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ABSTRACT 
Background: Cardiac autonomic activity may vary across menstrual cycle phases due to cyclic ovarian hormonal 
changes. 
Methods: This observational analytical study included 50 healthy female students aged 18–30 years with regular 
menstrual cycles. Heart rate variability was recorded for 10 minutes in supine rest using ECG-based Physiopac 
recording. Recordings were taken during menstrual, proliferative, ovulatory and secretory phases. Frequency-
domain HRV indices including LF norm, HF norm and LF/HF ratio were analysed. Repeated measures ANOVA 
and post-hoc pairwise comparison were applied. 
Results: LF norm was lowest during the ovulatory phase 45.9 ± 15.7 and highest during the secretory phase 54.1 
± 15.7. HF norm was highest during the ovulatory phase 52.6 ± 9.3 and lowest during menstrual phase 40.8 ± 
13.1. LF/HF ratio was lowest during ovulation 0.76 (0.58–1.08). Repeated measures ANOVA showed significant 
phase-wise variation in LF norm (F=4.53, p=0.004) and HF norm (F=10.73, p=0.001). LF/HF ratio did not show 
significant variation (F=1.59, p=0.190). Post-hoc analysis showed significant difference of ovulatory phase with 
menstrual, proliferative and secretory phases for both LF norm and HF norm. 
Conclusion: Normalized HRV indices varied significantly across menstrual cycle phases in healthy young 
females. The ovulatory phase showed lower LF norm and higher HF norm, suggesting relatively greater 
parasympathetic modulation. LF/HF ratio showed a similar trend but was not statistically significant. Menstrual 
phase should be considered during HRV recording in young females. 
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Introduction 
The menstrual cycle is a normal infradian rhythm in 
reproductive age females. It is associated with cyclic 
changes in estrogen and progesterone. These 
hormonal changes are not limited to reproductive 
organs. They also affect cardiovascular control, 
vascular tone and autonomic nervous system 
activity. Cardiac vagal activity has been shown to 
vary across the menstrual cycle, and progesterone 
may have an important role in these changes.[1,2] 
Heart rate variability (HRV) is a simple and non-
invasive method for assessing cardiac autonomic 
modulation. It reflects beat-to-beat variation in heart 
rate under sympathetic and parasympathetic 
influence. Frequency-domain HRV analysis gives 
useful information through low-frequency and high-
frequency components. HF activity is mainly related 

to vagal modulation, while LF activity has mixed 
sympathetic and parasympathetic contribution.[3,4] 
Recent studies have again highlighted that HRV 
changes across menstrual cycle phases. A living 
systematic review reported that HRV tends to be 
higher during the early cycle and lower toward the 
later cycle in naturally menstruating females.[5] 
Hamidovic et al. also reported a significant decrease 
in HF-HRV around the periovulatory period, 
suggesting that autonomic changes may be phase 
specific and not uniform across the whole cycle.[6] 
Indian studies on healthy young females are still 
limited. James and Sunil studied healthy medical 
students and reported phase-related differences in 
HRV during proliferative and secretory phases.[7] 
Mittal et al. also found significant variation in HRV 
parameters across menstrual phases in young adults, 
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supporting the need for more physiology-based data 
in this age group.[8] 
Interpretation of LF/HF ratio needs caution because 
it may not directly represent sympathovagal balance 
in all situations.[9] Hence, separate assessment of 
LF normalized units, HF normalized units and 
LF/HF ratio gives a better picture of cardiac 
autonomic modulation. The present study was done 
to assess frequency-domain HRV changes across 
menstrual, proliferative, ovulatory and secretory 
phases among healthy young female students. 
Materials and Methods 
This observational analytical study was conducted in 
the Department of Physiology over 18 months. The 
study included 50 healthy female students aged 18–
30 years with regular menstrual cycles. Participants 
with irregular cycles, systemic illness, chronic 
respiratory disease, hypertension, diabetes mellitus, 
regular yoga practice or medications affecting 
autonomic function were excluded. Written 
informed consent was taken from all participants. 
Anthropometric data, resting heart rate and blood 
pressure were recorded. HRV was assessed using 
ECG recording with a Physiopac 8-channel system 
and Biochart software. Each participant underwent 
10-minute HRV recording in supine rest with eyes 
closed. Recordings were taken during menstrual 
phase days 1–5, proliferative phase days 6–14, 
ovulatory phase around day 14 ± 1 and secretory 
phase days 15–28. Frequency-domain HRV 
parameters were analysed. The main variables were 
LF norm, HF norm and LF/HF ratio. Data were 
analysed using SPSS software. Repeated measures 
ANOVA was used for phase-wise comparison. Post-
hoc pairwise comparison was done for significant 
parameters. A p-value <0.05 was considered 
statistically significant. Ethical approval was 
obtained before starting the study. 
 
Results 
Table 1: Normalized HRV indices across 
menstrual phases 
 

Phase LF 
norm 

HF 
norm 

LF/HF 
ratio 

Menstrual 53.8 ± 
13.8 

40.8 ± 
13.1 

1.29 
(0.81–
2.18) 

Proliferative 50.7 ± 
13.0 

48.7 ± 
12.6 

0.99 
(0.64–
1.60) 

Ovulatory 45.9 ± 
15.7 

52.6 ± 
9.3 

0.76 
(0.58–
1.08) 

Secretory 54.1 ± 
15.7 

47.4 ± 
9.4 

1.18 
(1.09–
1.34) 

LF norm declined from menstrual phase 53.8 ± 13.8 
to ovulatory phase 45.9 ± 15.7. It increased again in 
secretory phase 54.1 ± 15.7. HF norm showed 

opposite trend. It was lowest during menstrual phase 
40.8 ± 13.1 and highest during ovulatory phase 52.6 
± 9.3. LF/HF ratio was also lowest during ovulation 
0.76 (0.58–1.08). This pattern indicates relatively 
higher parasympathetic modulation during 
ovulatory phase. 
 
Table 2: Repeated measures ANOVA for 
normalized HRV parameters 
 

Parameter F value p-value 

LF norm 4.53 0.004 

HF norm 10.73 0.001 

LF/HF ratio 1.59 0.190 

 
Repeated measures ANOVA showed significant 
phase-wise variation in LF norm (F=4.53, p=0.004) 
and HF norm (F=10.73, p=0.001). LF/HF ratio did 
not show significant variation across the menstrual 
cycle phases (F=1.59, p=0.190). Thus, LF norm and 
HF norm were the main HRV variables showing 
significant menstrual phase effect. 
Table 3: Post-hoc comparison of significant HRV 
parameters 
 

Comparison LF norm 
adjusted p-
value 

HF norm 
adjusted p-
value 

Menstrual vs 
Ovulatory 

0.032 0.001 

Proliferative vs 
Ovulatory 

0.014 0.012 

Ovulatory vs 
Secretory 

0.038 0.019 

 
Post-hoc analysis showed that ovulatory phase 
differed significantly from menstrual, proliferative 
and secretory phases for both LF norm and HF norm. 
LF norm was significantly lower in ovulatory phase 
compared with menstrual phase (p=0.032), 
proliferative phase (p=0.014) and secretory phase 
(p=0.038). HF norm was significantly higher in 
ovulatory phase compared with menstrual phase 
(p=0.001), proliferative phase (p=0.012) and 
secretory phase (p=0.019). This confirms ovulation 
as the main phase showing autonomic shift. 
Discussion 
The present study showed clear phase-wise change 
in normalized HRV indices across the menstrual 
cycle. LF norm declined from menstrual phase to 
ovulatory phase. HF norm increased during the 
ovulatory phase. LF/HF ratio was also lowest during 
ovulation. Repeated measures ANOVA showed 
significant variation in LF norm and HF norm, while 
LF/HF ratio did not show significant difference. 
Post-hoc analysis showed that ovulatory phase was 
the main phase showing difference from other 
phases. This indicates a shift toward 
parasympathetic predominance around ovulation, 
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but the LF/HF ratio alone was not strong enough to 
show a significant phase effect. 
The lower LF norm and higher HF norm during 
ovulation may be related to the effect of estrogen on 
cardiac autonomic regulation. Estrogen has been 
linked with better vagal modulation and relatively 
lower sympathetic drive. Leicht et al. reported a 
relationship between estrogen and HRV around 
ovulation, supporting the possible role of 
endogenous estrogen in vagal modulation.[10] 
Similar phase-related autonomic changes were also 
described by Sato et al. in healthy young women 
during the normal menstrual cycle.[11] In the 
present study, the ovulatory phase showed LF norm 
of 45.9 ± 15.7 and HF norm of 52.6 ± 9.3, which 
supports this physiological direction. 
The present findings partly differ from studies which 
reported greater sympathetic activity during luteal or 
secretory phase. Brar et al. found higher sympathetic 
activity during the secretory phase and 
parasympathetic predominance during the 
proliferative phase in healthy young females.[12] 
Yildirir et al. also reported that cardiac autonomic 
tone is modified during the menstrual cycle and 
suggested a role of changing ovarian hormones.[13] 
Yazar and Yazıcı found lower SDNN and SDANN 
in luteal phase compared with follicular phase, 
suggesting relatively higher sympathetic activity in 
luteal phase.[14] Our study also showed that LF 
norm increased again in secretory phase, but HF 
norm did not fall below proliferative phase values. 
This may explain why the LF/HF ratio did not reach 
statistical significance. 
The significant ANOVA findings for LF norm and 
HF norm suggest that normalized components may 
be more sensitive than LF/HF ratio in this study. 
LF/HF ratio showed a decreasing trend from 
menstrual to ovulatory phase, but the variation was 
wide. This limits its interpretation as a single marker 
of sympathovagal balance. Earlier work by Berntson 
et al. also advised caution in interpretation of HRV 
indices because physiological meaning depends on 
recording condition, respiratory influence and 
analytic method.[15] Hence, the present study gives 
more value to the separate LF norm and HF norm 
findings rather than over-interpreting LF/HF ratio. 
The post-hoc findings strengthen the observation 
that ovulation was the key autonomic transition 
point. LF norm was significantly lower in ovulatory 
phase compared with menstrual, proliferative and 
secretory phases. HF norm was significantly higher 
in ovulatory phase in the same comparisons. Bai et 
al. also showed that HRV properties change across 
menstrual cycle phases in young women, supporting 
that autonomic regulation is not fixed throughout the 
cycle.[16] McKinley et al. studied healthy 
premenopausal women using ambulatory ECG and 
also reported that menstrual phase can influence 
cardiac autonomic regulation.[17] 

Resting heart rate did not show significant 
correlation with LF/HF ratio or HF norm in any 
phase. This suggests that resting heart rate alone may 
not reflect the underlying autonomic pattern. HRV 
gives more detailed information about beat-to-beat 
autonomic modulation. This is important in young 
healthy females where resting cardiovascular 
parameters may remain within normal range despite 
internal autonomic variation. 
The clinical value of this study is mainly 
physiological. It shows that menstrual phase should 
be considered when HRV is recorded in young 
females. Comparison of HRV between female 
participants, or before and after intervention, may be 
affected if the menstrual phase is not kept similar. 
Matsumoto et al. also highlighted that altered 
autonomic activity may have relevance in 
premenstrual symptomatology.[18] The present 
study was done in healthy females, so the findings 
should not be directly applied to symptomatic 
women. Still, it supports the need to record 
menstrual phase during autonomic function testing. 
The study has some limitations. Serum estrogen and 
progesterone levels were not measured, so hormonal 
association was inferred from cycle phase only. 
Ovulation was identified by cycle day and not by 
biochemical confirmation. The sample was limited 
to healthy young female students from one setting. 
Time-domain HRV parameters were not included in 
the main analysis. Despite these limitations, the 
study shows significant phase-wise variation in LF 
norm and HF norm, with parasympathetic 
predominance during the ovulatory phase. 
Conclusion 
The present study showed significant variation in 
normalized HRV indices across menstrual cycle 
phases in healthy young females. LF norm decreased 
and HF norm increased during the ovulatory phase, 
suggesting greater parasympathetic modulation 
during this phase. LF/HF ratio was lowest during 
ovulation but did not show statistically significant 
phase-wise difference. Menstrual cycle phase should 
be noted during HRV assessment in young female 
participants. 
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