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Abstract:  
Background: The most common nutritional deficiencies in the world iron deficiency anemia (IDA). Regardless 
of the type of anemia, autonomic nervous system (ANS) dysfunction is a result. Because there are few related 
studies, this study assessed the ANS function in adolescents with IDA. 
Objective: The objective of this study is to assess the cardiac autonomic functions using cardiovascular reflex 
tests in iron deficiency anemia (IDA). 
Material and Methods: Thirty adolescents and with IDA and thirty controls of same age group 12 to 18 years 
were enrolled in this cross sectional study. We performed tests of autonomic function, such as the Valsalva 
maneuver, deep breathing tests (DBT), lying-to-stand assessments (LST), handgrip tests, and cold pressor tests. 
The statistical analysis was carried out using SPSS edition 21, and for normal and atypical parameter 
distributions, Mann-Whitney and unpaired t-tests were employed. The purpose of the study was to find possible 
health problems. 
Results: When compared to the healthy group, the IDA group's delta HR (DBT) and E:I ratio (DBT) were found 
to be significantly lower (p = 0.00*). The Valsalva ratio was significantly lower (p = 0.00*) in the IDA group. In 
the IDA group, the 30:15 ratio was significantly lower (p = 0.00*) than in the healthy control group. Heart rate 
(LST) was higher in the IDA group compared to the control group (p = 0.00*). The handgrip test was statistical-
ly insignificant, but the cold pressor test in the IDA group demonstrated statistical significance (p = 0.00*). 
Conclusions: Sympathetic hyperactivity resulting from increased tissue oxygen demand is responsible for ANS 
dysfunctions, which are common side effects of IDA in adolescents. Patients with IDA may benefit from a 
cardiovascular reflex test to evaluate their cardiac autonomic function. 
Keywords: Iron deficiency anemia, Autonomic nervous system, Cardiovascular Autonomic Reactivity, 
sympathetic tone, parasympathetic tone. 
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Introduction 

The most prevalent dietary inadequacy worldwide 
is anemia. Between 45 and 65 percent of adoles-
cents are thought to suffer from anemia, with iron 
deficiency (ID) accounting for half of these in-
stances. Iron deficiency anemia (IDA) is more 
common in women, adolescents, and underdevel-
oped countries because of altered iron needs during 
development and puberty, as well as limited iron 
intake from food [1]. Iron is necessary for the syn-
thesis of DNA, the movement of oxygen and elec-
trons, and the production of a wide variety of cellu-
lar proteins and enzymes [2]. IDA lacks iron, which 
is necessary for heme production. In the very early 

stages of ID, iron is depleted from bodily tissue 
reserves, including bone marrow, spleen, and liver. 
As iron deficiency (ID) progresses, the body will 
produce less hemosiderin, ferritin, and apotransfer-
rin, the iron transport protein. As a result, transfer-
rin saturation will decrease, transferrin receptors 
will increase, TIBC will rise, and serum iron levels 
will drop. This stage is known as pre-anemic or 
latent IDA [3]. Hemoglobin (HB) production is 
hindered when transferrin saturation levels fall be-
low 15–25%. When an individual has severe IDA 
(HB < 8 g/dL), their red blood cells (RBCs) be-
come smaller (microcytic) and have a lower con-
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centration of HB (hypochromic). Serum ferritin 
levels less than 12 μg/L are suggestive of IDA 
when bone marrow is devoid of iron stain [4]. 
Anemia is the most common dietary inadequacy 
globally, with iron deficiency (ID) accounting for 
half of cases. IDA is more common in women, ado-
lescents, and underdeveloped countries due to al-
tered iron needs during development and puberty 
and limited iron intake from food. [5] Iron is re-
quired for DNA synthesis, oxygen and electron 
movement, as well as cellular protein and enzyme 
production. IDA lacks iron, which is necessary for 
heme production. [5] As iron deficiency progresses, 
the body produces less hemosiderin, ferritin, and 
the iron transport protein apotransferrin, leading to 
a decrease in transferrin saturation, increased trans-
ferrin receptors, and a rise in TIBC. This stage is 
known as pre-anemic or latent IDA. Severe IDA 
(HB < 8 g/dL) leads to smaller red blood cells and 
a lower concentration of HB. Serum ferritin levels 
less than 12 μg/L suggest IDA when bone marrow 
is devoid of iron stain. [6] 

 Anemias can affect the autonomic nervous system 
(ANS), which controls the functioning of various 
cardiac and non-cardiac body systems during 
stressful situations. [6] Symptoms of IDA include 
irritability, palpitations, dyspnea, headaches, ener-
gy deficit, muscle metabolism abnormalities, exer-
cise intolerance, increased susceptibility to cold, 
tachycardia or arrhythmias, postural dizziness, 
faintness, and syncope.[7] Adults with IDA who 
underwent objective testing of their autonomic 
functions showed changes in resting heart rate and 
variability, as well as variations in blood pressure. 
Severe IDA is linked to an increased risk of myo-
cardial ischemia, arrhythmias, and heart failure, 
which are potentially lethal diseases. [7] 

Materials and Method: After ethical clearance, 
the institutional ethics committee granted per-
mission to carry the research: The Department of 
Paediatrics and the Department of Physiology col-
laborated to design and carry out a cross-sectional 
study including 60 patients aged 12 to 18. Thirty 
IDA participants and thirty age-matched control 
male and female volunteers—who were not im-
pacted by IDA—were included in the study.  

We measured sympathetic and parasympathetic 
reactivity by testing cardiovascular reflexes. [8] 
Evaluating the parasympathetic nervous system: a 
deep breathing test following a five-minute rest 
interval, participants were asked to gently breathe 
in and out at a rate of six breaths per minute. An 
ongoing ECG recording was taken during this deep 
breathing exercise. The next step included calculat-
ing the ratio of inspiration to expiration, or E:I. The 
E:I ratio is defined as the average of the minimum 
and maximum RR intervals during inhalation and 
expiration. The Method of Valsalva the participants 
were told to maintain their expiratory pressure at 40 

mmHg for 15 seconds after firmly exhaling through 
a mouthpiece that was fastened to a sphygmoma-
nometer. Lead II's ECG was captured for one mi-
nute while in both the relaxed and forceful exhale 
states. The ratio of the longest RR interval in Phase 
IV to the shortest RR interval in Phase II was used 
to compute the Valsalva ratio (VR). The ratio of 
lying to standing is 30:15. This test examined the 
variations in heart rate between a supine and stand-
ing position. After a five-minute rest interval, the 
participants tilted a passive tilt table to 60 degrees 
and remained there for an extra five minutes. The 
greatest RR interval, which occurs on the thirty-
first beat after standing, is divided by the shortest 
RR interval, which occurs roughly on the fifteenth 
beat, to provide the 30:15 ratio. A Test of isometric 
Handgrip A mercury sphygmomanometer was used 
to monitor the baseline blood pressure following a 
five-minute rest interval. To achieve the maximum 
voluntary contraction, participants were advised to 
hold the hand grip dynamometer with their domi-
nant hand with full force for a short while.  

The greatest force applied was then documented. 
Next, the subjects were told to press the dynamom-
eter at 30% of their maximal voluntary contraction 
for four minutes. Four, two-, and one-minute blood 
pressure values were obtained in addition. A base-
line ΔDBP measurement was made. Verify the cold 
pressure.  

Initially A mercury sphygmomanometer was used 
to take blood pressure after a five-minute break. 
Following that, participants were instructed to 
submerge their non-dominant hand for a minute in 
cold water (4-6 degree Celsius). At one, one and a 
half, and four minutes, blood pressure readings 
were obtained. A baseline ΔDBP measurement was 
made. Transitioning from the prone to the upright 
posture the parasympathetic and sympathetic nerv-
ous systems are assessed with this exam. SBP was 
recorded both at the passive tilt and when the sub-
ject was lying down in order to assess sympathetic 
activity. Measurements of blood pressure were 
made after thirty, one, two, and five minutes.  

The statistical analysis: The analysis based on 
statistics IBM SPSS Statistics for Windows, Ver-
sion 21.0 was utilized in this study to administer, 
analyze, and interpret the data. The researchers 
employed descriptive statistics like means and 
standard deviations (SD) to report their findings 
after collecting data from the chronic IDA and con-
trol groups. To find out if there were any statistical-
ly significant differences between the groups, the 
researchers used an unpaired t-test. The study used 
a p-value of less than 0.05 to determine statistical 
significance. 

 

Results 
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This study included sixty participants, including 
IDA patients as well as healthy controls. IDA 
patients had an average age of 34.23 ± 4.56 years, 
whereas the healthy population's average age was 
32.12 ± 3.84 years.  

Table 1 shows that the mean BMI of the IDA group 
was 24.32 ± 1.17, while the control group's BMI 
was 23.88 ± 1.32. IDA patients' average heart rate 
(HR) was 84. 67± 5.01 bpm, whereas healthy 
people's HR was 83. 49 ± 3.69 beats per minute 
(bpm).  According to Table 2, the delta HR (DBT) 
of IDA patients was 13.23 ± 1.34, while the DBT 
of healthy people was 15.11 ± 1.19 (p = 0.000*). 
The E: I ratio (DBT) for IDA patients was 1.18 ± 
0.49, whereas the ratio for healthy people was 1.31 

± 0.21 (p = 0.000*). Table 2 shows that the 
Valsalva ratio was 1.42 ± 0.65 in healthy 
individuals and 1.18 ± 0.78 in IDA patients (p = 
0.000*). The IDA patients demonstrated a 
significant decrease in the 30:15 ratio and a decline 
in systolic blood pressure (LST) (p = 0.00*) in 
comparison to the healthy control group.  

Heart rate (LST) increased significantly more in 
IDA patients (13.41 ± 3.71) than in the control 
group (8.55 ± 5.28; p = 0.000*). Based on a 
comparison between the IDA patients and the 
control group, the cold pressor test results showed 
statistical significance (p = 0.087*). The handgrip 
test's statistically insignificant (p=0.090) results are 
shown in Table 2. 

Table 1: Comparison of basal parameters in chronic IDA and healthy controls 
 IDA Mean ± SD Healthy Controls Mean ± SD p Value 
Age (years) 34.23 ± 4.56 32.12 ± 3.84 - 
BMI 24.32 ± 1.17 23.88 ± 1.32 0.946 
Mean Heart Rate (bpm) 84. 67± 5.01 83. 49 ± 3.69 1.098 
Systolic BP (mmHg) 122.84± 7.89 120.22 ±7.65 0.128 
Diastolic BP (mmHg) 80.98 ± 4.18 79.92 ± 3.15 0.248 

*p value < 0.05 Significant, BMI: Body mass index, BP: Blood pressure, SD: Standard deviation 

Table 2: Comparison of cardiovascular reflex test in patients of IDA and healthy controls 
 IDA Mean ± SD Healthy Controls Mean ± SD p Value 
Delta HR (DBT) 13.23 ± 1.34 15.11 ± 1.19 0.000* 
E:1 ratio (DBT) 1.18 ± 0.49 1.31 ± 0.21 0.000* 
Valsalva ratio 1.18 ± 0.78 1.42 ± 0.65 0.000* 
30:15 ratio (LST) 1.19 ± 0.37 1.25 ± 0.22 0.000* 
Rise in Heart rate (LST) 13.41 ± 3.71 8.55 ± 5.28 0.000* 
Fall in SBP (LST) (mmHg) 11.85 ± 2.12 3.73 ± 4.84 0.000* 
Delta DBP-Isometric handgrip test (mmHg) 10.22 ± 8.02 10.89 ± 7.94 0.087 
CPT (mmHg) 9.31 ± 5.64 15.43 ± 4.01 0.000* 

*p value < 0.05 Significant, LST- lying to standing, SBP- Systolic blood pressure, DBP- Diastolic blood 
pressure, CPT- Cold pressor test, SD: Standard deviation 

 
Discussion 

In this work, we used battery subsets that are sensi-
tive to changes in the sympathetic and parasympa-
thetic nervous systems. They showed that a signifi-
cant proportion of adolescents with IDA had sym-
pathetic hyperactivity and inadequate parasympa-
thetic activity, as demonstrated by tachycardia 
(56.67%), deep breathing, the HRV to active stand-
ing, and the Valsalva maneuver (36.67%).  

A rise in diastolic blood pressure in reaction to cold 
and hand gripping was another indicator of sympa-
thetic hyperactivity. Significant correlations were 
found between serum ferritin levels and ANS dys-
function. Similar findings to this study have been 
obtained in the majority of adult investigations that 
have shown a reduction in HRV in response to var-
ious stimuli (e.g., standing, breathing, etc.) [9–11]. 
The fluctuations in the RR interval between two 
successive QRS complexes captured by an ECG 
are known as heart rate variability, or HRV. It 
shows how responses to both internal and external 

stimuli alter humoral variables, efferent neural 
pathways (such as sympathovagal activity), and 
central oscillators (sinus nodes). It has been 
demonstrated that a high HRV indicates a function-
al  

A decrease in ANS adaptability is shown by both a 
lower HRV and ANS. HRV is believed to be a pre-
dictive technique for diagnosing arrhythmias and 
sudden cardiac arrest [12]. Numerous studies' find-
ings demonstrated that parasympathetic activity 
was limited and sympathetic activity predominant 
in individuals with IDA.  

The findings of Jibhkate et al. [13], who discovered 
that 40% of patients with IDA reacted to the 
Valsalva maneuver with a decrease in HR com-
pared to initial HR, also corroborate the latter. The 
complicated hemodynamic outcomes for both sym-
pathetic and parasympathetic neuron activation are 
reflected in this data. However, the existence of 
anomalous postural tachycardia syndrome (POTS) 
together with a normal atropine response indicates 
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that the afferent limb of the parasympathetic reflex 
is active.  

Dysfunction of the ANS with IDA has also been 
shown in investigations of HRV using various ap-
proaches (e.g., Polyrite-D, 24-hour Holter monitor-
ing, etc.). Yokusoglu et al. [10] looked at the HRV 
indicators of 43 persons with IDA. A rise in the 
mean heart rate (HR), impairment of the lobal 
standard deviation (SD) of NN intervals (SDNN), 
and SD of the average NN intervals for each 5-
minute segment (SDANN) were among the sympa-
thetic hyperactivity markers that the investigators 
found.  

It was also discovered that markers of decreased 
parasympathetic activity were decreasing, includ-
ing the root mean square of successive differences 
(rMSSD) and the proportion of variations between 
consecutive normal RR intervals > 50 ms (PNN50). 
Four active channels, Polyrite-D, were utilized by 
Rahman et al. [9] to measure HRV in one hundred 
adult females with IDA. Compared to controls, 
they observed elevated low frequency (LF) power 
and LF values in normalized units as well as an 
elevated ratio of LF to HF in bandofspectral analy-
sis of HRV (LF/HF) markers of cardiac sympathet-
ic hyperactivity.  

There were also observations of decreased overall 
power, HF power, and, in normalized units, signs 
of a decrease in parasympathetic activity. Further-
more, additional investigations revealed the pres-
ence of IDA in POTS patients.  Extremely frequent 
POTS, which has been connected to parasympa-
thetic dysfunction, was seen by Jarjour and Jarjour 
[15] when comparing females with reduced ferritin 
levels to healthy females. Additionally, Studies 
have indicated that anemia raises the risk of wors-
ening heart failure. They postulated that the associ-
ated increase in sympathetic activity and adrenergic 
stimulation might hasten ventricular remodeling 
[16].  

According to a comprehensive study and meta-
analysis by Groenveld et al. [16], anemia was pre-
sent in 37.2% of patients with heart failure, and 
there was an independent association between the 
liver and a greater risk of mortality in both systolic 
and diastolic heart failures. Kapoor et al. [12] re-
ported increased heart rate but no change in resting 
systolic blood pressure in patients of mild, moder-
ate, or severe anemia. Sönmezler et al. [17] report-
ed that there were indications of reduced sympa-
thetic function in adolescents with IDA.  

The authors found that IDA patients had a delayed 
palmar sympathetic skin response (SSR) latency 
compared to control volunteers. The polysynaptic 
reflex, also known as the SSR's final efferent route 
(C fibers), is composed of pre- and post-ganglionic 
sympathetic sudomotor fibers.  This reflex stimu-
lates sympathetic outflow in the sweat glands. [17] 

Numerous theories on the processes of ANS dys-
function brought on by IDA have been proposed by 
research.  

Gradual onset anemia may lead to compensatory 
mechanisms. These include: (1) A short circulatory 
time or an increase in resting heart rate serve as the 
body's way of compensating for a decrease in HB 
concentration and the resulting tissue hypoxia. 
Anemia-induced hypoxia can result in potassium 
channel suppression or impairment of the mito-
chondrial respiratory chain, both of which increase 
intracellular calcium levels.  

The latter results in increased systemic vascular 
resistance (venous and arterial), tachycardia, sym-
pathetic (adrenergic) hyperactivity, and activation 
of carotid bodies [18, 19]. This might explain the 
observed significant increase in diastolic blood 
pressure in adolescents with IDA compared to pre-
testing levels in response to extended handgrip or 
exposure to cold. Studies have indicated that pro-
longed hand gripping increases the concentrations 
of local metabolic waste products, such as lactic 
acid and adenosine, and triggers metaboreceptor 
afferent fiber discharge.  

These effects may result in hyperactivity of the flex 
sympathetic nervous system, constriction of blood 
vessels, and increased blood pressure [20, 21]. Ad-
ditionally, research has demonstrated a rise in the 
HB oxygen dissociation curve's rightward shift and 
an increase in the extraction of oxygen from ane-
mic blood.  

The tissues [22], localized buildup of metabolites 
(like lactic acid), and anaerobic metabolism that 
increases non-catecholamine humoral mediators 
(such as serotonin and adrenal medullary hor-
mones) and chemoreceptors. These occurrences 
cause tachycardia, peripheral resistance to de-
crease, and vasodilatation [23].  

Conclusion 

ANS dysfunctions ranging from moderate to severe 
are frequently observed in adolescents with IDA. 
Fatigue, vertigo, palpitations while at rest, head-
ache, and tachycardia, a drop-in heart rate during 
sudden and vigorous standing, deep breathing, and 
the Valsalva maneuver are among the common 
symptoms.  

The physiological, laboratory, and clinical signs of 
ANS were all improved by iron therapy. Tissue 
hypoxia caused by IDA may result in both a patho-
logical excess of sympathetic activity and a de-
crease in sympathetic activity. It has been proposed 
that IDA may serve as a predictor for heart condi-
tions, arrhythmias, and sudden cardiac death. With 
optimal iron therapy, there is potential to improve 
ANS manifestations brought on by IDA. 
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