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Abstract: People with severe substance use disorder (SUD) have a higher burden of micronutrient
deficiency compared with the general population. The aim of this study was to investigate vitamin
B12 status and risk factors of deficiency related to substance use, opioid agonist therapy (OAT), as
well as hepatitis C infection and liver fibrosis. In this prospective cohort study, participants were
recruited from outpatient OAT and SUD clinics in western Norway, and assessed annually with a
clinical interview and exam, including venous blood sampling. Data were collected between March
2016 and June 2020, and a total of 2451 serum vitamin B12 measurements from 672 participants were
included. The median serum vitamin B12 concentration was 396 (standard deviation 198) pmol/L
at baseline, 22% of the population had suboptimal levels (<300 pmol/L) and 1.2% were deficient
at baseline (<175 pmol/L). No clear associations were seen with substance use patterns, but liver
disease and younger age were associated with higher vitamin B12 levels. Although the majority
of participants had satisfactory vitamin B12 levels, about a fifth had suboptimal levels that might
or might not be adequate for metabolic needs. Future studies could investigate potential gains in
interventions among patients with suboptimal but non-deficient levels.

Keywords: vitamin B12; substance use disorder; micronutrients deficiencies; liver disease; opioid
agonist therapy; Norway

1. Introduction

Severe substance use disorder (SUD) is associated with a multitude of comorbidities
and complications, one of which is malnutrition [1]. This is, in part, attributable to the
adverse physiological manifestations of chronic substance use on gastrointestinal, renal and
hepatic functions [2]. However, poverty and limited food availability, as well as adverse
dietary habits, are also important factors contributing to the poor nutritional status of
people with severe SUD [1,3,4]. The diet of people with severe substance use disorders
(SUD) is often skewed towards simple carbohydrates-added sugar, but in some cases also
processed meat products, and is often lacking in important micronutrients [4,5], which in
turn, puts them at high risk of developing many micronutrient deficiencies [4,6]. There is
little literature on the prevalence of micronutrient deficiencies among people with severe
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SUD, and little known specifically about the status of vitamin B12 and risk factors of
deficiency among people with severe SUD.

Vitamin B12 is an essential nutrient found primarily in foods of ruminant origin,
including meat and dairy products [7,8]. It is an important co-factor in one-carbon methyl
transfer reactions and has a vital role in cellular proliferation and genomic integrity [8].
Vitamin B12 deficiency is a known cause of megaloblastic anemia and neuronal demyeli-
nation [8,9]. This, in turn, makes vitamin B12 deficiency a risk factor for a vast array of
neurological and neuropsychiatric disorders [8,9]. Since the body has a substantial storage
capacity of vitamin B12 in the liver, deficiency and related complications usually develop
gradually over years of imbalanced vitamin B12 homeostasis. Liver disease, including
hepatitis C infection and alcoholic liver disease, elevates the concentration of circulating
B12 by depleting tissue storage [10–12]. These conditions are highly prevalent among
people with severe SUD, potentially complicating the assessment of vitamin B12 status in
these populations [13].

People with severe SUD have a markedly high disease burden compared with the
general population, including micronutrient deficiencies. There are limited data available
about the status of vitamin B12 among people with severe SUD, and it would be helpful to
identify potentially reversible factors to reduce their disease burden. We aimed to assess the
vitamin B12 status and the prevalence of deficiency among people with severe SUD from
outpatient opioid agonist therapy (OAT) clinics and municipal health care clinics in Bergen
and Stavanger, Norway. Furthermore, we aimed to measure the effect of substance use,
OAT, hepatitis C infection, and liver fibrosis on suboptimal and deficient serum vitamin
B12 concentration.

2. Materials and Methods
2.1. Study Characteristics; Design, Population, Data Collection and Study Sample

This is a prospective cohort study presenting data drawn from the multicenter studies
INTRO-HCV [14] and ATLAS4LAR [15]. Participants were recruited from an outpatient
population visiting OAT clinics or municipal health care clinics for severe SUD in Bergen
and Stavanger, Norway. Participants were assessed annually with a research nurse-led
and questionnaire-based interview focused on somatic and mental health, psychosocial
aspects and substance use patterns. Data were collected using the software CheckWare.
Clinical data were obtained from the electronic medical record. Data collected between
March 2016 and June 2020 are presented. A total of 2451 serum vitamin B12 measurements
from 672 participants were included.

2.2. Measuring Serum Vitamin B12; Laboratory Assays and Definitions

Venous blood samples were collected and analyzed at the Department of Medical
Biochemistry and Pharmacology at Haukeland University Hospital in Bergen and the
Department of Medical Biochemistry at Stavanger University Hospital in Stavanger (both
accredited by ISO-standard 15189) for analysis of vitamin B12 concentration. The depart-
ment in Bergen used the Electrochemiluminescence Immunoassay (7% analytical variation
at 314 pmol/L), and the laboratory in Stavanger used the Chemiluminescense Microparticle
assay (7% analytical variation at 300 pmol/L). Data on serum vitamin B12 concentration
were obtained from the electronic medical record. The unit used was picomoles per liter
(pmol/L). Two separate cut-offs were used when describing vitamin B12 status: s-vitamin
B12 < 175 pmol/L [16–18] as vitamin B12 deficient, and s-vitamin B12 < 300 nmol/L [19] as
suboptimal.

2.3. Study Variables, Baseline, Clinical and Sociodemographic Factors

Baseline was defined as the serum vitamin B12 measurement closest to the first annual
health assessment for each individual. Subsequent serum vitamin B12 measurements
were listed chronologically and included as follow-up, and time was defined as years
from the baseline. OAT was defined as receiving methadone or buprenorphine-based
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medication. We calculated an OAT dose ratio corresponding to the prescribed daily dose
of medication divided by the expected mean dose (90 mg for methadone and 18 mg for
buprenorphine) according to WHO [20]. As for the clinical factors, injecting substances was
defined as having injected any substance within the prior six months. Frequent substance
use was defined as using any of the following substances on a minimum weekly basis
during the 12 months leading up to the annual health assessment: alcohol, cannabis,
benzodiazepines, stimulants (amphetamines and cocaine) and non-prescribed opioids
(e.g., heroine). Hepatitis C status was determined by means of a quantitative polymerase
chain reaction assay, and diagnosed HCV RNA was defined as hepatitis C infection. The risk
of hepatic fibrosis was estimated using the Fibrosis-4 (Fib-4) scoring system [21], defining
Fib-4 < 1.45 as advanced fibrosis to be unlikely and Fib-4 > 3.25 as likely advanced fibrosis.
Regarding sociodemographic factors, housing conditions for the last 30 days leading up
to the annual health assessment were defined as stable (living in owned or rented home
or at an institution) or unstable (being homeless, living at a shelter, or with friends and
family). Age was categorized into the following groups: <30 years, 30–39 years, 40–49 years,
50–59 years and ≥60 years. The electronic medical records of participants with suboptimal
and low levels of vitamin B12 (<300 pmol/L) were examined for the presence of chronic
diseases such as chronic gastritis, Crohn’s diseases and ulcerative colitis, Helicobacter pylori
infection, chronic viral hepatitis (hepatitis B or C), gastrointestinal surgery such as gastric
bypass or removal of the terminal ileum, alcohol-related disease and alcohol dependence,
cancers, use of protein pump inhibitors or metformin, and presence of documented low
folate level.

3. Statistical Analyses

Stata/SE 16.0 (Stata Corporation) was used for the generation of descriptive data and
a linear mixed model. SPSS version 26.0 (IBM) was used for expectation maximization
imputation. The software R version 4.0.3 (R foundation for Statistical Computing) with
the package mgcv was used for the preparation of generalized additive models and their
graphical presentations. The website Sankeymatic (sankeymatic.com/build, accessed
1 October 2021) was used for the generation of a Sankey diagram. The threshold of statistical
significance was set to p < 0.05 for all analyses. Nine percent of values were missing across
the sociodemographic and clinical variables. These were assumed to be “missing at random”
and expectation maximization imputation was performed to replace them with estimated
values [22]. Descriptive data is presented with total numbers and percentages. Median
serum vitamin B12 concentration of the cohort is presented with interquartile range (IQR).
The prevalence of suboptimal and deficiency of vitamin B12 is presented as percentages
with 95% confidence intervals. Generalized additive models and plots were generated
to visualize the nonlinear associations of substance use severity with serum vitamin B12
concentration, adjusted for gender and age. To do this, a substance use severity index was
generated based on the type, frequency and number of substances used (for details see
Supplementary Table S1) [23]. A linear mixed model regression was performed in order
to estimate associations of clinical and sociodemographic factors with serum vitamin B12
concentration at baseline, as well as the time interactions of these associations. The model
was random intercept fixed slope with the estimator set to restricted maximum likelihood.
Time was defined as years from baseline, and all predictor variables were kept constant to
values held at baseline. Time interactions were added to investigate the impact of time on
associations between predictors with serum vitamin B12 concentration.

4. Results

The mean age at baseline was 44 years (SD: 11), and 71% were male (Table 1). Eighty-
eight percent (581/663) were patients enrolled in OAT, and of these 61% were prescribed
buprenorphine-based medications and 39% were prescribed methadone. Twelve percent
lived under unstable housing conditions, and 53% had injected substances during the last
six months leading up to the baseline assessment. Fifty-three percent of the cohort were
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infected with HCV and 32% had Fib-4 scores indicating advanced liver fibrosis. Weekly
substance use was reported by 76%, and the most common substances used on a weekly
basis were cannabis (49%) and benzodiazepines (38%), followed by stimulants (26%) and
alcohol (25%).

Table 1. Baseline characteristics of the cohort.

Characteristic N (%)

Gender
Male 474 (71)

Female 198 (29)
Age group
<30 years 78 (12)

30–39 years 192 (29)
40–49 years 204 (30)
50–59 years 157 (23)
≥60 years 41 (6)

Education level
Not completed primary school 39 (6)

Primary school (9 years) 300 (45)
High school (12 years) 269 (40)

≤3 years higher education 51 (8)
>3 years higher education 13 (2)

Housing condition 1

Unstable 81 (12)
Stable 591 (88)

HCV infection 2 315 (53)
Fib-4
<1.45 452 (68)
>3.25 40 (6)

Injecting substances 3 325 (53)
Opioid agonist therapy

Buprenorphine 352 (53)
Methadone 229 (35)
Not in OAT 82 (12)

Weekly substance use 4

Alcohol 151 (25)
Cannabis 302 (49)

Stimulants 5 162 (26)
Benzodiazepines 233 (38)

Non-prescribed opioids 87 (14)
No weekly substance use 145 (24)

Serum vitamin B12
Median pmol/L (IQR 6) 396 (198)

% with suboptimal levels (CI 7) 22 (19–25)
% with deficient levels (CI 7) 1.2 (0.6–2.3)

1. Stable housing included living in owned or rented housing or at an institution, unstable housing included
homelessness, living at temporary camping sites or with friends or family. 2. Hepatitis C virus infection, defined
as non-zero values on a quantitative HCV-RNA assay at baseline. 3. Self-reported injection of any substance
during the 6 months prior to the first health assessment. 4. Self-reported substance use on a minimum weekly
basis during the 12 months prior to the first health assessment. 5. Amphetamine, methamphetamine or cocaine.
6. IQR, interquartile range. 7 CI, 95% confidence interval.

The median (IQR) serum vitamin B12 concentration of the study cohort was
396 (198) pmol/L at baseline. Twenty-two percent (CI: 19–25) of the population had
low serum vitamin B12 levels (<300 pmol/L) and 1.2% (CI: 0.6–2.3) were deficient at
baseline (<175 pmol/L). The median (IQR) mean corpuscular volume (MCV) for those
with sufficient, suboptimal and deficient vitamin B12 levels at baseline were 91 (87–95),
91 (88–94) and 95 (89–99), respectively (Table S1). A large majority (81%) of the participants
maintained their baseline vitamin B12 status in the subsequent assessment (Figure 1).
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Figure 1. Distribution of vitamin B12 status in the first and second annual assessments. This
figure displays the changes in vitamin B12 status categories from the first (left) to the second (right)
assessment for participants with at least two vitamin B12 measurements.

The linear mixed model regression showed that those in the older age groups had
lower serum vitamin B12 concentrations at baseline compared with those in younger
age categories. The mean difference for 50–59 years compared with those under the age
of 30 years was −49 pmol/L (CI: −94, −4.7), and for those above the age of 60 years
(−91 pmol/L, CI: −153, −29) (Table 2).

Table 2. Linear mixed model of serum vitamin B12 concentration (pmol/L) adjusted for sociodemo-
graphic and clinical factors, including substance use patterns.

Fixed Effects

Partly Adjusted 1 Adjusted

Effect Estimate Time Trend (per Year) Effect Estimate Time Trend (per Year)

Estimate (CI) Slope (CI) Estimate (CI) Slope (CI)

Vitamin B12 386 (331, 440) 28 (5.2, 50)
Gender

Male 0 (reference)
Female −7.3 (−37, 22)

Age
<30 0 (reference)

30–39 1.7 (−37, 40)
40–49 −38 (−80, 3.9)
50–59 −49 (−94, −4.7)
≥60 −91 (−153, −29)

Hepatic markers
HCV 20 (−7.4, 47)
Fib-4 31 (22, 40) −4.1 (−8.6, 0.37) 29 (20, 38) −3.7 (−8.3, 0.9)

OAT dose ratio 2 30 (−1.1, 60) −11 (−29, 5.8) 19 (−12, 50) −13 (−31, 5.2)
Injecting substances 3 −23 (−54, 8.4) −3.9 (−20, 12) −12 (−46, 23) −4.9 (−23, 13)

Weekly substance use 4

Alcohol 21 (−14, 57) −9.6 (−28, 8.4) 10 (−25, 45) −9.4 (−27, 9.1)
Cannabis 27 (−3.4, 58) −11 (27, 4.4) 25 (−6.6, 56) −11 (−27, 6.0)

Non-OAT opioids −2.9 (−47, 42) −4.0 (−28, 20) 11 (−36, 57) −4.3 (−30, 22)
Stimulants 5 −36 (−72, −1.1) −0.7 (−20, 18) −35 (−74, 3.7) 0.19 (−22, 21)

Benzodiazepines 26 (−5.6, 58) −3.7 (−20, 12) 21 (−13, 55) 2.0 (−16, 20)

The table displays the results of a linear mixed model (restricted maximum likelihood regression) estimating
associations of serum vitamin B12 concentration (pmol/L) with sociodemographic and clinical predictor variables
at baseline (effect estimates), as well as the impact of predictors on changes in serum vitamin B12 concentrations
over time (time trends per year). Significant results are shown in italics. Explanations: CI, 95% confidence
interval. 1. Adjusted for gender and age. 2. The patients prescribed daily dose of opioid agonist divided by the
WHO mean expected dose (90 mg for methadone, 18 mg for buprenorphine). In this variable, zero represents
no prescribed OAT medication. 3. Self-reported injection of any substance during the 6 months prior to the first
health assessment. 4. Self-reported use of a substance at a minimum weekly basis during the 12 months prior to
the first assessment. 5. Amphetamine, methamphetamine and cocaine.
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Higher scores on Fib-4 were associated with higher serum vitamin B12 concentration
at baseline (29 pmol/L, CI: 20, 38), however, with a near-significant negative time trend
(−3.7, CI: −8.3, 0.9). No other sociodemographic or clinical variables were associated with
serum vitamin B12 concentration at baseline, and none of the time trends were significant.
The generalized additive models showed no clear associations between substance use
severity and vitamin B12 concentration in serum (Figure 2).

Figure 2. Association of substance use severity with serum vitamin B12 concentration. The figure
to the left was constructed using generalized additive models in R and displays of the associations
of vitamin B12 concentration in serum with the substance use severity index. The solid line depicts
the association at various severity scores, whereas the shaded area represents the 95% confidence
interval of this association. The figure to the right displays the distribution of substance use severity
scores in the population.

Lower levels of serum vitamin B12 (<300 pmol/L) were not associated with known
risk factors such as presence of chronic gastritis, Crohn’s diseases and ulcerative colitis,
gastrointestinal surgery such as gastric bypass or removal of the terminal ileum, Helicobac-
ter pylori infection, chronic viral hepatitis (hepatitis B or C), alcohol-related disease and
alcohol dependence, cancers, use of protein pump inhibitors, or metformin.

5. Discussion

The serum concentration of vitamin B12 in this population of outpatients with severe
SUD was predominantly within normal range, whereas only 1.2% have clear deficient
vitamin B12 levels (<175 pmol/L). A fifth had levels that might have been suboptimal with
vitamin B12 level < 300 pmol/L). A large majority of the participants maintained their
baseline vitamin B12 status in the subsequent assessments. Of all the sociodemographic
and clinical variables included, only older age and the hepatitis virus infection-related
liver fibrosis estimate Fib-4 were associated with serum vitamin B12 concentration. Being
in the oldest age groups, i.e., >50 years, was associated with lower serum vitamin B12
concentration, a finding that is in line with existing literature [24]. This might have been
linked to a higher prevalence of undiagnosed pernicious anemia among older people,
which could be linked to reduced absorption of vitamin B12. Substance use patterns
were, for the most part, not significantly associated with vitamin B12 levels, although
there was a near-significant trend between frequent use of stimulants and lower vitamin
B12 concentration. In the partly adjusted linear mixed model, the use of stimulants on a
minimum weekly basis was associated with lower vitamin B12 concentration at baseline
compared with less frequent or no use—however, this association was non-significant in
the model that included all variables. Previous studies have found lower vitamin B12 levels
among OAT patients reporting using stimulants upon admission to treatment [25], and
among methamphetamine users compared with healthy controls [26].
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Our study showed higher levels of vitamin B12 among individuals with liver disease,
suggesting that liver disease plays a role in the turnover of vitamin B12. Similar findings
have been described in studies on people with alcoholic-related liver disease and chronic
hepatitis C infection [10–12], adding to the evidence that fibrotic/inflammatory liver disease
raises the concentration of circulating vitamin B12 by depleting hepatic tissue stores. Other
studies have found correlations between vitamin B12 concentrations in blood with hepatic
enzymes, suggesting that the concentration of circulating vitamin B12 could be related
to hepatic disease severity [27–29]. In line with this, a retrospective study on patients
with chronic hepatitis C infection undergoing antiviral treatment found that lower vitamin
B12 levels at baseline were associated with better outcomes and higher sustained viral
response [12].

In our subsample of participants with suboptimal or deficient levels, we did not
identify any known risk factors of vitamin B12 deficiency such as inflammatory bowel
diseases or having gone through gastrointestinal surgery. Neither substance patterns were
associated with lower levels. This could indicate that this group had a lower intake of
vitamin B12-rich foods (fish, dairy, egg, meats) and did not use vitamin B12 containing
supplements. Nevertheless, vitamin B12 deficiency was much lower (1.2%) than reported
from selected large surveys from countries in North America and Europe which were about
2–10% with much higher prevalence in the older age group [8]. Some of the reasons for
differences in these studies may be related to the use of various methods to measure vitamin
B12, different cut-off values, unit of report, reference range and study population [30].
However, prevalence of vitamin B12 deficiencies is lower than in several other studies, but
another study from Norway also indicates that intake of animal products including meat
and dairy is relatively high [4].

The main weakness of our study related to our interpretations of Vitamin B12 level
was the absence of measurement of halotranscobalamin, homocysteine and methylmalonic
acid to aid the interpretation of vitamin B12 levels. However, we used mean corpuscular
volume to fill some of this gap. We also have limited clinical information about neurological
manifestations that may occur as hematological complications of deficient vitamin B12
levels [31]. Patients tend to present with either hematologic or neurologic symptoms in
many cases [32]. The median value of mean corpuscular volume was similar among those
with normal, suboptimal and deficient levels of vitamin B12, with an increase in size among
those with deficient levels as a response to aging erythrocytes with deficient levels of
vitamin B12. Systematic review showed that mean MCV can be within the normal range
with vitamin B12 deficiency [33]. The mean corpuscular volume generally tends to increase
before the manifestation of anemia, but the presence of megaloblastic anemia alone is not a
reliable way to diagnose B12 deficiency, as B12 deficiency has to be relatively severe before
anemia appears [34].

Most of total serum vitamin B12 is haptocorrin-bound and thus not fully reflective
of cellular vitamin B12 status. Functional vitamin B12 deficiency can therefore be present
even when serum B12 concentrations are normal [35]. Several studies have suggested
that transcobalamin (the metabolically active portion) is a better index of vitamin B12
deficiency but is not yet used widely because of cost and limited availability [36]. Aiding
interpretation with methylmalonic acid or homocysteine as the second-line test could
have increased the precision of vitamin B12 deficiency, particularly within the mid-group
of suboptimal levels [37]. The amount of people with suboptimal vitamin B12 levels of
about 22% probably includes both a majority of people with adequate and a minority with
inadequate levels for metabolic requirements.

In our study, about 22% have suboptimal vitamin B12 levels but others had reported
higher prevalence (30–60%) from different settings including the western population,
in pregnant women, and in less-developed countries [38,39]. The benefits of treating
suboptimal vitamin B12 are unknown because of a lack of good quality clinical trial data.
However, some studies have suggested treating with very low oral or short courses of oral
vitamin B12 [7] but the strength of recommendation is weak and the quality of evidence is
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low [37]. Others recommend that patients with persistently suboptimal vitamin B12 levels
should be investigated for anti-IF antibody titers and additional biochemical investigations
to confirm biochemical deficiency [40]. There is a need for detailed, clinically focused
studies for suboptimal vitamin B12 level in future studies.

However, our study also has strengths, including its prospective cohort design over a
4-year period presenting data from several centers within western Norway with a relatively
large population of people who are generally difficult to reach. Our data emphasize
the importance of increasing general awareness and replacement treatments in at-risk
populations.

6. Conclusions

Most patients have a satisfactory serum level of vitamin B12 and have maintained
their baseline vitamin B12 status in the subsequent assessments. Only 1.2% have vitamin
B12 deficiency, but about a fifth of the patients have suboptimal levels that might or might
not be adequate for metabolic needs. No clear associations were seen with substance
use patterns, but liver disease and younger age were associated with higher vitamin B12
levels. Future studies could investigate potential gains in interventions among patients
with suboptimal but non-deficient levels.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/nu14091941/s1, Table S1. Mean corpuscular volume among
participants with sufficient, insufficient, and deficient levels of vitamin B12.

Author Contributions: T.M., M.B., J.H.V., R.C. and L.T.F. coordinated statistical analyses, L.T.F.
conceived and designed the study. T.M. and M.B. wrote the first draft for the paper, and contributed
equally. T.M., M.B., J.H.V., R.C., C.F.A., K.T.D.-F. and K.A.J. participated in the interpretation of the
data, and reviewed the manuscript for intellectual content. All authors have read and agreed to the
published version of the manuscript.

Funding: This work was supported by The Norwegian Research Council (no. 269855) and the
Western Norway Regional Health Authority («Åpen prosjektstøtte») with Department of Addiction
Medicine, Haukeland University Hospital as responsible institution. The funders had no role in study
design, data collection and analysis, decision to publish, or preparation of the manuscript.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the The Regional Ethical Committee, Norway (REK no: 155386 and
REK Vest 2017/51).

Informed Consent Statement: Written informed consent was obtained from all subjects involved in
the study.

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

Acknowledgments: We thank the INTRO-HCV study group for their contributions to data collection.
INTRO-HCV Study Group participating investigators: Bergen: Christer Frode Aas, Vibeke Bråthen
Buljovcic, Fatemeh Chalabianloo, Jan Tore Daltveit, Silvia Eiken Alpers, Lars T. Fadnes (principal
investigator), Trude Fondenes Eriksen, Rolf Gjestad, Per Gundersen, Velinda Hille, Kristin Holmelid
Håberg, Kjell Arne Johansson, Rafael Alexander Leiva, Siv-Elin Leirvåg Carlsen, Martine Lepsøy Bon-
nier, Lennart Lorås, Else-Marie Løberg, Mette Hegland Nordbotn, Maria Olsvold, Christian Ohldieck,
Lillian Sivertsen, Hugo Torjussen, Jørn Henrik Vold, Jan-Magnus Økland. Stavanger: Tone Lise
Eielsen, Nancy Laura Ortega Maldonado, Ewa Joanna Wilk. proLAR: Ronny Bjørnestad, Ole Jørgen
Lygren, Marianne Cook Pierron, Christine Sundal. Oslo: Olav Dalgard, Håvard Midgard, Svetlana
Skurtveit. Bristol: Aaron G. Lim, Peter Vickerman. We also thank Christer Kleppe, data protecting
officer, Helse Bergen for his valuable contribution and guidance in data management. Finally, we
thank Nina Elisabeth Eltvik for valuable help and input during the planning and preparation phases.

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

https://www.mdpi.com/article/10.3390/nu14091941/s1
https://www.mdpi.com/article/10.3390/nu14091941/s1


Nutrients 2022, 14, 1941 9 of 10

References
1. Mahboub, N.; Rizk, R.; Karavetian, M.; de Vries, N. Nutritional status and eating habits of people who use drugs and/or are

undergoing treatment for recovery: A narrative review. Nutr. Rev. 2021, 79, 627–635. [CrossRef]
2. Ruiz, M.K. Nutritional Concerns in Substance Use Disorders. University of Washington: Washington, DC, USA, 2021.
3. Neale, J.; Nettleton, S.; Pickering, L.; Fischer, J. Eating patterns among heroin users: A qualitative study with implications for

nutritional interventions. Addiction 2012, 107, 635–641. [CrossRef] [PubMed]
4. Saeland, M.; Haugen, M.; Eriksen, F.-L.; Wandel, M.; Smehaugen, A.; Böhmer, T.; Oshaug, A. High sugar consumption and poor

nutrient intake among drug addicts in Oslo, Norway. Br. J. Nutr. 2011, 105, 618–624. [CrossRef] [PubMed]
5. Kheradmand, A.; Kheradmand, A. Nutritional status in patients under methadone maintenance treatment. J. Subst. Use 2020, 25,

173–176. [CrossRef]
6. El-Nakah, A.; Frank, O.; Louria, D.B.; Quinones, M.A.; Baker, H. A vitamin profile of heroin addiction. Am. J. Public Health 1979,

69, 1058–1060. [CrossRef] [PubMed]
7. Blacher, J.; Czernichow, S.; Raphaöl, M.; Roussel, C.; Chadefaux-Vekemans, B.; Morineau, G.; Giraudier, S.; Tibi, A.; Henry, O.;

Vayssiere, M. Very low oral doses of vitamin B-12 increase serum concentrations in elderly subjects with food-bound vitamin B-12
malabsorption. J. Nutr. 2007, 137, 373–378. [CrossRef]

8. Green, R.; Allen, L.H.; Bjørke-Monsen, A.-L.; Brito, A.; Guéant, J.-L.; Miller, J.W.; Molloy, A.M.; Nexo, E.; Stabler, S.; Toh, B.-H.
Vitamin B 12 deficiency. Nat. Rev. Dis. Primers 2017, 3, 1–20.

9. Stabler, S.P. Vitamin B12 deficiency. N. Engl. J. Med. 2013, 368, 149–160. [CrossRef]
10. Baker, H.; Leevy, C.B.; DeAngelis, B.; Frank, O.; Baker, E.R. Cobalamin (vitamin B12) and holotranscobalamin changes in plasma

and liver tissue in alcoholics with liver disease. J. Am. Coll. Nutr. 1998, 17, 235–238. [CrossRef]
11. Ermens, A.; Vlasveld, L.; Lindemans, J. Significance of elevated cobalamin (vitamin B12) levels in blood. Clin. Biochem. 2003, 36,

585–590. [CrossRef]
12. Mechie, N.-C.; Goralzcyk, A.D.; Reinhardt, L.; Mihm, S.; Amanzada, A. Association of serum vitamin B 12 levels with stage of

liver fibrosis and treatment outcome in patients with chronic hepatitis C virus genotype 1 infection: A retrospective study. BMC
Res. Notes 2015, 8, 260. [CrossRef] [PubMed]

13. Fragasso, A.; Mannarella, C.; Ciancio, A.; Sacco, A. Functional vitamin B12 deficiency in alcoholics: An intriguing finding in a
retrospective study of megaloblastic anemic patients. Eur. J. Intern. Med. 2010, 21, 97–100. [CrossRef] [PubMed]

14. Fadnes, L.T.; Aas, C.F.; Vold, J.H.; Ohldieck, C.; Leiva, R.A.; Chalabianloo, F.; Skurtveit, S.; Lygren, O.J.; Dalgård, O.; Vickerman, P.
Integrated treatment of hepatitis C virus infection among people who inject drugs: Study protocol for a randomised controlled
trial (INTRO-HCV). BMC Infect. Dis. 2019, 19, 943. [CrossRef] [PubMed]

15. ATLAS4LAR: Kartlegging og Behandling av Lungesykdom i Legemiddelassistert Behandling. Available online: https:
//helse-bergen.no/avdelinger/rusmedisin/rusmedisin-seksjon-forsking/bar/atlas4lar-kartlegging-og-behandling-av-
lungesykdom-i-legemiddelassistert-behandling (accessed on 2 February 2022).

16. Kobalamin. Available online: https://analyseoversikten.no/analyser/112 (accessed on 2 February 2022).
17. Hagve, T.; Brun, A.; Hov, G.; Lindberg, M.; Asberg, A. Nasjonal brukerhåndbok i medisinsk biokjemi. In Oslo; Q-Base Publishing:

Oslo, Norway, 2014.
18. Stott, D.J.; Langhorne, P.; Hendry, A.; McKAY, P.J.; Holyoake, T.; Macdonald, J.; Lucie, N. Prevalence and haemopoietic effects of

low serum vitamin B12 levels in geriatric medical patients. Br. J. Nutr. 1997, 78, 57–63. [CrossRef] [PubMed]
19. Klee, G.G. Cobalamin and folate evaluation: Measurement of methylmalonic acid and homocysteine vs vitamin B12 and folate.

Clin. Chem. 2000, 46, 1277–1283. [CrossRef]
20. World Health Organization (WHO). Guidelines for the Psychosocially Assisted Pharmacological Treatment of Opioid Dependence; WHO:

Geneva, Switzerland, 2009.
21. Vallet-Pichard, A.; Mallet, V.; Nalpas, B.; Verkarre, V.; Nalpas, A.; Dhalluin-Venier, V.; Fontaine, H.; Pol, S. FIB-4: An inexpensive

and accurate marker of fibrosis in HCV infection. comparison with liver biopsy and fibrotest. Hepatology 2007, 46, 32–36.
[CrossRef]

22. Enders, C.K. Applied Missing Data Analysis. Guilford Press: New York, NY, USA, 2010.
23. Vold, J.H.; Chalabianloo, F.; Aas, C.F.; Løberg, E.-M.; Johansson, K.A.; Fadnes, L.T. Changes in substance use during outpatient

treatment for substance use disorders: A prospective Norwegian cohort study from 2016 to 2020. Subst. Abus. Treat. Prev. Policy
2021, 16, 1–9. [CrossRef]

24. Baik, H.; Russell, R. Vitamin B12 deficiency in the elderly. Annu. Rev. Nutr. 1999, 19, 357–377. [CrossRef]
25. Malik, E.; Rozner, L.; Adelson, M.; Schreiber, S.; Peles, E. The Relation between Changes in Vitamin D and Vitamin B12 Levels,

Body Mass Index and Outcome in Methadone Maintenance Treatment Patients. J. Psychoact. Drugs 2021, 53, 55–64. [CrossRef]
26. Zhai, C.; Cui, M.; Cheng, X.; Ao, X.; Zhao, T.; Wu, W.; Shao, Q.; Ge, D.; Song, H.; Qi, F. Vitamin B12 levels in methamphetamine

addicts. Front. Behav. Neurosci. 2018, 12, 320. [CrossRef]
27. Himmerich, H.; Anghelescu, I.; Klawe, C.; Szegedi, A. Vitamin B12 and hepatic enzyme serum levels correlate in male alcohol-

dependent patients. Alcohol Alcohol. 2001, 36, 26–28. [CrossRef] [PubMed]
28. Liappas, I.A.; Nicolaou, C.; Chatzipanagiotou, S.; Tzavellas, E.O.; Piperi, C.; Papageorgiou, C.; Boufidou, F.; Bagos, P.; Soldatos,

C.R. Vitamin B12 and hepatic enzyme serum levels correlate with interleukin-6 in alcohol-dependent individuals without liver
disease. Clin. Biochem. 2007, 40, 781–786. [CrossRef] [PubMed]

http://doi.org/10.1093/nutrit/nuaa095
http://doi.org/10.1111/j.1360-0443.2011.03660.x
http://www.ncbi.nlm.nih.gov/pubmed/21933297
http://doi.org/10.1017/S0007114510003971
http://www.ncbi.nlm.nih.gov/pubmed/20880416
http://doi.org/10.1080/14659891.2019.1672817
http://doi.org/10.2105/AJPH.69.10.1058
http://www.ncbi.nlm.nih.gov/pubmed/484761
http://doi.org/10.1093/jn/137.2.373
http://doi.org/10.1056/NEJMcp1113996
http://doi.org/10.1080/07315724.1998.10718752
http://doi.org/10.1016/j.clinbiochem.2003.08.004
http://doi.org/10.1186/s13104-015-1248-z
http://www.ncbi.nlm.nih.gov/pubmed/26109044
http://doi.org/10.1016/j.ejim.2009.11.012
http://www.ncbi.nlm.nih.gov/pubmed/20206879
http://doi.org/10.1186/s12879-019-4598-7
http://www.ncbi.nlm.nih.gov/pubmed/31703669
https://helse-bergen.no/avdelinger/rusmedisin/rusmedisin-seksjon-forsking/bar/atlas4lar-kartlegging-og-behandling-av-lungesykdom-i-legemiddelassistert-behandling
https://helse-bergen.no/avdelinger/rusmedisin/rusmedisin-seksjon-forsking/bar/atlas4lar-kartlegging-og-behandling-av-lungesykdom-i-legemiddelassistert-behandling
https://helse-bergen.no/avdelinger/rusmedisin/rusmedisin-seksjon-forsking/bar/atlas4lar-kartlegging-og-behandling-av-lungesykdom-i-legemiddelassistert-behandling
https://analyseoversikten.no/analyser/112
http://doi.org/10.1079/BJN19970118
http://www.ncbi.nlm.nih.gov/pubmed/9292759
http://doi.org/10.1093/clinchem/46.8.1277
http://doi.org/10.1002/hep.21669
http://doi.org/10.1186/s13011-021-00403-9
http://doi.org/10.1146/annurev.nutr.19.1.357
http://doi.org/10.1080/02791072.2020.1840680
http://doi.org/10.3389/fnbeh.2018.00320
http://doi.org/10.1093/alcalc/36.1.26
http://www.ncbi.nlm.nih.gov/pubmed/11139412
http://doi.org/10.1016/j.clinbiochem.2007.03.002
http://www.ncbi.nlm.nih.gov/pubmed/17442294


Nutrients 2022, 14, 1941 10 of 10

29. Sugihara, T.; Koda, M.; Okamoto, T.; Miyoshi, K.; Matono, T.; Oyama, K.; Hosho, K.; Okano, J.-I.; Isomoto, H.; Murawaki, Y.
Falsely elevated serum vitamin B12 levels were associated with the severity and prognosis of chronic viral liver disease. Yonago
Acta Med. 2017, 60, 31.

30. Aparicio-Ugarriza, R.; Palacios, G.; Alder, M.; González-Gross, M. A review of the cut-off points for the diagnosis of vitamin B12
deficiency in the general population. Clin. Chem. Lab. Med. 2015, 53, 1149–1159. [CrossRef] [PubMed]

31. Lindenbaum, J.; Healton, E.B.; Savage, D.G.; Brust, J.C.; Garrett, T.J.; Podell, E.R.; Margell, P.D.; Stabler, S.P.; Allen, R.H.
Neuropsychiatric disorders caused by cobalamin deficiency in the absence of anemia or macrocytosis. N. Engl. J. Med. 1988, 318,
1720–1728. [CrossRef]

32. Healton, E.B.; Savage, D.G.; Brust, J.; Garrett, T.; Lindenbaum, J. Neurologic aspects of cobalamin deficiency. Medicine 1991, 70,
229–245. [CrossRef]

33. Oosterhuis, W.P.; Niessen, R.W.; Bossuyt, P.M.; Sanders, G.T.; Sturk, A. Diagnostic value of the mean corpuscular volume in the
detection of vitamin B12 deficiency. Scand. J. Clin. Lab. Investig. 2000, 60, 9–18. [CrossRef]

34. Green, R. Vitamin B12 deficiency from the perspective of a practicing hematologist. Blood J. Am. Soc. Hematol. 2017, 129, 2603–2611.
[CrossRef]

35. Carmel, R. Diagnosis and management of clinical and subclinical cobalamin deficiencies: Why controversies persist in the age of
sensitive metabolic testing. Biochimie 2013, 95, 1047–1055. [CrossRef]

36. Nexo, E.; Hoffmann-Lücke, E. Holotranscobalamin, a marker of vitamin B-12 status: Analytical aspects and clinical utility. Am. J.
Clin. Nutr. 2011, 94, 359S–365S. [CrossRef]

37. Devalia, V.; Hamilton, M.S.; Molloy, A.M.; British Committee for Standards in Haematology. Guidelines for the diagnosis and
treatment of cobalamin and folate disorders. Br. J. Haematol. 2014, 166, 496–513. [CrossRef] [PubMed]

38. Smith, A.D.; Warren, M.J.; Refsum, H. Vitamin B12. Adv. Food Nutr. Res. 2018, 83, 215–279. [PubMed]
39. Carmel, R. Subclinical cobalamin deficiency. Curr. Opin. Gastroenterol. 2012, 28, 151–158. [CrossRef] [PubMed]
40. Shipton, M.J.; Thachil, J. Vitamin B12 deficiency—A 21st century perspective. Clin. Med. 2015, 15, 145. [CrossRef] [PubMed]

http://doi.org/10.1515/cclm-2014-0784
http://www.ncbi.nlm.nih.gov/pubmed/25470607
http://doi.org/10.1056/NEJM198806303182604
http://doi.org/10.1097/00005792-199107000-00001
http://doi.org/10.1080/00365510050184994
http://doi.org/10.1182/blood-2016-10-569186
http://doi.org/10.1016/j.biochi.2013.02.008
http://doi.org/10.3945/ajcn.111.013458
http://doi.org/10.1111/bjh.12959
http://www.ncbi.nlm.nih.gov/pubmed/24942828
http://www.ncbi.nlm.nih.gov/pubmed/29477223
http://doi.org/10.1097/MOG.0b013e3283505852
http://www.ncbi.nlm.nih.gov/pubmed/22241075
http://doi.org/10.7861/clinmedicine.15-2-145
http://www.ncbi.nlm.nih.gov/pubmed/25824066

	Introduction 
	Materials and Methods 
	Study Characteristics; Design, Population, Data Collection and Study Sample 
	Measuring Serum Vitamin B12; Laboratory Assays and Definitions 
	Study Variables, Baseline, Clinical and Sociodemographic Factors 

	Statistical Analyses 
	Results 
	Discussion 
	Conclusions 
	References

