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Abstract

Introduction: Anemia is one of the important public health problems plaguing the world today. Iron deficiency anemia (IDA) constitutes the majority of this anemia
population. This study aims to explore the relationship of IDA and socio-demographic, lifestyle, dietary, physical activity, and different body size phenotypes in the
adult Turkish population

Methods: The case-control study was carried out between August and October 2019 at the internal medicine outpatient clinic of the tertiary hospital. A total of 101
anemic and 111 age and gender matched non-anemic healthy controls were included. Iron-deficiency anemia was defined as the presence of both anemia and
inflammation-adjusted ferritin concentration less than 15 ng/ml. Sociodemographic, lifestyle and nutritional characteristics of the participants were questioned with
a questionnaire form. The physical activity level of the participants was evaluated with the International Physical Activity Questionnaire (IPAQ).

Results: Non-anemic 111 (90 female, 21 male) and anemic 101 (90 female, 11 male) participants were included in the study. Unemployment (p=0.02), tea
consumption (p=0.001), chronic disease (p=0.036), physical activity (p<0.001) and dietary diversity (p<0.001) were significantly associated with anaemia. Body
mass index of anemic participants were higher than non-anemic (p=0.025). Employment (OR: 2.81, 95% CI: 1.024-7.721, p=0.045), physical activity (minimum)
(OR: 0.14, 95% ClI: 0.053-0.364, p < 0.001), physical activity (active) (OR: 0.30, 95% CI: 0.097-0.926, p=0.036), tea consumption time (OR: 4.42, 95% CI: 1.767—
11.059, p= 0.001), vegetables portion (OR: 0.61, 95% CI: 0.433-0.869, p= 0.006), dairy products portion (OR: 0.54, 95% CI: 0.334-0.886, p= 0.015) were
independently associated with IDA.

Conclusions: Diet diversity, BMI, chronic disease, unemployment, physical activity, and tea consumption have been found to be factors associated with anemia.
Food fortification and dietary education can contribute to improving iron status and reducing the prevalence of iron deficiency anemia at the risk population.
Keywords: Iron-Deficiency Anemia; body mass index; lifestyle; diet; physical activity

Oz

Giris: Anemi, giiniimiizde diinyay: etkileyen 6nemli halk sagligi sorunlarindan biridir. Demir eksikligi anemisi (DEA) bu anemi popiilasy onunun ¢ogunu olusturur.
Bu ¢alisma, yetiskin Tiirk popiilasyonunda DEA ile sosyo-demografik, yasam tarzi, diyet, fiziksel aktivite ve farkli beden boyutlar1 arasindaki iligkiyi arastirmay1
amaglamaktadir.

Yontem: Bu vaka kontrol ¢aligmas1 Agustos ve Ekim 2019 tarihleri arasinda ti¢iincii basamak hastanenin i¢ hastaliklart polikliniginde gerceklestirildi. Toplam 101
anemik ve yas ve cinsiyetleri benzer 111 anemik olmayan saglikli kontroller ¢alismaya dahil edildi. Demir eksikligi anemisi hem anemi hem de inflamasyona gore
ayarlanmig ferritin konsantrasyonunun 15 ng/ml'den az olmasi olarak tanimlandi. Katilimcilarin sosyodemografik, yasam tarzi ve beslenme 6zellikleri bir anket
formu ile sorgulanmistir. Katilimcilarin fiziksel aktivite diizeyleri Uluslararas: Fiziksel Aktivite Anketi (IPAQ) ile degerlendirildi.

Bulgular: Anemik olmayan 111 (90 kadn, 21 erkek) ve anemik 101 (90 kadn, 11 erkek) katilimci galismaya dahil edildi. Issizlik (p = 0,02), cay tiiketimi (p =
0,001), kronik hastalik (p = 0,036), fiziksel aktivite (p <0,001) ve diyet gesitliligi (p <0,001) ile anemi arasinda istatistiksel anlamli iligki saptandi. Anemik
katilimeilarin viicut kitle indeksi anemik olmayanlardan yiiksekti (p = 0,025). Is (OR: 2,81, %95 CI: 1,024-7,721, p = 0,045), fiziksel aktivite (minimum) (OR: 0,14,
%95 CI: 0,053-0,364, p <0,001), fiziksel aktivite (aktif) (OR: 0,30, %95 CI: 0,097-0,926, p = 0,036), ¢ay tiiketim zaman1 (OR: 4,42, %95 CI: 1,767-11,059, p =
0,001), sebze porsiyonu (OR: 0,61, %95 CI: 0,433-0,869, p = 0,006), siit tiriinleri porsiyonu (OR: 0,54, %95 CI: 0,334-0,886, p = 0,015) bagimsiz olarak DEA ile
iligkiliydi.

Sonug: Diyet cesitliligi, VKI, kronik hastalik, issizlik, fiziksel aktivite ve ¢ay tiikketimi anemiyle iliskili faktorler olarak bulunmustur. Gida takviyesi ve diyet egitimi,
demir durumunun iyilestirilmesine ve risk altinda ki popiilasyonda demir eksikligi anemisinin yayginliginin azaltilmasina katkida bulunabilir.

Anahtar kelimeler: Demir eksikligi anemisi; viicut kitle indeksi, yasam tarzi; diyet, fiziksel aktivite
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Introduction

The World Health Organization (WHO) has defined anemia as an insufficient number of red blood cells (RBCs) or RBCs' oxygen-carrying capacity
to meet physiological needs. In daily practice, it is defined as anemia that hemoglobin concentration in adults is below 12 gr / dL in women and
13 gr/ dL in men. Anemia is one of the important public health problems plaguing the world today. WHO reported that anemia affects 1.6 billion
people worldwide, which correlate with to 24.8% of the total world population. Iron deficiency anemia constitutes the majority of this anemia
population [1,2]

Anemia symptoms range from fatigue and weakness to reduced cognitive performance and even death. Anemia can increase mortality and
morbidity in the elderly and pregnant women. Anemia causes reduced work capacity in adults, while it can affect mental and motor development
negatively in children [3-5].

Nowadays, the prevalence of iron deficiency anaemia (IDA) has gradually decreased in high-income countries, but still, its prevalence is high in
many low and middle income countries. Current research draws attention to the relationship between countries' socio-economic development level
and iron deficiency anemia. In a study conducted in China, it was reported that the prevalence of IDA, which was 18.2% in 2002, decreased to
9.7% in 2010 with the improvement of the country's socioeconomic development and nutritional status [6]. In studies conducted in western
populations, it has been shown that diet diversity, lifestyle and sociodemographic properties are associated with IDA. These studies reported that
dietary factors such as dietary heme and nonheme iron, alcohol consumption, vitamin C intake, consumption of meat and fish, a dietary pattern
featuring high vegetable and red meat intakes and iron supplementation were positively associated with higher body iron reserve and reduces IDA.
In addition, nondietary factors such as gender, age, physical activity, menopause, menstrual blood loss, gastrointestinal ulcer, anorectal diseases,
parasitic infections, genetic factors, and ethnicity are related with IDA [7-10]. The dietary and non-dietary factors that cause anemia suggested
that the sociodemographic characteristics of individuals play an important role in the etiology of anemia.

Iron deficiency anemia can be reduced by increasing the socioeconomic levels of individuals, but it should be noted that obesity is also associated
with the socioeconomic level. For example, A recent study reported that the USA and China had the highest numbers of obese adults in world
[11]. Although it is reported that obesity is a risk factor for anemia in some study, the relationship between anemia and obesity is controversial.
Obesity has been reported to be associated with anemia in adults in some countries [12-14]. Some studies reported that IDA is frequent findings
in obese subjects, including children, adolescents, and women [15,16]. But other studies found that hyperferritinemia is observed in overweight
and obesity subjects [17,18].

In the literature, few studies have been conducted to investigate the relationship between dietary behaviors, demographic, socioeconomic status,
and obesity factors in the determinants of IDA. As far as we know there is no study investigating this relationship in our country. Therefore, we
investigated the relationship between socio-demographic, dietary and obesity factors with IDA among Turkish adult population.

Methods

Study design and participants

This current case-control study was carried out between August and October 2019 at the internal medicine outpatient clinic of the tertiary hospital.
The sample size was calculated with the G power 3.1.9.4 package program. Considering 0.5 effect size, 95% power, and 0.05 margin of error, the
sample size was calculated to be at least 90 people. To this case-control study, 101 anemic participants and 111 age and gender matched non-
anemic healthy controls who were individuals without anemia were included. Participants who applied to the internal medicine outpatient clinic
between the dates of the study and were diagnosed with iron deficiency formed the universe of the study. All participants who appropriate the
study criteria were invited to the study. Participants in the case and control groups were included in the study by random sampling method. The
study inclusion criteria were as follows; i) Being over the 18 years old, ii) diagnosed with iron deficiency anemia iii) volunteering. Included as
control group were age and gender-matched individuals who were 18 years and above and had no history of anemia. On the other hand, the
exclusion criteria were: i) anemic patients other than iron deficiency anemia, ii) pregnancy, iii) having psychiatric and neurological diseases that
affect cognitive functions and communication.

Data Collection

The demographic, anthropometric, lifestyle and nutrition habits data were collected by same researcher through a structured questionnaire form.
The questionnaire forms were administered face to face in a separate room created to interview patients. Questions that were not understood by
the participants were answered by the researcher. There is no time limit for answering the questionnaire. In the analysis, smoking status was
grouped as non-smokers and current smokers based on reported cigarette consumption. Alcohol consumption is also grouped as use alcohol or not
use. Monthly household income of the participants was questioned in Turkish lira and recorded. Based on the standard protocol, which is similar
to the National Health and Nutrition Examination Survey protocol developed by the US National Center for Health Statistics, trained researcher
measured height and weight. Height was measured to the nearest 0.1 cm, and weight in lightweight clothing was measured to the nearest 0.1 kg.
Body mass index (BMI) was calculated by dividing body weight by the square of the height (kg / m?). All anthropometric measurements were
done by the same researcher to obtain standard measurements.
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Physical activity assessment

The physical activity level of the participants was evaluated with the International Physical Activity Questionnaire (IPAQ). The IPAQ survey was
developed in 1996 by Michael Booth to evaluate participants' physical activity levels. The reliability of the Turkish version of the test was done
by Saglam et al. [19]. There are two forms of IPAQ questionnaire, and 7 questions short form was used in our study. Short form (7 questions)
provides information about the time spent in walking, moderate-severe and severe activities. The time spent in sitting is considered as a separate
question and measures sedentary elapsed time. The total score of the short form is calculated by the sum of duration (minutes) and frequency
(days) of walking, moderate intensity, and severe activities. A score in MET-minutes is obtained from this total score. A Met-minute is calculated
by multiplying the minute of the activity with the MET score. As a result of the calculations, physical activity level is classified as follows [19].

Group I: Under 600 MET-min / week, named as sedentary
Group Il: Range from 600 to 3000 MET-min / week, named as minimum actives
Group I11: Over 3000 MET-min / week, named as very actives

Diet and nutritional properties assessment

Participants dietary diversity scores were calculated based on guide for Turkish dieticians patient follow-up [20]. Turkish dieticians guideline
suggested that a sufficient amount should be consumed from all food groups for balanced feeding. Adequate and balanced nutrition has been
reported to protect individuals from deficiency of micronutrients (iron). The patient follow-up guide for dieticians recommends the consumption
of 3 main meals and 1 snack for adequate and balanced nutrition. Therefore, the number of daily meals of the participants was first questioned.
Five types of food that participants should eat for daily iron needs were questioned. All of the reported foods consumed in a week before the survey
by the participants were categorized into five food groups: meat, fish and eggs, dairy products, cereals, vegetables, fresh and dried fruits. All
participants were told about the portion amounts of five groups of food and the portion amounts of each group of foods in the last week were
questioned. Black tea consumption is very common in our country. The polyphenol content of tea is known to negatively affect the absorption of
non hem-iron. Some studies have shown that tea drinking with meals reduces iron absorption [21]. Tea is prepared completely by hot brewing
method in our country. Tea and coffee consumption was questioned due to the negative effect of tea and coffee consumption on iron absorption.
The amount of tea and coffee consumption was calculated over the specified cups. Tea preferences of the participants were evaluated in two groups
as light tea or dark tea. The consumed tea was recorded as light or dark tea according to the participants' own perceptions.

Definition of Anemia

Anemia was defined based on the World Health Organization (WHO) hemoglobin thresholds of hemoglobin concentrations less than 13 mg/dl for
men and less than 12 mg/dl for women [1]. Iron-deficiency anemia (IDA) was defined as the presence of both anemia and inflammation-adjusted
ferritin concentration less than 15 ng/mL. The diagnosis of anemia was made by an internal medicine specialist.

Statistical analysis

Statistical analysis of the data was performed by IBM SPSS 22 statistics package program. Shapiro-Wilk test was used to determine whether the
data showed normal distribution. Descriptive statistics of the data were expressed as mean + standard deviation for variables with normal
distribution in continuous data, [median (minimum: maximum)] for non-normal distribution variables and frequency for categorical variables as
percentage [n (%)].Pearson chi-square test was used to analyze categorical data. Mann-Whitney U test was used to compare two independent
groups for non-normally distributed and Student-t test was used for normally distributed continuous data. In order to determine the effect of
independent variables on dependent variable, the Binary Logistic Regression model were used. Significance level was o= 0.05. Statistically
significance values are indicated in bold in the tables.

Ethical approval
The study protocol was approved by the Ethics Committee of Firat University (2019-03/10). The study was conducted in accordance with the
principles of the Declaration of Helsinki. A written informed consent was obtained from each patient.

Results

Non-anemic 111 (90 female, 21 male) and anemic 101 (90 female, 11 male) participants were included in the study. Comparing the case and
control group; unemployment (p=0.02), tea consumption within one hour after meals (p=0.001), having a chronic disease (p=0.036), and low
physical activity (p<0.001) were factors associated with anemia. Socio demographic characteristics of the participants are presented in table 1.

Body mass index of participants with anemia was significantly higher than non-anemic participants (p=0.025). The prevalence of anemia decreased
as the consumption of egg (p<0.001), cereals (p<0.001), green vegetables (p<0.001), fruits (p=0.022) and dairy products (p<0.001) increased
(Table 2).

After adjusting for potential risk factors, the multiple linear regression model showed that physical activity, employment, tea consumption time,
vegetable portion, dairy products portion factors are associated with anemia. (Table 3)
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Table 1. Socio demographic characteristics of the participants

Table 2. Nutrition, economic and anthropometric characteristics of the participants

Table 3. Logistic regression analysis

Discussion
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The current study aimed to investigate the relationship between sociodemographic, diet and lifestyle factors and iron deficiency anemia. Socio-
demographic factors such as unemployment, tea consumption, having a chronic disease and low physical activity are associated factors with iron
deficiency anemia.

Unemployment is expected to negatively affect nutrition and diet diversity as a result of negatively affecting individuals' income status. Li et al.
reported that the prevalence of anemia decreased as the economic development increased in China [6]. In another study, Chalise et al. reported
that poverty was particularly associated with nutritional anemia [22]. The present study and literature data have shown that individuals' income
levels are related to iron deficiency anemia.

Chronic diseases have been reported to cause anemia by many mechanisms. It has been reported that chronic disease anemia is often accompanied
by iron deficiency anemia [23]. In the case of chronic disease, there is difficulty in the differential diagnosis of anemia. Ferritin level is used to
distinguish between chronic disease anemia and iron deficiency anemia. In our study, the prevalence of iron deficiency anemia was found to be
higher in patients with chronic disease. Although ferritin levels were used in the diagnosis of iron deficiency in our study, chronic disease anemia
may have affected our data. In future studies, investigating the association of chronic disease anemia and iron deficiency anemia in those with
chronic disease may more contribute to the literature.

It is known that polyphenols derived from plant-based sources such as tea, wine and coffee are potent iron absorption inhibitors [24]. In the study
conducted by Ahmed Fuzi et al. which examined the effect of tea consumption on iron absorption, it was reported that tea consumed within 1 hour
after meals reduced iron absorption [25]. Black tea consumption is common habit in Turkey. In our study, the tea consumed within 1 hour after
meals was found to be related to IDA. A similar study in Yemen reported that tea consumption similar to the findings we obtained was associated
with IDA [26]. A study among African adults were reported that iron deficiency and IDA were not significantly explained by the consumption of
black tea in a black adult population in South Africa [27]. Based on the literature data and the data we obtained, it can be said that the relation
between tea consumption and iron deficiency anemia is controversial. We believe that more extensive studies are needed to explain the relationship
between black tea consumption and iron deficiency anemia.

The relationship between obesity and IDA is controversial. Studies reporting that obesity is associated with IDA in the literature have various
hypotheses to explain this relationship. These studies reported that poor dietary iron intake, commonly used anti-acid drugs, inflammation caused
by obesity and the peptide hormone hepcidin produced by adipocytes to cause iron deficiency and IDA in obese patients [28-30] .

In current study, participants with IDA had higher BMI than non-anemic participants. Similar to our findings, many studies in the literature have
reported that obesity is associated with IDA [29-31]. In a similar study conducted in China, it was reported that obesity is associated with anemia
in women and there is no statistical relationship between obesity and anemia in men [32]. Although our data and similar literature data showed the
relationship between anemia and obesity, it was thought that new studies with larger populations are needed to explain role of obesity in IDA.

In our study, an opposite relationship was found between physical activity and IDA. Sedentary life was more common in those with IDA. A
decrease in physical capacity and fatigue is an expected finding in iron deficiency anemia. It should not be surprising to find the physical activity
score of patients with anemia low. Both the effect of anemia on reducing the physical capacity and weakness, as well as the relationship between
obesity and anemia in our study complicated the relationship between physical activity and anemia. Three different studies in the literature have
been reported that there was no significant correlation between physical activity and ID compared with non-iron deficient participants [32-34].
The relationship between anemia and physical activity has not been adequately clarified. Based on the data we obtained, it was thought that further
research should investigate the relationship between physical activity and iron deficiency anemia by considering the confounding factors.

Diet diversity is known to be important for adequate and balanced nutrition. It is known that one of the main risk factors of IDA is the unhealthy
dietary habits. In this context, the diet diversity of the participants was questioned in our study. In our study, it was found that diet diversity is a
protective factor for IDA. Jalambo et al. have reported that lack of knowledge on healthy eating and lack of motivation to eat a healthy diet were
the main barriers to healthy eating among adolescents, leading to inadequate Fe, Ca, vitamin A, folic acid intake [34]. In our study, it was found
that anemia decreased when the consumption of iron and vitamin-rich foods such as eggs, vegetables, cereals, dairy products, and fruits increased.
Our findings are consistent with previous studies that showed positive associations between heme-iron intake and iron status in Western
populations [10,35-37]. An unexpected finding in our study was that there was no statistical relationship between meat and fish consumption and
anemia. Peter J Hu et al. reported that a positive association between red meat consumption and serum ferritin concentration [32]. They also
reported that positive associations of pork and poultry consumption with serum ferritin concentration in men. The protective effect of meat
consumption from anemia is known and is reported in many studies. In our study, the similar amount of meat consumption between anemic and
non-anemic participants may be the reason for not explaining this relationship. We believe that meat consumption is not at a sufficient level for
economic reasons in our country. For this reason, an unexpected result may have occurred in our study. In future studies in our country, examining
the level of iron and anemia among groups with different meat consumption can contribute to the explanation of the subject. The data we obtained
have suggested that non-meat foods with high iron content are also effective in preventing anemia, although meat consumption is insufficient.
Based on this data, we can say that the prevalence of anemia can be reduced with nutrition education.
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Limitations

The first limitation of the study is that the findings we obtained due to the cross-section of our study cannot reflect the general population.
Nutritional data in the study were obtained from the participants’ own statements. This situation may have prevented the standardization of the
data in the study. This current study did not collect information on several dietary and nondietary factors that may potentially be associated with
iron status, such as serum hepcidin, genetic risk factors, blood donation, supplement use and heme and non-heme iron intake. Despite all our
limitations, our data contributed to the identification of IDA and related factors. It is important to identify and eliminate risk factors in reducing
the prevalence of IDA.

Conclusion

This current study confirmed several dietary factors and nondietary factors that contribute to iron deficiency anemia in Turkish adults. Diet
diversity, BMI, chronic disease, unemployment, physical activity, and tea consumption have been found to be factors associated with anemia. The
findings of the present study may contribute to increase the awareness on the determinants of IDA in both patients and primary care physicians.
Food supplements and dietary education can contribute to improving iron status and reducing the prevalence of iron deficiency anemia at the risk
population.
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