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ABSTRACT

Background: Obesity has become increasingly prevalent globally, associated with chronic inflammation, which contributes
to conditions like atherosclerosis and metabolic syndrome. Hematological parameters (such as Hemoglobin, Hematocrit,
RBC, WBC, and Platelets) are indicative of physiological status and could potentially correlate with obesity.

Objective: To determine how BMI categories relate to hematological parameters in young female medical and dental
students.

Methodology: Study Design: Cross-sectional study conducted at Peshawar Medical and Dental Colleges from July to
December 2022. Population: Female students aged 18-25 years, totaling 231 participants, chosen by convenience sampling.
Procedure: After informed consent, participants completed a questionnaire, and anthropometric assessments (height and
weight) were conducted to calculate BMI. Blood samples were collected and analyzed for hematological parameters.
Statistical Analysis: Data was analyzed using SPSS version 21, with p-values <0.05 considered significant.

Results: The study sample had a mean age of 21.83 + 1.41 years, with an average height of 165.48 + 4.88 cm and mean
weight of 62.16 + 8.26 kg. The mean BMI was calculated as 22.78 + 3.54 kg/m?. The mean Hemoglobin and Hematocrit
levels were both 12.89 + 1.15. The mean Red Blood Cell (RBC) count was 4.42 + 0.38, White Blood Cell (WBC) count was
9007.88 £ 1710.79, and the mean Platelet count was 237476.19 + 77515.21. Conclusion: Significant differences were found
between BMI categories and Hemoglobin (Hb), Hematocrit (HCT), WBC, and Platelets. RBC did not show significant
association. Higher BMI is linked to lower levels of Hemoglobin and Hematocrit. Strong positive correlations were observed
between BMI and WBC as well as Platelet count.

Keywords: Hemoglobin, hematocrit, obesity, anemia, metabolic syndrome.

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 32s
pg. 2588


mailto:maryam.bds@gmail.com
mailto:drjaleelkamran@ymail.com
mailto:dctrsameer@gmail.com
mailto:minhas_u@hotmail.com
mailto:syedahmadusman@gmail.com
mailto:hira88khattak@gmail.com

Maryam Tahir, Hira Ehsan Khattak, Jaleel Kamran, Muhammad Sameer
Hanif, Usama Ghulab, Syed Ahmad Usman

1. INTRODUCTION

The rising prevalence of obesity and iron deficiency anemia among adolescents is a significant global health concern,
affecting both developed and developing countries. Since 1975, obesity rates have tripled, with 13% of the global population
classified as obese, particularly impacting children and adolescents who face increased risks of non-communicable diseases
such as diabetes and cardiovascular issues.! In low- and middle-income countries, rapid lifestyle changes contribute to this
epidemic, with obesity often coexisting with iron deficiency anemia, which affects approximately 78.1% of overweight
adolescents.?? The physiological changes in obese individuals disrupt normal iron metabolism, leading to iron deficiency
and complicating health outcomes.* This dual burden of obesity and anemia not only threatens physical health but also has
profound implications for mental well-being and quality of life.’

Pakistan faces a dual burden of malnutrition, characterized by a significant prevalence of both obesity and anaemia.
Approximately 5.1% of the adult population is classified as obese, with urban women particularly affected, highlighting a
shift towards non-communicable diseases.® Concurrently, anaemia, primarily iron deficiency anaemia (IDA), affects about
50% of the population, with alarming rates among women of reproductive age and children under five.”® The condition
compromises oxygen transport in the body, leading to reduced aerobic metabolism and energy levels.® Diagnostic parameters
such as Mean Corpuscular Volume (MCV) and Mean Corpuscular Hemoglobin (MCH) are crucial for identifying anaemia
types, including distinguishing IDA from thalassemia.'® Addressing these intertwined issues requires comprehensive public
health strategies focusing on nutrition education, food security, and targeted interventions to mitigate both obesity and
anaemia.”!! Haemoglobin is a conjugated protein that carries oxygen and is found in erythrocytes.

Body Mass Index (BMI) is a prevalent anthropometric tool for assessing obesity, calculated as weight relative to height
(kg/m?), with established categories indicating underweight, normal weight, overweight, and obesity.'>!> While BMI is
simple and cost-effective, its limitations are significant; it fails to differentiate between fat and muscle mass, and does not
account for fat distribution, particularly the health risks associated with abdominal fat.'* This inadequacy can lead to
misclassification of individuals, particularly across different genders, ages, and ethnicities, potentially obscuring true health
risks like metabolic syndrome and chronic inflammation.!> Consequently, there is a growing advocacy for integrating
additional measures, such as waist circumference and waist-to-hip ratio, to provide a more comprehensive assessment of
obesity-related health risks.'® Thus, while BMI remains a useful screening tool, its application should be complemented with
other metrics to enhance accuracy in health assessments. !’

2. OBJECTIVE:

The objective of this study was to assess the relationship between different BMI categories—underweight, normal,
overweight, and obese—and specific hematological parameters, including Hemoglobin, Hematocrit, RBC, WBC, and
Platelet counts, among medical and dental students.

3. MATERIALS AND METHODS

This cross-sectional study was conducted at Peshawar Medical College and Peshawar Dental College, Peshawar, focusing
on female students aged 18-25 years. Exclusion criteria included those having any cardio-metabolic diseases; undergoing
hormonal or antibiotic therapy, steroid therapy, experiencing menstrual irregularities or diagnosed with chronic physical or
hematological illnesses, diabetes, or other conditions requiring therapeutic iron supplementation. Additionally, students who
were pregnant or lactating, following specific dietary restrictions, or engaged in high-intensity athletic regimens were
excluded.

The study duration was approximately two months, allowing adjustments for students' exams and vacations. The sample size
was calculated using the online Raosoft sample size calculator. Based on a female student population of 575, with a 50%
response rate, 95% confidence interval, and 5% margin of error, the required sample size was determined to be 231
participants. This design ensured adequate representation and statistical reliability for examining the relationship between
body mass index and hematological parameters in this population.

Participants completed a detailed questionnaire about their medical history, followed by anthropometric assessments to
measure height (to the nearest 0.5 cm) and weight (to the nearest 0.5 kg). Body mass index (BMI) was calculated using the
formula weight (kg)/height (m?) and categorized according to WHO guidelines into underweight, normal weight, overweight,
and obese groups. Blood samples were collected by a trained female phlebotomist using disposable syringes, torniquets, and
sterile alcohol swabs to ensure proper disinfection. Hematological parameters assessed included Hematocrit, hemoglobin
(HB), red blood cells (RBC), white blood cells (WBC), and platelet count. Laboratory analyses were performed using
appropriate methods for accurate data collection.

The study utilized tools such as stadiometers, weighing machines, measuring tapes, and standard blood collection equipment.
Statistical analysis was conducted using SPSS version 21. Quantitative variables, including age and hematological
parameters, were presented as mean + standard deviation, while categorical variables, such as BMI categories, were
expressed in percentages. The Kruskal-Wallis test assessed associations between categorical variables, while Spearman
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correlation evaluated relationships between BMI and hematological parameters. A p-value of less than 0.05 was considered
statistically significant. This rigorous methodology ensured comprehensive data collection and reliable analysis to examine

the relationship between BMI and hematological parameters in the study population.

4. RESULTS

Out of total 231 study subjects 169(73.2%) were day scholar. 195(84.4%) were normal weight individuals followed by

17(7.4%) Obese, 15(6.5%) overweight and 4(1.7%) underweight.

Table 1: Mean +Standard deviation of quantitative study variables

Parameters(n=231)

Mean £Std deviation

Age 21.826+1.406

Height 165.48+4.88

Weight 62.164+8.26

BMI 22.78+3.54
Hemoglobin 12.89+ 1.15
Hematocrit 36.5519+ 2.67

RBC 4.4245+0.375

WBC 9007.8788+1710.79
Platelets 237476.19+77515.205

Table 1shows mean value of quantitative study variables. Mean age of study subjects was 21.826+1.406, mean height
165.484+4.88 in m?, mean weight 62.164+8.26 in kg, Mean BMI was found to be 22.78+3.54kg/m?. Mean Hemoglobin was
12.89+ 1.15 whereas mean Hematocrit came out 36.5519+ 2.67. Furthermore, Mean RBC, WBC and Platelets were observed

as 4.4245+0.375, 9007.8788+1710.79 and 237476.19+77515.205, respectively.

Table 2: Mean £Std deviation of hematological parameters according to BMI category

Parameters Mean +Std deviation

(n=231) Under weight Normal Overweight Obese

Hemoglobin 10.7500+1.108 13.1467+.055 11.7333+0.351 11.5000+ 0.493
Hematocrit 31.6500+ 1.42 37.0000+0.161 34.9467+0.8608 33.9824+0.857

RBC 4.5+0.290 4.4127+0.025 4.3667+0.0714 4.5824+0.146

WBC 8625.00+1546.16 8806.66111.486 | 10066.66+589.322 10471.7647+381.66
Platelets 261250.00+£57892.68 | 227066.6+4955.8 | 294200.0000+25208.12 | 301235.29+22559.647

Table 2 shows Mean +Std deviation of hematological parameters according to BMI category; Mean hemoglobin distribution
for underweight 10.75+1.108, Normal 13.14+0.055, over weight 11.73+£0.35 and obese 11.50+ 0.49; Mean hematocrit for
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underweight 31.65+ 1.427, Normal 37.00+0.161, over weight 34.94+0.86 and obese 33.98+0.85; Mean RBC for underweight
4.5£0.290 , Normal 4.412+0.025, over weight 4.3667+0.0714 and obese 4.5824+ 0.14634;Mean WBC for under
weight8625.00+15.16 , Normal 8806.66+111.48, over weight 10066.66+589.322 and obese 10471.7647+381.66069 ; and
platelets mean count for underweight 261250.00 =+57892.6808, Normal 227066.66+4955.85, over weight
294200.00+25208.124 and obese 301235.29+22559.647.

Table 3: Distribution of BMI and Hemoglobin among study subjects

Hemoglobin
Parameters(n=231) Total
6-8 8.1-10 10.1-12 12.1 and above
Under weight 1 1 | 1 4
Normal weight 0 0 0 195 195
BMI in categories
Overweight 0 2 5 8 15
Obese 1 4 5 7 17
Total 2 7 11 211 231

Table 3 shows BMI categories and hemoglobin levels distribution and it was reported that 195 normal weight study subjects
followed by 8 overweight, 7 obese and 1 underweight; Hence total 211 had 12.1 and above hemoglobin levels.

Table 4: Distribution of BMI and Hematocrit among study subjects

Hematocrit
Parameters(n=231) Total
28-31 32-35 36-39 40-43
Under weight 1 3 0 0 4
Normal weight 0 39 130 26 195
BMI in categories
Overweight 3 4 7 1 15
Obese 3 8 4 2 17
Total 7 54 141 29 231

Table 4shows BMI categories and Hematocrit distribution and it was reported that 130 normal weight study subjects followed
by 7 overweight and 4 obese; Hence total 211 had 36-39 Hematocrit levels.

Table 5: Distribution of BMI and RBC count among study subjects

RBC
Parameters(n=231)
3-4 4.1-5 5.1-6 6.1 and above Total
Under weight 1 2 1 0 4
BMI in | Normal weight 38 157 0 0 195
categories Overweight 2 113 0 0 15
Obese 1 15 0 1 17
Total 42 187 1 1 231

Table 5 shows BMI categories and RBC distribution, and it was reported that 157 normal weight study subjects had RBC in
range of 4.1-5; moreover 113 overweight also showed same range of RBC, hence total 187 had RBC count in 4.1-5 range.
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Table 6: Distribution of BMI and Platelets among study subjects

Platelets
Parameters(n=231) 100000- 151000- 201000- | 251000  and | 'Ot
150000 200000 250000 above
BMI in | Under weight 1 1 0 2 4
categories ;
Normal weight 26 66 40 63 195
Overweight 2 1 4 8 15
Obese 1 1 3 12 17
Total 30 69 47 85 231

Table 6 shows BMI categories and Platelets distribution and it was reported that total 85 study subjects showed 2.5 lac and
above platelets. Among them 63 were normal weighted, 12 obese, 8 overweight and 1 underweight.

5. DISCUSSION

The relationship between body mass index (BMI) and hemoglobin (Hb) levels among female medical students reveals
significant variations across studies. In a recent study, mean Hb levels were lowest in underweight students (10.75 g/dL) and
highest in those with normal BMI (13.15 g/dL), indicating a significant association (p<0.05) between BMI and Hb levels. '®
This aligns with findings from Jeong et al., 2022 who reported higher Hb levels in normal (13.99 g/dL) and overweight
(14.04 g/dL) groups, suggesting population-specific variations.!® Conversely, S.R Acharya et al. (2024) found no significant
differences in Hb across BMI categories, highlighting inconsistencies in the literature.'® Another study noted a normal mean
Hb level of 13.4 g/dL, reinforcing the notion that BMI influences Hb levels, particularly in young females, who are at a
higher risk for iron deficiency anemia.?

Hematocrit (HCT) levels were 31.65+1.42% (underweight), 37.00+0.16% (normal), 34.94+0.86% (overweight), and
33.98+0.85% (obese). A statistically significant association (p<0.05) was observed. Jeong et al. (2022) documented higher
HCT levels for normal (41.91+0.04%), overweight (42.21+0.10%), and obese (42.31+0.10%) categories.!® These differences
might stem from demographic and methodological factors. Nazeer (2019) found no significant variation in HCT across BMI
groups, partially aligning with the current findings.

RBC levels in this study were 4.5+0.29 (underweight), 4.41+£0.03 (normal), 4.37+£0.07 (overweight), and 4.58+0.15 (obese),
with no significant association with BMI (p=0.203). Jeong et al. (2022) observed higher RBC counts for normal (4.82+0.01),
overweight (4.88+0.01), and obese (4.90+£0.01) groups, which showed a statistically significant relationship (p<0.001). Singh
et al. (2021) similarly reported no significant variation in RBC levels among BMI categories, consistent with the present
study.?!

WBC levels increased with BMI, ranging from 8625.0+1546.16 (underweight) to 10471.76+£381.66 (obese), reflecting a
positive correlation (p=0.004). Similarly, platelet counts rose with BMI, showing a statistically significant relationship
(p=0.009). Jeong et al. (2022) documented similar trends, with WBC and platelet counts positively correlated with BMI,
highlighting systemic inflammatory responses associated with higher BMI. Nazeer (2019) also reported a direct relationship
between BMI and WBC counts, emphasizing concordance with the current findings.'*?2

This study found an inverse correlation between BMI and hemoglobin (Spearman’s rho -0.078) and hematocrit (-0.001),
indicating that higher BMI is associated with reduced levels of these parameters. Haidari et al. (2020) reported similar
findings, with hemoglobin showing a negative correlation with BMI (r = -0.155).2% In contrast, Jeong et al. (2022) observed
a positive correlation between BMI and Hb (r = 0.042) and HCT (r = 0.067), underscoring population-specific variability.'”

RBC levels showed a weak positive correlation with BMI (Spearman’s rho 0.053), though this association was not
statistically significant. Similar findings by Singh et al. (2021) and Nazeer (2019) reported no significant RBC variation
among BMI groups.??? However, Jeong et al. (2022) reported a positive correlation (r = 0.109) and statistically significant
differences, suggesting potential variability in study populations and methodologies. '°

Conversely, WBC and platelet counts were positively correlated with BMI, aligning with findings by Jeong et al. (2022),
who observed significant positive correlations (WBC: r = 0.222; platelets: r = 0.180).!° This reflects systemic inflammatory
and hematopoietic changes linked to increased adiposity.
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