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ABSTRACT

	Background:
Anaemia is a common health issue among women of reproductive age, often aggravated by menstrual blood loss. Fluctuations in haemoglobin levels across menstrual phases may contribute to anaemia, and early intervention could help prevent its progression. This study aimed to evaluate the influence of menstrual cycles on cyclical haemoglobin changes and anaemia risk among allied healthcare students in Tripura, India.

Methods:
A cross-sectional study was conducted from January to May 2025 involving 128 female students aged 18–21 years at a paramedical college in Tripura. Haematological parameters, including haemoglobin concentration and red cell indices, were assessed during both the luteal and follicular phases of the menstrual cycle. Menstrual patterns and anaemia severity were categorised and analysed using descriptive statistics and chi-square tests, with p < 0.05 considered statistically significant.

Results:
The overall prevalence of anaemia was 43.75%, with mild anaemia being the most common. Abnormal red cell indices such as low PCV, MCV, and MCH were observed in a notable proportion of students. Menstrual irregularities, including menorrhagia, were more common among anaemic participants. A significant decline in haemoglobin levels was noted during the follicular phase (11.42 ± 1.10 g/dl) compared to the luteal phase (11.86 ± 1.28 g/dl, p < 0.05), with 53.12% of students experiencing changes greater than 1.0 g/dl between phases. Anaemia prevalence increased from 42% in the luteal phase to 95.3% in the follicular phase, indicating notable cyclical variation linked to menstrual blood loss.

Conclusion:
The findings underscore the impact of menstrual cycles on cyclical haemoglobin variations and anaemia risk among allied healthcare students. Regular haemoglobin monitoring and targeted interventions, such as dietary counselling and iron supplementation, may help reduce anaemia-related health risks. The study is limited by self-reported menstrual data and lack of iron biomarker measurements, and further research is needed to confirm underlying causes.
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1. INTRODUCTION
Anaemia is a significant public health concern, particularly among young women of reproductive age, and is commonly associated with nutritional deficiencies and menstrual blood loss (Nath et. Al., 2022). It is characterized by reduced hemoglobin levels, leading to impaired oxygen transport, fatigue, and diminished concentration (World Health Organization [WHO], 2021). Among university students, factors such as irregular diets, academic stress, and poor sleep patterns further contribute to the development of anaemia (Nath & Pallathadka, 2025). Menstrual cycles, especially when accompanied by heavy or irregular bleeding, are a known risk factor for iron depletion and anemia in this population (Nath et. Al., 2022).
In allied healthcare students, the consequences of anemia extend beyond physical health to affect cognitive function, learning capacity, and academic performance, as documented in earlier studies conducted in the region (Nath & Pallathadka, 2025). Given that these students are future healthcare providers, maintaining optimal health through proper nutrition and menstrual health management is vital for both their personal well-being and professional responsibilities. Despite the recognized association between menstruation and anemia, few studies have explored the specific contribution of menstrual cycles to anemia in this group and the potential reversibility of such conditions through targeted interventions.
The potential reversibility of anaemia is of particular importance in the context of student health programs. Early detection and management through dietary counseling, supplementation, and awareness can prevent long-term complications and improve overall academic and physical performance (Hurrell & Egli, 2010). However, there is a lack of region-specific data from Tripura, where socio-economic factors, dietary habits, and access to healthcare may influence the prevalence and management of anaemia.

Therefore, this study aims to explore the role of menstrual cycles in the development of anaemia and assess its potential reversibility among allied healthcare students in Tripura. By identifying patterns and contributing factors, the research intends to provide actionable recommendations for health interventions and policies tailored to the needs of this vulnerable population.


2. Materials and methods 

2.1 Study Design and Setting: This observational cross-sectional study was conducted from January 2025 to May 2025 among allied healthcare students in West Tripura, India. The primary objective of this study was to investigate the role of menstrual cycles in the development of anaemia and its potential reversibility among female students. The purpose, procedures, and expectations were explained to all participants through a structured proforma. Written informed consent was obtained prior to any anthropometric measurements or blood sample collection.

2.2 Sample Selection : A total of 140 female students aged between 18 and 21 years were initially screened, out of which 128 students were selected for final analysis after applying inclusion and exclusion criteria. 

2.3 Inclusion and Exclusion Criteria: Participants were eligible if they were female undergraduate students aged 18–21 years with a regular menstrual cycle (21–35 days) for at least the previous six months, free from known chronic illnesses or severe diseases, and had not consumed iron supplements in the last three months. Students with a history of Polycystic Ovary Syndrome (PCOS), hormonal medication use, pregnancy, lactation, recent infections, surgeries, or blood donation within the last three months were excluded from the study.
2.4 Anthropometric Measurements: Anthropometric measurements were recorded for each participant. Height was measured to the nearest 0.1 cm using a stadiometer while the subject stood erect with arms by her sides. Weight was measured to the nearest 0.1 kg using a calibrated digital scale with minimal clothing, and two readings were taken and averaged. Body mass index (BMI) was calculated using the formula BMI = Weight (kg) / Height (m)², and the classification of BMI followed the World Health Organization (WHO, 1995) guidelines.
2.5 Vital Signs: Body temperature, pulse rate, and respiration rate were recorded to assess the general health status of the participants, in line with standard clinical practices (Sapra, et. Al., 2023).
2.6 Blood Sample Collection: Venous blood samples (2 ml) were collected three times between 9:00 and 10:00 AM under aseptic conditions. The first sample was collected on a random day of the month, February 2025, the second during the follicular phase, and the third during the luteal phase of the menstrual cycle, and all samples were transferred into EDTA-coated vacutainer vials.”
2.7 Haemoglobin (Hb): Measured using the cyanmethaemoglobin method, where Drabkin’s solution containing potassium ferricyanide and potassium cyanide reacts with haemoglobin to form a stable coloured complex. Absorbance was measured at 540 nm using a colorimeter, and haemoglobin concentration was calculated against a standard reference solution (Godkar & Godkar, 2016).

2.8 Haematocrit (HCT): Packed cell volume (PCV) was determined using the microhematocrit method. Anticoagulated blood was filled into Wintrobe tubes and centrifuged at 3000 RPM for 30 minutes. The percentage of packed red cells was recorded from the tube’s calibrated markings (Godkar & Godkar, 2016).

2.9 Total Red Blood Cell Count (TRBC): Using a haemocytometer, blood diluted with Hayem’s fluid was analyzed under high magnification. The cell count was calculated based on known dilution and chamber volume (Godkar & Godkar, 2016).

[bookmark: _GoBack]2.10 Red Cell Indices (MCV, MCH, MCHC): These indices were derived from the measurements of haemoglobin, haematocrit, and RBC count, representing cell size and haemoglobin concentration (Wintrobe, 1946; Godkar & Godkar, 2016).

2.11 Statistical Analysis: Data analysis was performed using SPSS version 22.0 (SPSS Inc., Chicago, IL) and Microsoft Excel. Frequencies, percentages, and Chi-square tests were computed to assess statistical significance. A p-value <0.05 was considered statistically significant. 


3. results

Table 1 presents the combined data on the prevalence of anaemia and abnormal red cell indices among 128 allied healthcare students included in the study. Based on haemoglobin levels, 34.38% of the participants were classified as having mild anaemia, 6.25% had moderate anaemia, and 3.13% were suffering from severe anaemia. The remaining 56.25% of students had normal haemoglobin levels and were considered non-anaemic.

Table 1: Distribution of Anaemia and Altered Red Blood Cell Indices Among Allied Healthcare Students (n = 128)

	Parameter
	Number of Subjects
	Percentage (%)

	Severity of Anaemia based on Haemoglobin
	
	

	Mild (11–11.9 g/dL)
	44
	34.38

	Moderate (8–10.9 g/dL)
	8
	6.25

	Severe (<8 g/dL)
	4
	3.13

	Non-anaemic (>12 g/dL)
	72
	56.25

	
Altered Red Cell Indices
	
	

	PCV <38%
	41
	32.03

	MCV <80 fl
	26
	20.31

	MCH <27 pg
	36
	28.13

	MCHC <32%
	20
	15.63



In addition to haemoglobin assessment, red cell indices were evaluated to further understand underlying haematological abnormalities. A total of 32.03% of students had packed cell volume (PCV) values below 38%, indicating reduced red cell volume. Low mean corpuscular volume (MCV) below 80 fl was observed in 20.31% of the participants, suggesting microcytic changes. Similarly, 28.13% of students had low mean corpuscular haemoglobin (MCH) values under 27 pg, pointing toward diminished haemoglobin content per cell. Lastly, 15.63% of students showed reduced mean corpuscular haemoglobin concentration (MCHC) below 32%, indicative of hypochromia.

The combined findings from anaemia severity and red cell indices reveal a significant proportion of students with compromised haematological health, emphasizing the need for targeted nutritional and clinical interventions to prevent and manage anaemia in this population.


Table 2 presents the distribution of menstrual cycle patterns among anaemic (n = 56) and non-anaemic (n = 72) subjects in the study population of 128 allied healthcare students. The results indicate that the majority of both anaemic (66.07%) and non-anaemic (66.67%) participants reported having a normal menstrual cycle. However, menstrual irregularities were more common among anaemic subjects.

Specifically, menorrhagia (heavy menstrual bleeding) was observed in 11 anaemic participants (19.64%) compared to 5 non-anaemic participants (6.94%), with this difference being statistically significant (p = 0.045), suggesting a possible association between excessive menstrual blood loss and the development of anaemia. Oligomenorrhoea was slightly more prevalent in the non-anaemic group (13.89%) compared to the anaemic group (8.93%). Other menstrual irregularities such as polymenorrhoea and metrorrhagia were relatively uncommon in both groups, with only a few cases reported.

Table 2:  Menstrual Cycle Patterns Among Study Participants (n = 128)

	Menstrual Pattern
	Anaemic Subjects (n=56)
	Non-anaemic Subjects (n=72)
	p-value

	Menorrhagia
	11 (19.64%)
	5 (6.94%)
	0.045

	Oligomenorrhoea
	5 (8.93%)
	10 (13.89%)
	

	Polymenorrhoea
	1 (1.79%)
	3 (4.17%)
	

	Metrorrhagia
	2 (3.57%)
	4 (5.56%)
	

	Hypomenorrhoea
	0
	2 (2.78%)
	

	Normal Cycle
	37 (66.07%)
	48 (66.67%)
	


The p-value (0.045) corresponds to the statistical significance across the menstrual patterns using the chi-square test.

The findings highlight that while most participants maintain a regular menstrual cycle, abnormal patterns—particularly menorrhagia—are significantly associated with anaemia. These results reinforce the need for targeted health interventions and screening among students experiencing heavy menstrual bleeding, as it may contribute to compromised haematological health.


Table 3 presents the mean haemoglobin concentration measured during both the follicular and luteal phases of the menstrual cycle among the 128 study participants. The results indicate that the mean haemoglobin level was significantly higher in the luteal phase (11.86 ± 1.28 gm/dl) compared to the follicular phase (11.42 ± 1.10 gm/dl). The p-value of <0.05 suggests a statistically significant difference, confirming that the menstrual cycle phase influences haemoglobin levels in these students.

Table 3. Haemoglobin Levels During Luteal and Follicular Phases of the Menstrual Cycle

	Phase of Menstrual Cycle
	Mean Hb Concentration (gm/dl)
	Standard Deviation

	Follicular Phase
	11.42
	±1.10

	Luteal Phase
	11.86
	±1.28

	p-value
	
	<0.05*


*Statistically significant difference between the phases, indicating modulation of haemoglobin concentration with menstrual cycle phase.

Table 4 illustrates the extent of haemoglobin variation between the luteal and follicular phases. More than half of the participants (53.12%) showed a change greater than 1.0 gm/dl, while 32.81% had changes less than 1.0 gm/dl. Notably, 14.06% of students experienced a change exceeding 2.0 gm/dl. The significant p-value (<0.05) indicates that the observed changes are unlikely due to chance and reflect physiological modulation of haemoglobin levels across the menstrual cycle.

Table 4. Extent of Haemoglobin Variation Between Luteal and Follicular Phases

	Hb Change Category (gm/dl)
	Number of Students
	Percentage (%)

	>1.0 gm/dl
	68
	53.12

	<1.0 gm/dl
	42
	32.81

	>2.0 gm/dl
	18
	14.06

	p-value
	
	<0.05*


*Indicates statistically significant difference between luteal and follicular phase haemoglobin levels.


Table 5 categorizes haemoglobin levels observed during the luteal phase. The majority of participants (58.0%) had normal haemoglobin levels (>12 gm/dl), whereas 42.0% showed mild anaemia (10–11.9 gm/dl). No participants exhibited moderate or severe anaemia during this phase. The results, with a p-value of <0.05, highlight that while some degree of anaemia exists, most students maintained adequate haemoglobin levels in the luteal phase.

Table 5. Anaemia Status Based on Haemoglobin Concentration in the Luteal Phase

	Haemoglobin Status
	Number of Students
	Percentage (%)

	Normal (>12 gm/dl)
	74
	58.0

	Mild Anaemia (10–11.9 gm/dl)
	54
	42.0

	Moderate Anaemia (<10 gm/dl)
	0
	0

	Severe Anaemia (<8 gm/dl)
	0
	0

	p-value
	
	<0.05*


*Significant association between phase and haemoglobin level.


Table 6 demonstrates a considerable decline in haemoglobin levels during the follicular phase. Only 4.7% of participants had normal haemoglobin, whereas 31.3% had mild anaemia and a significant 64.1% suffered from moderate anaemia. No severe anaemia cases were recorded. The p-value (<0.05) confirms that the haemoglobin drop during the follicular phase is statistically significant and warrants attention.

Table 6. Anaemia Status Based on Haemoglobin Concentration in the Follicular Phase

	Haemoglobin Status
	Number of Students
	Percentage (%)

	Normal (>12 gm/dl)
	6
	4.7

	Mild Anaemia (10–11.9 gm/dl)
	40
	31.3

	Moderate Anaemia (<10 gm/dl)
	82
	64.1

	Severe Anaemia (<8 gm/dl)
	0
	0

	p-value
	
	<0.05*


*Shows a significant drop in haemoglobin concentration during the follicular phase.

Table 7 compares the prevalence of anaemia in the luteal and follicular phases. Anaemia affected 42.2% of students during the luteal phase, while a striking 95.3% experienced anaemia during the follicular phase. The p-value of <0.05 indicates that this difference is highly significant, emphasizing that students are far more susceptible to anaemia during the follicular phase, underlining the importance of timely intervention and monitoring.

Table 7. Comparative Analysis of Anaemia Between Luteal and Follicular Phases

	Phase
	Anaemic Students
	Percentage (%)

	Luteal Phase
	54
	42.2

	Follicular Phase
	122
	95.3

	p-value
	
	<0.05*


*Indicates a significant increase in anaemia during the follicular phase compared to the luteal phase.



4. Discussion

The present study aimed to evaluate the role of menstrual cycles in the development of anaemia and its potential reversibility among allied healthcare students of Tripura. The findings provide significant insights into how menstrual-related physiological changes influence haemoglobin levels and related haematological parameters.

Table 1 demonstrated that 43.75% of the students were affected by anaemia, with a majority presenting with mild anaemia. Additionally, a substantial proportion exhibited abnormal red cell indices, such as low packed cell volume (PCV), mean corpuscular volume (MCV), and mean corpuscular haemoglobin (MCH). These findings are consistent with previous studies that reported menstrual blood loss as a major contributing factor to anaemia among young women (WHO, 2011; Balarajan et al., 2011). Iron deficiency due to menstrual blood loss is one of the most prevalent causes of anaemia in this age group (McLean et al., 2009).

The distribution shown in Table 2 indicates that irregular menstrual patterns, such as menorrhagia and oligomenorrhoea, were more prevalent among anaemic students. Menorrhagia, characterized by excessive menstrual bleeding, is a common factor contributing to iron deficiency anemia, particularly in populations with limited nutritional intake. Studies among tea garden workers in Tripura have reported a high prevalence of anemia linked to both poor diet and excessive blood loss, underscoring how menstrual disorders can further worsen iron deficiency. Although the p-value did not reach statistical significance, the observed trend is consistent with existing evidence that connects menstrual irregularities to increased anemia risk in nutritionally vulnerable groups (Georgieff, 2020).

Tables 3 through 7 collectively highlight the significant modulation of haemoglobin concentration across the menstrual cycle. The mean haemoglobin concentration was observed to decline during the follicular phase (11.42 ± 1.10 gm/dl) compared to the luteal phase (11.86 ± 1.28 gm/dl), as shown in Table 3. The difference in haemoglobin levels was statistically significant (p < 0.05), confirming that cyclical changes in blood volume and iron availability during menstruation influence haemoglobin levels.

The distribution of haemoglobin change (Table 4) further supports this observation. Over half of the students (53.12%) showed a haemoglobin change greater than 1.0 g/dl, and 14.06% experienced changes exceeding 2.0 g/dl. Such fluctuations, if persistent, could lead to progressive iron deficiency and anaemia over time, particularly if replenishment is inadequate.

The data in Tables 5 and 6 illustrate a concerning pattern. During the luteal phase, 42% of students were anaemic, primarily with mild anaemia, whereas no cases of moderate or severe anaemia were observed. In contrast, the follicular phase saw a dramatic rise in anaemia, with 95.3% of students being affected—31.3% with mild anaemia and 64.1% with moderate anaemia. This stark contrast underscores the vulnerability of women to iron deficiency during menstruation and suggests that blood loss during menstruation, combined with inadequate iron intake or impaired absorption, significantly contributes to anaemia development. Studies have shown that heavy menstrual bleeding is a leading cause of iron deficiency anemia among reproductive-age women and emphasizes the importance of timely diagnosis and nutritional intervention (Munro et al., 2023).

Table 7 highlights the difference in anaemia prevalence between the two phases. The findings reveal that failure to manage haemoglobin levels during the luteal phase could lead to worsening anaemia in the follicular phase. This progression supports the hypothesis that menstrual cycles can trigger reversible stages of anaemia, provided that timely interventions such as iron supplementation, nutritional counselling, and medical management are provided (Petry et al., 2016).

The results of this study are particularly pertinent for allied healthcare students who often face academic stress, irregular dietary habits, and poor sleep, which can exacerbate their susceptibility to anaemia. Research indicates that iron deficiency remains a prevalent nutritional disorder among young women, with menstrual blood loss being a significant contributing factor, especially when coupled with inadequate dietary intake or absorption (Essawi, K., et al. 2024). Monitoring haemoglobin levels and providing education on menstrual health, diet, and iron supplementation can mitigate the adverse effects of menstrual-related anaemia. The reversible fluctuations observed between menstrual phases underscore the importance of proactive interventions during the luteal phase to prevent more severe anaemia during the follicular phase.

A strength of this study is the cyclical comparison of haemoglobin levels, providing a dynamic view of menstrual-related changes rather than a single-time-point assessment. However, limitations include reliance on self-reported menstrual patterns and the absence of iron studies (serum ferritin) that could better establish iron deficiency as the underlying cause.

5. Conclusion

The study confirms that menstrual cycles play a significant role in the development and progression of anaemia among allied healthcare students in Tripura. The cyclical variation in haemoglobin levels, with a marked increase in anaemia during the follicular phase, points to menstrual blood loss as a key determinant. Importantly, the observed reversibility between phases suggests that appropriate interventions can prevent or mitigate anaemia. These findings underscore the need for targeted health programs that address menstrual health, nutrition, and iron supplementation, particularly in vulnerable student populations.
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