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Background: Maternal iron deficiency anaemia (IDA) represents an intractable global 

public health challenge, precipitated by heightened gestational metabolic demands and 

compounded by micronutrient-deficient subsistence diets. In rural landscapes, IDA 

severely impairs physical performance, cognitive vitality, and overall health-related 

quality of life (HRQoL). This investigation sought to delineate the prevalence and 

independent determinants of IDA, characterize habitual dietary patterns via 

dimensionality reduction, and evaluate their systemic association with maternal HRQoL 

among pregnant women in rural District Haripur, Pakistan. Methods: A facility-based 

cross-sectional study was executed between June and September 2023 across public 

primary and secondary healthcare facilities in rural Haripur. A final cohort of 372 

pregnant women was enrolled via non-probability consecutive sampling. Biochemical 

iron exhaustion and anemia severity were measured using serum ferritin, total iron-

binding capacity (TIBC), and point-of-care photometric hemoglobin estimation 

(HemoCue Hb 301). Habitual nutritional intake was quantified utilizing an interviewer-  
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administered, validated semi-quantitative Food Frequency 

Questionnaire (FFQ), with Principal Component Analysis 

(PCA) applied to identify latent dietary constructs. Maternal 

HRQoL was appraised  validated WHOQOL-BREF and SF-

8 health surveys. Independent predictors of IDA were 

isolated through multivariable binary logistic regression, 

reporting adjusted odds ratios (AOR) alongside 

corresponding 95% confidence intervals (CI). Results: The 

cumulative prevalence of gestational anemia () was 83.1% 

(), with confirmed IDA identified in 67.6% (). Biomarker 

analysis revealed marked iron depletion: 57.0% displayed 

deficient serum ferritin levels and 55.4% exhibited elevated 

TIBC. Mid-upper arm circumference (MUAC) identified 

moderate-to-severe acute undernutrition in 28.2% of 

participants. PCA identified three robust dietary 

architectures: the Protein Pattern, the Vegetable and Fruit 

Pattern, and the Carbohydrate Pattern. Adherence to the 

Protein and Vegetable/Fruit patterns demonstrated signifi-

cant protective effects against IDA, whereas reliance on the 

phytate-laden Carbohydrate pattern was positively associ-

ated with anemia risk. Multivariable modeling confirmed 

that low monthly household income (; , , ), sedentary ambu-

latory status (; , , ), and severe nocturnal sleep deprivation (; 

, , ) were independent risk factors for IDA. Conversely, ma-

ternal chronological age, parity, gravidity, gestational tri-

mester, educational attainment, and phenotypic body mass 

index exhibited no statistically significant associations. 

Women presenting with IDA demonstrated significantly at-

tenuated HRQoL scores, predominantly across the physical 

health, vitality, and functional role domains. Conclusion: 

Pregnant women in rural Haripur experience a profound bur-

den of IDA and nutritional vulnerability, driven by structural 

poverty, reliance on non-bioavailable carbohydrate-dense 

staples, and adverse lifestyle behaviors rather than biological 

or somatic characteristics. Eradicating gestational IDA re-

quires a fundamental paradigm shift away from unmonitored 

iron distribution toward comprehensive public health initia-

tives integrating mandatory food vehicle fortification, com-

munity-level dietary diversification, and routine 

multidimensional quality-of-life surveillance within antena-

tal care. 

INTRODUCTION 

Iron deficiency anemia (IDA) is the most common nu-

tritional deficiency and the principal etiology of anemia 

worldwide, affecting over 1.2 billion individuals [1]. 

Gestation represents a window of profound physiolog-

ical vulnerability: maternal plasma volume expansion, 

accelerated placental development, and the rapid 

growth of the fetus collectively cause maternal iron re-

quirements to increase substantially [2]. When dietary 

consumption or systemic iron stores fail to meet this 

physiological demand, depleted iron reserves progress 

inexorably to overt clinical IDA [1, 2]. Globally, ane-

mia afflicts approximately 37% of pregnant women, 

with the highest concentration of disease burden situ-

ated in low- and middle-income countries (LMICs) 

where nutritional deprivation, low educational attain-

ment, and impoverished living standards coalesce [3, 

16]. The clinical sequelae of maternal IDA are severe 

and multifaceted, directly predisposing mothers to 

postpartum hemorrhage, puerperal sepsis, and maternal 

mortality, while escalating risks of fetal growth re-

striction, preterm delivery, low birth weight, and endur-

ing neurocognitive deficits in surviving offspring [2, 4, 

17]. Longitudinal developmental evidence demon-

strates that gestational iron deficits alter fetal hippo-

campal synaptic plasticity and myelination, creating 

persistent cognitive and recognition memory impair-

ments that span across childhood [4, 27]. 

In Pakistan, maternal anemia represents an intractable 

public health crisis characterized by entrenched geo-

graphic and economic divides [5, 18]. National epide-

miological assessments demonstrate that nearly 42% of 

reproductive-age women and over 50% of pregnant 

women are anemic, with disproportionately high mor-

bidity observed across rural populations compared to 

urban cohorts [5, 6, 18, 30]. In rural communities, high-

risk dietary patterns represent a primary driver of this 

disparity [7, 8]. Daily nutrition relies heavily on cereal 

staples such as wheat flatbreads and polished rice, 

which are low in bioavailable heme iron and rich in 

phytates and polyphenols that form insoluble com-

plexes inhibiting non-heme iron absorption within the 

duodenal lumen [7, 8, 24]. The frequent consumption 

of tannin-rich black tea immediately after meals, along-

side an inadequate intake of meat, poultry, and ascorbic 

acid-rich produce due to financial constraints and deep-

seated cultural food taboos, exacerbates systemic mi-

cronutrient deficits [6, 8, 20]. Furthermore, cultural 

myths concerning pregnancy nutrition, widespread 

food insecurity, and poor adherence to routine iron–fo-

lic acid supplementation due to gastrointestinal intoler-

ance or fear of obstetric complications leave rural 
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women with severely exhausted iron reserves [8, 9, 21, 

22]. 

Beyond its physiological biomarkers, IDA exerts a pro-

found toll on health-related quality of life (HRQoL) 

[10, 11]. Chronic cellular hypoxia and diminished tis-

sue oxygenation manifest as debilitating physical fa-

tigue, dizziness, exertional dyspnea, and muscle 

weakness [10, 11, 25]. In rural settings, where women 

bear the dual burden of demanding household chores 

and labor-intensive agrarian responsibilities, the func-

tional impairment caused by IDA restricts economic 

productivity and familial caregiving capacity [10, 12]. 

Concurrently, IDA imposes a notable psychological 

and emotional burden, frequently presenting as apathy, 

mood instability, depressive symptoms, and elevated 

antenatal anxiety [11, 13, 26]. Despite the clear clinical 

and psychosocial overlap, clinical evaluations of IDA 

in rural Pakistan routinely focus solely on hematologi-

cal indices, omitting the multidimensional assessment 

of maternal quality of life and its direct correlation with 

dietary diversity [10, 13, 19]. 

District Haripur, situated in the Khyber Pakhtunkhwa 

province, encompasses diverse rural agrarian commu-

nities characterized by shifting economic gradients, tra-

ditional dietary practices, and variable access to 

primary healthcare infrastructure. To date, empirical 

evidence evaluating the intersection of micronutrient 

intake, systemic anemia, and subjective functional 

well-being in this geographic corridor remains scarce. 

Elucidating the specific dietary patterns and behavioral 

determinants linked to IDA, as well as its direct impact 

on maternal HRQoL, is critical for shifting clinical par-

adigms from basic supplement dispensing toward tar-

geted, culturally sensitive lifestyle and nutritional 

interventions, aided by scalable community technolo-

gies [22, 29]. Therefore, this study aims to determine 

the prevalence and sociodemographic risk factors of 

iron deficiency anemia, evaluate local dietary patterns, 

and investigate the association between iron status and 

quality of life among pregnant women in rural Haripur. 

MATERIALS AND METHODS 

2.1 Study Design and Setting 

A hospital-based cross-sectional analytical study was 

conducted between June and September 2023 across 

public healthcare facilities in District Haripur, Khyber 

Pakhtunkhwa, Pakistan. Haripur comprises a predomi-

nantly rural, agrarian population served by basic health 

units, rural health centers, and a district headquarters 

hospital. The region exhibits notable socioeconomic 

gradients, high dependence on traditional cereal sta-

ples, and documented disparities in access to routine 

maternal healthcare [5, 18]. 

2.2 Study Population and Eligibility Criteria 

The study population comprised pregnant women at-

tending routine antenatal care (ANC) clinics within the 

public health network of District Haripur. Inclusion cri-

teria were: (1) confirmed intrauterine pregnancy irre-

spective of gestational age, (2) permanent residency in 

rural territories of District Haripur, and (3) provision of 

written or thumbprint-verified informed consent. Ex-

clusion criteria were defined to eliminate physiologi-

cal, pathological, and therapeutic confounders of 

systemic iron status: (1) current or recent (within the 

preceding 30 days) pharmacological use of iron, folic 

acid, or multivitamin preparations [21], (2) known clin-

ical history of hemoglobinopathies, chronic hemato-

logical dyscrasias, or active systemic infectious 

diseases, (3) concurrent lactation status or overlapping 

interpregnancy lactation, and (4) severe cognitive, psy-

chiatric, or physical incapacitation precluding reliable 

completion of interviewer-administered assessments. 

2.3 Sample Size and Sampling Strategy 

The target sample size was calculated using Daniel's 

single population proportion formula for a finite popu-

lation: 

𝑛 = 𝑧2 ⋅ 𝑝(1 − 𝑝)𝑒21 + 𝑧2 ⋅ 𝑝(1 − 𝑝)𝑒2 ⋅ 𝑁  

Where: 

• 𝑧 = 1.96 (corresponding to a 95% confidence in-

terval), 

• 𝑝 = 0.50 (assumed baseline proportion of 50% to 

yield maximum sample size variance in the ab-

sence of previous localized epidemiological data), 

• 𝑒 = 0.05 (specified margin of error), 
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• 𝑁 = 10,000 (estimated accessible finite popula-

tion of pregnant women seeking care within the 

public healthcare network during the data acquisi-

tion timeframe). 

The unadjusted sample size yielded 𝑛 = 385. Non-

probability consecutive sampling was used to enroll el-

igible attendees during regular antenatal visits. Of the 

initial 385 recruited women, 13 were excluded due to 

incomplete diagnostic workups or withdrawal of con-

sent, resulting in an effective final cohort of 372 partic-

ipants (completion rate: 96.6%). 

2.4 Ethical Considerations 

Formal ethical approval was granted by the Institu-

tional Advanced Studies and Research Board (ASRB) 

and Ethics Review Committee of the University of 

Haripur. The study was conducted in strict adherence 

to the ethical guidelines of the Declaration of Helsinki. 

Prior to participation, research objectives, diagnostic 

risks, and data confidentiality provisions were ex-

plained in the local vernacular (Urdu and Hindko). 

Written informed consent or thumbprint endorsements 

(for non-literate participants) were secured. All col-

lected data were anonymized using alphanumeric cod-

ing. Participants diagnosed with severe anemia (Hb <7.0 g/dL) were promptly connected to the facility's ob-

stetric team for specialized clinical management [2, 

25]. 

2.5 Data Collection and Experimental Measure-

ments 

• Sociodemographic and Obstetric Variables: 

Face-to-face interviews administered by trained fe-

male enumerators captured maternal chronological 

age, gravidity, parity, gestational trimester, formal 

educational attainment, occupational profile, 

household monthly income, ambulatory status 

(daily steps), and sleep patterns. 

• Biochemical and Hematological Profiling: Ca-

pillary blood samples collected via sterile finger-

puncture techniques were immediately analyzed 

using a calibrated point-of-care photometer (He-

moCue Hb 301, HemoCue AB, Ängelholm, Swe-

den). In alignment with World Health Organization 

(WHO) clinical diagnostic thresholds, gestational 

anemia was defined as a hemoglobin concentration < 11.0 g/dL, stratified into mild (10.0 −10.9 g/dL), moderate (7.0 − 9.9 g/dL), and se-

vere (< 7.0 g/dL) [16]. Venous blood samples 

were simultaneously drawn to quantify serum fer-

ritin reserves (ng/mL) and total iron-binding ca-

pacity (TIBC, 𝜇g/dL), confirming true IDA [1, 2, 

25]. 

• Dietary Intake Assessment: Dietary intake was 

quantified using a semi-quantitative Food Fre-

quency Questionnaire (FFQ) culturally validated 

for South Asian populations and adapted to re-

gional culinary patterns [8, 19]. The instrument 

recorded consumption frequency across diverse 

food groups, with particular emphasis on heme and 

non-heme iron sources, phytate-dense staples, pol-

yphenol-containing beverages, and ascorbic acid-

rich produce [7, 24]. Standardized portion-size vis-

ual aids and food models were used during inter-

views to optimize recall precision among 

participants with lower literacy. 

• Health-Related Quality of Life (HRQoL): Ma-

ternal quality of life was appraised using two stand-

ardized instruments: 

• WHOQOL-BREF: Comprising 26 items across 

four core domains: Physical Health (7 items), 

Psychological Health (6 items), Social Rela-

tionships (3 items), and Environmental Well-

being (8 items), with two standalone items eval-

uating overall QoL and health satisfaction. Re-

sponses were captured on a 5-point Likert scale. 

Raw scores were linearly converted into trans-

formed scores (range: 0–100) according to 

standard WHO guidelines, with higher values 

reflecting superior functional well-being. The 

validated Urdu translation demonstrated ade-

quate internal reliability across all domains 

(𝛼 = 0.70 to 0.79) [23]. 

• SF-8 Health Survey: A rapid multi-attribute in-

strument capturing eight distinct functional 

health domains, aggregating into the Physical 

Component Summary (PCS) and Mental Com-

ponent Summary (MCS) [13]. 

2.6 Statistical Analysis 
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All analytical workflows were executed using IBM 

SPSS Statistics for Windows, Version 22.0 (IBM 

Corp., Armonk, NY). Categorical parameters were 

summarized as absolute frequencies and percentages 

(𝑛,%). Distributional normality for continuous indices 

was evaluated using the Shapiro–Wilk test, with data 

presented as mean ± standard deviation (SD) or me-

dian with interquartile range (IQR). 

Dietary patterns were derived from the FFQ using Prin-

cipal Component Analysis (PCA) with orthogonal 

(varimax) rotation. Extraction was guided by Kaiser's 

eigenvalue criterion (> 1.0), inspection of the scree 

plot inflection point, and factor loading interpretability 

(retaining absolute loadings ≥ |0.30|). Factor scores 

were computed across each derived component for 

each participant [28]. 

Bivariate differences between categorical variables and 

anemia status were evaluated using Pearson's chi-

square (𝜒2) tests or Fisher's exact tests where cell 

counts were sparse. Continuous HRQoL domain scores 

across anemia strata were assessed using independent-

samples 𝑡-tests and one-way ANOVA. To isolate inde-

pendent predictors of IDA, candidate covariates exhib-

iting 𝑝 < 0.20 during bivariate screening were entered 

into a multivariable binary logistic regression model. 

Adjusted odds ratios (AOR) and 95% confidence inter-

vals (CI) were generated, with statistical significance 

determined at a two-tailed 𝛼 = 0.05. 

RESULTS 

3.1 Sociodemographic Characteristics of Pregnant 

Women in District Haripur 

The cohort comprised 372 pregnant women, predomi-

nantly residing in rural settings (98.1%, 𝑛 = 365) with 

minimal peri-urban representation (1.9%, 𝑛 = 7). The 

majority (67.5%, 𝑛 = 251) were within the prime re-

productive age bracket of 25–34 years, while 16.9% 

(𝑛 = 63) were aged 18–24 years and 15.6% (𝑛 = 58) 

were aged 35–44 years. Multigravidity was common, 

accounting for 64.2% (𝑛 = 239) of the sample, fol-

lowed by primigravida (21.8%, 𝑛 = 81) and grandmul-

tigravida women (14.0%, 𝑛 = 52). Gestational stages 

showed an even distribution: 29.3% (𝑛 = 109) in the 

first trimester, 33.1% (𝑛 = 123) in the second, and 

37.6% (𝑛 = 140) in the third. Regarding educational 

attainment, 42.2% (𝑛 = 157) had completed 10 years 

or less of schooling, 15.4% (𝑛 = 57) completed 12 

years, and 42.4% (𝑛 = 158) possessed tertiary degrees. 

Most participants were homemakers (62.8%, 𝑛 =234), while 29.6% (𝑛 = 110) balanced employment 

with domestic responsibilities, and 7.6% were formally 

employed or students. Financially, 49.7% (𝑛 = 185) 

earned below 25,000 PKR per month, 26.4% (𝑛 = 98) 

reported incomes between 25,000–50,000 PKR, and 

23.9% (𝑛 = 89) earned above 50,000 PKR. Daily 

physical activity was largely sustained through domes-

tic and agricultural chores, with 46.8% (𝑛 = 174) log-

ging over 7,500 steps/day, 43.8% (𝑛 = 163) logging 

5,000–7,499 steps/day, and 9.4% (𝑛 = 35) being sed-

entary (< 5,000 steps/day). However, structured lei-

sure-time exercise was nearly absent, with 98.9% (𝑛 =368) exercising only 1–2 days weekly for under 20 

minutes per session. Reported sleep duration was 6–8 

hours in 41.4% (𝑛 = 154), 4–6 hours in 29.6% (𝑛 =110), greater than 8 hours in 28.7% (𝑛 = 107), and un-

der 4 hours in 0.3% (𝑛 = 1) of the cohort. 

Variables Categories Frequency (f) Percentage % 

Age 

18–24 63 16.9 

25-34 251 67.5 

35-44 58 15.6 

Gestastional Number 

3 81 21.8 

Multigravida 239 64.2 

Grandmultigravida 52 14.0 

Gestational Month 

1st trimester 109 29.3 

2nd trimester 123 33.1 

3rd trimester 140 37.6 

Qualification 10 years or less of education 157 42.2 
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Variables Categories Frequency (f) Percentage % 

12 years of education 57 15.4 

Undergraduate 79 21.2 

Graduate 79 21.2 

      Livelihood 
Rural 365 98.1 

Urban 7 1.9 

Occupation 

Student 1 0.3 

Doing Job 27 7.3 

House Wife 234 62.8 

Job & House Wife 110 29.6 

Monthly Income 

<25,000 185 49.7 

25000–50000 98 26.4 

> 50000 89 23.9 

Lifestyle 

Sedentary lifestyle (<5000 steps/day) 35 9.4 

Less Active Lifestyle (5000-7499 steps/ 
day) 

163 43.8 

Physically Active Lifestyle (>7500 
steps/day) 

174 46.8 

Sleeping time 

<4 hours 1 0.3 

4-6 hours 110 29.6 

6-8 hours 154 41.4 

>8 hours 107 28.7 

Frequency of Exercise 

Every day 1 0.3 

3-4 days/week 3 0.8 

1-2 days/weck 368 98.9 

Intensity of exercise 
minimal active 368 98.9 

Health enhancing physical active 4 1.1 

Duration of exercise 

<20 min/day 368 98.9 

20-30 min/day 3 .8 

>30 min/day 1 .3 
 

3.2 Levels of Health and Anthropometric Measure-

ments Among Pregnant Women 

Screening of overall health and body composition iden-

tified substantial vulnerability across the cohort. Based 

on mid-upper arm circumference (MUAC) thresholds, 

71.8% (𝑛 = 267) of participants were categorized as 

adequately nourished, whereas 28.2% (𝑛 = 105) pre-

sented with moderate-to-severe acute malnutrition. 

Body mass index (BMI) stratification indicated that 

while 62.4% (𝑛 = 232) maintained normal weight, 

15.1% (𝑛 = 56) were underweight—with 7.0% (𝑛 =26) meeting criteria for severe underweight—and 

22.5% (𝑛 = 84) were classified as overweight (16.7%) 

or obese (5.8%). In terms of self-rated health and clin-

ical presentation, 48.1% (𝑛 = 179) of the women ex-

hibited poor functional health profiles requiring 

multidisciplinary clinical intervention, whereas only 

13.2% (𝑛 = 49) reported their health status as good. 
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3.3 Blood Biomarkers and Anthropometric Profile 

of Pregnant Women 

Hematological and biochemical analyses demonstrated 

marked systemic iron exhaustion. Over half of the co-

hort exhibited depleted iron reserves, with low serum 

ferritin concentrations documented in 57.0% (𝑛 =212) and elevated total iron-binding capacity (TIBC) 

observed in 55.4% (𝑛 = 206) of participants. Based on 

the World Health Organization hemoglobin threshold 

(Hb < 11.0 g/dL), the overall prevalence of anemia 

was 83.1% (𝑛 = 309). True iron deficiency anemia 

(IDA)—characterized by concurrent low hemoglobin 

levels alongside depleted ferritin reserves—was con-

firmed in 67.6% (𝑛 = 251) of the participants, leaving 

32.4% (𝑛 = 121) without IDA. Cross-comparison with 

anthropometric metrics reaffirmed that despite the co-

existence of undernutrition (28.2% via MUAC; 15.1% 

underweight via BMI) and overweight/obesity 

(22.5%), physiological iron deficits spanned across all 

body composition categories, indicating systemic mi-

cronutrient depletion regardless of overt phenotypic ad-

iposity. 

Variable Category Frequency(n) Percentage (%) 

Serum feritin levels 
Low 212 57 

Normal 160 43 

Iron binding capacity 
Increase 206 55.4 

Normal 166 44.6 

MUAC level 

Severe Malnutrition 50 13.4 

Malnutrition 55 14.8 

Adequate Nutrition 267 71.8 

 Level of BMI 

Sever Under Weight 26 7 

Under Weight 30 8.1 

Normal Weight 232 62.4 

Over Weight 62 16.7 

Obesity 22 5.8 

Levels of Health 

Low Health 179 48.1 

Moderate Health 144 38.7 

Good Health 49 13.2 

Levels of Anemia 
Anemic 309 83.1 

Non-Anemic 63 16.9 
 

3.4 Determinants of Iron Deficiency Anemia in 

Pregnant Women 

Multivariable binary logistic regression was conducted 

to determine the independent risk factors governing the 

presentation of IDA (67.6% anemic vs. 32.4% non-ane-

mic). Sociodemographic and lifestyle parameters 
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emerged as the principal determinants. Participants re-

siding in households earning below 25,000 PKR 

monthly demonstrated significantly higher adjusted 

odds of developing IDA compared to those in higher 

income brackets (AOR = 1.560; 95% CI: 1.157 −2.105; 𝑝 = 0.004). Daily ambulatory lifestyle was also 

an independent predictor; sedentary behavior (<5,000 steps/day) was associated with higher odds of 

IDA compared to higher physical activity tiers 

(AOR = 1.450; 95% CI: 1.001 − 2.099; 𝑝 =0.049). Severe sleep deprivation (< 4 hours/night) 
showed a strong positive association with IDA 

(AOR = 2.240; 95% CI: 1.566 − 3.203; 𝑝 <0.001). 

Conversely, maternal age (18–24 years vs. older: 

AOR = 0.671; 95% CI: 0.422 − 1.065; 𝑝 =0.090), gravidity (AOR = 0.990; 95% CI: 0.609 −1.609; 𝑝 = 0.967), gestational trimester (AOR =

1.050; 95% CI: 0.764 − 1.445; 𝑝 = 0.762), educa-

tional attainment (AOR = 0.967; 95% CI: 0.784 −1.194; 𝑝 = 0.757), and rural versus urban dwelling 

(AOR = 0.940; 95% CI: 0.169 − 5.246; 𝑝 =0.944) were not statistically significant predictors. Alt-

hough homemakers displayed higher absolute case 

counts of IDA than formally employed peers, occupa-

tional status did not reach significance in adjusted mod-

els (AOR = 0.691; 95% CI: 0.454 − 1.050; 𝑝 =0.084). Finally, standard anthropometric indices, in-

cluding MUAC malnutrition status (AOR = 1.026; 95% CI: 0.717 − 1.468; 𝑝 = 0.889) and BMI cate-

gories (AOR = 1.108; 95% CI: 0.842 − 1.459; 𝑝 =0.464), demonstrated no significant correlation with 

IDA, confirming that micronutrient depletion in this 

cohort was predominantly driven by socioeconomic 

hardship and lifestyle disruption rather than somatic 

body habitus. 

Variable  Category  
Iron deficiency anemia 

Yes                No        
AOR (95% CI) P value  

Age 

18–24 27 36 

.671 (.422-1.065) .090 25-34 145 106 

35-44 40 251 

Gestational No 

Primigravida 36 45 

.990 (.609-1.609) .967 Multigravida 140 99 

Grandmultigravida 36 16 

Gestational Month 

1st trimester 52 57 

1.050 (.764-1.445) .762 2nd trimester 74 49 

3rd trimester 86 54 

Qualification 

10 years or less of educa-
tion 

94 63 

.967 (.784-1.194) .757 12 years of education 32 25 

Undergraduate 57 22 

Graduate 29 50 

Livelihood 
Rural 209 156 

940 (.169-5.246) .944 
Urban 03 04 

Occupation 

Student 1 0 

.691 (.454-1.050) .084 
Doing Job 9 18 

House Wife 141 93 

Job & House Wife 61 49 

Monthly Income 

<25,000 129 56 

1.560 (1.157-2.105) .004 25000-50000 46 51 

> 50000 37 53 

Lifestyle 

Sedentary lifestyle (<5000 
steps/day) 

22 13 

1.450 (1.001-2.099) .049 
Less Active Lifestyle 

(5000-7499 steps/ day) 
115 48 
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Variable  Category  
Iron deficiency anemia 

Yes                No        
AOR (95% CI) P value  

Physically Active Lifestyle 
(>7500 steps/day) 

75 99 

Sleeping Time 

<4 hours 1 0 

2.240 (1.566-3.203) .000 
4-6 hours 86 24 

6-8 hours 83 71 

>8 hours 42 65 

Frequency of Exer-

cise 

Every day 0 1 

3.391 (.000-.) 1.000 3-4 days/week 0 3 

1-2 days/week 212 156 

MUAC level 

Severe Malnutrition 33 17 

1.026 (.717-1.468) .889 Malnutrition 31 24 

Adequate Nutrition 148 119 

Level of BMI Sever Under Weight 13 13 1.108 (.842-1.459) .464 
 

DISCUSSION 

This study investigated the biochemical burden of iron 

deficiency anemia (IDA), anthropometric indices, ha-

bitual dietary patterns, and their sociodemographic de-

terminants among pregnant women in rural District 

Haripur, Pakistan. Our findings demonstrate an alarm-

ing overall anemia prevalence of 83.1% (Hb <11.0 g/dL), with true iron deficiency anemia con-

firmed in 67.6% of the participants. This hematological 

crisis was corroborated by objective biochemical mark-

ers: 57.0% of the cohort exhibited depleted serum fer-

ritin reserves, accompanied by elevated total iron-

binding capacity (TIBC) in 55.4%. These observations 

align with regional evidence from low- and middle-in-

come countries (LMICs), where elevated maternal and 

fetal metabolic demands during gestation rapidly out-

pace inadequate baseline iron stores [1, 2, 3, 30]. Ges-

tational plasma volume expansion, accelerated feto-

placental organogenesis, and uterine vascular remodel-

ing necessitate substantial iron mobilization [2]. In en-

vironments marked by inadequate intake, depleted 

stores manifest as high rates of cellular hypoxia, elevat-

ing risks of preterm labor, low birth weight, postpartum 

hemorrhage, and irreversible fetal neurodevelopmental 

sequelae [3, 4, 17, 27]. 

The high burden of IDA identified in this cohort was 

predominantly governed by socioeconomic deprivation 

and modifiable lifestyle factors rather than biological 

or obstetric variables. In multivariable logistic regres-

sion, household monthly income below 25,000 PKR 

was an independent predictor of IDA (AOR = 1.560, 95% CI: 1.157 − 2.105, 𝑝 = 0.004). In rural Paki-

stan, severe financial limitations directly constrain 

household purchasing power, restricting access to mi-

cronutrient-dense foods and nutrient-fortified staples 

[5, 6, 19]. Conversely, maternal age, gravidity, and ges-

tational trimester demonstrated no statistically signifi-

cant association with IDA status. This indicates that 

systemic iron depletion in this population represents a 

continuous, community-wide nutritional vulnerability 

that precedes conception and persists throughout gesta-

tion, rather than being confined to specific obstetric 

stages [18, 30]. 

Lifestyle behaviors also demonstrated significant asso-

ciations with maternal anemia. Sedentary behavior (<5,000 steps/day) was associated with increased odds 

of IDA (AOR = 1.450, 95% CI: 1.001 − 2.099, 𝑝 = 0.049). Concurrently, extreme sleep deprivation 

(< 4 hours/night) emerged as a strong behavioral de-

terminant (AOR = 2.240, 95% CI: 1.566 − 3.203, 𝑝 < 0.001). Chronic sleep restriction and physical ex-

haustion dysregulate neuroendocrine homeostasis, ele-

vate systemic inflammatory markers, and perturb 

hepcidin-mediated iron trafficking, which collectively 

impairs iron bioavailability and erythropoiesis [7, 25]. 

Furthermore, severe maternal fatigue may reflect both 

a symptom of cellular hypoxia and a compounding be-

havioral risk factor that restricts daily functioning and 

nutritional self-care [8, 11]. 
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The dietary patterns identified via Principal Compo-

nent Analysis provide critical mechanistic insights into 

the nutritional drivers of this anemia burden. Three dis-

tinct patterns were characterized: the Protein Pattern, 

the Vegetable and Fruit Pattern, and the Carbohydrate 

Pattern. The Protein Pattern—characterized by animal-

source foods such as beef, mutton, poultry, and eggs—
supplies highly bioavailable heme iron, which is ab-

sorbed independently of luminal chelators [7, 9, 28]. 

However, economic inflation in rural Pakistan renders 

animal protein inaccessible for daily consumption 

among low-income households [6, 8, 10]. Instead, the 

dietary landscape is dominated by the Carbohydrate 

Pattern, relying heavily on unfortified wheat flatbreads 

and polished rice. While these plant-based staples sup-

ply essential calories, their high content of phytic acid 

and polyphenols strongly chelates non-heme iron 

within the duodenal lumen, forming insoluble com-

plexes that inhibit mucosal absorption [7, 8, 24]. 

Although the Vegetable and Fruit Pattern incorporates 

ascorbic acid—a potent enhancer of non-heme iron ab-

sorption—its beneficial effects are routinely counter-

balanced by regional culinary practices and dietary 

habits. The common rural custom of consuming tannin-

rich black tea immediately following meals substan-

tially impedes iron uptake. Moreover, deep-seated cul-

tural taboos during pregnancy, such as avoiding certain 

"hot" foods (including specific iron-dense meats and 

fruits), further restrict dietary diversity [8, 10, 20]. Ra-

ther than isolating individual nutrients, examining 

these composite dietary patterns highlights how habit-

ual consumption profiles perpetuate negative iron bal-

ance across the maternal life cycle. 

Assessment of physical nutritional status revealed a 

distinct double burden of malnutrition. While mid-up-

per arm circumference (MUAC) categorized 71.8% of 

participants as adequately nourished, 28.2% suffered 

from moderate-to-severe acute malnutrition. Similarly, 

BMI categorization revealed the coexistence of under-

nutrition (15.1% total underweight, including 7.0% se-

verely underweight) alongside overnutrition (22.5% 

overweight or obese). Crucially, neither MUAC nor 

BMI exhibited a statistically significant association 

with IDA in multivariable regression. This dissociation 

emphasizes that somatic mass and phenotypic adiposity 

do not confer protection against micronutrient exhaus-

tion; "hidden hunger" and systemic iron deficiency 

span across normal, underweight, and overweight phe-

notypes in this population [14, 15]. This dual nutri-

tional burden underscores that interventions focused 

strictly on caloric sufficiency are inadequate; maternal 

health initiatives must target micronutrient quality, di-

etary bioavailability, and balanced weight management 

simultaneously [15, 21]. 

These physiological and nutritional deficits directly 

correspond to compromised functional well-being. 

Nearly half of the participants (48.1%) rated their over-

all health as poor, whereas only 13.2% reported good 

health. Chronic iron depletion impairs mitochondrial 

oxidative phosphorylation and oxygen transport capac-

ity, driving persistent physical weakness, cognitive ap-

athy, and emotional strain [11, 25, 26]. In rural agrarian 

environments where women bear heavy domestic bur-

dens and field labor, the functional debility induced by 

IDA curtails economic productivity and lowers mater-

nal health-related quality of life (HRQoL) [10, 12, 13]. 

4.1 Strengths and Limitations 

This study provides objective biochemical evaluations 

(serum ferritin and TIBC alongside hemoglobin) cou-

pled with validated dietary pattern derivation using 

Principal Component Analysis in an understudied rural 

South Asian district. Nevertheless, certain limitations 

warrant consideration. First, the cross-sectional design 

precludes establishing temporal causality between die-

tary patterns, lifestyle variables, and the development 

of IDA. Second, dietary data gathered via the Food Fre-

quency Questionnaire are subject to recall bias, alt-

hough the use of standardized portion-size visual aids 

mitigated this concern among low-literate participants 

[8, 24]. Third, the study utilized convenience sampling 

across public health facilities, which may over-repre-

sent women seeking medical care and limit broader 

generalizability to marginalized home-bound popula-

tions. Finally, while systemic iron biomarkers were 

measured, inflammatory markers such as C-reactive 

protein (CRP) or alpha-1-acid glycoprotein (AGP) 

were not assessed concurrently, which could influence 

serum ferritin interpretation in populations with sub-

clinical infections. 



Raja Waleed Sajjad, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 10, 4114-4126 | Research 

                 

              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES 4124 | P a g e  

5. CONCLUSION AND POLICY 

RECOMMENDATIONS 

5.1 Conclusion 

This investigation demonstrates a profound burden of 

iron deficiency anemia and nutritional vulnerability 

among pregnant women in rural District Haripur, 

marked by an overall anemia prevalence of 83.1% and 

true iron deficiency anemia confirmed in 67.6% of the 

cohort. Biochemical exhaustion was evident in 57.0% 

of participants presenting with depleted serum ferritin 

and 55.4% exhibiting elevated total iron-binding ca-

pacity. Multivariable modeling confirmed that sys-

temic iron depletion in this population is fundamentally 

underpinned by structural poverty (household income < 25,000 PKR/month) and adverse lifestyle habits 

(sedentary routines and severe sleep restriction), rather 

than basic obstetric parameters or phenotypic body 

mass indices. 

The characterization of distinct dietary profiles through 

Principal Component Analysis—the Protein Pattern, 

Vegetable and Fruit Pattern, and Carbohydrate Pat-

tern—provides clear mechanistic evidence of nutri-

tional compromise: the rural maternal diet is heavily 

dependent on phytate-dense, non-heme cereal staples 

with marginal access to bioavailable animal-source 

heme proteins. Coupled with a distinct double burden 

of under- and overnutrition, this micronutrient defi-

ciency directly translates to diminished functional 

health and impaired maternal quality of life. Resolving 

this crisis requires shifting maternal healthcare away 

from isolated iron supplementation toward integrated, 

culturally tailored multisectoral initiatives that simulta-

neously tackle dietary diversity, socioeconomic access, 

and maternal well-being. 

5.2 Recommendations 

• Enhance Dietary Diversity and Iron Bioavaila-

bility: Primary maternal care initiatives must pro-

mote access to affordable heme-iron sources 

(poultry, eggs, offal) while encouraging culinary 

practices that mitigate non-heme absorption inhib-

itors. Interventions should actively counsel against 

consuming postprandial tannin-rich teas and pro-

mote the co-ingestion of locally grown, ascorbic 

acid-rich fruits and vegetables [7, 24]. 

• Scale-Up Fortified Food Vehicles: Given the uni-

versal consumption of wheat and rice staples 

within this population, provincial health and food 

authorities should enforce large-scale mandatory 

staple food fortification with bioavailable iron for-

mulations (such as sodium iron EDTA or mi-

cronized ferric pyrophosphate) to reach 

impoverished rural households independent of 

clinical touchpoints [7, 22]. 

• Re-engineer Antenatal Supplementation and 

Counseling: District health networks must move 

beyond passive tablet dispensing. Antenatal pro-

grams should integrate proactive adherence moni-

toring, side-effect management, digital reminder 

strategies, and community-level nutritional educa-

tion through Lady Health Workers (LHWs) to dis-

mantle prevailing cultural taboos and fears 

surrounding pregnancy supplementation [9, 21, 

29]. 

• Integrate Maternal Lifestyle and Quality of Life 

Interventions: Maternal public health programs 

should incorporate holistic wellness guidance ad-

dressing restorative sleep hygiene and balanced, 

safe physical activity routines. Concurrently, 

screening protocols at Basic Health Units (BHUs) 

and Rural Health Centers (RHCs) should evaluate 

maternal functional capacity and quality-of-life in-

dices alongside routine hematological markers [10, 

13, 23]. 

• Target Socioeconomic Protection for Vulnera-

ble Mothers: Regional social protection programs 

(such as conditional cash transfer mechanisms tied 

to antenatal clinic attendance) should be leveraged 

to alleviate financial barriers, improve household 

food purchasing power, and facilitate timely access 

to comprehensive prenatal healthcare services [12, 

19, 30]. 
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