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Abstract: While obesity and other diseases have been linked to chronic inflammation of the body, the underlying 
mechanisms of the relationship between obesity and chronic inflammation remain unclear. Neutrophil-to-lympho-
cyte ratio (NLR) is an effective indicator of chronic inflammation. Thus, we aimed to explore the relationship between 
obesity and inflammation by tracking weight changes and NLR. This study included 425 participants who received 
health examinations at our hospital for two consecutive years, and whose body mass index (BMI) was greater than 
28 at the time of their first consultation. Participants were divided into three groups based on BMI changes (less 
than one unit, greater than one but less than three units, and greater than three units). BMI and NLR changes were 
examined over two years to assess the relationship between them, compared to baseline data while using linear 
regression to do correlation analysis, and to observe changes of BMI in improving sleep quality. NLR decreased 
significantly among participants with a BMI change greater than three units. There were no significant changes in 
people with BMI changes of less than three units. Linear regression between BMI and NLR showed a significant lin-
ear relationship. Sleep quality was also significantly reduced in people with a BMI change greater than three units. 
The present study indicated that chronic inflammation might be ameliorated by a decrease in BMI. Further, a decline 
in BMI plays an important role in improving sleep quality.
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Introduction

Obesity is a worldwide health concern that may 
increase the prevalence of some chronic dis-
eases, such as hypertension, diabetes, and 
coronary heart disease [1, 2]. Some studies 
suggest that obesity-associated chronic sys-
temic inflammation may be the basis of obesi-
ty’s relationship with other diseases [3]. The 
exact etiology of obesity-associated systemic 
inflammation remains unclear. Adipose tissue 
inflammation is considered to play a key role, 
causing major events of immune response, 
such as the early participation of neutrophils 
and lymphocytes, as well as the polarization of 
macrophage and mast cells [4]. However, there 
is no direct evidence linking obesity and chron-
ic inflammation.

Recently, neutrophil-to-lymphocyte ratio (NLR) 
in peripheral blood has been found to be a  
valuable predictor of systemic inflammation, 
showing superiority in terms of stability, as well 

as some clinical advantages, such as rapid 
application, wide availability, and low cost [5]. 
Some studies have found a negative correla- 
tion between NLR and body mass index (BMI), 
with obese individuals exhibiting a lower NLR 
value. However, NLR is associated with many 
diseases, which is why the aforementioned cor-
relation needs to be validated [6]. Therefore, 
the current study assessed the correlation 
between body weight and chronic inflammation 
by observing changes in NLR during weight 
loss. We also observed whether sleep quality 
improved among this study’s participants. 
Since sleep, obesity, and chronic inflammation 
are suspected to be linked, this study attempts 
to confirm this relationship.

Materials and methods

Patient enrollment 

We retrospectively analyzed the records of pa- 
tients who underwent health examinations at 
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Chongqing University Cancer Hospital for two 
consecutive years (from January 2018 to 
December 2019). Patients diagnosed as being 
obese (BMI>28) at their initial consultation 
were included. This study’s design was app- 
roved by the independent Ethical Committees 
of Chongqing University Cancer Hospital. For 
this type of study formal consent is not requir- 
ed but the participants gave written informed 
consent for publication.

The physical examination items included heal- 
th and sleep psychology clinics. Obese patients 
received advice on diet and exercise, aimed at 
achieving weight loss, and they participated in 
periodic telephonic follow-up consultations. 
Patients exhibiting the following conditions 
were excluded: uncontrolled diabetes mellitus 
(fasting blood glucose greater than 10 mmol/ 
L), suspected acute infectious diseases (white 
blood cell count >10×10^9/L), unstable heart 
disease, acute attack of pulmonary disease, 
and pregnancy. Participants’ basic characteris-
tics (including gender, age, smoking status, 
height, and weight) were recorded. BMI was 
computed by dividing weight (kg) by height 
squared (m2). Participants were divided into 
three groups, based on their reduction in BMI 
at the second year (compared with the first 
year): a change of less than 1 unit; between 1 
and 3; and more than 3 units.

Evaluation of NLR 

During patients’ follow-up visits, a 10 mL blood 
sample was drawn from the antecubital vein by 
applying minimal tourniquet pressure in the 
early morning. Complete blood count (CBC)  
was measured within 1 h after venipuncture 
using the Sysmex-XE 2000i automated blood 
cell analyzer (Sysmex, Kobe, Japan). This pro- 
cedure is standard for the participating labora-
tory, as it helps prevent EDTA-induced swelling. 
NLR was recorded at each time. The time point 
of the first examination was set to T1 and the 
second to T2. 

Evaluation of sleep quality

Sleep quality was evaluated routinely using  
the Pittsburgh Sleep Quality Index (PSQI) at 
every examination as a measure of psychologi-
cal health. Sleep quality was calculated as the 
sum score of the 18 items in the PSQI with a 

total of 21 points and 18 items to make  
up seven components. Each component was 
scored according to the 0-3 level. A PSQI score 
of ≤5.0 indicated good sleep quality, whereas 
higher scores indicated poorer sleep quality. 
The time point of the first examination was set 
to T1, the second to T2.

Statistical analysis

All statistical analyses were performed using 
the Statistical Package for the Social Sciences 
for Windows v20.0 software (SPSS Inc., Chi- 
cago, IL, USA). Continuous variables were 
expressed as mean (standard deviation [SD])  
or median (interquartile range), according to 
distribution state. Categorical variables were 
expressed as numbers and percentages. Age, 
systolic blood pressure, smoking condition and 
NLR, were performed using Student’s t-test if 
the standard of normally distributed data was 
met, and the Mann-Whitney test if not. Linear 
regression was used to analyze the relation- 
ship between BMI and NLR. P-value of <0.05 
was regarded as statistically significant. 

Results

The groups were comparable with respect to 
age, BMI, smoking status, and blood pressure 
(as shown in Table 1). Five patients were 
excluded from the study due to signs of acute 
infection during physical examinations. From 
425 eligible participants, 307 had a BMI 
decrease of less than one unit in two years, 
including those who exhibited increases in  
BMI. Seventy-six participants showed a BMI 
decrease between one and three units in two 
years, whereas 42 others showed a BMI 
decrease of more than three units. Figure 1 
shows that NLR values significantly decreased 
among participants with a BMI change greater 
than three (2.91+1.33 vs. 2.34+1.28, P<0.05). 
As shown in Figure 2, PSQI scores significantly 
decreased among participants with a BMI 
change greater than three (4.20+1.77 vs. 
3.02+1.21, P<0.0001). No significant effects 
were observed among participants with a BMI 
change of less than three units. Linear regres-
sion between BMI and NLR showed a signifi-
cant linear relationship (P<0.0001, F = 187.2) 
and equation was “Y = 0.1333*X - 1.308” (Y: 
NLR, X: BMI) (Figure 3).
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Table 1. Participants’ characteristics
Male Female

n 152 273
age 45.6+7.6 47.1+8.2
systolic blood 
    pressure 136+26.4 141+32.9
    smoking (Y/N) 114/38 36/237*
T1
    30>BMI>28 114 208
    35≥BMI≥30 35 54
    BMI>35 3 11
T2
    ΔBMI<1 107 200
    3≥ΔBMI≥1 27 49
    ΔBMI>3 18 24
*Statistical significance when compared with male.

Discussion

The results of this retrospective study confirm 
that obesity is directly related to chronic  
inflammation and that weight loss can reduce 
the degree of chronic inflammation in the body, 
which could improve sleep quality. Chronic 
inflammation is believed to be closely related  
to a variety of cardiovascular and chronic dis-
eases, such as chronic obstructive pulmonary 
disease, coronary artery disease, and cardiac 
arrythmias [7]. Other studies have shown a re- 
lationship between obesity and chronic inflam-
mation [8]. Obesity is thought to be associated 

Figure 1. NLR values corresponding to different BMI 
changes in the two physical examinations. * Statisti-
cal significance when compared with T1.

Figure 2. PSQI values corresponding to different BMI 
changes in the two physical examinations. * Statisti-
cal significance when compared with T1.

with a pro-inflammatory environment, including 
increased secretion of interleukin 6, tumor 
necrosis factor alpha, and other cytokines; 
however, this result comes from different indi-
viduals, and there are likely more factors 
involved [9, 10]. 

For the physical examination population, test 
results like interleukin cells or cytokines are  
not routine items. Therefore, we measured NLR 
levels to assess chronic inflammation. NLR rep-
resents the ratio of two different complemen-
tary immune pathways, responsible for active 
nonspecific inflammation and lymphopenia. 
Being an integrated reflection of two important 
and opposite immune pathways, NLR is more 
predictive than using either parameter sepa-
rately [11]. Our findings confirm that weight  
loss causes NLR values to decrease, indicating 
a direct relationship between obesity and in- 
flammation. Meanwhile we found a clear linear 
relationship between NLR and BMI by perform-
ing linear regression analysis. 

Obesity and sleep are also considered to be 
inextricably linked. One longitudinal meta-anal-
ysis found that insufficient sleep in adults 
increased their odds of obesity by 45% [12]. 
Another experimental study indicated that a 
decrease in either the time or quality of sleep 
increased the risk of obesity [13]. Physiologi- 
cal, hormonal, and food behavioral changes 
were observed in studies implementing experi-
mental sleep restriction; sleep deprivation pro-



Influence of weight loss on chronic inflammation

202	 Int J Clin Exp Med 2022;15(6):199-203

motes a compensatory increase in food intake 
and a positive energy balance, as well as a 
decrease in physical activity, and an increase  
in weight [14]. Meanwhile, obstructive sleep 
apnea (OSA) is the most prevalent type of obe-
sity-related sleep disorder linked to an incre- 
ased risk for multiple chronic health conditions 
[15]. In one study, an increase of six BMI units 
resulted in a fourfold risk of developing OSA, 
leading to sleep disorders and short sleep  
duration [16]. Besides, increased visceral adi-
pose tissue may be responsible for the secre-
tion of inflammatory cytokines, which could 
produce alterations in the sleep-wake rhythm 
[17].

There is no definite evidence to suggest that  
a decline in sleep quality caused by obesity 
leads to chronic inflammation. However, our 
findings suggest that weight loss has a signifi-
cant effect on sleep quality. The mechanisms 
between sleep disturbance and inflammation 
remain relatively unexplored. Nevertheless, 
previous research shows that sleep could in- 
fluence two primary effector systems, namely, 
the hypothalamus-pituitary-adrenal axis and 
the sympathetic nervous system. Both of these 
systems shift the basal gene expression profile 
toward increased proinflammatory skewing 
[18]. Future studies should further explore this 
topic to confirm the exact relationship between 
sleep and chronic inflammation.

Limitations

Some limitations need to be considered in the 
interpretations of our results. Our physical ex- 
amination population included over 400 indi-
viduals, whereas the number of people who 

actually lost weight in accordance with the 
study guidelines was very small, resulting in a 
small sample size. Further, chronic inflamma-
tion is related to various factors, and even 
though we attempted to rule out acute-stage 
diseases, there may be additional unknown 
interfering factors at play.
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