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Introduction

Menstruation is a normal physiological phenomenon inwom-
en, indicating their capability for procreation.1 Abnormalities
in the cycle and its characteristics are major gynecological

problems among female adults affecting their psychological
health due to the inability to conceive. Certain factors like
hormonal, genetic, lifestyle, and socioenvironmental condi-
tions can affect the normal and regular cycle of menstrua-
tion,2,3 leading to different menstrual abnormalities and
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Abstract Objective The present study aims to understand the prevalence of certain menstrual
abnormalities among the adolescents and adults of the Poumai tribe of Manipur and
explore the association of anthropometric variables and body adiposity with menstrual
disorders.
Materials and Methods The study is a cross-sectional study conducted on 1,008
Poumai women among the reproductive age groups, consisting of 496 adolescents and
512 adults. Menstrual history was collected from each participant, and menstrual
abnormalities in the menstrual frequency and flow volume were identified per the
International Federation of Gynecology and Obstetrics classification. Relative indices of
the measured anthropometric variables defined body adiposity. Descriptive statistics
and tests of significance were calculated. Regression odd ratio analysis was also
conducted to infer the odds ratio risk of menstrual abnormalities.
Results The overall prevalence of menstrual frequent and infrequent is 8.2% and
19.6%, respectively, where frequent is more prevalent in adolescents and infrequent in
adults. Note that 15.4% and 5.6% of the women have a heavy and light flow, while
comparatively, adults have a higher prevalence of heavy and light flow than adoles-
cents. Anthropometric variables are associated with menstrual frequency abnormali-
ties among adolescents, while these variables are associated with menstrual frequency
and flow volume abnormalities in adults. Higher body adiposity has a higher odd ratio
to the studied menstrual abnormalities, significantly with light menstrual flow.
Conclusion Disparity observed in the menstrual abnormalities among adolescents
and adults could reflect hormonal changes. The association of obesity with menstrual
abnormalities highlights the concern of weight management that can lead to healthy
reproductive health in women.
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reproductive health issues and morbidities among women of
reproductive age group.4,5

Obesity is considered an important risk factor in gyneco-
logical issues,6 as obesewomen aremore likely to suffer from
infertility and menstrual dysfunction,7,8 which further leads
to several other health issues. Numerous studies show that
obese women are more liable to experience menstrual cycle
abnormalities than nonobese women.9Moreover, menstrual
issues are often given less importance and not openly dis-
cussed because of social taboos and restrictions, especially
among tribal societies.10 Based on this consideration, the
present study was designed to understand the prevalence of
menstrual abnormalities among Poumai adolescent and
adult women of Manipur. Further, the article also attempts
to explore the association of menstrual abnormalities with
anthropological variables and body adiposity.

Materials and Methods

The studywas a cross-sectional study conducted among 1,008
women aged 15 to 45 years in Poumai-inhabited villages of
Senapati district, Manipur, India, from June 2019 to Janu-
ary 2020. The sample size was determined using the EpiInfo
software developed by the Centers for Disease Control and
Prevention11 at a 99% confidence interval with confidence
limits of 5 and 50% expected frequencies of menstrual abnor-
malities, thus giving an expected sample size of 663. However,
considering thehighchanceofbeingnonresponsive in thedata
collection, more samples were included than the calculated
value tomake a final sample size of 1,008. These sampleswere
further subcategorized into adolescents and adults to make a
comparative account of the menstrual abnormalities.

The datawere collected from educational institutions and
households in Poumai villages in the Senapati district of
Manipur, India. Educational institutions were selected using
convenient sampling until the appropriate sample size was
obtained. The authorities of these schools were approached
to seek permission for data collection from the adolescents.
The mean age of menarche is 13.71�1.22 years12; hence,
adolescents of only 15 years and above were included in the
studyas they can givemore precise information. A household
survey in the Poumai-inhabited villages of Senapati was
adopted to collect information for the adults. Women who
were pregnant, lactating, and consuming contraceptives
(including oral contraceptives, progestin-releasing intrauter-
ine devices, and subdermal implants), using intrauterine
devices, and hysterectomies were excluded from the study.

A pretested questionnaire was used to collect information
on the menstrual history of the study participants. Three
different characteristics of two menstrual conditions, as de-
fined by the International Federation of Gynecology and
Obstetrics (FIGO), were included in the study13: themenstrual
frequency with attributes of normal (� 24 to � 38 days),
frequent (< 24 days), and infrequent (> 38 days), flow volume
with attributes of normal, heavy, and light as determined by
the respondents. Frequent and infrequent menstrual frequen-
cy and heavy and light flow volumewere treated asmenstrual
abnormalities in these menstrual characteristics.

The anthropometric measurements such as height, weight,
waist circumference (WC), and hip circumference (HC) were
collected to the nearest 0.5 unit following standard protocol.
Measurements were taken twice to obtain the average value
for further data analysis. The related anthropometric indices
for assessing obesity, body mass index (BMI), waist-hip ratio
(WHR), and waist-height ratio (WHtR), were extracted from
theseanthropometricmeasures.BMI foragewasused toassess
body obesity in adolescents with<5th percentile as under-
weight, greater than or equal to 85th percentile and 95th
percentile as overweight and obese, respectively.14 For adults,
BMI categories were classified into four groups according to
the World Health Organization Asian cutoff.15 Note that 90th
percentile age-specific WC was used to define abdominal
obesity in adolescents,16whileWC� 80cmwasused todefine
abdominal obesity in adults.17 WHtR of 0.5 cutoff value was
also used to assess the proportion of central fat by height for
adolescents and adults.18 TheWHRwith cutoff� 0.85 (central
obesity) was also calculated for both adolescents and adults in
the study.15

Statistical Analysis
Relevant descriptive analyses were done using IBM SPSS
Statistics version 26 (IBM, Armonk, New York, United States).
The mean age, age at menarche of the participants, and the
prevalence of menstrual abnormalities under study among
the adolescents and adults were calculated. Chi-square anal-
ysis was used to determine the association of adolescents
and adults with menstrual abnormalities under study. Anal-
ysis of variance (ANOVA) analysis was done to determine the
significant association of the studied menstrual abnormali-
ties with the anthropometric and body adiposity indices
among adolescents and adults. Post hoc analysis was also
conducted to identify the significant attributes in the ANOVA
analysis. Multinominal regression analysis was done to
assess the odd ratio risk to menstrual abnormalities. The
entire significant test was analyzed at 0.05.

Before data collection, awareness of menstruation and its
impacts on women’s reproductive health was highlighted.
The study’s objectives were also explained, and proper prior
written consent was taken. The study was reviewed and
approved by the Institutional Ethical Committee, Manipur
University, with reference no. MU/IHEC/2020/012.

Results

►Table 1 shows that the prevalence of frequent menstrual
cycles in the studied women is 8.2%, and that of the infre-
quent cycle is 19.6%. The prevalence of frequent cycles is
comparatively higher among adolescents (12.9%), and that of
the infrequent cycle is relatively higher in adults (21.9%). In
overall, menstrual frequency abnormality is higher in ado-
lescents (31.2%) than in adults (25.6%). Chi-square analysis
reveals a significant association betweenmenstrual frequen-
cy abnormalities and age groups: adolescents and adults
(chi-square¼29.25) with a contingency coefficient of 0.19.
In the case of menstrual flow volume, the prevalence of
heavy flow is 15.4% and that of light is 5.6%. Both heavy and
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Abstract Background Electrocardiographic (ECG) interpretation skills are key in providing fast
attention to patients with cardiovascular diseases, enabling prevention or early
detection of life-threatening situations. The main aim of the study is to determine
the current competency level in ECG interpretation and arrhythmias management of
nurses in critical and noncritical departments.
Method A cross-sectional design using a convenience sample of 251 nurses working
in critical and noncritical departments of Northern West Bank hospitals was used. A
valid and reliable structured questionnaire was used to collect data that were
designed to measure the competency level in ECG interpretation and arrhythmias
management.
Result About half of the participants were females (50.2%), with a mean age of
29.2�5.68 years, and 50.2% of them reported they received ECG courses. Unfortu-
nately, low competency levels in ECG interpretation and arrhythmias management of
nurses in critical and noncritical departments were found as only 17.1% of the
participants were competent (�7.5 out of 10). Nurses working in critical care units,
males, and those with higher education levels scored significantly higher than those
working in noncritical units, females, and those with a bachelor’s degree or diploma.
Unfortunately, nurses had low competency levels not only in ECG rhythm interpretation
but also in the management of arrhythmia cases.
Conclusion The level of competency in ECG interpretation and arrhythmias manage-
ment among Palestinian nurses is low as only 17.1% of participants were competent in
ECG interpretation and arrhythmiamanagement. Thus, this can be considered a serious
and alarming situation especially when dealing with a malignant lethal arrhythmia.
Therefore, improving nurses’ knowledge of ECG interpretation and management of
cardiac arrhythmias is essential and warranted.
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Introduction

Anemia is the most common health problem all over the
globe especially in India. There is a significant association of
anemia with morbidity and mortality. Anemia is a condition
where the oxygen-carrying capacity is reduced in the blood
which leads to tissue hypoxia. The World Health Organiza-
tion (WHO) states that worldwide anemia affects 1.62 billion
peoplewhich corresponds to 24.8% of theworld population.1

Laboratory investigations such as the complete blood
count (CBC) and differential white blood cell (WBC) count
are crucial in diagnosing anemia. By these parameters, we
can also diagnose platelet disorders and white cell disorders
such as leukemia, leukemia, and other conditions. For the
past many years, there has been a significant advance in
blood cell analysis, which has shifted from manual proce-
dures to automated instruments, providingmore precise and
reliable results.2

The complete hematological report is mainly based on the
CBC generated by the automated analyzer and peripheral
smear examination by microscopy. The CBC is a basic and
routine test ordered by the consultant physicians nowadays.
It helps evaluate the concentration and gives the number of
various cellular components of blood, such as hemoglobin
(Hb)%, hematocrit, red cell indices, RBC count with differen-
tial count (WBC), platelet count, histograms of RBC, WBC,
mean platelet volume, and red cell distributionwidth (RDW).
In recent days, many laboratories have shifted from tradi-
tional methods in hematology to automated analyzers and
automated data.3

RBC histogram is the diagrammatic representation where
there is a symmetrical bell-shaped curve, and it helps in
better understanding and interpretation of different types of
anemia. But its usefulness is still limited in day-to-day use as
the technologists have little knowledge or unaware of it. Only
a few laboratory technologists have an understanding of
correlation and interpretation.3 Hb distribution width,
RDW, and reticulocyte count are the parameters that have
gained popularity along with scatter plots and histograms as
they provide useful and important information.4–6

Red blood cell (RBC) histograms and RBC indices are very
essential for diagnosing and management of anemia. The
important diagnostic tool for most of the corporate labora-
tories is the histograms which help in analyzing the blood
films routinely. RBC histograms play a major role in the
diagnosis of RBC disorders.7

Anemia causes can be multifactorial in origin. But nutri-
tional deficiency is themost common cause of anemia, and it
is due to deficiency of nutrients such as iron, vitamin B12, or
folic acid. Other clinical conditions which can also lead to
anemia include decreased production of RBCs in disease-
causing bone marrow failure and increased destruction of
RBCs in clinical conditions leading to hemolysis. Therefore,
every patient of anemia should be investigated thoroughly to
find out the cause so that the proper treatment can be
provided based on the underlying cause. However, there is
lack of consistency in the protocols that are followed for the
proper screening of anemia.8–10

Regardless of the latest sophisticated automated instru-
ments present today, we still rely on certain manual techni-
ques and follow them. This studywasplanned and conducted
to notice the relationship between the Sysmex XN 1000
hematology autoanalyzer-generated RBC histogram and
RBC indices and peripheral smear examinations using hu-
man blood samples.

Materials and Methods

The current study was a prospective laboratory-based study
conducted for a duration of 5 months between August 2023
and December 2023, which was performed at a rural tertiary
care center after obtaining an ethical clearance from the
institutional ethical committee. The estimated sample size
was 456 calculated based on a 95% confidence interval, a
margin of error of 4.5%, and a population proportion of 60% to
obtain good results, it was made with a 500 sample size.

Inclusion criteria: All the patients of all age groups diag-
nosed with anemia as per WHO reference range by the
automated analyzer and the peripheral smear were included
in the study.

Exclusion criteria: Anemic patients who have received a
blood transfusion, inadequate quantity of blood sample (<
3mL) for automated analyzer and patients having leukocy-
tosis, leukemoid reaction, leukemia, and platelet disorders
were excluded from the study.

3mL of venous blood samples were collected in an EDTA
vacutainer and processed in the Sysmex XN 1000 five-part
differential hematology analyzer for CBC within 1hour of
blood sample collection. Calibration and quality controlwere
performed according to the manufacturer instructions be-
fore processing test samples.

The RBC indices and histogram for each patient was
recorded from the cell counter and peripheral smear study
were done to correlate the RBC size, which was a fully
automated five-part differential instrument. Peripheral
blood smears (PBSs) were done for all the cases simulta-
neously, and they were stained with Leishman stain. All the
peripheral smearswere reported accordingly for the RBC size
and shape. We also looked for WBC and platelets. Clinical
details of the patient were collected.

All the data obtained were entered into Microsoft Excel
data sheet and using SPSS 22 version software, it was
analyzed. For qualitative data, Pearson’s chi-square test
was used as test of significance. Wherever necessary data
were represented in the form of bar diagrams and charts. The
p-value of <0.05 was considered statistically significant.

Results

A total of 500 cases were included in the study, with the age
range ranging from 1 to 93 years. The majority of the cases
(17.6%) belonged to the age group between 41 and 50 years. In
the study population, the majority were females, which con-
tributed to 576.6% of the total cases. Based on Hb values, cases
were further divided into the following categories: mild (Hb
<11g), moderate (Hb 7–10 g%), and severe (Hb <7 g%).
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reproductive health issues and morbidities among women of
reproductive age group.4,5

Obesity is considered an important risk factor in gyneco-
logical issues,6 as obesewomen aremore likely to suffer from
infertility and menstrual dysfunction,7,8 which further leads
to several other health issues. Numerous studies show that
obese women are more liable to experience menstrual cycle
abnormalities than nonobese women.9Moreover, menstrual
issues are often given less importance and not openly dis-
cussed because of social taboos and restrictions, especially
among tribal societies.10 Based on this consideration, the
present study was designed to understand the prevalence of
menstrual abnormalities among Poumai adolescent and
adult women of Manipur. Further, the article also attempts
to explore the association of menstrual abnormalities with
anthropological variables and body adiposity.

Materials and Methods

The studywas a cross-sectional study conducted among 1,008
women aged 15 to 45 years in Poumai-inhabited villages of
Senapati district, Manipur, India, from June 2019 to Janu-
ary 2020. The sample size was determined using the EpiInfo
software developed by the Centers for Disease Control and
Prevention11 at a 99% confidence interval with confidence
limits of 5 and 50% expected frequencies of menstrual abnor-
malities, thus giving an expected sample size of 663. However,
considering thehighchanceofbeingnonresponsive in thedata
collection, more samples were included than the calculated
value tomake a final sample size of 1,008. These sampleswere
further subcategorized into adolescents and adults to make a
comparative account of the menstrual abnormalities.

The datawere collected from educational institutions and
households in Poumai villages in the Senapati district of
Manipur, India. Educational institutions were selected using
convenient sampling until the appropriate sample size was
obtained. The authorities of these schools were approached
to seek permission for data collection from the adolescents.
The mean age of menarche is 13.71�1.22 years12; hence,
adolescents of only 15 years and above were included in the
studyas they can givemore precise information. A household
survey in the Poumai-inhabited villages of Senapati was
adopted to collect information for the adults. Women who
were pregnant, lactating, and consuming contraceptives
(including oral contraceptives, progestin-releasing intrauter-
ine devices, and subdermal implants), using intrauterine
devices, and hysterectomies were excluded from the study.

A pretested questionnaire was used to collect information
on the menstrual history of the study participants. Three
different characteristics of two menstrual conditions, as de-
fined by the International Federation of Gynecology and
Obstetrics (FIGO), were included in the study13: themenstrual
frequency with attributes of normal (� 24 to � 38 days),
frequent (< 24 days), and infrequent (> 38 days), flow volume
with attributes of normal, heavy, and light as determined by
the respondents. Frequent and infrequent menstrual frequen-
cy and heavy and light flow volumewere treated asmenstrual
abnormalities in these menstrual characteristics.

The anthropometric measurements such as height, weight,
waist circumference (WC), and hip circumference (HC) were
collected to the nearest 0.5 unit following standard protocol.
Measurements were taken twice to obtain the average value
for further data analysis. The related anthropometric indices
for assessing obesity, body mass index (BMI), waist-hip ratio
(WHR), and waist-height ratio (WHtR), were extracted from
theseanthropometricmeasures.BMI foragewasused toassess
body obesity in adolescents with<5th percentile as under-
weight, greater than or equal to 85th percentile and 95th
percentile as overweight and obese, respectively.14 For adults,
BMI categories were classified into four groups according to
the World Health Organization Asian cutoff.15 Note that 90th
percentile age-specific WC was used to define abdominal
obesity in adolescents,16whileWC� 80cmwasused todefine
abdominal obesity in adults.17 WHtR of 0.5 cutoff value was
also used to assess the proportion of central fat by height for
adolescents and adults.18 TheWHRwith cutoff� 0.85 (central
obesity) was also calculated for both adolescents and adults in
the study.15

Statistical Analysis
Relevant descriptive analyses were done using IBM SPSS
Statistics version 26 (IBM, Armonk, New York, United States).
The mean age, age at menarche of the participants, and the
prevalence of menstrual abnormalities under study among
the adolescents and adults were calculated. Chi-square anal-
ysis was used to determine the association of adolescents
and adults with menstrual abnormalities under study. Anal-
ysis of variance (ANOVA) analysis was done to determine the
significant association of the studied menstrual abnormali-
ties with the anthropometric and body adiposity indices
among adolescents and adults. Post hoc analysis was also
conducted to identify the significant attributes in the ANOVA
analysis. Multinominal regression analysis was done to
assess the odd ratio risk to menstrual abnormalities. The
entire significant test was analyzed at 0.05.

Before data collection, awareness of menstruation and its
impacts on women’s reproductive health was highlighted.
The study’s objectives were also explained, and proper prior
written consent was taken. The study was reviewed and
approved by the Institutional Ethical Committee, Manipur
University, with reference no. MU/IHEC/2020/012.

Results

►Table 1 shows that the prevalence of frequent menstrual
cycles in the studied women is 8.2%, and that of the infre-
quent cycle is 19.6%. The prevalence of frequent cycles is
comparatively higher among adolescents (12.9%), and that of
the infrequent cycle is relatively higher in adults (21.9%). In
overall, menstrual frequency abnormality is higher in ado-
lescents (31.2%) than in adults (25.6%). Chi-square analysis
reveals a significant association betweenmenstrual frequen-
cy abnormalities and age groups: adolescents and adults
(chi-square¼29.25) with a contingency coefficient of 0.19.
In the case of menstrual flow volume, the prevalence of
heavy flow is 15.4% and that of light is 5.6%. Both heavy and
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Introduction

Anemia is the most common health problem all over the
globe especially in India. There is a significant association of
anemia with morbidity and mortality. Anemia is a condition
where the oxygen-carrying capacity is reduced in the blood
which leads to tissue hypoxia. The World Health Organiza-
tion (WHO) states that worldwide anemia affects 1.62 billion
peoplewhich corresponds to 24.8% of theworld population.1

Laboratory investigations such as the complete blood
count (CBC) and differential white blood cell (WBC) count
are crucial in diagnosing anemia. By these parameters, we
can also diagnose platelet disorders and white cell disorders
such as leukemia, leukemia, and other conditions. For the
past many years, there has been a significant advance in
blood cell analysis, which has shifted from manual proce-
dures to automated instruments, providingmore precise and
reliable results.2

The complete hematological report is mainly based on the
CBC generated by the automated analyzer and peripheral
smear examination by microscopy. The CBC is a basic and
routine test ordered by the consultant physicians nowadays.
It helps evaluate the concentration and gives the number of
various cellular components of blood, such as hemoglobin
(Hb)%, hematocrit, red cell indices, RBC count with differen-
tial count (WBC), platelet count, histograms of RBC, WBC,
mean platelet volume, and red cell distributionwidth (RDW).
In recent days, many laboratories have shifted from tradi-
tional methods in hematology to automated analyzers and
automated data.3

RBC histogram is the diagrammatic representation where
there is a symmetrical bell-shaped curve, and it helps in
better understanding and interpretation of different types of
anemia. But its usefulness is still limited in day-to-day use as
the technologists have little knowledge or unaware of it. Only
a few laboratory technologists have an understanding of
correlation and interpretation.3 Hb distribution width,
RDW, and reticulocyte count are the parameters that have
gained popularity along with scatter plots and histograms as
they provide useful and important information.4–6

Red blood cell (RBC) histograms and RBC indices are very
essential for diagnosing and management of anemia. The
important diagnostic tool for most of the corporate labora-
tories is the histograms which help in analyzing the blood
films routinely. RBC histograms play a major role in the
diagnosis of RBC disorders.7

Anemia causes can be multifactorial in origin. But nutri-
tional deficiency is themost common cause of anemia, and it
is due to deficiency of nutrients such as iron, vitamin B12, or
folic acid. Other clinical conditions which can also lead to
anemia include decreased production of RBCs in disease-
causing bone marrow failure and increased destruction of
RBCs in clinical conditions leading to hemolysis. Therefore,
every patient of anemia should be investigated thoroughly to
find out the cause so that the proper treatment can be
provided based on the underlying cause. However, there is
lack of consistency in the protocols that are followed for the
proper screening of anemia.8–10

Regardless of the latest sophisticated automated instru-
ments present today, we still rely on certain manual techni-
ques and follow them. This studywasplanned and conducted
to notice the relationship between the Sysmex XN 1000
hematology autoanalyzer-generated RBC histogram and
RBC indices and peripheral smear examinations using hu-
man blood samples.

Materials and Methods

The current study was a prospective laboratory-based study
conducted for a duration of 5 months between August 2023
and December 2023, which was performed at a rural tertiary
care center after obtaining an ethical clearance from the
institutional ethical committee. The estimated sample size
was 456 calculated based on a 95% confidence interval, a
margin of error of 4.5%, and a population proportion of 60% to
obtain good results, it was made with a 500 sample size.

Inclusion criteria: All the patients of all age groups diag-
nosed with anemia as per WHO reference range by the
automated analyzer and the peripheral smear were included
in the study.

Exclusion criteria: Anemic patients who have received a
blood transfusion, inadequate quantity of blood sample (<
3mL) for automated analyzer and patients having leukocy-
tosis, leukemoid reaction, leukemia, and platelet disorders
were excluded from the study.

3mL of venous blood samples were collected in an EDTA
vacutainer and processed in the Sysmex XN 1000 five-part
differential hematology analyzer for CBC within 1hour of
blood sample collection. Calibration and quality controlwere
performed according to the manufacturer instructions be-
fore processing test samples.

The RBC indices and histogram for each patient was
recorded from the cell counter and peripheral smear study
were done to correlate the RBC size, which was a fully
automated five-part differential instrument. Peripheral
blood smears (PBSs) were done for all the cases simulta-
neously, and they were stained with Leishman stain. All the
peripheral smearswere reported accordingly for the RBC size
and shape. We also looked for WBC and platelets. Clinical
details of the patient were collected.

All the data obtained were entered into Microsoft Excel
data sheet and using SPSS 22 version software, it was
analyzed. For qualitative data, Pearson’s chi-square test
was used as test of significance. Wherever necessary data
were represented in the form of bar diagrams and charts. The
p-value of <0.05 was considered statistically significant.

Results

A total of 500 cases were included in the study, with the age
range ranging from 1 to 93 years. The majority of the cases
(17.6%) belonged to the age group between 41 and 50 years. In
the study population, the majority were females, which con-
tributed to 576.6% of the total cases. Based on Hb values, cases
were further divided into the following categories: mild (Hb
<11g), moderate (Hb 7–10 g%), and severe (Hb <7 g%).
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light flow cases are significantly higher in adults than in
adolescents (►Table 1). Chi-square analysis shows a signifi-
cant association of flow volume attributes with adolescents
and adults (chi-square¼44.97) with a contingency coeffi-
cient of 0.21.

►Tables 2 and 3 present the mean distribution of anthro-
pometric variables and related indices in the understudied
menstrual conditions of the Poumai adolescents and adults.
ANOVAanalysis reveals that there is significant variation in the
distribution ofmeanvalues of weight,WC,HC, BMI, andWHtR
in the different attributes of menstrual frequency among the
adolescents (►Table 2). Post hoc analysis was conducted to
identify the pairwise attributes that contribute significance to
the overall ANOVA analysis. The analysis reveals that adoles-
cents having infrequent menstrual cycles have significantly
highermeanweight (50.45�5.21kg) thannormal adolescents
(48.78�5.70kg). Likewise, infrequent cycled adolescents have
significantly higher WC (70.82�5.45cm) than those with
frequent cycles (68.38�6.31cm). Similarly, those menstrual

infrequent adolescents have significantly higher HC
(90.99�5.78cm) andWHtR (0.46�0.04) than those frequent
ones (HC 88.62�6.19 cm; WHtR 0.44�0.04). In the case of
BMI, infrequent cycled adolescents have significantly higher
BMI (21.58�2.17kg/m2) than those of frequent cycled
(20.37�2.23kg/m2) and those of normal cycled adolescents
(20.76�2.16kg/m2). However, there is no association be-
tween anthropometric variables and related indices with the
menstrual flow volume.

While in the case of the adults, there is a significant
association of menstrual frequency attributes with weight,
WC, BMI, WHtR, and WHR, as reflected by ANOVA analysis.
Post hoc analysis reveals that infrequent cycled adult women
have significantly higherweight (55.74�8.41kg) than normal
adults (53.37�7.66kg). The infrequent cycled adult women
have significant WC (80.94�10.77cm), BMI (23.80�3.42
kg/m2),WHtR (0.53�0.07), andWHR (0.87�0.09) than those
frequently menstrual women (WC: 74.19�7.88 cm, BMI:
21.34�2.06kg/m2, WHtR: 0.48�0.05, WHR: 0.81�0.07)

Table 1 Prevalence of menstrual abnormalities among the Poumai adolescents and adults

Menstrual abnormalities Adolescents Adults Total Chi-square
(CC)f % f % f %

Menstrual frequency 29.25a

(0.19)(a) Frequent
(b) Infrequent
(c) Normal

64
86
346

12.9
17.3
69.8

19
112
381

03.7
21.9
74.4

83
198
727

08.2
19.6
72.1

Flow volume 44.97a

(0.21)(a) Heavy
(b) Light
(c) Normal

48
13
435

09.7
02.6
87.7

107
43
362

20.9
08.4
70.7

155
56
797

15.4
05.6
79.1

Abbreviation: CC, contingency coefficient.
Note: Menstrual characters in italics represent menstrual abnormalities.

Table 2 Association of anthropometric variables with menstrual abnormalities among Poumai adolescents

Menstrual
abnormalities

Anthropometric variables and indices

Height (cm)
(mean� SD)

Weight (kg)
(mean� SD)

WC (cm)
(mean� SD)

HC (cm)
(mean� S D)

BMI (kg/m2)
(mean� SD)

WHtR
(mean� S D)

WHR
(mean� SD)

Menstrual frequency

(a) Frequent (F) 154.45�4.81 48.66�6.40 68.38�6.31 88.62�6.19 20.37� 2.23 0.44�0.04 0.77� 0.06

(b) Infrequent (I) 152.97�5.05 50.45�5.21 70.82�5.45 90.99�5.78 21.58� 2.17 0.46�0.04 0.78� 0.05

(c) Normal (N) 153.23�4.69 48.78�5.70 69.64�5.92 89.49�5.63 20.76� 2.16 0.45�0.04 0.78� .05

F-value 2.09 3.13a 3.19a 3.53a 6.69b 5.72b 0.32

Post hoc I&N F&I F&I F&I, I&N F&I

Flow volume

(a) Heavy 154.11�4.06 50.03�5.95 70.80�5.31 90.80�6.84 21.04� 2.19 0.459�0.03 0.78� 0.06

(b) Light 151.62�6.25 47.23�8.60 71.51�9.49 89.49�6.15 20.56� 3.57 0.47�0.06 0.79� 0.06

(c) Normal 153.31�4.80 49.00�5.61 69.50�5.84 89.52�5.62 20.84� 2.15 0.45�0.04 0.77� 0.05

F-value 1.48 1.37 1.69 1.80 0.30 1.83 0.93

Abbreviations: BMI, body mass index; F, frequent; HC, hip circumference; I, infrequent; N, normal; SD, standard deviation; WC, waist circumference;
WHR, waist-hip ratio; WHtR, waist-height ratio.
Note: Menstrual characters in italics represent menstrual abnormalities.
aSignificant at 0.05.
bSignificant at 0.01.
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and those normallymenstrualwomen (WC: 77.02�10.06cm,
BMI: 22.56�2.96kg/m2, WHtR: 0.50�0.06, WHR:
0.83�0.08). Regarding the characteristics of menstrual flow
volume, ANOVA analysis reveals a significant association be-
tween height andweight andmenstrual flow volume. Further
post hoc analysis shows that women with a heavy flow are
significantly taller (155.06�4.88 cm) than the ones with a
light flow (152.43�5.84 cm) and are significantly heavier
(55.82�8.28kg) than the ones with a normal flow
(53.29�7.64kg).

The prevalence of menstrual abnormalities under the
menstrual frequency and flow volume against the body
adiposity parameters is given in ►Table 4. The table reveals
that menstrual abnormalities related to frequency do not
differ significantly with respect to BMI status among ado-
lescents. In contrast, in the case of adults, menstrual fre-
quency abnormalities are found to be significantly associated
with BMI status (chi-square¼25.68 with a contingency
coefficient of 0.22). The prevalence of infrequent abnormali-
ty among overweight and obese adults is 6.3% and 7%,
respectively, while those of frequent abnormality are 0.4%
and 0.2%, respectively. Similarly, the prevalence of infrequent
abnormality is significantly associated with abdominal obe-
sity (11.7%) as defined by WC � 80 cm among adults (chi-
square¼20.96 with a contingency coefficient of 0.20). At the
same time, it is not significant in adolescents. The other
abdominal obesity parameters, that is, WHtR (as defined by
� 0.5) and WHR (as defined by � 0.85), are also found to be
significantly associated with menstrual frequent abnormali-
ties in adults, with significantly higher prevalence of infre-
quent abnormalities, that is, 15.0 and 12.7%, respectively. The
association of flow volume abnormalities with body adipos-
ity is not very evident in adolescents and adults, except for

WHtR in adolescents, where a significantly high prevalence
of heavy flow (8.5%) is observed in adolescents (chi-square
¼7.76 with a contingency coefficient of 0.12).

►Table 5 presents the odd ratio of body adiposity risk to
menstrual abnormalities. Being underweight is 1.84 times
more likely to have a frequent menstrual cycle, and being
underweight, overweight, and obese are 1.07, 1.15, and 1.51
more likely to have an infrequent cycle, though all of them
are statistically nonsignificant. Similarly, those with WC �
80 cm, WHtR � 0.5, and WHR � 0.85 are 1.03, 1.51, and 1.14,
respectively, times more likely to have an infrequent cycle,
though nonsignificant. Those overweight and obese are 1.59
and 1.66 times more likely to have heavy flow; those with
WHtR � 0.5 and WHR � 0.85 are 1.34 and 1.08 times more
likely to have a heavy flow. Being underweight is 1.78 times
more likely to have a light flow, while those having WHtR �
0.5 and WHR � 0.85 are significantly 3.92 and 2.27 times,
respectively, more likely to have light menstrual flow.

Discussion

Menstrual dysfunctions or abnormalities are often the com-
mon reason for gynecological referral, and they significantly
impact women’s health conditions and quality of life.19 As
per FIGO 2018, frequent and infrequent menstrual cycles are
treated as menstrual abnormalities,13 although some litera-
ture suggests that these abnormalities may be related to a
menstrual irregular cycle, such as polymenorrhea and oli-
gomenorrhea.20 The global prevalence of menstrual irregu-
larities ranged from 14 to 25%.21,22 In the present study, the
prevalence ofmenstrual irregularities in the formof frequent
and infrequent is 8.2% and 19.6%, which is also alarming. The
othermenstrual abnormality included in the present study is

Table 3 Association of anthropometric variables with menstrual abnormalities among Poumai adults

Menstrual
abnormalities

Anthropometric variables and indices

Height
(mean� SD)

Weight
(mean� SD)

WC
(mean� SD)

HC
(mean� SD)

BMI
(mean� SD)

WHtR
(mean � SD)

WHR
(mean� SD)

Menstrual frequency

(a) Frequent (F) 155.41�5.19 51.53� 5.55 74.19�7.88 90.90�3.74 21.34�2.06 0.48�0.05 0.81� 0.07

(b) Infrequent (I) 153.03�4.84 55.74� 8.41 80.94�10.77 93.32�7.84 23.80�3.42 0.53�0.07 0.87� 0.09

(c) Normal (N) 153.75�4.74 53.37� 7.66 77.02�10.06 92.88�6.49 22.56�2.96 0.50�0.06 0.83� 0.08

F-value 2.32 4.88b 7.67b 1.05 9.41b 9.51b 10.50b

Post hoc I&N F&I, I&N F&I, I&N F&I, I&N F&I, I&N

Flow volume

(a) Heavy (H) 155.06�4.88 55.82� 8.28 78.98�10.35 94.29�7.18 23.21�3.20 0.51�0.07 0.84� 0.08

(b) Light (L) 152.43�5.84 53.35� 7.59 79.27�9.56 92.56�6.15 22.94�2.86 0.52�0.06 0.85� 0.08

(c) Normal (N) 153.38�4.54 53.29� 7.64 77.24�10.33 92.53�6.63 22.64�3.08 0.50�0.07 0.83� 0.08

F-value 6.72b 4.48a 1.68 2.88 1.45 1.31 1.32

Post hoc H&L H&N

Abbreviations: BMI, body mass index; F, frequent; H, high; HC, hip circumference; I, infrequent; L, low; N, normal; SD, standard deviation; WC, waist
circumference; WHR, waist-hip ratio; WHtR, waist-height ratio.
Note: Menstrual characters in italics represent menstrual abnormalities.
aSignificant at 0.05.
bSignificant at 0.01.
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than the normal ones. Supporting this observation in the
anthropometric variables, the prevalence of menstrual ab-
normalities is significantly elevated in those women having
abdominal obesity cutoff (WC � 80 cm, WHtR � 0.5, and
WHR� 0.85) and obesewomenwith high BMI>25 kg/m2. In
adolescents and adults, those with higher body adiposity
indicators are more likely to have menstrual abnormalities,
which ismore significant with thosewith abdominal obesity,
as indicated byWHtR andWHR, who is more than two times
more likely to do so to have a heavy flow. In support of many
studies, the present study has reported and concluded that
obesity impacts menstrual abnormalities.

Limitations and Uniqueness of the Study

The present study has a few strengths and limitations. One
possible limitation could be the data sensitivity where the
participants spend time disclosing their menstrual health.
Moreover, the information on menstrual characteristics is
completely based on the information they provided, and
there was no technical test to confirm the abnormalities.
However, instead of this limitation, the study was one of its
first attempts to highlight themenstrual health issues among
Poumai women. Furthermore, the study also provides infor-
mation on the possible effects of obesity on menstrual
abnormalities, especially among adult women. This study
could pave the direction for future research in understanding
menstrual abnormalities holistically from biosocial factors,
including lifestyle and social environment, hormones and
genetics, that the present study could not incorporate.

Conclusion

The present study highlights the disparity in the prevalence of
menstrual abnormalities among Poumai adolescents and
adults. Menstrual abnormalities among adolescents could be
due to hormonal immaturation. However, it is a matter of
concern as it could affect growth, development, and reproduc-
tive health. Even thoughmany factors contribute tomenstrual
cycle abnormalities, the study showed that obesity was con-
siderablyassociatedwithanascendingage. It canbeconcluded
that general and abdominal obesity, in particular, could be a
detrimental factor for menstrual abnormalities.

Further, the study indirectly hints at the importance of
controlling obesity through changing lifestyle to manage the
healthy menstrual cycle. Health education focusing on repro-
ductivehealth shouldhighlight the importance ofmaintaining
a proper BMI and other obesity measures, as it predisposes
them to a higher risk of menstrual disorders. Given the ever-
increasing prevalence of obesity and its association with
gynecologic conditions, there is agreat need topromotehealth
education focusing on menstrual health and nutrition.
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Introduction

Anemia is the most common health problem all over the
globe especially in India. There is a significant association of
anemia with morbidity and mortality. Anemia is a condition
where the oxygen-carrying capacity is reduced in the blood
which leads to tissue hypoxia. The World Health Organiza-
tion (WHO) states that worldwide anemia affects 1.62 billion
peoplewhich corresponds to 24.8% of theworld population.1

Laboratory investigations such as the complete blood
count (CBC) and differential white blood cell (WBC) count
are crucial in diagnosing anemia. By these parameters, we
can also diagnose platelet disorders and white cell disorders
such as leukemia, leukemia, and other conditions. For the
past many years, there has been a significant advance in
blood cell analysis, which has shifted from manual proce-
dures to automated instruments, providingmore precise and
reliable results.2

The complete hematological report is mainly based on the
CBC generated by the automated analyzer and peripheral
smear examination by microscopy. The CBC is a basic and
routine test ordered by the consultant physicians nowadays.
It helps evaluate the concentration and gives the number of
various cellular components of blood, such as hemoglobin
(Hb)%, hematocrit, red cell indices, RBC count with differen-
tial count (WBC), platelet count, histograms of RBC, WBC,
mean platelet volume, and red cell distributionwidth (RDW).
In recent days, many laboratories have shifted from tradi-
tional methods in hematology to automated analyzers and
automated data.3

RBC histogram is the diagrammatic representation where
there is a symmetrical bell-shaped curve, and it helps in
better understanding and interpretation of different types of
anemia. But its usefulness is still limited in day-to-day use as
the technologists have little knowledge or unaware of it. Only
a few laboratory technologists have an understanding of
correlation and interpretation.3 Hb distribution width,
RDW, and reticulocyte count are the parameters that have
gained popularity along with scatter plots and histograms as
they provide useful and important information.4–6

Red blood cell (RBC) histograms and RBC indices are very
essential for diagnosing and management of anemia. The
important diagnostic tool for most of the corporate labora-
tories is the histograms which help in analyzing the blood
films routinely. RBC histograms play a major role in the
diagnosis of RBC disorders.7

Anemia causes can be multifactorial in origin. But nutri-
tional deficiency is themost common cause of anemia, and it
is due to deficiency of nutrients such as iron, vitamin B12, or
folic acid. Other clinical conditions which can also lead to
anemia include decreased production of RBCs in disease-
causing bone marrow failure and increased destruction of
RBCs in clinical conditions leading to hemolysis. Therefore,
every patient of anemia should be investigated thoroughly to
find out the cause so that the proper treatment can be
provided based on the underlying cause. However, there is
lack of consistency in the protocols that are followed for the
proper screening of anemia.8–10

Regardless of the latest sophisticated automated instru-
ments present today, we still rely on certain manual techni-
ques and follow them. This studywasplanned and conducted
to notice the relationship between the Sysmex XN 1000
hematology autoanalyzer-generated RBC histogram and
RBC indices and peripheral smear examinations using hu-
man blood samples.

Materials and Methods

The current study was a prospective laboratory-based study
conducted for a duration of 5 months between August 2023
and December 2023, which was performed at a rural tertiary
care center after obtaining an ethical clearance from the
institutional ethical committee. The estimated sample size
was 456 calculated based on a 95% confidence interval, a
margin of error of 4.5%, and a population proportion of 60% to
obtain good results, it was made with a 500 sample size.

Inclusion criteria: All the patients of all age groups diag-
nosed with anemia as per WHO reference range by the
automated analyzer and the peripheral smear were included
in the study.

Exclusion criteria: Anemic patients who have received a
blood transfusion, inadequate quantity of blood sample (<
3mL) for automated analyzer and patients having leukocy-
tosis, leukemoid reaction, leukemia, and platelet disorders
were excluded from the study.

3mL of venous blood samples were collected in an EDTA
vacutainer and processed in the Sysmex XN 1000 five-part
differential hematology analyzer for CBC within 1hour of
blood sample collection. Calibration and quality controlwere
performed according to the manufacturer instructions be-
fore processing test samples.

The RBC indices and histogram for each patient was
recorded from the cell counter and peripheral smear study
were done to correlate the RBC size, which was a fully
automated five-part differential instrument. Peripheral
blood smears (PBSs) were done for all the cases simulta-
neously, and they were stained with Leishman stain. All the
peripheral smearswere reported accordingly for the RBC size
and shape. We also looked for WBC and platelets. Clinical
details of the patient were collected.

All the data obtained were entered into Microsoft Excel
data sheet and using SPSS 22 version software, it was
analyzed. For qualitative data, Pearson’s chi-square test
was used as test of significance. Wherever necessary data
were represented in the form of bar diagrams and charts. The
p-value of <0.05 was considered statistically significant.

Results

A total of 500 cases were included in the study, with the age
range ranging from 1 to 93 years. The majority of the cases
(17.6%) belonged to the age group between 41 and 50 years. In
the study population, the majority were females, which con-
tributed to 576.6% of the total cases. Based on Hb values, cases
were further divided into the following categories: mild (Hb
<11g), moderate (Hb 7–10 g%), and severe (Hb <7 g%).
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light flow cases are significantly higher in adults than in
adolescents (►Table 1). Chi-square analysis shows a signifi-
cant association of flow volume attributes with adolescents
and adults (chi-square¼44.97) with a contingency coeffi-
cient of 0.21.

►Tables 2 and 3 present the mean distribution of anthro-
pometric variables and related indices in the understudied
menstrual conditions of the Poumai adolescents and adults.
ANOVAanalysis reveals that there is significant variation in the
distribution ofmeanvalues of weight,WC,HC, BMI, andWHtR
in the different attributes of menstrual frequency among the
adolescents (►Table 2). Post hoc analysis was conducted to
identify the pairwise attributes that contribute significance to
the overall ANOVA analysis. The analysis reveals that adoles-
cents having infrequent menstrual cycles have significantly
highermeanweight (50.45�5.21kg) thannormal adolescents
(48.78�5.70kg). Likewise, infrequent cycled adolescents have
significantly higher WC (70.82�5.45cm) than those with
frequent cycles (68.38�6.31cm). Similarly, those menstrual

infrequent adolescents have significantly higher HC
(90.99�5.78cm) andWHtR (0.46�0.04) than those frequent
ones (HC 88.62�6.19 cm; WHtR 0.44�0.04). In the case of
BMI, infrequent cycled adolescents have significantly higher
BMI (21.58�2.17kg/m2) than those of frequent cycled
(20.37�2.23kg/m2) and those of normal cycled adolescents
(20.76�2.16kg/m2). However, there is no association be-
tween anthropometric variables and related indices with the
menstrual flow volume.

While in the case of the adults, there is a significant
association of menstrual frequency attributes with weight,
WC, BMI, WHtR, and WHR, as reflected by ANOVA analysis.
Post hoc analysis reveals that infrequent cycled adult women
have significantly higherweight (55.74�8.41kg) than normal
adults (53.37�7.66kg). The infrequent cycled adult women
have significant WC (80.94�10.77cm), BMI (23.80�3.42
kg/m2),WHtR (0.53�0.07), andWHR (0.87�0.09) than those
frequently menstrual women (WC: 74.19�7.88 cm, BMI:
21.34�2.06kg/m2, WHtR: 0.48�0.05, WHR: 0.81�0.07)

Table 1 Prevalence of menstrual abnormalities among the Poumai adolescents and adults

Menstrual abnormalities Adolescents Adults Total Chi-square
(CC)f % f % f %

Menstrual frequency 29.25a

(0.19)(a) Frequent
(b) Infrequent
(c) Normal

64
86
346

12.9
17.3
69.8

19
112
381

03.7
21.9
74.4

83
198
727

08.2
19.6
72.1

Flow volume 44.97a

(0.21)(a) Heavy
(b) Light
(c) Normal

48
13
435

09.7
02.6
87.7

107
43
362

20.9
08.4
70.7

155
56
797

15.4
05.6
79.1

Abbreviation: CC, contingency coefficient.
Note: Menstrual characters in italics represent menstrual abnormalities.

Table 2 Association of anthropometric variables with menstrual abnormalities among Poumai adolescents

Menstrual
abnormalities

Anthropometric variables and indices

Height (cm)
(mean� SD)

Weight (kg)
(mean� SD)

WC (cm)
(mean� SD)

HC (cm)
(mean� S D)

BMI (kg/m2)
(mean� SD)

WHtR
(mean� S D)

WHR
(mean� SD)

Menstrual frequency

(a) Frequent (F) 154.45�4.81 48.66�6.40 68.38�6.31 88.62�6.19 20.37� 2.23 0.44�0.04 0.77� 0.06

(b) Infrequent (I) 152.97�5.05 50.45�5.21 70.82�5.45 90.99�5.78 21.58� 2.17 0.46�0.04 0.78� 0.05

(c) Normal (N) 153.23�4.69 48.78�5.70 69.64�5.92 89.49�5.63 20.76� 2.16 0.45�0.04 0.78� .05

F-value 2.09 3.13a 3.19a 3.53a 6.69b 5.72b 0.32

Post hoc I&N F&I F&I F&I, I&N F&I

Flow volume

(a) Heavy 154.11�4.06 50.03�5.95 70.80�5.31 90.80�6.84 21.04� 2.19 0.459�0.03 0.78� 0.06

(b) Light 151.62�6.25 47.23�8.60 71.51�9.49 89.49�6.15 20.56� 3.57 0.47�0.06 0.79� 0.06

(c) Normal 153.31�4.80 49.00�5.61 69.50�5.84 89.52�5.62 20.84� 2.15 0.45�0.04 0.77� 0.05

F-value 1.48 1.37 1.69 1.80 0.30 1.83 0.93

Abbreviations: BMI, body mass index; F, frequent; HC, hip circumference; I, infrequent; N, normal; SD, standard deviation; WC, waist circumference;
WHR, waist-hip ratio; WHtR, waist-height ratio.
Note: Menstrual characters in italics represent menstrual abnormalities.
aSignificant at 0.05.
bSignificant at 0.01.
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and those normallymenstrualwomen (WC: 77.02�10.06cm,
BMI: 22.56�2.96kg/m2, WHtR: 0.50�0.06, WHR:
0.83�0.08). Regarding the characteristics of menstrual flow
volume, ANOVA analysis reveals a significant association be-
tween height andweight andmenstrual flow volume. Further
post hoc analysis shows that women with a heavy flow are
significantly taller (155.06�4.88 cm) than the ones with a
light flow (152.43�5.84 cm) and are significantly heavier
(55.82�8.28kg) than the ones with a normal flow
(53.29�7.64kg).

The prevalence of menstrual abnormalities under the
menstrual frequency and flow volume against the body
adiposity parameters is given in ►Table 4. The table reveals
that menstrual abnormalities related to frequency do not
differ significantly with respect to BMI status among ado-
lescents. In contrast, in the case of adults, menstrual fre-
quency abnormalities are found to be significantly associated
with BMI status (chi-square¼25.68 with a contingency
coefficient of 0.22). The prevalence of infrequent abnormali-
ty among overweight and obese adults is 6.3% and 7%,
respectively, while those of frequent abnormality are 0.4%
and 0.2%, respectively. Similarly, the prevalence of infrequent
abnormality is significantly associated with abdominal obe-
sity (11.7%) as defined by WC � 80 cm among adults (chi-
square¼20.96 with a contingency coefficient of 0.20). At the
same time, it is not significant in adolescents. The other
abdominal obesity parameters, that is, WHtR (as defined by
� 0.5) and WHR (as defined by � 0.85), are also found to be
significantly associated with menstrual frequent abnormali-
ties in adults, with significantly higher prevalence of infre-
quent abnormalities, that is, 15.0 and 12.7%, respectively. The
association of flow volume abnormalities with body adipos-
ity is not very evident in adolescents and adults, except for

WHtR in adolescents, where a significantly high prevalence
of heavy flow (8.5%) is observed in adolescents (chi-square
¼7.76 with a contingency coefficient of 0.12).

►Table 5 presents the odd ratio of body adiposity risk to
menstrual abnormalities. Being underweight is 1.84 times
more likely to have a frequent menstrual cycle, and being
underweight, overweight, and obese are 1.07, 1.15, and 1.51
more likely to have an infrequent cycle, though all of them
are statistically nonsignificant. Similarly, those with WC �
80 cm, WHtR � 0.5, and WHR � 0.85 are 1.03, 1.51, and 1.14,
respectively, times more likely to have an infrequent cycle,
though nonsignificant. Those overweight and obese are 1.59
and 1.66 times more likely to have heavy flow; those with
WHtR � 0.5 and WHR � 0.85 are 1.34 and 1.08 times more
likely to have a heavy flow. Being underweight is 1.78 times
more likely to have a light flow, while those having WHtR �
0.5 and WHR � 0.85 are significantly 3.92 and 2.27 times,
respectively, more likely to have light menstrual flow.

Discussion

Menstrual dysfunctions or abnormalities are often the com-
mon reason for gynecological referral, and they significantly
impact women’s health conditions and quality of life.19 As
per FIGO 2018, frequent and infrequent menstrual cycles are
treated as menstrual abnormalities,13 although some litera-
ture suggests that these abnormalities may be related to a
menstrual irregular cycle, such as polymenorrhea and oli-
gomenorrhea.20 The global prevalence of menstrual irregu-
larities ranged from 14 to 25%.21,22 In the present study, the
prevalence ofmenstrual irregularities in the formof frequent
and infrequent is 8.2% and 19.6%, which is also alarming. The
othermenstrual abnormality included in the present study is

Table 3 Association of anthropometric variables with menstrual abnormalities among Poumai adults

Menstrual
abnormalities

Anthropometric variables and indices

Height
(mean� SD)

Weight
(mean� SD)

WC
(mean� SD)

HC
(mean� SD)

BMI
(mean� SD)

WHtR
(mean � SD)

WHR
(mean� SD)

Menstrual frequency

(a) Frequent (F) 155.41�5.19 51.53� 5.55 74.19�7.88 90.90�3.74 21.34�2.06 0.48�0.05 0.81� 0.07

(b) Infrequent (I) 153.03�4.84 55.74� 8.41 80.94�10.77 93.32�7.84 23.80�3.42 0.53�0.07 0.87� 0.09

(c) Normal (N) 153.75�4.74 53.37� 7.66 77.02�10.06 92.88�6.49 22.56�2.96 0.50�0.06 0.83� 0.08

F-value 2.32 4.88b 7.67b 1.05 9.41b 9.51b 10.50b

Post hoc I&N F&I, I&N F&I, I&N F&I, I&N F&I, I&N

Flow volume

(a) Heavy (H) 155.06�4.88 55.82� 8.28 78.98�10.35 94.29�7.18 23.21�3.20 0.51�0.07 0.84� 0.08

(b) Light (L) 152.43�5.84 53.35� 7.59 79.27�9.56 92.56�6.15 22.94�2.86 0.52�0.06 0.85� 0.08

(c) Normal (N) 153.38�4.54 53.29� 7.64 77.24�10.33 92.53�6.63 22.64�3.08 0.50�0.07 0.83� 0.08

F-value 6.72b 4.48a 1.68 2.88 1.45 1.31 1.32

Post hoc H&L H&N

Abbreviations: BMI, body mass index; F, frequent; H, high; HC, hip circumference; I, infrequent; L, low; N, normal; SD, standard deviation; WC, waist
circumference; WHR, waist-hip ratio; WHtR, waist-height ratio.
Note: Menstrual characters in italics represent menstrual abnormalities.
aSignificant at 0.05.
bSignificant at 0.01.
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Introduction

Anemia is the most common health problem all over the
globe especially in India. There is a significant association of
anemia with morbidity and mortality. Anemia is a condition
where the oxygen-carrying capacity is reduced in the blood
which leads to tissue hypoxia. The World Health Organiza-
tion (WHO) states that worldwide anemia affects 1.62 billion
peoplewhich corresponds to 24.8% of theworld population.1

Laboratory investigations such as the complete blood
count (CBC) and differential white blood cell (WBC) count
are crucial in diagnosing anemia. By these parameters, we
can also diagnose platelet disorders and white cell disorders
such as leukemia, leukemia, and other conditions. For the
past many years, there has been a significant advance in
blood cell analysis, which has shifted from manual proce-
dures to automated instruments, providingmore precise and
reliable results.2

The complete hematological report is mainly based on the
CBC generated by the automated analyzer and peripheral
smear examination by microscopy. The CBC is a basic and
routine test ordered by the consultant physicians nowadays.
It helps evaluate the concentration and gives the number of
various cellular components of blood, such as hemoglobin
(Hb)%, hematocrit, red cell indices, RBC count with differen-
tial count (WBC), platelet count, histograms of RBC, WBC,
mean platelet volume, and red cell distributionwidth (RDW).
In recent days, many laboratories have shifted from tradi-
tional methods in hematology to automated analyzers and
automated data.3

RBC histogram is the diagrammatic representation where
there is a symmetrical bell-shaped curve, and it helps in
better understanding and interpretation of different types of
anemia. But its usefulness is still limited in day-to-day use as
the technologists have little knowledge or unaware of it. Only
a few laboratory technologists have an understanding of
correlation and interpretation.3 Hb distribution width,
RDW, and reticulocyte count are the parameters that have
gained popularity along with scatter plots and histograms as
they provide useful and important information.4–6

Red blood cell (RBC) histograms and RBC indices are very
essential for diagnosing and management of anemia. The
important diagnostic tool for most of the corporate labora-
tories is the histograms which help in analyzing the blood
films routinely. RBC histograms play a major role in the
diagnosis of RBC disorders.7

Anemia causes can be multifactorial in origin. But nutri-
tional deficiency is themost common cause of anemia, and it
is due to deficiency of nutrients such as iron, vitamin B12, or
folic acid. Other clinical conditions which can also lead to
anemia include decreased production of RBCs in disease-
causing bone marrow failure and increased destruction of
RBCs in clinical conditions leading to hemolysis. Therefore,
every patient of anemia should be investigated thoroughly to
find out the cause so that the proper treatment can be
provided based on the underlying cause. However, there is
lack of consistency in the protocols that are followed for the
proper screening of anemia.8–10

Regardless of the latest sophisticated automated instru-
ments present today, we still rely on certain manual techni-
ques and follow them. This studywasplanned and conducted
to notice the relationship between the Sysmex XN 1000
hematology autoanalyzer-generated RBC histogram and
RBC indices and peripheral smear examinations using hu-
man blood samples.

Materials and Methods

The current study was a prospective laboratory-based study
conducted for a duration of 5 months between August 2023
and December 2023, which was performed at a rural tertiary
care center after obtaining an ethical clearance from the
institutional ethical committee. The estimated sample size
was 456 calculated based on a 95% confidence interval, a
margin of error of 4.5%, and a population proportion of 60% to
obtain good results, it was made with a 500 sample size.

Inclusion criteria: All the patients of all age groups diag-
nosed with anemia as per WHO reference range by the
automated analyzer and the peripheral smear were included
in the study.

Exclusion criteria: Anemic patients who have received a
blood transfusion, inadequate quantity of blood sample (<
3mL) for automated analyzer and patients having leukocy-
tosis, leukemoid reaction, leukemia, and platelet disorders
were excluded from the study.

3mL of venous blood samples were collected in an EDTA
vacutainer and processed in the Sysmex XN 1000 five-part
differential hematology analyzer for CBC within 1hour of
blood sample collection. Calibration and quality controlwere
performed according to the manufacturer instructions be-
fore processing test samples.

The RBC indices and histogram for each patient was
recorded from the cell counter and peripheral smear study
were done to correlate the RBC size, which was a fully
automated five-part differential instrument. Peripheral
blood smears (PBSs) were done for all the cases simulta-
neously, and they were stained with Leishman stain. All the
peripheral smearswere reported accordingly for the RBC size
and shape. We also looked for WBC and platelets. Clinical
details of the patient were collected.

All the data obtained were entered into Microsoft Excel
data sheet and using SPSS 22 version software, it was
analyzed. For qualitative data, Pearson’s chi-square test
was used as test of significance. Wherever necessary data
were represented in the form of bar diagrams and charts. The
p-value of <0.05 was considered statistically significant.

Results

A total of 500 cases were included in the study, with the age
range ranging from 1 to 93 years. The majority of the cases
(17.6%) belonged to the age group between 41 and 50 years. In
the study population, the majority were females, which con-
tributed to 576.6% of the total cases. Based on Hb values, cases
were further divided into the following categories: mild (Hb
<11g), moderate (Hb 7–10 g%), and severe (Hb <7 g%).
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flow volume, where the women experience either heavy or
lightflow,which deviates from the normalflowpattern. Both
heavy and light flow are part of menstrual disorders relating
to the deviation of normal flow; heavy flow is also cited as
menorrhagia and light flow as hypomenorrhea.20 World-
wide, the prevalence of heavy menstrual bleeding (heavy
flow) is reported to range between 27.2 and 54.0%, as
reported by Kocaoz et al.23 In the present study, 15.4% of
the women reported heavy flow, while only 5.6% reported
having light menstruation.

In the present study, the distribution of menstrual abnor-
malities significantly varies in adolescents and adults. Both
frequent and infrequent abnormalities are found to behigh in
adolescents, while in adults, the prevalence of infrequent
menstrual is significantly higher, though frequent ones are
low. Likewise, both heavy and light flows are significantly
high in adults, though a low percentage is observed in
adolescents. Irregular menstrual cycles and abnormal bleed-
ing are reported to be common during the initial years after
menarche.24 This could possibly be due to the immaturation
of the hypothalamic-pituitary-gonadal axis in the young
adolescent.25 As a result, in the first few years after the
commencement of menses, it is common for irregular cycles
to occur in adolescents.26 However, infrequent menstrual
cycle among adolescents seems to be more linked with
higher anthropometric and adiposity indices mean value,
suggesting adiposity is associated with menstrual infre-
quent. Furthermore, adolescent girls with heavy flows
have higher mean weight, suggesting that being overweight
could be related to heavy flow.

Studies suggest that being obese has a significantly higher
risk of menstrual irregularity and abnormalities.22,27 It is
known that menarche occurs in the setting of a maturing
hypothalamic-pituitary-ovarian axis. The cycles could be
irregular or might be nonovulatory because of poor prema-
ture regulation of the hormonal interactions among hypo-
thalamic, pituitary, and gonadal hormones.28 It is known that
gaining body weight and increasing adipose tissue can
perturb the balance of steroid hormones such as androgens,
estrogen, and sex hormone-binding globulin (SHBG), and
changes in SHBG lead to changes in the release of androgens
and estrogens in the target tissues.29 Higher testosterone
levels have been associated with polycystic ovary syndrome,
which is related to ovulatory dysfunction and menstrual
abnormalities. Clinical studies have also shownelevated total
and free androgen levels and depressed SHBG in obese
women with amenorrhea, suggesting that testosterone and
SHBG may play an important role in the development of
menstrual abnormalities in obese women.30 As the aromati-
zation of androgens to steroids increases by the increase in
adipose tissue, it leads to changes in globin hormone levels
binding to sex hormones, which result in impaired regula-
tion of the menstrual cycle.31

In adults, the association of obesity, through anthropo-
metric and body adiposity variables, with menstrual abnor-
malities is evident. Women with frequent and infrequent
cycles have significantly higher mean values of WC, BMI,
WHtR, and WHR, which determines general and abdominal
obesity. Likewise, those with heavy and light menstrual flow
also have significantly higher anthropometric mean values

Table 5 Odd ratio risk of body adiposity to menstrual abnormalities among the Poumai women

Fatness variables Menstrual frequency Flow volume

Frequent Infrequent Heavy Light

OR CI OR CI OR CI OR CI

1. BMI

(a) Normal � � � � � � � �
(b) Underweight 1.84 0.81–4.19 1.07 0.46–2.49 0.81 0.31–2.12 1.78 0.51–6.27

(c) Overweight 0.46 0.18–1.18 1.15 0.70–1.89 1.59 0.94–2.71 0.76 0.28–1.56

(d) Obese 0.78 0.22–2.79 1.51 0.81–2.79 1.66 0.82–3.36 0.56 0.21–1.52

2. Waist circumferenceb

(a)<80 cm � � � � � � � �
(b) � 80 cm 0.62 0.22–1.73 1.03 0.58–1.81 0.81 0.42–1.53 0.63 0.26–1.53

3. Waist-height ratio

(a)<0.5 � � � � � � � �
(b) � 0.5 1.01 0.40–2.56 1.51 0.86–2.67 1.34 0.71–2.51 3.92a 1.63–9.42

4. Waist-hip ratio

(a)<0.85 � � � � � � � �
(b) � 0.85 0.82 0.35–1.93 1.14 0.70–1.83 1.08 0.63–1.84 2.27a 1.05–4.91

Abbreviations: BMI, body mass index; CI, confidence interval; OR, odds ratio.
aSignificant at 0.05.
bCutoff for adolescents are calculated at 90th percentile.
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than the normal ones. Supporting this observation in the
anthropometric variables, the prevalence of menstrual ab-
normalities is significantly elevated in those women having
abdominal obesity cutoff (WC � 80 cm, WHtR � 0.5, and
WHR� 0.85) and obesewomenwith high BMI>25 kg/m2. In
adolescents and adults, those with higher body adiposity
indicators are more likely to have menstrual abnormalities,
which ismore significant with thosewith abdominal obesity,
as indicated byWHtR andWHR, who is more than two times
more likely to do so to have a heavy flow. In support of many
studies, the present study has reported and concluded that
obesity impacts menstrual abnormalities.

Limitations and Uniqueness of the Study

The present study has a few strengths and limitations. One
possible limitation could be the data sensitivity where the
participants spend time disclosing their menstrual health.
Moreover, the information on menstrual characteristics is
completely based on the information they provided, and
there was no technical test to confirm the abnormalities.
However, instead of this limitation, the study was one of its
first attempts to highlight themenstrual health issues among
Poumai women. Furthermore, the study also provides infor-
mation on the possible effects of obesity on menstrual
abnormalities, especially among adult women. This study
could pave the direction for future research in understanding
menstrual abnormalities holistically from biosocial factors,
including lifestyle and social environment, hormones and
genetics, that the present study could not incorporate.

Conclusion

The present study highlights the disparity in the prevalence of
menstrual abnormalities among Poumai adolescents and
adults. Menstrual abnormalities among adolescents could be
due to hormonal immaturation. However, it is a matter of
concern as it could affect growth, development, and reproduc-
tive health. Even thoughmany factors contribute tomenstrual
cycle abnormalities, the study showed that obesity was con-
siderablyassociatedwithanascendingage. It canbeconcluded
that general and abdominal obesity, in particular, could be a
detrimental factor for menstrual abnormalities.

Further, the study indirectly hints at the importance of
controlling obesity through changing lifestyle to manage the
healthy menstrual cycle. Health education focusing on repro-
ductivehealth shouldhighlight the importance ofmaintaining
a proper BMI and other obesity measures, as it predisposes
them to a higher risk of menstrual disorders. Given the ever-
increasing prevalence of obesity and its association with
gynecologic conditions, there is agreat need topromotehealth
education focusing on menstrual health and nutrition.
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Introduction

Anemia is the most common health problem all over the
globe especially in India. There is a significant association of
anemia with morbidity and mortality. Anemia is a condition
where the oxygen-carrying capacity is reduced in the blood
which leads to tissue hypoxia. The World Health Organiza-
tion (WHO) states that worldwide anemia affects 1.62 billion
peoplewhich corresponds to 24.8% of theworld population.1

Laboratory investigations such as the complete blood
count (CBC) and differential white blood cell (WBC) count
are crucial in diagnosing anemia. By these parameters, we
can also diagnose platelet disorders and white cell disorders
such as leukemia, leukemia, and other conditions. For the
past many years, there has been a significant advance in
blood cell analysis, which has shifted from manual proce-
dures to automated instruments, providingmore precise and
reliable results.2

The complete hematological report is mainly based on the
CBC generated by the automated analyzer and peripheral
smear examination by microscopy. The CBC is a basic and
routine test ordered by the consultant physicians nowadays.
It helps evaluate the concentration and gives the number of
various cellular components of blood, such as hemoglobin
(Hb)%, hematocrit, red cell indices, RBC count with differen-
tial count (WBC), platelet count, histograms of RBC, WBC,
mean platelet volume, and red cell distributionwidth (RDW).
In recent days, many laboratories have shifted from tradi-
tional methods in hematology to automated analyzers and
automated data.3

RBC histogram is the diagrammatic representation where
there is a symmetrical bell-shaped curve, and it helps in
better understanding and interpretation of different types of
anemia. But its usefulness is still limited in day-to-day use as
the technologists have little knowledge or unaware of it. Only
a few laboratory technologists have an understanding of
correlation and interpretation.3 Hb distribution width,
RDW, and reticulocyte count are the parameters that have
gained popularity along with scatter plots and histograms as
they provide useful and important information.4–6

Red blood cell (RBC) histograms and RBC indices are very
essential for diagnosing and management of anemia. The
important diagnostic tool for most of the corporate labora-
tories is the histograms which help in analyzing the blood
films routinely. RBC histograms play a major role in the
diagnosis of RBC disorders.7

Anemia causes can be multifactorial in origin. But nutri-
tional deficiency is themost common cause of anemia, and it
is due to deficiency of nutrients such as iron, vitamin B12, or
folic acid. Other clinical conditions which can also lead to
anemia include decreased production of RBCs in disease-
causing bone marrow failure and increased destruction of
RBCs in clinical conditions leading to hemolysis. Therefore,
every patient of anemia should be investigated thoroughly to
find out the cause so that the proper treatment can be
provided based on the underlying cause. However, there is
lack of consistency in the protocols that are followed for the
proper screening of anemia.8–10

Regardless of the latest sophisticated automated instru-
ments present today, we still rely on certain manual techni-
ques and follow them. This studywasplanned and conducted
to notice the relationship between the Sysmex XN 1000
hematology autoanalyzer-generated RBC histogram and
RBC indices and peripheral smear examinations using hu-
man blood samples.

Materials and Methods

The current study was a prospective laboratory-based study
conducted for a duration of 5 months between August 2023
and December 2023, which was performed at a rural tertiary
care center after obtaining an ethical clearance from the
institutional ethical committee. The estimated sample size
was 456 calculated based on a 95% confidence interval, a
margin of error of 4.5%, and a population proportion of 60% to
obtain good results, it was made with a 500 sample size.

Inclusion criteria: All the patients of all age groups diag-
nosed with anemia as per WHO reference range by the
automated analyzer and the peripheral smear were included
in the study.

Exclusion criteria: Anemic patients who have received a
blood transfusion, inadequate quantity of blood sample (<
3mL) for automated analyzer and patients having leukocy-
tosis, leukemoid reaction, leukemia, and platelet disorders
were excluded from the study.

3mL of venous blood samples were collected in an EDTA
vacutainer and processed in the Sysmex XN 1000 five-part
differential hematology analyzer for CBC within 1hour of
blood sample collection. Calibration and quality controlwere
performed according to the manufacturer instructions be-
fore processing test samples.

The RBC indices and histogram for each patient was
recorded from the cell counter and peripheral smear study
were done to correlate the RBC size, which was a fully
automated five-part differential instrument. Peripheral
blood smears (PBSs) were done for all the cases simulta-
neously, and they were stained with Leishman stain. All the
peripheral smearswere reported accordingly for the RBC size
and shape. We also looked for WBC and platelets. Clinical
details of the patient were collected.

All the data obtained were entered into Microsoft Excel
data sheet and using SPSS 22 version software, it was
analyzed. For qualitative data, Pearson’s chi-square test
was used as test of significance. Wherever necessary data
were represented in the form of bar diagrams and charts. The
p-value of <0.05 was considered statistically significant.

Results

A total of 500 cases were included in the study, with the age
range ranging from 1 to 93 years. The majority of the cases
(17.6%) belonged to the age group between 41 and 50 years. In
the study population, the majority were females, which con-
tributed to 576.6% of the total cases. Based on Hb values, cases
were further divided into the following categories: mild (Hb
<11g), moderate (Hb 7–10 g%), and severe (Hb <7 g%).
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flow volume, where the women experience either heavy or
lightflow,which deviates from the normalflowpattern. Both
heavy and light flow are part of menstrual disorders relating
to the deviation of normal flow; heavy flow is also cited as
menorrhagia and light flow as hypomenorrhea.20 World-
wide, the prevalence of heavy menstrual bleeding (heavy
flow) is reported to range between 27.2 and 54.0%, as
reported by Kocaoz et al.23 In the present study, 15.4% of
the women reported heavy flow, while only 5.6% reported
having light menstruation.

In the present study, the distribution of menstrual abnor-
malities significantly varies in adolescents and adults. Both
frequent and infrequent abnormalities are found to behigh in
adolescents, while in adults, the prevalence of infrequent
menstrual is significantly higher, though frequent ones are
low. Likewise, both heavy and light flows are significantly
high in adults, though a low percentage is observed in
adolescents. Irregular menstrual cycles and abnormal bleed-
ing are reported to be common during the initial years after
menarche.24 This could possibly be due to the immaturation
of the hypothalamic-pituitary-gonadal axis in the young
adolescent.25 As a result, in the first few years after the
commencement of menses, it is common for irregular cycles
to occur in adolescents.26 However, infrequent menstrual
cycle among adolescents seems to be more linked with
higher anthropometric and adiposity indices mean value,
suggesting adiposity is associated with menstrual infre-
quent. Furthermore, adolescent girls with heavy flows
have higher mean weight, suggesting that being overweight
could be related to heavy flow.

Studies suggest that being obese has a significantly higher
risk of menstrual irregularity and abnormalities.22,27 It is
known that menarche occurs in the setting of a maturing
hypothalamic-pituitary-ovarian axis. The cycles could be
irregular or might be nonovulatory because of poor prema-
ture regulation of the hormonal interactions among hypo-
thalamic, pituitary, and gonadal hormones.28 It is known that
gaining body weight and increasing adipose tissue can
perturb the balance of steroid hormones such as androgens,
estrogen, and sex hormone-binding globulin (SHBG), and
changes in SHBG lead to changes in the release of androgens
and estrogens in the target tissues.29 Higher testosterone
levels have been associated with polycystic ovary syndrome,
which is related to ovulatory dysfunction and menstrual
abnormalities. Clinical studies have also shownelevated total
and free androgen levels and depressed SHBG in obese
women with amenorrhea, suggesting that testosterone and
SHBG may play an important role in the development of
menstrual abnormalities in obese women.30 As the aromati-
zation of androgens to steroids increases by the increase in
adipose tissue, it leads to changes in globin hormone levels
binding to sex hormones, which result in impaired regula-
tion of the menstrual cycle.31

In adults, the association of obesity, through anthropo-
metric and body adiposity variables, with menstrual abnor-
malities is evident. Women with frequent and infrequent
cycles have significantly higher mean values of WC, BMI,
WHtR, and WHR, which determines general and abdominal
obesity. Likewise, those with heavy and light menstrual flow
also have significantly higher anthropometric mean values

Table 5 Odd ratio risk of body adiposity to menstrual abnormalities among the Poumai women

Fatness variables Menstrual frequency Flow volume

Frequent Infrequent Heavy Light

OR CI OR CI OR CI OR CI

1. BMI

(a) Normal � � � � � � � �
(b) Underweight 1.84 0.81–4.19 1.07 0.46–2.49 0.81 0.31–2.12 1.78 0.51–6.27

(c) Overweight 0.46 0.18–1.18 1.15 0.70–1.89 1.59 0.94–2.71 0.76 0.28–1.56

(d) Obese 0.78 0.22–2.79 1.51 0.81–2.79 1.66 0.82–3.36 0.56 0.21–1.52

2. Waist circumferenceb

(a)<80 cm � � � � � � � �
(b) � 80 cm 0.62 0.22–1.73 1.03 0.58–1.81 0.81 0.42–1.53 0.63 0.26–1.53

3. Waist-height ratio

(a)<0.5 � � � � � � � �
(b) � 0.5 1.01 0.40–2.56 1.51 0.86–2.67 1.34 0.71–2.51 3.92a 1.63–9.42

4. Waist-hip ratio

(a)<0.85 � � � � � � � �
(b) � 0.85 0.82 0.35–1.93 1.14 0.70–1.83 1.08 0.63–1.84 2.27a 1.05–4.91

Abbreviations: BMI, body mass index; CI, confidence interval; OR, odds ratio.
aSignificant at 0.05.
bCutoff for adolescents are calculated at 90th percentile.
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Introduction

Anemia is the most common health problem all over the
globe especially in India. There is a significant association of
anemia with morbidity and mortality. Anemia is a condition
where the oxygen-carrying capacity is reduced in the blood
which leads to tissue hypoxia. The World Health Organiza-
tion (WHO) states that worldwide anemia affects 1.62 billion
peoplewhich corresponds to 24.8% of theworld population.1

Laboratory investigations such as the complete blood
count (CBC) and differential white blood cell (WBC) count
are crucial in diagnosing anemia. By these parameters, we
can also diagnose platelet disorders and white cell disorders
such as leukemia, leukemia, and other conditions. For the
past many years, there has been a significant advance in
blood cell analysis, which has shifted from manual proce-
dures to automated instruments, providingmore precise and
reliable results.2

The complete hematological report is mainly based on the
CBC generated by the automated analyzer and peripheral
smear examination by microscopy. The CBC is a basic and
routine test ordered by the consultant physicians nowadays.
It helps evaluate the concentration and gives the number of
various cellular components of blood, such as hemoglobin
(Hb)%, hematocrit, red cell indices, RBC count with differen-
tial count (WBC), platelet count, histograms of RBC, WBC,
mean platelet volume, and red cell distributionwidth (RDW).
In recent days, many laboratories have shifted from tradi-
tional methods in hematology to automated analyzers and
automated data.3

RBC histogram is the diagrammatic representation where
there is a symmetrical bell-shaped curve, and it helps in
better understanding and interpretation of different types of
anemia. But its usefulness is still limited in day-to-day use as
the technologists have little knowledge or unaware of it. Only
a few laboratory technologists have an understanding of
correlation and interpretation.3 Hb distribution width,
RDW, and reticulocyte count are the parameters that have
gained popularity along with scatter plots and histograms as
they provide useful and important information.4–6

Red blood cell (RBC) histograms and RBC indices are very
essential for diagnosing and management of anemia. The
important diagnostic tool for most of the corporate labora-
tories is the histograms which help in analyzing the blood
films routinely. RBC histograms play a major role in the
diagnosis of RBC disorders.7

Anemia causes can be multifactorial in origin. But nutri-
tional deficiency is themost common cause of anemia, and it
is due to deficiency of nutrients such as iron, vitamin B12, or
folic acid. Other clinical conditions which can also lead to
anemia include decreased production of RBCs in disease-
causing bone marrow failure and increased destruction of
RBCs in clinical conditions leading to hemolysis. Therefore,
every patient of anemia should be investigated thoroughly to
find out the cause so that the proper treatment can be
provided based on the underlying cause. However, there is
lack of consistency in the protocols that are followed for the
proper screening of anemia.8–10

Regardless of the latest sophisticated automated instru-
ments present today, we still rely on certain manual techni-
ques and follow them. This studywasplanned and conducted
to notice the relationship between the Sysmex XN 1000
hematology autoanalyzer-generated RBC histogram and
RBC indices and peripheral smear examinations using hu-
man blood samples.

Materials and Methods

The current study was a prospective laboratory-based study
conducted for a duration of 5 months between August 2023
and December 2023, which was performed at a rural tertiary
care center after obtaining an ethical clearance from the
institutional ethical committee. The estimated sample size
was 456 calculated based on a 95% confidence interval, a
margin of error of 4.5%, and a population proportion of 60% to
obtain good results, it was made with a 500 sample size.

Inclusion criteria: All the patients of all age groups diag-
nosed with anemia as per WHO reference range by the
automated analyzer and the peripheral smear were included
in the study.

Exclusion criteria: Anemic patients who have received a
blood transfusion, inadequate quantity of blood sample (<
3mL) for automated analyzer and patients having leukocy-
tosis, leukemoid reaction, leukemia, and platelet disorders
were excluded from the study.

3mL of venous blood samples were collected in an EDTA
vacutainer and processed in the Sysmex XN 1000 five-part
differential hematology analyzer for CBC within 1hour of
blood sample collection. Calibration and quality controlwere
performed according to the manufacturer instructions be-
fore processing test samples.

The RBC indices and histogram for each patient was
recorded from the cell counter and peripheral smear study
were done to correlate the RBC size, which was a fully
automated five-part differential instrument. Peripheral
blood smears (PBSs) were done for all the cases simulta-
neously, and they were stained with Leishman stain. All the
peripheral smearswere reported accordingly for the RBC size
and shape. We also looked for WBC and platelets. Clinical
details of the patient were collected.

All the data obtained were entered into Microsoft Excel
data sheet and using SPSS 22 version software, it was
analyzed. For qualitative data, Pearson’s chi-square test
was used as test of significance. Wherever necessary data
were represented in the form of bar diagrams and charts. The
p-value of <0.05 was considered statistically significant.

Results

A total of 500 cases were included in the study, with the age
range ranging from 1 to 93 years. The majority of the cases
(17.6%) belonged to the age group between 41 and 50 years. In
the study population, the majority were females, which con-
tributed to 576.6% of the total cases. Based on Hb values, cases
were further divided into the following categories: mild (Hb
<11g), moderate (Hb 7–10 g%), and severe (Hb <7 g%).
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than the normal ones. Supporting this observation in the
anthropometric variables, the prevalence of menstrual ab-
normalities is significantly elevated in those women having
abdominal obesity cutoff (WC � 80 cm, WHtR � 0.5, and
WHR� 0.85) and obesewomenwith high BMI>25 kg/m2. In
adolescents and adults, those with higher body adiposity
indicators are more likely to have menstrual abnormalities,
which ismore significant with thosewith abdominal obesity,
as indicated byWHtR andWHR, who is more than two times
more likely to do so to have a heavy flow. In support of many
studies, the present study has reported and concluded that
obesity impacts menstrual abnormalities.

Limitations and Uniqueness of the Study

The present study has a few strengths and limitations. One
possible limitation could be the data sensitivity where the
participants spend time disclosing their menstrual health.
Moreover, the information on menstrual characteristics is
completely based on the information they provided, and
there was no technical test to confirm the abnormalities.
However, instead of this limitation, the study was one of its
first attempts to highlight themenstrual health issues among
Poumai women. Furthermore, the study also provides infor-
mation on the possible effects of obesity on menstrual
abnormalities, especially among adult women. This study
could pave the direction for future research in understanding
menstrual abnormalities holistically from biosocial factors,
including lifestyle and social environment, hormones and
genetics, that the present study could not incorporate.

Conclusion

The present study highlights the disparity in the prevalence of
menstrual abnormalities among Poumai adolescents and
adults. Menstrual abnormalities among adolescents could be
due to hormonal immaturation. However, it is a matter of
concern as it could affect growth, development, and reproduc-
tive health. Even thoughmany factors contribute tomenstrual
cycle abnormalities, the study showed that obesity was con-
siderablyassociatedwithanascendingage. It canbeconcluded
that general and abdominal obesity, in particular, could be a
detrimental factor for menstrual abnormalities.

Further, the study indirectly hints at the importance of
controlling obesity through changing lifestyle to manage the
healthy menstrual cycle. Health education focusing on repro-
ductivehealth shouldhighlight the importance ofmaintaining
a proper BMI and other obesity measures, as it predisposes
them to a higher risk of menstrual disorders. Given the ever-
increasing prevalence of obesity and its association with
gynecologic conditions, there is agreat need topromotehealth
education focusing on menstrual health and nutrition.
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abdominal obesity cutoff (WC � 80 cm, WHtR � 0.5, and
WHR� 0.85) and obesewomenwith high BMI>25 kg/m2. In
adolescents and adults, those with higher body adiposity
indicators are more likely to have menstrual abnormalities,
which ismore significant with thosewith abdominal obesity,
as indicated byWHtR andWHR, who is more than two times
more likely to do so to have a heavy flow. In support of many
studies, the present study has reported and concluded that
obesity impacts menstrual abnormalities.

Limitations and Uniqueness of the Study

The present study has a few strengths and limitations. One
possible limitation could be the data sensitivity where the
participants spend time disclosing their menstrual health.
Moreover, the information on menstrual characteristics is
completely based on the information they provided, and
there was no technical test to confirm the abnormalities.
However, instead of this limitation, the study was one of its
first attempts to highlight themenstrual health issues among
Poumai women. Furthermore, the study also provides infor-
mation on the possible effects of obesity on menstrual
abnormalities, especially among adult women. This study
could pave the direction for future research in understanding
menstrual abnormalities holistically from biosocial factors,
including lifestyle and social environment, hormones and
genetics, that the present study could not incorporate.

Conclusion

The present study highlights the disparity in the prevalence of
menstrual abnormalities among Poumai adolescents and
adults. Menstrual abnormalities among adolescents could be
due to hormonal immaturation. However, it is a matter of
concern as it could affect growth, development, and reproduc-
tive health. Even thoughmany factors contribute tomenstrual
cycle abnormalities, the study showed that obesity was con-
siderablyassociatedwithanascendingage. It canbeconcluded
that general and abdominal obesity, in particular, could be a
detrimental factor for menstrual abnormalities.

Further, the study indirectly hints at the importance of
controlling obesity through changing lifestyle to manage the
healthy menstrual cycle. Health education focusing on repro-
ductivehealth shouldhighlight the importance ofmaintaining
a proper BMI and other obesity measures, as it predisposes
them to a higher risk of menstrual disorders. Given the ever-
increasing prevalence of obesity and its association with
gynecologic conditions, there is agreat need topromotehealth
education focusing on menstrual health and nutrition.
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Introduction

Anemia is the most common health problem all over the
globe especially in India. There is a significant association of
anemia with morbidity and mortality. Anemia is a condition
where the oxygen-carrying capacity is reduced in the blood
which leads to tissue hypoxia. The World Health Organiza-
tion (WHO) states that worldwide anemia affects 1.62 billion
peoplewhich corresponds to 24.8% of theworld population.1

Laboratory investigations such as the complete blood
count (CBC) and differential white blood cell (WBC) count
are crucial in diagnosing anemia. By these parameters, we
can also diagnose platelet disorders and white cell disorders
such as leukemia, leukemia, and other conditions. For the
past many years, there has been a significant advance in
blood cell analysis, which has shifted from manual proce-
dures to automated instruments, providingmore precise and
reliable results.2

The complete hematological report is mainly based on the
CBC generated by the automated analyzer and peripheral
smear examination by microscopy. The CBC is a basic and
routine test ordered by the consultant physicians nowadays.
It helps evaluate the concentration and gives the number of
various cellular components of blood, such as hemoglobin
(Hb)%, hematocrit, red cell indices, RBC count with differen-
tial count (WBC), platelet count, histograms of RBC, WBC,
mean platelet volume, and red cell distributionwidth (RDW).
In recent days, many laboratories have shifted from tradi-
tional methods in hematology to automated analyzers and
automated data.3

RBC histogram is the diagrammatic representation where
there is a symmetrical bell-shaped curve, and it helps in
better understanding and interpretation of different types of
anemia. But its usefulness is still limited in day-to-day use as
the technologists have little knowledge or unaware of it. Only
a few laboratory technologists have an understanding of
correlation and interpretation.3 Hb distribution width,
RDW, and reticulocyte count are the parameters that have
gained popularity along with scatter plots and histograms as
they provide useful and important information.4–6

Red blood cell (RBC) histograms and RBC indices are very
essential for diagnosing and management of anemia. The
important diagnostic tool for most of the corporate labora-
tories is the histograms which help in analyzing the blood
films routinely. RBC histograms play a major role in the
diagnosis of RBC disorders.7

Anemia causes can be multifactorial in origin. But nutri-
tional deficiency is themost common cause of anemia, and it
is due to deficiency of nutrients such as iron, vitamin B12, or
folic acid. Other clinical conditions which can also lead to
anemia include decreased production of RBCs in disease-
causing bone marrow failure and increased destruction of
RBCs in clinical conditions leading to hemolysis. Therefore,
every patient of anemia should be investigated thoroughly to
find out the cause so that the proper treatment can be
provided based on the underlying cause. However, there is
lack of consistency in the protocols that are followed for the
proper screening of anemia.8–10

Regardless of the latest sophisticated automated instru-
ments present today, we still rely on certain manual techni-
ques and follow them. This studywasplanned and conducted
to notice the relationship between the Sysmex XN 1000
hematology autoanalyzer-generated RBC histogram and
RBC indices and peripheral smear examinations using hu-
man blood samples.

Materials and Methods

The current study was a prospective laboratory-based study
conducted for a duration of 5 months between August 2023
and December 2023, which was performed at a rural tertiary
care center after obtaining an ethical clearance from the
institutional ethical committee. The estimated sample size
was 456 calculated based on a 95% confidence interval, a
margin of error of 4.5%, and a population proportion of 60% to
obtain good results, it was made with a 500 sample size.

Inclusion criteria: All the patients of all age groups diag-
nosed with anemia as per WHO reference range by the
automated analyzer and the peripheral smear were included
in the study.

Exclusion criteria: Anemic patients who have received a
blood transfusion, inadequate quantity of blood sample (<
3mL) for automated analyzer and patients having leukocy-
tosis, leukemoid reaction, leukemia, and platelet disorders
were excluded from the study.

3mL of venous blood samples were collected in an EDTA
vacutainer and processed in the Sysmex XN 1000 five-part
differential hematology analyzer for CBC within 1hour of
blood sample collection. Calibration and quality controlwere
performed according to the manufacturer instructions be-
fore processing test samples.

The RBC indices and histogram for each patient was
recorded from the cell counter and peripheral smear study
were done to correlate the RBC size, which was a fully
automated five-part differential instrument. Peripheral
blood smears (PBSs) were done for all the cases simulta-
neously, and they were stained with Leishman stain. All the
peripheral smearswere reported accordingly for the RBC size
and shape. We also looked for WBC and platelets. Clinical
details of the patient were collected.

All the data obtained were entered into Microsoft Excel
data sheet and using SPSS 22 version software, it was
analyzed. For qualitative data, Pearson’s chi-square test
was used as test of significance. Wherever necessary data
were represented in the form of bar diagrams and charts. The
p-value of <0.05 was considered statistically significant.

Results

A total of 500 cases were included in the study, with the age
range ranging from 1 to 93 years. The majority of the cases
(17.6%) belonged to the age group between 41 and 50 years. In
the study population, the majority were females, which con-
tributed to 576.6% of the total cases. Based on Hb values, cases
were further divided into the following categories: mild (Hb
<11g), moderate (Hb 7–10 g%), and severe (Hb <7 g%).
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than the normal ones. Supporting this observation in the
anthropometric variables, the prevalence of menstrual ab-
normalities is significantly elevated in those women having
abdominal obesity cutoff (WC � 80 cm, WHtR � 0.5, and
WHR� 0.85) and obesewomenwith high BMI>25 kg/m2. In
adolescents and adults, those with higher body adiposity
indicators are more likely to have menstrual abnormalities,
which ismore significant with thosewith abdominal obesity,
as indicated byWHtR andWHR, who is more than two times
more likely to do so to have a heavy flow. In support of many
studies, the present study has reported and concluded that
obesity impacts menstrual abnormalities.

Limitations and Uniqueness of the Study

The present study has a few strengths and limitations. One
possible limitation could be the data sensitivity where the
participants spend time disclosing their menstrual health.
Moreover, the information on menstrual characteristics is
completely based on the information they provided, and
there was no technical test to confirm the abnormalities.
However, instead of this limitation, the study was one of its
first attempts to highlight themenstrual health issues among
Poumai women. Furthermore, the study also provides infor-
mation on the possible effects of obesity on menstrual
abnormalities, especially among adult women. This study
could pave the direction for future research in understanding
menstrual abnormalities holistically from biosocial factors,
including lifestyle and social environment, hormones and
genetics, that the present study could not incorporate.

Conclusion

The present study highlights the disparity in the prevalence of
menstrual abnormalities among Poumai adolescents and
adults. Menstrual abnormalities among adolescents could be
due to hormonal immaturation. However, it is a matter of
concern as it could affect growth, development, and reproduc-
tive health. Even thoughmany factors contribute tomenstrual
cycle abnormalities, the study showed that obesity was con-
siderablyassociatedwithanascendingage. It canbeconcluded
that general and abdominal obesity, in particular, could be a
detrimental factor for menstrual abnormalities.

Further, the study indirectly hints at the importance of
controlling obesity through changing lifestyle to manage the
healthy menstrual cycle. Health education focusing on repro-
ductivehealth shouldhighlight the importance ofmaintaining
a proper BMI and other obesity measures, as it predisposes
them to a higher risk of menstrual disorders. Given the ever-
increasing prevalence of obesity and its association with
gynecologic conditions, there is agreat need topromotehealth
education focusing on menstrual health and nutrition.
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