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Abstract: Background: Iron deficiency anaemia (IDA) is the most common nutritional deficiency among children under 
five years globally. Caregiver knowledge and feeding practices are critical modifiable determinants of childhood IDA, yet data 
from the Kurdistan Region of Iraq remain limited. Objectives: To assess caregiver knowledge and feeding performance 
regarding IDA and examine their association with children's haematological parameters. Methods: A cross-sectional 
descriptive study was conducted among 180 caregiver–child pairs (children aged 12–59 months with moderate IDA) at 
Rapareen Paediatric Teaching Hospital, Erbil, from February to June 2025. Caregiver knowledge and feeding performance 
were assessed using purpose-developed, internally validated instruments. Haemoglobin, serum ferritin, and serum iron were 
measured. Spearman's correlation was used to assess associations. Results: Poor caregiver knowledge (71.1%, n = 128) and 
poor feeding performance (71.7%, n = 129) predominated, with mean scores of 11.81±2.80 and 5.71±5.49, respectively. Only 
0.6% (n = 1) of caregivers demonstrated good knowledge, and none achieved good feeding performance. Significant IDA risk 
factors included family history of anaemia (27.8%), intestinal parasitic infections (26.7%), recurrent diarrhoea (24.4%), and 
pica (24.4%) (all p<0.001). No statistically significant correlations were found between caregiver knowledge or feeding 
performance and haematological parameters (all p>0.05 after Bonferroni correction). One unadjusted association between 
feeding performance and serum iron in the nutritional education subgroup (ρ = −0.254, p = 0.049) did not survive multiple-
comparison correction and is considered exploratory. Conclusions: Caregiver knowledge and feeding performance regarding 
IDA are critically inadequate. Structured, skill-based nutritional education programmes should be integrated into routine 
paediatric care to improve feeding practices and reduce IDA burden. 
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INTRODUCTION 
Iron deficiency anaemia (IDA) is the most prevalent 
nutritional deficiency worldwide, disproportionately 
affecting young children in low- and middle-income 
countries (LMICs). Globally, IDA affects an estimated 1.6 
billion individuals, and children aged 12–59 months 
represent one of the highest-risk populations, owing to rapid 
growth, expanded blood volume, increased erythropoietic 
demand, and depletion of prenatal iron stores [1,2]. IDA in 
this age group is associated with impaired 
neurodevelopment, behavioural disturbances, and reduced 
cognitive performance — sequelae that may persist even 
after haematological recovery [3,4]. 
 In Iraq, childhood anaemia prevalence ranges from 30% 
to 45% among children under five [5,6]. In the Kurdistan 

Region, including Erbil Governorate, persistently high IDA 
rates have been documented despite improvements in 
healthcare access [5,7]. Regional dietary patterns compound 
this burden: cereal-based diets high in phytates and the 
culturally widespread habit of serving tea with meals 
introduce potent inhibitors of non-haem iron absorption 
[1,8]. 
 Caregiver knowledge regarding IDA — encompassing 
recognition of iron-rich foods, absorption enhancers, and 
absorption inhibitors — is one of the most important 
modifiable determinants of dietary iron adequacy in young 
children [9,10]. Caregivers are the primary gatekeepers of 
child nutrition; their understanding of IDA and appropriate 
complementary feeding practices directly shapes the child's 
dietary iron intake. Several  studies  from LMICs report that 
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poor caregiver knowledge and inappropriate feeding 
practices are independently associated with higher IDA 
prevalence and severity [9,11,12]. 
 Feeding performance — the practical translation of 
knowledge into feeding behaviour, including dietary diversity, 
meal frequency, and avoidance of absorption inhibitors — is a 
distinct but related construct. Evidence consistently shows that 
knowledge alone does not guarantee behaviour change; skill-
based educational programmes that target feeding practice 
produce greater improvements in dietary iron adequacy than 
knowledge-transfer approaches alone [10,13]. Understanding the 
current level of caregiver knowledge and the gap between 
knowledge and practice is therefore essential for designing 
effective public health programmes. 
 Despite the recognised importance of these modifiable 
determinants, validated, population-level data on caregiver 
knowledge and feeding performance regarding IDA remain 
entirely absent from the published literature for Erbil 
Governorate and the broader Kurdistan Region of Iraq. This 
evidence gap is particularly consequential given the region’s 
persistently high IDA burden [6, 8] and the absence of 
locally tailored nutritional education guidelines. The present 
cross-sectional study was designed to address this gap 
directly. The primary objectives were: (i) to assess the level 
of caregiver knowledge regarding IDA; (ii) to assess child 
feeding performance as practised by caregivers; and (iii) to 
examine the association between caregiver knowledge, 
feeding performance, and children’s haematological 
parameters. 
 
METHODS 
Study Design and Setting 
This cross-sectional descriptive study was conducted at 
Rapareen Paediatric Teaching Hospital over a five-month 
period from 1 February to 30 June 2025. The study aimed to 
assess caregiver knowledge and feeding performance 
regarding iron deficiency anaemia (IDA) and to examine 
their association with children’s haematological parameters 
among children aged 12–59 months with confirmed 
moderate IDA. 
 The hospital is the main paediatric referral centre in 
Erbil Governorate, serving urban, suburban, and rural 
populations across the Kurdistan Region of Iraq, ensuring 
access to a diverse and representative clinical sample. 
 
Participants and Eligibility 
participants were classified for descriptive purposes into 
three routine clinical management groups based on physician 
treatment decisions at enrolment. 
 Participants were recruited consecutively from 
caregiver–child pairs attending the paediatric outpatient 
clinic for anaemia assessment or management. Recruitment 
was conducted on all clinic days during the study period, and 
all eligible pairs were invited to participate. 
 Children were eligible if they were aged 12–59 months 
and had confirmed moderate IDA according to WHO criteria 
(haemoglobin 7.0–10.0 g/dL, serum ferritin <12 ng/mL, 

serum iron <50 μg/dL) [8]. Inclusion also required 
attendance with the primary caregiver, written informed 
consent, and residence within the hospital catchment area. 
 Exclusion criteria included anaemia of non–iron 
deficiency origin (e.g., thalassaemia, sickle-cell disease), 
elevated C-reactive protein (>5 mg/L), prior iron 
supplementation, or acute/severe illness. 
 A total of 198 caregivers–child pairs were assessed for 
eligibility. of these, 18 were excluded (7 non–iron deficiency 
anaemia, 6 elevated CRP, 5 prior supplementation). The 
remaining 180 eligible pairs were enrolled and completed all 
assessments, yielding a final sample of 180 participants 
(Figure 1). No losses occurred after enrolment due to single-
visit cross-sectional data collection. 
 Sample size was calculated using n = z²p(1−p)/d² based 
on an expected prevalence of poor caregiver knowledge of 
60% from LMIC literature [9,11,12], 95% confidence level, 
and 7.3% margin of error. The minimum required sample 
was 172; therefore, the final sample of 180 ensured adequate 
statistical power. 
 Participants were classified into three routine clinical 
management groups: Group 1 (oral iron therapy, n = 60), 
Group 2 (nutritional education programme, n = 60), and 
Group 3 (combined therapy and education, n = 60). These 
categories were used for descriptive subgroup analysis only 
and were not randomized. Baseline comparability was 
confirmed using chi-square testing (p>0.05). 
 
Instruments and Data Collection 
Data were collected through structured face-to-face 
interviews and review of clinical records. Content validity of 
the instruments was established through external evaluation 
by a panel of 10 experts in paediatrics, who reviewed the 
items for relevance, clarity, and cultural appropriateness 
prior to data collection. Caregiver knowledge was assessed 
using a 28-item validated questionnaire (Cronbach’s α = 
0.82) covering IDA causes, symptoms, dietary iron sources, 
enhancers, and inhibitors. Scores ranged from 0–28 and were 
categorised as poor (<14), fair (14–21), and good (≥ 22). 
 Feeding performance was assessed using a 20-item validated 
checklist (Cronbach’s α = 0.78) evaluating dietary diversity, meal 
frequency, iron-rich food intake, use of enhancers, and avoidance 
of inhibitors. Scores ranged from 0–20 and were categorised as 
poor (<11), fair (11–16), and good (≥17). 
 Both tools were pilot tested on 20 caregiver–child pairs 
(excluded from final analysis), and minor revisions were 
made to improve clarity and feasibility. 
 
Haematological Measurements 
Venous blood samples (3 mL) were collected under aseptic 
conditions. Haemoglobin was measured using an automated 
haematology analyser, serum ferritin by immunoassay, and serum 
iron by colorimetric methods in an accredited laboratory. 
 
Ethical Considerations 
Ethical approval was obtained from the Research Ethics 
Committee   of    Hawler   Medical University (Approval No. 
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Figure 1: Flow of Participants through the Study 
 
2724). The study adhered to the Declaration of Helsinki. 
Written informed consent was obtained from all caregivers. 
Data confidentiality was ensured using coded identifiers and 
password-protected files. 
 
Statistical Analysis 
Data were analysed using IBM SPSS Statistics. Descriptive 
statistics were used to summarise participant characteristics 
and study variables. Continuous variables were presented as 
means±standard deviations (SD), while categorical variables 
were reported as frequencies and percentages. 
 For inferential analysis, Pearson chi-square test or 
Fisher’s exact test (where appropriate) was used to examine 
differences in categorical variables between groups. 
Associations between caregiver knowledge, feeding 

performance, and haematological parameters (haemoglobin, 
serum ferritin, and serum iron) were assessed using 
Spearman’s rank correlation coefficient (ρ), given the 
ordinal nature and non-normal distribution of the study 
scores. 
 To control for type I error arising from multiple 
comparisons, Bonferroni correction was applied, with a 
revised significance threshold of p<0.003. Unadjusted p-
values are also reported for transparency. 
 All analyses were conducted using complete-case 
analysis due to minimal missing data. Missing data were 
minimal and were assessed as missing completely at random 
(MCAR). As the proportion of missing data was negligible, 
no imputation procedures were performed, and complete-
case analysis was applied. 
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 Subgroup comparisons among the three clinically 
defined management groups (oral iron therapy, nutritional 
education, and combined intervention) were performed for 
descriptive and contextual purposes only, as the groups were 
not randomly assigned. These comparisons were included to 
explore baseline comparability and to provide clinical 
context for interpreting caregiver knowledge and feeding 
performance across routine care pathways, rather than to 
infer causal effects of interventions. 
 
RESULTS 
Sociodemographic and Child Characteristics 
A total of 180 caregivers–child pairs completed the cross-
sectional assessment. Table 1 presents sociodemographic and 
child characteristics across subgroups. The majority of 
caregivers were aged 24–29 years (32.8%), employed or 

unemployed (35.6% each), and resided in suburban areas 
(46.7%). The largest socioeconomic stratum was low (38.3%). 
Among children, the most common age group was 12–23 
months (28.9%), male sex predominated (56.7%), and second-
born children were most frequent (45.0%). Pearson chi-square 
(ᵃ) and Fisher’s exact (ᵇ) tests confirmed no statistically 
significant inter-group differences in any variable (all p>0.05), 
supporting cross-sectional comparability. 
 
Iron Deficiency Risk Factors 
Table 2 presents iron deficiency risk factors across 
subgroups. Formula feeding with complementary foods was 
the most common feeding method (33.3%), and three meals 
per day was the most frequent feeding frequency (34.4%). 
Four risk factors showed statistically significant between-
group differences: family  history of anaemia (total 27.8%;

 

Table 1: Sociodemographic Characteristics of Caregiver–Child Pairs (N = 180) 
Variable G1 n (%) G2 n (%) G3 n (%) Total (N=180) n (%) p 
A. Caregiver Characteristics 
   Age group (years) 
     18–23 12 (20.0) 12 (20.0) 14 (23.3) 38 (21.1) 0.104ᵃ 
     24–29 24 (40.0) 15 (25.0) 20 (33.3) 59 (32.8) 
     30–35 20 (33.3) 17 (28.3) 18 (30.0) 55 (30.6) 
     36–40 4 (6.7) 16 (26.7) 8 (13.3) 28 (15.6) 
   Occupation 
     Housewife 18 (30.0) 23 (38.3) 11 (18.3) 52 (28.9) 0.073ᵃ 
     Unemployed 17 (28.3) 22 (36.7) 25 (41.7) 64 (35.6) 
     Employed 25 (41.7) 15 (25.0) 24 (40.0) 64 (35.6) 
   Socioeconomic Status 
     Low 26 (43.3) 23 (38.3) 20 (33.3) 69 (38.3) 0.812ᵃ 
     Medium 20 (33.3) 20 (33.3) 24 (40.0) 64 (35.6) 
     High 14 (23.3) 17 (28.3) 16 (26.7) 47 (26.1) 
B. Child Characteristics 
   Child age group (months) 
     12–23 23 (38.3) 13 (21.7) 16 (26.7) 52 (28.9) 0.162ᵃ 
     24–35 16 (26.7) 11 (18.3) 14 (23.3) 41 (22.8) 
     36–47 10 (16.7) 17 (28.3) 18 (30.0) 45 (25.0) 
     48–59 11 (18.3) 19 (31.7) 12 (20.0) 42 (23.3) 
   Child sex 
     Male 35 (58.3) 32 (53.3) 35 (58.3) 102 (56.7) 0.816ᵃ 
     Female 25 (41.7) 28 (46.7) 25 (41.7) 78 (43.3) 

G1 = Oral iron therapy (n = 60); G2 = Nutritional education programme (n = 60); G3 = Combined (n = 60). a Pearson chi-square; ᵇFisher’s exact test. All p>0.05 
 
Table 2: Prevalence of Iron Deficiency Anaemia Risk Factors by Clinical Management Group (N = 180). 

Risk Factor Response G1 n (%) G2 n (%) G3 n (%) Total n (%) p 
Feeding method Breastfeeding only 4 (6.7) 6 (10.0) 6 (10.0) 16 (8.9)  

BF + complementary 17 (28.3) 13 (21.7) 11 (18.3) 41 (22.8) 0.719 
Formula only 8 (13.3) 11 (18.3) 12 (20.0) 31 (17.2) 
Formula + complementary 23 (38.3) 20 (33.3) 17 (28.3) 60 (33.3) 
Mixed + complementary 8 (13.3) 10 (16.7) 14 (23.3) 32 (17.8) 

Meal frequency/day Once 17 (28.3) 20 (33.3) 16 (26.7) 53 (29.4) 0.395 
Twice 10 (16.7) 12 (20.0) 11 (18.3) 33 (18.3) 
Three times 25 (41.7) 20 (33.3) 17 (28.3) 62 (34.4) 
Four times + 8 (13.3) 8 (13.3) 16 (26.7) 32 (17.8) 

Family history of anaemia No 58 (96.7) 27 (45.0) 45 (75.0) 130 (72.2) <0.001* 
Yes 2 (3.3) 33 (55.0) 15 (25.0) 50 (27.8) 

Intestinal infection (amoeba / 
giardia) 

No 55 (91.7) 32 (53.3) 45 (75.0) 132 (73.3) <0.001* 
Yes 5 (8.3) 28 (46.7) 15 (25.0) 48 (26.7) 

Recurrent diarrhoea No 55 (91.7) 37 (61.7) 44 (73.3) 136 (75.6) <0.001* 
Yes 5 (8.3) 23 (38.3) 16 (26.7) 44 (24.4) 

Pica No 58 (96.7) 32 (53.3) 46 (76.7) 136 (75.6) <0.001* 
Yes 2 (3.3) 28 (46.7) 14 (23.3) 44 (24.4) 

G1 = Oral iron therapy; G2 = Nutritional education programme; G3 = Combined. *p<0.001 by Pearson chi-square. BF = breastfeeding; GI = gastrointestinal 
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Table 3: Distribution of Caregiver IDA Knowledge Scores by Clinical Management Group at baseline (N = 180).  
Knowledge Level G1 (n=60) n (%) G2 (n=60) n (%) G3 (n=60) n (%) Total (N=180) n (%) 
Poor  (score<14) 54 (90.0) 39 (65.0) 35 (58.3) 128 (71.1) 
Fair  (score 14–21) 6 (10.0) 20 (33.3) 25 (41.7) 51 (28.3) 
Good  (score ≥ 22) 0 (0.0) 1 (1.7) 0 (0.0) 1 (0.6) 
Mean±SD 10.13±2.49 12.55±2.76 12.75±2.58 11.81±2.80 
Overall Assessment Poor Poor Poor Poor 

Poor: score<14 (<50% correct); Fair: 14–21 (50–74%); Good: ≥ 22 (≥ 75%). G1 = Oral iron therapy; G2 = NEP; G3 = Combined 
 
Table 4. Distribution of Child Feeding Performance Scores by Clinical Management Group at baseline (N = 180) 

Feeding Performance Level G1 (n=60) n (%) G2 (n=60) n (%) G3 (n=60) n (%) Total (N=180) n (%) 
Poor  (score<11) 56 (93.3) 29 (48.3) 44 (73.3) 129 (71.7) 
Fair  (score 11–16) 4 (6.7) 31 (51.7) 16 (26.7) 51 (28.3) 
Good  (score ≥ 17) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 
Mean±SD 1.12±3.44 10.87±2.51 5.15±5.98 5.71±5.49 
Overall Assessment Poor Poor Poor Poor 

Poor: score<11 (<50%); Fair: 11–16 (50–74%); Good: ≥ 17 (≥ 75%). G1 = Oral iron therapy; G2 = NEP; G3 = Combined 
 
Table 5: Spearman Correlation between Caregiver Knowledge, Feeding Performance, and Haematological Parameters (Hb, ferritin, Serum Iron) 

Parameters Haemoglobin (g/dL) Serum Ferritin (ng/mL) Serum Iron (μg/dL) 
Subgroup Measure ρ p-value ρ p-value ρ p-value 
G1 — Oral iron therapy subgroup (n = 60) 
Knowledge score 0.149 0.255 0.004 0.975 0.020 0.881 
Feeding performance score -0.106 0.421 -0.159 0.224 -0.036 0.784 
G2 — Nutritional education programme subgroup (n = 60) 
Knowledge score -0.034 0.799 -0.201 0.124 0.000 0.999 
Feeding performance score -0.057 0.668 -0.134 0.307 -0.254* 0.049 
G3 — Combined therapy subgroup (n = 60) 
Knowledge score -0.064 0.628 -0.025 0.847 -0.032 0.809 
Feeding performance score -0.115 0.384 -0.022 0.867 -0.034 0.795 ρ = Spearman’s rank correlation coefficient. *Significant at p<0.05. All other correlations non-significant (p>0.05). G1 = Oral iron therapy; G2 = NEP; G3 = 

Combined 
 

p<0.001), intestinal infection with amoeba or giardia 
(26.7%; p<0.001), recurrent diarrhoea (24.4%; p<0.001), 
and pica (24.4%; p<0.001). Subgroup G2 had markedly 
higher rates of all four significant risk factors compared to 
G1 and G3. No child in any subgroup had a history of 
gastrointestinal surgery. 
 
Baseline Caregiver Knowledge Assessment 
Table 3 presents the distribution of caregiver knowledge 
levels at the time of cross-sectional assessment. Overall, 
71.1% of caregivers (128/180) scored in the poor knowledge 
category, 28.3% in the fair category, and only one caregiver 
(0.6%) achieved good knowledge. G1 demonstrated the 
lowest knowledge levels (90.0% poor; mean 10.13±2.49), 
followed by G2 (65.0% poor; mean 12.55±2.76) and G3 
(58.3% poor; mean 12.75±2.58). Across all subgroups, the 
overall assessment level was poor. Not a single caregiver in 
G1 or G3 achieved the good knowledge threshold, 
underscoring the profound deficit in IDA-related nutritional 
literacy in this population. 
 
Baseline Child Feeding Performance Assessment 
Table 4 presents the distribution of child feeding 
performance levels at baseline. Overall, 71.7% of caregivers 
(129/180) demonstrated poor feeding performance and 
28.3% were at the fair level. No caregiver in any subgroup 
achieved good feeding performance at the time of 
assessment. G1 had the lowest performance (93.3% poor; 
mean 1.12±3.44). G2 showed the highest baseline 

performance yet was still predominantly poor (48.3% poor; 
mean 10.87±2.51). G3 was intermediate (73.3% poor; mean 
5.15±5.98). The universal absence of good feeding 
performance confirms that iron-focused feeding practices 
are not being implemented by caregivers of IDA-affected 
children in this clinical population. 
 
Associations Between Knowledge, Feeding Performance, 
and Haematological Parameters 
Table 5 presents Spearman’s correlation coefficients 
between baseline caregiver knowledge and feeding 
performance scores and haematological parameters 
across all three subgroups. In G1, no significant 
correlations were found between either knowledge or 
feeding performance and any haematological parameter 
(all p>0.05). In G2, knowledge scores showed no 
significant association with any biomarker at baseline; 
however, a statistically significant negative correlation 
was identified between feeding performance and serum 
iron (ρ = −0.254; p = 0.049), indicating that caregivers 
with poorer baseline feeding practices were associated 
with lower serum iron in their children. In G3, no 
significant correlations were found between either 
measure and any haematological parameter at baseline 
(all p>0.05). Overall, baseline caregiver knowledge was 
not significantly associated with children’s 
haematological status across any subgroup, and feeding 
performance showed only a single marginal association 
with serum iron in G2. 
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DISCUSSION 
This cross-sectional study provides one of the first 
systematic, validated assessments, validated assessment of 
caregiver knowledge and child feeding performance 
regarding IDA in Erbil, Kurdistan Region of Iraq. The 
principal finding is that poor IDA-related knowledge 
(71.1%) and poor feeding performance (71.7%) are near-
universal among caregivers of IDA-affected children aged 
12–59 months in this clinical population. These levels are 
substantially low and indicative of poor nutritional literacy 
in LMIC contextsand are consistent with comparable 
assessments from LMICs, which typically report correct 
response rates of 40–60% among caregivers in the absence 
of structured educational input [9,11,12]. 
 The particularly low knowledge scores in G1 (90.0% 
poor; mean 10.13) are clinically significant. may reflect 
routine outpatient management where pharmacological iron 
supplementation is provided without structured nutritional 
counselling — a pattern common in resource-constrained 
outpatient settings where consultation time is limited 
[13,14]. Without concurrent improvement in caregiver 
knowledge and feeding practices, the dietary and 
behavioural determinants of IDA remain unaddressed even 
as the acute haematological deficit is being treated 
pharmacologically. may contribute to persistent risk of 
recurrence if dietary determinants remain unaddressed, as 
depleted iron stores cannot be maintained in the normal 
range without sustained improvements in dietary iron intake 
[8]. 
 Between-group variation in baseline feeding 
performance (G1 mean 1.12; G2 mean 10.87; G3 mean 5.15) 
likely reflects baseline differences in clinical and nutritional 
status between groups, particularly in G2, which had 
substantially higher rates of intestinal infections (46.7%), 
pica (46.7%), and recurrent diarrhoea (38.3%) — conditions 
that may have independently prompted caregivers to seek 
dietary guidance prior to enrolment. The single nominally 
significant correlation observed (G2 feeding performance vs 
serum iron: ρ = −0.254, unadjusted p = 0.049) is biologically 
plausible but did not survive Bonferroni correction and 
should be regarded as exploratory. With 18 tests conducted 
simultaneously, one spurious significant result at p<0.05 is 
statistically expected by chance alone. Cross-subgroup 
comparisons of knowledge and feeding scores should 
accordingly be interpreted as descriptive observations 
contextualised by differing disease burden profiles, rather 
than as evidence of differential educational or treatment 
effects. 
 The absence of significant correlations between baseline 
knowledge scores and haematological parameters across all 
subgroups is consistent with the widely documented 
knowledge–practice gap in nutrition education research 
[10,13]. Caregiver knowledge — as assessed by a 
questionnaire at a single time point — does not 
straightforwardly translate into feeding behaviour or 
haematological outcomes. Mediating factors include 
caregiver self-efficacy, household food security, cultural 

dietary norms, socioeconomic constraints, and child food 
acceptance [9,10]. Educational programme design must 
therefore target practical feeding skill acquisition and 
behaviour change, not merely information transfer [10,13]. 
 The high prevalence of compound IDA risk factors — 
intestinal infections (26.7%), pica (24.4%), and recurrent 
diarrhoea (24.4%) — highlights the multifactorial aetiology 
of childhood IDA in this population. Intestinal parasites, 
particularly Giardia lamblia and Entamoeba histolytica, 
compete for luminal iron, damage absorptive enterocytes, 
and upregulate hepcidin-mediated iron sequestration [15]. 
Pica introduces chelating substances that bind luminal iron 
and reduce net absorption [3]. Recurrent diarrhoea 
accelerates intestinal transit and causes direct enteral iron 
losses [3,15]. These biomedical risk factors co-exist with 
dietary deficiencies and low caregiver knowledge, creating a 
compounded vulnerability that pharmacological treatment 
alone cannot resolve. From a public health standpoint, these 
findings underscore the necessity of integrated paediatric 
IDA management protocols that combine iron 
supplementation, routine parasitological screening, and 
structured caregiver nutritional education — a model that is 
currently absent from standard clinical practice in the 
Kurdistan Region. 
 Validated assessment of caregiver knowledge and child 
feeding performance regarding IDA in Erbil, Kurdistan 
Region of Iraq. The principal finding is that poor IDA-
related knowledge (71.1%) and poor feeding performance 
(71.7%) are near-universal among caregivers of IDA-
affected children aged 12–59 months in this clinical 
population. These levels are substantially below the WHO-
recommended nutritional literacy threshold and are 
consistent with comparable assessments from LMICs, which 
typically report correct response rates of 40–60% among 
caregivers in the absence of structured educational input 
[9,11,12]. 
 The particularly low knowledge scores in G1 (90.0% 
poor; mean 10.13) are clinically significant. These 
caregivers were receiving pharmacological iron 
supplementation for their children without any structured 
educational component — a pattern common in resource-
constrained outpatient settings where consultation time is 
limited [13,14]. Without concurrent improvement in 
caregiver knowledge and feeding practices, the dietary and 
behavioural determinants of IDA remain unaddressed even 
as the acute haematological deficit is being treated 
pharmacologically. This creates a revolving-door dynamic 
of treatment and recurrence, as depleted iron stores cannot 
be maintained in the normal range without sustained 
improvements in dietary iron intake [3]. 
 Between-group variation in baseline feeding 
performance (G1 mean 1.12; G2 mean 10.87; G3 mean 5.15) 
most plausibly reflects pre-existing differences in the clinical 
and dietary contexts of the three management groups, 
particularly in G2, which had substantially higher rates of 
intestinal infections (46.7%), pica (46.7%), and recurrent 
diarrhoea (38.3%) — conditions that may have 
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independently prompted caregivers to seek dietary guidance 
prior to enrolment. The single nominally significant 
correlation observed (G2 feeding performance vs serum 
iron: ρ = −0.254, unadjusted p = 0.049) is biologically 
plausible but did not survive Bonferroni correction and 
should be regarded as exploratory. With 18 tests conducted 
simultaneously, with 18 comparisons performed, 
approximately one nominally significant result at p<0.05 
would be expected by chance. Cross-subgroup comparisons 
of knowledge and feeding scores should accordingly be 
interpreted as descriptive observations contextualised by 
differing disease burden profiles, rather than as evidence of 
differential educational or treatment effects. 
 The absence of significant correlations between baseline 
knowledge scores and haematological parameters across all 
subgroups is consistent with the widely documented 
knowledge–practice gap in nutrition education research 
[10,13]. Caregiver knowledge — as assessed by a 
questionnaire at a single time point — does not 
straightforwardly translate into feeding behaviour or 
haematological outcomes. Mediating factors include 
caregiver self-efficacy, household food security, cultural 
dietary norms, socioeconomic constraints, and child food 
acceptance [9,10]. Educational programme design must 
therefore target practical feeding skill acquisition and 
behaviour change, not merely information transfer [10,13]. 
 The high prevalence of compound IDA risk factors — 
intestinal infections (26.7%), pica (24.4%), and recurrent 
diarrhoea (24.4%) — highlights the multifactorial aetiology 
of childhood IDA in this population. Intestinal parasites, 
particularly Giardia lamblia and Entamoeba histolytica, 
compete for luminal iron, damage absorptive enterocytes, 
and upregulate hepcidin-mediated iron sequestration [15]. 
Pica introduces chelating substances that bind luminal iron 
and reduce net absorption [8]. Recurrent diarrhoea 
accelerates intestinal transit and causes direct enteral iron 
losses [8,15]. These biomedical risk factors co-exist with 
dietary deficiencies and low caregiver knowledge, creating a 
compounded vulnerability that pharmacological treatment 
alone cannot resolve. From a public health standpoint, these 
findings underscore the necessity of integrated paediatric 
IDA management protocols that combine iron 
supplementation, routine parasitological screening, and 
structured caregiver nutritional education — a model that is 
currently absent from standard clinical practice in the 
Kurdistan Region. Validated assessment of caregiver 
knowledge and child feeding performance regarding IDA in 
Erbil, Kurdistan Region of Iraq. The principal finding is that 
poor IDA-related knowledge (71.1%) and poor feeding 
performance (71.7%) are near-universal among caregivers of 
IDA-affected children aged 12–59 months in this clinical 
population. These levels are substantially below the WHO-
recommended nutritional literacy threshold and are 
consistent with comparable assessments from LMICs, which 
typically report correct response rates of 40–60% among 
caregivers in the absence of structured educational input 
[9,11,12]. 

 The particularly low knowledge scores in G1 (90.0% 
poor; mean 10.13) are clinically significant. These 
caregivers were receiving pharmacological iron 
supplementation for their children without any structured 
educational component — a pattern common in resource-
constrained outpatient settings where consultation time is 
limited [13,14]. Without concurrent improvement in 
caregiver knowledge and feeding practices, the dietary and 
behavioural determinants of IDA remain unaddressed even 
as the acute haematological deficit is being treated 
pharmacologically. This creates a revolving-door dynamic 
of treatment and recurrence, as depleted iron stores cannot 
be maintained in the normal range without sustained 
improvements in dietary iron intake [8]. 
 Between-group variation in baseline feeding 
performance (G1 mean 1.12; G2 mean 10.87; G3 mean 5.15) 
most plausibly reflects pre-existing differences in the clinical 
and dietary contexts of the three management groups, 
particularly in G2, which had substantially higher rates of 
intestinal infections (46.7%), pica (46.7%), and recurrent 
diarrhoea (38.3%) — conditions that may have 
independently prompted caregivers to seek dietary guidance 
prior to enrolment. The single nominally significant 
correlation observed (G2 feeding performance vs serum 
iron: ρ = −0.254, unadjusted p = 0.049) is biologically 
plausible but did not survive Bonferroni correction and 
should be regarded as exploratory. With 18 tests conducted 
simultaneously, one spurious significant result at p<0.05 is 
statistically expected by chance alone. Cross-subgroup 
comparisons of knowledge and feeding scores should 
accordingly be interpreted as descriptive observations 
contextualised by differing disease burden profiles, rather 
than as evidence of differential educational or treatment 
effects. 
 The absence of significant correlations between baseline 
knowledge scores and haematological parameters across all 
subgroups is consistent with the widely documented 
knowledge–practice gap in nutrition education research 
[10,13]. Caregiver knowledge — as assessed by a 
questionnaire at a single time point — does not 
straightforwardly translate into feeding behaviour or 
haematological outcomes. Mediating factors include 
caregiver self-efficacy, household food security, cultural 
dietary norms, socioeconomic constraints, and child food 
acceptance [9,10]. Educational programme design must 
therefore target practical feeding skill acquisition and 
behaviour change, not merely information transfer [10,13]. 
 The high prevalence of compound IDA risk factors — 
intestinal infections (26.7%), pica (24.4%), and recurrent 
diarrhoea (24.4%) — highlights the multifactorial aetiology 
of childhood IDA in this population. Intestinal parasites, 
particularly Giardia lamblia and Entamoeba histolytica, 
compete for luminal iron, damage absorptive enterocytes, 
and upregulate hepcidin-mediated iron sequestration [15]. 
Pica introduces chelating substances that bind luminal iron 
and reduce net absorption [8]. Recurrent diarrhoea 
accelerates intestinal transit and causes direct enteral iron 
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losses [8,15]. These biomedical risk factors co-exist with dietary 
deficiencies and low caregiver knowledge, creating a 
compounded vulnerability that pharmacological treatment alone 
cannot resolve. From a public health standpoint, these findings 
underscore the necessity of integrated paediatric IDA 
management protocols that combine iron supplementation, 
routine parasitological screening, and structured caregiver 
nutritional education — a model that is currently absent from 
standard clinical practice in the Kurdistan Region. 
 
Limitations 
The following limitations should be acknowledged: (i) the 
cross-sectional design precludes causal inference between 
caregiver knowledge, feeding practices, and haematological 
status; (ii) subgroup allocation was non-random, resulting in 
significant baseline differences in disease burden that 
confound cross-subgroup comparisons; (iii) the 18 
Spearman correlation tests conducted increase Type I error 
risk, and the single nominally significant result (ρ = −0.254, 
p = 0.049) did not survive Bonferroni correction; (iv) 
convenience sampling at a single tertiary centre may limit 
generalisability to primary care and rural settings; (v) social 
desirability bias in self-reported feeding practices cannot be 
fully excluded; (vi) the study instruments were purpose-
developed for this population and, while demonstrating 
satisfactory internal consistency, have not been 
independently validated in external populations; (vii) 
caregiver educational level was not collected, limiting 
characterisation of knowledge determinants. Future studies 
should use population-representative sampling, randomised 
or longitudinal designs, and internationally standardised 
instruments. 
 
CONCLUSIONS 
This cross-sectional study demonstrates that poor caregiver 
knowledge and poor feeding performance regarding iron 
deficiency anaemia (IDA) are highly prevalent among 
caregivers of affected children aged 12–59 months in Erbil, 
Iraq. At baseline, neither caregiver knowledge nor feeding 
performance showed significant associations with children’s 
haematological parameters after correction for multiple 
comparisons, confirming a substantial knowledge–practice 
gap in this population. 
 These findings highlight that informational deficits 
alone are insufficient to explain feeding behaviours or 
biological outcomes, and they underscore the need for 
interventions that translate knowledge into practical 
caregiving skills. Accordingly, structured, skill-based 
nutritional education programmes should be integrated into 
routine paediatric care, with emphasis on hands-on feeding 
practices rather than knowledge transfer alone. 
 In addition, routine clinical screening for modifiable 
risk factors — particularly intestinal parasitic infections, 
recurrent diarrhoea, and pica — should be strengthened as 
part of comprehensive IDA management. Addressing these 
factors is essential to target the multifactorial aetiology of 
childhood IDA in the Kurdistan Region of Iraq. 

 From a policy perspective, healthcare planners should 
prioritise the development and resourcing of community-
based nutritional education programmes for caregivers of 
young children. These programmes should focus on practical 
feeding skill acquisition and be embedded within existing 
primary healthcare services to improve prevention and long-
term control of childhood IDA. 
 
Strengths of Study 
This study has several notable strengths. It is the first 
validated, instrument-based assessment of caregiver 
knowledge and child feeding performance regarding IDA in 
Erbil and the Kurdistan Region of Iraq, addressing a critical 
evidence gap. The concurrent measurement of both 
knowledge and feeding practice dimensions alongside 
haematological biomarkers (haemoglobin, serum ferritin, 
serum iron) provides a multidimensional baseline profile not 
previously available for this population. Both instruments 
demonstrated satisfactory internal consistency (Cronbach’s α = 0.82 for knowledge; α = 0.78 for feeding performance) 
and were subjected to a formal pilot phase prior to main data 
collection. The application of Bonferroni correction across 
18 simultaneous correlation tests reduces the risk of spurious 
findings. The final analytic sample of 180 participants 
exceeded the calculated minimum of 172, ensuring adequate 
statistical power for all planned analyses. 
 
Limitations 
The following limitations should be considered when 
interpreting the findings and their generalisability. (i) The cross-
sectional design precludes any causal inference between 
caregiver knowledge, feeding practices, and haematological 
outcomes. (ii) Participants were recruited from a single tertiary 
paediatric referral centre using convenience sampling; therefore, 
the findings may not be fully representative of children with iron 
deficiency anaemia (IDA) in primary care, rural, or remote 
settings across the Kurdistan Region, and generalisation should 
be made with caution. 
 Subgroup classification was based on routine clinical 
management decisions rather than randomisation, introducing the 
possibility of baseline differences and limiting the interpretability 
of between-group comparisons. (iv) Multiple simultaneous 
statistical tests (18 Spearman correlations) increase the risk of 
type I error; the only nominally significant finding (ρ = −0.254, p 
= 0.049) did not remain significant after Bonferroni correction 
and should be interpreted as exploratory. (v) Self-reported feeding 
practices may be subject to social desirability bias, potentially 
leading to overestimation of appropriate behaviours.  
 These limitations should be considered when 
interpreting the results and highlight the need for future 
population-based, multi-centre, and longitudinal studies to 
improve generalisability and causal understanding in the 
Kurdistan Region. 
 
Innovation and Contribution 
This study makes an original contribution to the regional and 
global literature by providing the first simultaneous, 
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validated assessment of caregiver IDA knowledge, child 
feeding performance, and haematological biomarkers in a 
clinically confirmed IDA population in the Kurdistan Region 
of Iraq. By linking caregiver-level educational and 
behavioural data with child-level biomarker profiles across 
three clinical management groups, this work generates a 
contextualised baseline that is directly actionable for the 
design and evaluation of structured nutritional education 
interventions in this and comparable LMIC settings. 
 
Implications for Practice 
The critically inadequate levels of caregiver knowledge and 
feeding performance documented in this study have clear, 
immediate implications for clinical practice and health 
policy in the Kurdistan Region. First, structured, skill-based 
nutritional education should be formalised as a standard 
component of all paediatric IDA management encounters, 
delivered by trained healthcare workers alongside 
pharmacological treatment rather than as an optional add-on. 
Second, routine clinical screening for key modifiable risk 
factors — intestinal parasitic infections, recurrent diarrhoea, 
and pica — should be embedded in paediatric outpatient 
protocols to enable targeted, early intervention. Third, 
regional and national health authorities should invest in the 
development of community-based caregiver education 
programmes, prioritising practical feeding skill acquisition 
through demonstration and supported practice, in order to 
translate knowledge into sustained behavioural change and 
measurably reduce the childhood IDA burden across the 
Kurdistan Region of Iraq. 
 
Recommendations for Future Research 
 
• Employ population-representative, multi-centre 

sampling to improve generalisability across urban, rural, 
and primary care settings 

• Use randomised or longitudinal study designs to 
establish causal relationships between caregiver 
knowledge, feeding practices, and haematological 
outcomes 

• Develop and adopt standardised, externally validated 
instruments for assessing caregiver knowledge and 
feeding performance to enhance comparability across 
studies 

• Include systematic assessment of caregiver educational level 
and broader socioeconomic determinants to better 
understand predictors of feeding behaviour and IDA risk 

• Design and evaluate skill-based, behaviour-focused 
nutritional interventions rather than knowledge-only 
education to improve real-world feeding practices and 
child outcomes 
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