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Abstract 

Background: Obesity and anemia are prevalent conditions in reproductive-age females that may 

negatively impact heart rate variability (HRV), an important indicator of autonomic function and 

cardiovascular health. 

 

Objective: This study aimed to investigate the associations between obesity, hemoglobin levels, 

and HRV in reproductive-age females. 

 

Methods: A total of 200 reproductive-age females (voluntary participants) were enrolled, 

comprising 100 cases with obesity (BMI ≥25 kg/m²) and 100 controls with normal BMI (18.5- 

24.9 kg/m²). HRV was assessed using standard metrics: the standard deviation of normal-to- 

normal intervals (SDNN) and the root mean square of successive differences (RMSSD). 

Hemoglobin levels were categorized as decreased (<12 g/dL), normal (12-14 g/dL), and high 

(>14-16 g/dL). Statistical analyses were conducted to evaluate the differences in HRV across 

hemoglobin categories within cases and controls. 

 

Results: In this study involving 200 reproductive-age females. We examined the associations 

between obesity, hemoglobin levels, and heart rate variability (HRV). Cases exhibited 

significantly lower HRV measures (SDNN: 47.0 ± 11.5ms; RMSSD: 28.1 ± 9.3ms) compared to 

controls (SDNN: 55.3 ± 10.2ms; RMSSD: 35.3 ± 7.8ms; p < 0.001). Subjects with decreased 
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hemoglobin showed the lowest HRV, while those with high hemoglobin had the best HRV 

measures among cases. 

 

Conclusion: The findings of this study demonstrate that individuals with higher body mass index 

(BMI) exhibit more pronounced alterations in heart rate variability (HRV), particularly when 

accompanied by low hemoglobin levels, compared to controls with normal BMI and similar 

hemoglobin status. Obesity and low hemoglobin levels independently and synergistically impair 

HRV in reproductive age woman. Addressing obesity and anemia through targeted interventions 

is essential for improving autonomic function and reducing cardiovascular risk in this 

population. 

 

Keywords: Obesity, Hemoglobin, Heart Rate Variability, Reproductive Age, Cardiovascular 

Health 
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Introduction 

Obesity is a multifactorial disease with a complex pathogenesis related to 

biological,1 psychosocial,2 socioeconomic,3 and environmental4,5 factors and heterogeneity in the 

pathways and mechanisms by which it leads to adverse health outcomes. Obesity is one of the 

leading disorders that increases the all-cause mortality in patients with increased body mass 

index (BMI), especially causing death from cardiovascular disease (CVD).6 The 2013 guidelines 

for managing overweight and obesity in adults were published by the American Heart 

Association, American College of Cardiology, and The Obesity Society defines obesity as a 

body mass index (BMI) of ≥30 kg/m2 and overweight as a BMI of ≥25 and <30 kg/m2, 

according to the World Health Organization's guidelines.7,8 According to the GBD (Global 

Burden of Disease) Obesity Collaborators, 603.7 million adults worldwide were projected to be 

obese; in 73 countries, the prevalence of obesity doubled between 1980 and 2015, and it 

continued to rise in the majority of other nations. 39% to 49% of the world's population, or 2.8– 

3.5 billion individuals, are thought to be overweight or obese.9,10 The sympathetic and 

parasympathetic nervous system (autonomous) control system that primarily acts subconsciously 

and governs physiological processes like heart rate, digestion, respiratory rate etc.11 

Heart rate variability (HRV) determines how the heart alone is affected by autonomic 

activity. The autonomic nervous system of the heart regulates heart rate and rhythm with even 

minute variations.12 The heart rate variability (HRV) is measured during electrocardiogram 

(ECG) recording. Thus, it might be the most practical and straightforward non-invasive way to 

look into how obesity affects CVD.13 Obesity is a well-established risk factor for cardiovascular 

diseases (CVD), including hypertension, coronary artery disease, and heart failure.14 One of the 

key markers of cardiovascular health is heart rate variability (HRV), which reflects the 

autonomic regulation of the heart. Reduced HRV is associated with increased cardiovascular 

mortality and morbidity.15 Studies have consistently shown that obesity is linked to lower HRV, 

suggesting that the autonomic dysfunction associated with obesity could contribute to adverse 

cardiovascular outcomes.16,17 Hemoglobin, the oxygen-carrying component of red blood cells, 

plays a crucial role in maintaining tissue oxygenation and overall metabolic function. Recent 

research has explored the relationship between obesity and hemoglobin levels, with findings 

suggesting that obesity may be associated with alterations in hemoglobin levels. For instance, a 

study by Wang et al. (2023) observed a significant reduction in hemoglobin levels among obese 

31 

http://www.neuroquantology.com/
https://www.ahajournals.org/doi/full/10.1161/CIR.0000000000000973#core-R1
https://www.ahajournals.org/doi/full/10.1161/CIR.0000000000000973#core-R2
https://www.ahajournals.org/doi/full/10.1161/CIR.0000000000000973#core-R3
https://www.ahajournals.org/doi/full/10.1161/CIR.0000000000000973#core-R4
https://www.ahajournals.org/doi/full/10.1161/CIR.0000000000000973#core-R5


Neuroquantology | Nov 2025 | Volume 23 | Issue 11 | Page 29-46| Doi:. 10.48047/nq.2025.23.11.nq25004 
Impact of Obesity and Hemoglobin Levels on Heart Rate Variability in Reproductive-Age Women: A Comparative Study 

EISSN 1303-5150 www.neuroquantology.com 

 

 

32 

individuals, potentially due to chronic inflammation and metabolic dysregulation.18 The 

interaction between obesity and hemoglobin levels could have implications for understanding 

how obesity influences cardiovascular health. HRV, the variation in time intervals between 

consecutive heartbeats, is a non-invasive marker of autonomic nervous system function. High 

HRV is generally indicative of a healthy, adaptable cardiovascular system, while low HRV is 

associated with increased risk for cardiovascular events and mortality.19 Obesity has been linked 

to decreased HRV, which could reflect impaired autonomic regulation and increased 

cardiovascular risk.20 The mechanisms underlying this association may include increased 

sympathetic nervous system activity and reduced parasympathetic activity, both of which are 

influenced by obesity.21 Despite the growing body of evidence linking obesity with reduced 

HRV and potential alterations in hemoglobin levels, there is a need for more comprehensive 

studies to clarify these relationships, particularly in specific populations such as reproductive-age 

females. Most existing studies have focused on broader age groups or populations with pre- 

existing health conditions, leaving a gap in understanding how these variables interact in 

younger, otherwise healthy females.22 This study was aimed to investigate the associations 

between obesity, hemoglobin levels, and HRV in reproductive-age females in ethnic population 

of Kashmir. By examining these relationships, we seek to provide insights into how obesity 

impacts cardiovascular health and to contribute to the development of targeted interventions for 

improving cardiovascular outcomes in this demographic. 

 

Methods 

 

Study design and setting 

 

This cross-sectional study was conducted at Post Graduate Department of Physiology 

GMC Srinagar in collaboration with Post Graduate Department of Medicine, GMC Srinagar and 

study was designed to evaluate the associations between obesity, hemoglobin levels, and heart 

rate variability (HRV) in reproductive-age females. 

 

Study sample 

 

A total of 200 voluntary participants, aged 18-45 years, was recruited from Post Graduate 

Department of Medicine Govt Medical College Srinagar and associated SMHS Hospital. The 

study was cleared by Institutional ethical committee. Informed consent was taken from all 

participants. The inclusion criteria included the females, within the specified age group, and 

without any history of chronic diseases that could confound the results. Exclusion criteria 
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included pregnancy, significant cardiovascular disease, diabetes mellitus, and use of medications 

that could affect HRV. 

 

Groups 

 

Participants were categorized into two groups: - 

 

1. Cases: Obese females, further divided by hemoglobin levels (low <12g/dl, normal 12-14 

g/dl and high >14g/dl). 

2. Control: Non-obese females with normal BMI also categorized by hemoglobin levels. 

 

Clinical Assessments and Measurements 

 

1. Obesity Assessment: 

 

Body Mass Index (BMI): Subjects’ weight and height were measured using a calibrated 

digital scale and stadiometer. BMI was calculated using the formula: BMI = weight (kg)/ 

height^2 (m^2). Subjects were classified into obesity categories based on WHO guidelines: 

underweight (BMI < 18.5), normal weight (BMI 18.5-24.9), overweight (BMI 25-29.9), and 

obese (BMI ≥ 30).23 

 

2. Hemoglobin Levels: 

Blood Sampling: 3 ml whole blood samples were collected from subjects. Hemoglobin 

levels were measured using an automated hematology analyzer (Sysmex, Germany) in 

Department of Immunohematology, SMHS Hospital and SKMIS Soura. The normal 

range for hemoglobin levels in females was defined as 12.0-15.0g/dL.24 

 

3. Heart Rate Variability (HRV): 

o Electrocardiographic Recording: HRV was assessed through a 5-minute 

electrocardiogram (ECG) recording using a portable ECG device at Post Graduate 

Department of Physiology GMC Srinagar. Participants were instructed to sit 

quietly and breathe normally during the recording to minimize motion artifacts 

and ensure accurate measurements. 

o HRV Analysis: Time-domain measures of HRV were analyzed using specialized 

software. The primary HRV indices included in the study: 
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▪ Standard Deviation of NN Intervals (SDNN): Represents the overall 

variability in heart rate over the measurement period. 

▪ Root Mean Square of Successive Differences (RMSSD): Reflects short- 

term variability and parasympathetic nervous system activity.25 

 

Statistical Analysis 

 

Data was entered in MS Excel 2020. Means, standard deviations, and frequencies were 

computed for demographic and clinical variables. Pearson’s or Spearman’s correlation 

coefficients were calculated to examine the relationships between BMI, hemoglobin levels, and 

HRV measures. Multiple linear regression model was used to assess the independent effects of 

BMI and hemoglobin levels on HRV. Data analysis was performed using statistical software 

(SPSS 21.1). Significance was set at p < 0.05 for all statistical tests. 

 

Results 

 

The results of this study highlight the complex relationships between obesity, hemoglobin 

levels, and heart rate variability (HRV) in reproductive-age females. Table 1 compares the mean 

age, weight, height, and BMI, Hemoglobin and HRV parameters SDNN, RMSSD, Resting Heart 

Rate and Mean LF/HF in cases and controls. No significant differences were found in age and 

height between cases and controls, suggesting that these variables did not confound the primary 

associations of interest. Cases had significantly higher weight and BMI compared to controls 

(p<0.001). Cases had a significantly higher weight-height ratio compared to controls (0.46 vs. 

0.38, p<0.001). The weight-height ratio is a simple measure of relative body weight to height and 

a higher ratio indicates greater adiposity. The higher weight-height ratio in cases aligns with the 

higher BMI observed in this group, further confirming the greater prevalence of obesity among 

cases. The higher BMI in cases indicates a greater prevalence of obesity, which aligns with the 

study's focus on examining the impact of obesity on HRV. Waist circumference was significantly 

higher in cases compared to controls (92.5cm vs. 80.3cm, p<0.001). Waist circumference is a 

key indicator of central obesity, which is closely linked to cardiovascular risk and metabolic 

disturbances. The significantly higher waist circumference in cases indicates greater central 

adiposity, which is likely contributing to the reduced HRV and poorer autonomic function 

observed in this group. Hemoglobin levels were significantly lower in cases compared to 

controls (p=0.001). This suggests a higher prevalence of anemia among cases, which could

34 

http://www.neuroquantology.com/


Neuroquantology | Nov 2025 | Volume 23 | Issue 11 | Page 29-46| Doi:. 10.48047/nq.2025.23.11.nq25004 
Impact of Obesity and Hemoglobin Levels on Heart Rate Variability in Reproductive-Age Women: A Comparative Study 

EISSN 1303-5150 www.neuroquantology.com 

 

 

35 

affect HRV and overall cardiovascular health. Both SDNN and RMSSD, key measures of HRV, 

were significantly lower in cases than controls (p<0.001). Lower HRV indicates poorer 

autonomic function, which is often associated with higher cardiovascular risk. Resting Heart 

Rate in cases and controls was significant (p<0.001) and Mean LF/HF was insignificant in cases 

and controls (p=0.42). 

 

Table 1: Demographic, Clinical and HRV Characteristics of Cases and Controls. 

 

Variable Cases (n=100)  

Mean ± SD 

Controls (n=100)  

Mean ± SD 

P-Value 

Age (years) 32.8 ± 6.5 32.2 ± 6.0 0.45 

Height (cm) 161.7 ± 7.1 163.0 ± 6.5 0.12 

Weight (kg) 75.0 ± 14.2 62.0 ± 10.0 < 0.001 

Weight-Height Ratio 0.46 ± 0.08 0.38 ± 0.06 < 0.001 

BMI (kg/m²) 28.7 ± 5.0 22.3 ± 4.3 < 0.001 

Waist 

Circumference (cm) 

92.5 ± 12.0 80.3 ± 9.5 < 0.001 

Hemoglobin (g/dL) 12.9 ± 1.3 13.5 ± 1.2 0.01 

SDNN (ms) 47.0 ± 11.5 55.3 ± 10.2 < 0.001 

RMSSD (ms) 28.1 ± 9.3 35.3 ± 7.8 < 0.001 

Resting Heart rate  
(beats/min) 

85.29±5.8 75.15±5.15 <0.001 

Mean LF/HF  
(nu) 

1.67±0.95 0.86±0.33 0.42 

 

Correlation between HRV parameters, BMI, and Hemoglobin Levels in Cases and 

Controls was summarized in Table 2. A strong positive correlation exists between SDNN and 
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RMSSD in both cases and controls, indicating that these two HRV measures are consistently 

related and reflect overall autonomic function. Higher BMI was significantly associated with 

lower SDNN and RMSSD in both cases and controls, suggesting that obesity negatively impacts 

HRV. This association was stronger in controls, indicating that obesity might have a more 

profound impact on HRV in the absence of other conditions affecting autonomic function. 

Lower hemoglobin levels were associated with lower SDNN and RMSSD in cases but not in 

controls. This suggests that anemia may compound the negative effects of obesity on HRV in 

cases 

 

Table 2: HRV indices in cases and controls according to hemoglobin Levels (n = 200) 
 

Group Hb Level No. of 

Subjects 

(n) 

BMI 

(kg/m²) 

SDNN 

(ms) 

RMSSD 

(ms) 

Resting 

HR (bpm) 

Cases 

(Obese) 

Low  
(<12 g/dL) 

35 29.2 ± 4.8 45.0 ± 10.0 26.5 ± 8.5 87.2 ± 6.0 

Cases 

(Obese) 

Normal  
(12–14 g/dL) 

45 28.5 ± 5.1 47.8 ± 12.0 28.8 ± 9.0 84.9 ± 5.5 

Cases 

(Obese) 

High  
(>14 g/dL) 

20 28.1 ± 4.6 49.2 ± 11.5 29.9 ± 9.3 83.8 ± 4.8 

Controls 

(Normal BMI) 

Low  
(<12 g/dL) 

10 22.5 ± 2.0 53.0 ± 9.0 32.0 ± 6.0 77.0 ± 5.0 

Controls 

(Normal BMI) 

Normal  
(12–14 g/dL) 

70 23.0 ± 2.5 55.5 ± 10.0 34.5 ± 7.5 75.3 ± 5.1 

Controls 

(Normal BMI) 

High  
(>14 g/dL) 

20 21.8 ± 2.2 57.2 ± 8.5 35.8 ± 7.0 74.5 ± 4.8 

 

 

The table 2 demonstrated obese participants (cases), those with low hemoglobin (<12 

g/dL) exhibited the poorest HRV indices (SDNN: 45.0 ± 10.0ms, RMSSD: 26.5 ± 8.5ms) and the 

highest mean resting heart rate (87.2 ± 6.0 bpm). Controls with normal or high hemoglobin 

levels had the highest HRV values (SDNN: 55.5 ± 10.0ms and 57.2 ± 8.5ms; RMSSD: 34.5 ± 

7.5ms and 35.8 ± 7.0ms). 
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Table 3: Correlation between HRV Measures, BMI, and Hemoglobin Levels in Cases and 

Controls 

 

Group Variable SDNN RMSSD BMI Hemoglobin  

Cases SDNN 1.00 0.76** -0.42** -0.30* 37 

 RMSSD 0.76** 1.00 -0.38** -0.25* 

 BMI -0.42** -0.38** 1.00 -0.15 

 Hemoglobin -0.30* -0.25* -0.15 1.00 

Controls SDNN 1.00 0.82** -0.50** -0.22 

 RMSSD 0.82** 1.00 -0.47** -0.18 

 BMI -0.50** -0.47** 1.00 -0.18 

 Hemoglobin -0.22 -0.18 -0.18 1.00 

*Correlation is significant at the 0.05 level (2-tailed). **Correlation is significant at the 0.01 level (2-tailed). 

 

In table-3 the obese group (cases), SDNN and RMSSD was strongly and positively 

correlated (r = 0.76, p < 0.01). Both SDNN and RMSSD showed significant negative correlations 

with BMI (r = -0.42 and r = -0.38, respectively; p <0.01). Furthermore, hemoglobin 

demonstrated a modest but significant negative correlation with both SDNN (r = -0.30, p < 0.05) 

and RMSSD (r = -0.25, p < 0.05) In the control group, SDNN and RMSSD also showed a strong 

positive correlation (r = 0.82, p < 0.01). BMI remained negatively correlated with both SDNN (r 

= -0.50, p < 0.01) and RMSSD (r = -0.47, p < 0.01), (SDNN: r = -0.22; RMSSD: r = -0.18). 

 

Table 4: Multiple Regression Analysis for HRV Measures in Cases and Controls 

 

Group Dependent 

Variable 

Independent 

Variable 

Beta 

Coefficient 

Standard 

Error 

p-value 

Cases SDNN (ms) BMI (kg/m²) -0.35 0.06 < 0.001 

  Hemoglobin 

(g/dL) 

0.18 0.08 0.03 

 RMSSD (ms) BMI (kg/m²) -0.28 0.07 < 0.001 
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  Hemoglobin 

(g/dL) 

0.21 0.09 0.02  

Controls SDNN (ms) BMI (kg/m²) -0.45 0.05 < 0.001  

 

38   Hemoglobin 
(g/dL) 

0.12 0.07 0.09 

 RMSSD (ms) BMI (kg/m²) -0.32 0.06 < 0.001 

  Hemoglobin 
(g/dL) 
 

0.08 0.08 0.32 

*Adjusted for age, physical activity. 

 

The results of the multiple regression analysis presented in table 4 illustrated that in the 

obese group (cases), BMI showed a significant negative association with both SDNN (β = -0.35, 

p < 0.001) and RMSSD (β = -0.28, p < 0.001). Conversely, hemoglobin demonstrated a modest 

but statistically significant positive association with SDNN (β = 0.18, p = 0.03) and RMSSD (β = 

0.21, p = 0.02). In the control group, BMI also emerged as a significant negative predictor of 

HRV (SDNN: β = -0.45, p < 0.001; RMSSD: β = -0.32, p < 0.001). However, hemoglobin did 

not show a statistically significant relationship with HRV among controls (SDNN: β = 0.12, p = 

0.09; RMSSD: β = 0.08, p = 0.32). 

 

Table 5. HRV in Cases with Obesity (BMI and TG Increased) and Relationship with 

Hemoglobin Levels. 

 

Hemoglobin 

Levels 

Number of 

Subjects (n) 

BMI (kg/m²) Triglycerides 

(mg/dL) 

SDNN (ms) RMSSD (ms) 

Decreased Hb 

(<12 g/dL) 

35 29.2 ± 4.8 180 ± 40 45.0 ± 10.0 26.5 ± 8.5 

Normal Hb 

(12-14 g/dL) 

45 28.5 ± 5.1 175 ± 38 47.8 ± 12.0 28.8 ± 9.0 

High Hb 

(>14-16 g/dL) 

20 28.1 ± 4.6 170 ± 35 49.2 ± 11.5 29.9 ± 9.3 
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Table-5 summarizes that subjects with decreased hemoglobin levels showed the lowest 

HRV measures (SDNN: 45.0 ± 10.0ms, RMSSD: 26.5 ± 8.5ms). Subjects with normal 

hemoglobin levels had slightly better HRV measures (SDNN: 47.8 ± 12.0ms, RMSSD: 28.8 ± 

9.0ms) compared to those with decreased hemoglobin. Subjects with high hemoglobin levels 

exhibited the best HRV measures (SDNN: 49.2 ± 11.5ms, RMSSD: 29.9 ± 9.3ms) among the 

groups. 

Table 6: HRV in Controls (Normal BMI) and Relationship with Hemoglobin Levels. 

 

Hemoglobin 

Levels 

Number of 

Subjects  
(n) 

BMI  

(kg/m²) 

Triglycerides 

(mg/dL) 

SDNN  

(ms) 

RMSSD 

 (ms) 

Decreased Hb 

(<12g/dL) 

10 22.5 ± 2.0 120 ± 30 53.0 ± 9.0 32.0 ± 6.0 

Normal Hb 

(12-14 g/dL) 

70 23.0 ± 2.5 110 ± 25 55.5 ± 10.0 34.5 ± 7.5 

High Hb 
(>14-16 g/dL) 

20 21.8 ± 2.2 105 ± 20 57.2 ± 8.5 35.8 ± 7.0 

 

 

Table-6 summarizes that the controls with decreased hemoglobin levels had good HRV 

measures (SDNN: 53.0 ± 9.0ms, RMSSD: 32.0 ± 6.0ms). The majority of controls had normal 

hemoglobin levels, exhibiting the best HRV measures (SDNN: 55.5 ± 10.0ms, RMSSD: 34.5 ± 

7.5ms). Controls with high hemoglobin levels showed slightly improved HRV measures (SDNN: 

57.2 ± 8.5ms, RMSSD: 35.8 ± 7.0ms) compared to those with normal hemoglobin. 

 

Discussion 

 

This cross-sectional study was aimed to examine the association between obesity, 

hemoglobin levels, and heart rate variability (HRV) in reproductive-age females, dividing 

participants into cases (n=100) and controls (n=100). The results demonstrated significant 
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differences in BMI, hemoglobin levels, and HRV measures (SDNN and RMSSD) between cases 

and controls. Post hoc analysis further highlighted specific group differences. Our findings 

indicate that obesity is associated with lower HRV, as evidenced by significantly reduced SDNN 

and RMSSD values in obese participants compared to non-obese participants. This is consistent 

with existing literature, which suggests that obesity negatively impacts autonomic function, 

leading to decreased HRV. Lower HRV is a known risk factor for cardiovascular disease, 

indicating a potential pathway through which obesity may increase cardiovascular risk in 

reproductive-age females. The study also found that lower hemoglobin levels were associated 

with reduced HRV measures in cases, while this association was less pronounced in controls. 

This aligns with previous research indicating that anemia (characterized by low hemoglobin 

levels) can impair autonomic function and reduce HRV. 

 

The physiological mechanism may involve reduced oxygen delivery to tissues, including 

those involved in autonomic regulation, thereby impairing HRV. Many studies are in accordance 

with our findings. It has been observed that reduced low-frequency components of HRV could 

be due to diminished baroreceptor sensitivity to the changes in blood pressure. Harris et al., 

found that leptin interaction with its own hypothalamic receptor not only suppresses food 

consumption but also boosts energy expenditure by enhancing sympathetic nerve activity in 

obese individuals.26,27 Marin et al. reported that an increased sensitivity along hypothalamus- 

pituitary-adrenal axis leads to an excessive production of cortisol in the body and abnormal fat 

distribution in obese individuals.28 Many studies have revealed decreased thermogenesis in 

obese people.29, 30 Significant differences in mean BMI, hemoglobin levels, SDNN, and RMSSD 

were observed between cases and controls. Cases had higher BMI and lower hemoglobin levels 

compared to controls, suggesting a potential interplay between obesity and anemia in affecting 

HRV. This dual burden may exacerbate the autonomic dysfunction observed in cases, as both 

high BMI and low hemoglobin independently contribute to lower HRV. The post hoc analysis 

provided further insights into the specific group differences: 

 

• BMI: Cases had significantly higher BMI compared to controls. Within each group, 

obese participants had higher BMI than their non-obese counterparts. 

• Hemoglobin Levels: Cases had lower hemoglobin levels compared to controls, 

particularly among the obese subgroup. This suggests that obesity in cases may be 
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associated with a greater prevalence of anemia, potentially due to inflammatory processes 

or nutrient deficiencies often seen in obesity. 

• HRV Measures (SDNN and RMSSD): Both SDNN and RMSSD were significantly lower 

in cases compared to controls, with the lowest values observed in obese participants 

within the case group. This further supports the negative impact of obesity on autonomic 

function. 

 

The findings highlight the importance of addressing both obesity and anemia in 

reproductive-age females to improve autonomic function and potentially reduce cardiovascular 

risk. Interventions aimed at weight reduction and improving hemoglobin levels may have 

beneficial effects on HRV and overall cardiovascular health. Findings reported by Thorp and 

Schlaich,31 Laederach-Hofmann et al,32 and Esler et al 33 are in favor of our findings and they 

mentioned that obese persons suffer from an increased mortality risk supposedly due to 

cardiovascular disorders related to either continuously lowered parasympathetic or heightened 

sympathetic activation. Studies have also documented reduced HRV among overweight and 

obese individuals. In a study of 10 women with early-onset familial obesity and 10 nonobese 

women, several indices of HRV were reduced in the obese women.34,35 The significant 

differences in weight-height ratio and waist circumference between cases and controls reinforce 

the findings of higher BMI and weight in cases. The higher waist circumference in cases 

suggests greater central obesity, which is known to be particularly detrimental to cardiovascular 

health. Central obesity is associated with increased visceral fat, which is metabolically active and 

can lead to inflammation, insulin resistance, and other metabolic disturbances that negatively 

affect autonomic function and HRV. The weight-height ratio offers a straightforward measure of 

relative body weight and can be a useful tool in clinical settings for assessing adiposity and 

identifying individuals at higher risk of cardiovascular and metabolic conditions. Thus, our 

findings showed that WC and especially WHR had a direct relation with the sympathetic nervous 

system and an inverse relation with the parasympathetic nervous system in obese persons, which 

is also supported by a previous report.36 This could possibly be true because increased WHR 

leads to obesity and obesity modulates the cardiac autonomic nervous system. The findings 

indicated that cases with decreased hemoglobin levels (<12 g/dL) exhibited the lowest HRV 

measures, while those with normal and high hemoglobin levels demonstrated progressively 

better HRV. This relationship highlights the detrimental effects of anemia on autonomic 

function. 
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Anemia has been associated with increased heart rate and reduced exercise capacity, 

which can negatively impact HRV (Hassan et al., 2020).37 In reproductive-age females, the 

prevalence of anemia, particularly in the context of obesity, can exacerbate cardiovascular risks. 

The combination of obesity and anemia may lead to an additive effect on HRV deterioration, as 

both conditions are known to influence cardiovascular function negatively. Central or visceral 

obesity (abdominal obesity), which is more common in Asian populations, can simply be 

assessed by measurement of WC and WHR.38 Abdominal obesity is considered to be more 

dangerous than general obesity because the visceral fat has been shown to secrete certain 

cytokines and chemicals that are involved in atherogenesis and alterations in the autonomic 

balance.39 Obesity increases the sympathetic activity with a reduction in parasympathetic (vagal) 

tone, indicating poor autonomic cardiac rhythm control in obese individuals. 

 

The current study emphasizes the need for clinicians to monitor hemoglobin levels in 

obese patients, as correcting anemia could improve HRV and overall cardiovascular health. 

Healthcare providers should consider comprehensive strategies that address both weight 

management and nutritional status in this population. Future research should explore the 

mechanisms underlying the association between obesity, hemoglobin levels, and HRV. 

Additionally, interventions targeting weight reduction and anemia correction should be evaluated 

for their impact on HRV and cardiovascular outcomes in reproductive-age females. 

 

Conclusion 

The findings of this study demonstrate that individuals with higher body mass index 

(BMI) exhibit more pronounced alterations in heart rate variability (HRV), particularly when 

accompanied by low hemoglobin levels, compared to controls with normal BMI and similar 

hemoglobin status. This suggests that obesity exerts an additional adverse influence on cardiac 

autonomic regulation, compounding the detrimental effects of anemia. The interplay between 

obesity and reduced hemoglobin appears to significantly modulate HRV, underscoring their 

combined impact on autonomic function and cardiovascular risk. Overall, this study highlights 

the strong associations between obesity, hemoglobin levels, and HRV among reproductive-age 

females. Obese participants exhibited substantially lower HRV indices compared to non-obese 

controls, indicating impaired autonomic control and elevated cardiovascular vulnerability. 

Moreover, lower hemoglobin levels were independently linked to reduced HRV in obese 
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subjects, suggesting that anemia further amplifies obesity-related autonomic dysfunction. These 

results emphasize the need for integrated health management strategies addressing both obesity 

and anemia in reproductive-age women. Targeted interventions aimed at weight reduction, 

nutritional optimization, and anemia correction could collectively improve autonomic balance 

and cardiovascular outcomes. Additionally, the observed association between central adiposity 

and reduced HRV highlights the importance of reducing visceral fat through lifestyle 

modifications such as physical activity and dietary regulation. Future research should focus on 

larger, longitudinal studies to elucidate the causal mechanisms underlying these relationships and 

to develop evidence-based approaches for the prevention and management of cardiovascular 

dysregulation in this population. 
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