


Epidemiology and Risk Stratification of Microcytic Hypochromic Anemia in Pregnancy : A Cross-sectional study in Takoradi, Ghana

ABSTRACT
Anemia in pregnancy is a major public health concern, particularly in low-resource settings, where iron deficiency remains the leading cause. This study investigated the prevalence, determinants, and risk profiling of microcytic hypochromic anemia, a type of anemia characterized by smaller than normal red blood cells (RBCs) with pale coloration due to less hemoglobin, among 360 pregnant women. Haematological indices, including haemoglobin, mean corpuscular volume (MCV), and mean corpuscular haemoglobin concentration (MCHC), were assessed to determine anemia status. Chi-square tests and logistic regression were used to examine associations and predictors of low ferritin, while risk stratification was conducted using quintiles of predicted probabilities. The results showed that 82.5% of women were anaemic, of microcytic hypochromic aneamia accounted for 72.5%. A history of anemia prior to pregnancy was significantly associated with current anemia status. Logistic regression identified prior anemia, smoking, alcohol consumption, being single, and parity of two as significant predictors of low ferritin, whereas supplement use during pregnancy was strongly protective. Risk profiling demonstrated clear model calibration, with prevalence of low ferritin increasing from 1.4% in the lowest risk quintile to 79.2% in the highest. These findings highlight the urgent need for comprehensive antenatal strategies that integrate universal supplementation, behavioural counselling, and socio-economic support to reduce the burden of anemia and improve maternal outcomes.
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1.0 INTRODUCTION
Anaemia in pregnancy remains one of the most pressing public health challenges worldwide, contributing significantly to maternal morbidity, adverse perinatal outcomes, and increased risk of maternal mortality [1]. The World Health Organisation (WHO, 2021) estimates that approximately 37% of pregnant women globally are anaemic, with the burden disproportionately higher in low- and middle-income countries, particularly in sub-Saharan Africa [2]. Anaemia during pregnancy is associated with maternal fatigue, increased susceptibility to infections, preterm delivery, low birth weight, and impaired neonatal development, all of which undermine progress towards achieving global maternal and child health targets  [3] [4]
Among the various forms of anemia, microcytic hypochromic anemia is the most common, typically resulting from iron deficiency. This condition is characterised by low haemoglobin concentration, reduced mean corpuscular volume (MCV), and decreased mean corpuscular haemoglobin (MCH). During pregnancy, the demand for iron increases substantially to support maternal blood volume expansion, placental growth, and fetal development. When these demands are not met, pregnant women become vulnerable to iron depletion, which manifests clinically as microcytic hypochromic anemia. Iron deficiency has been estimated to account for nearly half of all anemia cases globally [5] [6]
In Ghana, anemia in pregnancy is recognised as a major maternal health concern. Reports from antenatal clinics indicate persistently high prevalence rates, despite ongoing supplementation and nutrition programmes [7]. The multifactorial nature of anemia suggests that, beyond dietary inadequacy, several socio-demographic, biomedical, and behavioural factors contribute to its occurrence. Previous studies have highlighted the role of parity, socio-economic status, marital support, and antenatal care access in shaping maternal iron status [8]. However, limited research has specifically examined microcytic hypochromic anemia as a distinct phenotype during pregnancy, particularly within the Ghanaian context. Another critical gap lies in the limited application of predictive risk models for anemia in pregnancy. While prevalence and determinants have been documented in several studies, few have employed risk stratification approaches to assess model calibration and predictive capacity for iron deficiency. Risk profiling tools are essential in clinical practice, as they enable healthcare providers to identify high-risk women early and allocate resources more effectively.
This study was therefore designed to assess the prevalence of microcytic hypochromic anemia among pregnant women, examine its maternal and socio-demographic correlates, and evaluate predictors of low ferritin as an indicator of depleted iron stores. In addition, the study applied risk stratification models to profile women by probability of iron deficiency, thereby offering insights into predictive screening approaches. By addressing both prevalence and predictive modelling, the study contributes to strengthening maternal health interventions and provides evidence-based recommendations for policy and practice.
2.0 METHODS
2.1 Study Design and Setting
A cross-sectional study design was employed to assess the prevalence, determinants, and risk profiling of microcytic hypochromic anemia among pregnant women. The study was conducted at three health facilities in the Western Region of Ghana: Effia Nkwanta Regional Hospital, the main referral hospital in the region; Brite Life Clinic, a private maternal and child health facility; and Effia Health Centre, a primary healthcare facility providing routine antenatal services. These sites were purposively selected to represent a diversity of healthcare delivery levels—regional referral, private practice, and community-level maternal health services.
2.2 Study Population
The target population was pregnant women attending antenatal clinics at the selected facilities during the study period. Women were eligible if they were between 12 and 36 weeks of gestation, enrolled for routine antenatal care, and provided informed consent. Women with pre-existing haemoglobinopathies (such as sickle cell disease, thalasseamia etc), severe acute illness, or who declined participation were excluded.
2.3 Sample Size and Sampling Technique
A total of 360 pregnant women were recruited for the study. The sample size was calculated using a single-population proportion formula with an assumed prevalence of anemia among pregnant women in Ghana, a 95% confidence level, and a 5% margin of error. Proportionate allocation was applied to distribute the sample across the three study facilities, based on antenatal attendance figures. Eligible women were recruited consecutively during their routine antenatal clinic visits until the required sample size was achieved.
2.4 Study Variables
2.4.1 Dependent Variables
Anemia (Haemoglobin concentration (Hb) less 11 g/dL), Microcytosis: (mean corpuscular volume (MCV) less than 80 fL), Hypochromia: (defined as mean corpuscular haemoglobin (MCH) < 27 pg), Microcytic Hypochromic Anemia (MHA) (composite outcome defined by the simultaneous presence of anemia, microcytosis, and hypochromia) and Low Ferritin (defined as serum ferritin levels below the WHO cut-off for iron deficiency in pregnancy).


2.4.2 Independent Variables
Socio-demographic factors (age, educational level, occupation, marital status), obstetric factors (parity, trimester of pregnancy, history of anemia, history of heavy menstrual bleeding), clinical factors (presence of chronic disease (e.g., diabetes, hypertension), lifestyle behaviours (smoking, alcohol consumption, and supplement use during pregnancy, healthcare access (ease of access to healthcare facilities).

2.6 Data Collection Procedures
A structured, pre-tested questionnaire was administered through face-to-face interviews to collect socio-demographic, obstetric, clinical, lifestyle, and healthcare-related information. Venous blood samples (5 mL) were collected aseptically for haematological assessment. Haemoglobin concentration, MCV, and MCH were measured using automated haematology analysers. Serum ferritin levels were determined using enzyme-linked immunosorbent assay (ELISA).

2.7 Data Analysis
Data were entered and analysed using SPSS version 26.0 and Stata 17.0. Descriptive statistics were calculated for background characteristics. Prevalence estimates with 95% Wilson confidence intervals were computed for anemia, microcytosis, hypochromia, and microcytic hypochromic anemia. Chi-square tests were applied to assess associations between maternal factors and anemia. Logistic regression analysis was used to identify predictors of low ferritin, with results expressed as odds ratios (ORs) and 95% confidence intervals (CIs). A risk stratification model was constructed using quintiles of predicted probabilities, and observed prevalence was assessed across quintiles to evaluate model calibration. Statistical significance was set at P < .05.















3.0 RESULTS AND DISCUSSION
3.1 Prevalence of Anemia and Related Indices
Analysis of haematological indices revealed a high prevalence of anemia among the study participants. As shown in Table 1, 82.5% of pregnant women were anaemic (Hb < 11 g/dL, 95% CI [78.2, 86.1]). The observed prevalence is markedly higher than the global estimate of 37% reported by the World Health Organisation (WHO, 2021). Two studies in Ghana reported the prevalence of anemia in gestation at 33% [9] and 78.5% [10] underscoring the severity of this public health problem in the study population. Microcytosis (MCV < 80 fL) and hypochromia (MCH < 27 pg) were also widespread, each affecting 72.5% of participants (95% CI [67.7, 76.9]). These findings suggest that anemia in this cohort is predominantly microcytic and hypochromic, consistent with iron deficiency [11] [12]. 
Table 1: Prevalence of Anemia and Related Indices with 95% Confidence Intervals. Total number of participants (n)=360) .Prevalence values are presented with Wilson 95% confidence intervals.
	Outcome
	Numbers 
	Percentage (%)
	95% CI Lower
	95% CI Upper

	Anemia (Hb < 11 g/dL)
	297
	82.5
	78.2
	86.1

	Microcytosis (MCV < 80 fL)
	261
	72.5
	67.7
	76.9

	Hypochromia (MCH < 27 pg)
	261
	72.5
	67.7
	76.9


3.2 Associations Between Maternal Characteristics and Anemia
Chi-square tests were performed to identify potential maternal predictors of anemia. As presented in Table 2, a history of anemia prior to pregnancy was significantly associated with current anemia status (χ² = 4.22, df = 1, p = .040) [13] [14]. Occupation (χ² = 9.02, p = .061) and marital status (χ² = 6.60, p = .086) showed borderline associations, suggesting that socio-economic and marital conditions may contribute to anemia risk, although these did not reach statistical significance [15] [16]. Other variables, including parity, chronic disease, supplement use, and access to healthcare, were not significantly related to anemia. These findings highlight the recurrent nature of anemia and suggest that socio-demographic vulnerabilities may also play a role.
Table 2: Chi-Square Tests of Association Between Selected Predictors and Anemia using the total participants (N)=360
	Predictor
	N
	χ²
	Degree of freedom
	P-value 

	History of anemia
	360
	4.22
	1
	.040

	Occupation
	360
	9.02
	4
	.061

	Marital status
	360
	6.60
	3
	.086

	Chronic disease
	360
	2.27
	1
	.132

	Heavy menstrual bleeding
	360
	1.45
	1
	.229

	Parity
	360
	5.61
	4
	.230

	Supplements
	360
	1.29
	1
	.255

	Access to Healthcare
	360
	1.72
	2
	.423

	Education
	360
	2.25
	3
	.523

	Age group
	360
	1.63
	3
	.653

	Alcohol
	360
	0.17
	1
	.683

	Smoking
	360
	0.09
	1
	.766

	Trimester
	360
	0.13
	2
	.938



3.3 Predictors of Low Ferritin
Logistic regression analysis identified significant predictors of low ferritin, a key marker of depleted iron stores [17]. As illustrated in Table 3, women with a history of anemia were over 13 times more likely to have low ferritin (OR = 13.43, 95% CI [6.58, 27.42], p < .001). Lifestyle factors such as smoking (OR = 5.52, p = .005) and alcohol consumption (OR = 2.94, p = .005) significantly increased the odds of low ferritin, consistent with prior evidence that these behaviours interfere with iron metabolism [5]. Marital status was also relevant, with single women showing substantially higher odds (OR = 22.55, p = .018). Parity of two (OR = 3.13, p = .029) and being unemployed (OR = 0.37, p = .033) were additional predictors. Conversely, supplement use during pregnancy was strongly protective (OR = 0.08, 95% CI [0.04, 0.17], p < .001), reaffirming WHO guidelines on iron and folate supplementation (WHO, 2016).
To highlight the most influential factors, Table 4 summarises only the statistically significant predictors. Together, these results indicate that both biomedical history (prior anemia), lifestyle behaviours (smoking and alcohol), and socio-demographic status (marital and occupational factors) substantially influence iron status in pregnancy [14]. Supplement use, however, stands out as the strongest protective factor [18].





Table 3: Logistic Regression Predicting Low Ferritin in Pregnancy
	Predictor
	Odds Ratio
	95% CI Lower
	95% CI Upper
	P-value

	History of anemia (before pregnancy) – Yes
	13.43
	6.58
	27.42
	.000

	Supplements during pregnancy – Yes
	0.08
	0.04
	0.17
	.000

	Alcohol consumption – Yes
	2.94
	1.39
	6.19
	.005

	Smoking status – Yes
	5.52
	1.66
	18.30
	.005

	Marital status – Single
	22.55
	1.73
	294.79
	.018

	Parity = 2
	3.13
	1.12
	8.71
	.029

	Occupation – Unemployed
	0.37
	0.15
	0.92
	.033

	Occupation – Unskilled labour
	0.42
	0.18
	1.01
	.053

	Parity = 3
	2.64
	0.95
	7.29
	.062

	Parity > 4
	2.59
	0.89
	7.53
	.080

	Occupation – Skilled labour
	0.52
	0.21
	1.29
	.156

	Marital status – Widowed
	6.33
	0.40
	100.17
	.190

	Marital status – Married
	4.82
	0.40
	58.41
	.217

	Age > 40
	1.82
	0.65
	5.08
	.251

	Access to healthcare – Easy
	1.53
	0.66
	3.55
	.322

	Educational level – Secondary school
	0.71
	0.35
	1.46
	.351

	Age 30–39
	1.36
	0.68
	2.74
	.387

	Heavy menstrual bleeding – Yes
	0.78
	0.41
	1.49
	.447

	Trimester – Second
	1.27
	0.63
	2.55
	.504

	Access to healthcare – Moderate
	0.85
	0.36
	2.03
	.716

	Trimester – Third
	0.88
	0.40
	1.95
	.748

	Parity = 1
	0.89
	0.33
	2.35
	.808

	Occupation – Professional
	0.89
	0.31
	2.50
	.819

	Chronic disease – Yes
	0.95
	0.43
	2.11
	.895

	Educational level – No formal education
	1.04
	0.36
	3.03
	.943


3.5 Risk Stratification and Model Calibration
Risk profiling based on predicted probabilities of low ferritin demonstrated strong model calibration. As displayed in Table 4, the observed prevalence of low ferritin increased across risk quintiles, from 1.4% in the lowest quintile to 79.2% in the highest quintile. This stepwise gradient confirms that the regression model discriminates effectively between high- and low-risk groups. Such risk stratification tools may be valuable in antenatal care for identifying women who require early interventions or closer follow-up.
Table 4: Observed Prevalence of Low Ferritin by Risk Quintiles, total participants (N=360)
	Risk Quintile
	N/5
	Prevalence (%)

	1 (Lowest)
	72
	1.4

	2
	72
	8.3

	3
	72
	30.6

	4
	72
	61.1

	5 (Highest)
	72
	79.2
















4.0 CONCLUSION AND RECOMMENDATIONS
This study demonstrated that anemia is a major public health challenge among pregnant women, with a prevalence of 82.5%, slightly above the 78.5% reported in a current study in Ghana. The majority of cases were characterised by microcytosis and hypochromia, confirming that the anemia observed is predominantly microcytic hypochromic in nature, strongly suggestive of iron deficiency. A history of anemia before pregnancy was found to be a significant determinant, highlighting the recurrent and chronic nature of iron depletion in this population. Logistic regression analysis further identified smoking, alcohol consumption, single marital status, and parity as important predictors of low ferritin, while supplement use during pregnancy emerged as the strongest protective factor. Socio-economic vulnerabilities, including unemployment and lack of spousal support, also contributed to the risk, indicating that anemia is shaped not only by biomedical conditions but also by lifestyle and social determinants.
The risk stratification model developed in this study provided further evidence of the multifactorial nature of iron deficiency. The model showed excellent calibration, with observed prevalence of low ferritin rising from 1.4% in the lowest risk quintile to 79.2% in the highest, and this demonstrates its potential as a clinical tool for early identification and prioritisation of women at greatest risk of iron deficiency. It allows for targeted screening and intervention within antenatal care services.
These findings carry several practical implications. Strengthening antenatal supplementation programmes remains essential, with universal provision of iron and folic acid supplements coupled with strong adherence monitoring. High-risk groups, particularly women with a history of anemia, single mothers, and multiparous women, should be prioritised for screening and follow-up care. Antenatal education should also integrate counselling on smoking and alcohol cessation, given their strong associations with low ferritin. At a broader level, interventions must address socio-economic vulnerabilities, with community nutrition programmes and social support systems tailored to unemployed and disadvantaged women. Operational Definitions
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