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ABSTRACT

Objective: The aim of this study was to assess autonomic dysfunction via heart rate variability 
(HRV) in residents with on-call shifts.

Method: A cross-sectional study of 140 residents (104 on-call, 36 non-on-call) was 
conducted. HRV parameters, stress indices, and physical activity (International Physical Activity 
Questionnaire, IPAQ) were compared using parametric and non-parametric tests.

Results: On-call residents showed elevated heart rates (84 vs. 79 bpm, P = 0.006), higher 
stress indices (12.1 vs. 9.96, P = 0.003), and reduced parasympathetic markers (root mean 
square of successive differences [RMSSD], standard deviation of normal-to-normal intervals 
[SDNN], parasympathetic nervous system index [PNS index]; all P ≤ 0.006). Physical activity 
did not differ between groups.

Conclusion: An association between on-call shifts and altered autonomic balance was 
observed, suggesting a potential increase in cardiovascular risk independent of lifestyle factors. 
These findings may be considered by policymakers when planning resident physician workloads.

Keywords: Autonomic nervous system, exercise, heart rate, internship and residency, 
physiological, shift work schedule, stress, work schedule tolerance

ÖZET

Amaç: Nöbet görevi olan asistanlarda otonomik disfonksiyonun kalp hızı değişkenliği (HRV) ile 
değerlendirilmesi amaçlandı.

Yöntem: Toplam 140 asistanın (104’ü nöbet tutan, 36’sı nöbet tutmayan) katıldığı kesitsel 
bir çalışma yapıldı. HRV parametreleri, stres indeksleri ve fiziksel aktivite düzeyi (IPAQ skoru) 
parametrik ve non-parametrik testler kullanılarak karşılaştırıldı.

Bulgular: Nöbet tutan asistanlarda daha yüksek kalp hızı (84’e karşı 79 vuru/dakika, P = 0.006), 
daha yüksek stres indeksleri (12.1’e karşı 9.96, P = 0.003) ve daha düşük parasempatik belirteçler 
(RMSSD, SDNN, PNS indeksi; tümü için P ≤ 0.006) saptandı. Fiziksel aktivite düzeyleri açısından 
gruplar arasında anlamlı fark bulunmadı.

Sonuç: Gece nöbetleri, yaşam tarzı faktörlerinden bağımsız olarak otonomik dengeyi bozmakta 
ve kardiyovasküler riski artırmaktadır.

Anahtar Kelimeler: Otonom sinir sistemi, egzersiz, kalp hızı, intörnlük ve asistanlık, psikolojik, 
vardiyalı çalışma, stress, iş çizelgesi toleransı

Occupational stress is an increasingly recognized determinant of health, particularly 
among healthcare professionals. Medical residents, often at the frontline of 

healthcare systems, experience extended work hours, sleep deprivation, and irregular 
schedules—all of which can disrupt physiological homeostasis.1,2 Among physiological 
indicators of stress, heart rate variability (HRV) has emerged as a robust, noninvasive 
measure of autonomic nervous system (ANS) function.3

Heart rate variability reflects the balance between sympathetic and parasympathetic 
activity, with reduced variability linked to heightened cardiovascular risk, impaired 
stress adaptation, and all-cause mortality.4–6 Time-domain parameters (e.g., standard 
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deviation of normal-to-normal intervals [SDNN], root mean 
square of successive RR interval differences [RMSSD]), frequency-
domain indices (e.g., low-frequency [LF] and high-frequency 
[HF] power), and non-linear measures (e.g., Poincaré plots) offer 
complementary perspectives on autonomic modulation.7,8

Longitudinal studies have demonstrated correlations between 
diminished HRV and increased incidence of hypertension, 
diabetes, and metabolic syndrome.9 Furthermore, the 
relationship between autonomic imbalance and mental health 
outcomes, including depression, anxiety, and burnout, suggests 
that HRV may serve as a useful biomarker in occupational health 
surveillance.10

The demanding nature of medical training, combined with sleep 
deprivation and circadian disruption from shift work, creates a 
potentially hazardous physiological environment.11 Previous 
studies have documented decreased HRV in shift workers across 
various industries, but the specific impact of medical residents' 
on-call schedules—characterized by prolonged wakefulness 
followed by insufficient recovery time—warrants focused 
investigation.12

Despite the ubiquity of on-call shifts in residency programs, their 
specific physiological consequences have not been sufficiently 
quantified. This study investigates whether on-call shifts are 
associated with autonomic imbalance, as evidenced by HRV 
parameters, and whether lifestyle factors such as physical activity 
mediate this relationship.

Materials and Methods

Study Design and Participants
This cross-sectional study included 140 consenting residents from 
two university-affiliated tertiary hospitals. Cohen’s test with d = 
0.735 yielded a required sample size of 35 participants per group. 
The study protocol received approval from the Health Sciences 
University Hamidiye Scientific Research Ethics Committee 
(Approval Number 24/557, Date: 20.09.2024), and the study 
was conducted in accordance with the Declaration of Helsinki. 
Participants were divided into two groups: those with regular 
24-hour on-call shifts (n = 104) and those without any on-call 
shifts (n = 36). Although a sample size of 35 per group was initially 
targeted based on power calculations, the final distribution (n = 
104 on-call vs. n = 36 non-on-call) reflects the higher prevalence 
of on-call duties among the available resident population at the 
participating tertiary hospitals. Efforts were made to include all 
available non-on-call residents to maximize the comparison 
group's statistical power. Inclusion criteria were full-time residency 
status and the absence of chronic illnesses, psychiatric disorders, 
or medications known to affect HRV. Individuals were excluded if 
they did not provide informed consent.

Data Collection and Instruments
R–R intervals were measured using a Polar H10 chest strap 
(sampling rate: 1000 Hz) during 30 minutes of supine relaxation 
in a quiet environment. Heart rate variability was analyzed offline 
using HRV analysis software (Kubios HRV, version 1.6.6; Kubios 
Oy, Kuopio, Finland). This device provides HRV measurements 
consistent with those obtained from laboratory-grade 
electrocardiography (ECG) devices.13 All values are presented 
as medians with interquartile ranges. Time-domain measures 

included heart rate, RMSSD, SDNN, and mean RR interval. 
Frequency-domain measures included HF and LF power, as well 
as the LF/HF ratio. Non-linear measures included Poincaré indices 
SD1 and SD2. Additional autonomic indices (parasympathetic 
nervous system [PNS], sympathetic nervous system [SNS] index, 
and stress index) were derived using integrated algorithms.

All recordings were performed between 9:00 AM and 12:00 
PM to minimize circadian variations in autonomic function. For 
residents in the on-call group, measurements were taken at 
least 48 hours after their most recent on-call duty to evaluate 
persistent rather than acute effects. Standardized conditions 
were maintained during recordings, with participants in a seated 
position following a 10-minute rest period in a quiet room at a 
comfortable temperature.

Physical activity was assessed using the International Physical 
Activity Questionnaire (IPAQ) short form, which estimates 
weekly energy expenditure in metabolic equivalent–minutes per 
week (MET-min/week; MET: metabolic equivalent of task) across 
walking, moderate, and vigorous activities, as well as sedentary 
time. IPAQ data were categorized according to standard protocols 
into three activity levels: inactive, minimally active, and health-
enhancing physical activity (HEPA) active.

Demographic characteristics, duration of training, monthly 
number of shifts, sleep duration during shifts, and alcohol, 
tobacco, and caffeine consumption were recorded using a 
standardized questionnaire. Participants were asked not to 
consume coffee or alcohol on the day of recording. Body mass 
index was calculated from measured height and weight.

Statistical Analysis
Data were tested for normality using the Shapiro-Wilk test. 
Between-group comparisons were performed using the 
Mann-Whitney U test or the independent-samples t test, and 
chi-square tests were used for categorical variables. Receiver 
operating characteristic (ROC) curve analysis was used to 
assess the predictive capacity of HRV parameters for identifying 
residents with on-call shifts. Statistical significance was set at 
P < 0.05. All analyses were performed using SPSS version 27.0. 
(IBM Corp., released 2020; IBM SPSS Statistics for Windows, 
Version 27.0; Armonk, NY: IBM Corp.).

This observational study was reported in accordance with the 
STROBE guidelines (Strengthening the Reporting of Observational 
Studies in Epidemiology).

ABBREVIATIONS
ANS	 Autonomic nervous system
BMI	 Body mass index
COVID-19	 Coronavirus Disease 2019
ECG	 Electrocardiography
HEPA	 Health-enhancing physical activity
HRV	 Heart rate variability
IPAQ	 International Physical Activity Questionnaire
MET	 Metabolic equivalent value
PNS	 Parasympathetic nervous system
RMSSD	 Root mean square of successive differences
SNS	 Sympathetic nervous system
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Results

Baseline Characteristics
Table 1 summarizes the demographic and lifestyle characteristics 
of the study population. Demographic and lifestyle factors were 
comparable between groups, including age, sex, body mass 
index (BMI), training duration, and smoking, alcohol, and coffee 
consumption (P > 0.05 for all). The mean age was 28.5 ± 3.6 years 
for non–on-call residents and 29.7 ± 3.4 years for residents with 
on-call shifts. Males constituted 44.4% of the non–on-call group 
and 49% of the on-call group. The mean number of monthly 
on-call shifts was 5 (range: 4-8) in the on-call group. Median 
sleep duration during shifts was 4 hours (range: 3-6 hours).

HRV Differences
Table 2 presents a comprehensive comparison of HRV parameters 
between groups. On-call residents exhibited significantly elevated 
heart rates (84 vs. 79 bpm, P = 0.006) and higher stress indices 
(12.1 vs. 9.96, P = 0.003). RMSSD (27 vs. 34.5, P = 0.002), 
SDNN (38.8 vs. 47.2, P = 0.006), PNS index (-1.42 vs. -0.86, 

P = 0.002), and Poincaré indices SD1 (19.3 vs. 24.4, P = 0.002) 
and SD2 (51.6 vs. 61.4, P = 0.012) were all significantly lower 
in the on-call group, indicating reduced autonomic modulation. 
The SNS index was elevated in the on-call group (1.78 vs. 1.07, 
P = 0.002), demonstrating heightened sympathetic tone. HF 
power was significantly lower among on-call residents (335.7 vs. 
395.2, P = 0.014), while the LF/HF ratio trended higher (3.25 vs. 
2.52, P = 0.093) but did not reach statistical significance. Figure 
1 presents a boxplot illustrating differences in key HRV variables 
between groups.

The mean RR interval, representing the average time between 
consecutive heartbeats, was significantly shorter in residents 
with on-call shifts (712 vs. 758 ms, P = 0.006), consistent with 
their higher resting heart rates. This pattern of elevated heart rate, 
reduced time-domain HRV parameters, and altered frequency-
domain components suggests a shift toward sympathetic 
predominance and reduced autonomic modulation in residents 
exposed to on-call shifts.

Table 1. Baseline characteristics of the study population [median (interquartile range)]
Without on-call shifts (n = 36) With on-call shifts (n = 104) P

Age (years) 28.5 ± 3.6 29.7 ± 3.4 0.937

Sex (% male) 16 (44.4%) 51 (49%) 0.634

BMI (kg/m2) 22.8 ± 3.6 24 ± 3.6 0.083

Training duration (months) 24 (18-31) 24 (21-26) 0.829

Monthly number of on-call shifts 0 5 (4-8) <0.001
Sleep time during shifts (hours) 4 (3-6)

Smoking (packs/day) 0 (0-0.25) 0 (0-0.5) 0.530

Alcohol consumption (units/week) 2 (0-7) 2 (0-5) 0.840

Coffee consumption (cups/day) 2 (1-3) 2 (1-3) 0.273

BMI, Body mass index.

Table 2. Heart rate variability (HRV) parameters
Heart rate variability parameter Without on-call shifts (n = 36) With on-call shifts (n = 104) P
Heart rate 79 (72-88) 84 (79-92) 0.006
RMSSD 34.5 (26-49.8) 27 (18-37.7) 0.002
PNS -0.86 (-1.44-0.31) -1.42 (-1.96-0.86) 0.002
SNS 1.07 (0.36-1.75) 1.78 (0.96-2.71) 0.002
Mean RR 758 (686-841) 712 (650-755) 0.006
SDNN 47.2 (36.6-55.2) 38.8 (28.4-50.1) 0.006
Poincaré SD1 24.4 (18.4-35.3) 19.3 (12.7-26.6) 0.002
Poincaré SD2 61.4 (48.7-72.2) 51.6 (38.6-66.9) 0.012
Stress index 9.96 (7.96-12.33) 12.1 (9.47-66.92) 0.003
RR 13.3 (11.9-16.3) 13.3 (11.3-15.5) 0.600

LF power 1183.1 (925.6-1952.2) 1061.3 (567.6-1596.1) 0.074

HF power 395.2 (301.1-998.7) 335.7 (125.4-613.8) 0.014
LF (%) 71.6 (62.3-81.7) 76.4 (67.3-82.6) 0.092

HF (%) 28.3 (18.4-37.7) 23.5 (17.4-32.6) 0.089

LF/HF ratio 2.52 (1.65-4.44) 3.25 (2.07-4.74) 0.093

Values are presented as median (interquartile range). HF, High frequency; LF, Low frequency; PNS, Parasympathetic nervous system; RMSSD, Root mean 
square of successive differences; RR, R-wave to R-wave interval; SD, Standard deviation; SDNN, Standard deviation of normal-to-normal (NN) R–R intervals; 
SNS, Sympathetic nervous system.
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Physical Activity
Table 3 details the physical activity profiles of both groups as 
assessed by the IPAQ. Total weekly metabolic equivalent values 
(METs) and IPAQ classifications did not differ significantly 
between groups. Median total physical activity was 2290 MET-
min/week for residents without on-call shifts and 1896 MET-
min/week for those with on-call shifts (P = 0.148). Sedentary 
time was similar between groups, with both reporting a median 
of 480 minutes of sitting per day.

The distribution across activity categories showed that 2.8% 
of non–on-call residents and 7.8% of on-call residents were 
classified as inactive, 61.1% and 64.7% as minimally active, and 
36.1% and 27.5% as HEPA active, respectively (P = 0.412). The 
absence of significant differences in physical activity patterns 
suggests that the observed HRV alterations are more likely 
attributable to the occupational stress associated with on-call 
shifts rather than differences in activity levels.

ROC Analysis
Figure 2 presents the results of ROC curve analyses for selected 
HRV parameters. An RMSSD value ≤ 32 demonstrated a sensitivity 
of 63% and a specificity of 61% (area under the curve [AUC] = 
0.674) for identifying residents with on-call shifts. A heart rate > 
80 bpm yielded an AUC of 0.656, with a sensitivity of 72% and a 
specificity of 56%, indicating modest predictive value. An SDNN 
value ≤ 35.44 showed a sensitivity of 75% but a lower specificity 
of 47% (AUC = 0.659). 

Figure 1. Boxplot illustrating differences in heart rate variability 
parameters between groups.

RMSSD, Root mean square of successive differences; SDNN, Standard 
deviation of normal-to-normal (NN) R-R intervals.

Figure 2. Receiver operating characteristic (ROC) analysis of 
heart rate variability parameters.

RMSSD, Root mean square of successive differences; SDNN, Standard 
deviation of normal-to-normal (NN) R-R intervals.

Table 3. Physical activity profiles
Without on-call shifts (n = 36) With on-call shifts (n = 104) P

Physical activity levels (IPAQ)

Total MET-min/week 2290 (1416-3198) 1896 (1039-3082) 0.148

Vigorous MET-min/week 480 (0-960) 0 (0-960) 0.297

Moderate MET-min/week 60 (0-450) 0 (0-240) 0.279

Walking MET-min/week 1386 (717-2079) 1386 (693-2079) 0.480

Time spent sitting (min/day) 480 (315-540) 480 (300-600) 0.710

IPAQ categorical classification 0.412

Inactive 1 (2.8%) 8 (7.8%)

Minimally active 22 (61.1%) 66 (64.7%)

HEPA active 13 (36.1%) 28 (27.5%)

Values are presented as median (interquartile range). HEPA, Health-enhancing physical activity; IPAQ, International Physical Activity Questionnaire; MET, 
Metabolic equivalent of task.
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Discussion

Our study demonstrates that medical residents with on-call 
responsibilities exhibit significant reductions in HRV and increased 
markers of sympathetic activity compared to their non-on-
call counterparts. These findings are consistent with existing 
literature on occupational stress and autonomic dysfunction.14

Heart rate variability is a well-established predictor of 
cardiovascular health and stress resilience.15,16 The significantly 
reduced RMSSD and SDNN values observed in on-call 
residents indicate compromised autonomic modulation of 
cardiac function. RMSSD, which primarily reflects autonomic 
modulation of the sinoatrial node, showed a median reduction 
of approximately 22% in the on-call group. Similarly, SDNN, 
representing overall HRV, was reduced by approximately 18%. 
According to established clinical thresholds, reductions of this 
magnitude may have prognostic significance for long-term 
cardiovascular outcomes.17

Heart rate variability can also be influenced by disruptions in 
other homeostatic mechanisms. For example, infections may 
have lasting effects on cardiac autonomic balance. A study by 
Asarcıklı et al.18 demonstrated deterioration in HRV during the 
period following Coronavirus Disease 2019 (COVID-19) infection.

Non-linear HRV parameters provide complementary insights 
into autonomic regulation. The reduced Poincaré SD1 values 
observed in on-call residents further support the presence of 
diminished short-term variability, which is traditionally associated 
with parasympathetic activity. The concurrent reduction in SD2 
suggests that longer-term variability, reflecting both sympathetic 
and parasympathetic influences, is also compromised. These 
findings are consistent with an overall pattern of autonomic 
imbalance characterized by parasympathetic withdrawal and 
sympathetic predominance.19

Frequency-domain analysis revealed a significant reduction 
in HF power among on-call residents, which is traditionally 
interpreted as decreased parasympathetic activity. Although the 
difference in the LF/HF ratio did not reach statistical significance 
(P = 0.093), the trend toward higher values in the on-call group 
(3.25 vs. 2.52) aligns with the overall pattern of sympathovagal 
imbalance. Direct measures of autonomic indices corroborated 
these findings, with a significantly lower PNS index and a higher 
SNS index observed in residents with on-call shifts.

Importantly, the absence of differences in physical activity levels 
suggests that autonomic dysfunction is more likely attributable 
to occupational stress rather than behavioral factors. Chronic 
activation of the sympathetic nervous system, compounded by 
inadequate sleep during on-call shifts, may explain the observed 
autonomic imbalance.20 Additionally, cortisol levels have been 
reported to increase in individuals exposed to night shift work.21

The stress index, which quantifies the degree of sympathetic 
activation based on heart rate patterns, was significantly 
elevated in residents with on-call shifts (12.1 vs. 9.96, P = 
0.003). This finding is particularly noteworthy, as elevated stress 
index values have been associated with increased allostatic 
load and greater vulnerability to stress-related disorders.22 The 
physiological interpretation of these results suggests that on-call 

shifts may induce a state of chronic sympathetic activation 
without adequate parasympathetic counterbalance, potentially 
compromising cardiovascular adaptability and stress resilience.

Our ROC curve analysis identified potential threshold values for 
HRV parameters that may serve as early indicators of autonomic 
dysfunction in residents. An RMSSD value ≤ 32 and a heart rate 
> 80 bpm demonstrated moderate sensitivity and specificity for 
identifying residents with on-call shifts. Although these values 
should not be interpreted as diagnostic thresholds, they provide 
preliminary guidance for occupational health monitoring in 
residency programs. Furthermore, the modest discriminatory 
performance (AUC range: 0.65–0.67) indicates that these values 
have limited clinical applicability for population-level screening 
and should be interpreted with caution.

These findings raise concerns regarding the long-term health 
implications for medical residents. Reduced HRV has been 
associated with hypertension, metabolic syndrome, depression, 
and even sudden cardiac death.7,9,23,24 The cumulative effect of 
repeated 24-hour shifts over the course of residency training, 
typically spanning 3-5 years, may further amplify these risks. 

Policy changes should acknowledge the physiological burden of 
night shifts, potentially incorporating these considerations into 
compensation models, scheduling practices, and retirement 
planning. This is particularly relevant given growing evidence 
linking shift work with increased allostatic load and chronic 
disease risk.25 Implementation of countermeasures, such as 
strategic napping protocols,26 chronobiologically optimized shift 
schedules,27 and stress management interventions,28 may help 
mitigate the autonomic consequences of on-call duties.

The clear physiological stress associated with on-call shifts also 
raises broader questions about the sustainability of traditional 
residency training structures and their potential conflict with 
the medical principle of "first, do no harm" when applied to 
physicians themselves.

Limitations
This study is cross-sectional and therefore cannot establish 
causality. Given the cross-sectional nature of this study, the 
findings should be considered hypothesis-generating with 
respect to the long-term cardiovascular impact of on-call shifts. 
HRV was assessed during daytime rest and may not capture 
nocturnal variations. Although the sample size was adequate 
to detect significant differences in primary outcomes, it may 
have limited statistical power for subgroup analyses. Additionally, 
specialty-specific variations in on-call intensity and potential 
chronobiological adaptations over time were not evaluated. 
Previous research suggests that adverse effects of HRV may 
persist for up to three nights after sleep deprivation; however, 
the intensive on-call schedules of residents in Türkiye made it 
difficult to recruit participants with three full days of recovery 
between on-call shifts. Consequently, a recovery period of 48 
hours was used.29 As the IPAQ is a self-reported instrument, the 
possibility of recall bias exists. Longitudinal studies are needed 
to evaluate chronic outcomes and potential compensatory 
mechanisms. Despite these limitations, the consistency of our 
findings across multiple HRV domains strengthens the evidence 
for autonomic dysfunction associated with on-call shifts. 
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Furthermore, although our sample size was sufficient to identify 
primary differences in HRV, it was not large enough to permit 
robust subgroup analyses by medical specialty. This represents 
a significant limitation, as specialty-specific workloads and 
the intensity of on-call duties (e.g., surgical vs. non-surgical 
disciplines) vary considerably and may impose different levels 
of physiological stress. Consequently, it was not possible to 
determine whether certain specialties are more vulnerable to 
autonomic dysfunction than others.

Conclusion

This study demonstrated an association between on-call shifts 
and significant reductions in HRV, independent of lifestyle-related 
factors. The observed pattern of decreased parasympathetic activity 
and elevated sympathetic tone indicates a state of autonomic 
imbalance that may predispose residents to adverse health 
outcomes. Structural interventions are urgently needed to mitigate 
the health impact of these occupational demands on young 
physicians. Future research should examine longitudinal changes 
in autonomic function throughout residency training using larger, 
equally sized cohorts. Additionally, forthcoming studies should 
prioritize the assessment of specialty-specific workload intensity 
to evaluate the effectiveness of targeted interventions aimed at 
preserving cardiovascular health in this vulnerable population.
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