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Aim: Exposure to famine in early life has been shown to increase the prevalence of non-alcoholic fatty liver disease (NAFLD). 
Neutrophil-to-lymphocyte ratio (NLR) is a risk factor for developing NAFLD. However, it is not clear that the association between 
NLR and NAFLD in individuals who were exposed to famine in early life.
Methods: To match for age, we selected two group populations from Xuzhou city, China, on two different occasions, 2013 and 2017. The 
group recruited in 2013 included participants who were born during a period of great famine in China. Participants in the another group recruited 
in 2017 were born between 1965 and 1968. Clinical characteristics of individuals as well as serology indexes were examined for all participants. 
Ultrasonography to diagnose NAFLD was performed by trained doctors. A total of 10,574 participants were included in the final analysis.
Results: Individuals born during the famine period have a higher NAFLD prevalence than those who had not been exposed to famine and these 
findings were similar for both sexes (male: 57.6% vs 48.9%, female: 47.6% vs 40.3%). The prevalence of NAFLD according to NLR quartiles in 
those exposed to famine was 49.5%, 52.7%, 52.9% and 55.5% for Q1, Q2, Q3 and Q4 NLR, respectively, and was higher than that in non- 
exposed to famine group. After adjusting for age, BMI, and other metabolic variables, the association between NLR and NAFLD disappeared in 
the non-famine group. The non-linear relationship between NLR and NAFLD was found in those who had been exposed to famine.
Conclusion: Individuals who were exposed to famine in early life have a higher prevalence of NAFLD than those who were not 
exposed. Compared with lower NLR levels, elevated NLR is a risk factor for developing NAFLD. However, there is a non-linear 
relationship between NLR and the risk of developing NAFLD.
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Introduction
The prevalence of non-alcoholic fatty liver disease (NAFLD) has risen rapidly in the past dozen years.1 According to 
WHO, the global prevalence of NAFLD is 25.2%,2 and in Africa is 31.8%.3 NAFLD is defined by the presence of 
steatosis in more than 5% of hepatocytes in individuals who are non-drinker, or in the absence of excessive alcohol 
consumption or other chronic liver diseases. NAFLD ranges from simple steatosis to non-alcoholic steatohepatitis 
(NASH) with or without hepatic fibrosis.4 As a chronic metabolic liver disease, NAFLD has been linked with chronic 
inflammation activation.5 A backdrop of literature demonstrated the role of two main inflammatory pathways, JNK-AP-1 
and IKK-NF-κB, in the development of NAFLD.6 The neutrophil-to-lymphocyte ratio (NLR), which is also a low-cost 
and accessible indicator of inflammation, has been reported to play a role in patients with inflammatory bowel disease,7 

thyroiditis8 and hepatocellular carcinoma.9 However, controversies regarding the relationship between NLR and NAFLD 
remain. For example, Abdel-Rzaik et al found a positive correlation between NLR and NAFLD,10 but Wen11 reported 
there a negative correlation between elevated NLR levels and fibrosis in patients with NAFLD.
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In addition to inflammation, malnutrition in early life is also a risk factor for NAFLD. Inadequate food supply is the 
primary cause of malnutrition, the role of nutrition in NAFLD was proved by many studies.12–14 Qi15 suggested that 
individuals who exposed to famine in early life, have a higher risk of developing NAFLD than those who unexposed to 
famine. Liu et al16 also found that adults born during a famine period had a higher prevalence of NAFLD. However, prior 
studies have not matched famine and control cohorts for age, which is an important factor of liver diseases and therefore 
an important confounder that should be accounted for.17 From 1959 to 1962, there was a great famine in mainland China, 
and in which approximately 30 million people have died of starvation.18 Our study includes individuals born between 
1959 and 1962 in China to evaluate the harms of famine in the context of liver disease. Specifically, we recruited two 
groups of age-matched participants and investigated the association between NLR and NAFLD prevalence.

Subjects and Methods
Subjects
We enlisted two groups; one group included individuals born at the peak of the great Chinese famine of 1959 to 1962 [famine 
period group (BF)]. A total of 6318 individuals were included in the BF group and took part in the preliminary survey. Four 
thousand five hundred and seventeen of participants born between 1965 and 1968 were recruited to the non-famine group (BNF). 
Participants who meet the inclusion and exclusion criteria were included in the final analysis. The inclusion criteria were as 
follows: 1) the individuals who were non-drinkers or consumed less than 140g (for males) or less than 70 g (for females) of alcohol 
per week 2) signed an informed consent and volunteered to participate in this study. The exclusion criteria were as follows: 1) 
patients with hepatitis B, alcoholic fatty liver, liver cirrhosis, or liver cancer; 2) patients with mental health issues; 3) individuals 
who were not able to undergo Ultrasound examination; 4) participants who migrated from non-famine place after birth in 
1959~1962.

A total of 10,547 participants were included in this study, 6125 participants were included in the BF group and 4422 
individuals were included in the BNF group.

Data Collected
Age is a well-recognized risk factor for NAFLD.17 To minimize the influence of age in our results, and ensure patients were 
age-matched, we collected research data for the BF group in 2013, and collected research data for the BNF group in 2017.

All participants were examined by trained medical workers in the Xuzhou Central Hospital, Xuzhou city, China. The 
examination included a questionnaire, general physical testing, serological tests, and ultrasound examinations. Age, sex, drinking 
history and smoking, history of liver disease, hypertension and type 2 diabetes were collected in the questionnaire. Height, 
weight, body mass index (BMI)), systolic blood pressure (SBP), diastolic blood pressure (DBP) data were collected by trained 
doctors. Serological tests included total cholesterol (TC), triglycerides (TG), low-density lipoprotein (LDL), high-density 
lipoprotein (HDL), apolipoprotein A (APO-A), apolipoprotein B (APO-B), total protein (TB), albumin (ALB), and fasting 
plasma glucose (FPG). Blood routine tests included red blood cell (RBC) counts, white blood cell (WBC) counts, hemoglobin 
(HB), platelet counts (PLT), and neutrophil (NEUT) and lymphocyte (LYM) counts. NLR was estimated by NEUT/LYM. This 
study was approved by the ethics committee of Xuzhou Central hospital, China; all participants gave informed consent.

Diagnosis of NAFLD
The gold standard NAFLD diagnosis of NAFLD is fine needle aspiration biopsy. However, liver biopsy can be dangerous and 
is not suitable for populational screening given high costs. In this study, we screened patients using ultrasound examination. To 
confirm the diagnosis, individuals were screened by two trained sonographers; in the event of disagreement, the patient was 
examined by a senior physician. Diagnosis was performed according to NAFLD criteria using ultrasound,4,19 the abdominal 
ultrasonography scan was performed using a 3.5-MHz transducer (LOGIQ9E, GE, USA).

Statistical Analyses
Continuous data were tested normality as presented as means ± SD; comparison between groups was done using the Student’s 
t-test. Non-normal data were transformed by log and tested by Skewness-Kurtosi. Multi-factor logistic regression restricted 
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cubic spline analysis and was used to analyze the association between NLR and the risk of NAFLD. SPSS 21.0 (IBM Corp. 
Released 2012. IBM SPSS Statistics for Windows, Version 21.0. Armonk, NY: IBM Corp) was used to analyze and manage 
the data. Calculations were based on a 2-sided t-test at the 5% level of significance.

Results
Participants Clinical Characteristics
In the present study, a total of 10,547 participants who were identified as non-drinkers or consumed less than 140g (for 
males) or less than 70 g (for females) of alcohol per week were included into the final analysis. In female participants, we 
found that weight, BMI, DBP, TG, HDL, LDL, APO-B, ALB, WBC, RBC, HB, PLT, LYC were significantly different 
between the two groups, with participants who were born during the famine period having higher TG, LDL, RBC, HB 
and PLT levels than those who were not born during the famine period. In male participants, we found that SBP, DBP, 
TC, HDL, LDL, APO-B, TP, ALB, WBC, RBC, HB, PLT, LYC and NEUT were significantly different between the two 
groups, with males born during the famine period having higher SBP, LDL, TP, HB, PLT and NEUT. Individuals who 
were born during the non-famine had a higher LYC. There were no significant differences in smoking, type 2 diabetes 
and hypertension history between the two groups (Table 1).

Table 1 The Clinical Characteristic of Participants According to Different Birth Period and Sex

Variables Birth in Famine Period Birth in Normal Non-Famine Period

Female Male Female Male Pa Pb

n 2822 3303 1396 3026

Age (years) 52.31±1.22 52.30±1.24 52.38±1.47 52.28±1.51 0.125 0.561
Weight (kg) 61.01±8.41 74.48±9.58 61.71±8.14 74.09±9.68 0.01 0.109

BMI(kg/m2) 23.94±3.14 25.39±2.81 24.26±3.10 25.39±2.80 0.002 0.964

SBP(mmHg) 124.66±13.16 131.86±12.08 125.21±16.48 130.01±15.32 0.246 <0.001
DBP(mmHg) 77.46±8.38 83.38±8.22 79.02±10.68 84.31±10.86 <0.001 <0.001

FPG(mmol/L) 5.50±1.17 5.99±1.74 5.44±1.25 6.03±1.74 0.114 0.441

TC(mmol/L) 5.29±0.89 4.97±0.89 5.27±0.99 5.06±0.95 0.443 <0.001
TG(mmol/L) 1.59±0.98 1.94±1.46 1.45±1.18 1.94±1.73 <0.001 0.942

HDL(mmol/L) 1.37±0.27 1.17±0.25 1.45±0.34 1.27±0.31 <0.001 <0.001
LDL(mmol/L) 3.32±0.72 3.18±0.70 3.25±0.85 3.12±0.78 0.006 0.002

APO-A(g/L) 1.39±0.23 1.28±0.21 1.41±0.27 1.29±0.27 0.31 0.525

APO-B(g/L) 0.91±0.21 0.93±0.21 0.99±0.26 1.01±0.25 <0.001 <0.001
ALT(U/L) 21.42±14.83 26.37±16.87 22.13±16.14 27.18±19.36 0.157 0.077

AST(U/L) 21.94±8.27 23.10±10.46 21.79±11.21 22.84±10.14 0.653 0.315

TP(g/L) 73.65±4.16 72.74±4.05 73.90±4.41 72.30±4.18 0.071 <0.001
ALB(g/L) 45.16±2.34 45.98±2.27 45.76±2.06 46.27±2.06 <0.001 <0.001

WBC(×109/L) 5.29±1.26 6.03±1.46 5.47±1.39 6.27±1.52 <0.001 <0.001

RBC(×1012/L) 4.55±0.32 5.03±0.36 4.50±0.32 4.99±0.37 <0.001 <0.001
HB(g/L) 135.59±10.37 156.64±10.91 134.15±10.77 154.95±10.06 <0.001 <0.001

PLT(×109/L) 238.23±55.68 220.77±51.13 224.38±53.02 208.35±50.74 <0.001 <0.001

LYC(×109/L) 1.71±0.52 1.78±0.53 1.91±0.52 2.04±0.56 <0.001 <0.001
NEUT(×109/L) 3.18±1.03 3.75±1.20 3.13±1.11 3.66±1.17 0.175 0.006

Smoking[n(%)] 147 (5.21%) 1038 (31.43%) 89 (6.38%) 967 (31.96%) 0.121 0.651

Hypertension[n(%)] 639 (22.64%) 1188 (36.4%) 339 (24.28%) 1151 (38.6%) 0.235 0.065
Diabetes[n(%)] 97 (3.4%) 296 (9.0%) 39 (2.8%) 296 (9.8%) 0.265 0.263

Abbreviations: Pa, compared between females in different birthed period; Pb, compared between males in different birthed period; BMI, body mass 
index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; TC, total cholesterol; TG, triglyceride; HDL, high density 
lipoprotein; LDL, low density lipoprotein; APO-A, apolipoprotein A; APO-B, apolipoprotein B; ALT, glutamic-pyruvic transaminase; AST, glutamic- 
oxalacetic transaminase; TP, total protein; ALB, albumin; WBC, white blood cell; RBC, red blood cell; HB, hemoglobin; PLT, platelets; LYC, lymphocyte 
count; NEUT, neutrophil.
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NAFLD Prevalence and Different NLR Levels
In this study, we found that NAFLD prevalence was of 52.9% (3242/6125) in the BF group, and 46.1% (2040/4422) in 
the NBF group, with a statistically significant difference between the two groups (P < 0.001). We split our sample into 
four subgroups, according NLR quartiles. NAFLD prevalence was different between the two groups and across the four 
subgroups. In the NLR Q1 subgroup, the prevalence of NAFLD was 49.5% in the BF group, and 44.4% in the BNF 
group (P = 0.008). In the NLR Q2 subgroup, the prevalence of NAFLD was 52.7% in the BF group and 47.5% in the 
BNF group (P = 0.007). In the NLR Q3 subgroup, the prevalence of NAFLD was 52.9% in the BF group and 46.6% in 
the BNF group (P = 0.002). In the NLR Q4 subgroup, the prevalence of NAFLD was 55.3% in the BF group and 46.3% 
in the BNF group (P < 0.001). We observed increased NAFLD prevalence with increasing NLR levels in the BF group 
(P = 0.016) but not in the BNF group (P = 0.438) (Figure 1).

Sex and NLR Associated with NAFLD Prevalence
We examined NAFLD prevalence according to sex. Our results show that males in the BF group have higher NAFLD 
prevalence than those in the BNF group (52.5% vs 43.8%). Similar findings were observed in females (36.1% in the BF 
group vs 29.5% in the BNF group). Further, we analyzed the association between NLR and NAFLD prevalence in both 
sexes (Figure 2). Regardless of sex, NAFLD prevalence increases with NLR levels in the BF group. In the BNF group, 
NAFLD prevalence in females increased with NAR levels, but the trend was not found in male participants.

Association Between NLR and NAFLD in Different Groups According to Sex
We performed multi-factor logistic regression analysis to explore the relationship between NAR and NAFLD in both 
groups according to sex (Table 2). We found that after adjusting for age, BMI, blood lipid levels, FPG, WBC, RBC, 
smoking status, and diabetes and hypertension history, the participants born during the famine period with higher NLR 
level had a higher risk of NAFLD than those born during the non-famine period. In the BNF group, we did not observe 
that the risk of NAFLD was increased with NLR levels, after adjusting for metabolic factors. Females in Q4 NLR of the 

Figure 1 The prevalence of non-alcoholic fatty liver disease (NAFLD) of two groups in different categories of neutrophil-to-lymphocyte ratio (NLR). Q1: NLR < 1.429%; 
Q2: NLR≥1.429%, NLR <1.860%; Q3: NLR≥1.860%, NLR<2.389%; Q4: NLR≥2.389%.
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BF group had an increased risk of 31.8% to develop NAFLD than those in Q1 NLR level. For males, the risk of NAFLD 
increased by 26.3% in Q4 NLR of the BF group compared to those in Q1 level (Table 2).

The Association Between NLR and the Risk of NAFLD in BF Group
So far, our results suggest a relationship between NLR and the risk of NAFLD. However, it remains unclear whether this 
is a linear association. After adjusting for age, BMI, blood lipids, FPG, WBC, RBC, smoking status, and diabetes and 
hypertension history, we found non-linear relationship between NLR and the risk of NAFLD in both sexes. In males, the 
risk of NAFLD increased with increasing NLR when NLR was below 2%, while NLR was above 2%, the association 
between NLR and NAFLD was non-linear (Figure 3B). In females, we found that when NLR was below 3%, the risk of 
NAFLD increased with NLR, but when NLR was more than 3%, the risk of NAFLD reduced with increasing NLR 
(Figure 3A).

Discussion
In this study, which included 10,547 participants, we found that exposure to famine in early life increased the prevalence 
of NAFLD. We also found a non-linear relationship between NLR and the risk of developing NAFLD in individuals who 
were born during the famine period. To our knowledge, this is the first study to explore the non-linear relationship 
between NLR and the risk of NAFLD in individuals who were born during the famine period.

Figure 2 The prevalence of non-alcoholic fatty liver disease (NAFLD) in different categories of neutrophil-to-lymphocyte ratio (NLR) and different gender. (A) The 
prevalence of NAFLD of two groups in different gender. (B) The prevalence of NAFLD of female participants in two groups in different categories of NLR. Q1: NLR < 
1.429%; Q2: NLR≥1.429%, NLR <1.860%; Q3: NLR≥1.860%, NLR<2.389%; Q4: NLR≥2.389%. (C) The prevalence of NAFLD of male participants in two groups in different 
categories of NLR. Q1: NLR < 1.429%; Q2: NLR≥1.429%, NLR <1.860%; Q3: NLR≥1.860%, NLR<2.389%; Q4: NLR≥2.389%.

Table 2 The Association Between NLR and NAFLD Using the Multi-Factor Regression Analysis

Birth Period NLR Levels Beta S.E Wald χ2 P OR 95% C.I

Female Famine period Q1 1 1 1

Q2 0.144 0.138 1.091 0.396 1.155 0.822~1.513

Q3 −0.049 0.135 0.134 0.714 0.952 0.730~1.240
Q4 0.276 0.132 4.381 0.036 1.318 1.018~1.707

Non-famine period Q1 1 1 1

Q2 0.299 0.174 2.941 0.086 1.348 0.958~1.897
Q3 −0.01 0.186 0.003 0.957 0.991 0.688~1.424

Q4 0.285 0.208 1.874 0.171 1.329 0.884~1.998

Male Famine period Q1 1 1 1
Q2 0.069 0.13 0.279 0.598 1.071 0.830~1.382

Q3 0.128 0.123 1.084 0.298 1.137 0.893~1.446

Q4 0.233 0.118 3.974 0.041 1.263 1.001~1.593
Non-famine period Q1 1 1 1

Q2 −0.031 0.114 0.073 0.787 0.97 0.775~1.213

Q3 0.08 0.122 0.434 0.51 1.084 0.853~1.377
Q4 −0.191 0.14 1.878 0.171 0.826 0.628~1.086

Notes: The model was adjusted age, BMI, blood lipid, FPG, WBC, RBC, smoking status, diabetes and hypertension.
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In our study, NAFLD prevalence was found to be higher in BF group and is higher than in NBF group. Previous 
studies have also shown that exposed to famine in early life is a risk factor for NAFLD.20 A larger study by Lu21 showed 
that women and men exposed to famine had a significantly higher risk of NAFLD than those not exposed. Data from 
Chongqing city suggest similar results.22 Our study indicated that the male prevalence of NAFLD (57.6%) was higher 
than that of women (47.6%) in the BF group. Compared with previous studies, our research suggests a higher prevalence 
of NAFLD, which might be related not only to fetal and childhood malnutrition but also influenced by adulthood 
lifestyle.23 The participants in this study were recruited from the Jiangsu province, which is the richest region in China. 
Exposure to famine in early life, poor lifestyle and an abundance of diet in adulthood might all contribute to a higher risk 
of NAFLD.24 Song XC reported that the prevalence of NAFLD in Jiangsu was 36.80% in 2016,25 higher than that in the 
Beijing and Jiangxi provinces in China. Age is also a key risk factor of NAFLD.17 Participants in our sample have 
a mean age 53.05±1.38 years old, an age in which there is high incidence of NAFLD.

In this study, we analyzed the relationship between NLR and NAFLD in BF group. The results show that NLR is the 
risk of NAFLD in participants who were born during the famine period and in females who were non-exposed to famine. 
The NLR is a systemic inflammatory factor that is known to contribute to the first line of defense against infection and 
plays a major anti-inflammatory role.26 Previous studies reported that NLR was associated with liver diseases. For 
example, Li et al27 found that NLR was a marker for predicting mortality of hepatitis B virus-related decompensated 
cirrhosis. A study by Khoury et al28 found a significant independent correlation between NLR and advanced inflamma-
tion and fibrosis in patients with NAFLD. The ABUND study,8,29 which was conducted by professor Gulali Aktas, found 
some serum levels of inflammatory markers, such as NLR and serum uric acid to high-density lipoprotein–cholesterol 
ratio, were related with NAFLD. However, a negative relationship between NLR and NAFLD was reported by Wen.11 

These seemingly controversial results might relate with the non-linear relationship between NLR levels and the risk of 
NAFLD. In our study, we found that when NLR was less than 3% in women or 2% in men, there was a linear relationship 
between NLR and the risk of developing NAFLD. However, when NLR was above 3% in women or 2% in men, the 
relationship between NLR and NAFLD was non-linear. In the women, our results showed a reduced risk of developing 
NAFLD with NLR level above 3% (Figure 3).

To the best of our knowledge, this is the first study to find a non-linear association between NLR and NAFLD. Previous 
studies showed that increased NRL levels were related to inflammatory activation;30 NAFLD can be considered a low-grade 
inflammation state and elevated NLR levels increase the risk of developing NAFLD.31 The pathophysiological mechanisms 
underlying the relationship between NLR and NAFLD might be related to oxidative stress.32 A study in rats study showed that 
reducing neutrophil myeloperoxidase could induce oxidative stress and activate inflammation.26 Accumulation of neutrophils 
and lymphocytes in the liver promotes the progression of NAFLD, but also act as anti-inflammatory factors, and injury 

Figure 3 The association between NLR level and the risk of NAFLD under different gender in BF group. (A) The females; (B) the males.
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repair.33,34 Therefore, based on our results, we considered that NLR might have a promoting effect in the early inflammation 
process, but a repairing role in the later stages of inflammation.

Our study is an age-matched, large cross-sectional study. Although we found a non-linear association between NLR and the 
risk of developing NAFLD in individuals who were exposed to famine in early life, this study also has some limitations. First, our 
study is a cross-sectional study and is not able to explore the causal relationship between changes in NLR and NAFLD. Second, 
all participants were recruited from Xuzhou city and might not be generalizable to other races and populations. Third, we did not 
collect the detailed data of physical activity and dietary habit because of restriction of data collection method. The interaction 
effect of physical activity, dietary habit and exposure to famine in early life were not assessed.

In summary, we found that the individuals who were exposed to famine in early life have a higher NAFLD prevalence 
than those who were not exposed to famine. Elevated NLR is a risk factor of developing NAFLD, and there is a non- 
linear relationship between NLR and the risk of developing NAFLD. These findings further our understanding of the role 
of inflammation in NAFLD. NLR may be useful to diagnose and follow subjects with hepatic steatosis, especially for the 
individuals exposed to famine in early life.
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