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ABSTRACT

Background: Nutritional anemia has its prevalence at a global level. Unfortunately, the developing countries are at more risk due to
the unavailability of resources and poor socio-economic conditions. According to the WHO, India has >40% prevalence of anemia,
which is a severe public health concern. Materials and Methods: The aim of this study was to assess the dietary pattern according
to their haemoglobin levels. This cross-sectional study was designed to assess the prevalence of anemia in Garhwal population,
which contained total 520 individuals (344 females and 176 males). For this a food frequency questionnaire is administered to elicit
information on dietary consumption pattern. The frequency of consumption was divided into three levels: > 3 days/wk., 1-2 days/
wk. & no or rare consumption. Subjects were divided into 3 groups according to the level of haemoglobin. Results: In the present
study, an overall prevalence of anemia was found 34.23% (38.06% in females and 27.61% in males). Results were expressed as Chi-
square test and considered significant at 5% level of significance (p< 0.05). Conclusion: The overall status of anaemic individuals in
the Garhwal region is of vital concern and should be paid due attention for the improvement of nutritional requirements to reduce
the prevalence of anemia in this region. The effective measures include awareness about the essential nutrients to be included in
diet along with the knowledge of anemia.
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Introduction the normal hemoglobin concentration due to inadequate supply

of nutrients. Iron is the most necessary micronutrient and a part

The anemia, which is caused due to the deficiency of essential
nutrients in the diet of a person, can be termed as nutritional
anemia. Lack of vitamins, dietary iron, and high-quality protein
affect the stability of the membrane of red blood cells, thus
causing various forms of anemia. So, nutritional anemia is a
condition wherein the erythropoetic tissue is unable to maintain
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of hemoglobin-moiety along with folate and vitamin B12.

Around the planet, iron deficiency anemia (IDA) is the most
common disorder caused due to nutritional insufficiency,
affecting almost over 30% of the world population. Developed
nations like Japan, Sweden, and USA display a greater frequency
of IDA in the affluent class people. The prevalence of anemia
is high in developing countties in comparison to the developed
ones.

Several studies conducted on anemia exhibit the fact that the
rural population is more prone to be anemic in comparison
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to the utban population.” The women of reproductive age
group, pregnant, and lactating along with the young children and
adolescent girls are the most affected with IDA and the situation
is more severe in developing countries like ours. More than
half population in India has been found to be anemic.”’ Since,
there are multifactorial causes of nutritional anemia therefore
studies are carried out all over the nation and wotld to combat
the disorder. In order to find the cause of nutritional anemia
in any population various methods are adopted to come to a
definite conclusion.

Confined data are available on the association of anemia and
nutritional parameters in the region of Gathwal, Uttarakhand.!*)
Thus, the current research was carried out in five major districts
of Garhwal (Chamoli, Pauri, Rudraprayag, Tehri, and Uttarkashi)
in order to determine the status of anemia in the given population.

Methodology

This cross-sectional study was carried out on total 520
individuals (344 females and 176 males) inhabiting the upper tracts
of Garhwal Himalaya between January 2016 and September 2017.
Individuals between 0 and 60 years of age and free from any
chronic disease were included for the study. The participants
visited the District hospitals (Chamoli, Pauri, Rudraprayag, Tehri,
and Uttarkashi), Public Health Centers, local villages, and schools
were considered for the present research. Sociodemographic
data (i.e., age, ethnicity, marital status, occupation) were collected
during their initial visit. The Institutional Ethical Committee of
Hemwati Nandan Bahuguna Garhwal University approved the
research protocol (Reference No: 975) and an informed written
consent was taken from the participants.

To unravel the dietary pattern in relation to anemia, Food
Frequency Questionnaire (FFQQ) was considered a great tool for
the assessment of dietary habits for this study. There are different
types of FFQs, developed for a specific purpose for specific
studies. Standard FFQs developed for one epidemiological study
cannot be considered for intervention evaluation. Therefore,
careful amendments were made after deciding on which FFQ
is most suitable with our study subjects to minimize response
burden and increase response rates. Therefore, for the present
study, a predesigned FFQ! was standardized and modified
according to the diet of local people with modifications of the
local food stuffs. Especially, available grains, cereals, and fruits
were included in order to record the intake of nutrients by the
population of Garhwal.

To measure a large group through dietary intake, 24-hour recall
method™ is well-established and efficient way. Thus, this method
was adopted in filling the questionnaire for our evaluation,
wherein the respondent recalls as to when and how much food
was consumed. Participants were asked to fill the FFQ based on
the consumption pattern of their diets, frequency of consumption
of various food items which included: Cereals, pulses, vegetables,
fruits, milk and milk products, meat, fish and poultry, cooking oil,
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ghee, sweets, nuts, and dry fruits, fruit juice, and junk food stuffs.
Participating individuals were asked how often they consumed the
food items and beverages during the past month. The frequency
of intake included daily, 1-2 times a week, 3-5 times a week,
once in a fortnight (1/15 days), once in a month (1/30 days),
occasionally (festivals, special functions, etc.), rarely or never. In
order to estimate the portion size of food consumed, different
types of serving vessels (Katoris) were shown and the volume of
the food consumed was obtained by this method. They were also
asked for the preference of consumption of spicy and fried foods
along with the use of mustard oil or refined oil. Miscellaneous
foods/drinks, alcoholic, and non-alcoholic beverages wete also
considered for the proposed research.

The estimation of hemoglobin was also done. For which,
20 uL of whole blood were collected using vacutainer and
transferred to Ethylenediaminetetraacetic acid (EDTA) vials. The
entire 20 Ul blood was utilized for hemoglobin analysis. Sahli’s
hemoglobinometer,®! CBC counter,” photometric method,!"”
and Visual Card Reader (as per the manufacturer’s detail) method
were used for measurement of hemoglobin. Analysis of data
was done with statistical software SPSS version 16. Results were
expressed as Chi-square test and considered significant at 5%
level of significance (P < 0.05).

Results

An overall prevalence of anemia was recorded 34.23% (38.06%
in females and 27.61% in males) for the present study. On the
basis of the WHO guidelines (2011), the hemoglobin levels were
measured accordingly and divided into four groups. Group 1
consisted of 37.71% males and 62.28% females with non-anemic
diagnosis. Individuals with mild anemia were (29.66% males and
70.33% females) classified in group-2. Group 3 individuals had
moderate anemia with 20% males along with 80% females. Very
few of the cases were found to be severe anemic consisting 20%
males and 80% females. The Chi-square value (P < 0.05) suggests
that females were comparatively more anemic than males being
statistically in all the groups.

The age-wise distribution according to hemoglobin level revealed
that only 13.34% individuals with age range 0—19 years showed
severe anemic condition [Figure 1]. Our finding revealed
that age range of 20-39 years was primarily susceptible to
anemic condition as compared to the other two age groups. In
mild-anemic categories, majority of subjects (51.69%) belonged
to 20-39 yrs. age group followed by elderly group (40-60 yrs.)
having 33.89%, whereas of individual between 0 and 19 yrs.
showed least prevalence (14.42%). Individuals of 20-39 yrs. age
group also showed higher prevalence (53.33%) in moderately
anemic categories by leaving behind other age groups. Same
trend also continued in severe-anemic group, majority of
individuals (46.66%) belong to age range 20-39 years followed
by age range 40—60 years with 40% suggesting that the elderly
people are prone to be anemic.
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Figure 1: Age-wise distribution across various anemia morphologies
among the studied individuals

Consumption pattern of rice, wheat, other cereals, and pulses
was almost same in all the groups and thus the results were
insignificant. The locally available grains in Garhwal region have
potential nutritional effects on the health of an individual but to
our surprise it was found that staple food like mandua, jhangora,
etc., were less consumed by the people residing in Garhwal region.
Regardless of anaemic and non-anemic category majority of
individuals consumed cereals, wheat, rice, staple food, and pulses
daily. Therefore, the results were non-significant as the protein
and carbohydrate requirement was fulfilled.

A high significant difference (P < 0.05) was observed in the
frequencies of consumption of Green vegetables among
non-anaemic (67.54%) and anemic groups (49.43%). While
28.65% and 21.92% consumed vegetables =3 days/wk or rarely
were found in anemic condition. Consumption pattern of green
leafy vegetables also showed the same pattern exhibiting 54.67%
of the population been non-anaemic due to daily consumption
of green leafy vegetables, but 44.38% of the cases having anemia
even on consumption of green leafy vegetables daily. Individuals
who never or rarely having green leafy vegetables in their diet and
found to be more anemic (23.04%) were approximately two-fold
in comparison to non-anaemic (15.22%) individuals. The same
risk pattern was also observed for rare or never consumption of
fruits. A highly significant difference was also observed for the
consumption pattern of fruit intake (P < 0.01).

There was no significant difference observed for consumption
pattern of milk and milk products (i.e., curd, paneer, lassi,
butter milk, etc.) as consumption of these products was found
in majority of individual for both anemic and non-anemic
categories. The consumption pattern of sweets included in the
diet of individuals also displayed almost the same pattern for
both groups. On the contrary, results obtained on the basis of
non-vegetarian diet consumption on daily basis revealed that
63.58% were non-anemic while 36.42% being anemic thus
depicting the protective nature of non-vegetarian diet and thus
the results were statistically significant at P < 0.05.
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The population under study consumed tea in a great proportion
in comparison with other beverages like coffee and fruit
juice. Among non-anemic population, 68.63% had tea daily
in comparison with the anemic individuals (31.37%) and the
differences were found to be statistically significant (P < 0.05).
Consumption of fruit juice was also uncommon in the studied
population whether they belong to non-anemic or anemic group.
Though, consumption of fruit juice in non-anemic groups was
higher than anemic group, but there was no significant difference
observed.

Overall, more than 60% of individuals residing in Garhwal
consume fast food. There is no statistical significant difference
found for the consumption pattern of fast food between
non-anemic and anemic group. Consumption pattern of other
food stuff like biscuits, rusk, and bakery products etc., was almost
same in both the groups and statistically insignificant.

Discussion

Worldwide, anemia is the most prevalent nutritional deficiency
and 25% of the world’s population suffers from some form of
anemia.'l In developing countries, it is increasing at an alarming
rate. The most common nutrient deficiency, which gives rise to
nutritional anemia is iron deficiency due to its inadequate intake
in the diet.

Publicly, available data for 187 countries were categorized into
20 different age groups for estimation of anemia between 1990
and 2010 and it was found that the prevalence of anemia was
higher in females for most regions.!'” Different studies carried
out in India, also point toward females being more vulnerable to
anemia, as this gender biases are found among all castes, religion
across all regions.">' Our study was also not an exception as
the number of anemic females (38.08%) was found more as
compared to males (26.70%).

The ubiquitous persistence of anemia and IDA along with the
etiology are complex and multifactorial and in concordance with
this fact our study also suggested that there are other multiple
reasons for a person being anemic apart from nutrition.!">' The
overall proportion of anemia for this study was 34.22%, which
is almost similar to the teport of Global Data,!'” wherein the
population having anemia is 39.86%.

The results of the study carried out by Kotecha e7 a/. indicated
that age and educational status were not significantly associated

with anemia,!'®

| which is in accordance with our study. This
inquest explored that the most susceptible population of anaemic
age group was 20-39 years, wherein the prevalence rate for
mild anemia was found to be 51.69% followed by 53.33% for
moderate anemia. The vulnerability for being anemic during this
span of life (20-39 years) may be attributed to blood loss during
menstruation and child-birth in pre-menopausal females. As
gender biases are very common in our country, females are not
accessible to proper balanced diet. As a result, the deficiency of
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nutrients can never be replenished during later stages of life. On the
contrary, cohort studies of Guralnik ez a/. and Stuetz e/ al. among
the post-menopausal women of USA depicted higher prevalence
rate of unexplained anemia in older age (>60 years of age) along
with the suggestion that in older women inadequacy of several

nutrients is tesponsible for anemia persistence.*!*?

The association of diet and anemia is not uncommon and many
studies have been conducted to reveal the role of diet in the
person being anaemic. Fortification can also reduce the burden
of IDA.P! Females residing in rural areas were found more
prone to nutritional anemia than urban ones due to, education,
and economic constraints.

The consumption pattern of vegetables and fruits among
the studied population was statistically significant. In spite of
consuming green leafy vegetables, the prevalence of anemia
in this region is still 49.43%. A study conducted on Tanzanian
female farmers reported that the females consuming more green
leafy vegetables had higher hemoglobin level in comparison to
the individuals not consuming green leafy vegetables.”"! Another
study pertaining to green leafy vegetable powder was carried
out by Egbi ¢ 4/ on Ghanian School suggested that the
consumption of itincreased the mean hemoglobin concentration
thus reducing the risk of anemia.

The population that consumed fruits daily was found generally
non-anemic and their percentage was 63.58. The rate of
prevalence of anemia even after consumption of fruits was
found to be 36.42% in the studied population. A recent health
survey of Ghana also reported that individuals consuming
fruits more often were non-anemic than those not including

fruits in their diet.*!

Casein and calcium, present in high amounts in milk, inhibits
the non-heme iron absorption. In the light of the aforesaid
fact Zeigler suggested that the consumption of milk has
adverse effects at the status of iron stores in the blood on

their iron stores.**

| Fortification of milk with iron protects the
infants and toddlers against the negative effects of iron stores.
In contrast, our study showed that majority of individuals
consume milk daily or >3 days/week and are of non-anemic
category. Thus, the results did not show any significant
difference between milk consumers and non-consumers

irrespective of anemia.

Non-vegetarian diet plays a significant role in the non-occurrence
of anemia as the rate of its prevalence is higher among the
individuals who consume vegetatian diet.” In comparison to
vegetarian diet the non-veg diet is better due to the bioavailability
of heme iron which gets easily absorbed. Majority of our study
subjects consuming non-veg daily (63.58%) or more than
three days/week (61.71%) wete tecorded as non-anemics. In
accordance with the present research, a comparative study on
prevalence of anemia in non-vegetarians and vegetarians was also
done by Mahajani and Bhatnagat!™ whete the results indicated

Journal of Family Medicine and Primary Care

that mean hemoglobin levels of non-vegetarians was higher than
the vegetarians. It proves the fact about the presence of more
haeme in non-vegeterian diet.

The link between tea consumption and anemia has not been
established yet, but in our study the prevalence of anemia was
recorded at 68.63% in individuals drinking tea daily and at 58.73%
in individuals consuming tea more than 3 days/week with the
results been statistically significant at P < 0.05. It strikes an
unusual fact in our minds as to what can be the role of teain an
individual being anaemic which is still unexplained.

According to the WHO-VMNIS,? industrial trans fats are
considered an unhealthy diet. The consumption of fast food was
very prevalent in the individuals residing in Garhwal. Population
under anemic category was 37.64% for fast food consumption,
though the results were statistically insignificant.

The exploration of anemia prevalence in low- and middle-income
countries!" showed that economic well-being is the strongest
factor for anemia because the affluent class (developed countries)
can afford healthy and balanced diet in comparison to the weaker
sections of the society (developing one’s). Thus, it can be stated
that anemia is mostly related to an individual’s socioeconomic
condition more than his caste and education. Our research
findings also point out on the fact that the population residing in
the upper Himalayan region is devoid of iron supplements due
to the remoteness of place and poor socio-economic conditions
prevailing in this region resulting in more number of anemic
individuals.

The major shocking concern for Indian infants is that they are
born anemic which although is unacceptable but a sorrowful
fact.” Anemia and malnutrition have been cleatly linked with
each other and the association with other factors is plausible, still
the fact remains that diet plays an important role in an individual
being anaemic or not."” The recently published WHO guidelines
also suggests that nutrition should be optimized including daily
iron supplementation for high-risk anemia prevalence groups,
as the first-line intervention. Pullan ¢ @/ also suggested that
anemia surveillance and intervention should be a priority in young
children and females who are actually the high-risk population.

Conclusion

Majority of the people in Garhwal reside in mountainous
villages but are aware about the basic dietary requirement. The
majority of the population is educated, but unaware about many
factors regarding anemia, dietary sources of iron, folic acid and
vitamins, knowledge about hemoglobin levels, etc., As studied by
different researcher’s evidence suggested that only hemoglobin
value alone may not serve the purpose of evaluating anemia in
multiethnic population. At National level, many programs have
been launched to control anemia. In spite of so many programs
implemented to give awareness regarding nutrition and hygiene,
anemia is still found and persisting among the population of
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Garhwal. Adequate intake of iron and folic acid rich food, change
in dietary habits is necessary and should be promoted through
education and primary care physicians.

There are multifactorial causes of anemia including infections,
menstrual bleeding, loss of blood due to injury or operation,
lack of knowledge about proper nutrition and supplementation
of diet with multivitamins and minerals apart from the genetic
factors and disorders.

Acknowledgements

The authors are grateful to the DBT-BIF Department of
Biotechnology, Bioinformatics Division, Govt. of India,
New Delhi for financial assistance and facilities in order to
carry out the studies. The authors would also like to thank the
participants who formed the basis of our studies.

Declaration of patient consent

The authors certify that they have obtained all appropriate
patient consent forms. In the form, the patient(s) has/have
given his/her/their consent for his/her/their images and other
clinical information to be reported in the journal. The patients
understand that their names and initials will not be published and
due efforts will be made to conceal their identity, but anonymity
cannot be guaranteed.

Ethics declaration

The research and study procedures were approved by the
Institutional Ethical Committee of Hemvati Nandan Bahuguna
Garhwal University and informed written consent was obtained
from all participants.

Financial support and sponsorship

DBT- BIF Department of Biotechnology, Bioinformatics
Division, Govt. of India, New Delhi for financial assistance and
facilities in order to carry out the studies.

Conflicts of interest

There are no conflicts of interest.

References

1. Ncogo P, Romay-Barja M, Benito A, Aparicio P, Nseng G,
Berzosa P, et al. Prevalence of anemia and associated
factors in children living in urban and rural settings
from Bata District. Equatorial guinea 2013. PLoS One
12:e0176613.

2. Khan JR, Awan N, Misu F. Determinants of anemia among
6-59 months aged children in Bangladesh: Evidence from
nationally representative data. BMC Pediatrics 2016;16:3.

3.  Kumari R, Bharti RK, Singh K, Sinha A, Kumar S, Saran A,
et al. Prevalence of iron deficiency and iron deficiency
anaemia in adolescent girls in a tertiary care hospital. J Clin
Diagn Res 2017;11:BC04-6.

4. Saxena Y, Shrivastava A, Saxena V. Effect of gender on
correlation of anemia with body mass index in medical

Journal of Family Medicine and Primary Care

5.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

students. Indian J Physiol Pharmacol 2011;55:364-9.

Chhabra A, Chandar V, Singh A, Gupta A, Chandra A, Gaur S.
A study of anemia in hospitalized children in a tertiary care
hospital in Northern India. ] Biomed Pharm Res 2014;3:80-3.

Thimmayamma BVS. A Handbook of Schedules and 5
Guidelines in Socio-Economic and Diet Surveys. National 6
Institute of Nutrition. Indian Council of Medical Research,
7 Hyderabad 1987. p. 18-23.

Srivastava M. Assessment of nutritional status. In:
Joshi YK, editor. Basics of Clinical Nutrition. New Delhi:
Jaypee Publishers; 2003. p. 22-33.

Sahli H. Lehrbuch d. klin. Untersuchungen Methode. 5% ed.;
1909. p. 846.

Palmer WW. Acidosis and acid excretion in Pneumonia. J Exp
Med 1917;26:495-511.

Kampen EJV, Zijlstra WG. Determination of hemoglobin and
its derivatives. Adv Clin Chem 1996;8:141-87.

WHO (2011). Haemoglobin concentrations for the diagnosis
of anemia and assessment of severity. Vitamin and Mineral
Nutrition Information System Geneva, World Health
Organization (WHO/NMH/NHD/MNM/111) 2011.

Kassebaum JN, Jasrasaria R, Naghavi M, Wulf KS, Johns N,
Lozano R, et al. A systematic analysis of global anemia
burden from 1990 to 2010. Blood 2014;123:615-24.

Thomas CA, Stanaway J, Neuhouser ML, Snetselaar LG,
Stefanick ML, Arendell L, et al. Nutrient intake and anemia
risk in the WHI observational study. J] Am Diet Assoc
2011;111:532-41.

Balarajan YS, Fawzi WW, Subramanian SV. Changing
patterns of social inequalities in anaemia among women in
India: Cross-sectional study using nationally representative
data. BMJ Open 2013;3:e002233.

Ngui R, Lim YA, Kin LC, Chuen CS, Jaffar S. Association
between anaemia, iron deficiency anaemia, neglected
parasitic infections and socioeconomic factors in rural
children of West Malaysia. PLoS Negl Trop Dis 2012;6:e1550.

WHO. Iron deficiency anemia assessment, prevention and
control: a guide for program managers. Geneva; 2001. 33.

World Health Organization. The global prevalence of anaemiain
2011. Geneva: WHO; 2015. Available at https://apps.who.int/
iris/bitstream/handle/10665/177094/9789241564960_
eng.pdf;jsessionid=29E5E839B1C93C3E12C45D296169D
F257?sequence=1

Kotecha PV, Nirupam S, Karkar PD. Adolescent girls’
anaemia control programme, Gujarat, India. Indian J Med
Res 2009;130:584-9.

Guralnik JM, Eisenstaedt RS, Ferrucci L, Klein HG,
Woodman RC. Prevalence of anemia in persons 65 years
and older in the United States: Evidence for a high rate of
unexplained anemia. Blood 2004;104:2263.

Stuetz W, Gowele V, Kinabo J, Bundala N, Mbwana H,
Rybak C, et al. Consumption of dark green leafy vegetables
predicts vitamin A and iron intake and status among
female small-scale farmers in Tanzania. Nutrients
2019;11:1025.

Prieto-Patron A, Hutton ZV, Fattore G, Sabatier M,
Detzel P. Reducing the burden of iron deficiency anemia
in Cote D’Ivoire through fortification. J] Health Popul Nutr
2020;39:1.

Egbi G, Gbogbo S, Mensah GE, Amengor MG, Asiedu MS.
Effect of green leafy vegetables powder on anaemia and
vitamin-A status of Ghanaian school children. BMC Nutr

Volume 10 : Issue 2 : February 2021



23.

24.

25.

Mishra, et al.: Nutritional anemia on the basis of dietary pattern

2018;4:27.

Ghose B, Yaya S. Fruit and vegetable consumption and
anemia among adult non-pregnant women: Ghana
demographic and health survey. Peer J 2018;6:e4414.
Zeigler EE. Consumption of cow’s milk as a cause of iron
deficiency in infants and toddlers. Nutr Rev 2011;69:S37-42.
Mahajani K, Bhatnagar V. Comparative Study of Prevalence
of Anaemia in Vegetarian and Non-Vegetarian Women of
Udaipur City, Rajasthan. J Nutr Food Sci 2015;S3.

Journal of Family Medicine and Primary Care

674

26. WHO-VMNIS2015 http://www.who.int/mediacentre/

27.

28.

factsheets/fs394/en/.

Pasricha SR, Black J, Muthayya S, Shet A, Bhat V, Nagaraj S,
et al. Determinants of anemia among young children in
rural India. Pediatrics 2010;126:e140-9.

Pullan RL, Gitonga C, Mwandawiro C, Snow RW, Brooker S]J.
Estimating the relative contribution of parasitic infections and
nutrition for anaemia among school-aged children in Kenya:
A subnational geostatistical analysis. BMJ Open 2013;3:e001936.

Volume 10 : Issue 2 : February 2021



