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Abstract: Rising food insecurity (FI) and the increased prices of animal-based foods could compromise
vitamin B12 (B12) intake and serum levels in food-insecure people. Our study aims to determine
the prevalence of low levels of serum B12 and its inadequate dietary intake among a nationally
representative sample of Lebanese adults aged 18 to 64 years, while exploring the impact of FI
and identifying other potential predictors. The B12 intake was assessed using a food frequency
questionnaire and the mean of two non-consecutive 24 h recalls. The B12 serum levels were also
examined. To examine the time trends in the B12 serum levels and dietary intake, the data from a large
representative digitized database of 6290 participants were collected, along with the examination of
FAOSTAT food consumption data both before and during the economic crisis period. Our findings
revealed that 47.3% of households in Lebanon experienced FI. The inadequate intake of B12 food
sources was prevalent in 52.5% of participants, and 61.1% presented with low (23%) or intermediate
(38.1%) levels of serum B12. The food-secure households had a higher proportion of B12 intake from
meats (p = 0.004), while traditional foods contributed more to food-insecure households (p = 0.000).
The participants who were female, unemployed, food-insecure, and had low dietary diversity were
about two to three times more likely to have inadequate B12 intake. The predictors of low levels of
serum B12 included residing in Beqaa (OR = 2.856 and 95% CI = 1.018-8.01) and having inadequate
B12 intake (OR = 1.788 and 95% CI = 1.2-2.65). The findings from observing the time trends in the
consumption and the serum levels of B12 indicate a considerable decline in the consumption of most
animal-based foods compared to the pre-crisis period, associated with a decline in the serum levels of
B12. In conclusion, an alarming prevalence of low dietary intake and low serum levels of B12 was
revealed among Lebanese adults, and the indirect effect of FI on B12 serum levels mediated through
B12 intake was inferred.
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1. Introduction

Food insecurity (FI) is a widespread challenge with diverse causes, including economic,
political, social, environmental, and systemic factors [1,2].

The state of food insecurity is of particular concern in Lebanon, since the country
is facing its own unique set of adversities. The economic crisis that began in 2019 has
had a profound impact on Lebanon, resulting in a severe and ongoing devaluation of the
Lebanese pound, a surge in inflation, and the lifting of subsidies [3]. These developments,
compounded by the impact of the COVID-19 pandemic and the 2020 Beirut port explosion,
have had a detrimental effect on the food security situation in Lebanon, exacerbating
the already-challenging global context. According to the World Food Programme (WFP)
survey estimates, moderate or severe FI in Lebanon saw a 23-percentage point increase
from April/May 2020 (21.2%) [4], near the beginning of the crisis, to November/December
2021 (44%) [4,5]. The prices of animal-based foods, such as meat, dairy products, fish, and
eggs, experienced substantial increases ranging from 2225% to 3262% between October 2019
and December 2022, according to WFP estimates [5]. Recent research conducted between
June and July 2022 also revealed that a large percentage (80%) of the Lebanese population
consumed these food items for three days or fewer per week [6,7]. Since foods of animal
origin are the primary source of vitamin B12 (B12) in the diet, the combination of rising
prices and the limited consumption of these foods within the context of increasing FI in
Lebanon raises concerns about the adequacy of the intake of B12 and its associated serum
levels in the Lebanese population.

Low levels of serum B12 are associated with a range of adverse symptoms which
can be mild to severe, including megaloblastic anemia, neurological damage, cognitive
impairment, cardiovascular effects, etc. [8]. A clinically low level of B12 with classic
hematological and neurological symptoms is relatively uncommon, with serum B12 levels
< 200 pg/mL typically used as the defining criterion. On the other hand, a subclinical
deficiency, which is associated with low or borderline B12 levels but usually no symptoms
of deficiency, affects a more significant portion of the population [9].

The main causes of low levels of serum B12 are malabsorption; medications such as
proton pump inhibitors (PPIs), histamine H2 receptor antagonists [10], metformin [11],
antiepileptic drugs [12], and colchicine [13]; and inadequate intake. Moreover, various
conditions can impair the absorption of B12, including pernicious anemia and gastric
bypass surgery [14]. Atrophic gastritis [14], a condition that is common in the elderly [15],
and damage to the terminal ileum caused by surgical removal or inflammatory conditions
such as Crohn’s disease or celiac disease can also impair the absorption of B12 [14]. As for
the dietary causes of deficiency, prolonged insufficient intake of B12 may deplete the liver’s
stores of the vitamin, resulting in its deficiency. This phenomenon is evident in individuals
who follow a vegan diet and consume a limited amount of B12 [16]. While it may take
a relatively long time for the B12 stores to be depleted, once depleted, the symptoms of
deficiency may occur rapidly, of which some are irreversible [14].

Although there is considerable evidence about the impact of FI on the intake and
serum levels of certain micronutrients, research specifically examining the relationship
between FI and vitamin B12 intake or serum levels, especially in adults, is scarce. For
instance, among the limited studies available, data from the United States (US) based on
the 2001 NHANES surveys showed that the prevalence of low dietary intake of B12 was
higher in adults from food-insecure families (13.4%) compared to those from food-secure
families (9.7%) [16]; however, this difference was not a significant one. Likewise, there
was no significant difference in the mean serum levels of B12 (pg/mL) between adults
from food-insecure (511.4) and food-secure families (477.2), with a p-value of 0.84 [16]. In
contrast, a separate study conducted in rural America found a significant difference in the
prevalence of adequate B12 intake between food-insecure (64.3%) and food-secure adults
(71.9%) [17]. Despite these findings, there remains a lack of comprehensive research in the
literature on the impact of FI on B12 intake and status.
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In Lebanon, FI was shown to affect food consumption patterns [6,7]; however, to our
knowledge, no studies have been conducted in the country exploring the effect of FI on
B12 intake or serum levels, which adds to the need for our study as the economic situation
continues to deteriorate and as the prevalence of FI is on the rise. Accordingly, our study
aims to determine the prevalence of inadequate intake of B12 food sources and the low
levels of serum B12 among a nationally representative sample of Lebanese adults aged
18 to 64 y, while exploring the impact of FI and identifying other potential predictors.

2. Materials and Methods
2.1. Study Design and Eligibility Criteria

This is a cross-sectional study which was conducted over a period of 5 months be-
tween May and September 2022. The eligibility criteria were carefully chosen to ensure
that the study’s objectives were met and to provide a representative sample of the study
population. The inclusion criteria were adults aged 18 to 64 years of Lebanese nationality.
The exclusion criteria included lactating and pregnant women,; strict vegetarians or vegans;
alcoholics; those having gastrointestinal disorders (inflammatory bowel disease or Celiac’s
disease), chronic diarrhea, Helicobacter pylori infection, pernicious anemia, tuberculosis,
or malignancy; those taking vitamin B12 or multivitamins containing vitamin B12 succes-
sively for the 6 months prior to participation in the study; those taking medications with
known effects on serum B12 concentration (e.g., acid-lowering medications, metformin, or
medications containing metformin, corticosteroids, colchicine, and anti-epileptic drugs) for
a successive period of 3 months before enrollment; and those having previously undergone
gastrointestinal surgeries (e.g., gastrectomy, gastric bypass, or removal of the ileum).

2.2. Sampling Method and Recruitment Process

An estimated minimum sample of 400 participants was required for national repre-
sentativeness, calculated based on the population estimates from 2018 to 2019 using the
formula (n=[p (1 — p)] x [(Z« /2)2 /(e)?), where n denotes the sample size; Z_(/2) is the
reliability coefficient of the standard error at a 5% level of significance = 1.96; p represents
the probability of adults (18-64 y) who were unable to practice preventive measures of
the diseases (50%); and e refers to the level of standard error tolerated (5%), as stated by
Hosmer and Lemeshow [18]. In our study, 449 participants (265 females and 184 males)
were recruited from all 8 governorates across Lebanon using a combination of stratified
cluster sampling, with the stratified groups being male and female and the clusters being
the governorates.

The recruitment process initially involved multiple channels, including individual
volunteers, first aid centers, charitable organizations, and medical centers, to reach a broad
range of participants within their outreach. The participants who were recruited through
these channels were encouraged to refer other individuals within their networks. This
sampling approach enabled access to populations that were physically difficult to reach due
to time and budget constraints. The individuals who showed interest in participating were
informed about the nature of the study and provided implied verbal consent, after which
they were screened for eligibility. The eligible participants were then asked to provide
electronic written consent before proceeding with the study phases. To ensure a broad
representation of Lebanese households in the study, a maximum of one individual per
household was allowed to participate.

2.3. Data Collection
2.3.1. Phase 1: Administration of Sociodemographic Questionnaire

The first phase involved collecting data via a pre-tested questionnaire that was com-
pleted during an interview with the participants and consisted of 3 sections. The first
section included questions regarding demographic and socioeconomic information, as well
as medical history. The questions about the number of persons and rooms in the household
were included in order to calculate the crowding index (CI), which is a proxy indicator of
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household socioeconomic status [19,20]. The second section included the Arab Family Food
Security Scale (AFFSS) of 7 items, already validated in the Lebanese population, where
participants were asked a series of questions related to their household’s food security [21].
In the third section, the Food Consumption Score (FCS) was used to assess the DD of house-
holds, which is the number of individual foods consumed over a reference period. The FCS
is calculated by determining the frequency of the consumption of different food groups by
a household during the 7 days preceding the survey [22]. It also included questions about
the number of meals consumed by the person or their household the day before and if this
reported intake was as usual.

2.3.2. Phase 2: Food Frequency Questionnaire and 24 h Recall

After completing the sociodemographic questionnaire, a 157-item semi-quantitative
food frequency questionnaire (FFQ), previously validated among the general adult Lebanese
population [23], was administered by trained dietitians in 30 min phone interviews. The
FFQ included questions about the frequency of the consumption of various food items
in the past 6 months. Moreover, in an effort to investigate the dietary intake of the study
population, two non-consecutive dietary recalls were administered across weekdays and
weekends. Both the FFQ and the two 24 h recalls were conducted during the same time
period. The participants were provided with instructions and visual aids to help them
to recall their food consumption and to estimate portion sizes as accurately as possible.
During the interview, the responses were recorded by the interviewers as the number of
servings consumed and the frequency of the consumption of the reported servings (daily,
weekly, or monthly) for each food item.

2.3.3. Phase 3: Blood Sampling and Anthropometrics

In the third phase of the study, blood samples and weight and height measurements
were taken. The venous blood samples were collected by trained laboratory technicians in
clot activator tubes containing gel for B12 tests and ethylenediaminetetraacetic acid tubes
(EDTA) for CBC complete blood count (CBC) tests.

The serum vitamin B12 analysis was performed using a Roche Cobas immunoanalyzer
(Roche Diagnosis, Indianapolis, IN, USA) [24]. The principle of the method is an electro-
chemiluminescence immunoassay (ECLIA) using intrinsic factors specific for vitamin B12.
Vitamin B12 in the sample competes with the added vitamin B12 labeled with biotin for the
binding sites on the ruthenium-labeled intrinsic factor complex.

The results were determined via a calibration curve, using an instrument specifi-
cally generated using two different standards. As for the performance characteristics
of the assay, the analytical sensitivity was 30 pg/mL or 22.0 pmol/L; the linearity was
50-2000 pg/mL; the precision% was 2.4-5%; and the reference range (2.5th-97.5th per-
centile) was 197-771 pg/mL [24].

The weight and height measurements were taken using standardized protocols and
calibrated equipment, i.e., a digital scale for weighing and a stadiometer for measuring
heights. Both the weight and height were measured three times for each participant for
accuracy, and the average of the three measurements was later calculated to compute the
Body Mass Index (BMI) (Figure 1).
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FAOSTAT food balance database (food supply quantity in
g/capita/day) between 2010 and 2022 differentiating two
periods: pre-crisis (2010-2019) and amid crisis period (2020).

Multiple data provided from several medical laboratories to

establish a large representative digitized database of 6290
outpatients, assessed between 2016-2021, in whom information

on age, gender, time of the year, ferritin, hemoglobin, mean
corpuscular volume (MCYV), Platelet and White blood Cells
count (WBC) was analyzed.

Figure 1. Flow chart of the recruitment process and data collection in the study. * Exclusion criteria:
lactating and pregnant women; strict vegetarians or vegans; alcoholics; those having gastrointestinal
disorders (inflammatory bowel disease or Celiac’s disease), chronic diarrhea, Helicobacter pylori
infection, pernicious anemia, tuberculosis, or malignancy; those taking vitamin B12 or multivitamins
containing vitamin B12 successively for the 6 months prior to participation in the study; those
taking medications with known effects on serum B12 concentration (e.g., acid-lowering medications,
metformin, or medications containing metformin, corticosteroids, colchicine, and anti-epileptic drugs)
for a successive period of 3 months before enrollment; and those having previously undergone
gastrointestinal surgeries (e.g., gastrectomy, gastric bypass, or removal of the ileum).

2.4. Time Trends in Consumption of Vitamin B12 Sources and Serum Levels

To investigate the time trends in the vitamin B12 consumption data and the prevalences
of vitamin B12 deficiencies in Lebanon, we searched the FAOSTAT food balance database
for statistics showing the food supply quantity in g/capita/day between 2010 and 2022
differentiating two periods: the pre-crisis period (2010-2019) and the period amid the
crisis (2020) [25]. Moreover, we collected multiple data provided from several medical
laboratories to establish a large representative digitized database of 6290 outpatients,
assessed between 2016 and 2021, from whom information on age, gender, time of the year,
ferritin, hemoglobin, mean corpuscular volume (MCV), platelet and white blood cells count
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(WBC) was analyzed. Abnormal conditions related to chronic diseases associated with
abnormalities in vitamin B12 were excluded from this analysis (Figure 1).

2.5. Data Management and Statistical Analysis

The data was managed and coded using Microsoft Excel 2016. The CI was computed by
dividing the total number of household members (excluding infants) by the total number of
rooms in the household (excluding kitchens and bathrooms). The food security status was
categorized as food security (a score of 0-2), moderate FI (a score of 3-5), and severe FI (a score
of 6-7) [21]. The DD was determined by calculating the FCS using the following formula:

(starches x 2) + (pulses x 3) + vegetables + fruit + (meat x 4) + (dairy products x 4) + (fats x 0.5) + (sugar x 0.5),

which was categorized as a high household DD (a FCS of >42) and a low household DD
(a FCS of <42). The B12 intake (ng/d) for each participant was calculated from the FFQ
data by adding the B12 intake from all food items. The B12 composition of most food items
was determined from the USDA database [26] and was estimated for some local foods for
which composition was unavailable elsewhere. The B12 intake was categorized according
to the RDA cutoff as adequate (>2.4 pg/d) and inadequate (<2.4 ug/d) [26]. As for the
food group consumption (g/day) and the contributions to daily B12 intake (%), the food
items were categorized into food groups using the WHO “GEMS” distribution [27]. The
method used for calculating the food group consumption (g/day) was as follows.

Using the FFQ data, the daily amount consumed of each food item was calculated
as follows. If a serving was reported as consumed on a weekly or monthly basis, it was
divided by 7 or 30, respectively, to convert it to a daily frequency (serving/day). The
resulting daily frequencies were then multiplied by the serving sizes of the respective food
items (g/serving) to obtain the amount consumed of each food item (g/day).

The individual food items were then categorized into food groups using the WHO
GEMS distribution. The amounts consumed for each food item were then added together
to calculate the total consumption (g/day) for each food group.

The serum B12 levels were categorized as normal (>300 pg/mL or 221.4 pmol/L),
intermediate (200-300 pg/mL or 147.6-221.4 pmol/L), and low serum levels (<200 pg/mL
or <147.6 pmol/L) [28,29]. After checking for missing data, errors, and outliers, 5 cases
were excluded from the analysis, yielding a final number of 444 participants.

The data analysis was performed using SPSS version 25.0. For the univariate analysis,
a mean =+ SD (Standard Deviation) was used for continuous variables, and the frequency
(N) and percentage (%) were used for categorical variables. For the bivariate analysis, a chi-
squared test, student’s ¢-test, and one-way ANOVA were used to compare the differences
between groups. For the chi-squared test, when the minimum expected count was less
than 5, Fisher’s exact test was used instead. The multivariate analysis was performed
using a binary logistic regression with the B12 status and intake as the dependent variables.
Prior to performing the bivariate and multivariate analysis, the B12 status and FI status
variables were dichotomized; the vitamin B12 deficiency and insufficiency were combined
and referred to as a vitamin B12 deficiency; and the moderate and severe FI were combined
and referred to as FI. A p-value of < 0.05 was considered statistically significant.

2.6. Ethical Considerations

This study’s protocol was reviewed and approved by the Ethical Committee at Al
Zahraa University Medical Center (#57/2022) and was conducted in accordance with
the ethical principles outlined in the Declaration of Helsinki. The participants gave their
informed consent prior to participation and were made aware that participation was
entirely optional and that they had the right to withdraw at any time.
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3. Results
3.1. Population Characteristics

The demographic and socioeconomic characteristics of the study population are listed
in Table 1. Of the 444 participants included in the study, 58.8% were females, and the mean
age + SD (years) of the overall study population was 34.1 &+ 12.7. Table 2 presents the
population’s health characteristics. About a third of participants (33.8%) had a normal
BMI and 61.9% were overweight or obese. Regarding the disease status, one-quarter of the
study population reported having one or more chronic diseases.

Table 1. Sociodemographic characteristics of the overall study population and by sex.

Overall (n = 444) Male (n = 183) Female (n = 261)

Variable
Mean SD Mean SD Mean SD p-Value
Age (y) 34.1 12.7 33.8 12.2 34.4 13.1 0.649
N % N % N % p-Value
18-24y 149 33.6 55 36.9 94 63.1
) 25-39y 151 34.0 78 51.7 73 48.3
Age categories * 40-64y 144 324 50 347 94 653 0.005*
Total 444 183 41.2 261 58.8
Akkar 31 7.0 11 35.5 20 64.5
Mount Lebanon 179 40.3 73 40.8 106 59.2
Beqaa 27 6.1 5 18.5 22 81.5
Residency North Lebanon 60 13.5 33 55.0 27 45.0 0.006 *
Baalbek-Hermel 20 45 10 50.0 10 50.0
South Lebanon 55 12.4 30 54.5 25 455
Beirut 32 7.2 10 31.3 22 68.8
Nabatieh 40 9.0 11 27.5 29 72.5
Single 202 455 81 40.1 121 59.9
) Married 223 50.2 97 43.5 126 56.5
Marital status Widowed 7 16 0 0.0 7 100.0 0128
Divorced 12 2.7 5 41.7 7 58.3
No crowding 165 37.2 79 47.9 86 52.1
Household crowding index Crowding 279 62.8 104 373 175 62.7 0.036%
None 217 48.9 87 40.1 130 59.9
Number of children 1-3 159 35.8 74 46.5 85 53.5 0.124
More than 3 68 15.3 22 324 46 67.6
[lliterate 3 0.7 1 33.3 2 66.7
Education level School 175 394 72 41.1 103 58.9 1.000
University 266 59.9 110 414 156 58.6
) Unemployed 218 49.1 40 18.3 178 81.7
Current occupation Employed 226 50.9 143 633 83 36.7 <0.001*
No impact 129 29.1 63 48.8 66 51.2
Monthly salary change since the Decline in salary 123 27.7 51 41.5 72 58.5 0,001 *
start of economic crisis Increase in salary 70 15.8 42 60.0 28 40.0 ’
Already have no salary 122 27.5 27 22.1 95 77.9
None 39 8.8 17 43.6 22 56.4
<LBP 1.5 million 58 13.1 15 259 43 74.1
Household monthly income >LBP 1.5 million 211 475 79 37.4 132 62.6 <0.001 *
<USD 300 92 20.7 41 44.6 51 55.4
>USD 300 44 9.9 31 70.5 13 29.5

* Significant at p-value < 0.05. ? Classification realized in such a way to ensure an approximately equal distribution
across categories.
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Table 2. Health characteristics of the overall study population and by sex.

Variable Overall (n = 444) Male (n = 183) Female (n = 261)
Mean SD Mean SD Mean SD p-Value
Weight (kg) 73.8 17.1 81.8 16.6 68.3 15.1 <0.001 *
Height (cm) 165.3 9.4 173.5 7.0 159.5 5.9 <0.001 *
Body mass index (kg/m?) 27.0 5.8 27.2 53 26.9 6.1 0.626
N % N % N % p-Value
Underweight 19 4.3 4 21.1 15 789
BMI classification Normal 150 33.8 57 38.0 93 62.0 0.084
Overweight and Obese 275 61.9 122 44.4 153 55.6
Disease status No disease 333 75.0 150 45.0 183 55.0 0,005 +
Having disease 111 25.0 33 29.7 78 70.3 '
Cardiovascular disease 14 12.6 5 15.2 9 115
Diabetes 3 2.7 1 3.0 2 2.6
Hypertension 34 30.6 16 48.5 18 23.1
Kidney disease 4 3.6 2 6.1 2 2.6
Liver disease 1 0.9 1 3.0 0 0.0
Osteoporosis 14 12.6 1 3.0 13 16.7
Asthma/Respiratory diseases 12 10.8 2 6.1 10 12.8 0.004
Anemia 36 324 5 15.2 31 39.7
Others @ 32 28.8 6 18.2 26 333
No 126 28.4 52 413 74 58.7
History of COVID-19 infection Yes 238 53.6 104 43.7 134 56.3 0.296
Don’t know 80 18.0 27 33.8 53 66.3
No 142 32.0 51 359 91 64.1
COVID-19 vaccination Yes 302 68.0 132 137 170 56.3 0.123

* Significant at p-value < 0.05. ? Includes other self-reported diseases: (1) allergies (seasonal, food, dust, skin);
(2) vertebral column problems; (3) sarcoidosis; (4) migraines; (5) thyroid disease; (6) gastrointestinal problems;
(7) psychological conditions; (8) neurological conditions; (9) hypovitaminosis D; (10) hypocalcemia; (11) iron
deficiency; (12) urinary tract infection; (13) hypercholesterolemia; (14) Raynaud’s syndrome; (15) varicose veins;
(16) autoimmune diseases; (17) cancer; (18) thrombosis; (19) polycystic ovarian syndrome.

3.2. Indicators of Household Food Security

Almost half (47.3%) of the households were food-insecure, including moderate (30.6%)
and severe FI (16.7%), and a low DD was observed in 56.3% of households. Additionally,
more than half (54.3%) of the participants reported consuming two meals or fewer the day

before, and 74.3% described their reported meal consumption the day before as their usual
intake (Table 3).

Table 3. Assessment of household food security and dietary diversity in the overall population and

by sex.
. Overall (n = 444) Male (n = 183) Female (n = 261)
Variable
N % N % N % p-Value
. Food-secure 234 52.7 102 55.7 132 50.6
Food security status 0.28
Food-insecure 210 47.3 81 443 129 494
Number of meals consumed 2 meals or fewer 241 54.3 100 41.5 141 58.5 0.923
the day before 3 meals or more 203 45.7 83 409 120 59.1 ‘
) Fewer than usual 107 241 39 36.4 68 63.6
gg;;arggggggumbef of As usual 330 743 141 27 189 57.3 0.491
More than usual 7 1.6 3 429 4 57.1
. . . Low 250 56.3 102 40.8 148 59.2
Dietary diversity 0.846

High 194 43.7 81 41.8 113 58.2
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3.3. Population’s Average Food Group Consumption

The population’s dietary intake of the food groups using data from the mean of two
24 h recalls and the FFQ is shown in Table S1.

The average consumption + SD (g/day) of foods of animal origin were as follows:
milk and dairy products (184.5 & 164.7), meat and meat products (69.5 + 75.1), eggs and
egg products (22.2 & 32.6), and fish and other seafood (11.4 &£ 21.0). Notably, the mean
intake of males was significantly greater than that of females in several, but not all, food
groups, including all animal-based food groups, with p = 0.011, p = 0.000, p = 0.000 and
p = 0.000, respectively (Table S1).

3.4. Assessment of Vitamin B12 Intake and Status

The means of the B12 intake and the serum levels of the participants were
29 £25ug/d and 297.3 pg/mL, respectively. The vitamin B12 intake was higher
in men (3.8 & 3.2) compared to women (2.3 & 1.8), p < 0.001. Similarly, the mean value
of the B12 serum levels was 297.3 & 158.3 with no significant difference between both
genders, with p = 0.39. Around 61.1% of the participants presented either low levels
(23%) or intermediate (38.1%) levels of B12, defined as <200 pg/mL or <147.6 pmol/L
and 200-300 pg/mL or 147.6-221.4 pmol/L, respectively. Notably, 68.6% of deficient
participants were females, with p = 0.035 (Figure 2).
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Figure 2. (a) Prevalence of inadequate vitamin B12 intake overall and by sex. B12 intake was
categorized according to the RDA cutoff as adequate (>2.4 ug/d) and inadequate (<2.4 pg/d); and
(b) assessment of serum B12 levels overall and by sex. The serum B12 levels were categorized as
normal (>300 pg/mL or 221.4 pmol/L), intermediate (200-300 pg/mL or 147.6-221.4 pmol/L), and
low serum levels (<200 pg/mL or <147.6 pmol/L).

3.5. Association of Household Food Security and Dietary Diversity with Vitamin B12 Intake and
Serum Level

According to Table 4, more than 65% of the food-insecure participants had inadequate
B12 intake and presented low serum levels of B12, with p = 0.000 and p = 0.06, respectively.
Around 62.7% of the participants with inadequate B12 intake consumed two meals or fewer
the day before the data collection, with p = 0.000, and reported their consumption patterns
as fewer meals than usual, with p = 0.005. Moreover, 66.8% of participants with inadequate
B12 intake had a low DD (p = 0.00) associated with low levels of serum B12 (p = 0.031).

Table 4. Association of household food security and dietary diversity with vitamin B12 intake and
serum levels.

Vitamin B12 Intake ** B12 Serum Levels ***
Variable Adequate Inadequate Normal Insufficient
N % N % p-Value N % N % p-Value
X Food-secure 140 59.8 94 40.2 101 43.2 133 56.8
Food security status 0.000 * 0.064
Food-insecure 71 33.8 139 66.2 72 34.3 138 65.7
2 meals or fewer 90 37.3 151 62.7 89 36.9 152 63.1
Number of meals 0.000 * 0.379
consumed the day before 3 meals or more 121 59.6 82 40.4 : 84 414 119 58.6 ’




Nutrients 2024, 16, 226 11 of 21
Table 4. Cont.
Vitamin B12 Intake ** B12 Serum Levels ***
Variable Adequate Inadequate Normal Insufficient
N % N % p-Value N % N % p-Value
) Fewer than usual 37 34.6 70 65.4 35 32.7 72 67.3
Eyg;;arggggggumbef °f TAs usual 171 518 159 482  0005* 135 409 195  59. 0.291
More than usual 3 429 4 57.1 3 429 4 57.1
. L. Low 83 33.2 167 66.8 86 34.4 164 65.6
Dietary diversity 0.000 * 0.031*
High 128 66.0 66 34.0 87 44.8 107 55.2

* Significant at a p-value < 0.05. ** B12 intake was categorized according to the RDA cutoff as adequate (>2.4 ng/d)
and inadequate (<2.4 pg/d). *** The serum B12 levels were categorized as normal (>300 pg/mL or 221.4 pmol/L),
intermediate (200-300 pg/mL or 147.6-221.4 pmol/L), and low serum levels (<200 pg/mL or <147.6 pmol/L).
Insufficient indicates an intermediate to a low serum level (<300 pg/mL or 221.4 pmol/L).

3.6. Dietary Sources of Vitamin B12 and Associations with FI

The mean levels indicating the percentage of the contribution of the different food
groups to the daily recommended B12 intake is presented in Figure 3. Milk and dairy
products contributed the most to the study population’s daily B12 intake (33.45%), followed
by meat and meat products (25.21%), and traditional food (11.99%). According to Figure 4,
significantly greater contributions to the daily B12 intake were observed from meat and
meat products in food-secure households (27.35%) compared to food-insecure households
(22.82%), with p = 0.004. On the other hand, traditional food contributed significantly more
vitamin B12 in food-insecure households (14.55%) than food-secure households (9.69 + 9.3),
with p = 0.000. The complete data for the B12 contributors is presented in Table S2.

M Witk and dairy products

B Meat and meat products

M Traditional food

M Fish and other seafood
Eggs and egg products

W Desserts and snack
Cereals and cereal based
products

W starchy roots and tubers

M Stimulant beverages

M Others

Figure 3. Contribution of the food groups to the daily vitamin B12 intake in the overall population.
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M Mieat and meat products®

W Mille and dairy products

80.00

60.00

40.00
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Contribution to daily vitamin B12 intake (%)
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Figure 4. Contribution of the food groups to the daily vitamin B12 intake by household food security.
* Food groups with a significant difference in contribution to B12 between the food-secure and the
food-insecure.

3.7. Determinants of Inadequacy and Insufficient Serum Levels of B12

A binary logistic regression analysis was performed to determine the factors that
contributed to the inadequacy and insufficient serum levels of B12 (Table 5) in the
study population.

Table 5. Determinants of inadequate vitamin B12 intake (<2.4 ug/d) and insufficient levels of serum
B12 (<300 pg/mL or 221.4 pmol/L).

Determinants of B12 Intake OR 95% CI p-Value
(Adequate (Reference) vs. Inadequate) Lower Upper
- Male (Reference)
Female 2.845 1.757 4.606 <0.001 *
) Employed (Reference)
Current occupation Unemployed 1.806 1.129 2.884 0.014 *
) Food-secure (Reference)
Food security status Food-insecure 2145 1.381 3333 0.001*
3 meals or more (Reference)
Number of meals consumed the day before 5" 21 7% e Lo 1.497 0.951 2.358 0.081
Dietary diversity High dietary diversity (Reference)
Low dietary diversity 3.034 1.924 4.783 <0.001 *
Determinants of Low Serum B12 Levels (Normal (Reference) vs. Insufficient)
Beirut (Reference)
North Lebanon 1.305 0.558 3.049 0.539
Residency Mount Lebanon 0.817 0.374 1.788 0.614
Beqaa 2.856 1.018 8.017 0.046 *
South Lebanon 0.736 0.321 1.689 0.470
Vitamin B12 intake Adequate (Reference)
Inadequate 1.788 1.206 2.650 0.004 *

* Significant at a p-value < 0.05.

The variables that were significantly associated with the B12 intake, as determined
from the bivariate analysis (p < 0.05), included the sex, marital status, household CI, number
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of children, education level, current occupation, household monthly income, disease status,
food security status, number of meals consumed the day before, evaluation of number of
meals reported, and DD of the participants. They were entered in the model (a backward
stepwise method). The results of the bivariate analysis can be found in Table S3. Being
female increased the likelihood of having inadequate intake in B12 levels by around
threefold (OR = 2.845, 95% confidence interval (CI) = 1.757-4.606, and p = 0.000), and the
unemployed had an 80.6% higher chance of having inadequate B12 intake (OR = 1.806, 95%
CI =1.129-2.884, and p = 0.014). Furthermore, being food-insecure increased the likelihood
of inadequate intake of B12 by nearly twofold (OR = 2.145, 95% CI = 1.381-3.333, and
p =0.001), and the likelihood of inadequate intake of B12 was nearly threefold higher in
participants with a low DD (OR = 3.034, 95% CI = 1.924-4.783, and p = 0.000).

The variables that were significantly associated with the serum levels of B12 from
the bivariate analysis (p < 0.05) were residency, occupation, chicken, canned fish, DD,
and B12 intake, and were entered in the model (the backward stepwise method) (Table
S3). The likelihood of having low levels of serum B12 was nearly threefold higher in the
participants residing in Beqaa (including Baalbek-Hermel) compared to those residing
in Beirut (OR =2.856, 95% CI = 1.018-8.017, and p = 0.046). Moreover, the participants
with inadequate B12 intake were 78.8% more likely to have low serum levels of B12
compared to the participants with adequate intake (OR = 1.788, 95% CI = 1.206-2.650,
and p = 0.004). Regarding our population’s consumption of foods of animal origin, the
average consumption of eggs and egg products was higher than its pre-crisis supply
(from 2010 to 2019) as reported by the FAOSTAT Food balances database [25] (Table 6). In
contrast, there was a decrease in the consumption of milk and dairy products, meat and
meat products, and fish and other seafood. These findings indicate a considerable decline
in the consumption of most animal-based foods compared to the pre-crisis period.

Table 6. Comparison between food group consumption/supply pre-crisis, during 2020, and in the
current study.

Food Supply Quantity (g/Capita/Day) Food Consumption (g/Day)
Food Groups 2010-2019 2020 2022
(Pre-Crisis) (Current Study)
Eggs 8.8 12.46575 22
Fish and seafood 25.05753 23.89041 11.4
Meat 89.87945 80.79452 69.5
Milk and dairy products 200.1397 169.8082 184.5

3.8. Time Trends in Vitamin B12 Consumption and Serum Levels before and Amidst the Food
Insecurity Situation

Regarding the consumption of foods of animal origin, the average consumption of
eggs and egg products was higher than its pre-crisis supply (2010 to 2019) as reported
by the FAOSTAT Food balances database [25] (Table 6). In contrast, there was a decrease
in the consumption of milk and dairy products, meat and meat products, and fish and
other seafood. These findings indicate a considerable decline in the consumption of most
animal-based foods compared to the pre-crisis period (Table 6). Similarly, compared to
the period preceding the economic crisis time, a decline in the serum levels of B12 was
observed accordingly since 2019, the time of economic crisis (Figure 5).
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Time trends of low levels of serum B12 between 2016 and 2021
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Figure 5. Time trends in sufficiency/insufficiency of the serum levels of B12 between 2016 and 2021.
(Insufficient levels of serum B12 were defined as less than 300 pg/mL using the same assays).

4. Discussion

This study is the first of its kind to examine the prevalence of low levels of serum
B12 and inadequate intake of B12 food sources in a nationally representative sample of
Lebanese adults amid the ongoing crisis and to investigate how these people are impacted
by FI. It also aimed to explore other predictors of low levels of serum B12 and its related
low dietary intake. The results showed that over half of the participants had inadequate
intake of B12 food sources and low levels of serum B12, with females being more affected
than males. FI and a low DD were also prevalent in about half of the households. These
findings show a deterioration in Lebanon’s FI situation, with an increase of 26.5% in FI
prevalence compared to the previously reported WFP estimate between April and May
2020 [28] Moreover, inadequate B12 intake was more likely in participants who were female,
unemployed, food-insecure, and had a low DD, while predictors of low serum levels of
B12 included residing in Beqaa and having inadequate B12 dietary intake.

Additionally, more than half of the study participants (54.3%) reported consuming
two meals or fewer on the day preceding the survey. This finding aligns with a recent
study, which found that 55.3% of Lebanese households consumed fewer than two meals
per day [6,7]. Furthermore, our study revealed a low DD in 56.3% of the households,
representing an increase of over 3% compared to the results of a nationally representative
study conducted in 2021 (53%) [6,7].

These shifts in dietary patterns are likely attributable to the sharp drop in the value of
the Lebanese pound, coupled with the significant food price increases which has affected the
affordability of these foods. For instance, according to the Lebanese Ministry of Economy,
there has been a notable increase in the prices of meats and derivatives between September
2019 and 2020 (134%), between September 2020 and 2021 (195%), and between September
2021 and 2022 (148%) [30]. Similarly, the prices of eggs and dairy products increased
within these three timeframes [30]. This situation is not unique to Lebanon, as individuals
in numerous regions worldwide struggle to afford animal-based foods due to their high
cost [30,31]. For instance, household FI among adults in Canada was associated with the
consumption of lower-quality diets characterized by consistently lower nutrient intake and
reduced consumption of milk products and sometimes meat and meat alternatives [32].

In this present study, the overall population’s mean for B12 intake was 2.9 ug/day,
which is considerably lower than that of a previous Lebanese study conducted in 2009 on
adults aged 20 y and over (4.6 pg/day) [33]. This is reflected in the previously discussed
change in dietary patterns affected by the economic crisis. Regardless, our mean B12 intake
is above the Recommended Dietary Allowance (RDA) of 2.4 png/day for adults. Despite
that, more than half of the participants (52.5%) had inadequate B12 intake, meaning they
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failed to meet the RDA. Regionally, this result was found to be higher than that of Iran
(0.8%) [34] but lower than that of Saudi Arabia (78.7%) [35]. Internationally, our result was
higher than that of most African countries for which data are available (<50%) [36], as well
as Sri Lanka (41.2%) [37], Slovenia (31.7%) [38], Nepal (17.1%) [37], Pakistan (12%) [37],
Ecuador (12%) [39], the Netherlands (<6%) [40], the US (4%) [41], the UK (<2%) [42], Spain
(1%) [43], and Ireland (<1%) [44]. On the other hand, our result was lower than that of
Bangladesh (73.5%) [45], India (60.3%) [46], and some African countries, including Ethiopia,
Guinea-Bissau, Lesotho, and Liberia (>90%) as well as Malawi, Niger, Nigeria, Rwanda,
Tanzania, and Zimbabwe (>60%) [47]. These variations are unsurprising since the US,
United Kingdom (UK), and European nations are developed countries where meat, an
important source of B12, often serves as the primary ingredient in numerous meals, [47]
contrary to developing countries like Bangladesh or certain African countries that suffer
from FI, hunger, and malnutrition [47].

Regarding the food group contributions to daily B12 intake, milk and dairy products
contributed the most to our population’s daily B12 intake (33.45%), followed by meat and
meat products (25.21%) and traditional food (11.99%). This was similar to findings from
national nutrition surveys in the UK [42], the Netherlands [40] and Australia [48], which
reported the highest contribution from milk and dairy products (30-38%) followed by
meat and meat products (27-30%). On the other hand, Denmark [49], Ireland [44], and
Slovenia [38] reported meat and meat products (35-44.5%) as contributing the most to
B12 intake followed by milk and dairy products (19.5-29%), while a study in Spain found
that meat (55.8%) contributed the most to B12 intake followed by fish (23.8%) [50]. When
comparing contributions between food-secure and food-insecure households, a signifi-
cantly higher contribution of meat and meat products to daily B12 intake was observed in
food-secure households (27.35%) compared to food-insecure households (22.82%). Con-
versely, traditional food contributed significantly more to daily B12 intake in food-insecure
households (14.55%) than in food-secure households (9.69%). This could be explained by
the fact that meat and meat products are more expensive and possibly harder to access
by food-insecure households, whereas traditional Lebanese foods, which comprise yogurt
or minced meat (depending on the type of dish), are probably more sought out by food
i-secure households as a cost-effective alternative.

When assessing the serum levels of B12 in our population, the overall mean serum
level of B12 was 297.3 pg/mL, which falls at the higher end of the insufficiency category.
Furthermore, 61.1% presented with a low level (23%) or an intermediate level (38.1%).
When compared to other studies, regionally, the prevalence of low levels appeared to be
higher in Jordan (30.1%) [51] and Iran (27.1%) [34] but lower in Saudi Arabia (7.5%) [52] than
our study finding (23%). Internationally, all studies except India (34%) [46] reported a lower
prevalence of low serum levels of B12, including Bangladesh (~<15%) [53], Liechtenstein
(13.4%) [54], Panama (11.8%) [55], Spain (10.9%) [43], Costa Rica (11.2%) [56], the UK
(6%) [42], Ireland (6%) [57], Canada (~<6%) [58], Ecuador (5.46%) [39], the US (~3-4% in
1999-2002 [41] and ~<7% in 2003-2006 [59]), France (3.3%) [60], Australia (2.3%) [61], and
Korea (~<2%) [62]. As for our alarming prevalence of low to intermediate levels of B12
combined together (61.1%), it unexpectedly appeared to be the highest of all published
studies that assessed the prevalence of low serum levels of B12 to our knowledge, including
Jordan (43.5%) regionally [52]; and Costa Rica (42.4%) [56], Panama (37.5%) [55], Canada
(~<28%) [58], the US (17-20%) [41], Australia (14.7%) [61], Brazil (6.4%) [63], and Finland
(4.7%) [64] internationally. This raises public health concerns regarding the nutritional
status of the Lebanese population. However, the collective evidence indicates that low
serum levels of B12 are a significant concern in various populations worldwide, including
Lebanon. Seeing as our study, unlike other studies, adopted relatively rigorous exclusion
criteria for medical conditions and medications known to potentially impact B12 absorption,
it is highly unlikely that the remarkably high prevalence of low serum levels of B12 in our
study is attributed to malabsorption; rather, the low serum levels of B12 are more likely
related to inadequate B12 intake, which was confirmed in the multivariate analysis as a
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predictor of the low serum levels of B12. This highlights the severity of the situation in
Lebanon, which left people prone to nutritional inadequacies and deficiencies.

Regarding the sex differences in consumption, females consumed significantly less
than males from most food groups, markedly those of animal origin. Females were three
times more likely to have B12 inadequate intake compared to males who generally have
higher requirements than females [65]; however, the observed difference coming particu-
larly from foods of animal origin supports the proposition that females purposely decrease
their consumption of these foods in favor of males or younger individuals within the same
household [66]. A study in Lebanon has previously discussed this link between household
FI and compromised diet quality among Lebanese mothers [67], emphasizing that house-
hold food security does not ensure food security for all household members [68]. Similar
findings in Pakistan suggest that biased food allocation places women at a higher risk of
micronutrient deficiencies, even in food-secure households [69]. Interestingly, females had
a significantly lower mean B12 intake than males (2.3 pg/day vs. 3.8 ug/day), and the
majority of participants with inadequate intake (71.7%) were females. Our finding was
consistent with numerous studies that reported lower B12 intake among females compared
to males [37,43,50,70-72]. Furthermore, the most participants with low serum levels of
B12 in the current study were females (68.6%), which was expected given the lower di-
etary B12 intake of females compared to males. The results from some studies aligned
with ours [52-54], while others found a higher prevalence of low serum levels of B12 in
males [73]. In short, females in Lebanon were found to be susceptible to low dietary intake
and low serum levels of B12 in our population, presumably due to altered dietary patterns.
Since compromised maternal serum levels of B12 before pregnancy has been shown to
impact child development during pregnancy and infancy [74], it is important to improve
B12 serum levels in females to prevent a deficiency in future generations of Lebanese adults.

Additionally, food-insecure individuals and those with a low DD were two and three
times more likely to have inadequate dietary intake of B12, respectively. The DD refers
to the variety of different foods consumed within a diet over a given period of time, and
uncertain access to food may lead to a less varied and nutritious diet potentially lacking in
B12-rich foods, leading to low dietary intake. While no studies in the literature discussed
the association between FI and B12 intake using multivariate analysis, few reported results
using bivariate analysis. Contrary to our result, in one US study, there was apparently no
significant difference in the prevalence of inadequate B12 intake by food security status in
adults (p > 0.05) [16], while another study conducted on a rural population in the US found
a significant difference in the prevalence of adequate B12 intake between food-insecure and
food-secure adults (p = 0.019) [17]. Likewise, the prevalence of inadequate B12 intake in a
Canadian population was considerably higher for those in food-insecure than food-secure
households in most age/sex groups, although no p-value was provided [32]. Furthermore,
the unemployed had an 80.6% higher chance of having inadequate B12 intake compared to
those who were employed, possibly because limited financial resources may restrict access
to a diverse range of nutrient sources, including vitamin B12. Similar to our result, one
study found that those who were employed had a lower risk for inadequate daily B12 intake
compared to retired participants, with the association being marginally significant [37].

The individuals residing in Beqaa were three times more likely to have low levels of
serum B12 compared to those residing in Beirut. Findings on regional differences in the
prevalence of low levels of B12 were noted by other studies. For instance, one study in
Jordan found those living in the north more likely to have low levels of B12 than those living
in the middle or south regions [51], and another found the prevalence of low serum levels
of B12 was three- to fivefold higher in the north than in the south of China (p < 0.001) [75].
Moreover, participants with inadequate B12 intake were 78.8% more likely to have low
serum levels of B12 compared to those with adequate intake [75]. The results from other
studies were conflicting, where some aligned with our results [43,49,76] whereas others
found no relation between B12 intake and its related serum levels [77-79]. This may be
related to the multifactorial causes of low serum levels of B12—including genetic, medical,
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and dietary factors—playing varying roles across countries, with the dietary factor being
the main player in our study given the Lebanese FI context.

In this present study, FI did not emerge as a significant predictor of low levels of
serum B12. However, it is worth noting that participants from food-insecure households
exhibited a higher prevalence of low serum levels of B12 (65.7%) compared to their food-
secure counterparts (56.8%), although the association did not reach statistical significance
(p = 0.064) but approached a level of potential significance (p = 0.05). This result was similar
to that of a US study which showed no significant difference between the means levels of
serum B12 among adults from food-insecure and food-secure families (p = 0.84) [16]. In our
study population, since FI was identified as a significant predictor of inadequate B12 intake,
which in turn was found to be a significant predictor of low serum levels of B12, it can be
inferred that FI has an indirect effect on low levels of B12. This highlights the importance
of addressing the FI situation in Lebanon to mitigate its impact on B12 intake and, in turn,
serum levels in the Lebanese population, especially in high-risk groups observed in our
study like females, the unemployed, and Beqaa residents.

Based on these insights, interventions aimed at reducing the risk of low serum levels
of B12 among Lebanese adults may involve the targeted supplementation of vitamin
B12 in high-risk groups and fortification programs for specific food items with vitamin
B12. Published guidelines on food [80] and flour fortification [81] with micronutrients
could facilitate such a program. Additionally, food assistance programs, including in-
kind food aid or food vouchers, can help address FI. Furthermore, it is crucial to enhance
public awareness regarding the symptoms of low serum levels of B12 and emphasize the
significance of preventive screening campaigns, particularly targeting high-risk groups to
mitigate the long-term negative health outcomes and economic burdens associated with
low serum levels of B12. Moving forward, longitudinal research is imperative to gain
insights into the long-term nature of FI and its implications for nutritional well-being in the
Lebanese population, given the worsening economic crisis. Moreover, future studies should
consider utilizing additional biomarkers of low serum levels of B12, such as methylmalonic
acid or homocysteine, to obtain more accurate deficiency estimates [8]. In addition, due
to the scarcity of the literature in this area, more studies globally and regionally should
investigate the impact of FI on B12 serum levels in their respective populations to provide
a more comprehensive understanding of the global situation regarding this issue.

One of the major strengths of this study is that it was the first to assess the prevalence
of low serum levels of B12 in a nationally representative sample of Lebanese adults filling a
significant gap in the existing literature. This study also stands out as the first of its kind
to examine the impact of FI in Lebanon on a micronutrient deficiency among the adult
population following the economic crisis, providing valuable insights into the consequences
of this pressing issue. Additionally, strict exclusion criteria were adopted, minimizing
confounding effects and strengthening the internal validity of our findings. Despite these
strengths, our study is not without limitations. Our study primarily relied on self-reported
data which is subject to recall bias and potential inaccuracies, especially under- and over-
reporting of food consumption. Efforts were made to mitigate these limitations, such as
using trained interviewers and asking straightforward questions.

5. Conclusions

Our research highlights the alarming prevalence of low serum levels of B12 among
Lebanese adults. The higher prevalence of low serum levels of B12 in Lebanon compared
to most countries indicates that it is a pressing public health concern in the nation. In-
terestingly, we observed that individuals experiencing FI were more likely to have a low
dietary intake of B12-rich foods and were more likely to have low serum levels of B12.
These findings suggest an indirect relationship between FI and low serum levels of B12
mediated by a low dietary intake of B12-rich foods. To address these concerns, interventions
should encompass targeted supplementation, fortification programs, food assistance, and
awareness and screening campaigns.



Nutrients 2024, 16, 226 18 of 21

Supplementary Materials: The following supporting information can be downloaded at: https:/ /www.
mdpi.com/article/10.3390/nu16020226/s1. Table S1: Dietary intake of food groups obtained from the
food frequency questionnaire and the mean of 2 non-consecutive 24 h recall in the overall population,
by sex, and by age groups. Table S2: Percentage of contribution of food groups to daily vitamin B12
intake in the overall population and by household FI. Table S3: Associations of demographic and
socioeconomic characteristics of the study population with vitamin B12 intake and status.

Author Contributions: Conceptualization, M.H., Z.F.,, RK., O.B.J.P. and N.T.; methodology, Z.F.,
RK,M.C,, E.AM. and A.C,; validation, M.H. and N.T.; formal analysis, Z.F., R.K.,, M.H., Y M. and
FS.; investigation, Z.F.,, RK., M.H., YM. and ES.; data curation, Z.F,, RK,, M.H., YM. and FS.;
writing—original draft preparation, M.H., Z.F. and R.K., writing—review and editing, all the authors.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and was approved by the Ethics Committee of Al Zahraa University Medical Center
(Approval Code: #57/2022; Approval Date: 5 October 2022).

Informed Consent Statement: Informed consent was obtained from all subjects involved in this study.

Data Availability Statement: The data presented in this study are available upon request from the
corresponding author.

Acknowledgments: We would like to acknowledge the Achrafieh Biomedical Center Laboratory
team for their contributions to data collection. We also acknowledge the support of all individuals
and organizations who collaborated by assisting in participant recruitment or by kindly hosting us at
their centers for data collection, especially Hala Mohsen.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Policy Brief: Food Security—Issue 2, June 2006—World | ReliefWeb. Available online: https:/ /reliefweb.int/report/world/policy-
brief-food-security-issue-2-june-2006 (accessed on 30 June 2006).

2. Ilaboya, LR.; Atikpo, E.; Omofuma, FE.; Asekhame, FF.; Umukoro, L. Causes, Effects and Way Forward to Food Insecurity. Iran. J.
Energy Environ. 2012, 3, 180-188.

3. Assessing the Impact of the Economic and COVID-19 Crises in Lebanon (Round 2)—December 2020—Lebanon | ReliefWeb.
Available online: https:/ /reliefweb.int/report/lebanon/assessing-impact-economic-and-covid-19-crises-lebanon-round-2-
december-2020 (accessed on 26 January 2021).

4. WFP Lebanon—Food Security and Vulnerability Analysis of Lebanese Residents (July 2022)—Lebanon | ReliefWeb. Available
online: https:/ /reliefweb.int/report/lebanon/wfp-lebanon-food-security-and-vulnerability-analysis-lebanese-residents-july-
2022 (accessed on 23 September 2022).

5. Economic: Prices—Dataviz | WFP—VAM. Available online: https://dataviz.vam.wfp.org/economic_explorer/prices?adm0=141
(accessed on 30 May 2023).

6. Hoteit, M.; Al-Atat, Y.; Joumaa, H.; Ghali, S.E.; Mansour, R.; Mhanna, R.; Sayyed-Ahmad, F; Salameh, P.; Al-Jawaldeh, A.
Exploring the Impact of Crises on Food Security in Lebanon: Results from a National Cross-Sectional Study. Sustainability 2021,
13, 8753. [CrossRef]

7. Yazbeck, N.; Mansour, R.; Salame, H.; Chahine, N.B.; Hoteit, M. The Ukraine-Russia War Is Deepening Food Insecurity, Unhealthy
Dietary Patterns and the Lack of Dietary Diversity in Lebanon: Prevalence, Correlates and Findings from a National Cross-
Sectional Study. Nutrients 2022, 14, 3504. [CrossRef] [PubMed]

8.  O’Leary, F; Samman, S. Vitamin B12 in health and disease. Nutrients 2010, 2, 299-316. [CrossRef] [PubMed]

9.  Carmel, R. Subclinical cobalamin deficiency. Curr. Opin. Gastroenterol. 2012, 28, 151-158. [CrossRef]

10. Lam, J.R;; Schneider, J.L.; Zhao, W.; Corley, D.A. Proton pump inhibitor and histamine 2 receptor antagonist use and vitamin
B12 deficiency. JAMA 2013, 310, 2435-2442. [CrossRef] [PubMed]

11. Infante, M.; Leoni, M.; Caprio, M.; Fabbri, A. Long-term metformin therapy and vitamin B12 deficiency: An association to bear
in mind. World |. Diabetes 2021, 12, 916-931. [CrossRef]

12.  Linnebank, M.; Moskau, S.; Semmler, A.; Widman, G.; Stoffel-Wagner, B.; Weller, M.; Elger, C.E. Antiepileptic drugs interact with
folate and vitamin B12 serum levels. Ann. Neurol. 2011, 69, 352-359. [CrossRef]

13. Green, R.; Allen, L.H.; Bjorke-Monsen, A.-L.; Brito, A.; Guéant, J.-L.; Miller, ].W.; Molloy, A.M.; Nexo, E.; Stabler, S.; Toh, B.-H.;
et al. Vitamin B12 deficiency. Nat. Reviews. Dis. Primers 2017, 3, 17040. [CrossRef]

14. Allen, L.H. Causes of vitamin B12 and folate deficiency. Food Nutr. Bull. 2008, 29 (Suppl. S2), 520-S34. [CrossRef]

15.  Baik, H.W,; Russell, R M. Vitamin B12 deficiency in the elderly. Annu. Rev. Nutr. 1999, 19, 357-377. [CrossRef] [PubMed]


https://www.mdpi.com/article/10.3390/nu16020226/s1
https://www.mdpi.com/article/10.3390/nu16020226/s1
https://reliefweb.int/report/world/policy-brief-food-security-issue-2-june-2006
https://reliefweb.int/report/world/policy-brief-food-security-issue-2-june-2006
https://reliefweb.int/report/lebanon/assessing-impact-economic-and-covid-19-crises-lebanon-round-2-december-2020
https://reliefweb.int/report/lebanon/assessing-impact-economic-and-covid-19-crises-lebanon-round-2-december-2020
https://reliefweb.int/report/lebanon/wfp-lebanon-food-security-and-vulnerability-analysis-lebanese-residents-july-2022
https://reliefweb.int/report/lebanon/wfp-lebanon-food-security-and-vulnerability-analysis-lebanese-residents-july-2022
https://dataviz.vam.wfp.org/economic_explorer/prices?adm0=141
https://doi.org/10.3390/su13168753
https://doi.org/10.3390/nu14173504
https://www.ncbi.nlm.nih.gov/pubmed/36079761
https://doi.org/10.3390/nu2030299
https://www.ncbi.nlm.nih.gov/pubmed/22254022
https://doi.org/10.1097/MOG.0b013e3283505852
https://doi.org/10.1001/jama.2013.280490
https://www.ncbi.nlm.nih.gov/pubmed/24327038
https://doi.org/10.4239/wjd.v12.i7.916
https://doi.org/10.1002/ana.22229
https://doi.org/10.1038/nrdp.2017.40
https://doi.org/10.1177/15648265080292S105
https://doi.org/10.1146/annurev.nutr.19.1.357
https://www.ncbi.nlm.nih.gov/pubmed/10448529

Nutrients 2024, 16, 226 19 of 21

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.
26.

27.
28.
29.

30.
31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Dixon, L.B.; Winkleby, M.A.; Radimer, K.L. Dietary intakes and serum nutrients differ between adults from food-insufficient
and food-sufficient families: Third National Health and Nutrition Examination Survey, 1988-1994. J. Nutr. 2001, 131, 1232-1246.
[CrossRef]

Champagne, C.M.; Casey, PH.; Connell, C.L.; Stuff, J.E.; Gossett, ].M.; Harsha, D.W.; McCabe-Sellers, B.; Robbins, ].M.;
Simpson, PM.; Weber, J.L.; et al. Poverty and food intake in rural America: Diet quality is lower in food insecure adults in
the Mississippi Delta. |. Am. Diet. Assoc. 2007, 107, 1886-1894. [CrossRef] [PubMed]

World Health Organization. Sample Size Determination in Health Studies: A Practical Manual; Lwanga, S.K., Lemeshow, S., Eds.;
World Health Organization: Geneva, Switzerland, 1991.

World Health Organization. Available online: https://apps.who.int/iris/handle/10665/40062 (accessed on 25 September 2022).
World Health Organization. WHO Housing and Health Guidelines; World Health Organization: Geneva, Switzerland, 2018;
Available online: https://apps.who.int/iris/handle/10665/276001 (accessed on 26 September 2022).

Sahyoun, N.R.; Nord, M.; Sassine, A.].; Seyfert, K.; Hwalla, N.; Ghattas, H. Development and validation of an Arab family food
security scale. |. Nutr. 2014, 144, 751-757. [CrossRef]

Food Consumption Score—Data Analysis—WFP VAM Resource Centre. Available online: https://resources.vam.wfp.org/data-
analysis/quantitative /food-security /food-consumption-score (accessed on 31 May 2023).

Aoun, C.; Bou Daher, R;; El Osta, N.; Papazian, T.; Khabbaz, L.R. Reproducibility and relative validity of a food frequency questionnaire
to assess dietary intake of adults living in a Mediterranean country. PLoS ONE 2019, 14, e0218541. [CrossRef] [PubMed]

Vitamin B12 I Cobas® Elecsys 2010 Modular Analytics E170. Roche Diagnostics GmbH, Sandhofer Strasse 116, D-68305
Mannheim. Available online: www.roche.com (accessed on 31 May 2023).

FAOSTAT. Available online: https:/ /www.fao.org/faostat/en/#data/FBS24 (accessed on 31 May 2023).

Institute of Medicine (US) Standing Committee on the Scientific Evaluation of Dietary Reference Intakes and its Panel on
Folate, Other B Vitamins, and Choline. Dietary Reference Intakes for Thiamin, Riboflavin, Niacin, Vitamin B6, Folate, Vitamin
B12, Pantothenic Acid, Biotin, and Choline; National Academies Press (US): Washington, DC, USA, 1998. Available online:
http:/ /www.ncbi.nlm.nih.gov/books/NBK114310/ (accessed on 31 May 2023).

GEMS/Food—Search. Available online: https://extranet.who.int/gemsfood/Search.aspx (accessed on 31 May 2023).

Allen, L.H. How common is vitamin B-12 deficiency? Am. J. Clin. Nutr. 2009, 89, 6935-696S. [CrossRef] [PubMed]

de Benoist, B. Conclusions of a WHO Technical Consultation on folate and vitamin B12 deficiencies. Food Nutr. Bull. 2008, 29
(Suppl. 52), 5238-5244. [CrossRef]

Lebanon | World Food Programme. Available online: https:/ /www.wfp.org/countries/lebanon (accessed on 31 March 2023).
Ministry of Economy & Trade. Mini—Basket (Weekly) | Ministry of Economy & Trade, Republic of Lebanon. Available online:
http:/ /www.economy.gov.lb/ /en/services/center-for-pricing-policies /mini---basket-weekly- (accessed on 31 May 2023).
Kirkpatrick, S.I.; Tarasuk, V. Food insecurity is associated with nutrient inadequacies among Canadian adults and adolescents.
J. Nutr. 2008, 138, 604—-612. [CrossRef]

Nasreddine, L.; Ayoub, J.J.; Hachem, E; Tabbara, J.; Sibai, A.M.; Hwalla, N.; Naja, F. Differences in Dietary Intakes among
Lebanese Adults over a Decade: Results from Two National Surveys 1997-2008/2009. Nutrients 2019, 11, 1738. [CrossRef]
Azimi, S.; Faramarzi, E.; Sarbakhsh, P.; Ostadrahimi, A.; Somi, M.H.; Ghayour, M. Folate and vitamin B12 status and their relation
to hematological indices in healthy adults of Iranians: Azar cohort study. Nutr. Health 2019, 25, 29-36. [CrossRef]

Al-Daghri, N.M.; Al-Othman, A.; Alkharfy, KM.; Alokail, M.S.; Khan, N.; Alfawaz, H.A.; Aiswaidan, I.A.; Chrousos, G.P.
Assessment of selected nutrient intake and adipocytokine profile among Saudi children and adults. Endocr. J. 2012, 59, 1057-1063.
[CrossRef] [PubMed]

Gebremedhin, S. Trends in Vitamin B12 Supply and Prevalence of Inadequate Intake in Africa: Regional and Country-Specific
Estimates. Food Nutr. Bull. 2021, 42, 467-479. [CrossRef] [PubMed]

Mark, H.E.; Houghton, L.A.; Gibson, R.S.; Monterrosa, E.; Kraemer, K. Estimating dietary micronutrient supply and the prevalence
of inadequate intakes from national Food Balance Sheets in the South Asia regiona. Asia Pac. J. Clin. Nutr. 2016, 25, 368-376.
[CrossRef] [PubMed]

Lavria, Z.; Hristov, H.; Hribar, M.; Zmitek, K_; Kusar, A.; Korougi¢ Seljak, B.; Gregori¢, M.; Blaznik, U.; Gregori¢, N.; Zaletel, K.;
et al. Dietary Intake and Status of Vitamin B12 in Slovenian Population. Nutrients 2022, 14, 334. [CrossRef]

Instituto Nacional de Estadistica y Censos. Encuesta Nacional de Salud, Salud Reproductiva y Nutricion (ENSANUT)-2012; Instituto
Nacional de Estadistica y Censos: Quito, Ecuador, 2023; Available online: https://www.ecuadorencifras.gob.ec/encuesta-
nacional-de-salud-salud-reproductiva-y-nutricion-ensanut-2012/ (accessed on 31 May 2023).

van Rossum, C.T.; Fransen, H.P,; Verkaik-Kloosterman, J.; Buurma-Rethans, E.J.; Ocké, M.C. Dutch National Food Consump-
tion Survey 2007-2010: Diet of Children and Adults Aged 7 to 69 Years [Report]; Rijksinstituut voor Volksgezondheid en Milieu
RIVM: Utrecht, The Netherlands, 2011; Available online: https:/ /rivm.openrepository.com/handle/10029/261553 (accessed on
1 September 2022).

Bailey, R.L.; Fulgoni, V.L.; Keast, D.R.; Dwyer, ].T. Examination of vitamin intakes among US adults by dietary supplement use.
J. Acad. Nutr. Diet. 2012, 112, 657-663.e4. [CrossRef]

NDNS: Results from Years 1 to 4 (Combined). GOV.UK. Available online: https://www.gov.uk/government/statistics /national-
diet-and-nutrition-survey-results-from-years-1-to-4-combined-of- the-rolling-programme- for-2008-and-2009-to-2011-and-20
12 (accessed on 28 February 2017).


https://doi.org/10.1093/jn/131.4.1232
https://doi.org/10.1016/j.jada.2007.08.003
https://www.ncbi.nlm.nih.gov/pubmed/17964307
https://apps.who.int/iris/handle/10665/40062
https://apps.who.int/iris/handle/10665/276001
https://doi.org/10.3945/jn.113.187112
https://resources.vam.wfp.org/data-analysis/quantitative/food-security/food-consumption-score
https://resources.vam.wfp.org/data-analysis/quantitative/food-security/food-consumption-score
https://doi.org/10.1371/journal.pone.0218541
https://www.ncbi.nlm.nih.gov/pubmed/31206566
www.roche.com
https://www.fao.org/faostat/en/#data/FBS24
http://www.ncbi.nlm.nih.gov/books/NBK114310/
https://extranet.who.int/gemsfood/Search.aspx
https://doi.org/10.3945/ajcn.2008.26947A
https://www.ncbi.nlm.nih.gov/pubmed/19116323
https://doi.org/10.1177/15648265080292S129
https://www.wfp.org/countries/lebanon
http://www.economy.gov.lb//en/services/center-for-pricing-policies/mini---basket-weekly-
https://doi.org/10.1093/jn/138.3.604
https://doi.org/10.3390/nu11081738
https://doi.org/10.1177/0260106018815392
https://doi.org/10.1507/endocrj.EJ12-0167
https://www.ncbi.nlm.nih.gov/pubmed/22814144
https://doi.org/10.1177/03795721211043353
https://www.ncbi.nlm.nih.gov/pubmed/34490791
https://doi.org/10.6133/apjcn.2016.25.2.11
https://www.ncbi.nlm.nih.gov/pubmed/27222421
https://doi.org/10.3390/nu14020334
https://www.ecuadorencifras.gob.ec/encuesta-nacional-de-salud-salud-reproductiva-y-nutricion-ensanut-2012/
https://www.ecuadorencifras.gob.ec/encuesta-nacional-de-salud-salud-reproductiva-y-nutricion-ensanut-2012/
https://rivm.openrepository.com/handle/10029/261553
https://doi.org/10.1016/j.jand.2012.01.026
https://www.gov.uk/government/statistics/national-diet-and-nutrition-survey-results-from-years-1-to-4-combined-of-the-rolling-programme-for-2008-and-2009-to-2011-and-2012
https://www.gov.uk/government/statistics/national-diet-and-nutrition-survey-results-from-years-1-to-4-combined-of-the-rolling-programme-for-2008-and-2009-to-2011-and-2012
https://www.gov.uk/government/statistics/national-diet-and-nutrition-survey-results-from-years-1-to-4-combined-of-the-rolling-programme-for-2008-and-2009-to-2011-and-2012

Nutrients 2024, 16, 226 20 of 21

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Aranceta, J.; Serra-Majem, L.; Pérez-Rodrigo, C.; Llopis, J.; Mataix, J.; Ribas, L.; Tojo, R.; Tur, J.A. Vitamins in Spanish food
patterns: The eVe Study. Public Health Nutr. 2001, 4, 1317-1323. [CrossRef]

O’Brien, M.M.; Kiely, M.; Harrington, K.E.; Robson, PJ.; Strain, J.J.; Flynn, A. The North/South Ireland Food Consumption
Survey: Vitamin intakes in 18-64-year-old adults. Public Health Nutr. 2001, 4, 1069-1079. [CrossRef]

Bangladesh IPC Chronic Food Insecurity Report (June 2022)—Bangladesh | ReliefWeb. Available online: https://reliefweb.
int/report/bangladesh /bangladesh-ipc-chronic-food-insecurity-report-june-2022?gclid=Cj0KCQjw4NujBhC5ARIsAF4Iv6
fTdOluat5aKP0eDY5a2pXuKUt-aXbhvMO6DXEUR7EAN]199CprIbEaAstGEALw_wcB (accessed on 31 May 2023).
Sivaprasad, M.; Shalini, T.; Balakrishna, N.; Sudarshan, M.; Lopamudra, P.; Suryanarayana, P.; Arlappa, N.; Ravikumar, B.P;
Radhika, M.S.; Reddy, G.B. Status of Vitamin B12 and Folate among the Urban Adult Population in South India. Ann. Nutr. Metab.
2015, 68, 94-100. [CrossRef]

FAO; ECA; AUC. Africa—Regional Overview of Food Security and Nutrition 2021: Statistics and Trends; FAO: Rome, Italy, 2021.
[CrossRef]

Australian Health Survey: Nutrition First Results—Foods and Nutrients, 2011-2012 Financial Year | Australian Bureau of Statistics.
Available online: https:/ /www.abs.gov.au/statistics /health /health-conditions-and-risks/australian-health-survey-nutrition-
first-results-foods-and-nutrients/latest-release (accessed on 5 September 2014).

Pedersen, A.N.; Fagt, S.; Groth, M.V.; Christensen, T.; Biltoft-Jensen, A.P.; Matthiessen, J.; Andersen, N.L.; Kerup, K,
Hartkopp, H.B.; Ygil, K.H.; et al. Danskernes kostvaner 2003—2008: Hovedresultater. In Danskernes kostvaner 2003—2008; Rapport
No. 978-87-92158-67-3; Issues 978-87-92158-67-3; DTU Fodevareinstituttet: Kongens Lyngby, Denmark, 2010.

Planells, E.; Sanchez, C.; Montellano, M.A.; Mataix, J.; Llopis, J. Vitamins B6 and B12 and folate status in an adult Mediterranean
population. Eur. J. Clin. Nutr. 2003, 57, 777-785. [CrossRef]

El-Khateeb, M.; Khader, Y.; Batieha, A.; Jaddou, H.; Hyassat, D.; Belbisi, A.; Ajlouni, K. Vitamin B12 deficiency in Jordan: A
population-based study. Ann. Nutr. Metab. 2014, 64, 101-105. [CrossRef]

Albalawi, O.; Almubark, R.; Almarshad, A.; Algahtani, A.S. The Prevalence of Vitamin and Mineral Deficiencies and High Levels
of Non-Essential Heavy Metals in Saudi Arabian Adults. Healthcare 2022, 10, 2415. [CrossRef]

Gamble, M.V.; Ahsan, H.; Liu, X.; Factor-Litvak, P; Ilievski, V.; Slavkovich, V.; Parvez, F.; Graziano, J.H. Folate and cobalamin
deficiencies and hyperhomocysteinemia in Bangladesh. Am. J. Clin. Nutr. 2005, 81, 1372-1377. [CrossRef] [PubMed]

Koenig, V.; Stanga, Z.; Zerlauth, M.; Bernasconi, L.; Risch, M.; Huber, A.; Risch, L. Prevalence of vitamin B(12) depletion and
deficiency in Liechtenstein. Public Health Nutr. 2014, 17, 241-247. [CrossRef] [PubMed]

Encuesta Nacional de Salud de Panama archivos. El Blog de Jorge Prosperi. Available online: https://elblogdejorgeprosperi.
com/tag/encuesta-nacional-de-salud-de-panama/ (accessed on 31 May 2023).

Holst-Schumacher, I.; Monge-Rojas, R.; Barrantes-Santamaria, M. Prevalence of mild serum vitamin B(12) deficiency in rural and
urban Costa Rican young adults. Rev. Panam. Salud Publica Pan Am. ]. Public Health 2007, 22, 396-401. [CrossRef] [PubMed]
Hopkins, S.M.; McNulty, B.A.; Walton, J.; Flynn, A.; Molloy, A.M.; Scott, ].M.; Nugent, A.P.; Gibney, M.]. Folate and vitamin B12
status in a representative sample of Irish adults. Proc. Nutr. Soc. 2011, 70, E65. [CrossRef]

MacFarlane, A J.; Greene-Finestone, L.S.; Shi, Y. Vitamin B-12 and homocysteine status in a folate-replete population: Results
from the Canadian Health Measures Survey. Am. J. Clin. Nutr. 2011, 94, 1079-1087. [CrossRef]

Bird, ] K.; Murphy, R.A.; Ciappio, E.D.; McBurney, M.L Risk of Deficiency in Multiple Concurrent Micronutrients in Children and
Adults in the United States. Nutrients 2017, 9, 655. [CrossRef]

Castetbon, K.; Vernay, M.; Malon, A.; Salanave, B.; Deschamps, V.; Roudier, C.; Oleko, A.; Szego, E.; Hercberg, S. Dietary intake,
physical activity and nutritional status in adults: The French nutrition and health survey (ENNS, 2006-2007). Br. ]. Nutr. 2009,
102, 733-743. [CrossRef]

Australian Health Survey: Biomedical Results for Nutrients, 2011-2012 | Australian Bureau of Statistics. Available on-
line: https://www.abs.gov.au/statistics /health /health-conditions-and-risks/australian-health-survey-biomedical-results-
nutrients/latest-release (accessed on 12 November 2013).

Lim, H.-S.; Heo, Y.-R. Plasma total homocysteine, folate, and vitamin B12 status in Korean adults. J. Nutr. Sci. Vitaminol. 2002, 48,
290-297. [CrossRef]

Xavier, ].M.; Costa, EF.; Annichino-Bizzacchi, ].M.; Saad ST, O. High frequency of vitamin B12 deficiency in a Brazilian population.
Public Health Nutr. 2010, 13, 1191-1197. [CrossRef]

Alfthan, G.; Laurinen, M.S.; Valsta, L.M.; Pastinen, T.; Aro, A. Folate intake, plasma folate and homocysteine status in a random
Finnish population. Eur. J. Clin. Nutr. 2003, 57, 81-88. [CrossRef] [PubMed]

National Research Council (US) Subcommittee on the Tenth Edition of the Recommended Dietary Allowances. Recommended
Dietary Allowances, 10th ed.; National Academies Press (US): Washington, DC, USA, 1989. Available online: http://www.ncbi.
nlm.nih.gov/books/NBK234932/ (accessed on 10 September 2023).

Ivers, L.C.; Cullen, K.A. Food insecurity: Special considerations for women. Am. J. Clin. Nutr. 2011, 94, 17405-1744S. [CrossRef]
[PubMed]

Jomaa, L.H.; Naja, F.A.; Kharroubi, S.A.; Diab-El-Harake, M.H.; Hwalla, N.C. Food insecurity is associated with compromised
dietary intake and quality among Lebanese mothers: Findings from a national cross-sectional study. Public Health Nutr. 2020, 23,
2687-2699. [CrossRef] [PubMed]


https://doi.org/10.1079/PHN2001209
https://doi.org/10.1079/PHN2001188
https://reliefweb.int/report/bangladesh/bangladesh-ipc-chronic-food-insecurity-report-june-2022?gclid=Cj0KCQjw4NujBhC5ARIsAF4Iv6fTdOIuat5aKP0eDY5a2pXuKUt-aXbhvMO6DXEUR7EANJl99CprIbEaAsrGEALw_wcB
https://reliefweb.int/report/bangladesh/bangladesh-ipc-chronic-food-insecurity-report-june-2022?gclid=Cj0KCQjw4NujBhC5ARIsAF4Iv6fTdOIuat5aKP0eDY5a2pXuKUt-aXbhvMO6DXEUR7EANJl99CprIbEaAsrGEALw_wcB
https://reliefweb.int/report/bangladesh/bangladesh-ipc-chronic-food-insecurity-report-june-2022?gclid=Cj0KCQjw4NujBhC5ARIsAF4Iv6fTdOIuat5aKP0eDY5a2pXuKUt-aXbhvMO6DXEUR7EANJl99CprIbEaAsrGEALw_wcB
https://doi.org/10.1159/000442677
https://doi.org/10.4060/cb7496en
https://www.abs.gov.au/statistics/health/health-conditions-and-risks/australian-health-survey-nutrition-first-results-foods-and-nutrients/latest-release
https://www.abs.gov.au/statistics/health/health-conditions-and-risks/australian-health-survey-nutrition-first-results-foods-and-nutrients/latest-release
https://doi.org/10.1038/sj.ejcn.1601610
https://doi.org/10.1159/000355440
https://doi.org/10.3390/healthcare10122415
https://doi.org/10.1093/ajcn/81.6.1372
https://www.ncbi.nlm.nih.gov/pubmed/15941889
https://doi.org/10.1017/S1368980012005289
https://www.ncbi.nlm.nih.gov/pubmed/23237337
https://elblogdejorgeprosperi.com/tag/encuesta-nacional-de-salud-de-panama/
https://elblogdejorgeprosperi.com/tag/encuesta-nacional-de-salud-de-panama/
https://doi.org/10.1590/S1020-49892007001100005
https://www.ncbi.nlm.nih.gov/pubmed/18291059
https://doi.org/10.1017/S0029665111001054
https://doi.org/10.3945/ajcn.111.020230
https://doi.org/10.3390/nu9070655
https://doi.org/10.1017/S0007114509274745
https://www.abs.gov.au/statistics/health/health-conditions-and-risks/australian-health-survey-biomedical-results-nutrients/latest-release
https://www.abs.gov.au/statistics/health/health-conditions-and-risks/australian-health-survey-biomedical-results-nutrients/latest-release
https://doi.org/10.3177/jnsv.48.290
https://doi.org/10.1017/S1368980009992205
https://doi.org/10.1038/sj.ejcn.1601507
https://www.ncbi.nlm.nih.gov/pubmed/12548301
http://www.ncbi.nlm.nih.gov/books/NBK234932/
http://www.ncbi.nlm.nih.gov/books/NBK234932/
https://doi.org/10.3945/ajcn.111.012617
https://www.ncbi.nlm.nih.gov/pubmed/22089447
https://doi.org/10.1017/S1368980020000567
https://www.ncbi.nlm.nih.gov/pubmed/32686641

Nutrients 2024, 16, 226 21 of 21

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Poverty, Household Food Security, and Nutrition in Rural Pakistan | IFPRI: International Food Policy Research Institute. Available
online: https://www.ifpri.org/publication/poverty-household-food-security-and-nutrition-rural-pakistan (accessed on 31 May 2023).
Soofi, S.; Khan, G.N.; Sadiq, K.; Ariff, S.; Habib, A.; Kureishy, S.; Hussain, I.; Umer, M.; Suhag, Z.; Rizvi, A.; et al. Prevalence and
possible factors associated with anaemia, and vitamin B 12 and folate deficiencies in women of reproductive age in Pakistan:
Analysis of national-level secondary survey data. BM] Open 2017, 7, e018007. [CrossRef] [PubMed]

Beitz, R.; Mensink, G.B.M.; Fischer, B.; Thamm, M. Vitamins—Dietary intake and intake from dietary supplements in Germany.
Eur. J. Clin. Nutr. 2002, 56, 539-545. [CrossRef]

de Bree, A.; Verschuren, WM.; Blom, H.J.; Kromhout, D. Association between B vitamin intake and plasma homocysteine
concentration in the general Dutch population aged 2065 y. Am. |. Clin. Nutr. 2001, 73, 1027-1033. [CrossRef] [PubMed]
Zaghloul, S.; Al-Hooti, S.N.; Al-Hamad, N.; Al-Zenki, S.; Alomirah, H.; Alayan, I.; Al-Attar, H.; Al-Othman, A.; Al-Shami, E.;
Al-Somaie, M.; et al. Evidence for nutrition transition in Kuwait: Over-consumption of macronutrients and obesity.
Public Health Nutr. 2013, 16, 596-607. [CrossRef] [PubMed]

Garcia Closas, R.; Serra Majem, L.; Sabater Sales, G.; Olmos Castellvell, M.; Ribas Barba, L.; Salleras Sanmarti, L.; Grupo de
Investigacion en Nutricion Comunitaria. Distribution of the serum concentration of vitamin C, folic acid and vitamin B12 in a
representative sample of the adult population of Catalonia (Spain). Med. Clin. 2002, 118, 135-141. [CrossRef]

Chittaranjan, Y. Vitamin B12: An Intergenerational Story. Nestle Nutr. Inst. Workshop Ser. 2020, 93, 91-102. [CrossRef]

Hao, L.; Ma, J.; Zhu, ].; Stampfer, M.].; Tian, Y.; Willett, W.C.; Li, Z. Vitamin B-12 deficiency is prevalent in 35- to 64-year-old
Chinese adults. . Nutr. 2007, 137, 1278-1285. [CrossRef]

Vogiatzoglou, A.; Smith, A.D.; Nurk, E.; Berstad, P.; Drevon, C.A.; Ueland, PM.; Vollset, S.E.; Tell, G.S.; Refsum, H. Dietary
sources of vitamin B-12 and their association with plasma vitamin B-12 concentrations in the general population: The Hordaland
Homocysteine Study. Am. . Clin. Nutr. 2009, 89, 1078-1087. [CrossRef] [PubMed]

Al Khatib, L.; Obeid, O.; Sibai, A.-M.; Batal, M.; Adra, N.; Hwalla, N. Folate deficiency is associated with nutritional anaemia in
Lebanese women of childbearing age. Public Health Nutr. 2006, 9, 921-927. [CrossRef] [PubMed]

Dhonukshe-Rutten, R.A.M.; de Vries, ].H.M.; de Bree, A.; van der Put, N.; van Staveren, A.W.; de Groot, L.C.P.G.M. Dietary
intake and status of folate and vitamin B12 and their association with homocysteine and cardiovascular disease in European
populations. Eur. J. Clin. Nutr. 2009, 63, 18-30. [CrossRef] [PubMed]

Zappacosta, B.; Persichilli, S.; Iacoviello, L.; Di Castelnuovo, A.; Graziano, M.; Gervasoni, J.; Leoncini, E.; Cimino, G,;
Mastroiacovo, P. Folate, vitamin B12 and homocysteine status in an Italian blood donor population. Nutr. Metab. Cardiovasc. Dis.
2013, 23, 473-480. [CrossRef]

Guidelines on Food Fortification with Micronutrients. Available online: https://www.who.int/publications-detail-redirect/9241
594012 (accessed on 31 May 2023).

Guideline: Fortification of Wheat Flour with Vitamins and Minerals as a Public Health Strategy. Available online: https:/ /www.who.
int/publications-detail-redirect/9789240043398 (accessed on 31 May 2023).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://www.ifpri.org/publication/poverty-household-food-security-and-nutrition-rural-pakistan
https://doi.org/10.1136/bmjopen-2017-018007
https://www.ncbi.nlm.nih.gov/pubmed/29275342
https://doi.org/10.1038/sj.ejcn.1601346
https://doi.org/10.1093/ajcn/73.6.1027
https://www.ncbi.nlm.nih.gov/pubmed/11382655
https://doi.org/10.1017/S1368980012003941
https://www.ncbi.nlm.nih.gov/pubmed/22974508
https://doi.org/10.1016/S0025-7753(02)72309-9
https://doi.org/10.1159/000503358
https://doi.org/10.1093/jn/137.5.1278
https://doi.org/10.3945/ajcn.2008.26598
https://www.ncbi.nlm.nih.gov/pubmed/19190073
https://doi.org/10.1017/PHN2005921
https://www.ncbi.nlm.nih.gov/pubmed/17010258
https://doi.org/10.1038/sj.ejcn.1602897
https://www.ncbi.nlm.nih.gov/pubmed/17851461
https://doi.org/10.1016/j.numecd.2011.10.001
https://www.who.int/publications-detail-redirect/9241594012
https://www.who.int/publications-detail-redirect/9241594012
https://www.who.int/publications-detail-redirect/9789240043398
https://www.who.int/publications-detail-redirect/9789240043398

	Introduction 
	Materials and Methods 
	Study Design and Eligibility Criteria 
	Sampling Method and Recruitment Process 
	Data Collection 
	Phase 1: Administration of Sociodemographic Questionnaire 
	Phase 2: Food Frequency Questionnaire and 24 h Recall 
	Phase 3: Blood Sampling and Anthropometrics 

	Time Trends in Consumption of Vitamin B12 Sources and Serum Levels 
	Data Management and Statistical Analysis 
	Ethical Considerations 

	Results 
	Population Characteristics 
	Indicators of Household Food Security 
	Population’s Average Food Group Consumption 
	Assessment of Vitamin B12 Intake and Status 
	Association of Household Food Security and Dietary Diversity with Vitamin B12 Intake and Serum Level 
	Dietary Sources of Vitamin B12 and Associations with FI 
	Determinants of Inadequacy and Insufficient Serum Levels of B12 
	Time Trends in Vitamin B12 Consumption and Serum Levels before and Amidst the Food Insecurity Situation 

	Discussion 
	Conclusions 
	References

