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A b s t r a c t

Introduction: The systemic immune-inflammation index (SII), based on pe-
ripheral lymphocyte, neutrophil, and platelet counts, has recently been in-
vestigated as a prognostic marker in several tumors. However, the SII has 
rarely been reported in skin cancers. In this study, we aimed to assess the 
association between SII values and the risk of occurrence of skin cancers. 
Material and methods: This cross-sectional study was based on National 
Health and Nutrition Examination Survey data from 2010 to 2018 and in-
volved 32,012 participants. The SII was calculated as the platelet count × 
neutrophil count/lymphocyte count. A weighted multivariate logistic analy-
sis was conducted to examine the relationship between SII values and the 
occurrence of skin cancers. In addition, a subgroup analysis and a sensitivity 
analysis were conducted to identify underlying moderators and the stability 
of the relationship, respectively. 
Results: Compared with participants in the lowest quartile of SII values, the 
odds ratios for non-melanoma skin cancer were 1.650 (95% CI: 1.158–2.352) 
for participants in the quartile with the highest SII values after multivariate 
adjustments. In subgroup analyses, we found significant interactions be-
tween log-transformed SII values and age (p < 0.001 for interaction), race  
(p < 0.001 for interaction), education level (p < 0.001 for interaction), 
marital status (p < 0.001 for interaction), and annual household incomes  
(p < 0.001 for interaction) in the association with non-melanoma skin cancer.
Conclusions: Our findings suggest a positive association between high SII 
values and skin cancers in the U.S. population. Age, levels of education, mar-
ital status, and annual household incomes affect the positive association 
between high SII values and non-melanoma skin cancers.

Key words: systemic immune-inflammation index, skin cancer, logistic 
regression, NHANES, cross-sectional study.

Introduction

Skin cancers are one of the most prevalent malignancies in the world, 
with a high incidence in the United States, Australia, and Europe [1–3]. 
The incidence rates of skin cancers vary by the type of tissue in which 
they arise, with the incidence rates of melanoma, basal cell carcinoma, 
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and squamous cell carcinoma being the highest 
[4]. Moreover, rapid industrialization worldwide has 
led to the destruction of part of the ozone layer, 
which is thought to contribute to the year-on-year 
increases in the incidence rates of skin cancers, 
making them a global public health problem [5].

The systemic immune-inflammation index (SII) 
is a newly developed indicator that is calculated 
based on counts of peripheral blood neutrophils, 
lymphocytes, and platelets, and more accurately 
reflects the inflammatory status and immunolog-
ical balance of the body than other indicators [6]. 
Consequently, the SII is useful for evaluating the 
prognosis of certain cancers, such as liver, lung, 
gastric, esophageal, urinary system, and cervical 
cancers [7–11], and its clinical utility has become 
increasingly recognized. Moreover, SII tests are 
non-invasive, inexpensive, and can help to identify 
patients at high risk of cancer. However, there are 
few reports on the relationship between SII values 
and skin cancers. In one study, we found differenc-
es in various inflammatory markers, including SII, 
in melanoma patients [12].

We speculated that high SII values would be 
associated with high susceptibility to skin can-
cers. Therefore, in this study, we evaluated the 
dose–response relationship between SII values 
and the occurrence of skin cancers in U.S. adults 
by analyzing National Health and Nutrition Exam-
ination Survey (NHANES) data for 2010–2018. We 
also determined the impact of underlying moder-
ators on this association.

Material and methods

Study population

The study population comprised participants in 
NHANES, which is an ongoing survey employing 
a  sophisticated, multi-stage probability sampling 
technique to evaluate the nutritional and physical 

health of a  representative sample of the non-in-
stitutionalized general population of the USA. The 
NHANES survey protocol has been approved by 
the National Center for Health Statistics Ethics Re-
view Board, and each participant signs a written 
informed consent form. The NHANES data include 
information on demography, diet, physical exam-
inations, and laboratory tests. The current study 
integrated NHANES data for 2010–2018, using 
the NHANES analysis guidelines for cross-section-
al research.

Figure 1 depicts the procedures that were ap-
plied to select the participants for the current 
study. Potential participants who were aged 
younger than 20 years, pregnant, or lacked SII 
data were excluded. The study sample comprised 
32,102 participants who were aged 20 years or 
older.

Covariates

Demographic data were collected on age, sex, 
ethnicity, poverty-to-income ratio, education level, 
and marital status. Self-reported information on 
ethnicity was used to divide the participants into 
groups comprising Mexican-American, non-His-
panic White, non-Hispanic Black, and other eth-
nicities. Education levels were classified based on 
self-reported information as below high-school 
level, high-school level, or above high-school lev-
el. Marital status was classified based on self-re-
ported information as married/cohabiting, wid-
owed/divorced/separated, or unmarried. Smoking 
(never/past/current) and alcohol consumption 
information (never/past/current) was extracted 
from questionnaire answers. Body mass index 
(BMI) was computed by dividing body weight in 
kilograms by the square of height in meters. Ac-
cording to criteria suitable for the U.S. population, 
BMI values below 18.5 kg/m2, above 25 kg/m2, 

Figure 1. Flowchart of participants selection from the NHANES 2011–2018

NHANES 2011–2012  
(n = 8,956)

NHANES 2013–2014  
(n = 9,422)

NHANES 2015–2016  
(n = 9,165)

NHANES participants  
(n = 35,909)

Participants without systemic immune-inflammation 
index (SII) test data (n = 3807)

Total participants  
(n = 32,102)

Skin (non-melanoma) (n = 302), 
Others (n = 31,800)

NHANES 2017–2018  
(n = 8,366)
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25–29.9  kg/m2, and over 30.0  kg/m2 were cate-
gorized as underweight, normal, overweight, and 
obese, respectively. 

The parameters comprising the SII, namely 
lymphocyte, neutrophil, and platelet counts, were 
measured by performing comprehensive blood 
counts of samples with a concentration of 1,000 
cells/μl using an automated hematologic analyzer 
(DxH-800 Hematology Analyzer, Beckman Coulter, 
Brea, CA, U.S.A.). The detailed methodologies of 
this and other laboratory tests are provided on 
the NHANES website [13]. The SII was calculated 
using the following equation [14]: SII = (platelet 
count × neutrophil count)/lymphocyte count.

Outcomes

This cross-sectional study utilized data selected 
from the NHANES 2010–2018, as the NHANES fol-
lows a 2-year cycle. A diagnosis of skin cancer in 
the NHANES is determined by asking the follow-
ing questions: “{Have you/Has the standardized 
patient} ever been informed by a doctor or other 
health professional that {you/she/he} had skin 
cancer?” and “How old were you when you were 
first informed that you had skin cancer?”

Statistical analysis

According to the NHANES guidelines, when 
merging data from two or more cycles, new sam-
ple weights need to be recalculated. In this study, 
data from the NHANES 2010–2018 were merged, 
and descriptive variables are presented as number 
of patients with percentages or median and inter-
quartile range. Therefore, the data were analyzed 
using complex weights. Non-normally distributed 
continuous variables are presented as medians 
with quartile intervals and were compared using 
Wilcoxon rank sum tests. Categorical variables are 
presented as frequencies and were compared us-
ing c2 tests.

A logistic regression model was used to analyze 
the relationship between SII values and skin can-
cers. A one-unit change in the logistic regression 
dependent variable causes the amount of change 
in Y or the association to be often small and not 
easily captured. To increase the model’s ability to 
detect an association, we used quartile spacing 
(Q), where we grouped the independent variables 
X in quartile spacing, with the first quartile group 
as a benchmark [13, 14].The outcomes are report-
ed as odds ratios (ORs), 95% confidence intervals 
(CIs), and p-values. Model 1 was not adjusted for 
any possible confounding factors. Model 2 was 
adjusted for sex, ethnicity, and annual household 
income. Model 3 was adjusted for sex; ethnicity; 
annual household income; and alanine transami-
nase (ALT), aspartate transaminase (AST), alkaline 

phosphatase (ALP), total cholesterol, triglyceride, 
immunoglobulin G (IgG), glucose, creatinine, and 
total calcium concentrations. 

To account for underlying moderators, a  sub-
group analysis was conducted based on age  
(< 60 or ≥ 60 years), sex (female or male), ethnici-
ty (non-Hispanic White or other ethnicity), level of 
education (above high-school, high-school, or less 
than high-school level), marital status (never mar-
ried, married, divorced, or other), and annual house-
hold income (<  US$20,000, US$20,000–44,999, 
US$45,000–74,999, or US$75,000–100,000).

A bilateral p-value of less than 0.05 was regard-
ed as indicating statistical significance. All of the 
statistical analyses were conducted using R soft-
ware (version: 4.0.2; R Foundation for Statistical 
Computing, Vienna, Austria).

Results

Participant screening and baseline 
characteristics

The baseline data of participants are listed 
in Table I. The average age was 33.00 (13.00, 
56.00) years; 49.32% of participants were men 
and 50.68% were women. There were significant 
differences (p < 0.05) between participants with 
melanoma and those with non-melanoma skin 
cancers in terms of age; sex; race; education level; 
marital status; annual family income; creatinine, 
glucose, globulin, triglyceride, total cholesterol, 
AST, and ALP concentrations; lymphocyte, neutro-
phil, and platelet counts; and SII value. 

The single-factor logistic regression model 
analysis results for each factor are listed in Sup-
plementary Table I. It can be seen that association 
factors for non-melanoma skin cancers were age 
over 60 years (OR = 11.26, 95% CI = 8.71–14.57, 
p < 0.001); non-Hispanic White ethnicity (OR = 
19.73, 95% CI = 9.31–41.80, p < 0.001); a high-
school or general level of education (OR = 5.53, 
95% CI = 3.06–9.96, p < 0.001) or an above-high-
school level of education (OR = 12.05, 95% CI = 
6.88–21.10, p < 0.001); an annual family income 
of US$45,000–74,999 (OR = 1.90, 95% CI = 1.29–
2.82, p = 0.001) or more than US$100,000 (OR = 
2.21, 95% CI = 1.51–3.25, p < 0.001); a low con-
centration of triglycerides (OR = 1.08, 95% CI = 
1.02–1.14, p = 0.006), a  high concentration of 
total cholesterol (OR = 1.17, 95% CI = 1.06–1.29,  
p = 0.001), or a low concentration of high-density 
lipoprotein cholesterol (OR = 1.44, 95% CI = 1.10–
1.87, p = 0.007); and an SII value in the third quar-
tile (OR = 1.62, 95% CI = 1.13–2.34, p = 0.009) or 
fourth quartile (OR = 2.51, 95% CI = 1.79–3.52, 
p < 0.001). In contrast, protective factors against 
non-melanoma skin cancer were female sex (OR = 
0.80, 95% CI = 0.63–1.00, p = 0.049); non-Hispan-
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Table I. Baseline characteristics of participants by skin cancer (non-melanoma), NHANES 2010–2018 (n = 32102)

Characteristic Overall Skin cancer (non-melanoma) P-value

Yes No

N 32102 302 31800

Age [years] 33.00 [13.00, 56.00] 72.00 [60.00,80.00] 32.00 [13.00,56.00] < 0.001

Gender: 0.049

 Male 15834 (49.32) 166 (54.97) 15668 (49.27)

 Female 16268 (50.68) 136 (45.03) 16132 (50.73)

Race: < 0.001

 Mexican American 5298 (16.50) 8 (2.65) 5290 (16.64)

 Other Hispanic 3425 (10.67) 9 (2.98) 3416 (10.74)

 Non-Hispanic White 10711 (33.37) 276 (91.39) 10435 (32.81)

 Non-Hispanic Black 7440 (23.18) 2 (0.66) 7438 (23.39)

 Other Races 5228 (16.29) 7 (2.32) 5221 (16.42)

Education level: < 0.001

 Less than high school 8455 (29.06) 13 (4.30) 8442 (29.32)

 High school or GED 8889 (30.55) 75 (24.83) 8814 (30.61)

 Above high school 11750 (40.39) 214 (70.86) 11536 (40.07)

Marital status: < 0.001

 Never married 5627 (27.29) 27 (8.94) 5600 (27.57)

 Marital status 10434 (50.61) 183 (60.60) 10251 (50.46)

 Divorced 2255 (10.94) 40 (13.25) 2215 (10.90)

 Others 2301 (11.16) 52 (17.22) 2249 (11.07)

Annual household Income [$]: < 0.001

 < 20,000 6511 (21.53) 41 (14.24) 6470 (21.60)

 20,000–44,999 10059 (33.26) 79 (27.43) 9980 (33.31)

 45,000–74,999 5538 (18.31) 66 (22.92) 5472 (18.26)

 75,000–100,000 2790 (9.22) 28 (9.72) (9.22)

 > 100,000 5350 (17.69) 74 (25.69) 5276 (17.61)

Total calcium [mmol/l] 2.35 [2.30, 2.40] 2.35 [2.30,2.40] 2.35 [2.30,2.40] 0.386

Creatinine [μmol/l] 72.49 [60.11, 86.63] 81.33 [66.74,92.82] 72.49 [60.11,86.63] < 0.001

Glucose [mmol/l] 5.11 [4.72, 5.72] 5.44 [4.94,6.08] 5.11 [4.72,5.66] < 0.001

Globulin [g/l] 29.00 [26.00, 32.00] 26.00 [25.00,29.00] 29.00 [26.00,32.00] < 0.001

Triglyceride [mmol/l] 1.24 [0.82, 1.93] 1.40 [0.92,2.06] 1.24 [0.82,1.93] 0.001

Total cholesterol [mmol/l] 4.55 [3.90, 5.30] 4.81 [4.01,5.59] 4.55 [3.90,5.30] 0.002

ALT [IU/l] 19.00 [15.00, 26.00] 20.00 [15.00,26.00] 19.00 [14.00,26.00]

AST [IU/l] 22.00 [18.00, 26.00] 23.00 [20.00,27.00] 22.00 [18.00,26.00] < 0.001

ALP [IU/l] 70.00 [56.00, 89.00] 66.50 [54.00,84.00] 70.00 [56.00,89.00] 0.006

HDL-C [mmol/l] 1.32 [1.11, 1.60] 1.37 [1.09,1.71] 1.32 [1.11,1.60] 0.201

LDL-C [mmol/l] 2.69 [2.12, 3.34] 2.64 [2.15,3.28] 2.69 [2.12,3.34] 0.680

Lymphocytes [1000 cells/μl] 2.20 [1.80, 2.80] 1.90 [1.40,2.30] 2.20 [1.80,2.80] < 0.001

Neutrophils [1000 cells/μl] 3.80 [2.80, 4.90] 4.30 [3.30,5.30] 3.80 [2.80,4.90] < 0.001

Platelets [1000 cells/μl] 247.00 [208.00, 292.00] 220.00 [180.50,256.00] 247.00 [208.00,293.00] < 0.001

SII 406.37 [282.00, 584.58] 484.46 [336.47,714.42] 405.57 [281.49,583.15] < 0.001

GED – general educational development, HDL-C – high-density lipoprotein-cholesterol, LDL-C – low-density lipoprotein-cholesterol,  
ALT – alanine transaminase, AST – aspartate transaminase, ALP – alkaline phosphatase, SII – systemic immune-inflammation index.
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ic Black ethnicity (OR = 0.20, 95% CI = 0.04–0.97, 
p = 0.045); a marital status of unmarried (OR = 
0.21, 95% CI = 0.13–0.33, p < 0.001); and a  low 
concentration of globulin (OR = 0.90, 95% CI = 
0.87–0.92, p < 0.001) (p < 0.05 for interaction).

Comparison of SII values with various 
factors

Figure 2 shows the distribution of SII values 
according to skin cancers and sex. Men with 
melanoma had higher SII values compared to 
men with non-melanoma skin cancers. The same 
association was observed for women, although 
the statistical dispersion was smaller than in 
men. Figure 3 illustrates the distribution of SII 
values for skin cancers based on education lev-
el. Among individuals with a below-high-school 
education, the statistical dispersion of SII values 
for those with melanoma was greater than for 
those with non-melanoma skin cancers. Howev-
er, the median SII values were similar for these 
groups. For participants with a  high-school or 

general education level, the statistical disper-
sion of SII values was similar to that for those 
with non-melanoma skin cancers. However, the 
median and average values of the former were 
slightly higher than those of the latter. Among 
participants with an above-high-school educa-
tion level, the statistical dispersion of SII val-
ues for melanoma was slightly larger than that 
of those with non-melanoma skin cancers, but 
their medians were similar.

Association between SII values and non-
melanoma skin cancers 

A logistic regression method was employed to 
analyze the association between SII values and 
non-melanoma skin cancers. Table II displays 
this association, as determined by three logistic 
regression models. In Model 1, the association 
of the first and second quartiles of SII values 
and the occurrence of non-melanoma skin can-
cers was higher than that between the third and 
fourth quartiles of SII values and the occurrence of 
non-melanoma skin cancers (OR = 2.507, 1.785–
3.522, p < 0.001). In Model 2, the same trend was 
present. In Model 3, the positive correlation be-
tween the highest quartile of SII values and the 
occurrence of non-melanoma skin cancers was 
slightly lower than in the other models (OR = 
1.650, 1.158–2.352, p = 0.006).

Figure 4 presents the results of our subgroup 
analysis and interaction test, which investigated 
whether demographic characteristics could ex-
plain the association between the natural logs of 
SII values and ORs of non-melanoma skin cancers. 
There were statistically significant associations 
(all p < 0.05) between subgroups stratified by age 
and the occurrence of melanoma. Regarding the 
subgroups stratified by ethnicity, education level, 
marital status, and annual family income, there 
was a  statistically significant and positive rela-

             Gender
 Skin (non-melanoma)       Others

Figure 2. The systemic immune-inflammatory in-
dex by Skin (non-melanoma) and gender

             Education level
 Skin (non-melanoma)       Others

Figure 3. The systemic immune-inflammatory index by Skin (non-melanoma) and education level
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Table II. Logistic regression analysis of the relationship between skin cancer (non-melanoma) and SII

Model SII Case/N β OR 95% CI P-value

1 Q1 22/3660 Ref

Q2 26/3875 0.280 1.323 0.905–1.936 0.149

Q3 35/4205 0.484 1.622 1.126–2.337 0.009

Q4 53/4528 0.919 2.507 1.785–3.522 < 0.001

2 Q1 – Ref

Q2 – 0.272 1.313 0.890–1.936 0.169

Q3 – 0.441 1.555 1.067–2.266 0.022

Q4 – 0.953 2.593 1.829–3.676 < 0.001

3 Q1 – Ref

Q2 – –0.047 0.954 0.645–1.413 0.816

Q3 – 0.027 1.027 0.701–1.505 0.889

Q4 – 0.501 1.650 1.158–2.352 0.006

Model 1: did not adjust for any confounding factors. Model 2: adjusted for sex, race, annual household income. Model 3: adjusted for 
sex, race, annual household income, ALT, AST, ALP, total cholesterol, triglyceride, globulin, glucose, creatinine, total calcium. Systemic 
immune-inflammatory index quartile ranges: quartile 1: 1.53–282.00; quartile 2: 282.01–406.36; quartile 3: 406.37–584.57; quartile 4: 
585.58–9540.00.

Figure 4. Subgroup analysis for the association between lnSII and Skin (non-melanoma)

Subgroup 	 OR (95% CI) 	 P-value 	 P for interaction

Gender 			   0.634

Male 	 1.90 (1.46, 2.46) 	 < 0.001 

Female 	 1.65 (1.22, 2.23) 	 0.001 

Age [year] 			   < 0.001 

≤ 60 	 1.60 (1.08, 2.36) 	 0.018

> 60 	 1.32 (1.05, 1.66) 	 0.018 

Race 			   < 0.001 

Non-Hispanic White 	 1.39 (1.12, 1.73) 	 0.003 

Other races 	 1.31 (0.67, 2.55) 	 0.432 

Education level 			   < 0.001 

Less than high school 	 3.68 (1.59, 8.51) 	 0.002 

High school or GED 	 1.86 (1.24, 2.79) 	 0.003 

Above high school 	 1.15 (0.89, 1.47) 	 0.292 

Marital status 			   < 0.001 

Never married 	 2.05 (1.03, 4.08) 	 0.040 

Marital status 	 1.15 (0.87, 1.52) 	 0.318 

Divorced 	 1.08 (0.63, 1.86) 	 0.772 

Others 	 1.76 (1.12, 2.79) 	 0.015 

Annual household income ($) 			   < 0.001 

< 20,000 	 1.29 (0.77, 2.16) 	 0.327 

20,000–44,999 	 2.56 (1.78, 3.68) 	 < 0.001 

45,000–74,999 	 1.43 (0.93, 2.22) 	 0.106 

75,000–100,000 	 1.48 (0.76, 2.90) 	 0.249 

> 100,000 	 1.93 (1.27, 2.94) 	 0.002 

0� 10

tionship between subgroups comprising those of 
non-Hispanic White ethnicity, with a below-high-
school or general level of education, with an un-
married or another marital status, or with an an-
nual family income of US$20,000–44,999 or more 
than $100,000, respectively, and the occurrence of 

melanoma. There was also a statistically non-sig-
nificant (p > 0.05) positive relationship between 
SII values and the occurrence of melanoma in the 
remaining subgroups. 

The results of the cross test revealed that nei-
ther sex nor hyperlipidemia affected the positive 
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relationship between high SII values and the asso-
ciation of melanoma (p > 0.05 for the cross test). 
Conversely, the positive relationship between high 
SII values and the occurrence of non-melanoma 
skin cancer was increased by an age of 60 or 
younger (OR = 1.60, 1.08–2.36, p = 0.018) or over 
60 (OR = 1.32, 1.05–1.66, p = 0.018), non-Hispanic 
white ethnicity (OR = 1.39, 1.12–1.73, p = 0.003), 
a  below-high-school (OR = 3.68, 1.59–8.51, p = 
0.002) or high-school or General Education Devel-
opment level of education (OR = 1.86, 1.24–2.79, 
p = 0.003), a marital status of never married (OR 
= 2.05, 1.03–4.08, p = 0.040) or other (OR = 1.76, 
1.12–2.79, p = 0.015), and an annual household 
income of US$20,000–44,999 (OR = 2.56, 1.78–
3.68, p < 0.001) or over US$100,000 (OR = 1.93, 
1.27–2.94, p = 0.002) (p < 0.05 for interaction)  
(Supplementary Table SI).

Discussion

This cross-sectional study analyzed 2010–2018 
data on 32102 NHANES participants to explore 
the association between SII values and the oc-
currence of skin cancers. The main findings were 
as follows. (1) Age, ethnicity, and education level 
were the factors most associated with the asso-
ciation of non-melanoma skin cancers. (2) In both 
men and women, the SII values of those with 
melanoma were generally higher than the SII val-
ues of those with non-melanoma skin cancers, 
and this association was also present in those 
who had a below-high-school level of education.  
(3) After adjustment for confounding factors, high 
SII values were positively associated with the oc-
currence of non-melanoma skin cancers, although 
this association was slightly lower than that be-
fore adjustment. (4) Subgroup analyses and inter-
action tests revealed that a high SII value was as-
sociated with a high occurrence of non-melanoma 
skin cancers, and this association was affected by 
age, race, education level, marital status, and an-
nual family income.

Studies have indicated that tumorigenesis and 
tumor development are caused by chronic inflam-
mation, which is an abnormally prolonged protec-
tive response to tissue imbalance. The process of 
tumorigenesis and tumor development involves 
genotoxicity; abnormal tissue repair; proliferative 
responses; and tumor-mediated immunosuppres-
sion, invasion, and metastasis [5, 15–17]. Recently, 
the tumor microenvironment has received increas-
ing attention in the field of tumor immunology, as 
its significant elements include a variety of inflam-
matory cells and mediators [15]. The SII is calculat-
ed based on the counts of peripheral neutrophils, 
platelets, and lymphocytes; thus, compared with 
other measures, it is a more comprehensive and 
objective representation of the balance between 

the immune system activity and the level of inflam-
mation in the body. High SII values are correlated 
with high platelet or neutrophil counts and/or low 
lymphocyte counts. Thus, a high SII value indicates 
the possible presence of a  tumor microenviron-
ment with a high level of inflammation and inva-
sive immune cells, and thus a decreased immune 
response in the body [17, 18]. In addition, immune 
cells that infiltrate into a tumor microenvironment 
with a high level of inflammation promote tumor 
growth [19, 20]. Many studies have examined the 
association between SII values and tumors, but 
few studies have examined the association be-
tween SII values and non-melanoma skin cancers. 
Therefore, investigation of the latter association 
was the main focus of the current study, given that 
skin cancers comprise malignant melanomas and 
non-melanoma skin cancers [21].

Non-melanoma skin cancers consist of a  large 
number of malignant tumors, such as endometri-
al, blood, blood vessel, neuroendocrine, accessory 
gland, and epithelial cancers. The skin is also a ma-
jor site of internal tumor metastasis [22]. It has 
been found that the age shift in the population has 
resulted in an overall increase in total number of 
skin cancers, since the incidence of non-melanoma 
skin cancer increases with age. Indeed, 80% of cas-
es occur in people aged 60 years and older. Those 
over 60 years of age may have a greater suscepti-
bility to non-melanoma skin cancers [23–26]. This 
is similar to the results of the present study, where 
increasing age affects the positive association 
between high SII values and non-melanoma skin 
cancers. Moreover, chronic inflammation, known as 
“inflammation”, may be a  major cause of cancer 
due to the association with aging processes. Specif-
ically, inflammatory processes can induce oxidative 
stress and reduce the antioxidant capacity of cells. 
Excess production of free radicals can damage fatty 
acids and proteins in cell membranes, permanently 
impairing cellular function. Free radicals can also 
damage DNA and thereby cause mutations, which 
may lead to cancer and age-related diseases. More-
over, SII values increase by 15 as people age, and 
this may also increase the risk of cancer [27]. Fur-
thermore, aging is often accompanied by circadian 
rhythm disorders, which are associated with a de-
crease in the ability to maintain cellular pressure 
at both local and global levels, which increases the 
risk of tumor growth [28]. 

Skin cancers are less common in other ethnic-
ities than in white people with light skin [5, 22, 
29], as the former have higher epidermal con-
centrations of melanin, which protects the skin 
from damage due to sunlight exposure. Thus, the 
inherent sun-protection factor of Black people is 
as high as 13.4 [30]. Melanin also has antioxidant- 
and free radical-scavenging activities, which may 
reduce the impact of inflammation. Therefore, the 
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lower the concentration of melanin in the skin, 
the higher is the risk of developing skin cancers. 

Our findings showed that the participants with 
a level of education above high school were more 
likely to suffer from melanoma than those with 
other levels of education. Ultraviolet radiation is 
a  key cause of skin cancers [31]. However, our 
findings showed that compared with participants 
with an education level of high school or below, 
those with an education level of high school or 
above protected themselves 22% less against 
sunlight via wearing sun screening clothing and 
staying in the shade. This may increase the lat-
ter group’s risk of non-melanoma skin cancers. 
Research has shown that public awareness of 
non-melanoma skin cancers and their prevention 
are limited, and health information on the Inter-
net is not always tailored to the needs of different 
ethnic groups in terms of its quantity and quality 
[32]. Therefore, people with a high education level 
may be insufficiently aware of the risk of, or have 
inadequate access to information on, non-mela-
noma skin cancers, such that they do not adopt 
the necessary self-protective behaviors. 

Studies have used a variety of epidemiological 
methods and target populations to demonstrate 
the association between high SII values and the 
association of cancers, such as non-small-cell lung 
cancer, pancreatic cancer, and melanoma [12, 17, 
33]. Similarly, our findings showed that high SII 
values were positively associated with non-mela-
noma skin cancers in the selected NHANES par-
ticipants. Furthermore, subgroup analyses and in-
teraction tests clarified that this association was 
affected by age, ethnicity, education level, marital 
status, and annual family income. 

Most people receive approximately one fifth of 
their total lifetime sunlight exposure during child-
hood. Thus, the total sunlight to which people are 
exposed over time and the adoption of sunbath-
ing may lead to increases in SII values – and thus 
due to immunosuppression and photoaging of the 
skin, the risk of non-melanoma skin cancers is as-
sociated with people’s age. 

Education level is a  fundamental social deter-
minant of a  person’s employment, salary, socie-
tal relationships, knowledge about health, and 
cognition skills. Compared with educated peo-
ple, uneducated people lack social resources and 
therefore are more prone to developing unhealthy 
behaviors; they also lack healthcare resources. 
Furthermore, low income and education levels are 
associated with reduced use of clinical prevention 
services and increased lifestyle-related health 
associations. This means that compared with 
well-educated high-income people, less-educated 
low-income people may be more likely to have un-
healthy behaviors and under-use health services, 
and thus be more likely to exhibit an association 

between high SII values and the occurrence of 
non-melanoma skin cancers. Studies have re-
vealed that compared with other subpopulations, 
non-Hispanic white and unmarried respondents 
are more likely to report a history of sunburn [34]. 
This may account for the positive association be-
tween high SII values and occurrence of non-mel-
anoma skin cancers in these subpopulations.

Due to the fact that the data involved in SII is 
easily obtained from routine blood testing, and 
routine blood measurement has low cost, good 
feasibility, and repeatability, SII is considered to 
objectively reflect the balance between host in-
flammation and immune status. This study con-
firms a positive correlation between high SII and 
skin cancer, but more research is needed to deter-
mine its specific value in clinical practice and pub-
lic health. In addition, further research is needed 
on its interaction with other biomarkers or treat-
ment methods. In summary, SLL has potential val-
ue in the clinical and public health aspects of skin 
cancer, but more research is needed to determine 
its exact role and application. In future research, 
we can further focus on the issue of skin cancer 
in different regions and populations, as well as 
how to develop more effective public health strat-
egies to address this challenge. Firstly, we need 
to further explore the pathogenic mechanisms of 
skin cancer, particularly the interactions between 
genetic, environmental, and biochemical factors. 
Secondly, we need to strengthen monitoring and 
management of high-risk groups to improve early 
diagnosis and treatment effectiveness. In addition, 
we will continue to promote technological innova-
tion, such as using artificial intelligence for skin 
cancer detection, and developing new treatment 
methods and drugs. Finally, we need to strength-
en public education and publicity to raise people’s 
awareness of skin cancer and its prevention. 

Several potential mechanisms may be used 
to explain the prognostic values of SII in tumor. 
Studies have shown that myelofibrosis, malignan-
cy, anemia, trauma, and surgery can lead to ele-
vated white blood cell counts in routine peripheral 
blood markers. Platelets are one of the formed 
components of blood, and when inflammation 
exists in the body, it can induce activation of the 
coagulation pathway, and thrombin can bind to 
the platelet surface protease activation receptor 
to initiate platelet activation, aggregation, and the 
release of pro-inflammatory and chemotactic fac-
tors to participate in the inflammatory response 
[35]. When the dysregulation of the host response 
to infection produces a large number of inflamma-
tory factors, tumor necrosis factor α, interleukin 
1β, interleukin 6 and various other inflammatory 
factors are released in large quantities, triggering 
a systemic inflammatory response and a sharp in-
crease in the number of neutrophils, and at the 
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same time, inflammatory cytokines can induce 
immunosuppression, which subsequently leads to 
apoptosis of a large number of lymphocytes, and 
thus the balance between neutrophils and lym-
phocytes is disrupted. Based on the above theory, 
SII should be a more objective marker that reflects 
the balance between host inflammatory and im-
mune response status than all the other systemic 
inflammation indices such as the platelet-to-lym-
phocyte ratio (PLR) and neutrophil-to-lymphocyte 
ratio (NLR). 

This study had the following strengths. First, it 
had a large sample size comprising a typical range 
of the U.S. population. Second, confounding fac-
tors were taken into account, thereby enhancing 
the reliability of our findings. However, this study 
had the following limitations that necessitate 
careful interpretation of our findings. First, causal-
ity between SII and non-melanoma skin cancers 
could not be established because of the cross-sec-
tional design of this study. Thus, a more in-depth 
study is needed to explore such relationships. Sec-
ond, some information on covariates was collect-
ed based on self-reported questionnaires, which 
might not accurately reflect the actual situation 
and may introduce recall bias. Third, although we 
controlled for several confounding factors, some 
confounding variables (such as C-reactive protein 
and sex hormone levels) were not included finally 
because they were not available in the NHANES 
database. Last, the data of the cross-sectional 
study were collected at a certain point or in a short 
period of time, but the data collection period in 
this paper was 2010–2018; therefore, the results 
should be interpreted with caution. 

In conclusion, our findings show that certain 
ages, races, levels of education, marital status, 
and annual household income levels affect the 
positive association between high SII values and 
non-melanoma skin cancers. Therefore, effective 
measures should be taken to protect susceptible 
populations from non-melanoma skin cancers.
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