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Food Insecurity Is Associated with Vitamin B12
Deficiency: The All of Us Database

Daniel J. Parente, MD, PhD

Background: Vitamin B12 is an essential micronutrient obtained from dietary sources, but there is a
paucity of information about how food security contributes to risk of vitamin B12 deficiency.

Methods: 1 used multivariable logistic regression controlling for age, sex, and metformin exposure
using the multicenter, United States National Institutes of Health All of Us precision medicine database.
I included all adult participants 18 to 88 years old in the All of Us database who answered the social
determinants of health survey and had a vitamin B12 measurement within 1 year of the survey.

Results: 8,989 participants with median age 65.9 years (Q1 53.0, Q3 73.7), who were predomi-
nantly female (63.2%), White-identifying (87.4%), and not Hispanic or Latino (93.4%) were
included. 9.8% of participants reported experience of food insecurity, and 12.9% reported worry
about food insecurity. 15.1% had metformin exposures. Vitamin B12 levels less than 300 pg/mL were
associated with experiencing food insecurity (multivariable OR [mOR] 1.24, 95% CI 1.01-1.51,
P=.037). Age (mOR 0.92 per decade), and male biological sex (mOR 1.16) were also both associ-
ated with vitamin B12 deficiency, but I did not detect an effect due to metformin exposure (mOR

1.05, 95% CI 0.88-1.25, P =.59).

Conclusions: Vitamin B12 deficiency is associated with food insecurity in United States adults en-
rolled in the NIH All of Us database. Future analyses designed to infer causality are warranted. (J Am

Board Fam Med 2024;37:5156-8163.)
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Introduction

Vitamin B12 (cobalamin) is an essential, water-solu-
ble micronutrient required for DNA synthesis,
amino acid metabolism, and central nervous system
functioning.'” Vitamin B12 comes only from ani-
mal dietary sources and is absorbed by a multi-step
molecular process." Causes of vitamin B12 defi-
ciency are manifold, but can be broadly classified
into several categories: (1) inadequate dietary
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intake; (2) gastric or pancreatic disorders that either
(a) impair intrinsic factor secretion, which is
required for vitamin B12 uptake via receptor-medi-
ated endocytosis in distal ileal enterocytes, or (b)
prevent release of vitamin B12 from food and/or di-
gestive carrier proteins; (3) intestinal disorders that
impair the terminal ileum (eg, ileal resection) or
microbiome; and (4) various other inherited (eg,
Imerslund-Grasbeck syndrome®) or acquired (eg,
HIV infection) disorders.’

Clinical signs and symptoms of B12 deficiency
can be nonspecific, for example including fatigue,
dizziness, paresthesias, impaired balance, irritability,
mood disorders, and concentration problems.'”
Vitamin B12 deficiency has important implica-
tions for primary care. Complications of vitamin
B12 deficiency include megaloblastic or macro-
cytic anemia; spinal cord degeneration; cognitive
impairment and Alzheimer disease; depression;
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loss of hearing, vision, taste, or smell; infertility;
and autonomic nervous system deficits, including
postural hypotension, incontinence, and impo-
tence.'” The clinical manifestations of Vitamin
B12 can therefore be varied and lie along a spec-
trum from relatively minor to quite severe symp-
toms, as discussed elsewhere.” Neurological
complications of vitamin B12 deficiency can be ir-
reversible and short-term empiric vitamin B12
supplementation, while awaiting definitive testing
for deficiency, is not known to be harmful.’ A
high index of clinical suspicion thus seems war-
ranted for vitamin B12 deficiency in primary care
in at-risk individuals. To determine which indi-
viduals are at-risk epidemiologic analyses are
needed to validate risk factors. Prior work has
demonstrated that vitamin B12 is associated with

15 and metformin use.'*"’

age,”” biological sex,
Metformin is a common prescribed oral biguanide
used to treat type 2 diabetes and may induce Vitamin
B12 malabsorption by decreasing Vitamin B12-intri-
nisic factor complex formation, which is required for
Vitamin B12 absorption in the terminal ileum.'®
Family physicians have long recognized that
health derives not just from physiologic factors, but
also from environmental and social factors (some-
times called the “social determinants of health”). One
determinant of health is food security, which refers to
whether individuals have access to adequate, safe, nu-
tritious, and affordable food.”® Food insecurity is
associated with malnutriion.’® T considered that,
because vitamin B12 is taken up through the diet,
that vitamin B12 deficiency might be associated with
food insecurity in the United States. Surprisingly, the
association between serum vitamin B12 concentra-
tion and food security seems to have been inad-
equately explored in the existing literature. The
only study I found linking vitamin B12 serum con-
centrations to food insecurity is a 2015 analysis of
children and adult women living in Colombia
wherein food insecurity was associated with a
lower mean serum vitamin B12 concentration.'?
To explore the connection between vitamin B12
deficiency and food insecurity, I performed a retro-
spective analysis of participants enrolled in the All
of Us database. All of Us is a National Institutes
of Health (NIH)-operated biorepository with the
goal of accelerating precision medicine.”! The data-
base is particularly focused on ensuring that the

participant base reflects the wide diversity of the
United States population.”” As of 2023, the data-
base includes 4,00,000 participants nationwide
spanning 25,000 distinct medication conditions,
29,000 types of drug exposures, and 16,000 labora-
tory measurements. Survey responses for social
determinants of health are available for 117,000
participants. The All of Us database has been
underutlized to accelerate primary care research,
although discoveries within primary care have been
slowly forthcoming.”*~*

Methods

Datasets and Population

T'used 2 datasets for the analysis. The primary dataset
included all adult participants 18 to 88years old in
the All of Us database?! (version 7) who (1) answered
the social determinants of health survey, and (2) had
a vitamin B12 serum concentration determined
within 1 year of the survey. I used this dataset to
explore the connection between vitamin B12 and
food insecurity among All of Us participants. In addi-
ton, I considered an expanded dataset including All
of Us®! participants comprising all adult participants
in the All of Us database (version 7) that had at least
1 vitamin B12 serum level recorded, irrespective of
whether they answered the social determinants of
health survey. The expanded dataset was used to
quantify the prevalence of vitamin B12 deficiency.

Measures: Food Insecurity

Food insecurity was recorded in the All of Us sur-
vey using 2 questions: (1) experience of food inse-
curity occurring, or (2) worry that food insecurity
would occur. For experience of food insecurity, the
survey prompted “Within the past 12 months, the
food I bought just did not last and I did not have
money to get more” and gave “Never true,”
“Sometimes true,” or “Often true” as response
options. For worry about food insecurity, the sur-
vey prompted “Within the past 12 months, I wor-
ried whether our food would run out before I got
money to buy more,” and gave the same response
options. I inferred experience of food insecurity or
worry about food insecurity, respectively, if either
question was answered as “Sometimes true” or
“Often true.” Respondents could also skip the sur-
vey question, which was interpreted instead as miss-
ing data. Surveys were administered to All of Us
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participants 1 time, so the date of survey participation
was taken as the “index” date for each participant.

Measures: Vitamin B12 Serum Level

In the primary All of Us dataset, vitamin B12 serum
levels may have been recorded multiple times for
each participant. I extracted 1 vitamin B12 level for
each participant, choosing the 1 that was closest to
the date of their survey compledon. In the
expanded All of Us dataset, I again retained only 1
vitamin B12 measurement per individual, keeping
the first measurement per person. Vitamin B12 is
sometimes measured in pg/mL or pmol/L. Of the
1,64,461 measurements with explicit unit annota-
tions 1,64,424 (99.98%) were in pg/mL. For the
45,296 records without explicit unit annotations, I
assumed the correct units were pg/mL because that
assumption was correct for virtually all records with
explicit unit annotations. The typical upper-limit of
normal reference interval for Vitamin B12 is
approximately 1500 pg/mL.*” From both datasets, T
excluded vitamin B12 levels that were obviously er-
roneous (ie, more than 50-fold higher than the
upper limit of normal; >75000 pg/mL).

Measures: Age and Metformin Exposure
Age was defined as age at time of vitamin B12 serum
measurement. Metformin exposure was defined as
any recorded prescription, administration, or other
documented interaction with metformin within
12 months of vitamin B12 measurement.

Statistical Analysis

Data were prepared for statistical analysis using
Python in the All of Us Researcher Workbench.
All other statistical analyses were conduc-
ted using R version 4.2.2 in the All of Us
Researcher Workbench. Participants were char-
acterized using descriptive statistics. The asso-
ciation between food insecurity and vitamin B12
deficiency was evaluated using bivariable and
multivariable logistic regression. The primary
hypothesis is that experiencing food insecurity is
associated with vitamin B12 deficiency. Multivariable
analyses controlled for the influence of age, biologi-
cal sex at birth, and metformin exposure.

There is no well-agreed level on the serum con-
centration that constitutes vitamin B12 deficiency,
with cutoffs in the literature ranging from 135 pg/
mL to 474pg/mL.*® T thus conducted sensitivity
analyses using various cutoffs for deficiency:

300 pg/mL (primary outcome) and: 200, 300, 400,
and 500 pg/mL (secondary outcomes). 300 pg/mL
was chosen as the primary outcome as a value near
the middle of this range, following the definition of
marginal vitamin B12 level in Green ez al’s review’
and in other analyses.””' A lower threshold of
200pg/mL has likely insufficient sensitivity for
detection of all clinical significant deficiencies; like-
wise, a higher threshold, 350 pg/mL, achieves about
90% sensitvity for biochemical/clinical deficiency,
but compromises specificity.” Thus, 300 pg/mL is a
reasonable middle ground for the primary outcome.
Alternative definitions for food insecurity were
also explored, including (1) experience of food inse-
curity (main hypothesis), (2) worry about food inse-
curity, and (3) a composite variable of either
experience or worry about food insecurity. In sum-
mary, my overall main multivariable model was:

(Serum vitamin B12 < 300 pg/mL)
~ Experience of food insecurity + Age

+Sex + Metformin exposure

Human Subjects Protection

This subject was determined by the University of
[Redacted] Institutional Review Board to constitute
Not Human Subjects research.

Results

Participants

Characteristics of the 8,989 participants included in the
primary All of Us dataset are shown in Table 1. Briefly,
the median age was 65.9years (Q1 53.0, Q3 73.7) but
participants ranged from 18 to 88years. Participants
were predominantly female (63.2%), White-identifying
(87.4%), and not Hispanic or Latino (93.4%). 9.8% of
participants reported experience of food insecurity, and
12.9% reported worry about food insecurity. 15.1%
had metformin exposures. The expanded All of Us
dataset included 68,883 participants.

Prevalence of Vitamin B12 Deficiency in the All of Us
Expanded Dataset

The prevalence of vitamin B12 deficiency in the All
of Us dataset depends on the deficiency cutoff speci-
fied. In the expanded All of Us dataset, the
prevalence of vitamin B12 deficiency was 3.6%
(2468/68891), 16.3% (11207/68891), 35.2% (24229/
68891), and 53.0% (36522/68891) for the 200, 300,
400, and 500-pg/mL cutoffs, respectively.
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Table 1. Characteristics of Participants

Characteristic No. (%)
All participants 8,989 (100)
Age, median (IQR, range) 65.9 (53.0t0 73.7,
18.9 to 88.2)
Sex
Male 3,243 (36.8)
Female 5,558(63.2)
Missing or other 188
Race
Asian 155(1.9)
Black or African American 684 (8.4)
White 7,137 (87.4)
Another single population 56 (0.7)
More than one population 130 (1.6)
Declined, None, Skipped, or Not 827
Indicated
Ethnicity
Hispanic or Latino 567 (6.6)
Not Hispanic or Latino 8,040 (93.4)

Declined, None, Skipped 382
Metformin use

Exposed 1,354 (15.1)

Not exposed 7,635 (84.9)
Food security, experienced

Never true 8,100 (90.1)

Sometimes true 713 (7.9)

Often true 176 (2.0)
Food security, worried about

Never true 7,827 (87.1)

Sometimes true 927 (10.3)

Often true 235 (2.6)
Food insecurity, experience and worry joint

distribution

Neither experienced or nor worried 7,728 (86.0)

Not experienced, but worried about 372 (4.1)

Not worried about, but experienced 99 (1.1)

Both worried and experienced 790 (8.8)

Prevalence of Food Insecurity in the All of Us
Primary Dataset

Among individuals included in the primary dataset,
most individuals neither experienced nor worried

about food insecurity (86.0% n = 7,728). Some par-
ticipants 4.1% (n = 372) reported only worry about
food insecurity, but not experience. A few partici-
pants 1.1% (n = 99) reported only experience of
food insecurity, without worry about it. Finally,
8.8% (n = 790) of participants reported both experi-
ence and worry, and 14.0% (n = 1261) reported a
composite of either worry and/or experience.

Vitamin B12 Is Associated with Experience of Food
Insecurity

Bivariable and multivariable logistic regression analysis
revealed that the experience of food insecurity is associ-
ated with vitamin B12 levels less than 300 pg/mL
(Table 2; bivariable OR [bOR] 1.31, 95% CI 1.07-
1.59, P=.007; multivariable OR [mOR] 1.24, 95% CI
1.01-1.51, P=.037). Age (mOR 0.92 per decade), and
male biological sex (mOR 1.16) were also both associ-
ated with vitamin B12 deficiency. Metformin exposure
was not significantly associated with vitamin B12 defi-
ciency in my analysis (mnOR 1.05, 95% CI 0.88-1.25,
P=59). Multicollinearity was absent from the regres-
sion model (maximum variance inflation factor 1.11).

Sensitivity Analyses

Sensitivity analyses exploring alternative thresholds
for vitamin B12 deficiency showed similar results at
the 400 pg/mL and 500 pg/mL levels. For a thresh-
old of 200 pg/mL only age was significantly associ-
ated with this more severe level of vitamin B12
deficiency (mOR 0.87 per decade, 95% CI 0.79-
0.96). 1 did not find an association with vitamin B12
deficiency and only food security worry, or with a
composite measure of food security experience and/
or worry. The pattern of associations was largely
unchanged when age was modeled as a 4-level
quantized variable.

Discussion
I conducted a national, multicenter, retrospective
secondary data analysis of participants in the NIH

Table 2. Regression Model for Vitamin B12 Deficiency and Experience of Food Insecurity

Variable

Bivariable or (95% CI)

Multivariable or (95% CI)

Food insecurity, experienced
Age, decades

Metformin exposed

Male sex

1.31 (1.07-1.59; P=.007**)
0.93 (0.89-0.97; P< .001***)
1.06 (0.89-1.26; P=.51)
1.08 (0.95-1.23; P=.24)

1.24 (1.01-1.51; P=.037%)
0.92 (0.88-0.96; P<.001***)
1.05 (0.88-1.25; P=.59)
1.16 (1.01-1.34; P=.030%)
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All of Us database. I found that food insecurity is
associated with an increased risk of vitamin B12
deficiency (bivariable OR 1.31, 95% CI 1.07-1.59,
P=.007). This association persisted after control-
ling for age, biological sex, and metformin use
(multivariable OR 1.24, 95% CI 1.01-1.51, P=
.037).

The association between food insecurity and
Vitamin B12 deficiency is consistent with my hy-
pothesis. Interestingly, I found only scant evidence
in the existing literature supporting a direct link
between food security and Vitamin B12 serum con-
centration,'® and no evidence on this link in United
States populations. I believe this is the first report
establishing this link among United States adults.

Moreover, a link between food insecurity and
Vitamin B12 is biologically plausible. Vitamin B12
is a water-soluble, essential micronutrient that is
taken up exclusively from animal dietary sources.’
Itis reasonable a priori that poor access to food —
and thus micronutrients — would be a risk factor
for Vitamin B12 deficiency. This is a cross-sec-
tional analysis and can only detect associations
between the experience of food insecurity and
vitamin B12 deficiency; causality cannot be
inferred. Nevertheless, it is now reasonable to
hypothesize further that a causal link exists
wherein food insecurity causes Vitamin B12 defi-
ciency. Because Vitamin B12 deficiency can take
years to develop,' establishing a causal relation-
ship would require longitudinal, prospective
cohort analyses that follow Vitamin B12 serum
concentrations among individuals who were ini-
tially food secure, but who subsequently experi-
enced a prolonged period of food insecurity.

Food insecurity is a major problem in the
United States. In this analysis, I found that 9.9% of
individuals had experienced food insecurity and
12.9% had worried about food insecurity. This is
similar to the 2022 prevalence of food insecurity
reported by the United States Department of
Agriculture: 12.8%, representing about 17 million
households.’” Food insecurity is more common
among families living in poverty and among single-
mother households.*” Primary care clinicians, espe-
cially those serving resource-limited and structur-
ally disadvantaged communities, are likely to
frequently encounter individuals with food insecur-
ity. Toolkits to screen for essential social needs
domains — such as the Health Leads toolkit’® —
often include food insecurity as a screening item.

The current analysis suggests that primary care
physicians should be prompted to consider the
possibility of coexisting Vitamin B12 deficiency
in individuals who report food insecurity in pri-
mary care.

Consistent with expectations from the litera-
ture®'* biological sex was associated with greater
risk of vitamin B12 deficiency. The result in this
analysis, that men are at greater risk of vitamin B12
deficiency than women, is concordant with many
studies in adules”®'"!*3* and adolescents/chil-
dren.'®'*™'* Moreover, a multi-biomarker analysis
of vitamin B12 status in adults participating in the
NHANES 1999 to 2004 study showed better vita-
min B12 status in women as compared with men. "’
Some studies, however, have demonstrated greater
risk of deficiency in women in certain populations,
for example woman who have undergone bariatric
surgery’, and in a study of 2507 adolescents in
Turkey.® More complex relationships between bio-
logical sex and vitamin B12 serum concentrations
clearly also exist, for example in a study of 2403
Indian adolescents, deficiency was more prevalent
among rural females and urban males.*

Much of the extant literature indicates that there
is a negative association with vitamin B12 serum
concentration as age advances.” This seems to be
supported by 2 main lines of argument. First, there
are biologically plausible reasons that vitamin B12
levels might fall in later adulthood, most impor-
tantly the increasing incidence of atrophic gastritis
and autoimmune gastritis in older adults.”*¢ In
addition, data from the NHANES III**® (1988 to
1994), NHANES 1999 to 2004, and the
Framingham Heart Study® (20" examination in
1988 to 1989) suggest an inverse relationship
between age and vitamin B12 serum concentra-
tion. Discordant with these historic results, here
I unexpectedly found a positive association
between vitamin B12 serum concentration and
age. Future studies specifically directed toward
evaluating the relationship between Vitamin
B12 deficiency and age should be pursued.

I also expected to find that metformin use is
associated with an increased risk of vitamin B12
deficiency. Several meta-analyses have evaluated
the effect of metformin treatment on vitamin B12
1718 and/or vitamin B12 deficiency'’.
Decreased serum vitamin B12 levels and increased
vitamin B12 deficiency are seen in many, but not
all, of the studies evaluating the relationship

serum levels
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between vitamin B12 and metformin,'”'® with

some analyses also showing dose- and duration-de-
pendent associations between Vitamin B12 status
with metformin use.'® In this analysis of All of Us
participants, an association between vitamin B12
deficiency was not detected. This could be because
the relationship between metformin and serum
vitamin B12 is less certain than existing meta-analy-
ses suggest. However, there are several factors that
limit my analysis, specifically that it is cross-sec-
tional, observational, and did not account for the
dose, duration, or causal relationship of metformin
exposure to serum vitamin B12 levels. Longitudinal
analyses accounting for these factors — beyond the
scope of this cross-sectional analysis — might (or
not) detect a relationship between serum vitamin
B12 levels and metformin exposure. I suggest that
further prospective, randomized analyses on popu-
lations, controlling for demographics, medication
use, and socioeconomic factors (such as food
insecurity), should be conducted to clarify the
relationship between serum vitamin B12 levels
and metformin use.

This study has strengths. It analyzed a (1) large
(n = 8,989), (2) multi-institutional cohort that was
(3) specifically designed to capture the diversity of the
United States population. These results are, thus,
likely generalizable throughout the United States.

This study also has limitations. First, my analyses
are necessarily limited to participants for whom I
had data: those who answered the social determi-
nants questionnaire and had a vitamin B12 level
recorded. Because vitamin B12 is not routinely or-
dered, there is presumably a clinical justification for
this test to be ordered. Therefore, the pretest prob-
ability of vitamin B12 deficiency in individuals for
whom the test is ordered probably exceeds that of
the general population.

Second, the epidemiology of vitamin B12 defi-
ciency is complex and is incompletely captured by
my model. Although I demonstrate that there is an
association between food insecurity and vitamin B12
deficiency my model is not strongly predictive of
vitamin B12 deficiency. A predictive model of vita-
min B12 deficiency would be clinically useful
because diagnosis requires a serum diagnostic test
which is not likely to be routinely ordered without
a high index of clinical suspicion. Such a model
might include other laboratory observations that
are not likely related to the etiology of vitamin B12
deficiency — as is my hypothesis related to food

insecurity — but might be usefully predictive by
detecting downstream effects of vitamin B12 defi-
ciency. Examples of downstream variables that
might be appropriate for a clinical prediction model
— but not an epidemiologic model — might include
hemoglobin (Hgb) level or mean corpuscular vol-
ume (MCV). Further work on the development of
models that could predict the presence of vitamin
B12 deficiency from a combination of demo-
graphics, commonly available laboratory values
(Hgb, MCV, etc.), and environmental factors (eg,
food security) would be worthwhile, but is beyond
the scope of the current work.

Third, vitamin B12 values are reported as a sin-
gle numeric value in the All of Us database and I
cannot account for interlaboratory fixed effects in
my analysis. Fourth, exposure to metformin is
inferred if there was any documented exposure to
metformin in the electronic medical record within
12 months of the vitamin B12 measurement. Data
are insufficient to determine, in the general case,
the chronicity of metformin exposure and/or
whether metformin was actually taken in cases
where a prescription was recorded in the All of Us
database. I also did not account for the duration of
metformin exposure, which might affect Vitamin
B12 levels.'® Fifth, although the All of Us database
is designed to capture a wide range of diversity, the
recruitment methodology is not designed to result
in a randomized sample. Sixth, some possible risk
factors for Vitamin B12 deficiency (eg, alternative
dietary preferences, such as a vegan diet) were not
interrogated by this analysis.

In summary, I demonstrate that vitamin B12 defi-
ciency is associated with food insecurity in United
States adults enrolled in the NIH All of Us database.
Future analyses designed to infer causality are war-
ranted. If a causal association with food insecurity are
validated in subsequent analyses, strategies to deliver
vitamin B12 supplementation or vitamin B12-enriched
foods to at-risk populations may be warranted.

To see this article online, please go to: bttp://jabfm.org/content/
37/52/S156.full.
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