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 The link between sleep-related disorders and inflammation is well-known, but the 
association between inflammatory indices and sleep deprivation is still unclear. In our study, we 
aimed to investigate the relationship between irregular sleep patterns and systemic inflammation 
using Hemogram-Based Inflammatory Indices. We collected demographic information from 
90 undergraduate medical students through a confidential questionnaire. Sleep quality was 
assessed using the Pittsburgh Sleep Quality Index (PSQI). Blood samples were obtained for 
complete blood count analysis, with platelet (P), lymphocyte (L), and neutrophil (N) counts 
measured. These values were then used to calculate hemogram-based inflammatory indices, 
including the Systemic Immune-Inflammation Index (SII), Platelet-to-Lymphocyte Ratio (PLR), 
and Neutrophil-to-Lymphocyte Ratio (NLR). A high prevalence of inconsistent sleep was observed 
among medical students, with 53% reporting a PSQI score greater than 5(mean score 5.9±2.9). 
Subjects with poor sleep quality had elevated SII values. Additionally, female participants who 
experienced poor sleep quality demonstrated a significant positive correlation with SII (r=0.322; 
p<0.049). Irregular sleep patterns are associated with greater systemic inflammation milieu 
specifically with SII compared to NLR and PLR. This effect was more pronounced in female 
participants, suggesting a potential gender-specific influence.
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Quality Index (PSQI), Platelet-to-Lymphocyte Ratio (PLR), Sleep quality, and Systemic 
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 Sleep quality is essential for overall 
health. Research shows that a substantial portion 
of the general population, between 20% and 65%, 
experiences poor sleep quality, with roughly one-
third of adults affected by various sleep disorders. 

(1,2) Among medical college students, 20-40% are 
reported to be sleep-deprived, highlighting the 
prevalence of this issue in academia. (3,4) Recent 
research indicates that inadequate sleep quality 

can negatively impact health through biological 
pathways, including pro-inflammatory responses. 
(5) Higher levels of systemic inflammation markers, 
including fibrinogen, Interleukin 6 (IL-6), and 
C-reactive protein (CRP), have been associated 
with suboptimal sleep quality, where elevated 
levels correlating with worse sleep outcomes. (6) 
 Recently, there has been an increasing 
trend in utilizing hemogram-based inflammatory 
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indices to evaluate systemic inflammation. These 
indices, including the SII, PLR, and NLR, are 
derived from routine and cost-effective complete 
blood count tests. They are reported to offer 
greater specificity compared to traditional markers 
such as erythrocyte sedimentation rate (ESR) and 
C-reactive protein (CRP). (7,8) Additionally, these 
indices have demonstrated potential in predicting 
the outcomes of various inflammation-related 
health conditions. (9) This study explores whether 
these parameters can provide insights into the 
relationship between prevalent sleep deprivation 
and underlying sub-chronic inflammation.
Aim 
 This study aims to investigate the 
association between sleep inconsistency and 
systemic inflammation using Hemogram Based 
Inflammatory Indices 
Methodology 
 This institution-based cross-sectional 
study was approved by the ethics committee and 
involved 90 undergraduate medical students aged 
18 to 25 years, including 48 males and 42 females, 
who participated after providing informed consent. 
Individuals using sedatives, narcotics, or any 
central nervous system suppressant for acute or 
chronic medical conditions were excluded. The 
questionnaire was designed to screen for subjects 
who met the exclusion criteria. Demographic details 
(age, gender, weight, height, and medical history) 
were collected, and Body Mass Index (BMI) and 
waist-to-hip ratio (WHR), was calculated.  

 The study used the Pittsburgh Sleep 
Quality Index (PSQI), comprising of 19 items and 
7 components to evaluate sleep quality. (10) After 
obtaining informed consent, the participants were 
instructed to track their sleep patterns and other 
specified parameters outlined in the questionnaire 
during weekdays. The participants then completed 
a questionnaire on weekends. 
 Whole blood samples were collected from 
all the participants. Participants were divided into 
2 categories based on their PSQI scores: Group 
1 (PSQI d” 5, signifying good sleep quality) and 
Group 2 (PSQI > 5, signifying poor sleep quality). 
 The samples were processed in an 
automated cell counter to assess the complete 
blood count including the red blood cell count, 
hemoglobin content, and differential cell count. 
Further, the hemogram-based inflammatory indices 
had been derived accordingly. 
a). SII: calculated as peripheral platelet count × 
neutrophil count/lymphocyte count. SII = P * N/L
b). PLR: Ratio of peripheral platelet count to 
lymphocyte blood counts, PLR = P/L
c). NLR: Ratio of neutrophils to lymphocytes, 
NLR= N/L 
Statistical Analysis
 The data analysis was conducted utilizing 
SPSS Version 16.0 (Chicago, Illinois, USA), with 
descriptive findings presented in percentage format. 
Group comparisons were performed using an 
unpaired t-test, while correlations were evaluated 

Table 1. Comparison of study parameters among subjects in group-1 and 2

 Group 1 PSQI < 5 Group 2 PSQI > 5 P value

PSQI 3.4 ± 1.23 8.12 ± 2.04 
Gender (M/F) 24/18 24/24 
Age 21 ± 1 21 ± 1 
BMI 24 ± 3 24 ± 4 0.437
WHR 0.83 ± 0.05 0.85 ± 0.07 0.448
HB (g/dL) 14.75 ± 1.77 14.01 ± 1.69 0.171
TLC (/µL) 7.93 ± 1.96 X10³ 8.09 ± 1.98 X10³ 0.795
MCV (fL) 92.85 ± 4.1 90.23 ± 6.78 0.823
MCH (pg) 30.66 ± 2.35 29.39 ± 2.60 0.097
MCHC (g/dL) 32.97 ± 1.24 32.53 ± 0.88 0.201
RDW (%) 13.78 ± 1.48 14.1 ± 1.13 0.440
PLT (/µL) 273 ± 74 X10³ 267 ± 65 X10³ 0.794
PDW (fL) 18.62 ± 23.34 16.90 ± 21.37 0.800
MPV (fL) 11.04 ± 1.15 10.76 ± 1.14 0.430
NEU (/µL) 4.26 ± 1.51 X10³ 4.65 ± 1.83 X10³ 0.447
LYM (/µL) 2.86 ± 0.81 X10³ 3.06 ± 0.71 X10³ 0.394
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Table 2. Comparison of inflammatory indices (NLR, PLR, SII) among subjects in 
group-1 and 2 

 Group 1 PSQI < 5 Group 2 PSQI > 5 P value

PSQI 3.4 ± 1.23 8.12 ± 2.04 
NLR 1.36 ± 0.46 1.57 ± 0.54 P < 0.166
PLR 84 ± 24 100 ± 37 P < 0.090
SII 344 ± 126 439 ±193 P < 0.059

through Pearson’s correlation analysis. A P-value 
of less than 0.05 was considered as statistically 
significant.

ReSulTS

 The study included 90 participants, with a 
gender distribution of 53% male and 47% female. 
The average PSQI score among the participants 
was 5.9±2.9, and 53% of the participants had a 
PSQI score greater than 5 (fig-1). 
 The participants were categorized into 
two groups based on their PSQI scores: Group 1 
(PSQI d” 5) and Group 2 (PSQI > 5). Demographic 
characteristics, including mean age, BMI, WHR, 
Hb, and blood indices, were comparable between 
the two groups. (Table-1) The group with good 
sleep quality (PSQI score d” 5) had a higher 
proportion of males (57%). (Fig-2) 

Table 3. Comparison of study parameters between male and female subjects 

 MALE FEMALE P value

Number 48 42 
Age 21 ± 1 21 ± 0.7 0.560
PSQI 5.96 ± 3.25 6.00 ± 2.51 0.964
BMI 23 ±4 22 ± 4 0.607
WHR 0.87 ±0.04 0.82 ±0.07 0.041
HB (gm/dl) 15.59 ± 0.99 12.72 ±1.03 0.000
TLC (/µL) 7.64 ± 2.03 X10³ 8.52 ± 1.76 X10³ 0.130
MCV (fL) 92.55 ±4.22 89.94 ±7.26 0.173
MCH (pg) 30.61 ±2.02 29.12 ±2.94 0.068
MCHC (g/dL) 33.04 ±0.96 32.34 ±1.09 0.034
RDW (%) 13.56 ±1.06 14.47 ±1.42 0.026
PLT (/µL) 249.64 ±59.38 X10³ 297.58 ±72.36 X10³ 0.025
PDW (fL) 17.07 ±20.97 18.50 ±23.93 0.837
MPV (fL) 10.76 ±1.06 11.06 ±1.24 0.395
NEU (/µL) 4.14 ±1.78 X10³ 4.92 ±1.48 X10³ 0.121
LYM (/µL) 2.92 ±0.92 X10³ 3.01 ±0.50 X10³ 0.697

 Analysis of inflammatory markers 
revealed that subjects with poor sleep quality 
(Table-2) had elevated levels of PLR (84±23 vs. 
100±37; P<0.090), NLR (1.36 ± 0.46 vs. 1.57 ± 
0.54: P<0.166), and SII (344±126 vs. 439±193; 
P<0.059). 
 The PSQI score was comparable between 
male and female participants (Table-3), but an 
elevated NLR (1.38 ± 0.5 v/s. 1.62 ± 0.5: P < 
0.120), PLR (89.4 ± 33 v/s 98.3 ±28; P < 0.352), 
and SII (338 ± 136 v/s 471±186; P<0.014) was 
observed in female subjects (Table-4), and the 
increase in SII was statistically significant. 
Additionally, correlation analysis revealed that the 
PSQI score had a significant positive correlation 
with NLR, PLR, and SII, particularly among female 
subjects (r=0.322; p<0.049) (Table 5).
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Fig. 1. Subjects categorised according to PSQI score

Fig. 2. Comparison of sleep deprivation among males and females

Table 4. Comparison of inflammatory indices (NLR, PLR, SII) among male and 
female subjects 

 MALE  FEMALE  P value 

NLR  1.38 ± 0.50  1.62 ± 0.50  P < 0.120 
PLR  89.44 ± 33.81  98.32 ±28.65  P < 0.352 
SII  338.84 ± 136.22  471.74 ± 186.90  P < 0.014 

Table 5. Correlation of inflammatory indices (NLR, PLR, SII) with PSQI in 
female subjects 

 r value P value

NLR 0.283 0.085
PLR 0.192 0.249
SII 0.322 0.049



1617GarG et al., Biomed. & Pharmacol. J,  Vol. 17(3), 1613-1619 (2024)

DiScuSSion 

 Sleep quality among medical students 
has been studied worldwide because of its 
negative health outcomes and consequences on 
their academic routines and personal lives. A 
metanalysis of 57 studies involving 25,735 medical 
students worldwide revealed a high prevalence 
of poor sleep quality, with 52.7% of participants 
experiencing sleep disturbance with a mean PSQI 
score of 6.1. (11) Our findings align with these 
studies, showing a high rate of sleep inconsistency 
among our participants, with a mean PSQI score of 
5.9 ± 2.9 and 53% categorized as poor sleepers. 
 Previous studies have explored the 
association between sleep quality, and body mass 
index have reported an association between short 
sleep duration and obesity. (12,13) Contrary to these 
findings, our analysis did not reveal a significant 
association between BMI and sleep quality. This 
outcome could largely be attributed to the fact 
that the mean BMI of our study population was 
24 which falls within the normal weight range 
according to the World Health Organization’s BMI 
classifications. 
 Gender differences in sleep quality and 
patterns, as well as sleep disorders, are well-
documented. Studies have consistently revealed 
that women experience a higher prevalence of 
various sleep disturbances compared to men. 
(14) Conversely, men tend to be better sleepers, 
exhibiting superior sleep quality, longer sleep 
duration, and higher sleep efficiency. Our findings 
support this, as we observed that the group with 
good sleep quality (PSQI score d” 5) predominantly 
consisted of males. This is consistent with previous 
research showing that female college students tend 
to have poorer sleep quality, more awakenings, and 
longer sleep latency. (15,16)

 Recent studies have explored the 
relationship between sleep quality and the immune 
system. Some studies have reported that sleep 
disturbances can affect the immune system by 
weakening its defenses, rendering the body more 
susceptible to various disorders. (17) Conversely, 
other studies have observed that sleep patterns 
can affect the functionality of the immune system, 
highlighting a reciprocal and intricate interaction 
between these two critical aspects of health (18,19). 
 A meta-analysis investigating the 

relationship between NLR and obstructive 
sleep apnea (OSA) found that NLR levels were 
significantly higher in OSA patients compared to 
controls. This indicates that NLR may serve as a 
reliable marker for systemic inflammation and a 
predictor of disease severity in OSA patients. (20) In 
addition, the role of the synaptic adhesion molecule 
Neuroligin-1 (NLG1) in sleep-wake regulation 
has been demonstrated, suggesting a potential 
mechanism through which sleep can influence the 
NLR. (21) Even though we observed an elevation 
in NLR among students with poor sleep quality 
(PSQI score >5), these results were not statistically 
significant and when compared based on gender, it 
was higher in females. 
 The PLR is associated with sleep quality 
and is significantly elevated in patients with OSA, 
these increases correlate with OSA severity. (22) 

Additionally, PLR serves as an independent marker 
of cardiovascular disease in individuals with 
sleep apnea. (23) Factors such as poor sleep quality, 
fatigue, and vital exhaustion contribute to higher 
platelet counts, potentially leading to increased 
PLR. (24) In our study, we also observed an increase 
in PLR among students with a score above 5, and 
when compared based on gender, it was higher in 
females. 
 As suggested by previous research, the SII 
combines neutrophils, platelets, and lymphocytes 
to represent the systemic immune response and 
inflammation within the body. (25) In a recent cohort 
study, it was shown that the SII strongly correlates 
with the severity of OSA and exhibits superior 
performance compared to both NLR and PLR. (26) 

Despite these findings, research on the connection 
between sleep quality, sleep duration, and SII is still 
relatively unexplored and complex. (27) We noted 
a statistically significant increase in SII in female 
participants with sleep disturbance. In addition, 
a significant positive correlation was identified 
between the SII and PSQI scores in female subjects 
compared to NLR and PLR. These findings are in 
line with earlier studies that reported women are 
more susceptible to the effects of poor sleep on 
systemic inflammation than men, and sleep related 
disorders had a strong correlation with SII than 
PLR and NLR. (5) 
 However, this study’s limitations include 
a potentially limited sample size and restricted 
generalizability to larger populations, as it 
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exclusively involved medical college students, a 
single ethnic group. Potential confounding variables 
were not controlled including socioeconomic 
status, psychiatric history, physical activity levels, 
diet, medication use, or other lifestyle factors that 
can influence both sleep quality and inflammation. 
Furthermore, the adoption of a cross-sectional 
study design limits the inference of causal 
relationships between sleep quality, inflammatory 
markers, and health outcomes. 
 Future research should explore advanced 
technologies such as wearable devices and AI-
based tools for more accurate and real-time 
monitoring of sleep patterns and inflammatory 
markers to better understand the molecular 
mechanism involved. The gender-specific variation 
in inflammation underscores the importance of 
considering hormonal, lifestyle, and genetic factors 
in future research. 
 These findings support the development 
of targeted educational programs on the importance 
of sleep, especially in environments like medical 
schools, where students face high stress and 
irregular schedules. The simplicity of calculating 
SII, PLR, and NLR from routine blood counts 
makes these indices valuable for use in clinical 
practice.

concluSion 

 Our findings emphasize the link between 
irregular sleep patterns and increased systemic 
inflammation. This highlights the need to identify 
and address sleep disturbances among medical 
students, ultimately enhancing the effectiveness 
of medical education programs. 
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