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Abstract 

Background: Anemia among infants can greatly affect and influence growth and 

development as well as weaken the immune system. Understanding the underlying 

mechanisms behind the development of anemia is of outmost importance. The objective of 

this study was to determine the prevalence and maternal correlates of anemia in infants in 

Kwale County in the southern coastal region of Kenya. A descriptive cross-sectional design 

was adopted. Study participants were selected via using systematic random sampling with a 

skip interval of two (n =134).HemoCue 301 (HemoCue AB, Angelholm, Sweden) was used to 

determine the hemoglobin concentration where infants with [Hb] <11g/dl were considered 

anemic. An interviewer administered questionnaire was used to collect data on correlates of 

anemia among infants in the study. The prevalence of anemia was 69%. Age and gender were 

not significantly associated with occurrence of anemia. Mothers of the infants in the study had 

a mean (±SE) age of 28.0 ± 0.615 years. More than 2/3 of the mothers (65.7%) were >25 

years of age. Majority of the mothers (65.6%) had attained primary educational level, 15.6% 

had no formal education, while 6.7% had attained college/university level of education. 

Majority of the mothers (95%) received supplements during pregnancy as folate, ferrous 

Sulphate or ferrous fumarate. The mean maternal hemoglobin during pregnancy was 10.3±1.5 

g/dl. The median number of children per mother was 3 with a minimum of 1 child and a 

maximum of 11 children. Infants in the study delivered through Cesarean-section were 

significantly (P = 0.003) at higher risk of being anemic, compared to those that were delivered 

normally. Conclusion: The prevalence of anemia among infants in the study is of major 

public health concern. Maternal health status seems to be a predictor of anemia outcomes 

among infants. Maternal and child health programmatic approaches should emphasize strict 

monitoring of health status of mothers during pregnancy in order to improve health outcomes 

among neonates and infants. 
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Introduction 

Globally, anemia prevalence is 32.9%, and anemia affects approximately 2 billion people. 

Among these, 800 million are women and children (WHO, 2015). According to World Bank 

as of 2016, the highest prevalence of anemia was among children under five with a value of 

41.10%. Anemia was responsible for 68,300,000 years lived with disability (YLD) in 2010 

(8.8%). Moreover, 841,000 deaths and 35,057,000 DALY’s are attributable to this disorder 

(Kassebaum et al., 2014). African children <5 years constitute the population with the highest 

percentage of individuals affected by anemia, prevalence of 62.3%, the highest number is 

recorded in the south-Eastern part of Asia (96,700,000 children and 202 million women of 

reproductive age) (WHO, 2015). The economic consequences of anemia includes disability 

payments, lost workdays, reduced productivity at work and travel expenses for healthcare 

appointments (Robert Smith, 2010, Tulchinsky, 2010). 

In Kenya, due to the high prevalence of anemia in children and women of reproductive 

age, to treat and prevent the development of anemia in pregnant women, and eventually in 

infants, the government gives for free iron supplements to pregnant mother during Antenatal 

care (ANC) visits. Different iron supplements can be issued, such as Iron and Folic acid 

(IFAS) tablets, Ferrous Sulphate tablets or Ferrous Fumarate tablets. Despite this public 

health policy being adopted, a study conducted at the coast reported a prevalence of anemia in 

children between 6 months and 3 years of age as high as 76% (Julia Kao et al., 2016). This 

prevalence is almost double as high as the nationwide anemia prevalence of 41.1%. The 

consequences of anemia vary among individuals based on their individual characteristics, 

such as gender, age, and immunity. Nevertheless, it is well known that anemia in infanthood 

and childhood impairs cognitive, motor and behavioral development (Low et al, 2013), can 

compromise immune sensitivity (Hassan et al, 2016) and lead to an increase in infant 

morbidity and mortality (S. Kounnavong et al., 2011).  

For children between 6 and 10 months of age, serum Hb is defined normal when 

>11g/dl (WHO, 2011). Anemia can be caused by various factors but in vulnerable 

populations, such as 6 months old infants, the main etiology is the lack of iron in the diet. ID 

is known to account for almost half of all anemia cases worldwide (Schrier et al., 2017). 

Anemia is most significant in infants because of continuous depletion of iron stores from birth 

until the introduction of complementary feeding, (Allen LH et al., 2006). The introduction to 

foods period represents a crucial phase because they mostly just started feeding on simple 

carbohydrates (Black Re et al., 2013). Moreover, one of the best-known inhibitors of dietary 

iron absorption is phytic acid (Zimmerman et al,.2007). Diets rich in phytic acid are very 

common in rural settings and can exacerbate ID, potentially leading to the development of 

Iron Deficiency Anemia. IDA is among the most prevalent and common micronutrient 

deficiency in the developing world. It is responsible for a higher incidence of morbidity 

because of the lack of proper investigation, prophylactic and therapeutic measures 

(Maheshwari, Raut & Argawal, 2011). Iron being a vital micronutrient for proliferation, it is 
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present in the cerebrum of a developing fetus for the actual development of the brain cells and 

the nervous system. (Hermoso et al., 2011).  

The health status of a child is highly dependent on and relates to the parents or 

caregiver characteristics such as level of education (Allen, 2000). Higher maternal or 

caregiver level of education is associated to an increase in their knowledge on essential 

dietary requirements to meet the infant’s requirements without an inadequacy in nutrients 

either micronutrients or macronutrients to have good health (Karr et al., 2001). The level of 

the mothers/ caregiver education may also affect the likelihood of the infant getting the daily 

dietary requirement for proper functioning of the body without any inadequacies (Keskin et 

al., 2005). In growing economies, research has revealed a positive relationship between 

children with literate mothers and the decreased risk of stunting as compared to the children 

with illiterate mothers (Bhargava et al., 2001; Houweling et al., 2003). In this study, we aimed 

to investigate the maternal correlates currently associated with infant anemia in Kwale 

County, with the goal of improving the health of these infants. 

 

Statement of the Problem 

Universally, anemia is a major public health concern as it has different etiologies. There are 

three populations that are most at risk of anemia including children <5 years of age, pregnant 

women and other women of reproductive age.  

Anemia has numerous risk factors depending on the specific population such as age, 

gender, dietary practices, illnesses, and loss of blood by bleeding for various reasons, 

geographical location, increased iron demand due to pregnancies (parity), and socio-economic 

status. However, gender and age are the most common risk factors of anemia and hence 

women and children being the most affected. Among the under five children infants at 6 

months during weaning are the most at risk because these children have already depleted the 

iron stores they got from birth and they have increased need for iron to facilitate growth. 

Therefore, the infants will depend on iron supplied in the diet. However, these infants are 

often weaned with not only foods deficient in iron but ‘maize porridge’ that contains phytic 

acid, which inhibits iron absorption (Zimmerman et, al 2007). The diet also lacks vitamin c 

which is an enhancer of iron absorption (Faleiros et al., 2016).  

The study sought to understand maternal correlates associated with the anemia 

prevalence in the coastal region of Kenya. This was determined by analyzing anemia 

prevalence in the infants participating in the study and looking at possible correlations with 

maternal characteristics, such age, parity, Hb during pregnancy, iron supplementation during 

pregnancy, level of education, level of income, mode of delivery; vaginal or cesarean, 

gestation category, birth weight; birth weight category.  

 

Methodology and design 

The study site was Msambweni Sub-county of Kwale County located in southern coastal 

Kenya. This town is located at 4.47º S    39.48º E. The study was based at the Msambweni 

County Referral Hospital. The Msambweni County Referral Hospital is a Level 4 hospital, 

receiving referral cases from all parts of the county.  

This study was nested in a randomized control trial funded by ETH Zurich (CH), in 

partnership with JKUAT. The title of the RCT is “Iron absorption from a wheat-based instant 

cereal formula containing ferrous fumarate and ascorbic acid with and without prebiotics: gut 

microbiome and stable isotope studies in Kenyan infants”. The primary objective of the RCT 

was to measure the effectiveness of the administration over 3 weeks of a new wheat-based 
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instant cereal containing 3.6 mg ferrous fumarate (FeFum) and ascorbic acid (AA) with or 

without prebiotics (galacto-oligosaccharides and fructo-oligosaccharides) on fractional iron 

absorption. Since this study was nested within the RCT, the procedures already received 

ethical approval from ETH Ethics and the Institutional Ethical Review Committee (IERC) of 

JKUAT. Our study was based on a descriptive cross-sectional design and obtained the 

relevant data from the baseline survey and assessment of the RCT. Infants were included if 

they met the inclusion criteria set by the parent study, specifically: healthy infants as assessed 

by the study clinician, aged between 6-10 months, not severely anemic (<7g/dl), not wasted 

(Z scores >-3), resident of the study area, already introduced to complementary foods, not 

using any iron supplements 3 months prior to enrolment, not using antibiotics one month prior 

to enrollment and with a signed informed consent from the mother/caregiver. 

Systematic sampling technique was applied. The first mother/child pair to arrive at the 

hospital was picked or, upon simultaneous arrival of many participants, randomization was 

performed. Afterwards, the interval of recruitment was 2. Since the parent study aimed at 

including 195 children, and based on finite correction, the study required a sample of 134. 

The sampling interval was determined as follows: 

195/ 134 =1.5 (approximated at 2) 

Given a sampling interval of two, the study included every second child who was enrolled in 

the parent study. 

Infant weight was measured by finding the difference between the mothers plus infant 

weight with the mother’s weight on a standardized flat SECA measuring scale, body length 

measured using the standard measurement board by UNICEF, recumbent height was 

measured to a precision on 0.5cm. Weight had a precision of 0.1kg.  Z-scores for weight for 

length (WLZ), weight for age (WAZ) and length for age (LAZ) were calculated through the 

WHO Anthropometrics software (WHO, 2007).  

A whole blood sample 2.5ml was collected by venipuncture from each infant. Date of 

birth, maternal age, hemoglobin during pregnancy, parity, ages of children and infant health 

status was obtained from the hospital record. An interviewer administered questionnaire was 

administered to the mother to obtain information on the supplements received during 

pregnancy and type of supplement based on color, level of education, occupation, marital 

status, level of income, duration of exclusive breastfeeding, infants’ diet.  

The color of supplement received during pregnancy was asked to determine the type of 

supplement received as the mothers were only able to tell the color. Hemoglobin 

concentration was assessed by using both the hand-held pulse co-oximeter Rad-67 (Massimo, 

Irvine California) and Hemocue 301 the level expressed in g/dL. According to the World 

Health Organization normal Hb levels for infants is >11 g/dl; for adults this is different 

depending on the gender, females have a value >12 to 16 g/dl as the recommended normal 

while that of males is >14 to 18 g/dl. Low levels of hemoglobin and as per this study of 

infants being is <11d/gl is categorized as has mild, moderate or severe anemia (severe anemia, 

Hb<7.0 g/dL; moderate anemia, Hb 7.0–9.9 g/dL; and mild anemia, Hb 10.0–10.9 g/dL). Hb 

measurement performed by the Hemocue 301 require the use of a microcuvette plate, where 

the blood from a finger prick is filled in the microcuvette making sure no space is left or air 

bubbles then placed in the device and measured by the device through absorbance of whole 

blood at an Hb/HbO2 isosbestic point.  The device makes use of a double wavelength 

measuring method, 506 nanometer and 880 nanometers (nm), for compensation of turbidity. 

Microsoft Excel version 2016 was used as the database. To get specific description of 

the characteristics of the population and as a base to determine our primary outcome, 
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descriptive statistics were used, namely measures of central tendency and dispersion (mean, 

mode, median, standard deviation, variance, and co-variance). An independent samples t-test 

was used to describe the infant characteristics in relation to the outcome. Crosstabs were used 

to show the association between the predictor variables and the outcome (anemia), with chi-

square being used as the teste association. For the strength of the relationship, odds ratio and 

risk estimate were applied. 

The study was conducted as per the study protocol and as per standards, procedures 

and principles of conducting research in humans.  The approval to carry out the study sought 

from the university’s relevant authority (the board of postgraduate studies). The Swiss Federal 

Institute of Technology (ETH University Zurich) Ethics commission in Switzerland and the 

JKUAT Institutional Ethics Review Committee approved the parent study.  

Confidentiality was maintained through the assigning of study identification numbers 

and not names, hence maintained anonymity. Informed consent was sought from the 

mothers/caregivers before an infant’s blood was drawn or tested. This was first done verbally, 

then in writing through the signing of a consent form in literate caregivers or by fingerprint by 

the non-literate caregivers.  

 

Results 

Characteristics of the Infants and prevalence of anemia in the study population. 

From a total of 134 infants who participated in the study, 60 (45%) were male while 74 (55%) 

were female. The mean age was 8.0±1.3 months. Out of the 134 infants, 64% (92) were 

anemic (Hb<11g\dl). Among the 92 anemic infants, 64 had mild anemia and 28 moderate 

anemia. This accounted for a prevalence of 70% and 30%, respectively. Among the anemic 

infants, males were 44 (47.8%), while the females were 48 (52.2%). The prevalence of 

anemia among male infants was lower than female infants with 32.8% and 35.8% 

respectively. Characteristics of the infants are shown in Table 1. An estimate of risk revealed 

that male infants were 33% less likely to be anemic as compared to the female infants. The 

age distribution of the anemic infants and anemia prevalence based on age and gender is 

reported in Table 2. The highest percentage of anemic infants per age category was in 7 

months old infants with 75% of them being anemic and lowest in 8 months old with 57.1%. A 

Pearson’s Chi square test (Sig. (2-tailed)) was performed to check the association between 

anemia prevalence and age and gender, displaying a no statistically significant relationship 

(Table 3). 
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Table 1: Characteristics of the infants based on their anemic status.  

Infant 

Characteristics  

All (n=134) Anemic (= 92) Non-Anemic 

(n=42) 

p-value 

Age  

Gender (m/f, n) 

Length 

Weight 

WAZ 

WLZ 

LAZ 

Birth Weight 

Gestation (wks.) 

Maternal Hb 

7.96±1.3 

60/74 

68.4±3.1 

7.8±1.3 

-0.52±1.2 

-0.26±1.3 

-0.52±1.1 

3.04±0.5 

37.3±2.0 

10.3±1.5 

7.98±1.4 

44/48 

68.5±3.2 

7.9±1.4 

-0.52±1.3 

-0.23±1.4 

-0.52±1.3 

2.99±0.5 

37.0±2.3 

10.3±1.6 

7.90±1.3 

16/26 

68.2±2.8     

7.8±1.0 

-0.53±1.1 

-0.93±1.1 

-0.42±1.0 

3.13±0.5 

37.8±1.3 

10.5±1.5 

 

 

0.697     

0.580 

0.94 

0.635 

0.483 

0.223 

0.147 

0.554 

Values are mean±SD. 

 

Source: Inspire study 2020 

  

Table 2: Prevalence of the anemia in infants based on age and gender.  

Source: Inspire study 2020 

 

Table 3: showing the strength of association between gender and infants anemic status  

(Risk Estimate). 

  Value 95% Confidence Interval 

  

Lower Upper 

For cohort Anemic status = 1.0 0.671 0.319 1.414 

N of Valid Cases 134 

  Source: Inspire study 2020 

 

Variables Category 

(Age/sex)  

Infants 

(Anemic) 

Infants (non-

anemic) 

Infants (n) Prevalence of Anemia 

 per category (%) 

Age (months) 6 

7 

8 

9 

10 

15 

24 

16 

22 

15 

23 

8 

12 

8 

6 

23(17.2) 

32(23.9) 

28(20.9) 

30(22.4) 

21(15.7) 

11.2(15/134) 

17.9(24/134) 

11.9(16/134) 

16.4(22/134) 

11.2 (15/134) 

Gender  Male 

Female 

44 

48 

16 

26 

60(44.8) 

74(55.2) 

32.8(44/134) 

35.8(48/134) 
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Table 3: Chi-Square test results for the relationship between the anemic status of the 

Infant with infant age and gender  

 Chi square Value Df Asymp. Sig. (2-sided) 

Age     

Pearson Chi-Square 2.830a 4 0.587 

Likelihood Ratio 2.773 4 0.596 

Linear-by-Linear Association 0.087 1 0.768 

Gender    

 Pearson Chi-square                                                                         1.104 1 0.293 

Likelihood Ratio 1.113 1 0.292 

Linear-by-Linear Association 1.096 1 0.295 

N of Valid Cases 134   

Source: Inspire study 2020 

 

Maternal correlates of anemia among infants: age, parity, Hb during pregnancy, 

educational level, level of income, iron supplementation, Birth weight, C- section. 

 

Maternal Characteristics. 

The mothers/caregivers of study participants were aged between 16 and 46 years of age with a 

mean (SE) of 28.0± 0.615 years. Most of the mothers/caregivers were above 25 years (65.7%) 

of age and had attained primary educational level (65.6%), followed by (15.6%) with no 

formal education, and by those who attended college/university (6.7%). Majority of the 

mothers received supplements during pregnancy (95.5%) ranging as folate, ferrous sulphate or 

ferrous fumarate. Maternal Hb during pregnancy had a mean of 10.3±1.5 g/dL. 60.2% of the 

mothers were classified as anemic (Hb<11g/dL) during pregnancy. Parity had a wide range 

(2-10) with majority of the mothers having one child. The median number of births was 3. 

Majority of the mothers reported having no income (42.3%) with the lowest percentage 

(4.4%) reporting their income per month was above 15,000 KSH. Majority of the infants 

(n=117) were born through vaginal delivery (87.3%) with only 17 (12.7%) infants being born 

through c-section. 
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Table 4: Comparison of the maternal characteristics of the infants with their anemic 

status. 

Maternal 

Characteristics  

Category n (%) Anemic 

(%) 

Non-anemic 

(%) 

Age  

 

Maternal Hb in 

pregnancy 

<25 years 

≥ 25 years 

<7g/dl 

>7.0-9.9g/dl 

10 -10.9g/dl 

>11g/dl 

46 (34.3) 

88 (65.7) 

2 (2.4) 

31(37.3) 

17(20.5) 

33(39.8) 

29(31.5) 

63(68.5) 

2 (10.5) 

3(15.8) 

3(15.8) 

11(57.9) 

17(40.5) 

25(59.5) 

0 (0) 

28 (43.8) 

14(21.9) 

22(34.4) 

C-section Yes 

No 

17(12.7) 

117(87.3) 

17 (18.5) 

75(81.5) 

0 (0) 

42(100) 

Birth weight 

category 

Low 

Normal 

Overweight 

9(9.1) 

89(89.9) 

1(1) 

6 (9.1) 

60 (90.9) 

0 (0) 

3 (9.1) 

29 (87.9) 

1 (3) 

No. of births  

 

<3 

>3 

86(64.2) 

48(35.8) 

55(59.8) 

37(40.2) 

31(73.8) 

11(26.2) 

Education 

 

 

 

Source of income  

No education 

Primary 

Secondary 

College/University 

None 

Farming 

Salaried 

Self-employment 

Other 

14 (15.6) 

59 (65.6) 

11 (12.2) 

6 (6.7) 

66(49.3) 

3(2.2) 

12(9) 

52(38.8) 

1(0.7) 

10 (14.9) 

47(70.1) 

6(9) 

4(6) 

46 (50) 

2(2.2) 

7(7.6) 

36(39.1) 

1(1.1) 

4(17.4%) 

12(52.2%) 

5(21.7%) 

2(8.7%) 

20(47.6) 

1(2.4) 

5(11.9) 

16(38.1) 

0(0) 

  

Source: Inspire study 2020 
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Table 5: Chi-Square Test Results for the Relationship between the anemic status of the 

Infant and maternal correlates. 

 Chi-squared value Df Adj. sign (2-tailed) 

Maternal age 

Pearson Chi-Square 1.026a 1 .311 

Continuity Correctionb 0.667 1 .414 

Likelihood Ratio 1.013 1 .314 

Linear-by-Linear Association 1.018 1 .313 

Maternal Education Level 

Pearson Chi-Square 3.391a 3 .335 

Likelihood Ratio 3.158 3 .368 

Linear-by-Linear Association .878 1 .349 

Level of Income 

Pearson Chi-Square 5.936a 5 .313 

Likelihood Ratio 7.851 5 .165 

No. of Births 

Pearson Chi-Square 3.399a 2 .183 

Likelihood Ratio 3.761 2 .153 

Linear-by-Linear Association 3.321 1 .069 

Birth Weight Category 

Pearson Chi-Square 2.022a 2 .364 

Likelihood Ratio 2.22 2 .33 

Linear-by-Linear Association 0.212 1 .019 

Source of income 

Pearson Chi-Square 1.097a 4 .895 

Likelihood Ratio 1.365 4 .85 

C-section 

Pearson Chi-Square 8.889a 1 .003 

Likelihood Ratio 7.299 1 .007 

Linear-by-Linear Association 13.886 1 0 

Maternal Hb during pregnancy, category 

Pearson Chi-Square 2.204a 3 .531 

Likelihood Ratio 2.738 3 .434 

Linear-by-Linear Association .878 1 .349 

Source: Inspire study 2020 

Note: There is missing data from the mother child health hospital booklet on birthweight and 

maternal hemoglobin tested during pregnancy. Also, there is missing data on educational 

background. 

  

http://cedred.org/jais/index.php/issues


Journal of African Interdisciplinary Studies (JAIS): ISSN 2523-6725 (online) 

                                                              October 2021 Vol. 5, No. 10 
Citation: Nyilima, S; Karanja, S; Magu, D & Zimmerman, M. (2021). Prevalence and Maternal Correlates of 

Anemia among Infants aged 6-10 months in Kwale County, Kenya. Journal of African Interdisciplinary Studies. 

5(11), 23 – 37. 

 

32 
Copyright © 2019 Centre for Democracy, Research and Development (CEDRED), Nairobi, Kenya. 

http://cedred.org/jais/index.php/issues 

Maternal Correlates of anemia among infants aged 6-10 months. 

This section represents the relationship between the maternal factors and the infant anemic 

status (Hb level). Cesarian-section showed a strong significant correlation with anemia status 

(X2 = 8.889,Df =1, p=0.003 ). The cross tabulation also showed that all the infants (17) born 

through CS were anemic. To test the strength of the relationship between mode of delivery 

and anemia status, risk was estimated with odd ratios (Table 6). All associations tested are 

summarized in Table 5.  

 

Table 6: The association between c-section and infants anemic status  (Risk Estimate). 

 

  Value 95% Confidence Interval 

N=134 

 

Lower Upper 

For cohort Anemic status = 1.0 0.641 0.56 0.734 

Source: Inspire study 2020 

 

Discussion  

The main findings of this study in 6 to 10 months old Kenyan infants are: 1) the prevalence of 

anemia was 69%,  with approximately 7 out of 10 infants recruited in the study being anemic; 

2) the prevalence of anemia in female infants was slightly higher than that in male infants 

(35.8% vs 32.8%) 3) there is a significant correlation between the mode of delivery and 

anemia prevalence in the study population; and 4) there was no significant relationship 

between anemia prevalence and maternal characteristics. 

Previous studies with a similar design performed in the same area, but in a wider age-

group (n = 244; mean ± SD age, 20.5 ± 7 months) reported a prevalence of anemia of 76% 

(Julia Kao et al., 2016). Anemia was the primary outcome in that study, defined as 

hemoglobin (Hb) <11g/dl. This anemia prevalence is comparable to the one reported in a 

previous study conducted in the same area of Kenya, but in a narrower age range of infants 

(n = 337; mean ± SD age, 6.0 ± 1.1 months) 70.5 % (Jaeggi et al., 2013). In our study, more 

female infants were anemic than males (52.2% vs 47.8%), but the chi-square test of the 

association between gender and anemic status was not statistically significant. This agreed 

with a previous study conducted in rural Woloita in Ethiopia (Alemayehu M et al., 2019). 

Despite not being significant in our study, the possible reasons of a slightly higher prevalence 

of anemia in female could be a high prevalence of sex bias (affects female infants) and 

community’s belief to give better care to male children than females as they consider them 

superior (Agumasie S et al., 2014). Age of the infants did not reveal any association to the 

anemic status in this study. This was contrary from a study conducted in Ethiopia 

(Gebremedhin Gebreegziabiher et al., 2014). However, that study was performed in a wider 

age range (6-23 months), hence there might have been a wider range of ages, growth speeds 

and nutritional habits potentially affecting anemia status in comparison with the present study. 

The study revealed the highest prevalence of anemia (53.2%) in the 6-11 months old infants. 

Maternal education did not reveal a significant association with the infant anemic 

status in the study, as previously reported in studies conducted in Brazil (L. P. Leal et al., 

2011) and Ethiopia (Gebremedhin Gebreegziabiher et al.,2014). This may be because most of 

the mothers included in the study had a limited range in educational level, with the highest 

percentage only having primary level education or no formal education. Because of this, our 

sample might not be sufficient to ascertain statistical association. 

http://cedred.org/jais/index.php/issues


Journal of African Interdisciplinary Studies (JAIS): ISSN 2523-6725 (online) 

                                                              October 2021 Vol. 5, No. 10 
Citation: Nyilima, S; Karanja, S; Magu, D & Zimmerman, M. (2021). Prevalence and Maternal Correlates of 

Anemia among Infants aged 6-10 months in Kwale County, Kenya. Journal of African Interdisciplinary Studies. 

5(11), 23 – 37. 

 

33 
Copyright © 2019 Centre for Democracy, Research and Development (CEDRED), Nairobi, Kenya. 

http://cedred.org/jais/index.php/issues 

Infants’ mode of delivery significantly correlated with their anemic status in the 

present study. This result is consistent with findings from a study performed in China (Hong-

tian li et al, 2015), where caesarean section was associated with anemia. However, in that 

study the association was observed in older infants, aged 12 months (adjusted OR: 1.19; 95% 

CI: 1.04, 1.37) and 58 months (adjusted OR: 1.11; 95% CI: 1.08, 1.15) and not in 6mo in 

cohort 1 adjusted OR: 1.05; 95% CI: 0.93, 1.19); .The positive associations for anemia at 12 

and 58 months were consistent across maternal hemoglobin subgroups and persisted for 

cesarean delivery subtypes. This association is also consistent with a previous study 

conducted in neonates, in an Iranian population (Baharvand, P et al., 2018), where effect of 

delivery type was compared to the neonates’ blood indices and anemia in neonates was 

associated with cesarean section delivery. Previous studies have reported reduced placenta-to-

fetus cord blood transfusion and decreased iron storage at birth in cesarean-delivered infants 

(Kakkilaya V, 2008, Zhou YB et al., 2014).  

Recent recommendations are to increase placental-fetal transfusion for vaginally 

delivered newborns by delayed cord clamping (WHO, 2013, Sweet et al, 2017, Perlman et al., 

2010), our findings suggest the need for studying interventions to increase blood volume of 

cesarean-delivered newborns; otherwise, the gap in anemia prevalence between cesarean- and 

vaginally delivered children will grow after widespread adoption of delayed cord clamping 

during vaginal delivery. However, Delayed cord clamping may unfortunately cause blood to 

pool in placenta due to the relatively higher position of the infants compared with the level of 

placenta (Sisson TR et al.,1973). Cord blood milking has been revealed to offer a similar 

effect to delayed cord clamping (Upadhyay A et al.,2013) and is recommended to be applied 

in caesarean delivery as shown by a randomised control trial conducted in Rhode Island 

(n=24), the milking group had a smaller placental residual blood volume. Five infants (42%) 

in the immediate group had a Hct of ≤47%, indicative of anemia (Erickson-Owens DA et al., 

2012). However, further studies are needed. In this study the effect of residual confounding, 

or other factors relating to cesarean delivery may have played a role in these results. 

In the present study, there was no association between maternal Hb concentration 

during pregnancy and infant Hb concentration. This is consistent with findings of a study 

conducted in India (V, S., Patil, S. & Rau, A,.2012) in newborns born to anemic and non-

anemic mothers. In that study the mean hemoglobin indices was not statistically significant as 

the present study however the age group was a much younger population (neonates). 

However, it differs with other studies which demonstrated that maternal anemia influenced 

the status of iron stores. Hb and ferritin levels in infants born to anemic mothers were 

significantly lower compared to infants born to nonanemic mothers. (Arvind K. Shukla el al., 

2019, Terefe B et al.,2015, Teixeira Mde L et al.,2010) also reported that maternal Hb levels 

were independent predictors of infants' hemoglobin levels. This difference might be due to the 

difference in age groups as this study population were 6 to 10 months old while the other 

studies were in neonates. 

The study had several strengths as it was population based, hence more representative 

of the study area population as the children were recruited from the villages surrounding the 

hospital and from the well-baby and vaccination clinics, not already sick infants visiting the 

hospital. The study used a reliable device for Hb measurement the Hemocue 301+, which is 

the device normally used clinically to test for anemia. We collected a huge variety of data to 

in study population that was more than previous studies such as the maternal Hb during 

pregnancy to see association with infants’ anemic status. 
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The study has several limitations. It was under a parent study that had an inclusion 

criterion in place therefore infants meeting the criteria got included in this study causing the 

study to have a sample based on convenience. The study was observational hence no follow 

up and only collected data at one point in time this limited comparison of different time 

points, made it difficult to interpret the associations and make causal inference such as the 

maternal Hb not having an association with infant Hb, they might have been an association if 

the blood was also taken at birth. 

 

Conclusion and Recommendation. 

Our findings suggest the prevalence of anemia in the area is still quite high with 7 out of 

every 10 children being anemic. Gender influenced iron status and although not significant 

more girls were anemic in the study. This is likely due to sex bias and community’s belief to 

give better care to male children than females as they consider them superior (Agumasie S et 

al., 2014).The community needs to be educated on the importance of both gender and raising 

them with the same care. Cesarean delivery is likely associated with anemia in children which 

suggests a possible need for exploring changes in obstetric care that might prevent anemia in 

cesarean-delivered children. Previous studies suggest changes such as a delay in cord 

clamping, cord blood milking. Our findings suggest there is need for studying interventions to 

increase blood volume of cesarean-delivered newborns; otherwise, the gap in anemia 

prevalence between cesarean- and vaginally delivered children will grow after the adoption of 

delayed cord clamping during vaginal delivery. Further observational and intervention studies 

is recommended, especially in countries with high rates of cesarean delivery, given the serious 

morbidity associated with childhood anemia.  
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