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Abstract 

Purpose: As the detection of non-alcoholic fatty liver disease (NAFLD) is imperative for the prevention of its com-
plications, we aimed to explore the predictive value of platelet to lymphocyte count ratio (PLR) and white blood 
cell count to mean platelet volume ratio (WBC/MPV) in relation to the occurrence of NAFLD among patients with 
obstructive sleep apnea–hypopnea syndrome (OSAHS).

Methods: This was a cross-sectional study consisting of 351 patients with OSAHS (279 with and 72 without NAFLD). 
The logistic regression analysis was performed to estimate associations between PLR, WBC/MPV, and NAFLD. Finally, 
the receiver operating characteristic curve (ROC curve) was used to analyze the efficacy of PLR and WBC/MPV in 
NAFLD prediction.

Results: Compared to the OSAHS-only group, there was a rising trend in AHI and TS90% in the OSAHS + NAFLD 
group. And the logistic regression analysis identified average oxygen saturation  (MaSO2), WBC/MPV and PLR as 
predicted factors (odds ratio [OR] = 1.134, P = 0.031; OR = 7.559, P = 0.018, OR = 0.980, P < 0.001, respectively) for 
NAFLD in OSAHS patients. Moreover, compared with WBC/MPV, PLR, FLI, and APRI, a combination of WBC/MPV and 
PLR presented the largest AUC for the detection of NAFLD in BMI < 28 kg/m2 (0.753, 95% CI 0.684–0.822), and in 
age ≥ 60 years subgroup (0.786, 95% CI 0.692–0.880) in ROC analysis. Meanwhile, a combination of WBC/MPV and 
PLR presented the second largest AUC for the detection of NAFLD in all subjects (0.743, 95% CI 0.708–0.831), as well as 
in the age < 60 years subgroup (0.729, 95% CI 0.652–0.806), only ranked after FLI, suggesting the combination of WBC/
MPV and PLR has a good predictive value for NAFLD in OSAHS patients.

Conclusion: We confirmed that the levels of WBC/MPV, PLR, and  MaSO2 were closely related to the occurrence of 
NAFLD among OSAHS patients. Furthermore, our results highlighted the clinical combination of WBC/MPV and PLR 
levels could act as a simple and effective biomarker for screening NAFLD in patients with OSAHS.

Keywords: Obstructive sleep apnea–hypopnea syndrome, Non-alcoholic fatty liver disease, Platelet to lymphocyte 
count ratio, White blood cell count to mean platelet volume ratio

Introduction
Non-alcoholic fatty liver disease (NAFLD) is a spec-
trum ranging from non-alcoholic fatty liver (NAFL), to 
non-alcoholic steatohepatitis (NASH), to cirrhosis [1]. 
NAFLD has become the most common chronic liver 
disorder, with a global prevalence of 25.24% of the adult 
population, and the incidence is rapidly increasing year 
by year [2]. It was supposed that NAFLD would become 
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the primary indication for liver transplantation in the 
future [3].

There is a growing body of evidence demonstrating 
a positive correlation between NAFLD and obstruc-
tive sleep apnea–hypopnea syndrome (OSAHS) [4, 5]. 
Of note, NAFLD is typically asymptomatic until the 
advanced stages, and the routine detection of NAFLD 
based on liver biopsy, sonography, liver/spleen CT (liver/
spleen computed tomography), and magnetic resonance 
imaging (MRI) may not be feasible with respect to health 
care expenditures and biopsy-related risks [6], highlight-
ing the importance of exploring accurate non-invasive 
tools for prediction and early diagnosis of fatty liver, 
particularly in high-risk groups including those with 
OSAHS.

A series of studies have shown that NAFLD was closely 
linked to subclinical inflammation [7, 8], and routine 
blood cells, including platelet and white blood cell, have 
proven to be good biomarkers for systemic inflammation 
[9, 10]. Thus, we tested the performance of the platelet-
related parameters in the prediction of NAFLD.

Platelet to lymphocyte count ratio (PLR) is a novel bio-
marker that has been initially proposed as an ideal indica-
tor of systemic inflammation [11–13]. Recently, emerging 
evidence indicated strong link in between OSAHS, liver 
diseases (including HBV/HCV and HCC), and PLR [14–
17]. However, there was a lack of data regarding the asso-
ciation between PLR and NAFLD. White blood cell count 
to mean platelet volume ratio (WBC/MPV) was previ-
ously used as a predictor of thrombosis in cardiovascular 
and cerebrovascular illnesses [18–20]. However, there has 
been no study on the relationship between WBC/MPV, 
OSAHS, and NAFLD. Since OSAHS and NAFLD might 
both create pathological changes in the blood system, 
there was a possibility that WBC/MPV had a relation-
ship with OSAHS and/or NAFLD. Furthermore, previous 
studies have confirmed non-invasive scores, such as the 
aspartate aminotransferase to platelet ratio index (APRI), 
and the fatty liver index (FLI) had good performance in 
assessing NAFLD [21, 22]. Accordingly, the present study 
aimed to evaluate the predictive power of platelet-related 
parameters (PLR and WBC/MPV) for detecting NAFLD 
in individuals with OSAHS compared with APRI and FLI.

Material and methods
Participants
The study cohort comprised individuals who attended 
our sleep center because of snoring, excessive daytime 
sleepiness, or other related symptoms, and were finally 
diagnosed with OSAHS by polysomnography between 
January 2016 and December 2020. The exclusion criteria 
included the following: (1) chronic obstructive pulmo-
nary disease, bronchial asthma, interstitial lung disease, 

and other chronic lung diseases; and (2) severe heart 
failure, stroke, and other severe cardiovascular and cer-
ebrovascular diseases; and (3) malignant tumor or major 
physical or mental illness; and (4) hepatic diseases such 
as viral hepatitis, autoimmune liver disease, and drug-
induced liver disease; and (5) immune or hematologi-
cal diseases such as rheumatoid arthritis; (6) acute and 
chronic infections; and (7) anti-platelet drugs used in 
the last month; and (8) excessive drinking (the amount of 
alcohol consumed in men is equivalent to > 30 g of etha-
nol per day, and is > 20 g/d in women); and (9) other sleep 
disorders, such as narcolepsy and restless leg syndrome, 
etc.; and (10) sleep apnea attributable to other causes, 
such as hypothyroidism and central and mixed sleep 
apnea; and (11) history of previous CPAP treatment; 
and (12) history of previous splenectomy. The study was 
approved by the First Affiliated Hospital of Fujian Medi-
cal University (Fuzhou, China) and all participants gave 
their written informed consent after a full explanation.

Clinical data collection
All participants completed a detailed questionnaire on 
history of smoking and alcohol consumption, medi-
cal history (hypertension, diabetes mellitus, hyperlipi-
demia etc.), and medications, and physical examination. 
Anthropometric measurements including height and 
body weight were obtained with the participants wearing 
light clothing. The body mass index (BMI) was calculated 
as body weight/ height squared (kg/m2). Waist circumfer-
ence (midway between the lower costal margin and iliac 
crest) and neck circumference (at the level of the laryn-
geal prominence) were measured with a tape. In addition, 
every subject completed an Epworth sleepiness scale 
(ESS) using a well-validated Chinese version with the 
score ranging from 0 to 24, and it was considered day-
time sleepiness when ESS score was ≥ 10 [23].

Laboratory measurements
Venous blood was taken the morning after polysom-
nographic evaluation. Blood routine, liver function, 
triglyceride (TG), total cholesterol (TC), and fasting 
glucose were tested in all patients. Blood routine was 
detected by Hitachi H-7600 autoanalyzer produced 
by Japan Co., Ltd., and blood biochemistry was per-
formed using a Modular P800 autoanalyzer (Roche, 
Tokyo, Japan). PLR measured platelet count to lym-
phocyte count, and WBC/MPV measured white blood 
cell count to mean platelet volume. Platelet-related 
parameters including platelet count (PC), mean plate-
let volume (MPV), platelet distribution width (PDW), 
plateletcrit (PCT), average concentration of platelet 
contents (MPC) were also assessed. FLI and APRI were 
calculated using the following formulas [21, 22]: FLI =  
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(e0.953×ln(triglycerides)+0.139×BMI+0.718×ln(GGT)+0.053×waistcircu

mference−15.745)/(1 +  e0.953×ln(triglycerides)+0.139×BMI+0.718×ln(

GGT)+0.053×waistcircumference−15.745) × 100 (with TG meas-
ured in mmol/l, GGT in U/l, and waist circumference 
in cm), APRI = (AST/upper limit of normal)/platelets 
 (109/L) × 100.

Polysomnographic evaluation
Overnight polysomnography (P Series Sleep System, 
Compumedics, Melbourne, Australia) was conducted 
to diagnose OSAHS. Electroencephalography, elec-
trooculography, electromyography, and electrocardiog-
raphy were performed during polysomnography, and 
the variables assessed being as follows: oronasal airflow, 
thoracic and abdominal respiratory efforts, and pulse 
oxygen saturation. AHI was defined as the number of 
episodes of apnea and hypopnea per hour of sleep. ODI 
was defined as number of episodes of oxyhemoglobin 
desaturation ≥ 3% from the immediate baseline per hour 
of total sleep time. Other variables, including  LaSO2, 
 MaSO2, and TS90%, were also assessed. All PSG stud-
ies were scored according to the criteria of the American 
Academy of Sleep Medicine published in 2012 [24]. The 
severity of OSAHS was classified based on AHI status as 
follows: no OSAHS, < 5 events/h; mild OSAHS, 5 to < 15 
events/h; moderate OSAHS, 15 to < 30 events/h; and 
severe OSAHS, ≥ 30 events/h.

Assessment of NAFLD
Abdominal ultrasonography was performed by the 
trained sonographers using a Toshiba SSA-660A instru-
ment (Toshiba, Tokyo, Japan) with a 2–5  MHz curved 
array probe. According to the revised 2018 NAFLD defi-
nition and treatment guidelines[25], diagnosis of fatty 
liver disease required the presence of at least two of the 
following three abnormal findings: diffusely increased 
liver near field ultrasound echo (‘bright liver’) and 
increased liver echotexture when compared to the kid-
neys, vascular blurring and deep attenuation of ultra-
sound signal. Participants were categorized into having 
NAFLD if they were diagnosed with fatty liver through 
ultrasonography and the weekly alcohol intake of < 210 g 
in men and < 140  g in women. In addition, other liver 
diseases (including chronic hepatitis B or C, operations 
on the liver, autoimmune liver diseases, cirrhotic or 
liver cancer, etc.) were identified by the results of their 
annual medical examinations (e.g., positive hepatitis B 
or C serology) and/or the self‐reported history of liver 
diseases.

Statistical analysis
All statistical analyses were carried out with IBM SPSS 
Statistics for windows (Version 25.0 IBM Corp. Released 

2017). Armonk, NY). Normally distributed data were 
expressed as means ± standard deviations, while skewed 
data were expressed as medians with interquartile range 
(IQR). Categorical data were expressed as proportions 
(percentage). Using the χ2 test for categorical data, the 
independent t-test for normally distributed data, and 
the Mann–Whitney U test for skewed data, the differ-
ences between groups with and without NAFLD were 
analyzed. Using Spearman’s rank correlation coefficients, 
the relationships between platelet-related parameters 
and relevant factors were evaluated. An examination of 
the association between platelet-related characteristics 
and NAFLD, which served as the dependent variable, was 
accomplished by means of a binary logistic regression 
analysis. Through the use of receiver operating character-
istic curve (ROC) analysis, the predictive value of PLR, 
WBC/MPV, and the combination of the two indices was 
investigated. P < 0.05 was deemed statistically significant 
for all two-tailed tests.

Results
Demographic data, anthropometric 
and polysomnographic variables in all participants
Our study comprised 351 OSAHS patients includ-
ing 283 males and 68 females, with a mean age of 
51.32 ± 13.65  years and a mean BMI of 28.2 ± 11.1  kg/
m2. According to the ultrasound diagnosis of NAFLD, 
participants were allocated to OSAHS-only group 
(n = 72) and OSAHS + NAFLD group (n = 279). The 
anthropometric and polysomnographic characteristics 
of the patients were summarized in Table  1. We found 
that age, history of smoking, neck circumference (NC), 
waist circumference (WC) and BMI differed signifi-
cantly between the groups (all P < 0.05), whereas gender, 
ESS score,and medical history, such as hypertension and 
diabetes did not. Furthermore, no significant differences 
were observed in polysomnographic parameters, includ-
ing AHI,  LaSO2,  MaSO2, TS90% and ODI. However, the 
OSAHS + NAFLD group tended to have a higher AHI 
and a longer TS90% than the OSAHS-only group, sug-
gesting that apnea and intermittent hypoxia were more 
severe in the OSAHS + NAFLD group.

Normally distributed data were expressed as 
mean ± SD, skewed data (including NC, WC, BMI, ESS 
score, AHI,  LaSO2,  MaSO2, TS90%, and ODI) were pre-
sented as median (interquartile range). Categorical vari-
ables were expressed as number (percentage). NC neck 
circumference, WC waist circumference, BMI Body mass 
index, ESS score Epworth Sleepiness Scale score, AHI 
apnea–hypopnea index, LaSO2 lowest  O2 saturation, 
MaSO2 average  O2 saturation, TS90% the percentage 
of total sleep time spent with  SpO2 < 90%, ODI oxygen 
desaturation index.
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Biochemical and hematological parameters in all 
participants
Biochemical and hematological parameters were 
reported in Table 2. There were no significant differences 
between two groups in terms of TC, TBIL, ALP or fast-
ing glucose. However, OSAHS patients with NAFLD had 
significantly higher TG, ALT, AST, LDL-C, GGT, FLI and 
APRI than those without NAFLD (all P < 0.001), while 
had lower HDL-C levels than the OSAHS-only group 
(all P < 0.001). WBC/MPV, lymphocyte count, and white 
blood cell count were significant higher, while PLR was 
lower in OSAHS + NAFLD group. Nevertheless, there 
was a remarkable fact that no significant differences were 
observed in absolute value, such as PC, MPV, PDW, PCT 
and MPC (all P > 0.05). And the percentage of patients 
with upper limit of normal lymphocyte and white blood 
cell count was significant higher in OSAHS + NAFLD 
group than in OSAHS-only group (both P < 0.05), 
whereas there was no significant difference in the per-
centage of patients with upper limit of PC and MPV 
(both P > 0.05).

Correlation analysis of platelet‑related parameters 
with NAFLD in OSAHS patients
Table 3 revealed the correlations between PC, MPV, PLR, 
WBC/MPV, and other variables. PLR was negatively cor-
related with NAFLD  (r = −0.250, P < 0.001), whereas 
WBC/MPV was positively correlated with NAFLD 
(r = 0.241, P < 0.001). In addition, PLR was positively 

correlated with  MaSO2 (r = 0.115, P = 0.035), and WBC/
MPV was positively correlated with ALT (r = 0.163, 
P = 0.006). Furthermore, platelet count, as expressions of 
platelet activation, had a negative correlation with  LaSO2 
(r = -0.107, P = 0.045), while MPV had a positive correla-
tion with TS90% (r = 0.126, P = 0.019), suggesting sleep 
apnea and intermittent hypoxia played important roles in 
platelet activation.

Predictors of NAFLD in OSAHS patients according 
to logistic regression analysis
Logistic regression analysis highlighted WBC/MPV as a 
significant predictor of NAFLD in OSAHS populations 
with the highest odds ratio (OR) after adjustment, reach-
ing 7.559 (95% CI: 1.411–40.486, P = 0.018), followed by 
gender (OR: 3.672; 95% CI: 1.231–10.954, P = 0.020), BMI 
(OR: 1.191; 95% CI: 1.028–1.380, P = 0.020),  MaSO2 (OR: 
1.134; 95% CI: 1.011–1.272, P = 0.031), ALT (OR: 1.049; 
95% CI: 1.017–1.083, P = 0.003), HDL-C (OR: 0.070; 95% 
CI: 0.013–0.396, P = 0.0003), and PLR (OR: 0.980; 95% 
CI:0.970–0.991, P < 0.001)(Table 4).

Comparison of the parameters in the predictive power 
of NAFLD in OSAHS
The results of the ROC curve analysis of the WBC/MPV, 
PLR, the combination of WBC/MPV and PLR, FLI, and 
APRI corresponding to 95% CI were shown in Table  5 
and Figs.  1, 2, 3, 4 and 5. The AUC of NAFLD was the 
highest for FLI at 0.742 (95% CI 0.708–0.831), followed 

Table 1 Comparison of anthropometric and polysomnographic parameters between the OSAHS-only and OSAHS+NAFLD group

Normally distributed data were expressed as mean ± SD, skewed data (including NC, WC, BMI, ESS score, AHI,  LaSO2,  MaSO2, TS90%, and ODI) were presented as 
median (interquartile range). Categorical variables were expressed as number (percentage). NC neck circumference, WC waist circumference, BMI Body mass index, ESS 
score Epworth Sleepiness Scale score, AHI apnea–hypopnea index, LaSO2 lowest  O2 saturation, MaSO2 average  O2 saturation, TS90% the percentage of total sleep time 
spent with  SpO2 < 90%, ODI oxygen desaturation index

OSAHS‑only OSAHS + NAFLD P

Subjects, n 72 279

Age, years 55.79 ± 14.18 49.83 ± 13.13 0.002

Male sex, number (%) 54 (75.00) 229 (82.08) 0.175

Hypertension, number (%) 32 (44.44) 150 (53.76) 0.158

Diabetes, number (%) 11 (15.28) 53 (19.00) 0.466

Smoking, number (%) 18 (25.00) 108 (38.71) 0.031

NC (cm) 38.00 (35.00, 41.45) 40.00 (38.00, 42.00) 0.000

WC (cm) 93.50 (86.75, 101.00) 100.00 (94.00, 106.00) 0.000

BMI (kg/m2) 24.95 (23.23, 27.45) 27.55 (25.99, 29.87) 0.000

ESS score 7.00 (3.00, 12.50) 7.00 (4.00, 10.00) 0.279

AHI (events/h) 31.35 (17.80, 44.13) 34.00 (15.70, 56.93) 0.345

LaSO2 (%) 77.00 (62.25, 84.75) 77.00 (66.75, 83.00) 0.694

MaSO2 (%) 94.00 (91.25, 95.00) 94.00 (92.00, 95.00) 0.941

TS90% (min/h) 6.98 (1.45, 31.80) 10.60 (2.15, 45.15)) 0.363

ODI (events/h) 24.20 (11.65, 40.65) 24.10 (10.20, 46.03) 0.612
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Table 2 Comparison of biochemical and hematological parameters between groups

Skewed data were presented as median (interquartile range). TG triglyceride, TC total cholesterol, ALT alanine transaminase, AST aspartate transaminase, LDL-C 
low-density lipoprotein cholesterol, HDL-C high-density lipoprotein cholesterol, TBIL total bilirubin, ALP alkaline phosphatase, GGT  Gamma-glutamyl transferase, 
PC platelet count, MPV mean platelet volume, PDW platelet distribution width, PCT plateletcrit, MPC average concentration of platelet contents, PLR platelet to 
lymphocyte ratio, WBC/MPV white blood cell count to mean platelet volume ratio, FLI fatty liver index, APRI AST platelet ratio index

OSAHS‑only OSAHS + NAFLD P

TG (mmol/L) 1.28 (0.84, 1.72) 1.91 (1.36, 2.62) 0.000

TC (mmol/L) 4.49 (3.73, 5.15) 4.63 (4.04, 5.20) 0.187

ALT (U/L) 21.00 (16.00, 28.00) 32.00 (21.00, 49.00) 0.000

AST (U/L) 19.00 (17.00, 22.00) 22.00 (18.00, 29.00) 0.000

LDL-C (mmol/L) 2.88 (2.14, 3.58) 3.00 (2.45, 3.72) 0.000

HDL-C (mmol/L) 1.15 (0.91, 1.38) 0.97 (0.86, 1.10) 0.000

TBIL (umol/L) 11.60 (8.60, 14.30) 11.20 (8.40, 13.80) 0.573

ALP (U/L) 64.00 (51.00, 78.00) 67.00 (55.00, 82.00) 0.265

GGT (U/L) 23.00 (18.00, 39.00) 36.00 (23.00, 55.00) 0.000

Fasting glucose (mmol/L) 4.92 (4.52, 5.41) 5.07 (4.59, 5.85) 0.149

PC (10^9/L) 221.00 (198.00, 256.00) 225.00 (194.00, 269.00) 0.526

Upper limit of normal PC, number (%) 1 (1.40) 8 (2.90) 0.772

MPV (fL) 8.90 (8.30, 9.50) 8.70 (7.90, 9.70) 0.774

Upper limit of normal MPV, number (%) 0 (0.00) 3 (1.10) 0.501

PDW (%) 49.20 (45.60, 57.70) 51.00 (46.30, 56.90) 0.396

PCT (%) 0.20 (0.17, 0.22) 0.20 (0.17, 0.23) 0.514

MPC (g/L) 252.00 (228.00, 276.00) 254.00 (233.00, 274.00) 0.460

PLR 126.92 (103.92, 148.00) 104.47 (84.76, 134.35) 0.000

WBC/MPV 0.64 (0.53, 0.78) 0.78 (0.64, 0.97) 0.000

Lymphocyte count. (10^9/L) 1.75 (1.51, 2.01) 2.18 (1.77, 2.60) 0.000

Upper limit of normal lymphocyte count, number (%) 0 (0.00) 14 (5.80) 0.045

White blood cell count (10^9/L) 5.76 (4.97, 6.65) 6.83 (5.79, 8.19) 0.000

Upper limit of normal white blood cell count, number (%) 2 (2.80) 33 (12.00) 0.037

FLI 1.04 (0.27, 2.01) 3.38 (1.52, 8.10) 0.000

APRI 0.22 (0.18, 0.26) 0.25 (0.20, 0.34) 0.001

Table 3 Spearman rank correlation coefficients between hematological parameters (platelet count, MPV, PLR and WBC/MPV) and 
NAFLD, metabolic, and polysomnographic characteristics

AHI apnea–hypopnea index, TS90% the percentage of total sleep time spent with  SpO2 < 90%, LaSO2 lowest  O2 saturation, MaSO2 average oxygen saturation, ODI 
oxygen desaturation index, TG triglyceride, ALT alanine transaminase, AST aspartate transaminase

PC MPV PLR WBC/MPV

r P r P r P r P

NAFLD 0.034 0.527 −0.015 0.774 −0.250 0.000 0.241 0.000

AHI 0.064 0.229 0.051 0.343 −0.054 0.314 0.075 0.162

TS90% 0.049 0.369 0.126 0.019 −0.040 0.461 0.009 0.868

LaSO2 −0.107 0.045 −0.053 0.321 −0.028 0.600 −0.049 0.362

MSaO2 0.031 0.564 −0.055 0.313 0.115 0.035 −0.057 0.292

ODI 0.045 0.409 0.073 0.178 −0.059 0.278 0.062 0.253

TG 0.105 0.050 0.060 0.266 0.011 0.850 0.060 0.322

ALT 0.147 0.006 −0.104 0.053 −0.036 0.552 0.163 0.006

AST 0.098 0.068 −0.036 0.503 0.002 0.906 0.075 0.209
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by the combination of WBC/MPV and PLR (0.743, 95% 
CI 0.684–0.801), PLR (0.679, 95% CI 0.618–0.740), WBC/
MPV (0.664, 95% CI 0.602–0.741), and APRI (0.632, 
95% CI 0.563–0.700) in all subjects. In the BMI sub-
group analysis, the AUCs for the combination of WBC/
MPV and PLR was 0.753 (95% CI 0.684–0.822), the high-
est in subjects with BMI < 28  kg/m2. In BMI ≥ 28  kg/m2 
subjects, the AUC  for the combination of  WBC/MPV 
and  PLR  with NAFLD was 0.674 (95% CI 0.536–0.812), 
ranked only after FLI (0.764, 95% CI 0.636–0.892)  and 
APRI (0.688,  95% CI  0.562–0.814). In the age subgroup 
analysis, the AUCs for the combination of WBC/MPV 
and PLR of age < 60 years old and age ≥ 60 years old with 
NAFLD were 0.729 (95% CI 0.652–0.806) and 0.786 (95% 
CI 0.692–0.880), which were the highest in age ≥ 60 years 

Table 4 Risk factors for OSAHS with NAFLD: binary logistic 
regression analysis

BMI body mass index, MaSO2 average oxygen saturation, TG triglyceride, HDL-C 
high-density lipoprotein cholesterol, ALT alanine transaminase, PLR platelet to 
lymphocyte ratio, WBC/MPV white blood cell count to mean platelet volume 
ratio

Factors OR 95%CI P

Gender 3.672 (1.231, 10.954) 0.020

BMI 1.191 (1.028, 1.380) 0.020

MaSO2 1.134 (1.011, 1.272) 0.031

TG 1.384 (0.860, 2.226) 0.181

HDL-C 0.070 (0.013, 0.396) 0.003

ALT 1.049 (1.017, 1.083) 0.003

PLR 0.980 (0.970, 0.991) 0.000

WBC/MPV 7.559 (1.411, 40.486) 0.018

Table 5 Areas under the receiver-operating characteristic curves for each parameter for predicting non-alcoholic fatty liver disease

PLR platelet to lymphocyte ratio, WBC/MPV white blood cell count to mean platelet volume ratio, FLI fatty liver index, APRI AST platelet ratio index, CI Confidence 
interval, SE Standard error

Parameters Area under the 
ROC curve

95% CI P SE Cut off value Sensitivity (%) Specificity (%)

All subjects (n = 351)

WBC/MPV 0.672 (0.602, 0.741) 0.000 0.035 0.725 0.613 0.708

PLR 0.679 (0.618, 0.740) 0.000 0.031 91.225 0.369 0.972

The combination of WBC/MPV and PLR 0.743 (0.684, 0.801) 0.000 0.030 0.790 0.669 0.694

FLI 0.770 (0.708, 0.831) 0.000 0.031 2.101 0.663 0.775

APRI 0.632 (0.563, 0.700) 0.001 0.035 0.299 0.337 0.903

BMI < 28 kg/m2 (n = 214)

WBC/MPV 0.664 (0.582, 0.746) 0.000 0.042 0.720 0.618 0.719

PLR 0.683 (0.609, 0.756) 0.000 0.038 97.090 0.420 0.333

The combination of WBC/MPV and PLR 0.753 (0.684, 0.822) 0.000 0.035 0.733 0.688 0.736

FLI 0.742 (0.663, 0.820) 0.000 0.040 1.265 0.675 0.732

APRI 0.604 (0.520, 0.687) 0.020 0.043 0.259 0.465 0.184

BMI ≥ 28 kg/m2 (n = 137)

WBC/MPV 0.653 (0.511, 0.795) 0.054 0.072 0.726 0.623 0.667

PLR 0.631 (0.513, 0.748) 0.099 0.060 91.545 0.402 1.000

The combination of WBC/MPV and PLR 0.674 (0.536, 0.812) 0.028 0.070 0.859 0.779 0.533

FLI 0.764 (0.636, 0.892) 0.001 0.065 6.137 0.590 0.866

APRI 0.688 (0.562, 0.814) 0.018 0.064 0.290 0.426 0.933

Age < 60 years (n = 245)

WBC/MPV 0.717 (0.634, 0.800) 0.000 0.042 0.726 0.653 0.783

PLR 0.635 (0.560, 0.710) 0.004 0.038 91.395 0.362 0.957

The combination of WBC/MPV and PLR 0.729 (0.652, 0.806) 0.000 0.039 0.760 0.779 0.630

FLI 0.774 (0.695, 0.853) 0.000 0.040 2.101 0.739 0.756

APRI 0.632 (0.548, 0.716) 0.005 0.043 0.261 0.472 0.761

Age ≥ 60 years (n = 106)

WBC/MPV 0.572 (0.445, 0.669) 0.271 0.065 0.591 0.813 0.385

PLR 0.760 (0.663, 0.857) 0.000 0.050 102.380 0.500 0.923

The combination of WBC/MPV and PLR 0.786 (0.692, 0.880) 0.000 0.048 0.822 0.650 0.846

FLI 0.751 (0.640, 0.862) 0.000 0.057 0.690 0.875 0.538

APRI 0.634 (0.515, 0.753) 0.040 0.061 0.289 0.400 0.923
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subgroup and the second highest in age < 60  years sub-
group, respectively. Compared with the other four 
parameters, the most sensitive parameter for predicting 
NAFLD was the combination of WBC/MPV and PLR 
in BMI < 28 kg/m2 subgroup, BMI ≥ 28 kg/m2 subgroup, 
age < 60 years subgroup, and in all subjects.

Discussion
In this study, we evaluated platelet-related biomarkers 
as potential predictors of NAFLD among OSAHS par-
ticipants. Logistic regression analysis identified WBC/
MPV and  MaSO2 as risk factors, while PLR as a protec-
tive factor for NAFLD in OSAHS populations. In addi-
tion, a combination of PLR and WBC/MPV showed a 
good prediction capacity regarding NAFLD compared 

with WBC/MPV, PLR, FLI, and APRI. Further sub-
group ROC analysis indicated a combination of PLR and 
WBC/MPV presented the largest AUC for the detection 
of NAFLD in BMI < 28  kg/m2 subgroup  (0.753, 95% CI 
0.684–0.822), and in the age ≥ 60 years subgroup (0.786, 
95% CI 0.692–0.880).

NAFLD has become more and more common world-
wide, especially in the OSAHS populations, and it can 
result in a range of serious complications, including liver 
failure and even death [26], so if we can identify NAFLD 
as early as possible, and then carry out the preventive 
intervention, the mortality can be significantly reduced. 
Clinically, liver biopsy is the gold standard for screening 
NAFLD [27]. However, the invasiveness and high cost 
of liver biopsy have limited its application [28, 29]. In 

Fig. 1 ROC curves and relat ed AUCs for WBC/MPV, PLR, FLI, APRI, and the combination of WBC/MPV and PLR in predicting the occurrence of 
NAFLD in all subjects. AUC  area under curve, BMI body mass index, PLR platelet to lymphocyte ratio, WBC/MPV white blood cell count to mean 
platelet volume ratio, FLI fatty liver index, APRI AST platelet ratio index, ROC receiver operating characteristic

Fig. 2 ROC curves and related AUCs for WBC/MPV, PLR, FLI, APRI, and the combination of WBC/MPV and PLR in predicting the occurrence of NAFLD 
in BMI < 28 kg/m2 subgroup. AUC  area under curve, BMI body mass index, PLR platelet to lymphocyte ratio, WBC/MPV white blood cell count to 
mean platelet volume ratio, FLI fatty liver index, APRI AST platelet ratio index, ROC receiver operating characteristic
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recent years, the relation between platelet-related param-
eters and liver diseases has caught the interest of many 
scientists since platelet-related parameters can represent 
the inflammatory state of the body and even provide the 
advantages of simplicity, cost-effectiveness, non-invasive-
ness, etc. [11–13].

Our study showed that AHI and TS90% were higher in 
the OSAHS + NAFLD group. Subsequent binary logistic 
regression analysis found that  MaSO2 was an independ-
ent risk factor for NAFLD, suggesting that nocturnal 
hypoxia played an important role in the development 
of NAFLD in OSAHS participants. According to previ-
ous studies, nocturnal hypoxia was linked with systemic 
inflammation. He et  al. [30] developed an IH 3T3-L1 
adipocyte and rat model respectively, recapitulating the 

nocturnal oxygen profile in OSAHS. The findings demon-
strated that NF-κB DNA binding activities were positively 
correlated with the severity of OSAHS in cellular models. 
Additionally, the mRNA and protein levels of TNF- and 
IL-6 increased with the severity of OSAHS in both cel-
lular and animal models. Many researchers have demon-
strated that the activation of inflammatory and apoptotic 
factors caused by nocturnal hypoxia contributes to the 
pathogenesis and progression of NAFLD in OSAHS indi-
viduals [31]. Polotsky et  al. [32] studied 90 consecutive 
bariatric patients who underwent PSG, and reported that 
nocturnal oxygen desaturation might predispose them 
to hepatic inflammation, hepatocyte ballooning, and 
liver fibrosis. A series of researches have reported that 
liver injuries are initiated by histology-derived oxidative 

Fig. 3 ROC curves and related AUCs for WBC/MPV, PLR, FLI, APRI, and the combination of WBC/MPV and PLR in predicting the occurrence of NAFLD 
in BMI ≥ 28 kg/m2 subgroup. AUC  area under curve, BMI body mass index, PLR platelet to lymphocyte ratio, WBC/MPV white blood cell count to 
mean platelet volume ratio, FLI fatty liver index, APRI AST platelet ratio index, ROC receiver operating characteristic

Fig. 4 ROC curves and related AUCs for WBC/MPV, PLR, FLI, APRI, and the combination of WBC/MPV and PLR in predicting the occurrence of NAFLD 
in age < 60 years subgroup. AUC  area under curve, BMI body mass index, PLR platelet to lymphocyte ratio, WBC/MPV white blood cell count to mean 
platelet volume ratio, FLI fatty liver index, APRI AST platelet ratio index, ROC receiver operating characteristic
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stress, with the initial inflammatory signaling cascade 
culminating in a positive feedback loop for oxidative 
stress and the activation of various inflammatory media-
tors, such as NF-κB, TNF-α, HIF-1a, etc., causing liver 
tissue microcirculation dysfunction and systemic inflam-
matory responses [33–35].

Platelets play a crucial role in liver injury and liver 
fibrosis. Ghafoory et al. [36] demonstrated that activated 
platelets were found during acute liver injury (6  h) in 
mice exposed to CCl4, and mice with temporary platelet 
depletion were partially protected against CCl4-induced 
fibrosis, indicating a link between platelet activation and 
fibrosis. Notably, platelets can cause sinusoidal endothe-
lial cells to emit a significant number of chemokines and 
increase the migration of neutrophils and lymphocytes 
[37], which ultimately induces liver injury and fibro-
sis, indicating that an index representing platelets and 
inflammation may play a role in predicting NAFLD.

PLR, a newly discovered sensitive index of the inflam-
mation system in the body, is able to reflect the state of 
inflammation [38]. PLR seemed to be mostly explored in 
chronic HBV/HCV and HCC patients, and prior research 
revealed that PLR levels were higher in those with more 
advanced HCC and a higher recurrence risk [14], while 
low levels of PLR were observed in chronic HBV/HCV 
patients [15]. To the best of our knowledge, this is the first 
study that presented the association between PLR and 
the occurrence of NAFLD in OSASH patients, even after 
adjusted for well-known risk factor for NAFLD in logis-
tic regression analysis. In this study, PLR levels of OSAHS 
complicated in NAFLD group were lower than those of 
the OSAHS-only group, and PLR seemed to be a reliable 
predictor of NAFLD in the OSAHS population. Given that 
PLR is a composite indicator that comprises both platelets 

and lymphocytes, the activation and aggregation of plate-
lets, as well as inflammation and immune responses in the 
body, may all play a part in the development of NAFLD in 
OSAHS patients. In addition, PLR was shown to be posi-
tively connected with  MaSO2, implying that PLR is linked 
to hypoxia in this research. Prior studies have shown that 
oxyhemoglobin desaturation is associated with platelet 
activation [39–41], and that the severity of desaturation 
in OSAHS patients is positively associated with excess 
catecholamine levels [42]. Furthermore, it is known that 
increased shear stress owing to sympathetic nervous sys-
tem activation and high blood pressure activates platelets, 
hence boosting inflammatory responses in numerous tar-
get organs, including the liver [42].

WBC/MPV is usually used to predict thrombosis-
related events, particularly in cardiovascular, cerebro-
vascular, and peripheral vascular diseases. There hasn’t 
been any research done on the link between WBC/MPV, 
OSAHS, and NAFLD. We used WBC/MPV to predict 
NAFLD in OSAHS patients in a novel way since both 
OSAHS and NAFLD can lead to pathological changes 
in the blood system. Our research indicated that WBC/
MPV ratio was greater in the OSAHS + NAFLD group, 
and the WBC/MPV ratio was an independent risk fac-
tor for OSAHS complicated with NAFLD. According to 
previous studies, patients with NAFLD exhibited higher 
white blood cell and platelet counts. The increased 
expression of inflammatory markers in NAFLD patients 
may promote thrombopoietin development, resulting 
in larger platelets in the bone marrow and platelet acti-
vation, which in turn causes liver damage, and creates a 
vicious cycle. In our research, we found that a combina-
tion of WBC/MPV and PLR can better predict the occur-
rence of NAFLD compared to PLR or WBC/MPV alone.

Fig. 5 ROC curves and related AUCs for WBC/MPV, PLR, FLI, APRI, and the combination of WBC/MPV and PLR in predicting the occurrence of NAFLD 
in age ≥ 60 years subgroup. AUC  area under curve, BMI body mass index, PLR platelet to lymphocyte ratio, WBC/MPV white blood cell count to mean 
platelet volume ratio, FLI fatty liver index, APRI AST platelet ratio index, ROC receiver operating characteristic
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In this study, we also compared the efficacy of PLR, 
WBC/MPV, FLI, APRI, and the combination of WBC/
MPV  and PLR to predict the occurrence of NAFLD in 
patients with OSAHS. FLI and APRI were non-invasive 
scores widely used in the prediction of NAFLD [21, 22]. 
And our study revealed that the combination of WBC/
MPV and PLR had a good prediction capacity in NAFLD, 
only ranked after FLI  in all subjects. Further subgroup 
analysis presented a fact that the combination of WBC/
MPV and PLR had an even better performance in NAFLD 
prediction in BMI < 28  kg/m2, and in the age ≥ 60  years 
subgroup. To be emphasized, there was no significant dif-
ferences in the absolute value of platelet count and MPV. 
However, PLR and WBC/MPV, the composite indica-
tor, have better performances in predicting NAFLD. We 
hypothesized that stress, changes in blood volume in vivo, 
and changes in specimen fluid volume during testing 
operations may affect absolute values of platelet count, 
lymphocyte count, white blood cell, and MPV, resulting in 
improved sensitivity and resistance to interference when 
using composite indicators for disease prediction.

There are a few problems with this study. As a mat-
ter of fact, our study only included a limited number of 
patients, and each of those patients was only evaluated 
at a single location. Therefore, we were unable to avoid 
selection bias when gathering data. Second, the PLR and 
WBC/MPV ratios were evaluated using a single meas-
urement at the time of admission for the preliminary 
diagnosis. In order to avoid interference brought on by 
measurement mistakes in the subsequent study, further 
blood procedures will be  needed to carry out multiple 
times at a variety of time points. Third, because a liver 
biopsy was not possible, a diagnosis of fatty liver was 
made using liver ultrasonography rather than a biopsy of 
the liver. Despite the fact that a previous study found that 
ultrasonography had a sensitivity of 89% and a specificity 
of 93% for NAFLD, and that it was widely used in popu-
lation-based studies because of its non-invasiveness and 
accessibility, ultrasound has limited sensitivity in individ-
uals with an elevated BMI, and it does not reliably detect 
mild steatosis [43]. Future investigations utilizing more 
precise methods, such as liver biopsy, would be required 
to confirm the findings of this study. Even with the afore-
mentioned limitations, our study is the first cohort study 
to explore the diagnostic value of PLR and WBC/MPV in 
NAFLD among OSAHS patients, providing a non-inva-
sive, cost-efficient and convenient method in the early-
detection of NAFLD.

Conclusion
PLR and WBC/MPV are closely related to liver inflam-
mation in patients with OSAHS. PLR and WBC/MPC 
are potential risk factors for NAFLD. Furthermore, our 

findings highlighted the combination of PLR and WBC/
MPV as an effective indicator of NAFLD in patients with 
OSAHS. Given the accessibility and simplicity of calcu-
lation, these indices could be widely used for screening 
NAFLD in individuals with OSAHS in clinical settings.
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