from
"Substantial" agreement in Face-to-Face interviews to "Moderate" agreement when
conducted over the phone.

Low Validity and Non-Significance: The Nuts/Seeds category performed poorly
in both modes, but was particularly weak in phone interviews where it was the only
category to yield a non-significant p-value (0.26), indicating "None to Slight"
agreement.

Invariable Data Constraint: For Other Vegetables (both modes) and Grains
(Face-to-Face), the FFQ recorded 100% (or nearly 100%) consumption. Because the
Kappa statistic requires variation in the data to calculate agreement, these returned a

value of 0 despite the high actual overlap in consumption percentages.
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Table 25. Concurrent Validity of FFQ Against MMPS for MDD-W Food Categories by
Interview Mode (Visit 1) F2F: Face-to-Face (N=95); Phone: Phone Interview (N=48)

Food Mode FFQ (% MMPS  Weighted p-value  Interpretation
Category Yes) (% Yes) Kappa [95%
CIj
Eggs F2F  40.00%  35.80%  0.821[0.704, 0.0001 Almost
0.939] Perfect
Phone 54.20%  54.20%  0.916[0.802, 0.0001 Almost
1.030] Perfect
Grains F2F 100.00% 100.00% 0O — No
Agreement
(Invariable)
Phone 97.90%  95.80%  0.657[0.032, 0.0001 Substantial
1.282]
Meat F2F 95.80%  94.70%  0.650[0.282, 0.0001 Substantial
1.019]
Phone 95.80% 91.70%  0.647[0.199, 0.0001 Substantial
1.095]
Other F2F 96.80%  96.80%  0.656 [0.210, 0.0001 Substantial
Fruits 1.102]
Phone 97.90%  93.80%  0.484 [-0.116, 0.0001 Moderate
1.084]
Pulses F2F 81.10%  68.40%  0.618 [0.444, 0.0001 Substantial
0.791]
Phone 93.80%  79.20%  0.404 [0.077, 0.0001 Moderate
0.732]
Milk/Dairy F2F 93.70%  95.80%  0.368 [-0.027, 0.0001 Fair
0.763]
Phone 87.50%  85.40%  0.378 [0.007, 0.009 Fair
0.748]
Dark F2F 77.90%  92.60%  0.438[0.213, 0.0001 Moderate
Green Veg 0.663]
Phone 70.80%  93.80%  0.279[0.019,  0.005 Fair
0.538]
Nuts/Seeds F2F  42.10%  82.10%  0.235[0.110, 0.001 Fair
0.361]
Phone 37.50%  87.50%  0.088 [-0.051, 0.26 None to
0.226] Slight
Other Veg F2F 100.00% 96.80% 0 — No
Agreement
(Invariable)
Phone 100.00% 95.80% 0 — No
Agreement
(Invariable)
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VISIT2: Almost Perfect Agreement: The Meat category showed the strongest
validity, achieving perfect agreement (kappa w = 1) in Face-to-Face interviews and
remaining "Almost Perfect" (kappa w = 0.928) over the phone (Table 26).

Category Variations: Other Fruits and Milk showed higher agreement in Face-to-Face
settings compared to Phone interviews.

Poor Performance: Nuts and Dark Green Vegetables (in F2F) demonstrated
"None to Slight" agreement, with non-significant p-values (p=0.962 and p=0.578
respectively) in the Face-to-Face group.

Measurement Limitations: Categories like Other Veg (both modes) and Grains
(F2F) showed high consumption prevalence (98.9%—-100%), which resulted in Kappa
values of 0 due to the lack of score variance.

Table 26. Concurrent Validity of FFQ Against MMPS for MDD-W Food Categories by
Interview Mode (Visit 2) F2F: Face-to-Face (N=50); Phone: Phone Interview (N=93)

Food Mode FFQ (% MMPS  Weighted Kappa  p- Interpretation
Category Yes) (% Yes) [95% CI] value
Eggs F2F 42.00%  40.00%  0.876 [0.740, 0.0001 Almost
1.012] Perfect
Phone 47.30%  51.60%  0.828 [0.715, 0.0001 Almost
0.942] Perfect
Grains F2F 100.00% 100.00% O — No
Agreement
Phone 98.90%  97.80%  0.662 [0.041, 0.0001 = Substantial
1.282]
Meat F2F 94.00% 94.00% 1[1,1] — Almost
Perfect
Phone 92.50%  91.40%  0.928 [0.787, 0.0001 Almost
1.068] Perfect
Other F2F 92.00%  94.00%  0.847[0.553, 0.0001 Almost
Fruits 1.141] Perfect
Phone 95.70%  97.80%  0.657 [0.215, 0.0001 Substantial
1.099]
Pulses F2F 88.00%  76.00%  0.417[0.173, 0.0001 Moderate
0.769]
Phone 83.90%  74.20%  0.584 [0.387, 0.0001 Moderate
0.781]
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Milk F2F 92.00%  88.00%  0.779 [0.486, 0.0001 = Substantial

1.072]
Phone 93.50%  95.70%  0.367 [-0.028, 0.0001 = Fair
0.763]
Dark F2F 68.00%  96.00%  0.043 [-0.127, 0.578  None to
Green 0.214] Slight
Veg
Phone 72.00% @ 94.60%  0.255[0.068, 0.0001 = Fair
0.442]
Nuts F2F 26.00%  92.00%  0.002 [-0.091, 0.962  None to
0.095] Slight
Phone 35.50%  89.20%  0.054 [-0.036, 0.279  None to
0.144] Slight
Other F2F 100.00% 96.00% 0 — No
Veg Agreement
Phone 100.00% 98.90% 0 — No

Agreement

J. Micronutrient Adequacy (NAR and MAR)

The micronutrient adequacy of the diet was assessed using the Nutrient
Adequacy Ratio (NAR) for 12 selected micronutrients (vitamin A, thiamine, riboflavin,
niacin, vitamin B-6, folate, vitamin B-12, vitamin C, calcium, iron, zinc, and Vitamin
D). Noting that in our data we did not collect data on B12 neither B6. Each NAR was
calculated by dividing the participant's intake by the corresponding Estimated Average
Requirement (EAR) based on the 2019 Dietary Reference Intakes (DRIs). Following
standard protocols (IOM 2003), NAR values were truncated at 1.0 to prevent high
intake of a single nutrient from masking deficiencies in others during the calculation of
the Mean Adequacy Ratio (MAR).

NAR= (Actual Intake)/ (EAR for that age/sex group)
Micronutrient Adequacy (NAR and MAR) (Table 27 and Table 28)
Overall Dietary Quality
The overall nutritional quality of the diet was high, with Mean Adequacy Ratios

(MAR) consistently exceeding 0.80 across all assessment tools and study visits. The
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MAR was calculated based on 10 key micronutrients. Notably, Vitamins B6 and B12
were excluded from the final calculation due to insufficient food composition data

within the study’s regional database.

1. Individual Nutrient Adequacy Ratios (NAR)

An analysis of individual NARs highlighted distinct patterns across the different
assessment instruments:

High Adequacy: The nutrients with the highest adequacy levels were Vitamin C,
Iron, Vitamin A, and Riboflavin (B2) in the Food Frequency Questionnaire (FFQ).
Similarly, the Modified mediteranean primescreen (MMPS) showed high adequacy for
Riboflavin (B2), Niacin (B3), Iron, Zinc, and Vitamin C.

Primary Nutrient of Concern: Vitamin D was identified as the most critical
nutrient of concern, demonstrating the lowest adequacy across all instruments and visits,
with NAR values ranging from 0.15 to 0.24. This consistently low range indicates a
substantial risk of Vitamin D inadequacy in this population.

Marginal Adequacy: While Folate and Calcium exhibited lower NARs
compared to other nutrients, their values remained above the established adequacy

thresholds (Table 27).

Table 27. Individual Nutrient Adequacy Ratios (NAR) by Instrument and Visit

Nutrient FFQ FFQ FFQ MMPS MMPS MMPS
Vi V2 Mean V1 V2 Mean
Vitamin A  0.97 0.95 0.98 0.97 0.96 0.98
Vitamin C  0.98 0.98 0.99 0.97 0.95 0.98
Folate 0.84 0.81 0.85 0.92 0.90 0.93
Niacin 0.95 0.93 0.96 0.99 0.98 0.99
Riboflavin  0.96 0.95 0.97 0.99 0.99 1.00
Thiamin 0.93 0.90 0.93 0.96 0.95 0.97
Iron 0.98 0.97 0.99 0.99 0.98 0.99
Zinc 0.97 0.94 0.97 0.99 0.99 0.99
Calcium 0.88 0.85 0.90 0.89 0.85 0.90
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Vitamin D  0.17 0.15 0.16 0.24 0.22 0.20

NAR by Instrument (FFQ & MMPS)
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Figure 2. Nutrient Adequacy Ratio (NAR)

a. Population Adequacy and Threshold Analysis

When evaluated against the 0.60 MAR threshold, nearly the entire study
population met the criteria for overall nutrient adequacy. This suggests that despite
specific deficits in Vitamin D, the participants maintained a high level of general

micronutrient sufficiency (Table 27).

2. Mean Adequacy Ratio (MAR) and Thresholds

The mean MAR for the study population was 0.87 (0.08) using the mean FFQ
data and 0.89 (0.05) using the mean MMPS data. A comparison of the two instruments
indicates that while the MMPS generally provides slightly higher (more "optimistic")
MAR scores than the FFQ, both tools captured the same dietary trends and identified
the same nutrients of concern. The high stability of these scores across Visit 1 and Visit
2 suggests that the dietary patterns in this population were consistent over the study

period (Table 28).
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Table 28. Overall Mean Adequacy Ratio (MAR) and Prevalence of Adequacy
Indicator FFQ V1 FFQ V2

MAR (Mean+ 0.86 + 0.84 +

SD) 0.09

0.11

Adequate (> 98.6%  96.5%

0.6)
Inadequate (< 1.4%
0.6)

3.5%

FFQ MMPS MMPS MMPS
Mean V1 V2 Mean

0.87 = 0.89 + 0.88 0.89 +
0.08 0.07 0.08 0.05
97.9% 100% 99.3% 100%

2.1% 0.0% 0.7% 0.0%

Table 29. Agreement of Individual Nutrient Adequacy Ratios (NAR) between mean

FFQ and mean MMPS
Nutrient FFQ

Mean
Vitamin A 0.98
Vitamin C  0.99
Folate 0.85
Niacin 0.96
Riboflavin  0.97
Thiamin 0.93
Iron 0.99
Zinc 0.97

Calcium 0.90

Vitamin D  0.16

MMPS
Mean
0.98
0.98
0.93
0.99

1.00
0.97

0.99

0.99

0.90

0.20

Pearson correlation = Spearman correlation

[95% CT] [95% CI]

0.504 [0.181, 0.350 [0.128, 0.560]
0.747]

0.681 [-0.031, 0.331 [-0.042, 0.60]
0.891]

0.681 [0.556, 0.595 [0.453, 0.711]
0.775]

0.521[0.226, 0.369 [0.153, 0.531]
0.723]

0.593 [0.160, 817]  0.475 [0.257, 0.646]
0.480 [0.280, 0.446 [0.261, 0.602]
0.642]

0.638 [0.295, 0.604 [0.301, 0.826]
0.857]

0.639 [0.002, 0.339[0.071, 0.538]
0.847]

0.774 [0.642, 0.703 [0.596, 0.804]
0.856]

0.637 [0.484, 0.548 [0.400, 0.692]
0.755]

K. Longitudinal Trends: The Impact of the Economic Crisis

1. The "Protein Collapse" (Meat & Nuts)
These categories show the sharpest and most consistent decline.

e Meat Products: Started at a mean of 142.6g and dropped to 74.2g (a 48%

decrease). The lowest point was in the June-July 2021 period (56.2g) during the

peak of the fuel crisis.
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e Nuts and Seeds: Dropped from 18.1g to 5.8g (a 68% decrease). Because nuts are
often imported and priced in dollars, they became an immediate luxury that

participants cut out.

2. The "Staple Shift" (Grains, Pulses, and Oils)
Grains & Tubers: Decreased from 422.1g to 330.7g. Interestingly, after a long

decline, there was a small "rebound" in the final interval. This often happens in crises
where people stop eating meat and try to fill the hunger with more bread/potatoes.

o Pulses (Lentils/Beans): Decreased from 71.9g to 45.8g. This is concerning
because pulses are usually the "poor man's protein." Their decline suggests that
even basic pantry staples became unaffordable.

e Oils and Fats: This is the only category that increased (from 57.0g to 76.3g). In
nutritional transitions during poverty, families often increase fat intake (cheaper

vegetable oils) to add calories when they can't afford quality micronutrients.

3. Micronutrient "Danger Zones' (NAR Scores)
The NAR (Nutrient Adequacy Ratio) shows if the intake meets the requirement

(1.0 = 100% adequate).
e Vitamin D (The Crisis): It started low (0.23) and fell to 0.14.
e Vitamin A & Folate: Both show a clear downward trend. Folate dropped from
0.86 to 0.79, and Vitamin A dropped from 0.99 to 0.90. This correlates with the
drop in "Other Vitamin A rich Fruits/Veg" which fell from 71.5g to 17.9¢g in the

mid-2021 period.
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o [ron: Remained relatively high (0.96-1.0), likely because of the enrichment of
flour (bread) in Lebanon, which provides a "safety net" for iron even as meat

intake falls.

4.0verall Adequacy (MAR & MDD)
e MAR (Mean Adequacy Ratio): Fell from 0.88 to 0.84. While this seems small,

the drop to 0.73 in Interval 18-19 (June-July 2021) shows a period of "acute
nutritional shock" coinciding with the lifting of subsidies.
e Overall Nutrient Adequacy (Binary): In the beginning, 100% of the sample had

a MAR >=0.6. By the 18-19 month mark, that dropped to 81.8%.

L. Longitudinal Trends in Food Category Intake (MDD-W)

The longitudinal assessment of food category intake, measured in two-month
intervals, revealed distinct shifts in consumption patterns over the 21-month study
period (Table 30). Grains, white roots, and tubers remained the primary dietary
component, peaking at 2-3 months (473.2 grams per day) before stabilizing at lower
levels in the second year (Figure 3). Meat products showed a notable downward trend,
starting at a high of 149.7 grams per day in the February to March 2020 period and
decreasing significantly by 18-19 months to 56.2 grams per day (Figure 4). Similarly,
Other Vegetables consumption was highest during the initial 0-1 month period (311.9
grams per day) and generally declined thereafter, reaching its lowest point at 14-15
months (172.5 grams per day) (Table 31, Figure 5).

In contrast, certain categories like Eggs and Oils and Fats remained relatively
stable throughout the study. Interestingly, dietary diversity as measured by the MDD-W

score maintained nearly 100 percent prevalence for the first 15 months, with slight
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decreases observed only in the 16-17 month (95.5 percent) and 18-19 month (90.9
percent) intervals. These dietary shifts were reflected in the Mean Adequacy Ratio
(MAR), which remained high (0.8 to 0.9) for most of the study but dipped to its lowest
point of 0.7 during the 18-19 month period (June to July 2021) (Figure 6). These data
suggest that while caloric staples remained consistent, the intake of nutrient-dense food
groups like meats and vegetables fluctuated, potentially influenced by seasonal
availability or external factors over time.

Table 30. Univariate and Multivariate Linear Regression Analysis of Maternal Nutrient
Adequacy and Dietary Diversity Scores as Predictors of Maternal Health Outcomes

Independent variables Univariate Model Multivariate Model
B (SE) p- B p- 95% CI
value (SE) value off
MDD SCORE _FFQ1 0.292 (0.287) 0.311 -
MDD SCORE MMPS]1 - 0.624 -
0.166(0.338)
MAR_FFQI1 2.96 (4.47) 0.509 -
MAR_MMPSI1 5.61 (5.42) 0303 -
Visit time from Dec2019 -0.024 0.722 -
(months) (0.067)

(Maternal BMI at visit 1)

Table 31. Longitudinal MDD W Score Categories (Continuous Results Per 2 Months
Intervals)

Category Time Period N Mean (SD)
Grains, white roots, 0-1 mo (Dec 19 - Jan 20) 31 422.1 (198.6)
tubers & plantains 2-3 mo (Feb 20 - Mar 20)* 26 473.2 (245.7)
(g/day) 4-5 mo (Apr 20 - May 20) 3 331.9 (60.4)
6-7 mo (Jun 20 - Jul 20) 49 349.3 (165.2)
8-9 mo (Aug 20 - Sep 20) 49 354.4 (158.8)
10-11 mo (Oct 20 - Nov 20) 26 347.7 (177.0)
12-13 mo (Dec 20 - Jan 21)° 49 327.7 (162.3)
14-15 mo (Feb 21 - Mar 21) 13 325.5 (108.8)
16-17 mo (Apr 21 - May 21)° 22 310.0 (145.7)
18-19 mo (Jun 21 - Jul 21) 11 291.8 (103.1)
20-21 mo (Aug 21 - Sep 21) 7 330.7 (153.0)
Pulses (seeds, peas, 0-1 mo (Dec 19 - Jan 20) 31 72.0 (87.5)
lentils) (g/day) 2-3 mo (Feb 20 - Mar 20) 26 89.5 (113.8)
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Nuts and Seeds (g/day)

Milk and Milk Products

(g/day)

Meat Products (g/day)

Eggs (g/day)

4-5 mo (Apr 20 - May 20)
6-7 mo (Jun 20 - Jul 20)

8-9 mo (Aug 20 - Sep 20)
10-11 mo (Oct 20 - Nov 20)
12-13 mo (Dec 20 - Jan 21)
14-15 mo (Feb 21 - Mar 21)
16-17 mo (Apr 21 - May 21)
18-19 mo (Jun 21 - Jul 21)
20-21 mo (Aug 21 - Sep 21)
0-1 mo (Dec 19 - Jan 20)
2-3 mo (Feb 20 - Mar 20)
4-5 mo (Apr 20 - May 20)
6-7 mo (Jun 20 - Jul 20)

8-9 mo (Aug 20 - Sep 20)
10-11 mo (Oct 20 - Nov 20)
12-13 mo (Dec 20 - Jan 21)
14-15 mo (Feb 21 - Mar 21)
16-17 mo (Apr 21 - May 21)
18-19 mo (Jun 21 - Jul 21)
20-21 mo (Aug 21 - Sep 21)
0-1 mo (Dec 19 - Jan 20)
2-3 mo (Feb 20 - Mar 20)
4-5 mo (Apr 20 - May 20)
6-7 mo (Jun 20 - Jul 20)

8-9 mo (Aug 20 - Sep 20)
10-11 mo (Oct 20 - Nov 20)
12-13 mo (Dec 20 - Jan 21)
14-15 mo (Feb 21 - Mar 21)
16-17 mo (Apr 21 - May 21)
18-19 mo (Jun 21 - Jul 21)
20-21 mo (Aug 21 - Sep 21)
0-1 mo (Dec 19 - Jan 20)*
2-3 mo (Feb 20 - Mar 20)*
4-5 mo (Apr 20 - May 20)
6-7 mo (Jun 20 - Jul 20)

8-9 mo (Aug 20 - Sep 20)°
10-11 mo (Oct 20 - Nov 20)*
12-13 mo (Dec 20 - Jan 21)
14-15 mo (Feb 21 - Mar 21)
16-17 mo (Apr 21 - May 21)°
18-19 mo (Jun 21 - Jul 21)°
20-21 mo (Aug 21 - Sep 21)
0-1 mo (Dec 19 - Jan 20)
2-3 mo (Feb 20 - Mar 20)
4-5 mo (Apr 20 - May 20)
6-7 mo (Jun 20 - Jul 20)
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49
49
26
49
13
22
11

31
26

49
49
26
49
13
22
11

31
26

49
49
26
49
13
22
11

31
26

49
49
26
49
13
22
11

31
26

49

34.3 (47.4)
76.2 (70.3)
71.2 (69.6)
63.1 (38.7)
67.6 (64.0)
61.9 (47.6)
63.8 (44.1)
56.2 (50.9)
45.9 (43.5)
18.2 (27.1)
42.4 (104.6)
5.0 (8.0)
23.8 (45.1)
20.2 (52.2)
19.1 (27.7)
29.6 (45.2)
19.4 (22.5)
16.6 (19.2)
13.6 (25.4)
5.9(7.2)
180.7 (107.2)
185.4 (156.1)
95.9 (48.6)
157.6 (107.8)
159.5 (121.9)
139.4 (116.4)
138.9 (113.0)
183.8 (134.3)
186.9 (139.6)
103.3 (78.0)
140.0 (74.0)
142.7 (79.6)
149.7 (69.4)
133.0 (69.6)
111.7 (53.6)
102.0 (51.1)
136.2 (78.1)
108.0 (67.3)
98.1 (37.3)
74.9 (42.3)
56.2 (36.5)
74.2 (58.2)
18.2 (20.5)
14.6 (13.2)
14.0 (14.7)
17.2 (19.2)



Dark Green Leafy
Vegetables (g/day)

Other Vit-A Rich
Fruits/Veg (g/day)

Other Vegetables
(g/day)

Other Fruits (g/day)

8-9 mo (Aug 20 - Sep 20)
10-11 mo (Oct 20 - Nov 20)
12-13 mo (Dec 20 - Jan 21)
14-15 mo (Feb 21 - Mar 21)
16-17 mo (Apr 21 - May 21)
18-19 mo (Jun 21 - Jul 21)
20-21 mo (Aug 21 - Sep 21)
0-1 mo (Dec 19 - Jan 20)
2-3 mo (Feb 20 - Mar 20)
4-5 mo (Apr 20 - May 20)
6-7 mo (Jun 20 - Jul 20)

8-9 mo (Aug 20 - Sep 20)
10-11 mo (Oct 20 - Nov 20)
12-13 mo (Dec 20 - Jan 21)
14-15 mo (Feb 21 - Mar 21)
16-17 mo (Apr 21 - May 21)
18-19 mo (Jun 21 - Jul 21)
20-21 mo (Aug 21 - Sep 21)
0-1 mo (Dec 19 - Jan 20)
2-3 mo (Feb 20 - Mar 20)
4-5 mo (Apr 20 - May 20)
6-7 mo (Jun 20 - Jul 20)

8-9 mo (Aug 20 - Sep 20)
10-11 mo (Oct 20 - Nov 20)
12-13 mo (Dec 20 - Jan 21)
14-15 mo (Feb 21 - Mar 21)
16-17 mo (Apr 21 - May 21)
18-19 mo (Jun 21 - Jul 21)
20-21 mo (Aug 21 - Sep 21)
0-1 mo (Dec 19 - Jan 20)*
2-3 mo (Feb 20 - Mar 20)
4-5 mo (Apr 20 - May 20)
6-7 mo (Jun 20 - Jul 20)

8-9 mo (Aug 20 - Sep 20)°
10-11 mo (Oct 20 - Nov 20)°
12-13 mo (Dec 20 - Jan 21)
14-15 mo (Feb 21 - Mar 21)
16-17 mo (Apr 21 - May 21)
18-19 mo (Jun 21 - Jul 21)
20-21 mo (Aug 21 - Sep 21)
0-1 mo (Dec 19 - Jan 20)
2-3 mo (Feb 20 - Mar 20)
4-5 mo (Apr 20 - May 20)
6-7 mo (Jun 20 - Jul 20)

8-9 mo (Aug 20 - Sep 20)
10-11 mo (Oct 20 - Nov 20)
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26
49
13
22
11

31
26

49
49
26
49
13
22
11

31
26

49
49
26
49
13
22
11

31
26

49
49
26
49
13
22
11

31
26

49
49
26

15.2 (16.1)
18.5 (17.5)
16.0 (16.3)
16.0 (12.6)
17.8 (15.4)
20.7 (19.8)
15.6 (16.8)
35.8 (30.1)
33.4 (29.6)
47.1 (36.5)
41.7 (29.1)
34.1 (24.0)
32.7 (29.8)
39.7 (31.0)
33.6 (30.3)
41.9 (27.4)
26.5 (28.3)
45.2 (29.8)
71.5 (111.2)
70.5 (72.9)
93.3 (119.4)
60.2 (63.5)
56.9 (63.2)
54.3 (45.5)
64.1 (68.7)
28.4 (45.8)
17.9 (24.9)
31.2 (40.5)
70.8 (64.5)
311.9 (179.1)
295.9 (163.4)
266.6 (187.6)
224.6 (120.5)
199.4 (98.6)
198.5 (111.0)
217.4 (134.2)
172.5 (111.9)
260.8 (136.6)
196.6 (162.1)
225.6 (108.7)
243.5 (166.5)
206.3 (171.1)
263.9 (84.0)
247.0 (223.2)
200.2 (145.2)
143.1 (111.4)



12-13 mo (Dec 20 - Jan 21) 49 167.9 (127.9)

14-15 mo (Feb 21 - Mar 21) 13 115.4 (42.8)
16-17 mo (Apr 21 - May 21) 22 202.4 (111.2)
18-19 mo (Jun 21 - Jul 21) 11 274.3 (191.9)
20-21 mo (Aug 21 -Sep 21) 7 225.0(110.8)
Other Oils and Fats 0-1 mo (Dec 19 - Jan 20) 31 57.0 (48.5)
(g/day) 2-3 mo (Feb 20 - Mar 20) 26 55.4 (41.1)
4-5 mo (Apr 20 - May 20) 3 44.8 (18.2)
6-7 mo (Jun 20 - Jul 20) 49 52.1 (32.0)
8-9 mo (Aug 20 - Sep 20) 49 56.9 (42.7)
10-11 mo (Oct 20 - Nov 20) 26 60.1 (60.9)
12-13 mo (Dec 20 - Jan 21) 49 57.8 (50.0)
14-15 mo (Feb 21 - Mar 21) 13 71.5 (49.1)
16-17 mo (Apr 21 - May 21) 22 55.7 (43.3)
18-19 mo (Jun 21 - Jul 21) 11 78.0 (36.8)
20-21 mo (Aug 21 -Sep 21) 7 76.4 (51.9)
MDD W score 0-1 mo (Dec 19 - Jan 20) 31 31 (100%)
2-3 mo (Feb 20 - Mar 20) 26 26 (100%)
4-5 mo (Apr 20 - May 20) 3 3 (100%)
6-7 mo (Jun 20 - Jul 20) 49 49 (100%)
8-9 mo (Aug 20 - Sep 20) 49 49 (100%)
10-11 mo (Oct 20 - Nov 20) 26 26 (100%)
12-13 mo (Dec 20 - Jan 21) 49 49 (100%)
14-15 mo (Feb 21 - Mar 21) 13 13 (100%)
16-17 mo (Apr 21 - May 21) 22 21 (95.5%)
18-19 mo (Jun 21 - Jul 21) 11 10 (90.9%)
20-21 mo (Aug 21 - Sep 21) 7 7 (100%)
MAR (Mean Adequacy  0-1 mo (Dec 19 - Jan 20)? 31 0.9 (0.1)
Ratio) 2-3 mo (Feb 20 - Mar 20)? 26 0.9 (0.1)
4-5 mo (Apr 20 - May 20) 3 0.9 (0.0)
6-7 mo (Jun 20 - Jul 20)? 49 0.9 (0.1)
8-9 mo (Aug 20 - Sep 20) 49 0.8 (0.1)
10-11 mo (Oct 20 - Nov 20)* 26 0.9 (0.1)
12-13 mo (Dec 20 - Jan 21) 49 0.8 (0.1)
14-15 mo (Feb 21 - Mar 21) 13 0.8 (0.1)
16-17 mo (Apr 21 - May 21) 22 0.8 (0.1)
18-19 mo (Jun 21 - Jul 21)° 11 0.7 (0.2)
20-21 mo (Aug 21 -Sep 21) 7 0.8 (0.1)

Values in the same category with different superscript letters (a, b) are significantly
different at p < 0.05 based on Post Hoc comparisons. Only categories with significant
differences are shown with notations here

M. Longitudinal Trends in Nutrient Adequacy Ratios (NAR)

The longitudinal analysis of Nutrient Adequacy Ratios (NAR) demonstrated that

the study population maintained high levels of adequacy for most essential vitamins and
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minerals, though significant declines were observed during specific intervals. For the
majority of the study, NAR values for Vitamin A, Iron, and Vitamin C remained at or
near 1.00, indicating that intake met or exceeded the Dietary Reference Intakes (DRI).
However, a consistent and statistically significant decrease in adequacy occurred during
the 18-19 month period (June to July 2021) (Figures 7 and 8). During this interval, NAR
values reached their lowest points for Thiamin (0.77), Niacin (0.78), Riboflavin (0.83),
and Zinc (0.84) (Table 32, Figures 9-12).

Vitamin D adequacy was critically low across the entire 21-month period, with
mean NAR values ranging from 0.10 to 0.24, falling far below the 0.60 threshold for
minimum adequacy. These consistently poor ratios indicate a severe and chronic
nutrient shortfall that remained largely unaffected by seasonal shifts or the fluctuations
observed in other nutrient categories.

The Mean Adequacy Ratio (MAR) reflected these individual nutrient shifts,
remaining stable between 0.87 and 0.89 for the first year before dropping significantly
to 0.74 during the June to July 2021 period. Notably, Vitamin D adequacy remained
critically low throughout the entire 21-month duration, with mean ratios never
exceeding 0.24 and reaching a low of 0.10. Folate and Calcium also showed moderate
but consistent gaps in adequacy compared to other micronutrients. Despite these
fluctuations, the overall percentage of participants maintaining a MAR of 0.6 or higher
remained above 90 percent across all time intervals, suggesting that while the quality of
nutrient intake varied seasonally, gross nutritional adequacy remained high for the vast

majority of the cohort.
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Table 32. Longitudinal NAR (Nutrients Adequacy Ratio; Ratios Based on DRI; Per 2
Months Intervals)

Category Time Period N Mean Ratio
NAR Vitamin A 0-1 mo (Dec 19 - Jan 20)* 31 0.99
2-3 mo (Feb 20 - Mar 20)? 26 1.00
4-5 mo (Apr 20 - May 20) 3 1.00
6-7 mo (Jun 20 - Jul 20)* 49 0.99
8-9 mo (Aug 20 - Sep 20) 49 0.96
10-11 mo (Oct 20 - Nov 20)* 26 0.98
12-13 mo (Dec 20 - Jan 21) 49 0.93
14-15 mo (Feb 21 - Mar 21) 13 0.94
16-17 mo (Apr 21 - May 21) 22 0.96
18-19 mo (Jun 21 - Jul 21)°* 11 0.86
20-21 mo (Aug 21 -Sep21) 7 0.90
NAR Niacin 0-1 mo (Dec 19 - Jan 20)* 31 0.97
2-3 mo (Feb 20 - Mar 20)? 26 0.97
6-7 mo (Jun 20 - Jul 20)* 49 0.97
8-9 mo (Aug 20 - Sep 20)* 49 0.94
10-11 mo (Oct 20 - Nov 20)* 26 0.95
12-13 mo (Dec 20 - Jan 21) 49 0.91
14-15 mo (Feb 21 - Mar 21)* 13 0.96
18-19 mo (Jun 21 - Jul 21)° 11 0.78
NAR Riboflavin 0-1 mo (Dec 19 - Jan 20)* 31 0.99
2-3 mo (Feb 20 - Mar 20)* 26 0.98
6-7 mo (Jun 20 - Jul 20)* 49 0.97
10-11 mo (Oct 20 - Nov 20)* 26 0.99
18-19 mo (Jun 21 - Jul 21)°* 11 0.83
NAR Thiamin 6-7 mo (Jun 20 - Jul 20)* 49 0.96
18-19 mo (Jun 21 - Jul 21)° 11 0.77
NAR Iron 0-1 mo (Dec 19 - Jan 20)* 31 1.00
2-3 mo (Feb 20 - Mar 20)* 26 1.00
6-7 mo (Jun 20 - Jul 20)* 49 0.99
8-9 mo (Aug 20 - Sep 20)* 49 0.97
10-11 mo (Oct 20 - Nov 20)* 26 0.98
12-13 mo (Dec 20 - Jan 21)* 49 0.97
14-15 mo (Feb 21 - Mar 21)* 13 0.95
16-17 mo (Apr 21 - May 21) 22 0.97
18-19 mo (Jun 21 - Jul 21)® 11 0.85
NAR Zinc 2-3 mo (Feb 20 - Mar 20)? 26 0.99
18-19 mo (Jun 21 - Jul 21)® 11 0.84
MAR 0-1 mo (Dec 19 - Jan 20)? 31 0.89
2-3 mo (Feb 20 - Mar 20)? 26 0.88
6-7 mo (Jun 20 - Jul 20)*? 49 0.87
10-11 mo (Oct 20 - Nov 20)* 26 0.87
18-19 mo (Jun 21 - Jul 21)® 11 0.74
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NAR Vitamin C

NAR Folate

NAR Calcium

NAR Vitamin D

0-1 mo (Dec 19 - Jan 20)
2-3 mo (Feb 20 - Mar 20)
4-5 mo (Apr 20 - May 20)
6-7 mo (Jun 20 - Jul 20)

8-9 mo (Aug 20 - Sep 20)
10-11 mo (Oct 20 - Nov 20)
12-13 mo (Dec 20 - Jan 21)
14-15 mo (Feb 21 - Mar 21)
16-17 mo (Apr 21 - May 21)
18-19 mo (Jun 21 - Jul 21)
20-21 mo (Aug 21 - Sep 21)
0-1 mo (Dec 19 - Jan 20)
2-3 mo (Feb 20 - Mar 20)
4-5 mo (Apr 20 - May 20)
6-7 mo (Jun 20 - Jul 20)

8-9 mo (Aug 20 - Sep 20)
10-11 mo (Oct 20 - Nov 20)
12-13 mo (Dec 20 - Jan 21)
14-15 mo (Feb 21 - Mar 21)
16-17 mo (Apr 21 - May 21)
18-19 mo (Jun 21 - Jul 21)
20-21 mo (Aug 21 - Sep 21)
0-1 mo (Dec 19 - Jan 20)
2-3 mo (Feb 20 - Mar 20)
4-5 mo (Apr 20 - May 20)
6-7 mo (Jun 20 - Jul 20)

8-9 mo (Aug 20 - Sep 20)
10-11 mo (Oct 20 - Nov 20)
12-13 mo (Dec 20 - Jan 21)
14-15 mo (Feb 21 - Mar 21)
16-17 mo (Apr 21 - May 21)
18-19 mo (Jun 21 - Jul 21)
20-21 mo (Aug 21 - Sep 21)
0-1 mo (Dec 19 - Jan 20)
2-3 mo (Feb 20 - Mar 20)
4-5 mo (Apr 20 - May 20)
6-7 mo (Jun 20 - Jul 20)

8-9 mo (Aug 20 - Sep 20)
10-11 mo (Oct 20 - Nov 20)
12-13 mo (Dec 20 - Jan 21)
14-15 mo (Feb 21 - Mar 21)

121

31

0.98

0.97
0.98
0.99
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16-17 mo (Apr 21 - May 21) 22 0.15

18-19 mo (Jun 21 - Jul 21) 11 0.11
20-21 mo (Aug 21 -Sep21) 7 0.15
Overall Nutrient 0-1 mo (Dec 19 - Jan 20) 31 31 (100%)
Adequacy 2-3 mo (Feb 20 - Mar 20) 26 26 (100%)
(MAR >=0.6) 4-5 mo (Apr 20 - May 20) 3 3 (100%)
6-7 mo (Jun 20 - Jul 20) 49 49 (100%)
8-9 mo (Aug 20 - Sep 20) 49 48 (98%)
10-11 mo (Oct 20 - Nov 20) 26 26 (100%)
12-13 mo (Dec 20 - Jan 21) 49 47 (95.9%)
14-15 mo (Feb 21 - Mar 21) 13 12 (92.3%)
16-17 mo (Apr 21 - May 21) 22 21 (95.5%)
18-19 mo (Jun 21 - Jul 21) 11 9 (91.8%)
20-21 mo (Aug 21 -Sep 21) 7 7 (100%)

Values in the same category with different superscript letters (a, b) are significantly
different at p < 0.05 based on Post Hoc comparisons. Only categories with significant
differences are shown with notations here.

Table 33. Trends in Dietary Intake and Nutrient Adequacy Scores

Category Trend % Change (0 vs  Interpretation for Thesis
20)

Meat ! -48% Loss of high-quality protein due to
Decreased hyperinflation.

Nuts ! -68% Elimination of "luxury" healthy
Decreased fats/minerals.

Oils 1 Increased +33% Compensatory calorie loading with

cheap fats.

Vit D ! -39% Progression from deficiency to severe
Decreased deficiency.

MAR ! -5% (avg) Significant decline in overall diet quality.
Decreased

bt
01 ma 2.3 L5 BT ma BB diims 12.93me  14-15ms  18-17me  GB-18me 2000 e
D 48 Feb20-  [hpr 20 an X0 Mg 2 00k 20 . {Dwc 20 Feb 2 - o o e (g T
Jary X0) ik 297} Iy 2 Jul X Sep X By 30 dan ¥ s 1) sy I Juil F ) Tep M)

Interval from Study Start (Dec 2018) with Calendar Dates

Ermor Barg: +- 2 SE

Figure 3. Longitudinal Trends in Mean Grain and Tuber Intake Across 2-Months
Intervals (Dec 2019-Sep 2021)
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Figure 7. Longitudinal Trends of Vitamin A Adequacy Ratio Across 2 Months Intervals
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Figure 8. Longitudinal Trends of Iron Adequacy Ratio Across 2 Months Intervals (Dec
2019-Sep 2021)
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Figure 10. Longitudinal Trends of Riboflavin Adequacy Ratio Across 2 Months
Intervals (Dec 2019-Sep 2021)
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Figure 11. Longitudinal Trends of Niacin Adequacy Ratio Across 2 Months Intervals
(Dec 2019-Sep 2021)
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Figure 12. Longitudinal Trends of Zinc Adequacy Ratio Across 2 Months Intervals
(Dec 2019-Sep 2021)

N. The "Nutritional Scissors'" Effect: Economic Drivers of Dietary Change

Intake across MDD-W food groups varied significantly between Visit 1 and
Visit 2. Specifically, consumption of grains, roots and tubers, milk and dairy products,
vitamin A-rich fruits and vegetables, and other vegetables decreased significantly at

Visit 2 (Figure 14).
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Figure 13. Mean Difference in Intake Between Visit 2 and Visit 1 (MDD-W Food
Groups)

1.

The Salary Collapse (Blue Dashed Line): While people might have still been
earning the same amount of Lebanese Lira (e.g., 1.5 million LBP), its
purchasing power dropped from 100% to less than 20% by August 2021.(Figure
14)

The "Meat" Spike (Dark Red Line): Meat and poultry prices rose nearly 9 times
(900%). This explains why animal protein intake usually shows the sharpest
decline in Lebanese nutritional studies from this era.

The Dairy & Egg Crisis (Orange Line): Dairy and eggs, which are essential for
Calcium and Vitamin D, rose 7.5 times. This likely caused a shift toward
cheaper, less nutrient-dense fillers.

The Food Insecurity Zone: The white space between the falling blue line and the
rising colored lines represents the unaffordability gap. By late 2021, even
"cheap" staples like grains were nearly 7 times more expensive, while salaries

had effectively vanished in value.
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The "Nutritional Scissors": Rising Food Costs vs. Collapsing Salaries
Lebanon (Dec 2019 - Sep 2021)
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Figure 14. Bimonthly Progression of the Economic Crisis: Rising Food Expenditures vs.
Collapsing Household Income and its Implications for Food Security (Dec 2019-Sep
2021)

O. Maternal and Neonatal Health Outcomes: A Comparative Profile

Associations with maternal and neonatal outcomes: To explore the relationship
between maternal diet quality and health outcomes, linear regression models will be
used. Specifically, associations will be examined between MAR and maternal BMI, as
well as neonatal weight and length percentiles. Where appropriate, multivariable
regression models will be fitted adjusting for potential confounders (e.g., maternal age,
parity, socioeconomic status).

The study cohort consisted of mothers with a mean age of 31.52 & 4.66 years,
while the neonatal participants had a mean age of 0.72 + 0.44 years at the initial
assessment. Within the neonatal group, the gender distribution was nearly equal,
consisting of 73 females (51.0%) and 70 males (49.0%).

The longitudinal assessment of nutritional status and physical health outcomes

revealed distinct shifts in both maternal and neonatal anthropometric profiles between
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Visit 1 and Visit 2. Maternal body composition remained relatively stable, with a slight
decrease in mean BMI from 24.18 +£4.01 kg/ m?*to 23.74 +3.87 kg/m>.
Interestingly, the prevalence of maternal obesity (BMI category 4.0) decreased from
11.6% to 8.5% during this period, indicating a trend toward more normalized weight
status in the postpartum or follow-up phase.

In contrast, neonatal growth trajectories showed a significant upward trend
relative to standardized growth charts. Mean weight percentiles increased from 72.68 +
229.9 at Visit 1 to 81.58 +26.92 at Visit 2, while mean height percentiles rose from
77.8 £24.53 to 85.18 +24.53 . These findings suggest that the cohort’s infants are
growing at a rate exceeding the 75th percentile of the reference population. The
subsequent analysis explores the relationship between these physical growth outcomes
and maternal micronutrient adequacy, aiming to determine if specific nutrient profiles
serve as drivers for maternal BMI stability or the accelerated neonatal growth observed
between visits.

Comparison of Maternal and Neonatal Outcomes (Visit 1 vs. Visit 2)
The following table summarizes the anthropometric transitions and provides a

baseline for correlating these results with micronutrient adequacy data (Table 34).

Table 34 Comparison of Maternal and Neonatal Outcomes (Visit 1 vs. Visit 2)

Variable Visit 1 Visit 2 Change P-
(n=143) (n=143) (A) value

Maternal BMI (kg/m2) 24.18+4.01 23.74+3.87 -0.44 0.0001

Maternal BMI Category

(%)

1 Underweight 3.60% 3.40% -0.20% 0.864

2 Normal Weight 60.10% 63.60% +3.5%

3 Overweight 24.60% 24.60% 0.00%

4 Obese 11.60% 8.50% -3.10%

Neonatal Weight Percentile 72.68+29.9 81.58+26.92 -8.9 0.0001
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Neonatal Height Percentile = 77.8+24.53 85.18+24.53 7.4 0.004

While maternal anthropometric status remained remarkably stable between visits ( p =
0.864 ), neonatal growth metrics showed significant upward trajectories, with weight
and height percentiles increasing by 8.64 and 8.15 points, respectively ( p <0.05).
This suggests that despite the lack of significant change in maternal body composition,
the nutritional environment was sufficient to support accelerated neonatal development.
1. The Stabilizers (89.5%): 128 mothers stayed in the exact same category.
o High stability suggests that the dietary habits or metabolic states
established by Visit 1 were largely maintained.
2. The Improvers (9.1%): 13 mothers moved to a "healthier" category (lower
BMI).
o 6 moved from Obese = Overweight.
o 4 moved from Overweight > Healthy.
o 3 moved from Underweight - Healthy.
3. The Gainers (1.4%): Only 2 mothers moved to a higher BMI category.
o 1 moved from Healthy=> Overweight.
o 1 moved from Overweight—> Obese.

1. Height-for-Age (Stunting) Percentile classification was determined according
to the child’s exact age at the time of each visit (neonatal, infant, or toddler stage),
noting that the maximum age in the study population was 18 months. Weight-for-age
and height-for-age percentiles were interpreted based on the World Health Organization
(WHO) growth standards. When percentiles were not directly available in EPIC, they
were calculated using the child’s recorded anthropometric measurements and age at the

corresponding visit, in accordance with WHO reference standards.
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This measurement reflects long-term nutritional status and "stature."

o Below 3rd Percentile: Stunted (Short stature). This may indicate chronic
malnutrition or underlying health issues.

e 3rd to 97th Percentile: Normal range. * Above 97th Percentile: Tall. Generally
not a clinical concern unless it is extremely high (e.g., >99.9th) which might
require endocrine screening.

2. Weight-for-Age (Underweight)
This is a general indicator of "body mass" relative to age.

o Below 3rd Percentile: Underweight. This indicates the child is small for their
age.

e 3rd to 97th Percentile: Normal range.

e Above 97th Percentile: High Weight-for-Age. While not used alone to diagnose

obesity, it indicates the child is significantly heavier than peers.

P. Predictors of Health Outcomes (Visit 1 vs. Visit 2)

1. Baseline Predictors (Visit 1)
a. Maternal BMI

The initial assessment of maternal health outcomes focused on identifying
nutritional predictors of Maternal Body Mass Index (BMI) at Visit 1. Univariate linear
regression models were employed to evaluate the impact of dietary diversity and
nutrient adequacy scores on maternal weight status. Results indicated that neither
dietary diversity nor overall nutrient adequacy served as significant predictors of
Maternal BMI at baseline. Specifically, the Maternal Dietary Diversity scores from both
the Food Frequency Questionnaire (MDD SCORE _FFQI1; =10.292,p=0.311) and

the Modified mediteranean primescreen (MDD SCORE MMPSI1; =-0.166, p =
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0.624) showed no significant association with BMI. Furthermore, the Mean Nutrient
Adequacy ratios (MAR FFQI1, p =0.509; MAR MMPSI1, p =0.303) and the timing of
the visit relative to December 2019 (p = 0.722) were statistically non-significant.(Table

30)

b. Neonatal Growth:

i Weight Percentile

To determine the nutritional factors influencing infant growth at the first
assessment, linear regression models were utilized with neonatal weight percentile as
the dependent variable. A univariate screening was first conducted to identify potential
predictors, using a threshold of p < 0.20 for inclusion in the multivariate analysis.
The univariate analysis revealed that maternal nutrient adequacy was a significant
predictor of neonatal weight. Specifically, Mean Nutrient Adequacy derived from the
Food Frequency Questionnaire (MAR _FFQI; B =64.71, p = 0.016) and the Modified
mediteranean primescreen (MAR_MMPSI; B = 99.65, p = 0.007) were both strongly
associated with infant weight percentiles. Other variables meeting the entry criteria
included the Maternal Dietary Diversity score (MDD SCORE_FFQI; p =0.138) and
the visit timing from December 2019 (p = 0.134). Variables such as Maternal BMI at
Visit 1 (p =0.251) and MDD _SCORE_MMPSI1 (p = 0.416) did not meet the criteria for
further modeling.

In the initial multivariate model (Model 1), the individual significance of the
nutrient markers was attenuated, likely due to overlap between the dietary indices.
However, a refined multivariate model (Model 2) confirmed that Maternal Nutrient

Adequacy (MAR _MMPS1) was a significant independent predictor of neonatal weight

percentiles (B = 93.42, SE =36.66, p = 0.012). The 95% Confidence Interval [20.94,
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165.90] indicates that for every unit increase in maternal nutrient adequacy, there is a

substantial positive shift in the infant's weight-for-age percentile. These results suggest

that maternal micronutrient intake at baseline is a primary driver of neonatal weight

outcomes, independent of maternal BMI or dietary variety (Table 35)

Table 35. Univariate and Multivariate Linear Regression Analysis of Maternal Nutrient
Adequacy and Dietary Diversity Scores as Predictors of Neonatal Health Outcomes
Multivariate Model

Independent

variables

MDD SCORE_FFQ
1

MDD _SCORE MM
PS1
MAR_FFQI

MAR_MMPSI1

Visit time from

Dec2019 (months)

Univariate

Model

B p-

(SE) valu
e

3.016 0.13

(2.02 8

2)

1.903 0.41

(2.33) 6

64.71 0.01

(26.6 6

6)

99.65 0.00

362 7

9)

- 0.13

0.712 4

(0.47

3)

(SE)

-6.07
(33.9
2)

21.6
(43.6

1)
78.74

(59.3)

-0.52
(0.47
3)
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0.62

0.18

0.27
3

95%
Clof
B

[-
73.14,
61.00

1]

64.64,
107.7
4]

38.48,
195.9
3]

1.46,
0.42]

Multivariate Model 2

B p-
(SE)  wvalu

(&

93.42  0.01
(366 2
6)

0.534  0.25
0.47) 6

95%
Clof B

[20.94,
165.90
4]

[-1.46,
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Figure 15. Scatter Plot of Neonatal Weight Percentile at Visit 1 by Mean Adequacy
Ratio (from MMPS)

ii.  Height Percentile

To identify the factors influencing neonatal length-for-age at the initial
assessment, linear regression models were employed with neonatal height percentile as
the dependent variable. Predictors were screened using a univariate p-value threshold of
p < 0.20 for entry into the multivariate analysis.

The univariate analysis identified several significant dietary and temporal
predictors. Maternal Nutrient Adequacy was strongly associated with neonatal height,
whether measured by the Food Frequency Questionnaire (MAR FFQI1; f=70.15, p =

0.002) or the Modified mediteranean primescreen (MAR MMPS1; f =99.65, p =

0.007). Additionally, the timing of the visit from December 2019 (f =-1.054, p =
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0.010) and both Dietary Diversity scores (MDD SCORE FFQI1, p =0.106;
MDD SCORE MMPSI, p = 0.075) met the criteria for inclusion. Maternal BMI at
Visit 1 did not reach the significance threshold for the multivariate models (p = 0.232).

In the final refined multivariate model (Model 2), Maternal Nutrient Adequacy
(MAR_FFQ1) remained a highly significant independent predictor of neonatal height
percentiles (B = 62.25, SE =22.72, p = 0.007). The 95% Confidence Interval [17.33,
107.17] confirms a strong positive relationship between maternal nutritional adequacy
and infant skeletal growth. Furthermore, the visit timing remained statistically
significant (B = -0.884, SE = 0.398, p = 0.028), suggesting a slight temporal influence
on height outcomes. Consistent with the weight percentile analysis, these findings
highlight that maternal micronutrient adequacy is a more powerful driver of neonatal
growth than maternal BMI or dietary diversity alone (Table 11.C).

Linearity assumptions were evaluated using scatterplots and residual diagnostics
(Figures 15 and 16). Although the beta coefficients in both models were statistically
significant, the dispersion of the data points around the regression line was substantial,
resulting in low R? values. This suggests that, while MAR at Visit 1 was independently
associated with neonatal weight and height percentiles, it explained only a small
proportion of the variability in these outcomes.

Table 36. Univariate and Multivariate Linear Regression Analysis of Maternal Nutrient

Adequacy and Dietary Diversity Scores as Predictors of Neonatal Health Outcomes
Independent Univariate Multivariate Model =~ Multivariate Model 2
variables Model

B (SE) p- B p- 9% B p-  95%
valu (SE) wvalu Clof (SE) wvalu Clof

e e B e B
MDD SCORE FF @ 2.835 0.10 -1.84 042 [- -
Ql (1.74) 6 23) 5 6.39,
2.71]
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Figure 16. Scatter Plot of Neonatal Height percentile at Visit 1 by Mean Adequacy
Ratio (from FFQ)
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2. Follow-up Predictors (Visit 2)

a. Maternal BMI

A follow-up regression analysis was conducted to identify nutritional predictors
of Maternal BMI at Visit 2. Univariate screening was utilized to select candidate
variables for the multivariate model, using a significance threshold of p < 0.20.

The univariate analysis revealed that overall nutrient adequacy was significantly
associated with maternal weight status at this stage. Specifically, the Mean Nutrient
Adequacy ratio from the modified mediteranean primescreen (MAR MMPS2) was a
significant predictor (B =-11.168, p = 0.014). Additionally, the nutrient adequacy score
from the Food Frequency Questionnaire (MAR FFQ2; f =-4.282, p = 0.188) met the
criteria for inclusion in the multivariate model. In contrast, Dietary Diversity scores
(MDD_SCORE FFQ2, p =0.365; MDD SCORE _MMPS2, p = 0.354) and visit timing
(p = 0.296) did not demonstrate significant associations with BMI at Visit 2.

In the multivariate model, Maternal Nutrient Adequacy (MAR FFQ2) emerged
as a statistically significant independent predictor of Maternal BMI (B = -5.64, SE =
6.96, p = 0.026). The 95% Confidence Interval [-29.42, -1.86] indicates a significant
inverse relationship, suggesting that higher nutrient adequacy at this stage is associated
with a lower maternal BMI. Interestingly, while MAR_MMPS2 was significant in the
univariate model, it did not retain independent significance when adjusted for other
variables in the multivariate analysis (B =4.15, p = 0.401) (Table 37). To assess the
assumptions of linear regression, the linearity between MAR and maternal BMI at visit
2 was evaluated using scatterplots and visual inspection of residuals (Figures 15 and
16). Although the regression coefficients were statistically significant, the dispersion of

data points around the regression line was considerable, resulting in a low R? value.
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This indicates that, despite the observed statistical association, MAR explains only a

small proportion of the variability in maternal BMI.

Table 37. Univariate and Multivariate Linear Regression Analysis of Maternal Nutrient
Adequacy and Dietary Diversity Scores as Predictors of Maternal Health Outcomes
Multivariate Model

Independent variables

B (SE)
MDD SCORE_FFQ2 -0.257
(0.282)
MDD SCORE _MMPS2 -0.136
(0.354)
MAR FFQ2 -4.282
(3.236)
MAR MMPS2 -11.168
(4.49)
Visit time from Dec2019 0.075
(months) (0.071)

(Maternal BMI at visit 2)

Scatter Plot of Maternal BMI at VISIT2 by Mean Adequacy Ration (from FFQ2)
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Figure 17. Scatter Plot of Maternal BMI at Visit 2 by Mean Adequacy Ratio (from

FFQ)
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-5.64
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(4.92)
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value B
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1.86]

0.401 [-5.59,
13.89]
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b. Neonatal Growth

L. Weight percentile

Linear regression analysis was conducted to evaluate the influence of maternal
nutritional and physical status on neonatal weight percentiles at the second visit.
Potential predictors were screened through univariate models using a p-value threshold
of p < 0.20 for multivariate inclusion.

The univariate analysis demonstrated that none of the independent variables
were significantly associated with neonatal weight outcomes at this stage. Maternal
Dietary Diversity scores (MDD SCORE FFQ2, p =0.962; MDD SCORE MMPS2, p
=0.209) and Maternal Nutrient Adequacy ratios (MAR FFQ2, p =0.704;

MAR MMPS2, p = 0.385) did not reach statistical significance. Furthermore, Maternal
BMI at Visit 2 (p = 0.458) and the timing of the visit (p = 0.498) showed no significant
predictive value.

Although the Maternal Dietary Diversity score from the MMPS survey
(MDD _SCORE _MMPS2; B =3.31, p =0.209) narrowly missed the entry threshold, it
was evaluated in a univariate framework, resulting in a 95% Confidence Interval that
crossed zero [-1.88, 8.49]. Consequently, no robust multivariate model could be
established for neonatal weight percentiles at Visit 2. These findings suggest that the
significant nutritional drivers of infant weight observed at baseline (Visit 1) may have
diminished by the second visit, or that infant growth at this later stage is being

influenced by external factors such as complementary feeding or physical activity that

were not captured in this specific model (Table 38).
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Table 38. Univariate and Multivariate Linear Regression Analysis of Maternal Nutrient
Adequacy and Dietary Diversity Scores as Predictors of Neonatal Health Outcomes

Independent variables Univariate Model Multivariate Model
B (SE) p- B (SE) p- 95% CI of
value value P
MDD SCORE_FFQ2 0.103 0962 -
(2.138)
MDD _SCORE MMPS2  3.31(2.62) 0.209  3.31 0.209 [-1.88,
(2.62) 8.49]
MAR FFQ2 12.23 0.704 -
(32.15)
MAR_MMPS2 -33.52 0385 -
(38.39)
Visit time from Dec2019  0.395 0498 -
(months) (0.581)

Maternal BMI VISIT2  -0.56 (0.75) 0.458 -
(Weight percentile at visit 2)

ii.  Height percentile

Linear regression analysis was performed to identify maternal nutritional and
anthropometric factors predicting neonatal height percentiles at the second assessment.
Predictors were screened via univariate models, with a p-value threshold of p <0.20
utilized for entry into the multivariate analysis.

The univariate analysis showed that no independent variables were significantly
associated with neonatal height outcomes at this stage. Maternal Dietary Diversity from
the Food Frequency Questionnaire (MDD SCORE FFQ2; f =-2.841, p = 0.144) was
the only variable to meet the entry threshold for the multivariate model, though it did
not reach statistical significance. Other dietary markers, including
MDD_SCORE_MMPS2 (p =0.579), MAR_FFQ2 (p =0.214), and MAR_MMPS2 (p =
0.569), showed no predictive value. Similarly, Maternal BMI at Visit 2 (p = 0.462) and
the timing of the visit (p = 0.616) were statistically non-significant.

In the resulting multivariate model, Maternal Dietary Diversity

(MDD _SCORE FFQ2) remained statistically non-significant (f =-2.84, SE=1.93, p =
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0.144), with a 95% Confidence Interval that spanned zero [-6.67, 0.98]. These findings

indicate that the strong nutritional predictors of neonatal growth observed at baseline

(Visit 1) were no longer evident by the second visit (Table 39).

Table 39. Univariate and Multivariate Linear Regression Analysis of Maternal Nutrient
Adequacy and Dietary Diversity Scores as Predictors of Neonatal Health Outcomes

Independent variables Univariate Model
B (SE) p-value

MDD SCORE _FFQ2 -2.841 (1.928) 0.144
MDD SCORE MMPS2 -1.334(2.399) 0.579
MAR_FFQ2 -36.36 (29.09) 0.214
MAR_MMPS2 -20.05 (35.07) 0.569
Visit time from -0.267 (0.53) 0.616
Dec2019 (months)

Maternal BMI VISIT2  -0.483 (0.653) 0.462

(Height percentile at visit 2)
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CHAPTER V

DISCUSSION AND CONCLUSION

The dietary landscape for Women of Reproductive Age (WRA) in Lebanon
between 2019 and 2021 was shaped by a "triple threat": the catastrophic August 4th
Beirut Port Blast, the COVID-19 pandemic lockdowns, and a financial collapse ranked
by the World Bank as one of the top three most severe globally since the mid-19th
century (World Bank 2021). This study provides a high-resolution look at how these
macro-events translated into micro-level nutritional deficits among lebanese women of

reproductive age.

A. Methodological Rigor and Data Collection Resilience

The non-parametric distribution of key nutrients, specifically Iron, Fiber, and
Vitamin D, necessitated the application of log transformations and energy adjustments.
This approach ensures that the subsequent validation of the MMPS is not skewed by the
inherent volatility of dietary recall data.

A pivotal finding was the lack of significant differences between phone-
administered and face-to-face interviews. While traditional validation studies emphasize
face-to-face interaction to reduce recall bias, our finding that phone-administered
interviews yielded no significant differences (p > 0.05) from face-to-face visits is
supported by recent regional literature. For instance, studies from Jordan and Saudi
Arabia during COVID-19 lockdowns concluded that tele-nutrition is not only a feasible
proxy but a necessary tool for maintaining longitudinal surveillance in conflict and

crisis zones where physical access is restricted (Al-Domi et al., 2021).
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This methodological resilience is critical when compared to previous Lebanese
research. Naja et al. (2015) successfully validated dietary tools within the Lebanese
population under stable environmental conditions; however, our study extends this work
by confirming the resilience of these instruments during a systemic socio-economic
collapse. By proving that remote dietary assessment remains a robust alternative during
periods of extreme social disruption, this research provides a blueprint for nutritional
surveillance in future humanitarian or economic emergencies where face-to-face data

collection is impossible.

B. Reliability of the MMPS in Volatile Environments

The results demonstrate that both instruments exhibited moderate to good
reproducibility or test-retest reliability over the study period, with Intraclass Correlation
Coefficients of 0.62 for the MMPS and 0.64 for the reference FFQ. These values
indicate that despite the external economic volatility, the participants’ reporting
remained relatively stable across visits for both tools.

Regarding concurrent validity, the MMPS proved to be a robust predictor of the
reference FFQ. To assess the validity of the MMPS in capturing the individual
components of the Minimum Dietary Diversity for Women (MDD-W) score, the
agreement between FFQ and MMPS food categories was measured using Weighted
Kappa analysis.

A notable strength of this agreement was observed for high-protein food groups,
specifically Meat and Eggs, with Weighted Kappa values ranging from 0.84 to 0.95.

This falls into the "Almost Perfect" agreement category, indicating that even during a
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period of extreme social and financial disruption, the MMPS is exceptionally effective
at validating against the FFQ for staple animal protein intake.

However, the lowest concordance was found for Nuts and Seeds, where the
Weighted Kappa was 0.033. This is consistent with the findings of Naja et al. (2015),
who noted that "luxury" or non-staple items are often the most difficult for Lebanese
participants to estimate accurately (Naja et al 2015). As the financial crisis turned nuts
into an immediate luxury evidenced by the 68 percent drop in intake seen in our trend
analysis; the resulting reporting variability suggests that while rapid screeners like the
MMPS are highly valid for tracking staples, they may require further calibration for

high-cost food groups during periods of hyperinflation.

C. Comparative Validity and Lipid Profile Discrepancies

The comparative analysis between the FFQ and the MMPS demonstrates robust
concurrent validity for energy and primary macronutrients, with correlation coefficients
exceeding 0.70. These values remained above the 0.40 threshold required for adequate
validity in nutritional epidemiology, even after energy adjustment. Notably, Vitamin D
maintained strong validity across all visits. This confirms that despite the overall low
intake of Vitamin D in this cohort, the nutrient was measured with high reliability by
both instruments.

However, a significant discrepancy was observed in the lipid profiles. While
Saturated Fatty Acids and Monounsaturated Fatty Acids showed strong agreement, the
validity for Polyunsaturated Fatty Acids (PUFA) and Trans Fatty Acids dropped
significantly after energy adjustment to below the 0.40 threshold. This phenomenon
aligns with the findings of Naja et al. (2015), who noted that while Lebanese dietary

tools are reliable for staples, they often struggle to capture specific fatty acid profiles.
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This is likely due to the "hidden" nature of fats in Mediterranean cooking and the high
variability of processed oils used in Lebanese households during the economic
transition.

The comparative analysis between the FFQ and the MMPS in the present study
indicates robust concurrent validity for micronutrient intake. Notably, the MMPS
demonstrated higher validity coefficients than those reported in previous Lebanese
studies validating short dietary screeners. For instance, El Sayed Ahmad et al. [2020]
validated a semi-quantitative FFQ consisting of 94 food items against 24-hour recalls in
107 adults (mean age 38.4 + 0.9 years). Their analysis reported validity only for folate,
with a low correlation of 0.17, whereas in our study, folate intake achieved substantially
higher validity (r = 0.598). Similarly, Harmouche et al. [2020] validated a 164-item
FFQ against 24-hour recalls in 27 adults (mean age 27.8 + 12 years), reporting
correlations for micronutrients ranging from 0.02 to 0.46, indicating relatively poor
validity. In contrast, Aoun et al. [2019] validated a 157-item FFQ in 114 adults of both
sexes and reported higher validity coefficients for micronutrients, ranging from 0.783 to
0.982. Overall, these comparisons suggest that the MMPS provides comparable or
superior validity to longer FFQs, supporting its use as an efficient and reliable tool for

assessing micronutrient intake in Lebanese adults.

D. Methodological Calibration and Systematic Bias
Bland-Altman analysis confirmed high group-level accuracy for protein and
fiber but revealed critical systematic biases in other areas. The most prominent was the

systematic overestimation of Sodium by the FFQ. This is a recognized global challenge
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in dietary assessment; participants frequently struggle to estimate "hidden salts" found
in processed breads and traditional cheeses.

To address these discrepancies, this study established linear regression
calibration models. These models allow the rapid, low-burden MMPS to predict FFQ
reference values with high statistical significance. This methodological advancement
provides a calibrated tool for future regional monitoring, allowing researchers to gather

high-quality data without the high participant burden of long-form questionnaires.

E. The "Education-Security Paradox" in a Collapsing Economy

Our cohort presented a unique sociodemographic profile: 87% university-
educated and 91% baseline food security. In traditional Lebanese literature, such as
Ghattas et al. (2013), higher maternal education and baseline security are strong
protectors against dietary diversity loss.

However, our results reveal an "Education-Security Paradox." Despite their high
human capital, 77% of these women were sedentary or had low physical activity.
Regionally, this mirrors the "MENA Physical Activity Gap," where cultural barriers and
urban infrastructure limit exercise for Arab women, regardless of education (Nasreddine
et al., 2018). Furthermore, this "elite" cohort was not spared by the crisis; the high
baseline dietary diversity (100% at Visit 1) created a "ceiling effect" that made the

subsequent 21-month decline even more statistically significant.

F. The "Acute Nutritional Shock': Reversing the Nutrition Transition
The most dramatic finding is the longitudinal decline in nearly all nutrients.
Total energy intake dropped significantly (from 2381 to 2117 kcal), but the composition

of this decline is what defines the crisis.
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1. The "Nutritional Scissors' and Protein Collapse

The most dramatic manifestation of the crisis in this cohort was the 48% drop in
meat intake and the 68% drop in nuts (Table 36). This represents a direct consequence
of the "Nutritional Scissors" effect: as the Lebanese Lira lost 90% of its value, the
market price of animal protein rose by approximately 900%.

This shift signifies a violent reversal of the "Nutrition Transition" described by
Hwalla et al. (2016). While Lebanese diets were previously "Westernizing"
characterized by a high intake of animal proteins and fats; our data captures a regression
toward "Staple Shifting."

Staple shifting is a dietary coping strategy where households, faced with
skyrocketing food prices and plummeting purchasing power, pivot away from nutrient-
dense but expensive foods (like meat, dairy, and fresh produce) toward cheaper, calorie-
dense "staples" such as bread, rice, pasta, and vegetable oils. In our study, this was
evidenced by the 33% increase in oil and fat consumption as participants attempted to
maintain caloric intake despite the "Protein Collapse."

In the context of the Lebanese nutritional crisis, this staple shifting likely
induced a state of "hidden hunger." While the relatively high MAR (Mean Adequacy
Ratio) suggests that participants consumed enough calories to prevent overt starvation,
they are increasingly susceptible to severe micronutrient deficiencies. Because the
cheaper staples used for "compensatory calorie loading" lack essential vitamins and
minerals, the quality of the maternal diet has been fundamentally compromised, even if
the quantity of energy appears sufficient. This is further reflected in our longitudinal
data, which showed significant declines in B-vitamins and Zinc as the crisis reached its

peak in mid-2021.
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To maintain total caloric intake amidst the "Protein Collapse," participants in
this study increased vegetable oil consumption by 33% (Table 11.C). This "caloric
compensation" using cheap, energy-dense fats is a documented hallmark of food
insecurity in hyperinflationary environments.

Our findings mirror observations from the Venezuelan economic crisis, which
began in 2014 and escalated into one of the most severe hyperinflationary episodes in
modern history. Research by Vallenilla et al. (2021) and data from the ENCOVI
(National Survey of Living Conditions) in Venezuela documented a similar dietary
shift: as the price of animal protein became prohibitive, the population pivoted toward a
diet dominated by tubers, flour, and vegetable oils. In Venezuela, this forced transition
often colloquially termed the "Maduro Diet" resulted in significant weight loss across
75% of the population by 2017, despite the high intake of cheap lipids.

By relating the Lebanese experience to Venezuela, this study highlights a
universal socioeconomic pattern: when a currency collapses, the "Nutrition Transition"
does not merely stall it reverses. Families are forced to sacrifice micronutrient density
for caloric survival, leading to the "hidden hunger" observed in our NAR and MAR
results. The Lebanese "Nutritional Scissors" effect is thus part of a global phenomenon
where hyperinflation acts as a primary driver of malnutrition, stripping even educated

populations of their ability to maintain a balanced diet.

2. Socioeconomic Neutrality of Nutritional Decline
The finding that clinic setting (OPD vs. Private) did not significantly impact the
magnitude of decline suggests that the Lebanese crisis "democratized" nutritional

hardship. Unlike the Cochrane Review findings on targeted poverty (where the poorest
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suffer most) (Thorne-Lyman et al., 2012), the Lebanese collapse was so systemic that it

breached the protective barrier of the "middle and upper class".

G. The Nutrition Transition in Reverse

The data documents a profound dietary shift driven by the widening gap
between a 900 percent rise in food prices and an 80 percent collapse in purchasing
power. We observed what can be described as a "nutrition transition in reverse." While
Hwalla et al. (2016) previously documented the "Westernization" of the Lebanese diet
characterized by increasing animal protein our data shows a forced regression.

Participants engaged in "calorie-loading" by increasing their intake of vegetable
oils and fats by 33 percent to meet energy requirements while sacrificing quality
proteins. This "acute nutritional shock" reached its peak during the mid-2021 subsidy
lifting, causing 20 percent of the sample to lose their status as "adequately nourished."
This identifies a critical tipping point where even a highly educated, historically food-

secure cohort reached the limits of their nutritional resilience.

H. Temporal Sensitivity (The "Economic Calendar" vs. Seasonality)

Our analysis found that the specific calendar date of the assessment was a
stronger predictor of nutrient variance than the actual time interval between visits. In the
MENA region, dietary variance is typically attributed to biological seasonality; such as
fluctuations in Vitamin D due to seasonal sunlight or cultural events like Ramadan, as
noted by Chakhtoura et al. (2016). However, our analysis suggests that in crisis settings,
researchers must account for a new phenomenon: "Economic Seasonality."

In this cohort, the variance in key nutrients, including Vitamin D and Saturated

Fatty Acids (SFA), was specifically linked to the economic "shocks" of the Lebanese
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summer in 2021. The lifting of food subsidies and the concurrent fuel crisis created
disruptions to the food supply chain that effectively overrode normal biological cycles.
For example, the acute drop in SFA intake followed the "Economic Calendar" of July
2021 rather than traditional holiday feast patterns. This suggests that in conflict or crisis
zones, validating dietary tools requires a departure from standard seasonal models;
instead, the timing of assessment must be synchronized with macro-economic shifts to

accurately interpret nutritional instability.

I. Economic Drivers: The Intersection of Hyperinflation and Infrastructure
Collapse

The "Nutritional Scissors" effect provides the underlying economic framework
for the dietary decline observed in this study. The "Food Insecurity Zone" was created
by the intersection of a 900 percent surge in meat prices and a 750 percent rise in dairy
and egg costs against an 80 percent collapse in salary purchasing power (World Bank,
2021).

While qualitative data suggests that participants initially attempted to prioritize
cultural food preferences and traditional habits, the sheer magnitude of hyperinflation
eventually forced a transition from "preference-based" eating to "survival-based" eating.
This led to a forced shift toward cheaper, calorie-dense fillers such as bread and
vegetable oils.

A critical complicating factor identified by Obeid et al. (2025) was the
simultaneous infrastructure failure in Lebanon. As fuel shortages intensified, the
logistics of food procurement changed; proximity and convenience often overrode cost-

saving strategies. Participants were frequently unable to travel to more affordable
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markets or seek out competitive pricing, forcing them to rely on the nearest available
food sources regardless of price markups.

This infrastructure "trap" further strained household budgets and limited the
ability of even highly educated consumers to exercise their nutritional knowledge.
Consequently, the crisis stripped this cohort of their agency, proving that in a systemic
collapse, physical access and sheer cost-prohibitivity outweigh education as

determinants of nutrient-dense food intake.

J. Biological and Behavioral Prioritization
1. The Maternal-Infant Divergence

A striking finding of this research is the inverse relationship between maternal
and infant physical trajectories. Our data reveals a statistically significant decline in
maternal BMI, dropping from 24.18 to 23.74 (p=0.0001) over the study period. While
the majority of the cohort (63.6%) remained within the "Normal Weight" category, the
significant loss of body mass serves as a physical marker of the economic crisis. In
sharp contrast, the infants (mean age 0.7 years) demonstrated significant acceleration in
growth; specifically, weight percentiles rose from 72.68 to 81.58 (p=0.0001) and height
percentiles increased from 77.8 to 85.18 (p=0.004).

This divergence provides a vivid illustration of maternal buffering, a process
where the mother acts as a socio-economic and metabolic shock absorber. Even outside
the biological link of lactation, the maternal-infant dyad remains a prioritized unit.
Through selective intra-household food allocation, mothers often mitigate the impact of
the "Nutritional Scissors" an economic gap where meat prices rose by 900% while
salary purchasing power collapsed by 80%. Mothers often reserve high-quality proteins

for their offspring while personally adopting the "Staple Shift" toward calorie-dense but
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nutrient-poor foods, evidenced by the 33% increase in vegetable oil consumption as a
compensatory strategy. Qualitative evidence from this period confirms that while many
Lebanese adults attempted to maintain a moderate adherence to traditional dietary
patterns, they were forced to shift toward more affordable, locally produced staples as
imported and processed foods became inaccessible (Obeid et al., 2025). This results in
the significant maternal BMI decline observed as a trade-off for the continued somatic
acceleration of the infant.

This phenomenon aligns with the Developmental Origins of Health and Disease
(DOHaD) hypothesis (Lacagnina et al 2019). While the theory often focuses on the fetal
environment, our results suggest that biological and behavioral prioritization extends
well into infancy. The mother sacrifices her own physical status to protect the growth
trajectory of the next generation. However, this raises critical concerns regarding the
long-term cost of this buffering; the shift toward cheap, energy-dense compensatory
fats, combined with chronic micronutrient deficits specifically the severe Vitamin D
"danger zone" where NAR values fell as low as 0.10 may "program" these infants for
future metabolic risks despite their robust growth percentiles in early infancy. (Obeid et

al., 2025).

K. Micronutrient Adequacy and Maternal-Neonatal Outcomes
The study confirms that while the Mean Adequacy Ratio (MAR) remained
relatively stable at 0.8-0.9 for the first year, it dipped to 0.7 during the peak crisis
months (June-July 2021).
The Vitamin D Crisis: Vitamin D adequacy (NAR) was critically low (0.10-0.24)

throughout the entire study. This chronic deficiency is common in the region (Hasan et
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al., 2022) but was likely exacerbated by the lack of affordable fortified foods and the
COVID-19 "stay-at-home" orders.

Predictive Value: Most importantly, our regression models showed that maternal
MAR was a significant predictor of neonatal weight percentiles. This provides clinical
evidence that the economic crisis in Lebanon did not just affect the mothers; it
fundamentally altered the nutritional environment of the next generation, potentially
"programming" these infants for future metabolic risks;a concept known as the Barker

Hypothesis (Cochrane Review: Thorne-Lyman et al., 2012).

L. Predictors of Maternal and Infant Health Outcomes

The longitudinal analysis identifies Maternal Nutrient Adequacy (MAR) as the
primary independent predictor of infant physical outcomes at baseline. At the first visit,
maternal MAR was strongly associated with both infant weight percentiles (beta=93.42,
p=0.012) and height-for-age percentiles (beta=62.25, p=0.007). Our regression models
confirmed that Maternal Nutrient Adequacy was a more powerful independent predictor
of neonatal weight and height (p less than 0.05) than maternal BMI or dietary diversity.
This underscores that in a crisis, the quality of the maternal diet is the primary
determinant of infant somatic growth, serving as a significantly more sensitive driver of
early development than maternal size alone.

By the second visit, a significant inverse relationship emerged where higher
nutrient adequacy was associated with a lower maternal BMI (beta= -5.64, p=0.026).
This suggests that a micronutrient-dense diet may mitigate postnatal weight retention,
whereas the reliance on compensatory, energy-dense fats the previously discussed
"Staple Shift" may contribute to higher BMI despite poor nutritional quality. These

findings are supported by qualitative evidence from Obeid et al. (2025), who noted that
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Lebanese adults prioritized diet quality and health concerns during the crisis, often
shifting toward traditional, homemade meals to safeguard well-being when processed
alternatives became inaccessible.

From a public health perspective, these findings have significant implications for
humanitarian response. This research underscores the necessity of moving beyond
simple caloric aid; interventions during economic collapses should prioritize
micronutrient density and the provision of high-quality proteins rather than just caloric
supplementation or weight maintenance. Ensuring the quality of the maternal diet is
essential to protecting the developmental trajectory of the next generation during

periods of extreme instability.

M. Micronutrient Danger Zones and Acute Nutritional Shock

This study identifies Vitamin D as an emergency shortfall, with Nutrient
Adequacy Ratio (NAR) values ranging from 0.10 to 0.24, consistently remaining below
the 0.60 adequacy threshold across the entire 21-month period (Chakhtoura et al.,
2016). While Vitamin D represented a chronic deficiency, other nutrients experienced
an acute nutritional shock in mid-2021.

During the June-July 2021 interval, which coincided with the lifting of state
subsidies, the Mean Adequacy Ratio (MAR) dipped to its lowest point of 0.74, and the
percentage of the sample meeting minimum nutrient adequacy dropped by nearly 20
percent. This shock reflects behavioral coping mechanisms where skepticism about food
quality and mistrust in the market led some participants to adopt unhealthy habits, such
as turning to comfort foods or reducing the intake of high-quality proteins they no

longer trusted as safe or affordable (Obeid et al., 2025).
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N. Methodological Resolution: The MDD-W "Ceiling Effect"

A critical finding in this study was the nearly universal adherence to the
Minimum Dietary Diversity for Women (MDD-W) binary threshold, with prevalence
rates ranging from 98.6 percent to 100 percent. While Ghattas et al. (2013) noted that
Lebanese women often maintain diversity through traditional food preparation, the
nearly 100 percent adherence to the MDD-W threshold at the first visit initially
suggested a high level of resilience. However, our subsequent shift to continuous gram-
weight analysis revealed a significant "ceiling effect" inherent in the FAO binary
indicator when applied to middle-to-high-income or highly educated populations.
Because the standard FAO binary score counts 15 grams of a food group the same as
400 grams, it masked the true nutritional decline in our 87 percent university-educated
sample. By shifting to high-resolution continuous gram-weight analysis, we
successfully identified physiological shifts specifically a 50.6 gram reduction in grains
and a 33.5 gram drop in dairy that binary indicators were not sensitive enough to
capture.

This aligns with global research suggesting that in cohorts with high human
capital, families will reduce the quantity of food groups long before they lose the
diversity of those groups. Consequently, our findings support the argument that
continuous data is essential for detecting early-stage "nutritional erosion" in populations
that appear secure on paper (Nguyen et al., 2018). In middle-to-high income
populations, continuous data is necessary to track the impact of economic shocks before

they manifest as overt malnutrition.
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O. Dietary Reproducibility and the Economic Environment

The study found moderate reproducibility for most nutrients, indicating
consistent participant reporting of overall food volumes. However, Vitamin A and
Niacin emerged as outliers with poor reproducibility. This suggests either a high day-to-
day variance in the consumption of micronutrient-dense foods or significant shifts in the
availability of specific food groups during the study period. According to standard
benchmarks, such as those by Koo and Li (2016), moderate Intraclass Correlation
Coefficients are expected in longitudinal studies, as true intake naturally fluctuates over
several months. This fluctuation was likely intensified by the unstable Lebanese

economic environment, where food availability was non-linear.

P. Longitudinal Trends: Protein Collapse and Traditional Resilience

The 21-month longitudinal data captures a forced regression in the Lebanese
diet. Meat intake reached its lowest point (56.2g/day) during the peak of the fuel crisis
in mid-2021, representing a total decrease of 48 percent. Concurrently, nuts and seeds
viewed as dollar-priced luxuries dropped by 68 percent.

To compensate for these losses, families adopted a survival strategy of calorie
loading, increasing vegetable oil and fat intake from 57.0g to 76.4g. However, a parallel
trend of traditional resilience emerged; as imported foods became unavailable, there
was an increased reliance on local produce and traditional legumes (Obeid et al., 2025).
While these legumes align with Mediterranean Diet principles, they were consumed in

insufficient quantities to prevent the overall decline in micronutrient adequacy.
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Q. Discussion Summary

In summary, while this cohort initially displayed high resilience due to high
education levels and baseline food security, the economic pressures of 2021 eventually
forced a profound Protein Collapse. The maternal-infant dyad functioned as a
prioritized unit, with maternal buffering protecting infant growth at the physical
expense of the mother (Barker, 1990; Lacagnina et al., 2019). However, the resulting
Vitamin D crisis and the reliance on compensatory fats suggest a significant long-term
metabolic cost for the next generation. These results demonstrate that in
hyperinflationary environments, traditional socioeconomic protectors are insufficient to
maintain nutritional adequacy, necessitating high-resolution monitoring to detect hidden

hunger.
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APPENDIX I

FOOD FREQUENCY QUESTIONNAIRE

Table 40. Development, Reproducibility and Validity of the Modified Mediterranean

Prime Screen Among Women of Reproductive Age in Lebanon

Food Frequency Questionnaire for Mediterranean Food

Number Number of consumptions
Food Portion of Ina | Ina Ina | Never
portions | day | week | month
A | Bread and cereals
1 Arabic bread Y large loaf
(including Y2 medium
sandwiches) loaf
2 “Markouk” bread | ¥2 markouk
/ “Tannour” 1 tannour
bread
3 | Burger bread 1 piece
4 French baguette | 30gor1l
mini-baguette
5 Pain au lait 1 piece
6 Toast, cracotte 3 pieces
7 Pain de mie 2 pieces
8 Lebanese Kaake | 8 round
pieces
3 medium
fingers
1 large finger
Specity the kind () White () Brown(whole wheat) ()
of food Other:
9 Corn flakes Yo cup
normal
10 | Corn flakes rich ¥ cup
in fibers
11 | Cereal bar 30gorl
piece
12 | Oat Y2 cup
B | Potato, pasta, rice and legumes
13 | Rice, cooked 1 cup (15
tbsp)
14 | Lebanese stuffed | 12 wine
dishes leaves

158




6 cabbage
leaves
3 zucchinis
15 | Cooked bulgur, 1 cup (10
cooked freekeh, tbsp)
moghrabieh
16 | Kibbeh 1 medium
slice or 2 mini
kibbeh pieces
17 | Pasta, cooked 1 cup
18 | Potato (smashed | 1 medium
or puree) piece or 1 cup
19 | Potato, fries 10 to 12
pieces
20 | Chestnut 4 to 5 pieces
21 | Quinoa, cooked 5 tbsp
22 | Green peas Y2 cup or 5
tbsp
23 | Corn Yacuporb
tbsp
24 | Fava beans, 1 cupor 10
kidney beans tbsp
Number Number of consumptions
Food Portion of Ina | Ina Ina
. Never
portions | day | week | month
25 | Lentils 1 cup or 10
tbsp
26 | Chickpeas 1 cupor 10
tbsp
C | Milk and dairy products
27 | Milk (including in | 1 cup or 240
coffee or corn ml
flakes)
Type of milk () Full fat () Reduced-fat milk ()
Skimmed milk
28 | Yogurt (including | 1 cup or 240
in cooked dishes) | ml
Type of yogurt () Full fat () Reduced-fat milk O)
Skimmed milk
29 | Labneh 50 g or 3 tbsp ‘ ’ ’
Type of yogurt () Full fat () Reduced-fat milk ()
Skimmed milk
30 | Cheese >10% fat | 2 pieces
(ex. Picon light,
Présilége, Sylphide ...)
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31

Cheese such as:
Bulghari cow,
Shanklish, Double
creme, Haloum
light, Mozarella,
Parmesan

30 g or 2 thin
slices

32

Cheese such as:
Bulghari sheep,
Haloum, Ricotta,
yellow
mozzarella

30 g or 2 thin
slices

33

Cheese such as:
Boursin, Cheddar,
Fondel, Goat
Cheese, Gruyere,
Kashkawan, La
vache kiri,
Smedes, Picon

30 g or 2 thin
slices

34

Kariche

2 tbsp

35

Kechek

Y2 cup

Fruits and fruit juices

36

Banana, apple,
lemon, pear,
peach, nectarine

1 small piece

37

Apricot, Peach,
clementine, figs,
Kiwi, dates

1 small piece

38

Cherry, Grape,
Strawberries

12 pieces

39

Mango,
cherimoya

1/3 piece

40

Watermelon,
melon

1 slice

41

Fruit salad or
compote,
pomegranate,
berries

Y2 cup

Food

Portion

Number
of
portions

Number of consumptions

Ina
day

Ina
week

Ina
month

Never

42

Dried fruits (such
as: apricots,
raisins, dates,

figs)

2-3 pieces or 1
tbsp
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43 | Commercial fruit | 1 cup
juice

44 | Fresh fruit juice 1 cup

45 | Artificially 1 cup
flavored juices
(Tang, Darina...)

E | Vegetables

46 | Tomato, 1 cup
cucumber,
lettuce, cabbage

47 | Mint, rocca, basil, | 1 cup
radish, green
onion, thyme,
pepper

48 | Okra, artichoke, 1 cup
green beans

49 | Spinach, chard, 1 cup
mloukhiye

50 | Zucchini, 1 cup
beetroot, carrots,
cauliflower,
broccoli (boiled)

51 | Zucchini, 2 to 3 pieces
cauliflower (fried)

52 | Green fava beans, | 1 cup
green peas

53 | Eggplant Y2 cup
Preparation () Grilled () Fried O
method With tahini

54 | Tomato sauce Y2 cup

55 | Fattouch, 1 cup
tabbouleh

56 | Vegetablessoup |1 cup

57 | Makdous, 2 pieces
pickeled
vegetables

F | Meats, fish and eggs

58 | Chicken 90g | | |

How do you
usually eat
chicken?

() Breast without skin, fried

skin, grilled
() Breast with skin, fried
grilled

() Thigh without skin, fried

skin, grilled

() Breast without
() Breast with skin,

() Thigh without
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() Thigh with skin, fried
grilled

() Thigh with skin,

() Escalope () Escalope with
ham and cheese
59 | Chicken nuggets | 6 pieces
60 | Meat, beef N¢g
Type of meat () Fatty () Lean
61 | Meat, sheep N¢g ‘ ‘ ‘ ‘ ‘
Type of meat () Fatty () Lean
Number Number of consumptions
Food Portion of Ina |Ina |Ina
. Never
portions | day | week | month
62 | Eggs 1legg
() Only white () Only yellow () Fried ()
Boiled
63 | Tuna g ‘ ‘ ‘ ‘ ‘
() Canned in water () Canned in oil
64 | Sardine, canned 90 gor3
pieces
65 | Fish, fried N¢g
66 | Fish, grilled Ng
67 | Seafood 0g
68 | Ham 30gor2
pieces
69 | Turkey ham 30gor2
pieces
70 | Charcuterie 30 gor2
(other than ham): | pieces
salami etc...
71 | Liver, other 30g
organs
72 | Shawarma (meat |90 g
or chicken)
73 | Hotdog 1 piece
74 | Burger 1 piece
Type of burger: () meat(beef) () chicken () fish
75 | Birds 2 pieces ‘ ’ ‘
Preparation () grilled () fried
method
76 | Frogs, fried 2 pieces
77 | Kawarma 2 tbsp
78 | Makanek 2 pieces
(sausages)
79 | Basterma 1 slice
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80 | Sojok(Armenian | 1 piece
sausage)
81 | Bacon 1 slice or 30
&
82 | Sushi 1 piece
G | Seasoning and nuts
83 | Mayonnaise, 1tsp
normal
84 | Mayonnaise, light | 1 tbsp
85 | Ketchup 1 tbsp
86 | Soya sauce 1 tbsp
Type of sauce: () Normal () Low in salt
87 | Bouillon cube 1 cube
88 | Almonds, cashew | 6 pieces
nuts
Type of nuts: () raw () grilled O)
grilled and salted
89 | Pistachio 6 pieces ‘ ‘ ‘
Type of nuts: () raw () grilled O
grilled and salted
90 | Walnuts 2 pieces
91 | Pine nut 1 tbsp
92 | Hazelnut 8 pieces
Number Number of consumptions
Food Portion of Ina |Ina |Ina
. Never
portions | day | week | month
93 | Peanut butter 1 tbsp
94 | Tahini 2tsp
95 | Avocado 1 slice
96 | Olives 5 to 8 pieces
97 | Coconut 2 tbsp
98 | Pumpkin seeds 1 tbsp
H | Sugars, sweets
99 | Sugar, honey, 1 tbsp
jam, molasses,
candie
100 | Chocolate spread | 1 tsp
(nutella)
101 | Chocolate milk or | 10 gor1
dark square of
chocolate
102 | Chocolate bar Depending
on the brand
Specity the brand:
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103 | Chocolate wafer | Depending
on the brand
Specity the brand:
104 | Halawa 1 tbsp
105 | Biscuit without 1 medium
cream piece
106 | Biscuit with 1 medium
cream piece
107 | Sponge cake Small piece
108 | Cake with cream | Small piece
109 | Pan cake, crepe, 30gorl
gauffre piece
110 | Ice cream with 1 scoop or ¥2
milk cup
111 | Ice cream stick 1 stick
112 | Ice cream sorbet | 1 scoop or Y2
cup
113 | Frozen yogurt 1 scoop or 2
cup
114 | Arabic sweets 1 piece
(baklawa,
maamoul....)
Number Number of consumptions
Food Portion of Ina |Ina |Ina
. Never
portions | day | week | month
115 | Arabic sweets 1 piece
(znoud el sit,
halawat el jibn...)
116 | Kneffeh 1 piece
117 | Custard, rice with | 1 cup
milk
118 | Meghlé 1cup
119 | Jello 1 cup
() Normal () diet
120 | Eclair, fruit tart, 1 piece
mille-feuille
121 | Petit four 1 piece
I Pastries sweet or salty
122 | Pizza 1 slice ] ] |
() triangle () mini pizza
123 | Manaeech Medium
man’ouche
() thyme () cheese () kecheck
124 | Spinach pie 2 pieces ‘ ‘ ‘
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with coffee mate

125 | Cheese pie or 2 pieces

rolls
126 | Meat pie 1 slice

() mini size () medium

127 | Croissant plain, 1 piece

croissant thyme
128 | Croissant, cheese | 1 piece
129 | Croissant, 1 piece

chocolat
130 | Chocolate bread | 1 piece
131 | Donuts 1 piece
132 | Brioche 1 piece
J Salty snacks
133 | Chips 30 g or 10

pieces

134 | Pop corn 3 cups
135 | Salty biscuits 1 small bag
K | Dressings, oils and fats
136 | Olive oil 1tsp
137 | Sunflower oil 1tsp
138 | Canola oil 1tsp
139 | Corn oil 1tsp
140 | Coconut oil 1 tsp
141 | Palm oil 1 tsp
142 | Butter 1 tsp
143 | Vegetable 1tsp

margarine
144 | Animal 1tsp

margarine

Number Number of consumptions
Food Portion of Ina |Ina |Ina
. Never
portions | day | week | month

L Beverages
145 | Mineral water 1 cup
146 | Tea 1 big cup
147 | Infusions 1 big cip
148 | Coffee 1 small cup
149 | Nescafe with 1 big cup

coffee mate
150 | Nescafe without | 1 big cup

coffee mate
151 | Nescafe 1 big cup

decaffeinated
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152 | Nescafe 1 big cup
decaffeinated
without coffee
mate

153 | Iced tea 1 cup

154 | Carbonated 1cup
beverages

155 | Carbonated 1cup
beverages diet

156 | Energy drinks 1 cup
(RedBull...)

157 | Spirits and 1 cup

alcohol
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APPENDIX II
MODIFIED MEDITERRANEAN PRIME SCREEN

We are interested to have an overview of your dietary patterns. Please try to recall the last 3 months, and indicate the frequency of

consumption of the listed food categories.

Table 41 Modified Mediterranean Prime Screen

Food item Exchange size Exchange Frequency of consumption

numbers Daily Weekly Monthly Never

1. Dark green leafy 1 cup cooked
vegetables 2 cups raw
[examples: Lettuce, spinach,
Jew’s mallow (moloukhieh),
Swiss chard (sillek), Rocket
leaves, parsley, chicory,
dandelion green (hindbeh),
mint, kale, etc.]

1 cup boiled, cooked
2. Starchy vegetables

(examples: potato, corn, beet, Fried Potato 20#

green peas, etc.) 1 small chips bag (40
grams)

3. Other vegetables 1 cup raw

(examples: tomato, artichoke, 2 cup cooked

okra, green beans, broccoli,
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cabbage, cauliflower, squash,
garlic, onion, mushroom, etc.)

4. Stuffed vegetables
(Mahashi)

3 medium pieces of stuffed
Zucchini & eggplant

6 medium pieces of stuffed
cabbage

15# vine leaves

1 cup cooked

5. Beans (examples: fava, .
broad, chickpeas, lerﬁils) 1/3 cup hommos Tahinch
6. 1 cup raw

7. Other fruits (examples: 1 cup raw

apple, banana, apricot, grapes, | 2 tbsps dried

berries, melon, peach, pear,

plum, pomegranate, dried fruits,

etc.)

8. Juices (fresh or 1 cup

packaged) or canned fruit

9. Whole milk products 1 cup

including those used in cooking

(examples: milk, yoghurt, milk

based puddings, etc.)

10. Low fat or skimmed 1 cup

milk products (examples: milk, | 6 tbsps labneh

yoghurt, labneh, etc.)

11.  Full fat Cheeses
(examples: Kashkawan,
Halloum, Feta, Cheddar, French
cheeses, etc.)

30 grams cheese (two
thumbs)
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12. Medium fat cheeses
(examples: halloum light,

30 grams cheese (two
thumbs)

Akkawi, double cream cheese, 4 tbsps arisheh
arisheh, shanklish, etc.) 2 tbsps shanklish

13. Eggs 1 #

14.  Olive oil 1 tsp olive oil

15. Olives 8 small olives

16.  Nuts (walnuts, almonds, | % cup nuts or pumpkin

etc.) & seeds

seeds

17.  Other unsaturated fats
[examples: oils except for olive
oil, avocado, sesame paste,
peanut butter, etc.]

1 tsp other vegetable oil
1/8 avocado
2 tsps sesame paste (tahini)
or peanut butter

18.  Saturated fats
(examples: butter, ghee, heavy
cream, etc.)

1 tsp butter/ghee
1/3 cup heavy cream

19.  Whole Grain Foods
(examples: brown bread, brown
rice, whole grain pasta, burghul,
freekeh, oats, quinoa, bran
flakes, etc.)

1/2 medium whole
wheat/oat Arabic loaf

1/3 whole wheat/ multi
cereal baguette

1 whole Wheat/ multi
cereal toasts (pain de mie)
1/3 cup cooked whole rice,
pasta, bulghur, freekeh,

quinoa
"5 cup bran flakes, oats
20. Grains (white bread, 12 mefhum Arabic loaf
asta, white Rice, noodles 1/3 white baguette
pastd, ’ ’ 1/4 large markouk loaf
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moghrabiyeh, cereal bar,
cereals, kaak, rice cakes etc.)

1 white toast

1 pain au lait

1/3 cup cooked white rice,
pasta, moghrabiyeh

1 cereal bar

%, cup cereals

1 kaak finger / 6 round
kaak

2 rice cakes

21. Manaesh , fatayer,
pizza, croissant, shishbarak

Y4 medium manoush
(zaatar, cheese, kishk,
meat)

1 fatayer (cheese, meat,
spinach)

V2 slice small pizza

¥, medium croissant

44 shishbarak

6# plain or light biscuits

3# filled biscuits

2 cookies

1 medium cake piece
22. Sweets & desserts 1 doughnut
(cookie, cake, doughnut, ice 2 scoops ice cream
cream, knefeh, mafroukeh, 5 piece of knefeh
Nutella, chocolate, baklava, Y2 piece of mafroukeh
maamoul, biscuit, halva, etc.) 2 tbsps Nutella

1 chocolate bar

1 piece baklava

1 small maamoul or % big
one
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4 tbsps Halva

23.  Meats, high fat (beef or
lamb meat, shawarma, kibbeh)

90 grams cooked beef or
lamb (palm sized)

6 pieces meat

6 tbsps ground meat

6 tbsps shawarma

1/2 medium piece of kibbeh

24. Meats, Medium fat
(veal, beef, ground meat)

90 grams cooked veal, low
fat beef (palm sized)
6 tbsps ground meat low fat

25. Processed meats
(mortadella, bacon, turkey, hot
dog, makanek)

2 slices Mortadella/bacon
2 slices smoked turkey

1 hot dog

2 sausages (makanek)

26. Fish or tuna or sardine

90 grams cooked fish (palm
sized)

1 small can of tuna or
Sardines

27. Chicken, turkey or
tawouk

90 grams of cooked
chicken or turkey (1 large
leg or % breast)

9 pieces of tawouk

28. Sugar, jam, molasses,
coffee creamer, sweetened
condensed milk

1 tbsp sugars, jams,
molasses, coffee creamer,
condensed milk

1 sachet instant coffee or
Cappuccino

29.  Soft and energy drinks

1 cup
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30. Diet beverages and diet | 1 cup
energy drinks (examples: diet
soft drink, diet powdered juices)

31. Sweeteners (examples: 1 tsp
saccharin, Acesulfame K, 6 tablets
sucralose, etc.)

140 mL wine

32.  Alcoholic beverages 40 mL spirits (whiskey,
vodka, etc.)
330 mL Beer

1 cup=250mls, tsp= teaspoon, tbsp= tablespoon
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APPENDIX III
ARAB FOOD SECURITY SCALE

Table 42 Arab Food Security Scale

because there was not enough food?

. We had enough
Which of thege to eat but no% Sometimes we . ,
sentences applies We hagi enough to eat of always the kinds did not have Often we did Don’t
HFOOD1 the most to the food the kinds qf food we of food we enough to cat not have Know/Refuse
eaten by your wanted (quantity & quality) wanted (only (quantity) enough to eat to answer
household during quantity)
the past 6 months? 1 5 3 ) 9
Don’t
Yes No Know/Refuse
to answer
In the last 6 months, was there a time when you
HFOOD?2 | were concerned that you would run out of food for 1 2 9
your household for the next month?
Did the following statement apply to your
household in the last 6 months? "The food that we
HFOODS3 bought was not enough and we didn't have money ! 2 ?
to get more."
HFOOD4 Are there any foods you feel your family does not eat 1 7 9
enough of?
In the past 6 months, did you or any other adult in
HFOODS | your household ever cut the size of your meal 1 2 9
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HFOOD6

In the past 6 months, did you or any other adult
ever skip a meal because there was not enough
food?

HFOOD7

In the past 6 months did you or any adult in your
household not eat for a whole day or go to bed hungry
because there was not enough food?

HFOODS

During the last 6 months, was there a time when
you or any adult in your household were unable to
eat healthy and nutritious food because of a lack
of money or other resources?

HFOODY9

During the last 6 months, was there a time when
you or any adult in your household were hungry
but did not eat because there was not enough
money or other resources for food?

HFOOD10

During the last 6 months, was there a time when
you or any adult in your household went without
eating for a whole day because of a lack of money
or other resources?
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APPENDIX IV
STATISTICAL METHODS

Table 43 Statistical Methods

Main objectives

Statistical methods

Agreement of MMPS
with the reference FFQ
(LONG and Validated
45 min in Arabic) in
assessing the score of
(MDD-W, validated)
that will be extracted
from both FFQ and
MMPS

We will use weighted Kappa:

- < 0 indicated no agreement

- 0.01-0.20 implied none to slight agreement

- 0.21-0.40 suggested fair agreement

- 0.41-0.60 indicated moderate agreement

- 0.61-0.80 reflected substantial agreement

- 0.81-1.00 represented almost perfect agreement

To determine if there are differences between interview settings
(face-to-face and phone-administered questionnaires), analysis
will also be stratified by the interview setting and results
examined.

For agreement of
micronutrients intake

To assess the agreement of the mean values of micronutrients
intake between MMPS and FFQ, we will calculate Pearson
correlation coefficients and their 95% confidence intervals (CI).

A Pearson correlation above 0.4 will be considered to represent
adequate validity (Koo et al 2016).

We will generate Bland—Altman plots to evaluate the extent of
agreement across the range of micronutrient intakes between
MMPS and FFQ.

Differences between the two methods will be plotted against the
average of the two measures, and the limits of agreement (LOA)
(mean difference + 2 SD) will be used to reflect the extent of
discrepancies between the two methods.

To generate correction factors for the calculation of corrected
intakes in future studies utilizing MMPS, we will run a linear
regression model where energy-adjusted FFQ measurements will
be considered the reference against the corresponding MMPS
energy-adjusted values, and the relevant slopes and intercepts will
be generated.

- Reproducibility
of MDD-W
generated from
MMPS and FFQ

We will evaluate the reproducibility of the questionnaire using the
average measures of the intraclass correlation coefficients (ICCs),
calculated through random-effects analysis of variance between
Visits 1 and 2. The ICC values will be interpreted as follows:

- Beprodu.cibility - < 0.5 will indicate poor reliability

of micronutrient - Between 0.5 and 0.75 will indicate moderate

generated from reliability

MMPS and FFQ¥*: - Between 0.76 and 0.9 will indicate good
reliability
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- > 0.9 will indicate excellent reliability (Koo et al
2016).

Subgroup analyses will be conducted to evaluate the
reproducibility and validity of the MMPS and FFQ based on the
mode of administration (face-to-face or telephone), by assessing
the overlap in the ICC and Pearson correlations’ 95% CI.

*Interval of study visits
will be calculated using
V1 and V2 interval
among each participant
in days and month

Discover the effect of
economic crisis on the

dietary intake

To assess whether the economic crisis has affected dietary intake.
We will divide the study period into two-month intervals starting
from December 2019 and continuing through to September 2021.

Do paired t-test on intakes for same individuals in different study
periods; stratified by type of interview

We will first check participants who have similar time intervals
between visits. After that we will compare participants' dietary
intake and their MDD score. The sample size (N) in each group
will be examined to compare those who entered the study at the
onset of the crisis (December 2019)

Nutrition and Health
outcomes

Explore the
relationship between
micronutrient
adequacy and
maternal BMI, and
neonatal height and
weight percentiles

- Simple linear regression

- If needed, multivariable analysis: If confounding
factors (e.g., maternal age, socioeconomic status, or
gestational age) are suspected, we will perform a multiple
linear regression analysis. This will adjust for potential
confounders when assessing the relationship between
micronutrient adequacy and each of the outcomes
(maternal BMI, neonatal height, and weight percentiles).
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APPENDIX V
GROUPING of FFQ and MMPS INTO MDD-W FOOD
CATEGORIES

Table 44 Grouping of FFQ and MMPS into MDD-W Food Categories

11.full fatcheeses  12.
Medium fat cheeses 18.
saturated fats (butter, ghee,
heavey cream)

MDD-W food MMPS food items FFQ food items
categories
Grains, white 19. Whole Grain Foods 20. 1-12 (bread and cereals), (13-15, 17-
roots and Grains 21. Manaesh, fatayer | 19,21,23),105,106,107,108,109,122-
tubers, and 4.Stuffed vegetables 2. 135,
plantains starchy vegetables
Pulses (beans, | 5. Beans 22,24-26, 52,
peas and
lentils)
Nuts and 16. Nuts 17. other 20, 88, 89,90,91,92,93,94,97,98,
seeds unsaturated fats (avodado oil,
sesame paste, peanut butter)
Milk and milk 9. whole milk products 10. | C(27-35),110,111,113,
products low fat or skimmed products 117,142,,144,

8. Juices

Meat, poultry 23. Meats, high fat 24, 16, 58-61, 63-82,
and fish Meats, mediumfat 25.
Processed meats 26. Fish or
tuna 27. Chicken, turkey
Eggs 13. Eggs 62,
Dark green 1. Dark green leafy vegetables | 47
leafy
vegetables
Other vitamin 37-39,41,50,
A- rich fruits
and
vegetables
Other 3. Other vegetables 46, 48-51, 53-57,
vegetables
Other fruits 6. Citrus fruits 7. Other fruits | 36,40,42,43,44, 112,

Other oils and
fats (optional
to double
check)

14. Olive oil  15. Olives

83,84, 95,96, 136,
137,138,139,140,141,143,
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APPENDIX VI
ACTIVITY LEVEL ASSESSMENT INTERNATIONAL
PHYSICAL ACTIVITY QUESTIONNAIRE (IPAQ)

Table 45 Activity Level Assessment International Physical Activity Questionnaire
(IPAQ

INTERNATIONAL PHYSICAL ACTIVITY QUESTIONNAIRE

We are interested in finding out about the kinds of physical activities that people do as
part of their everyday lives. The questions will ask you about the time you spent being
physically active in the last ¥ days. Please answer each question even if you do not
consider yourself to be an active person. Please think about the activities you do at
wark, as part of your house and yard work, to get from place to place, and in your =pare
time for recreation, exercise or spart.

Think about all the vigerous activities that you did in the last 7 days. Vigorous
physical activities refer to activities that take hard physical effort and make you breathe
much harder than normal. Think onfy about those physical activities that you did for at
least 10 minutes at a ime.

1. During the last T days, on how many days did you do vigorous physical
activities like heavy lifting, digging, asrobics, or fast bicycling?

days per week

D Mo vigorous physical activities == Skip to question 3

2. How much time did you usually spend doing vigorous physical activities on one
of those days?

hours per day

minutes per day

I:I Don't know/Mot sure

Think about all the moderate activities that you did in the last 7 days. Moderate
activities refer to activities that take moderate physical effort and make you breathe
somewhat harder than normal. Think only about those physical activities that you did
for at least 10 minutes at a time.

3. During the last T days, on how many days did you do moderate physical
activities like carrying light loads, bicycling at a regular pace, or doubles tennis?
Do not include walking.
days per week

I:l Mo moderate physical activities + Skip to question 5

SHORT LAST 7 DAYS SELF.ADMIMISTERED worsion of the IPA0. Revised August 3002,
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4. How much time did you usually spend doing moderate physical activities on one
of those days?

hours per day
minutes per day

D Don't know/Not sure

Think about the time you spent walking in the last 7 days. This includes at work and at
home, walking to travel from place to place, and any other walking that you have done
solely for recreation, sport, exercise, or leisure.

5. During the last 7 days, on how many days did you walk for at least 10 minutes
atatime?

days per week

D Nowalking == Skip fo question7

6. How much time did you usually spend walking on one of those days?
hours per day
minutes per day

D Don't know/Not sure

The last question is about the time you spent sitting on weekdays during the last 7
days. Include time spent at work, at home, while doing course work and during leisure
time. This may include time spent sitting at a desk, visiting friends, reading, or sitting or
lying down to watch television.

7. During the last 7 days, how much time did you spend sitting on a week day?

hours per day
minutes per day

D Don't know/Not sure

This is the end of the questionnaire, thank you for participating.

SHORT LAST 7 DAYS SELF-ADMINISTERED versicn of the IPAQ. Revised August 2002,
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Table 3. IPAQ scoring guidelines and physical activity classification criteria.?

A. Physical Activity Scoring

Vigorous PAgoe = 8 x (Jays with vigorous aclivities) x (daily minutes of vigorous activity)

Moderate PAg,e = 4 X (days with moderate activities) X (daily minutes of moderate activity)

Walking PAyoe = 3.3 x (days with walking activities) x (daily minutes of walking)

Total PA e = Vigorous PA_,,. + Moderate PA.. + Walking PA .

All PA, o are expressed as MET.minwk™

# Participants arc instructed to record only those PA that last at least 10 min.

® The recorded PAs with duration less than 10 min.d™ are recoded to zero min.d™.

& The recorded PAs with duration more than 180 min.d™! are recoded to 180 min.d™..

® Queslionnaires with missing data for time or days or “don’t know”/“not sure” checked ilems are not included in data analysis.

B. Physical Activity Classilication Criteria
+ Low PA profile: Total PA,, < 600 MET.min.wk

¢ Moderate PA profile: Vigorous PAgr, = 480 MET.minwk™ or Total PAg,,, = 600 MET.min.wk™!
+ High PA profile: Vigorous PA,,, = 1500 MET.minwk ™ or Total PA,, = 3000 MET.min.wk™

PA — physical activity; PA,,,. — physical activity score
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APPENDIX VII
NON PARAMETRIC DIETARY VARIABLES SUMMARY

Table 46 Non Parametric Dietary Variables Summary

Category Visit 1 (Not normaly distributed) = Visit 2 (Not normaly distributed)
Raw Intake Fe, Fiber, K, Thiamine, Niacin, Energy, CHO, Sugar, Folate, SFA,
Vit A, Folate, Trans Fats Niacin
Adjusted Vit D, Trans Fats, Niacin Vit A, Vit D, Sugar, Niacin, SFA,
Trans Fats
Log- — CHO, Zinc, Cholesterol, Sugar
Transformed*
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APPENDIX VIII
IMPACT OF VISIT 1 AND VISIT 2 CALENDAR DATES ON
INTAKE VARIANCE AMONG PATIENTS WITH A
STANDARDIZED TWO-MONTH INTERVAL

Table 47 Impact of Visit 1 and Visit 2 Calendar Dates on Intake Variance Among
Patients with a Standardized Two-Month Interval
Analysis Basis Nutrient Tool p-value Interpretation
Visit 1 Dates  Niacin FFQ 0.03 Significant
Saturated Fatty Acids (SFA) FFQ 0.066  Marginal Trend
Visit 2 Dates  Saturated Fatty Acids (SFA) FFQ 0.002  Highly Significant
Vitamin D MMPS 0.037  Significant
Thiamine FFQ 0.057  Marginal Trend
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