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Abstract 
Background: Young individuals, who were previously thought to be a low-risk group, are becoming more and 
more likely to have hypertension. New research indicates that cardiovascular control is significantly impacted 
by the quality of sleep. However, little is known about how sleep quality specifically affects Blood Pressure 
Variability (BPV), a prognostic indicator unrelated to mean blood pressure, in semi-urban Indian populations. 
Objective: to evaluate the association between young individuals' short-term blood pressure variability and their 
subjective sleep quality as determined by the Pittsburgh Sleep Quality Index (PSQI). 
Methods: The District Headquarters Hospital (DHH) in Keonjhar, Odisha, served as the site of this 
retrospective, hospital-based investigation. We examined the medical records of young persons (18–35 years 
old) who had sleep quality evaluations and 24-hour ambulatory blood pressure monitoring (ABPM) between 
June 2023 and May 2024. The participants were divided into two groups: "Poor Sleepers" (PSQI > 5) and 
"Good Sleepers" (PSQI ≤ 	5). The Standard Deviation (SD) of 24-hour, daytime, and nighttime blood pressure 
was used to calculate BPV. 
Results: 254 records in all were examined. 46.5% (n = 118) of people reported having poor sleep quality. The 
24-hour systolic BPV of poor sleepers was much higher (14.2 ± 3.1	mmHg vs. 11.5 ± 2.4	mmHg, p < 0.01) 
and a greater frequency of "non-dipping" nocturnal blood pressure patterns (38%	vs. 19%, p < 0.05) in 
comparison to those who slept well. Global PSQI scores were found to be independently correlated with 
overnight systolic blood pressure (p < 0.01) according to regression analysis. 
Conclusion: In young people in Keonjhar, poor sleep quality is strongly linked to increased blood pressure 
fluctuation and attenuated nocturnal dipping. These results highlight how important it is to include sleep hygiene 
in young people' cardiovascular risk assessment. 
This is an Open Access article that uses a funding model which does not charge readers or their institutions for access and distributed under 
the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0) and the Budapest Open Access 
Initiative (http://www.budapestopenaccessinitiative.org/read), which permit unrestricted use, distribution, and reproduction in any medium, 
provided original work is properly credited. 

Introduction 

Background and Rationale: Globally, the 
epidemiological landscape of hypertension is 
currently changing dramatically. Although high 
blood pressure has always been thought of as a 
degenerative ailment that primarily affects middle-
aged and older persons, current surveillance data 
shows a concerning increase in diagnosis among 
young adults between the ages of 18 and 35. This 
demographic shift is most severe in India, where 
estimates of the prevalence of hypertension in 
young adults range from 11% to 20% [1]. The 
importance of sleep as a crucial biological predictor 
of cardiovascular health is becoming more and 
more prominent in medical literature, despite the 
fact that well-known lifestyle factors including 

obesity, high dietary sodium, and sedentary activity 
are often blamed. 

Sleep is an active neurophysiological process that 
is necessary for autonomic restoration rather than 
just a passive state of rest. The body experiences a 
"cardiovascular holiday" during healthy sleep 
cycles, especially during non-rapid eye movement 
(NREM) stages. A physiological decline, or "dip," 
in blood pressure (BP) of roughly 10–20% in 
comparison to daytime readings is usually the 
outcome of this, which is characterized by a 
withdrawal of sympathetic tone and a 
preponderance of vagal tone [2]. This vital 
autonomic resetting is prevented when this 
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restorative process is disrupted, whether by 
fragmentation, low subjective quality, or 
insufficient time. As a result, the cardiovascular 
system remains hypervigilant, which may hasten 
the aging of the blood vessels. 

The degree of variation in blood pressure over a 
certain period of time is known as blood pressure 
variability (BPV), and it has lately come to light as 
a cardiovascular risk factor that is separate from 
and unrelated to absolute mean blood pressure 
levels. Even in people who are technically 
normotensive, elevated short-term blood pressure 
variability (BPV), which is best measured by 24-
hour ambulatory blood pressure monitoring 
(ABPM), has been demonstrated to substantially 
correlate with early indicators of target organ 
damage, such as left ventricular hypertrophy and 
microalbuminuria [3]. Additionally, unpredictable 
fluctuations in blood pressure might put artery 
walls under additional shear stress, which can lead 
to endothelial dysfunction and plaque instability 
[4]. 

The "Young Adult" Paradox: Today's young 
adults often experience "social jetlag" a persistent 
mismatch between their biological circadian 
rhythms and social responsibilities like shift 
employment, school commitments, and nightlife 
[5]. People are quickly moving from traditional 
rural lifestyles to jobs in the industrial and service 
sectors in fast developing regions like Keonjhar, 
Odisha. Urbanization, excessive screen time, and 
competitive work situations are just a few of the 
particular stressors that this group endures. These 
factors can all lead to sleep disorders that are 
frequently missed in routine clinical visits. 

Although there is a well-established link between 
resistant hypertension and obstructive sleep apnea 
(OSA), little is known about how subjective poor 
sleep quality, in the absence of blatant apnea, 
affects the complex measure of blood pressure 
(BPV), especially in Indian literature.  

This disparity is noteworthy because sleep quality 
is a theoretically isolated and controllable risk 
factor, and young person’s seldom exhibit the 
traditional comorbidities identified in older 
hypertension patients [6]. 

Objectives 

The following are the main goals of this study, 
which was created to fill these gaps: 

1. To find out how common poor sleep quality is 
among young individuals who visit a Keonjhar 
tertiary care facility.  

2. To methodically analyze hemodynamic 
profiles and Blood Pressure Variability (BPV) 
indices between individuals who had good and 
poor sleep quality. 

3. To examine the relationship between the 
phenomenon of nocturnal dipping and global 
PSQI scores in order to comprehend the 
circadian effects of sleep disturbance.  

Methodology 

Study Design and Setting: A retrospective, 
hospital-based analytical study approach was used 
in this analysis. The District Headquarters Hospital 
(DHH) in Keonjhar, Odisha, served as the study's 
focal point. Serving a diverse patient population 
that includes both urban dwellers and tribal people 
from the nearby mineral-rich industrial belt, the 
DHH is a major healthcare center in the area. A 
representative cross-section of young adults going 
through lifestyle changes typical of semi-urban 
India can be found in this context. 

Study Duration: A complete year was covered by 
the data extraction and analysis, including records 
from June 1, 2023, to May 31, 2024, in particular. 
This time frame was chosen to take into 
consideration seasonal changes in sleep or lifestyle 
that could affect the total data. 

Sample Size Calculation: We cited earlier 
research that estimated the prevalence of poor sleep 
quality in young adults from India to be around 
30% in order to assure statistical validity [7]. The 
minimum required sample size was determined to 
be 225 individuals, assuming a 95% confidence 
level and a 6% margin of error. In order to make 
sure the final dataset satisfied the minimum 
criterion, we sought to collect roughly 260 to 270 
records, acknowledging the inherent constraints of 
retroactive record review, such as missing data or 
incomplete forms. 

Participants and Eligibility Criteria: Young 
adults who had visited the "Lifestyle and 
Preventive Medicine" or General Medicine 
outpatient departments (OPD) were carefully 
chosen to make up the study population. We 
deliberately targeted individuals between the ages 
of 18 and 35. A valid 24-hour Ambulatory Blood 
Pressure Monitoring (ABPM) report produced 
during the study period and a completed Pittsburgh 
Sleep Quality Index (PSQI) assessment form, 
which is regularly given in the hospital's lifestyle 
clinic, were required to be included in a patient's 
medical file. 

To separate the variable of sleep quality, we used 
stringent exclusion criteria. To prevent 
confounding results with hypoxic stress, patients 
having a verified diagnosis of obstructive sleep 
apnea (OSA) or those on CPAP therapy were 
eliminated. Pregnant women, patients already 
taking sedative-hypnotics or antihypertensives that 
significantly modify sleep architecture, such as 
beta-blockers, and people with secondary 
hypertension due to renal or endocrine etiologies 
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were also excluded. In order to rule out circadian 
misalignment brought on by work schedules as a 
major confounding factor separate from subjective 
sleep quality, shift workers were also removed 
from the analysis. 

Data Collection Tools: The Pittsburgh Sleep 
Quality Index (PSQI) was the main instrument used 
to evaluate sleep. Through 19 items that provide 
seven component scores—subjective sleep quality, 
sleep latency, sleep duration, habitual sleep 
efficiency, sleep disruptions, use of sleeping 
medication, and daytime dysfunction—this self-
rated questionnaire assesses the quality of sleep 
during the previous month. A Global Score, which 
ranges from 0 to 21, is obtained by adding these 
elements. A Global PSQI score of five or lower 
was considered to indicate "Good Sleep Quality," 
while a score of five or higher was considered to 
indicate "Poor Sleep Quality," in accordance with 
accepted clinical recommendations [8]. 

Data were taken from 24-hour ABPM records for 
hemodynamic evaluation. Validated oscillometric 
devices that were set up to measure blood pressure 
at 30-minute intervals during the day (06:00–22:00) 
and 60-minute intervals at night (22:00–06:00) 
were used to collect these recordings. For the 24-
hour, daytime, and nighttime periods, we extracted 
important metrics such as mean systolic and 
diastolic blood pressure. The Standard Deviation 
(SD) of all valid values during these times was 
used to quantify blood pressure variability. 
Furthermore, "Dipping Status" was computed using 
the percentage decrease in systolic blood pressure 
from day to night. People who fell between 10% 
and 20% were categorized as "Dippers," and people 

who fell less than 10% were categorized as "Non-
dippers" [9]. 

Statistical Analysis: After being anonymized, all 
patient data was added to a computerized database 
for processing. SPSS Version 25.0 was used for 
statistical analysis. While categorical factors like 
gender and dipping status were displayed as 
frequencies and percentages, continuous variables 
like age, BMI, and blood pressure readings were 
summarized as Mean	±	Standard Deviation (SD). 
We used the Chi-square test for categorical data 
and the independent t-test for continuous data to 
compare the two main groups, "Good Sleepers" and 
"Poor Sleepers." The degree and direction of linear 
correlations between PSQI scores and several BPV 
indices were evaluated using Pearson's correlation 
coefficient (r). For every test, a p-value of less than 
0.05 was deemed statistically significant. 

Results 

Demographic Characteristics: A total of 254 
genuine patient records that satisfied all inclusion 
requirements were found in the retrospective 
review. With a mean age of 26.1 ± 4.2 years, the 
cohort was comparatively young. There was a little 
male majority in terms of gender distribution, with 
112 females (44.1%) and 142 males (55.9%). The 
population was mostly not obese, as indicated by 
the average Body Mass Index (BMI) of 23.1 ±
3.5	kg/m². Age and BMI were similar across 
excellent and poor sleepers, reducing them as 
confounding variables, according to Table 1, which 
offers a thorough analysis of the baseline 
characteristics. 

 
Table 1 Baseline Demographic and Clinical Characteristics 

Characteristic Good Sleepers (n=136) Poor Sleepers (n=118) p-value 
Age (years) 26.1 ± 4.0	 26.8 ± 4.3	 0.18	
Male Gender, n (%) 74	(54.4%)	 68	(57.6%)	 0.60	
Female Gender, n (%) 62	(45.6%)	 50	(42.4%)	 0.40	
BMI (kg/m²) 22.9 ± 3.2	 23.4 ± 3.8	 0.26	
Smokers, n (%) 18$(13.2%)	 22	(18.6%)	 0.24	
Family History of HTN, n (%) 34	(25.0%)	 38	(32.2%)	 0.21	
Global PSQI Score 3.1 ± 1.2	 9.2 ± 2.4	 < 0.001 ∗	

(BMI: Body Mass Index; HTN: Hypertension; PSQI: Pittsburgh Sleep Quality Index) 
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Figure 1: Comparison of 24-hour Systolic Blood Pressure Variability (SD) between good and poor sleep 

quality groups 
 
Prevalence of Poor Sleep Quality: The study 
population was split into two separate groups using 
the normal PSQI cut-off score of 5.  

A considerable percentage, 46.5%	(n = 118), 
were categorized as Poor Sleepers, whilst almost 
53.5%	(n = 136) were categorized as Good 
Sleepers.  

The mean global PSQI score of the poor sleeper 
group was substantially higher than that of the good 
sleeper group(9.2 ± 2.4	vs.		3.1 ± 1.2, p < 0.001). 
"Sleep Latency" (the amount of time it takes to fall 
asleep) and "Daytime Dysfunction" were the most 
negatively impacted domains among those who 

reported having trouble sleeping, according to an 
analysis of individual component scores. 

Comparison of Blood Pressure Parameters: The 
two groups' hemodynamic profiles showed 
significant differences, especially in terms of 
variability. The Standard Deviation (SD), which 
measures variability, was much higher among poor 
sleepers, whereas the mean 24-hour Systolic Blood 
Pressure (SBP) was only slightly higher. The 
difference in variability was more noticeable during 
the nighttime interval, indicating that the affected 
group's autonomic nervous system was unable to 
maintain blood pressure while they slept. Table 2 
below provides specifics on these findings. 

 
Table 2: Comparison of BP and BPV between Good and Poor Sleepers 

Parameter Good Sleepers  
(n=136) Mean ± SD 

Poor Sleepers  
(n=118) Mean ± SD 

p-value 

24h Mean SBP (𝐦𝐦𝐇𝐠) 118.4 ± 	6.2	 122.1 ± 	7.5	 0.04 ∗	
24h Mean DBP (𝐦𝐦𝐇𝐠) 74.2 ± 	5.1	 76.8 ± 	6.3	 0.09	
24h SBP Variability (𝐒𝐃) 𝟏𝟏. 𝟓 ± 	𝟐. 𝟒	 𝟏𝟒. 𝟐 ± 	𝟑. 𝟏	 < 𝟎. 𝟎𝟏 ∗	
Nighttime SBP (𝐦𝐦𝐇𝐠) 106.3 ± 	5.8	 114.5 ± 	8.2	 < 0.001 ∗	
Nighttime SBP Variability 8.4 ± 	2.1	 12.1 ± 	3.3	 < 0.001 ∗	

(SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; SD: Standard Deviation) 
 
Dipping Patterns and Correlations: The 
circadian blood pressure rhythm analysis revealed a 
strong correlation between "non-dipping" status 
and sleep quality. Just 19.1% (n = 26) of Good 
Sleepers were categorized as non-dippers.  

On the other hand, this negative non-dipping 
pattern was present in 38.1% (n = 45) of Poor 
Sleepers (	χ! = 	11.2, p	 < 	0.01). This suggests 
that a major risk factor for the loss of the 
physiological nocturnal blood pressure decline is 

poor subjective sleep quality. A Pearson correlation 
analysis was carried out to better understand the 
connection between particular sleep scores and 
blood pressure measurements (Table 3). The 
Global PSQI score and Nighttime Systolic BP 
Variability (r	 = 	0.48) showed a moderately 
favorable link that was stronger than the correlation 
with daytime variability. The PSQI score and the 
proportion of nocturnal dipping also showed a 
strong negative connection (r	 = 	−0.38), 
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indicating that the nocturnal dip's size diminishes as sleep quality deteriorates. 
 

 
Figure 2: Scatter plot showing the negative correlation between Global PSQI Score and % Nocturnal 

Systolic Dipping. 
 

Table 3: Pearson Correlation Coefficients (𝑟) between Global PSQI Score and BP Indices 
BP Parameter Pearson Correlation (r) with PSQI p-value 
24h Mean SBP 0.18	 0.04 ∗	
24h SBP Variability (SD) 0.42	 < 0.001 ∗	
Daytime SBP Variability 0.22	 0.01 ∗	
Nighttime SBP Variability 0.48	 < 0.001 ∗	
Nocturnal Dipping (%) −0.38	 < 0.001 ∗	
 
Discussion 

Interpretation of Findings: The findings of this 
Keonjhar retrospective study show a strong 
correlation between young individuals' low 
subjective sleep quality and unfavorable 
hemodynamic profiles. Poor sleep quality was 
reported by nearly half of the study population 
(46.5%), which is marginally higher than the 30–
40% prevalence found in prior Indian urban studies 
[10]. The unique socioeconomic circumstances of 
Keonjhar, where fast industrialization is changing 
sleep-wake cycles and raising exposure to 
environmental stressors like noise and light 
pollution, may be the cause of this higher 
occurrence. This study's main conclusion is that 
those who don't get enough sleep have much higher 
systolic blood pressure variability (BPV), which 
supports the "Sympathetic Overdrive" theory. 
Repetitive micro-arousals are frequently caused by 
sleep fragmentation. These cortical arousals cause 
bursts of sympathetic nerve activity, which result in 
brief but recurring increases in blood pressure even 
if the subject does not consciously awaken or recall 
these episodes [11]. These spikes show up as an 
elevated Standard Deviation (SD) in ABPM values 
when combined over a 24-hour period. Importantly, 
the sensitivity of BPV as an early indicator of 

dysfunction is shown by the fact that this variability 
persists even when the average blood pressure is 
within the normotensive range. 

The Non-Dipping Phenomenon: The considerably 
higher prevalence of "non-dipping" status among 
poor sleepers (38.1%) may be the most clinically 
meaningful finding. During rest, the cardiovascular 
system is successfully unloaded by physiological 
dipping, a preventive mechanism that promotes 
healing and recuperation. The lack of this dip 
suggests that the blood vessels are under constant 
mechanical stress for a full day. This ongoing 
pressure load is a sign of early vascular aging and 
arterial stiffness in young persons. Our results 
supports the idea that sleep quality is a major 
modulator of the dipping phenotype [13] and 
supports the findings of several Asian cohorts 
where PSQI scores interacted negatively with 
dipping proportion [12]. 

Mechanisms: The observed relationships can be 
explained by a number of physiological 
mechanisms. First, inadequate sleep hinders the 
normal withdrawal of sympathetic tone during the 
night, resulting in prolonged adrenergic activity. 
Second, the Renin-Angiotensin-Aldosterone 
System (RAAS), specifically elevated plasma renin 
activity and aldosterone levels, which encourage 
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fluid retention and vascular resistance, has been 
connected to sleep deprivation [14]. Third, the 
endothelium's release of nitric oxide (NO) depends 
on restorative sleep. Sleep disturbances lower NO 
bioavailability, which worsens vasodilation and 
raises vascular variability [15]. Lastly, poor 
sleepers frequently have higher levels of 
inflammatory markers such C-reactive protein 
(CRP), which contribute to a pro-inflammatory 
state that influences vascular reactivity [16]. 

Comparisons with Existing Literature: Our 
findings are in line with Lo et al.'s thorough meta-
analysis, which showed that incident hypertension 
is significantly predicted by subjective sleep quality 
[17]. However, by concentrating on variability 
rather than merely mean pressure, our study 
provides unique value. Our focus on young adults 
isolates the effect of sleep more clearly since this 
cohort usually has fewer comorbidities like 
diabetes or advanced atherosclerosis that could 
otherwise obfuscate the link, even if other general 
population studies have found conflicting 
relationships. 

Strengths and Limitations: The study's use of 
ABPM, which is better than office BP for 
identifying variability and dipping status, and its 
focused attention on young adults—a demographic 
frequently disregarded in hypertension research—
are two of its many noteworthy characteristics. But 
it's important to recognize the limitations.  

Our capacity to account for all potential 
confounders, such as specific dietary salt intake or 
caffeine consumption, which may not have been 
fully recorded in medical records, is limited by the 
retrospective methodology. Furthermore, compared 
to objective tests like Polysomnography (PSG), the 
PSQI is a subjective assessment that may be subject 
to recall bias. Lastly, as a cross-sectional study of 
historical data, we are able to demonstrate a 
substantial correlation but are unable to prove 
causation. 

Conclusion and Future Directions: In addition to 
being extremely common among young 
individuals, poor sleep quality is fundamentally 
associated to cardiovascular dysregulation, 
according to this hospital-based study conducted in 
Keonjhar. High PSQI scores are significantly 
correlated with higher blood pressure variability, 
indicating that sleep disturbance functions as a 
"silent stressor," compelling the cardiovascular 
system to remain hypervigilant even during 
planned rest intervals. According to the results, 
almost half of the young adults in this context are 
experiencing detectable hemodynamic stress due to 
a weakened physiological reprieve that sleep is 
supposed to bring. 

These discoveries have significant clinical 
implications. Sleep quality is an important factor 
that doctors should take into account for young 
individuals who present with borderline 
hypertension or even vague complaints of 
weariness. We advise outpatient departments to use 
the PSQI as a standard vital sign for routine 
screening. Additionally, in order to identify BPV 
and non-dipping trends early in this high-risk 
group, doctors should use ABPM and look beyond 
mean blood pressure readings. "Sleep Hygiene" 
which emphasizes regular bedtimes and screen 
limitations—should be included in lifestyle 
recommendations with the same rigor as dietary 
salt restrictions or activity regulations. 

In order to support subjective accounts, future 
studies in this area should be prospective and use 
actigraphy for objective sleep tracking.  

Additionally, interventional studies are required to 
investigate whether BPV aberrations may be 
reversed and the protective dipping profile restored 
in young people by improving sleep quality using 
cognitive behavioral treatment for insomnia (CBT-
I) or other non-pharmacological methods. 
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