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Burden of Vitamin D, Vitamin B12 and
Folic Acid Deficiencies in an Aging,
Rural Indian Community

Jonas S. Sundarakumar, Shafeeq K. Shahul Hameed, SANSCOG Study Team and
Vijayalakshmi Ravindranath*

Centre for Brain Research, Indian Institute of Science, Bangalore, India

Introduction: The important role of micronutrient deficiencies in aging-related disorders
including dementia is becoming increasingly evident. However, information on their
burden in India is scarce, especially, among aging and rural communities.

Methods: Prevalence of vitamin D, B12 and folic acid deficiency was measured in
an ongoing, aging cohort, from rural India—Srinivaspura Aging Neurosenescence and
COGnition (SANSCOG,) study cohort. Serum level estimation of vitamin D, B12 and folic
acid, using chemiluminescence immunoassay, was performed on 1648 subjects (872
males, 776 females).

Results: Mean vitamin D, B12 and folic acid levels were 23.4 + 10.6ng/ml, 277.4 +
194.4 pg/ml and 6 £ 3.5ng/ml), respectively. Prevalence of low vitamin D (<30 ng/ml),
vitamin D deficiency (<20 ng/ml), B12 deficiency (<200 pg/ml) and folic acid deficiency
(<8ng/ml)were 75.7,39.1, 42.3, and 11.1%, respectively. Significantly more women had
vitamin D deficiency, whereas more men had folic acid deficiency. Women belonging to
the oldest age group (=75 years) had the maximum burden of low vitamin D (94.3%) and
folic acid deficiency (21.8%).

Discussion: Older, rural-dwelling Indians have high burden of vitamin D and B12
deficiencies, which is concerning given the potentially negative consequences on
cognition, immunity and frailty in the aging population. Urgent public health strategies
are needed to address this issue and prevent or mitigate adverse consequences.

Keywords: vitamin D, vitamin B12, folic acid, deficiency, prevalence, burden, rural, Indians (India)

INTRODUCTION

Micronutrients, such as vitamin D, vitamin B12 and folic acid are essential for several important
physiological functions (1-4). Deficiencies of these vitamins are known to be associated with a
wide range of disorders, affecting nearly every system in the human body (5-10). In particular,
the role of vitamin D (11-13), vitamin B12 and folic acid (14, 15) in aging and late-life cognition
is increasingly recognized in recent times. Early detection of these micronutrient deficiencies
along with appropriate public health interventions has the potential to positively impact various
associated health conditions, including aging-related disorders.

Higher rates of malnutrition, poor health awareness and strained public healthcare systems
including inadequate mass-screening or community-level interventions in low- and middle-
income countries could potentially contribute to higher prevalence of micronutrient deficiencies.
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Wide variation in dietary patterns, according to geographical
regions as well as religious and socio-cultural practices is another
challenge in India. Food fortification as a public health strategy is
not as prevalent in India as in developed countries barring a few
exceptions, such as iodization of salt. Elderly Indians could be at
higher risk of vitamin deficiencies, with the rural elderly likely
to be even more vulnerable. Consequently, this group could be
at increased risk for developing physical, mental and cognitive
health problems.

Studies on the prevalence of vitamin D, vitamin B12 and folic
acid deficiency in the Indian population are limited. Moreover,
very few of these studies have focussed on the elderly age group.
There are no large studies available on the prevalence of the
above vitamin deficiencies among the elderly from rural India.
Therefore, this study is significant as it would provide valuable
insights into the burden of the above-mentioned micronutrient
deficiencies in an aging, rural Indian community.

The Srinivaspura Aging Neurosenescence and COGnition
(SANSCOG) study (16) is a unique, large-scale, prospective,
community-based, aging cohort study that was started in rural
India in 2017. This study recruits a cohort of consenting
individuals aged 45 years and above, from the villages of
Srinivaspura - a “taluk” or sub-district, located in Kolar district,
in the southern Indian state of Karnataka. The aim of this study
is to understand the diverse, longitudinal trajectories of aging as
well as to identify the risk and protective factors for aging-related
disorders, such as dementia. This is envisaged by conducting
extensive, multimodal (clinical, cognitive, biochemical, genetic
and neuroimaging) assessments in this rural Indian cohort, with
long-term, periodic follow-up.

METHODS

Study Population

This study sample includes 1,648 subjects (872 males and
776 females) from the SANSCOG cohort, who had completed
their baseline clinical and cognitive assessments, and given
blood samples for biochemical investigations. These participants
were recruited into the SANSCOG study from the villages
of Srinivaspura taluk, through an area sampling strategy. All
subjects are from a rural background (hailing from villages within
the administrative area of Srinivaspura taluk headquarters) and
belong to a low socio-economic status. They are predominantly
engaged in agriculture, with the majority being mango farmers
(Srinivaspura is one of the largest mango-producing areas in
India). Most of the subjects have low levels of formal education
and have not witnessed significant lifestyle changes in the past
few decades. Hence, this sample population is representative of
the two-thirds of India’s population (over 800 million) that live in
more than 600,000 villages.

Ethics Clearance and Informed Consent
The Institutional Ethics Committee of the Centre for Brain
Research has given clearance to the SANSCOG study. Subjects
gave voluntary, written informed consent for the study
procedures including blood sample collection.

Sample Collection

Overnight fasting blood samples were collected from the study
subjects for a range of biochemical investigations. In view of
the limited availability of public transport facilities in villages
of our catchment area and in order to make it convenient for
our participants, periodic blood collection camps were conducted
in the participants’ villages itself. Peripheral venous blood
(15ml total volume) was collected from each subject by trained
phlebotomists, for biochemical, hematological and genetic tests
as well as for biobank storage. This was then segregated into 5
tubes (4.5 ml each in 2 serum tubes, 1 ml in fluoride tube, 1.5 ml
and 3.5 ml each in EDTA tubes). Blood collected in the serum gel
tubes (for biochemical investigations) was centrifuged at 2,000
rpm for 10min for serum separation at the blood collection
site itself. Biochemical tests (including estimation of vitamin
D, vitamin B12 and folic acid levels) were performed at the
Central Diagnostic Laboratory Services, RL Jalappa Hospital and
Research Centre, affiliated to Sri Devaraj Urs Academy of Higher
Education and Research (SDUAHER), Kolar. This laboratory is
accredited by the National Accreditation Board for Testing and
Calibration Laboratories (NABL), India.

Bioassays

Estimation of vitamin D, B12 and folic acid levels in serum was
performed using chemiluminescence immunoassays on VITROS
ECiQ Immunodiagnostic Systems (Ortho Clinical Diagnostics)
using Intellicheck® Technology. For vitamin D, levels of the
metabolite 25-OH vitamin D were measured since this is the most
reliable clinical indicator of vitamin D status (17). VITROS 25-
OH vitamin D total reagent pack and VITROS 25-OH vitamin
D total calibrators were used. For vitamin B12, VITROS vitamin
B12 reagent packs 1/2, VITROS vitamin B12/folate reagent pack
3 and VITROS vitamin B12 calibrators were used. Similarly,
for folic acid, VITROS folate reagent packs 1/2, VITROS
vitamin B12/folate reagent pack 3 and VITROS folate calibrators
were used.

Vitamin D

Using a competitive immunoassay technique, a low pH
denaturant was used to release 25-OH vitamin D in the serum
sample from its endogenous binding protein. The free 25-OH
vitamin D competes with horseradish peroxidase (HRP)-labeled
25-OH vitamin D reagent for the monoclonal anti-vitamin
D bound to the wells. The unbound materials were removed
by washing.

Vitamin B12

Vitamin B12 present in the serum sample was released from
its endogenous binding proteins by alkaline denaturation.
Biotinylated Intrinsic Factor (IF) conjugate was then added
and incubated with the neutralized sample. An aliquot of this
sample was then transferred into a streptavidin-coated well and
B12-HRP conjugate was added. A competitive binding reaction
occurs, resulting in the vitamin B12-IF complexes being captured
by streptavidin on the wells. The unbound materials were then
removed by washing.
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Folic Acid

Following alkaline denaturation (to release folate from its
endogenous binding proteins) and stabilization (to prevent
oxidation), an aliquot of the treated sample was transferred
into a streptavidin-coated well. Folate-HRP and biotinylated
folate binding protein (FBP) conjugate were added. Following
a competitive binding reaction (folate in the serum sample
competes with HRP-labeled folate for a limited number of
binding sites on a biotinylated FBP), the FBP complexes are
captured by streptavidin on the wells. Unbound conjugates were
removed by washing.

The bound HRP conjugates for 25-OH vitamin D, BI12
and folate were measured by a luminescent reaction (18).
Reagent containing luminogenic substrates (luminol derivative
and peracid salt) and an electron transfer agent (substituted
acetanilide) was added to the wells. Oxidation of the luminol
derivative was catalyzed by the HRP in the bound conjugates,
thus producing light. The intensity and duration of light emission
were enhanced by the electron transfer agent, and the light signals
were read by the system. The amount of HRP conjugate bound is
indirectly proportional to the concentration of 25-OH vitamin D,
vitamin B12 and folate present in the sample, respectively.

For vitamin D, >30ng/ml was considered as normal,
<30ng/ml was classified as low vitamin D and <20ng/ml
as vitamin D deficiency. For vitamin B12, >200 pg/ml was
considered as normal and <200 pg/ml as deficiency. For
folic acid, >3 ng/ml was considered as normal and <3ng/ml
as deficiency.

Statistical Analysis

Statistical analysis was done using JASP open-source software,
version 0.14.1. Primary quality assessment of range and
consistency of the variables was done to check appropriateness
of units and deviation from the population mean, to detect
outliers. Age (45-54, 55-64, 65-74, >75 years) and gender
distributions were tabulated. Frequency distributions of vitamin
D, vitamin B12 and folic acid levels in the population were
plotted. Mean levels of the above parameters were calculated. “t”
test was performed to check for significant differences between
mean values of males and females - both overall and in each
of the age groups. ANOVA was done to compare the means
of vitamin D, vitamin B12 and folic acid levels between all age
groups and also, between age groups among females and males
separately. Percentage of subjects having deficiency of the studied
micronutrients was calculated according to gender as well as
among different age-groups. Chi-squared test was done to check
for any significant differences, gender-wise and age-group-wise.
P-value of < 0.05 was considered as significant.

RESULTS

Gender distribution of the study population was 47.1% (n =
776) males and 52.9% females (n = 872). Mean age of the
population was 58 & 10.2 years, with males having a higher mean
age than females (59.5 £ 10.4 vs. 56.6 & 9.8 years). Out of the
1,648 subjects in this analytical sample, vitamin D levels were
available for 1,546 subjects, vitamin B12 levels were available

for 1,639 subjects and folic acid levels were available for 1,640
subjects. Frequency distribution of vitamin D, vitamin B12 and
folic acid levels are shown in Figure 1. Mean levels of vitamin
D, B12 and folic acid were 23.4 4+ 10.6ng/ml, 277.4 + 194.4
pg/ml and 6 £ 3.5 ng/ml, respectively. Age and gender-stratified
means with standard deviations for the above three parameters
are represented in Table 1. Significant gender difference was
observed in mean values for vitamin D (males > females; p <
0.001) and folic acid (females > males; p < 0.001) but not for
vitamin B12. Significant difference was also seen in mean vitamin
D among levels between different age groups — overall (f = 3.73,
p = 0.011) as well as among males (f = 7.74, p < 0.001) but
not among females (f = 2.01, p = 0.11). Tukey post-hoc test
showed that there was significant difference in 55-64 years age
group as compared to >75 years age group. Among males, this
difference was significant in 45-54 years age group as compared
to >75 years age group. Similarly, significant difference was also
seen in 55-65 years age group as compared with 65-74 years
and >75 years age groups among males. Significant difference
was seen in vitamin B12 means between different age groups -
overall (f = 4.99, p = 0.002) as well as among females (f = 5.68,
p < 0.001) but not among males (f = 1.01, p = 0.38). On post-
hoc analysis, significant difference was seen when the mean of
45-54 years age group was compared to 65-74 years and >75
years age groups. A similar difference was also observed between
the same age groups among females. There was no statistically
significant difference for the folate levels among different age
groups, neither in the overall age groups nor in the gender-
stratified age-groups.

We found that the overall prevalence of low vitamin D
(<30ng/ml) in our rural cohort was 75.7%, with significantly
higher prevalence in females compared to males (85.5% vs.
64.7%; p < 0.001). On age stratification (45-54 years, 55-64 years,
65-74 years and >75 years), this gender difference (females >
males) was significant (p < 0.001) across all the above-mentioned
age groups. Females in the age group of 75 years and above had
the highest prevalence (94.3%) of low vitamin D. The overall
prevalence of vitamin D deficiency (<20ng/ml) in our rural
cohort was 39.1%, with significantly higher prevalence in females
compared to males (47.8% vs. 29.2%; p < 0.001). The same trend
was observed with statistical significance across all age groups:
45-54, 55-64, 65-74, and >75 years. The highest prevalence of
vitamin D deficiency (59.6%) was seen in females in the age group
of 75 years and above (Figure 2).

The overall prevalence of vitamin B12 deficiency (<200
pg/ml) in our rural subjects was 42.3%. There was no significant
difference in prevalence between males and females (41.8% vs.
42.7%). However, among females, significantly higher prevalence
was observed in the age group of 45-54 years (p = 0.014) There
was no significant difference between age groups among males
(Figure 2).

The overall prevalence of folic acid deficiency (<3 ng/ml) in
our rural cohort was 11.1% There was significantly (p < 0.001)
higher prevalence in males (13.9%) compared to females (8.6%).
Among the different age groups, we found that subjects aged 75
years and above had the highest prevalence (19.9%, p < 0.001).
In this oldest age group, females had a slightly higher prevalence
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FIGURE 1 | Frequency distributions of (A) Vitamin D levels, (B) Vitamin B12 levels and (C) Folic acid levels in this rural Indian population are depicted.

TABLE 1 | Age and gender-stratified mean levels of vitamin D, vitamin B12 and folic acid.

Parameters Age group (years) Gender Female vs. Male
(t-test)
Female Male T P
Vitamin D (ng/ml) 45-54 21.60 (9.81) 25.65 (10.39) -5.07 <0.001*
55-64 20.69 (11.24) 24.19 (10.06) -3.38 <0.001*
65-74 20.65 (8.37) 27.62 (10.43) —6.74 <0.001*
>75 18.21 (7.77) 30.34 (12.10) —6.43 <0.001*
Overall 20.94 (9.87) 26.21 (10.65) —10.1 <0.001*
Between age F 3.78 2.01 7.74
groups (ANOVA) P 0.011* 0.11 <0.001*
Vitamin B12 (pg/ml) 45-54 252.20 (165.41) 269.90 (185.68) —1.31 0.18
55-64 287.95 (204.23) 267.74 (184.45) 1.1 0.26
65-74 309.88 (212.41) 281.27 (196.93) 1.31 0.191
>75 335.39 (269.42) 307.90 (231.01) 0.59 0.55
Overall 278.74 (195.59) 275.94 (193.20) 0.29 0.77
Between age F 4.99 5.68 1.012
groups (ANOVA) P 0.002* <0.001* 0.38
Folate (ng/ml) 45-54 6.08 (3.08) 5.6 (3.04) 2.05 0.041*
55-64 6.71 (4.10) 5.46 (3.11) 3.66 <0.001*
65-74 6.68 (4.01) 5.98 (3.59) 1.78 0.08
>75 5.98 (4.18) 5.58 (3.62) 0.63 0.52
Overall 6.37 (3.66) 5.65 (3.26) 4.2 <0.001*
Between age F 1.61 212 0.89
groups (ANOVA) P 0.18 0.095 0.44

This table shows the mean levels of vitamin D, vitamin B12 and folic acid in a rural, aging cohort from southern India. The data is stratified according to gender (female and male) and
age-groups (45-54, 55-64, 65-74, and >75 years). Statistical significance in the difference in mean values between females and males (calculated using t-test) and difference in mean
values (calculated using ANOVA) is represented as p-values.

*p < 0.05 was considered as significant.
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compared to males (21.8% vs. 18.5%), though this difference was
not statistically significant (Figure 2).

DISCUSSION

Our study aimed at determining the burden of vitamin D, vitamin
B12 and folic acid deficiencies in an aging (>45 years), rural
community from the state of Karnataka in southern India. Our
results revealed that the overall prevalence of low vitamin D
(<30ng/ml), vitamin D deficiency (<20ng/ml), vitamin B12
deficiency (<200 pg/ml) and folic acid deficiency (<3 ng/ml)
were 75.7%, 39.1%, 42.3%, and 11.1%, respectively. These results
imply that this rural community had an overall higher burden
of inadequate vitamins D and B12, with relatively low burden of
folic acid deficiency.

The definition of adequate levels of vitamin D has undergone
much debate in the recent past, with recommendations varying
between different expert advisory bodies. For example, the US
National Academy of Medicine (formerly Institute of Medicine)
(19) recommends levels of 20ng/ml and above as adequate,
whereas the US Endocrine Society (20) and International
Osteoporosis Foundation (21) recommendations classify levels of
20-29 ng/ml as “insufficient” and <20 ng/ml as “deficient.” In our
study, we used two cut-off levels to categorize abnormal levels:

<30ng/ml was categorized as low vitamin D (to include both
insufficiency and deficiency) and <20 ng/ml was categorized as
vitamin D deficiency.

Relatively less studies on vitamin D deficiency have been
carried out in tropical countries as compared to temperate
countries (22). Moreover, in the background of scarce
information on vitamin D status of Indians in rural communities,
our finding that over three-fourths of this rural Indian population
had low vitamin D is very concerning. This also goes against
the traditional view that individuals from tropical countries,
which receive sunshine throughout the year, are likely to have
adequate levels of vitamin D. Possible reasons for the particularly
high prevalence in this cohort are older population having
minimal outdoor activity, increasing modernization and usage
of machines for agricultural work (thus, decreasing manual labor
in the open fields) and poor dietary source of vitamin D, since
most individuals have no or minimal intake of meat products
and milk is not uniformly fortified across the country.

The burden of vitamin D deficiency in our study (39.1%)
is similar to that among European (40.4%) (23) and American
(41.6%) (24) adults. Studies from India in adult populations
have shown wide variations, though some studies (25, 26) have
shown significantly higher prevalence in urban compared to rural
areas. This trend was also observed when we compared our
rural study results with unpublished results from our parallel,
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harmonized, urban, aging cohort from Bangalore city in India
(the rural and urban study sites are roughly 60 miles apart within
the same state). In this urban cohort (Tata Longitudinal Study
of Aging, TLSA), overall prevalence of vitamin D deficiency
was found to be much higher (urban, TLSA cohort - 61.5%
vs. rural, SANSCOG cohort - 39.1%). Another recent study
in an urban, aging community from Delhi in northern India
found the prevalence of vitamin D deficiency to be as high
as 91.2% (27). This difference in rural as compared to urban
Indian populations could be because rural-dwelling residents,
who are mostly engaged in agricultural work in the fields get
more exposure to sunlight, which is protective against vitamin
D deficiency.

Our study also revealed significant gender difference, with
higher prevalence of vitamin D deficiency in women compared
to men (64.7% vs. 29.2%), which has been observed in some
(26, 28) but not in other studies from India (27, 29). One
possible reason for this could be that higher proportion of men
as compared to women are engaged in outdoor agricultural
work in rural areas. The extremely high prevalence (94.3%)
of low vitamin D in elderly women aged 75 years and above
in our study is disturbing, since these individuals are more
vulnerable for cognitive decline, and inadequate levels of vitamin
D could further worsen cognitive ability. With recent studies
(30) showing that low vitamin D is associated with higher risk
of subsequent cognitive decline in elderly, the above results
could have major implications in formulating preventive or
interventional strategies for cognitive disorders in elderly. Low
vitamin D status has also been found to be significantly associated
with the risk of frailty (31), particularly in older women (32).
There is also emerging evidence that vitamin D deficiency is
associated with adverse mood changes and depression in the
elderly (7, 33). Further, both frailty and depression have been
shown to be predictors of cognitive decline among elderly (34,
35). The multifaceted role of vitamin D extends to maintaining
healthy immune function (36, 37). Increased levels of serum
inflammatory markers have been found in healthy persons with
vitamin D insufficiency (38) and more recently, the association
of vitamin D status with viral infections including COVID-
19 is coming to light (39, 40). This is important since the
accumulating evidence points to the role of the immune system
and inflammation in Alzheimer’s disease and related dementias
(41, 42).

Compared to the scarce literature on vitamin D deficiency,
studies on vitamin B12 and folic acid from India are relatively
higher. However, majority of these studies have focussed on
young adults, especially, women in the reproductive age-group
and nation-wide data is lacking (43). Sub-optimal levels of
Vitamin B12 has been reported to be common in less developed
countries (44) as well as among the elderly (45). The overall
prevalence of vitamin B12 deficiency (42.3%) in our study is
much higher compared to literature from Western countries
(46, 47), including studies in older populations (48). However,
it closely compares with that reported in two recent studies
[35% (49) and 46% (50)] from an urban setting in southern
India. Another recent study (51) from northern India reported
a prevalence of 47.19%. All the above-mentioned Indian studies

were carried out in adults and not specifically in the aging
population. A small study (52) from Bangalore, southern India
reported the prevalence of vitamin B12 deficiency (<148 pmol/L)
to be significantly higher in the elderly age group (>60 years,
61.7%, n = 47) as compared to young adults (20-40 years, 56.2%,
n = 32). Vitamin B12 deficiency, particularly in older adults is
a matter of concern since low levels of B12 have been associated
with poorer cognitive performance in specific cognitive domains,
as revealed by a recent large, cohort study in UK (53).

Vegetarian diet is known to be associated with higher
prevalence of vitamin B12 deficiency in India (54). In our rural
cohort, majority of participants follow a vegetarian or ovo-
vegetarian diet. Though a minor proportion consume meat, the
frequency of consumption is low (usually once or twice a month).
Hence, their dietary habits could be a significant contributor to
the high prevalence of vitamin B12 deficiency. Moreover, the use
of vitamin supplements was not observed in this rural population
as compared to our urban (TLSA) cohort, where we observed that
the use of supplements was common, and prevalence of vitamin
B12 deficiency was lower (30.7%, unpublished data).

Overall prevalence of folic acid deficiency (11.1%) in our study
is comparable to that reported in a recent study (49) conducted in
an urban community of apparently healthy adults from southern
India (12%). However, in contrast to this study, which showed
no significant difference in folic acid levels between different age
groups, our study showed a significantly higher prevalence in
the age group of > 75 years. Another small study (55) among a
sample of 60 deprived elderly women aged 60-70 years from New
Delhi in India showed a similar prevalence of folate deficiency
(using the cut-off <10 nmol/L). A recent study (56) on a geriatric,
rural Indian population revealed that 72% of subjects (aged 60
years and above) did not consume the recommended dietary
allowance (RDA) of folic acid (400 pg/day). On the other hand,
a study (57) on elderly subjects (aged 60 years and above) from
urban India showed that 51% consumed less than the RDA of
folic acid. Though previous studies from India have highlighted
folic acid deficiency in the adolescent (58) and peri-conceptional
age groups (59), ours is one of the very few studies that highlight
significant deficiency in the elderly age group. This is important
given the association of folate deficiency with depression and
dementia in this geriatric age group (60).

Key strengths of our study include a large, homogenous,
community-based, rural sample of aging individuals, with
bioassays performed in a reputed, nationally accredited
laboratory. Limitations include non-representative sampling,
and thus, these results cannot be generalized to the whole of
India. Following up this cohort of participants, along with
periodic monitoring of their cognitive status can give valuable
insights to understand whether these micronutrient deficiencies
are causally associated with cognitive impairment and other
aging-related disorders.

Owing to the significant burden of these vitamin deficiencies
in India, well-structured, community-level strategies, including
vitamin supplementation or food fortification, need to be
implemented at the state or national level. The burden thus
straddles generations and has public health implications now
and also, into the future. India has programs that target children
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(megadose vitamin A supplementation for children under 6
years of age) and pregnant women (folic acid supplementation),
however, none for the elderly. Recent prospective trials on
vitamin D fortification of milk among children and adolescents
in India (61, 62) have shown that this is a safe and effective
measure to address vitamin D deficiency. However, it must be
taken into account that the usual quantities of milk or other dairy
products consumed by individuals belonging to marginalized,
rural communities are minimal, and hence, dairy fortification
may not fully serve its purpose in such situations, particularly
amongst the elderly. Home fortification of staple foods, such as
cereal flours (rice, wheat, ragi, etc.) using multiple micronutrient
powders could be a feasible alternative. Moreover, this would
be culturally acceptable and easily implementable. For this to
happen, it is vital to massively ramp up health-related awareness
among the rural elderly and envision continual, sustainable
strategies which inculcate the significance of vitamin deficiencies
and also, their adverse impact on multiple health outcomes.
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AUTHOR’S NOTE

We reviewed existing literature on the prevalence of
micronutrient deficiencies among the older population in
India and found that the current evidence, especially from rural
India, is scarce. Vitamin D, B12 and folic acid deficiencies in
older adults can potentially have an adverse impact on aging
and have been implicated in aging-related disorders including
dementia. Therefore, we wanted to ascertain the burden of these
deficiencies in a rural, aging community in India. We conducted
this study in an aging cohort of community-dwelling individuals
from villages of Srinivaspura in southern India. Our study
revealed that rural-dwelling, older Indians had high burden
of vitamin D and B12 deficiencies and relatively low burden
of folic acid deficiency. The burden of certain deficiencies was
higher in women and among the oldest age groups. Our findings
bring to light that micronutrient deficiencies are a major public
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