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ABSTRACT

Introduction: Vitamin B12, also known as cobalamin; has been implicated as an important factor in regulating various metabolic processes, thus
playing arole in the etiology of obesity. Objectives: To assess whether obese adults are at an increased risk for vitamin B12 deficiency. This study
aimed to assess the serum vitamin B12 status of obese Indians to see if there were any associations between body mass index (BMI) and serum B12
concentration. Settings: Medicine outpatient at a medical college university hospital. Methods: We included 224 adult participants aged >19
years. Overweight and obesity were defined as BMI >25-29.9 kg/m2 and > 30 kg/m2 respectively. The study subjects were divided into 2 groups as
normal BMI (< 25 kg/m2) group, and the obese BMI (> 25 kg/m2) group. BMI was calculated as weight in kilograms divided by height in meters
square. Fasting venous blood samples were taken from the subjects for the estimation of serum B12 concentrations which were measured using the
fully automated electrochemiluminescence immunoassay. Low serum B12 was defined concentration < 197 pg/mL, and B12 deficiency was
defined as concentration below 150 pg/mL. The adjusted odds ratio (OR) and 95% confidence interval (CI) were obtained by the binary logistic
regression method. The correlation between serum B12 and BMI was calculated using Pearson's correlation coefficient (r) across various BMI
categories. Results: Serum B12 level was significantly lower among obese adults compared with non-obese adults. There were significant negative
associations between BMI and serum B12 (p =0.004). Pearson correlation coefficient was strongly negatively associated for BMI with serum B12
level (r=-0.703, p<0.00001). Conclusions: Obesity in otherwise healthy adults was associated with an increased risk of serum B12 deficiency. A
negative association was found between serum B12 concentrations in obese adult subjects. This association was more pronounced with higher
grades of obesity; further research at a large scale is needed to understand the underlying mechanisms and its prevalence in the obese population.
We recommend that the possibility of vitamin B12 deficiency should always be considered in obese adults.
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INTRODUCTION

Overweight and obesity are defined as abnormal or excessive fat
accumulation that may impair health. In terms of body mass index
(BMI) adult population is classified as overweight (BMI 25.0-29.9
kg/m2) or obese (BMI > 29.9kg/m2) (1). The main causes of obesity
include a sedentary lifestyle, advancing age, low socioeconomic
status, and bad nutrition habits including irregular meal patterns with
skipped meals among many adults (2). In 2016 worldwide 39% of
adults aged > 18 years were overweight and 13% were obese. The
prevalence of overweight and obesity among children and adolescents
aged 5-18 has risen dramatically from just 4% in 1975 to just over 18%
in 2016 (3,4). Overweight and obesity are linked to more deaths
worldwide than underweight. Globally more people are obese than
underweight — this occurs in every region except parts of sub-Saharan
Africaand Asia (4).

In India, according to the national family health survey 4 which was
held in 2015-16; men and women overweight and obese are 18.9% and
20.6% respectively (5). Cerebrovascular diseases, insulin resistance,
dyslipidemia, sleep apnea, hypertension, and diabetes are the major
disorders associated with obesity due to the production of excessive
adipokines (6). Also, obesity contributes to immune dysfunction and is
a major risk factor for certain cancers such as hepatocellular,
esophageal, and colon cancer (7).

Although it is hard to conceive of a nutritional deficiency occurring in
subjects with excessive dietary and caloric intake, obese people tend to
consume foods rich in carbohydrates and fat and thus are at increased
risk of micronutrient deficiency. It is also observed that obese people
have diets that are typically poor in balanced nutrition. Overweight and
obesity have been shown to alter the absorption, distribution,
metabolism, and/or excretion of micronutrients including folate,
vitamin D, thiamine, calcium, magnesium, potassium, and B12(8). A
poor nutritional status concerning vitamins affects mucosal integrity
and can affect the absorption of other nutrients (9,10).

Vitamin B12 (B12) is an essential water-soluble vitamin also known as
Cobalamin. B12 is manufactured by microorganisms present in the
liver of animals bound to protein. B12 is involved in cellular energy
production and epigenetic modulation processes, including DNA
methylation, synthesis, and repair (11-13). B12 deficiency is mainly
due to limited dietary intake of animal foods or malabsorption of the
same (14). Previous studies have found that serum vitamin B12
deficiency is more common in obese individuals. However, the
association between serum B12 concentrations and obesity has been
inconsistent, although, B12 deficiency is more prevalent among the
obese population (15-24).

A clinical study based on knowledge and information on serum B12
concentration among obese people in India is needed to reduce the risk
of chronic diseases; especially coronary artery disease and diabetes
mellitus, and improve quality of life. Our study is the first of its kind to
describe the association of adult obesity with serum B12 concentration
in India.

RESEARCH QUESTION
Does obesity is associated with the low level of serum vitamin B12?

AIMSAND OBJECTIVES

The current study aimed to assess whether obese adults are at increased
risk for vitamin B12 deficiency. This study was conducted to
investigate serum B12 status, clinical characteristics, and
anthropometric measurements of healthy overweight and obese
compared with healthy non-obese adults from Rajasthan.

METHODS

A. Settings

This is a hospital-based observational case-control study comparing
224 subjects with overweight and obese; and 170 subjects with normal
BMI adults aged 19 years and above; over three years (from February
2018 to January 2021). The study participants, who came for routine
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health check-ups; were randomly selected from medicine outpatient
clinics at Pacific Medical College and Hospital (PMCH), Udaipur.
PMCH is a tertiary care teaching hospital in Rajasthan, India. The
participants were explained in detail the purpose of the study, and
informed written consent was obtained. The study was approved by the
institutional ethics committee.

The inclusion and exclusion criteria were defined as follows.

B. Inclusion criteria:

According to the world health organization (WHO), body mass index

(BMI) is a simple index of weight-for-height that is used to classify

overweight and obesity in adults. It is defined as a person's weight in

kilograms divided by the square of his/her height in meters (kg/m2).

Adults are of 19 years or more of age (4).

1. Overweight is a BMI greater than or equal to 25 but less than 30;
and

2. Obesity is defined as BMI greater than or equal to 30.

Control non-obese group having BMI more than 18.5 and less than 25;
and no other known chronic or acute illness.

C.Exclusion criteria:

1. Pre-existing diabetes, malignancy, anemia; or any other chronic or
acuteillness.

2. Post-surgical status of bariatric or other major gastrointestinal
surgery.

3. Currently or in past on metformin, H2 blockers, and proton pump
inhibitors for more than 4 weeks duration.

4. Currently or in past on fortified food, multivitamins, or B12
supplements.

5. Chronic alcohol use and dependence.

6. Pregnantfemales.

For this analysis, we initially identified 238 participants with complete
information on serum vitamin B12 levels and obesity status. We then
excluded 4 people who were using metformin for weight reduction for
2 months, 4 people who took B12 supplements, 2 females who
reported pregnancy, and 4 people who started on herbal diets; resulting
in 224 participants being finally included in our analysis.

D. Exposure and outcome analysis

Complete demographic details of all the participants were recorded in
the study proforma. The body weight of each individual dressed in
normal clothing was recorded by using Omron digital body weighing
scale HN-283. Height measurements were taken by using an MCP
wall-mounted stature scope height measuring scale for clinics
according to the national health and nutrition examination survey
anthropometry procedures manual (25). Body mass index (BMI) was
calculated as weight in kilograms divided by the square of height in
meters and rounded to 2 decimal places. The BMI classification was
done according to WHO criteria: overweight = 25.0-29.9 kg/m2,
obesity class I = 30.0-34.9 kg/m2, obesity class II = 35.0-39.9 kg/m2
and obesity class III > 40.0 kg/m2; and normal BMI (non-obese) =
18.5-24.9 kg/m2. Waist and hip circumferences were measured to
calculate the waist-hip ratio (WHR). As per WHO, WHR for males
<0.95 and females <0.80 were considered normal (4).

E. Method for estimation of serum B12 level

We obtained fasting venous blood samples of the study participants ina
plain vial and the serum was stored at 2-8 0C and assayed for serum
B12 levels. The serum B12 measurements were done with the Cobas e
411 analyzer (Roche Diagnostics) - a fully automated analyzer that
uses a patented ElectroChemiLuminescence (ECL) technology for
immunoassay analysis. This method has been standardized against the
Elecsys serum vitamin B12 assay as per the WHO calibration and
accuracy study (26). The range of normal level of serum B12 is 197-
771 pg/mL (2.5th-97.5th percentile); with a median of 425 pg/mL.
Values below 150 pg/mL are considered the B12 deficiency; while
150-197, pg/mL is a low B12 level. The range of detection of serum
B12 in our method was 50 pg/mL to 2000 pg/mL.

F. Data collection: Both the group participants were clinically
assessed, anthropometric measurements recorded and serum B12
concentration was estimated at the in-hospital biochemistry
laboratory. These data were entered in the proforma.

G. Quality control of data: Serum B12 concentrations were
randomly cross-checked with the PreciControl Varia kit provided with
the test kits. We also sent random samples to the research laboratory of

our medical college and were found to be comparable with
biochemistry laboratory results.

STATISTICALMETHODS

Data were analyzed using a standard statistical method provided by
SPSS software. The continuous variables age, WHR, and serum B12 of
the two groups were analyzed using analysis of variance for
comparison of the mean based on BMI categories. The continuous
variables were stated as mean + standard deviation (SD). The
categorical variables were stated as a percentage. Adjusted odds ratio
and 95% confidence intervals were obtained from binary logistic
regression with low serum B12 concentration (<197 pg/mL) as a
dependent variable; and sex, BMI, and WHR as predictors. Binary
logistic regression was also performed with serum B12 and WHR as
dependent variables and BMI as the main independent variable. P
values below 0.05 were considered statistically significant.
Correlation between serum B12 and BMI; and serum B12 and WHR
were calculated using Pearson's correlation coefficient (r) across
various BMI categories.

RESULTS

The study enrolled 394 patients, 224 cases of overweight and obesity
(59.82 % males and 40.18% females), and 170 controls (59.41 % males
and 40.59 % females). The mean age of the patients in the cases group
was 40.37+9.33 years, and in the control group was 39.10+9.58 years
(p=0.186; p>0.05). Table 1 shows frequency distribution among cases
and controls based on gender, age group, WHR, and serum B12
concentration range.

Table 1: Frequency distribution among controls and cases

Characteristics Control group|Cases group
n=170 n= 224
Overweight| Obese
Normal (BML| "pyy 25 (BMI=30)
18.5-24.9) T h=130
n=170%) | 20)n
94(%) (%)
Age Group)| 19-40 yrs. 84(49.41)  |51(54.26  |44(33.85)
41-60 yrs. 86(50.59)  |43(45.74) |86(66.15)
Gender  |Male 101(59.41)  |54(57.45) [80(61.54)
Female 69(40.59) 140(42.55) [50(38.46)
WHR <0.95 87(86.14) 12(22.22) [0(0.00)
(Male)*  [>0.95 14(13.86)  [42(77.78) [80(100.00)
WHR <0.80 39(56.52)  [8(20.00)  |0(0.00)
(Female)* |>0.80 30(43.48) 32(80.00) |50(100.00)
Serum B12[<150 pg/ml  [11(6.47) 1(1.06)  [73(56.15)
151-197 pg/ml|15(8.82) 0(0.00)  [21(16.15)
>197 pg/ml  |[144(84.71)  93(98.94) 136(27.70)

*As per WHO, WHR for males <0.95 and females <0.80 were
considered normal.
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Figure 1: Serum B12 level among controls, overweight and obese
group.

The mean was obtained for age, WHR, BMI, and serum B12 among
cases and controls. The mean serum B12 level was significantly lower
in the obese and overweight groups than in the control group;
160.7+83.14 pg/mL, 320.17+72.16 pg/mL, and 440.98+234.08 pg/mL
respectively (p=0.000, p<0.001) (Table 2, Figure 2, 3). Serum B12
level in the obese patients was also significantly lower than in the
overweight group (p=0.000, p<0.001). The adjusted Odds ratio was
significant for BMI and gender (p=0.004 and 0.001 respectively) but
the ratio was highest for BMI, and it was not significant for WHR
((p=0.439,p>0.005) (Table 3).
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Table 2: Analysis of variance according to BMI category

Characteristics | BMI Category, mean+ SD p-value
Normal Overweight |Obese
(BMI18.5-24.9)[ (BMI 25-29.9) (BMI >30)
n=170 n=94 n=130
éf:égfsn) 39106057 (357041075 450" 0,000
BMI 23.701.03 27.441.3 32.892.44 10.000
(mean+S.D.)
WHR 0.8596+0.64  |0.8991+0.68 [0.9625+ [0.000
(mean+S.D.) 0.5862
iﬁ{?ﬂ‘gaﬁiégg)/ 440.98+234.08 |320.17472.16 | 5075 10,000
Table 3: Adjusted odds ratio about serum B12 deficiency for
different variables (Results of Binary logistic regression)
Characteristics Adjusted Odds 95% Confidence P Value
Ratio* Interval
Gender** 0.332 0.176 0.627 0.001
BMI 21.274 2.699 167.683 |0.004
WHR 0.701 0.284 1.726 0.439

*Dependent Variable-Serum B12 Deficiency, **Reference category
firsti.e., male, control.

Serum B12 with BMI

Serum B12 with WHR

Figure 3: Distribution of serum B12 ((Y-axis) with WHR (X-axis).

Serum B12 status (deficient, low, and adequately normal) was
compared among cases and control groups. Accordingly, the
percentage of patients with serum B12 deficiency in the cases
(overweight obese) group was quite higher than in the control group
(42.41% versus 15.29 %) (p<0.001) (Table 4). Visual inspection of the
scatter plot of the relationship between BMI and serum B12 among

- cases and controls is shown in Figure 4. Serum B12 was significantly
o lower in obese females compared to age-matched obese males. Also,
. the age group 41-60 years had significantly lower serum B12 than the
8 s age group 19-40 years among both cases and controls (Table 5).
LI}
4 : 3 . Table 4: Comparison Of Serum B12 Deficiency Among Cases And
Boor 5 g Controls
d, "e?, Group | Sub Group|B12low and  |B12 Normal P
‘ o ey = Total deficient(<197 |[(>197 pg/ml) (Chi-Square
s pg/ml) n(%) |n(%) test)
1 2 = n=394 |Control 0.000
ol |26(1529) 144(84.70 )
Cases
Figure 2: Distribution of serum B12((Y-axis) with BMI (X-axis). n=224 95(42.41) 129(57.60)
Table 5: T-test For Comparison Of Means Of Two Groups
Characteristics Control group n=170 | Cases group 95% Confidence Interval P Value
( BMI 18.5-24.9) n=224 (BMI>25)  [lower upper
Age (mean+S.D.) 39.10+9.57 40.3749.31 -3.15769 0.61662 0.186
WHR(all) 0.8596+0.64 0.9359+0.70 -0.08993 -0.06277 0.000
WHR(male) 0.90+0.04 0.96+0.07 -0.07907 -0.04925 0.000
WHR (female) 0.79+0.03 0.87+0.05 -0.11914 0.05055 0.000
Serum B12(all) 440.98+234.08 227.62+111.07 178.34326 248.39214 0.000
Serum B12(male) 407.0693+183.25 229.6866+100.00 140.5573 214.20818 0.000
Serum B12(female) 490.64+287.39 224.54+126.84 199.12778 333.05869 0.000
Serum B12(19-40 years)  |510.52+264.01 266.02+105.23 186.45855 302.54696 0.000
Serum B12(41-60 years)  |373.07+177.31 199.34+107.50 135.4187 212.03867 0.000
e £ el Relationship between BMI and serum B12
cases (25<BMI<30) Pearson correlation coefficient was strongly negatively associated
* cases (BMI=30) only for BMI with serum B12 level ®=-0.703, p<0.00001) (Table 6),
2001 although weak negative but statistically significant association was
also found for age and WHR (r = -0.397, p<0.00001 and r =-0.523,
* p<0.00001; respectively). Spearman's Rho (rs) measures the strength
00+ * and direction of the relationship between two variables. Among the
- cases group, BMI versus serum B12 the Spearman's Rho was rs = -
E *K 0.89319, p (2-tailed) = 0. This shows the association between the two
g * variables is statistically significant and the strength of association
¥ 400 4 * % * L between the two variables is strong in the negative direction i.e. as BMI
* & * increases, there is a statistically significant decrease in serum B12
Fhk * ] concentrations.
* .
2001 * g* * ok . Table 6: Correlation of serum B12 with Age, BMI, and WHR.
L [ ]
L = - Parameter Pearson Correlation Coefficient (r) with p-value
* ¥ serum B12
225 25.0 215 30.0 325 35.0 375 Age -0.397 <0.00001
Ml
Figure 4: Scatter plot of serum B12 with BMI among cases and BMI 0-703 000001
controls. WHR -0.523 <0.00001
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DISCUSSION

Causes of Vitamin B12 deficiencies are multifactorial and associated
with many health problems. The prevalence of obesity is increasing in
the world (27-29). Therefore, both health problems have gained
importance among non-communicable yet preventable diseases in the
last decades. Disruption of B12 transport in the blood, or impaired
cellular uptake or metabolism causes intracellular deficiency. Its
deficiency is caused by inadequate intake, inadequate bioavailability,
or malabsorption. The clinical B12 deficiency with classic
hematological and neurological manifestations is relatively
uncommon. However, subclinical deficiency affects between 2.5%
and 26% of the general population depending on the definition used.
Inadequacy of vitamin B12, ranging from varying degrees of
insufficiency to outright deficiency, has a wide prevalence and affects
individuals of all ages, but most particularly infants, children,
adolescents, and women of reproductive age in populations in which
dietary intake of B12-containing animal-derived foods are restricted.
Diagnostic biomarkers for B12 status include decreased levels of
circulating total B12 and transcobalamin bound B12, and abnormally
increased levels of homocysteine and methylmalonic acid (MMA).
However, the exact cut-offs to classify clinical and subclinical
deficiency remain debated (30).

The current study mainly intended to understand the relationship
between BMI and serum B12 concentrations among adult Indians. To
the best of our knowledge, our study is the first study that investigated
the association of serum vitamin B12 concentration with BMI and
WHR in obese patients from north India. Thus, it is needed to
understand the relationship between BMI and serum B12 levels in the
Indian population with an intent to answer the above research question.
The study indicated that serum vitamin B12 deficiency is common
among obese, compared to non-obese individuals. It is not more
frequent only in patients with obesity, but also in those who are
overweight. The study has shown that serum B12 level was strongly
correlated in the negative direction with BMI, and there was only a
mild correlation between WHR and age.

Kaya et al. conducted a study on the association between insulin
resistance, obesity, and vitamin B12 in patients with polycystic ovary
syndrome. They concluded that obesity, insulin resistance, and
elevated homocysteine level were associated with vitamin B12
deficiency (31). We investigated vitamin B12 deficiency in the general
population in the present study and found a significant negative
correlation of serum B12 with BMI, but not with WHR.

Previously reported studies on the association between vitamin B12
and obesity in middle-aged women have shown a significantly lower
vitamin B12 in obese women and a negative correlation with BMI (32).
The current study investigated a correlation between vitamin B12
levels in both male and female patients with obesity and overweight, in
addition to BMI and WHR. In our study, the relationship was
significant across all the BMI categories and the strength of correlation
(association) increased with the increase in the BMI category with anr
0f-0.703 in the obese category.

In previous studies, various results regarding serum BI2 levels
between male and female individuals were reported (33-35). In some
studies, it was reported that vitamin B 12 deficiencies were associated
with long-term use of metformin, histamine-2 blockers, and proton
pump inhibitors (PPIs) (36,37). In the current study, we found no
significant difference between B12 levels in males and females;
although male subjects with obesity and overweight had more serum
B12 levels, compared to female counterparts. Also, in the current
study, we excluded the patients who had used metformin, PPIs, and
H2-blocker agents for over four weeks duration. In recent studies, it
was shown that gastro-oesophageal reflux disease secondary to
helicobacter pylori infection was associated with serum B12
deficiency. It was known that the frequency of helicobacter pylori
infection and dyspeptic symptoms in obese patients were common
(38-40). Patients with obesity tend to use intermittently PPIs or H2-
blockers to relieve dyspeptic complaints. Intermittent use can also
cause serum B12 deficiency in obese people.

There are several possible explanations for the association between
low serum B12 levels and obesity. One explanation is that low serum
B12 levels would trap folate as 5-methyltetrahydrofolate, prevent the
generation of methionine from homocysteine, and therefore reduce
protein synthesis and lean tissue deposition (41-43). It could also be

due to the adipocyte dysfunction linked to low serum B12 levels
through cellular inflammation (18, 44). Another possibility is that
obesity could lower serum B12 levels through decreased dietary intake
or absorption, increased catabolism, sequestration in adipose tissues,
or changes in the gut microbiota profiles which could affect the
metabolism of vitamin B12 (45).

Interestingly, a recent study in the Danish population showed that lower
serum B12 concentrations were significantly associated with higher
BMI, but a genetic risk score related to serum B12 concentrations
associated with variants was not associated with BMI (20). Also, there is
clear evidence that low serum B12 level is a risk factor for neurological
consequences such as cognitive decline and cerebral atrophy associated
with aging (46); and incident dementia (47).

The findings of this study can be used for predicting the risk of new-
onset cardiovascular events and diabetes among Indians in the future
by using serum B12 status among various categories of BMI.
Although, large-scale longitudinal studies are required to establish this
relationship.

Strengths Of The Study

The major strength of this study is the utilization of obese adult
subjects otherwise healthy. Our study was among the first studies to
demonstrate the relationship between BMI and serum B12 among
adult Indians. Also, this study is unique in the fact that it included
medium sample size, and a broad range of serum B12 levels. Potential
confounding effects from associated comorbid conditions, use of
dietary supplements, and medications were excluded from the study
that could have biased serum B12 status. Furthermore, the
measurement of fasting serum B12 provides more reliable results for
the true association with obesity than the dietary estimates.

Limitations Of The Study

The current study has certain limitations. First, the study was carried
out on subjects who came for routine health check-ups; thus, it may not
reflect true causality in the local population. Second, it is difficult to
determine if obesity status alters serum B12 levels or if preexisting low
levels of serum B12 cause obesity, though the inverse association of
serum B12 levels with obesity supports the role of B12 in
adipogenesis. Third, serum homocysteine and methylmalonic acid
level were not measured in the study. Although homocysteine and
methylmalonic acid are used for the determination of serum B12
deficiency. Fourth, although we have excluded cancer and gastric
surgery, previously undiagnosed atrophic gastritis or pernicious
anemia may have coexisted that could affect serum B12 absorption or
body weight, or both. Thus the causal relation between serum B12
status and obesity necessitates further study involving a large database
of'the population.

CONCLUSION

In this Indian study, we demonstrated a significant negative correlation
(association) between BMI and serum B12level. Our results reflect
that overweight and obese individuals are at increased risk of
inadequate or deficient serum B12 status. We could also establish the
effect of age and level of BMI on the magnitude of correlation with a
maximum negative correlation of BMI and serum B12 in the older
(41-60 years) age group and individuals with high BMI, that is, obese
(>30 kg/m2) (figure 4). Our findings provide initial information on the
relationship between BMI and serum B12level in the local population,
which may be different from individuals of other ethnic groups and
geographical regions.

In conclusion, a negative association between BMI for serum B12
level implies that people with higher BMI are at risk of deficiency of
vitamin B12. Thus, obesity and overweight are additional risk factors
for serum vitamin B12 deficiency. In obesity, the reason for serum B12
deficiency is multifactorial and modifiable. The clinicians should keep
in mind that serum B12 levels may be lower than in non-obese people.
They should check B12 levels in patients with obesity and overweight,
although they are mostly asymptomatic or may have subclinical
features. This study provides a platform for further research to provide
more understanding in this context through prospectively planned
larger and longitudinal studies. Also, further research is needed to
determine the causality and the underlying mechanisms of low serum
B12 concentrations among obese people.

Fundings
No funding was received for this study.

I International Journal of Scientific Research |—| 21 |



Volume - 11 | Issue - 10 | October - 2022
I EEEEEEEEE——

Declaration of competing interest
Competing interests: none to declare.

Acknowledgments

We

are thankful to the biochemistry technicians and the ethical

committee of Pacific Medical university.

Abbreviations

B12 = Vitamin B12, BMI = Body Mass Index, WHR = Waist Hip
Ratio, WHO = World Health Organization, MMA = Methyl Malonic
Acid; PPIs =Proton Pump Inhibitors.

Author Contributions

v

proposed the original study idea and design, drafted the original

manuscript, and was the major contributor to the data analysis and
writing of the manuscript. RKS and JCS assisted with editing the
manuscript and reviewing the final article. KRS and SS assisted with
data analysis and reviewed the results. All authors read and approved
the final manuscript.

RE
1.

11.
12.

13.
14.

20.
21.
22.

23.

24.

25.

26.

27.
29.
30.
31.

32.

FERENCES

Schwartz MW, Seeley RJ, Zeltser LM, Drewnowski A, Ravussin E, Redman LM, et al.
Obesity pathogenesis: an endocrine society scientific statement. Endocr Rev. (2017)
38:267-96. doi: 10.1210/er.2017-00111.Pi Sunyer FX.
The obesity epidemic: pathophysiology and consequences of obesity. Obesity research.
2012;10(Suppl 2):97S-104S.
Finucane MM Stevens GA, Cowan MJ, Danaei G, Lin JK, Paciorek CJ, Singh GM,
Gutierrez HR, Lu Y, Bahalim AN, Farzadfar F, Riley LM, Ezzati M; Global Burden of
Metabolic Risk Factors of Chronic Diseases Collaborating Group (Body Mass Index).
National, regional, and global trends in body-mass index since 1980: systematic analysis
of health examination surveys and epidemiological studies with 960 country-years and
9-1 million participants. Lancet 2011; 377:557-67.
https://www.who.int/en/news-room/fact-sheets/detail/obesity-and-overweight.
International Institute for Population Sciences. National Family Health Survey (NFHS-
4)2015-16 India. International Institute for Population Sciences (IIPS) and ICF (2017).
Gurevich Panigrahi T, Panigrahi S, Wiechec E, et al. Obesity: pathophysiology and
clinical management. Curr Med Chem. 2009;16(4):506-521.
Redinger RN. The pathophysiology of obesity and its clinical manifestations.
Gastroenterol Hepat. 2007;3(11):856-863.
Australian Health Survey: Consumption of food groups from the Australian Dietary
Guidelines 2011-2012. In: aging Doha, editor.: Australian Bureau of Statistics; 2012.
Blackwood AD, Salter J, Dettmar PW, Chaplin MF. Dietary fiber, physicochemical
properties and their relationship to health. J R Soc Promot Heal. 2000;120(4):242-7.
Patrini C, Griziotti A, Ricciardi L. Obese individuals as thiamin storers. Int J Obes Relat
Metab Disord. 2004;28(7):920-4.
Zemel MB. Mechanisms of dairy modulation of adiposity. J Nutr. 2003;133:252S- 256S.
Said HM: Intestinal absorption of water-soluble vitamins in health and disease. Biochem
J2011;437:357-372.
OhR, Brown DL. Vitamin B12 deficiency. Am Fam Physician. 2003;67:979-986.
Strain JJ, Dowey L, Ward M, Pentieva K, McNulty H. B-vitamins, homocysteine
metabolism and CVD. Proc Nutr Soc. 2004;63:597-603.
O'Leary F, Samman S. Vitamin B12 in health and disease. Nutrients. (2010) 2:299-316.
doi: 10.3390/nu2030299.
Knight BA, Shields BM, Brook A, Hill A, Bhat DS, Hattersley AT, et al. Lower
circulating B12 is associated with higher obesity and insulin resistance during
pregnancy in a non-diabetic white British population. PLoS ONE. (2015) 10:¢0135268.
doi:10.1371/journal. pone.0135268.
Krishnaveni GV, Hill JC, Veena SR, Bhat DS, Wills AK, Karat CL, et al. Low plasma
vitamin B12 in pregnancy is associated with gestational 'diabesity' and later diabetes.
Diabetologia. (2009) 52:2350-8. DOI: 10.1007/s00125-009-1499-0.
Sukumar N, Venkataraman H, Wilson S, Goljan I, Selvamoni S, Patel V, et al. Vitamin
B12 status among pregnant women in the UK and its association with obesity and
gestational diabetes. Nutrients. (2016) 8:E768. doi: 10.3390/nu8120768.
Baltaci D, Kutlucan A, Turker Y, Yilmaz A, Karacam S, Deler H, et al. Association of
vitamin B12 with obesity, overweight, insulin resistance and metabolic syndrome, and
body fat composition; primary care-based study. Med Glas. (2013) 10:203-10.
Allin KH, Friedrich N, Pietzner M, Grarup N, Thuesen BH, Linneberg A, 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.
Abu-Samak M, Khuzaie R, Abu-Hasheesh M, Jaradeh M, Fawzi M. Relationship of
vitamin B12 deficiency with overweight in Male Jordanian Youth. J Appl Sci. (2008)
8:3060-3. doi: 10.3923/jas.2008.3060-3063.
Reitman A, Friedrich I, Ben-Amotz A, Levy Y. Low plasma antioxidants and normal
plasma B vitamins and homocysteine in patients with severe obesity. Isr Med Assoc J.
(2002)4:590-3.
Tungtrongchitr R, Pongpaew P, Tongboonchoo C, Vudhivai N, Changbumrung S,
Tungtrongchitr A, et al. Serum homocysteine, B12 and folic acid concentration in Thai
overweight and obese subjects. Int J Vitam Nutr Res. (2003) 73:8-14. DOI:
10.1024/0300-9831.73.
Goyal R, Dhanuka S, Mehta V, et al. To Study The Vitamin B12 Status in Morbidly
Obese Patients. International Journal of Food and Nutritional Sciences.
2013;2(2):73-76.
Centers for Disease Control and Prevention. National Health and Nutrition Examination
Survey (NHANES) Anthropometry Procedures Manual (2013).
Thorpe SJ, Heath A, Blackmore S, et al. International Standard for serum vitamin B12
and serum folate: international collaborative study to evaluate a batch of lyophilized
serum for B12 and folate content. Clin Chem Lab Med 2007;45(3):380-386.
Kopelman PG. Obesity is a medical problem. Nature 2000; 404:635-3.
Allen LH. How common is vitamin B-12 deficiency? Am J Clin Nutr 2009; 89:693-6.
Herrmann W, Obeid R. Causes and early diagnosis of vitamin B12 deficiency. Dtsch
Arztebl Int 2008; 105:680-5.
Green, R., Allen, L., Bjorke-Monsen, AL. et al. Vitamin B12 deficiency. Nat Rev Dis
Primers 3, 17040 (2017).
Kaya C, Cengiz SD, Satiroglu H. Obesity and insulin resistance associated with lower
plasma vitamin B12 in PCOS. Reprod Biomed Online 2009; 19:721-6.
Baltaci D, Kutlucan A, Ozturk S, Karabulut I, Yildirim HA, Celer G, Celbek G, Kara [H.
Evaluation of vitamin B12 level in middle-aged obese women with metabolic syndrome
and non-metabolic syndrome: a case-control study. Turk J Med Sci 2012;42:802-9.

|

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

PRINT ISSN No. 2277 - 8179 | DOI : 10.36106/ijsr

Bates CJ, Schneede J, Mishra G, Prentice A, Mansoor MA. Relationship between
methylmalonic acid, homocysteine, vitamin B12 intake and status and socio-economic
indices, in a subset of participants in the British National Diet and Nutrition Survey of
people aged 65 years and over. Eur J Clin Nutr 2003; 57:349-57.

Carmel R, Green R, Jacobsen DW, Rasmussen K, Florea M, Azen C. Serum cobalamin,
homocysteine, and methylmalonic acid concentrations in a multiethnic elderly
population: ethnic and sex differences in cobalamin and metabolite abnormalities. Am J
Clin Nutr 1999; 70:904-10.

Rasmussen K, Moller J, Lyngbak M, Pedersen AM, Dybkjaer L. Age- and gender-
specific reference intervals for total homocysteine and methylmalonic acid in plasma
before and after vitamin supplementation. Clin Chem 1996; 42:630-6.

Pongchaidecha M, Srikusalanukul V, Chattananon A, Tanjariyaporn S. Effect of
metformin on plasma homocysteine, vitamin B12 and folic acid: a cross-sectional study
in patients with type 2 diabetes mellitus. J Med Assoc Thai 2004; 87: 780-7.

Hirschowitz BI, Worthington J, Mohnen J. Vitamin B12 deficiency in hypersecretors
during long-term acid suppression with proton pump inhibitors. Aliment Pharmacol
Ther2008;27:1110-21.

El-Serag H.The association between obesity and GERD: a review of the
epidemiological evidence. Dig Dis Sci 2008; 53:2307-12.

Van Oijen MG, Josemanders DF, Laheij RJ, van Rossum LG, Tan AC, Jansen JB.
Gastrointestinal disorders and symptoms: does body mass index matter? Neth J Med
2006; 64:45-9.

Béchade D, Blondon H, Sekkach Y, Desramé J, Algayres JP. Review of the association
between obesity and gastroesophageal reflux and its complications. Gastroenterol Clin
Biol 2009; 33:155-66.

Gunanti IR, Marks GC, Al-Mamun A, Long KZ. Low serum vitamin B-12 and folate
concentrations and 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.114.2.

Pereira GA, Bressan J, Oliveira FLP, Sant'’Ana HMP, Pimenta AM, Lopes LL, et al.
Dietary Folate Intake Is Negatively Associated with Excess Body Weight in Brazilian
Graduates and Postgraduates (CUME Project). Nutrients. 2019;11:3.

Piyathilake CJ, Badiga S, Alvarez RD, Partridge EE, Johanning GL. A lower degree of
PBMC L1 methylation is associated with excess body weight and higher HOMA-IR in
the presence of lower concentrations of plasma folate. PLoS One. 2013;8(1):e54544.
Kumar KA, Lalitha A, Pavithra D, Padmavathi IJ, Ganeshan M, Rao KR, et al. Maternal
dietary folate and/or vitamin B12 restrictions alter body composition (adiposity) and
lipid metabolism in Wistar rat offspring. J Nutr Biochem. (2013) 24:25-31. doi:
10.1016/j.jnutbio.2012.01.004.

Castaner O, Goday A, Park YM, Lee SH, Magkos F, Shiow STE, et al. The gut
microbiome profile in obesity: a systematic review. Int J Endocrinol. (2018)
2018:4095789. DOI: 10.1155/2018/4095789.

Vogiatzoglou, A. et al. Vitamin B12 status and rate of brain volume loss in community-
dwelling elderly. Neurology 71, 826-832 (2008).

Haan, M. N. et al. Homocysteine, B vitamins, and the incidence of dementia and
cognitive impairment: results from the Sacramento Area Latino Study on Aging. Am. J.
Clin. Nutr. 85,511-517(2007).

22 |—| International Journal of Scientific Research |



