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ABSTRACT

ARTICLE INFO

Keywords: Background: Vitamin B12 plays an important role in many metabolic
Elderly pathways, obesity, and insulin resistance and the elderly as a high-risk
Vitamin B12 . . . . . .

Glycemic indices group are prone to its deficiency. In this regard, this study investigated the
Diet relationship between serum vitamin B12 and glycemic indices, dietary

components and body mass index (BMI) in elderly population.
Methods: In a cross-sectional study, ninety elderly aged 65 years and older
from an senior center were enrolled. After completing the demographic
questionnaire and assessing BMI, 5 mL blood sample was provided to
measure serum vitamin B12, insulin and blood glucose levels. On the
other hand, the vitamin B12 content of the diet was extracted from the
food frequency questionnaire (FFQ).

Results: About 58% of the elderly had serum vitamin B12 levels below
normal. There was a significant correlation between low vitamin B12
levels, body weight and BMI. Furthermore, the relationship between
low serum vitamin B12 level and fasting blood glucose level was also
significant (p<0.05). FFQ results indicated a significant relationship
between serum vitamin B12 level and the amount of different types of
meat and eggs.

Conclusion: The favorable level of vitamin B12 was shown to play a role
in hyperglycemia control and to reach a normal weight.
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Introduction

Similar to other communities around the world, the

reach its peak in Iran, and between 25 and 30 percent
of the population would be 50 years or older (1).

Iranian population experience aging too. Currently,
the over 60-year old people in Iran constitute 8% of
the population with approximately 5.5 million people.
By continuation of this trend in late 2031, aging will

So today, there is a greater need for health care of
the elderly population (2). Inappropriate nutritional
status of the elderly, as the fundamental risk factor for
many of the diseases, such as osteoarthritis, diabetes,
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insulin resistance, heart and vascular diseases,
metabolic syndrome, hypertension, depression,
Alzheimer’s, and neurodegenerative disorders would
imposes huge financial burden on governments,
causing many problems in the economy, health and
social spheres (3-5).

As we age, low food intake and malabsorption
disorders lead to a decrease in nutrient levels. On
the other hand, as the age increases, the sensitivity
to taste and odor decreases; hence, food intake is
impaired. Most studies have shown that a large
proportion of people over the age of 60 have an
asymptomatic gastritis with atrophy. Stomach
hypochlorites and excessive colonization of intestinal
bacteria also plays an important role in reducing
nutrient storage (6). Nutrient deficiency including
vitamin B12 amongst the elderly population in poor
communities is more than 20 percent, especially in
people older than 65 years; but in most cases, the
symptoms of clinical diagnosis is not obvious (7, 8).
These statistics in Iran are reported higher than other
areas, where the elderly over 65 years old were at
risk of vitamin B12 deficiency is 56-93 percent (9).

Vitamin B12 deficiency, as a nutrient that affects
human health, leads to a wide range of disorders (10).
This vitamin, which plays a role in DNA methylation,
lipid metabolism, neuronal function, blood cell
production, enzymatic activity, and the conversion of
homocysteine to methionine, is obtained only from
animal sources and enriched foods (11-14). On the
other hand, the role of this vitamin in single-carbon
cycles can control the risk of diabetes and obesity
and it is worth noting that vitamin B12 deficiency is
more prevalent among people with type 2 diabetes
who have high BMI (15). Furthermore, as previous
studies showed, obese children and adults had lower
levels of vitamin B12 and vitamin B12 deficiency
was inversely associated with insulin resistance in
polycystic ovary syndrome (PCOS) (16-18).

The elderly is a high-risk group prone to
deficiency of vitamin B12, and as far as we know,
no study on the association of serum vitamin B12,
glycemic components and BMI in elderly has been
conducted. Hence, this study aimed to investigate
the relationship between serum vitamin B12 with
glycemic indices, BMI and dietary components
amongst the elderly population, so that in future we
can improve metabolic complications by correcting
vitamin B12 deficiency.

Materials and Methods

In this cross-sectional study, 90 elderlies (15
males, 75 females) over 60 years old from the
retirement center of Jahandidegan, Shiraz, Iran
were recruited. The sampling was conducted

since November, 2016 for three months, by simple
sampling method after obtaining informed consent
from the individuals. This study was approved by
the Local Ethics Committee (10646-21-01-94). All
the study steps were performed in accordance with
the Helsinki Declaration. Entry criteria included
not taking metformin and proton pump inhibitors,
the absence of acute renal (CKD 3-5) and the liver
(Final stage) diseases, no history of gastrointestinal
surgery, no long-term intake of vegetarian diet and
vitamin supplementation. The sample size was
determined using the following formula (z =1/96,
ZB:0.8, r=0.25), which according to the limitations,
90 people entered the study.
\2
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The qualified individuals completed 2
demographic and food frequency questionnaires
(FFQ). The demographic information and patient’s
health status was assessed. The FFQ was valid and
reliable and contained 168 food items and food
intake was recorded based on daily, weekly and
monthly consumption (19), and then based on the
dietary sources of vitamin B12, the amount of food
items with high vitamin B12 content (egg, fish, tuna,
poultry, red meat and dairy) and poor sources of
vitamin B12 (soy bean and legumes) were extracted
from the questionnaire and converted to grams by
using the NUT IV software (First Databank, San
Bruno, CA, USA), in order to assess the relationship
between serum vitamin B12 and dietary content of
this vitamin. Data collection was carried out by an
expert in the field. Anthropometric measurements
including weight and height were recorded using a
Seca scale (Germany) with a precision of 0.1 kg and
a soft type meter with a precision of 0.1 cm (20).
Body mass index (BMI) was calculated by (weight
(kg)/height? (meter)) formula (21).

Five mL blood sample was taken by a nurse after
8 hours of fasting. Serum levels of vitamin B12 were
measured by ELISA method (LifeSpan BioSciences,
USA). Based on a previous study (22), vitamin B12
concentration was categorized in elderly and serum
level of B12 less than 220 pmol/L was considered
as deficient, the borderline level as 221-258 pmol/L
and normal level as greater than 258 pmol/L (22).
Fasting blood sugar was measured by enzymatic
kits (Pars Test, Tehran, Iran). After measuring the
fasting insulin with ELISA kit (Monobind Inc,
USA), insulin resistance was determined using the
following formula (23): HOM A-ir={[Fasting insulin
(LU/ml)|x[Fasting blood glucose (mmol/1)]}/22.5.

Data analysis was performed by SPSS software
(version 22, Chicago, IL, USA). Pearson correlation
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coefficient was used to determine the relationship
between BI12 level and insulin resistance,
anthropometric indices and items obtained from
NUT4 software. P<0.05 was considered to be
statistically significant. At the end of the study, the
recommendations to reach normal body weight and
sufficient serum level of vitamin B12 (including food
sources of vitamin B12) were given to participants
by a nutritionist.

Ninety elderly aged >60 (mean age 68.75+5.98
years) with an average weight of 65.08+9.48 kg and
average BMI of 25.60+2.95 kg/m? were enrolled.
Eighty-three percent of participants were female,
while 44 percent were single (Table 1). The mean
serum level of vitamin B12 between participants
was 215 pmol/L, and according to vitamin BI12
categorization, 58 percent of the elderly showed
vitamin B12 serum levels below normal (<220
pmol/L) and 33 percent had sufficient serum level
of vitamin B12. There was a significant correlation
between vitamin BI2 level, weight and BMI
(P<0.05) with a correlation coefficient -0.289 and
-0.336 (Table 2).

Furthermore, correlation between serum vitamin
B12 level and fasting blood glucose were also
significant (P<0.05) with correlation coefficient
of -0.332 (Table 3). FFQ showed that there was a
significant correlation between serum vitamin B12
level and the amounts of egg, fish and tuna, poultry,
red meat intakes (P<0.05). There was no significant
correlation between vitamin B12 serum level, dairy,
soybeans and legume intakes extracted from FFQ
(Table 4).

The present study showed that high percent of
elderly population had low serum B12 and there

Table 1: Characteristics of participants (n=90).

Variable Mean=SD OR percent
Sex (% female) 83.33

Marital status (% single) 44.44

Age (years) 68.75+5.98

Weight (kg) 65.08+9.48

BMI (kg/m?) 25.60+2.95

BMI: body mass index. Data are expressed as
mean#standard deviation or percent

Table 2: Vitamin B12 serum level in the elderly

population.
Serum vitamin B12 level (pmol/L) Percent % (n)

Less than 220 57.78 (52)
221-258 8.89 (8)
Higher than 258 33.33 (30)

was a significant correlation between serum
vitamin BI12 level, weight, BMI and fasting blood
sugar. In addition, the results showed that there
was a significant relationship between serum
vitamin B12 and the consumption of red meat,
poultry, fish and egg. It has been widely shown
that inadequate nutritional intake of dietary foods
during ageing not only develops chronic diseases
such as cardiovascular diseases, osteoporosis or
psychiatric disorders, but can also lead to acute
illnesses such as infections. Given this background,
in the past two decades, numerous studies have
been conducted to assess the adequacy of nutrients
amongst the elderly (24).

In the elderly, cobalamin deficiency is caused
by inadequate consumption of foods containing
cobalamin or pernicious anemia and it was shown
that malabsorption of cobalamin causes 60-70% of
cases of vitamin B12 deficiency in the elderly (8).
Although various evidences consider normal serum
cobalamin about 150 pmol/L, the preferred threshold
in the elderly is raised to 220-258 pmol/L (22). As

Table 3: The relation between serum vitamin B12, B12 content of diet, BMI, fasting blood glucose, insulin and HOMA-

IR index.

Variable Vitamin B12 BMI Weight FBS Insulin HOMA-IR
content of diet (mcg) (kg/m?) (kg) (mg/dl) (mU/ml)

Serum B12 level r P r P P r P r P r P

(pmol/L) 0.038 0.776 -0.336  0.001 -0.289 0.006 -0.332 0.001 -0.151 0.158 0.042 0.671

BMI: Body mass index, FBS: Fasting blood sugar, HOMA-IR: Homeostatic Model Assessment for Insulin Resistance.

P<0.05 was considered to be statistically significant

Table 4: The Relation between serum vitamin B12 level and the intake of egg, fish, poultry, red meat, dairy, and legumes.

Variable Egg (g) Fish and Poultry (g) Red meat  Dairy (g) Soy bean and
tuna (gr) (g) legumes (g)

Serum vitamin B12 level r P r P P r P r P r P

(pmol/L) 0.241 0.015 0.293 0.002 0.442 0.005 0.586 0.001 0.154 0.137 0.162 0.136

P<0.05 was considered to be statistically significant
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the results of the present study showed, the average
serum levels of vitamin B12 were 215 pmol/L and
58% of the participants had insufficient vitamin B12
levels. A study undertaken by Joosten et al. showed
that 5% of the elderly population had low serum
levels of vitamin B12, while 39 and 60 percent of the
population had increased levels of methyl malonic
acid and homocysteine, respectively (25). In addition,
the study done by Fakhrzadeh et al. in Iran, about
24% of the population aged 25-64 years suffered
from vitamin B12 deficiency. Moreover, 66% of men,
and 33% of women had hyperhomocysteinemia (26).

Based on the results of this study, the serum
level of vitamin B12 did not significantly correlate
with vitamin B12 content of diet in total. As the age
increases, the risk of developing gastric atrophy and
Helicobacter pylori might disrupt the absorption of
vitamin B12, which is likely to justify the results
of this study (27). H. pylori as an organism to be
responsible in induction of gastritis and ulcers, that
causes destruction of parietal cells and impairs
production of intrinsic factor and vitamin B12
absorption. As Sarari and colleagues showed in their
study, 67.4 percent of patients with B12 level lower
than 200 pg/ml had positive H. pylori test (28).

Our results showed that vitamin B12 had an
inverse relationship with fasting blood sugar, but
no significant correlation with insulin level and
HOMA-IR was noted. In line with our results,
Pappa et al. indicated that vitamin B12 deficiency
had no significant correlation with BMI and
glycemic indices in women with gestational
diabetes mellitus (GDM) (29). Although previous
studies showed that vitamin B12 deficiency is
correlated with dyslipedimia in diabetes mellitus
(30), we cannot mention a specific mechanism for
its effect on glycemic indices. The activation of
methylene tetrahydrofolate reductase (MTHFR)
enzyme is important for the metabolism balance
by converting 5, 10-methylenetetrahydrofolate to
S-methyltetrahydrofolate. The mutation in MTHFR
gene and conversion of number 677 nucleotide
from C to T results in reduction of enzyme activity,
homocysteine accumulation that further increases
the risk of metabolic syndrome, type 2 diabetes and
cardiovascular diseases (31, 32).

On the other hand, lower level of vitamin B12 is
more prevalent among those with TT genotype and
is associated with higher homocysteine level. Hence,
low levels of vitamin B12 may increase the risk of
metabolic syndrome and cardiovascular diseases.
In this regard, in a study conducted by Chen et
al. illustrated that the TT genotype of methylene
tetrahydrofolate reductase gene was associated
with insulin resistance by increasing CRP and UA

levels and reducing serum B12 levels (32). Another
animal study by Sianipar et al. showed that rats with
vitamin B12 deficiency had significantly higher
levels of glucose and homocysteine when compared
to the control group (33). Moreover, Jayashri et
al. demonstrated that vitamin B12 deficiency was
associated with severity of glucose tolerance (34).

According to the results, vitamin B12 serum level
had an inverse relationship with BMI. As shown in
Hamiel et al.’s study, vitamin B12 concentration was
lower in obese patients. Vitamin B12 deficiency can
be due to abnormal absorption, gastric acid secreting
drugs, mucosal disorders such as Crohn’s and celiac
disease, pernicious anemia and Giardia lamblia
infection. Another factor can be the increased need
for this vitamin with weight gain (18). Also a study
by Baltaci et al. indicated the association of low
vitamin B12 level with BMI in obese and overweight
participants, but not with insulin resistance (35).

Other proposed mechanisms associated with
vitamin B12 deficiency in obese people mentioned
in study of krishnaveni et al. was reduction in
absorption or intake of food, increased catabolism,
and secretion of vitamin B12 in adipose tissue.
Eating low-quality food that is high in energy, but
low in nutrients might increase fat and decrease
vitamin B12 levels, which can be amplified by
ageing (36). Inadequate intake of high quality foods
leads to lack of vitamins, which is associated with
obesity. Most vitamins in the obese group have lower
levels, including fat-soluble vitamins, B9, B12 and C.
Adipose tissue is considered to be a metabolic and
endocrine organ affecting homeostasis, and vitamin
deficiency can worsen the pathological conditions of
obese people (37).

On the other hand, vitamin BI12 deficiency
may affect body composition by trapping
5-methyltetrahydrofolate, which results in inhibition
of methionine generation from homocysteine,
following protein synthesis decrement and
deposition of lean tissue (16). Furthermore, cellular
inflammation by low concentration of vitamin B12
could affect adipocyte dysfunction. Moreover, gut
microbiota conversion due to obesity might worsen
vitamin B12 metabolism (17). In this regard, Allin
et al. showed that lower vitamin B12 level was
associated with increased BMI (38). Also, Gunanti et
al. reported an inverse association between vitamin
B12 status and body adiposity in children (39).

The results of our study indicated that serum
vitamin Bl12 level had a significant positive
correlation with the level of red meat, poultry, fish
and eggs in the diet, but without any relationship
to the legumes. Based on a previous study, animal
sources (meat, milk, eggs, fish and shellfish) were
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the main sources of cobalamine, but plant foods were
not considered as available sources of vitamin B12.
However, some herbs such as algae or blue algae
(synobacteria) contained a lot of vitamin B12 (40)
which was not common in our dietary pattern .

The limitations of this study included the
lack of blood markers measurement, including
methyl malonic acid and homocysteine, which are
more sensitive to lack of vitamin B12, but need
expensive kits to measure. On the other hand, lack
of cooperation amongst the elderly population was
another limitation. Additionally, due to the nature of
our study, it was impossible to determine the causal
relationship. Considering the results of this study
and the role of vitamin B12 in metabolic pathways,
it is suggested that in future studies, the relationship
between serum vitamin B12 level and body fat mass
to be investigated.

Conclusion

The results of this study showed that optimal level of
vitamin B12 might play a role in glycemic control,
and normal weight results. Therefore, it is advised
to consume food sources that contain vitamin B12,
including meat and dairy groups, which might
affect the serum level of vitamin B12 and its related
metabolic pathways.

Acknowledgment

The authors would like to thank the Jahandidegan
Center and those participated in this study. The
authors wish to thank Mr. H. Argasi at the Research
Consultation Center (RCC) of Shiraz University of
Medical Sciences for his invaluable assistance in

editing this manuscript.

Conflict of Interest

None declared.

References

1 Heidari M, Shahbazi S. Effect of self-care
training program on quality of life of elders.
Iran J Nurs. 2012;25:1-8.

Hafez G, Bagchi K, Mahaini R. Caring for the
elderly: a report on the status of care for the
elderly in the Eastern Mediterranean Region.
East Mediterr Health J. 2000;6:636-43.
PMID:11794069.

Mirzadeh J, Salari S, Mirzadeh N. Dietary
Pattern Based on RDA Effective Factors on the
Elderly people in Urmia in 1383. J Urmia Nurs
Midwifery Fac. 2005;3:40-8.
LuL,YuZ,PanA,etal. Plasma25-hydroxyvitamin
D concentration and metabolic syndrome among
middle-aged and elderly Chinese individuals.

\)

W

AN

10

11

12

13

14

15

16

Diabetes Care. 2009;32:1278-83. DOI:10.2337/
dc09-0209. PMID:19366976.

Sun X, Luo L, Zhao X, et al. Controlling
Nutritional Status (CONUT) score as a
predictor of all-cause mortality in elderly
hypertensive patients: a prospective follow-up
study. BM.J Open. 2017;7:¢015649. DOI:10.1136/
bmjopen-2016-015649. PMID:28928176.

Lovat LB. Age related changes in gut physiology
and nutritional status. Gut. 1996;38:306-9.
DOI:10.1136/gut.38.3.306. PMID:8675079.
Dali-Youcef'N, Andres E. Anupdate on cobalamin
deficiency in adults. QJM. 2009;102:17-28.
DOI:10.1093/qjmed/hen138. PMID:18990719.
Andrés E, Loukili NH, Noel E, et al. Vitamin B12
(cobalamin) deficiency in elderly patients. CMAJ.
2004;171:251-9. DOI:10.1503/cmaj.1031155.
PMID:15289425.

Fakhrzadeh H, Ebrahimpour P, Pourebrahim R,
et al. Metabolic Syndrome and its Associated
Risk Factors in Healthy Adults: APopulation-
Based Study in Iran. Metab Syndr Relat Disord.
2006;4:28-34. DOI:10.1089/met.2006.4.28.
PMID:18370767.

Xavier J, Costa F, Annichino-Bizzacchi J, et al.
High frequency of vitamin B 12 deficiency in a
Brazilian population. Public Health Nutrition.
2010;13:1191-7. DOI:10.1017/51368980009992205.
Adaikalakoteswari A, Jayashri R, Sukumar N,
et al. Vitamin B12 deficiency is associated with
adverse lipid profile in Europeans and Indians
with type 2 diabetes. Cardiovasc Diabetol.
2014;13:129. DOI:10.1186/s12933-014-0129-4.
PMID:25283155.

Khodabandehloo N, Vakili M, Hashemian Z, et al.
Determining functional vitamin B12 deficiency
in the elderly. lranian Red Crescent Med J.
2015;17. DOI:10.5812/ircmj.17(6)2015.13138.
Langan RC, Zawistoski KJ. Update on vitamin
B12 deficiency. Am Fam Physician. 2011;83:1425-
30. PMID:21671542.

Pasalar M, Mehrabani D, Afrasiabi A,
et al. Prevalence of thalassaemia, iron-
deficiency anaemia and glucose-6-phosphate
dehydrogenase deficiency among Arab migrating
nomad children, southern Islamic Republic of
Iran. East Mediterr Health J. 2014;20:726-31.
PMID:25601811.

Finer S, Saravanan P, Hitman G, et al. The role
of the one-carbon cycle in the developmental
origins of Type 2 diabetes and obesity. Diabetic
Med. 2014;31:263-72. DOI:10.1111/dme.12390.
PMID:2434488]1.

Kaya C, Cengiz SD, Satiroglu H. Obesity and
insulin resistance associated with lower plasma

Int J Nutr Sci December 2020;5(4)

171



Jamshidi et al.

17

18

19

20

21

22

23

24

25

26

27

vitamin B12 in PCOS. Reprod Biomed Online.
2009;19:721-6. DOI: 10.1016/j.rbmo.2009.06.005.
PMID: 20021721.

Sun Y, Sun M, Liu B, et al. Inverse association
between serum vitamin B12 concentration
and obesity among adults in the United States.
Front Endocrinol (Lausanne). 2019;10:414. DOLI:
10.3389/fendo.2019.00414. PMID: 31316466.
Karimi M, Mehrabani D, Pasalar M, et al.
Thalassemia, iron and G6PD deficiency in Lor
migrating nomad children, southern Iran. /ran
Red Crescent Med J. 2010;12:441-5.
Esmaillzadeh A, Mirmiran P, Azizi F.
Whole-grain intake and the prevalence of
hypertriglyceridemic waist phenotype in
Tehranian adults. Am J Clin Nutr. 2005;81:55-
63. DOI:10.1093/ajcn/81.1.55. PMID:15640460.
World Health Organization. Waist circumference
and waist-hip ratio: report of a WHO expert
consultation, Geneva, 8-11 December 2008.
James W, Chunming C, Inoue S. Appropriate
Asian body mass indices? Obes Rev. 2002;3:139.
DOI:10.1046/j.1467-789%.2002.00063.x.
PMID:12164464.

Wolters M, Strohle A, Hahn A. Cobalamin:
a critical vitamin in the elderly. Prev
Med. 2004;39:1256-66. DOI:10.1016/;.
ypmed.2004.04.047. PMID:15539065.

Salgado ALFdA, Carvalho Ld, Oliveira AC, et
al. Insulin resistance index (HOMA-IR) in the
differentiation of patients with non-alcoholic
fatty liver disease and healthy individuals. Arg
Gastroenterol. 2010;47:165-9. DOI:10.1590/
s0004-28032010000200009. PMID:20721461.
Volkert D, Kreuel K, Heseker H, et al. Energy
and nutrient intake of young-old, old-old and
very-old elderly in Germany. Eur J Clin Nutr.
2004;58:1190-200. DOI:10.1038/sj.ejen.1601950.
PMID:15054435.

Joosten E, van den Berg A, Riezler R, et al.
Metabolic evidence that deficiencies of vitamin
B— 12 (cobalamin), folate, and vitamin B— 6
occur commonly in elderly people. Am J Clin
Nutr. 1993;58:468-76. DOI:10.1093/ajcn/58.4.468.
PMID:8037789.

Fakhrzadeh H, Ghotbi S, Pourebrahim R, et al.
Total plasma homocysteine, folate, and vitamin
bl12 status in healthy Iranian adults: the Tehran
homocysteine survey (2003—2004)/a cross—
sectional population based study. BMC Public
Health. 2006;6:29. DOI:10.1186/1471-2458-6-29.
PMID:16472406.

Mahan LK, Escott-Stump S, Krause MV.
Krause’s food & nutrition therapy: Elsevier
Saunders; 2007.

28

29

30

31

32

33

34

35

36

37

Franceschi F, Annalisa T, Di Rienzo Teresa D,
et al. Role of Helicobacter pylori infection on
nutrition and metabolism. World J Gastroenterol.
2014;20:12809-17. DOI:10.3748/wjg.v20.
136.12809. PMID:25278679.

Pappa D, Navrozidou P, Barmpa E, et al, editors.
Vitamin B12 levels and its association with
glycaemic control and pregnancy outcomes in
women with gestational diabetes. 22nd European
Congress of Endocrinology; 2020: BioScientifica.
Sudchada P, Saokaew S, Sridetch S, et al. Effect
of folic acid supplementation on plasma total
homocysteine levels and glycemic control in
patients with type 2 diabetes: a systematic review
and meta-analysis. Diabetes Res Clin Pract.
2012;98:151-8. DOI:10.1016/j.diabres.2012.05.027.
PMID:22727498.

Mtiraoui N, Ezzidi I, Chaieb M, et al. MTHFR
C677T and A1298C gene polymorphisms and
hyperhomocysteinemia as risk factors of diabetic
nephropathy in type 2 diabetes patients. Diabetes
Res Clin Pract. 2007;75:99-106. DOI:10.1016/].
diabres.2006.05.018. PMID:16828193.

Chen AR, Zhang HG, Wang ZP, et al. C-reactive
protein, vitamin B12 and C677T polymorphism
of N-5, 10-methylenetetrahydrofolate reductase
gene are related to insulin resistance and risk
factors for metabolic syndrome in Chinese
population. Clin Invest Med. 2010;35:E290-E7.
DOI:10.25011/cim.v33i5.14354. PMID:20926035.
Sianipar IR, Ujianti I, Yolanda S, et al, editors.
Developing vitamin B12 deficient rat model
based on duration of restriction diet: assessment
of plasma vitamin B12, homocysteine (Hcy),
and blood glucose levels. AIP Conference
Proceedings; 2019: AIP Publishing LLC.
Jayashri R, Venkatesan U, Rohan M, et al.
Prevalence of vitamin B 12 deficiency in South
Indians with different grades of glucose tolerance.
Acta Diabetol. 2018;55:1283-93. DOI:10.1007/
$00592-018-1240-x. PMID:30317438.

Baltaci D, Kutlucan A, Turker Y, et al. Association
of vitamin B12 with obesity, overweight, insulin
resistance and metabolic syndrome, and body
fat composition; primary care-based study. Med
Glas (Zenica). 2013;10:203-10. PMID:23892832.
Krishnaveni G, Hill J, Veena S, et al. Low
plasma vitamin B 12 in pregnancy is associated
with gestational ‘diabesity’and later diabetes.
Diabetologia. 2009;52:2350-8. DOI:10.1007/
s00125-009-1499-0. PMID:19707742.
Thomas-Valdés S, Tostes MdGV, Anunciacdo
PC, et al. Association between vitamin deficiency
and metabolic disorders related to obesity. Crit
Rev Food Sci Nutr. 2017;57:3332-43. DOI:10.1

172

Int J Nutr Sci December 2020;5(4)



Vitamin B12 and diet in elderly

38

39

080/10408398.2015.1117413. PMID:26745150.
Allin KH, Friedrich N, Pietzner M, et al. Genetic
determinants of serum vitamin B12 and their
relation to body mass index. Eur J Epidemiol.
2017;32:125-34. DOI:10.1007/s10654-016-0215-x.
PMID:27995393.

Gunanti IR, Marks GC, Al-Mamun A et al. Low
serum vitamin B-12 and folate concentrations and

40

low thiamin and riboflavin intakes are inversely
associated with greater adiposity in Mexican
American children. J Nutr. 2014;144:2027-33.
DOI:10.3945/jn.114.201202. PMID:25411037.
Watanabe F. Vitamin B12 sources and
bioavailability. Exp Biol Med (Maywood).
2007;232:1266-74. DOI:10.3181/0703-MR-67.
PMID:179598309.

Int J Nutr Sci December 2020;5(4)

173



