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ARTICLE INFO ABSTRACT

Handling editor: D Levy Introduction: Our study aimed to explore the association between long-term exposure to low-dose ionizing ra-
diation (LDIR) and dyslipidemia and its components among medical radiologists, and to identify the mediating
role of inflammatory markers.

Methods: This cross-sectional study was conducted on 3918 medical radiologists, with data collected through
questionnaires and occupational external exposure dosimeters. The multifactorial logistic regression and
restricted cubic spline model were used to analyze the association between long-term exposure to LDIR and
dyslipidemia and its components among medical radiologists, and mediation analysis was used to identify po-
tential mediation effects.

Results: Of 3918 medical radiologists, 995 (25.4 %) had dyslipidemia. The gender, age, body mass index (BMI),
and smoking status were influential factors for dyslipidemia of medical radiologists. After adjusting for con-
founders, the OR and 95 % CI for the occurrence of dyslipidemia and high TG in the highest tertile group (Q3)
were 1.32 (95 % CI: 1.04, 1.67) and 1.51 (95 % CI: 1.11, 2.07), respectively. Restricted cubic spline model
showed that the cumulative effective dose was linearly associated with both dyslipidemia and high TG, and the
risk of dyslipidemia and high TG increased with the cumulative effective dose. Mediation analysis suggested that
the inflammatory marker SII significantly mediated the association between cumulative effective dose and TG
levels.

Conclusion: Our study shows that medical radiologists have a high detection rate of dyslipidemia, and the risk of
dyslipidemia and high TG increases with increasing cumulative effective dose. Inflammatory marker SII may play
a mediating role in the association between cumulative effective dose and TG levels.
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Metabolic disease is a general term for a group of diseases caused by
the accumulation or lack of nutrients due to abnormal metabolism of
substances in the body, such as fats, sugars, proteins, purines, etc.,
mainly including hypertension, diabetes, and dyslipidemia, etc. [1].
Dyslipidemia is a common metabolic disease, primarily characterized by
abnormal lipid levels, including elevated total cholesterol (TC), tri-
glyceride (TG), low-density lipoprotein cholesterol (LDL-C), and low-
ered high-density lipoprotein cholesterol (HDL-C) [2]. Dyslipidemia is
an important risk factor for the development of atherosclerotic cardio-
vascular disease and can increase the risk of cardiovascular disease and

stroke mortality [3]. Data from the China Adult Nutrition and Chronic
Disease Surveillance show that the prevalence of dyslipidemia in Chi-
nese adults is 40.40 %, and its prevalence has been on the rise in the past
few decades [4]. Recent research evidence suggests that in addition to
the increasing of in the prevalence of dyslipidemia attributable to factors
such as genetics, unhealthy diet, and lack of physical activity [5],
long-term exposure to environmental or occupational low-dose ionizing
radiation (LDIR) also plays an important role in the development of
dyslipidemia [6,7].

LDIR refers to X or y rays with an external exposure dose of less than
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100 mGy or a dose rate of less than 0.1 mGy/min [8]. Compared with
medium and high doses of ionizing radiation, LDIR rarely causes severe
acute radiation damage effects in the short term, and its effects are
characterized by complexity and uncertainty, so previous studies have
focused more on the effects of medium and high doses of radiation [9].
With the wide application of radiation technology and the continuous
development of medical care, the number of occupational personnel
exposed to radiation work has increased year by year, and the effects of
long-term exposure to LDIR on the long-term health of the populations
are receiving more and more attention from scholars. Previous studies
have shown that the health effects of long-term exposure to LDIR are
mainly carcinogenic, such as leukemia [10], thyroid cancer [11], lung
cancer [12], etc., and the focus of research in recent years has gradually
shifted from cancer effects to chronic non-communicable diseases. A
40-year follow-up study of atomic bombing survivors found that radia-
tion dose was significantly associated with the incidence of diabetes
[13]. A 30-year cohort study of workers at the Mayak nuclear enterprise
in Russia also found a significant positive linear correlation between the
incidence of hypertension and the cumulative absorbed dose [14].
However, a study on the relationship between non-cancer incidence and
occupational radiation exposure among Korean radiation workers did
not find an association between radiation exposure and dyslipidemia
[15]. Previous studies have focused more on the health effects of
workers in nuclear enterprise and survivors of atomic bombings, but
fewer studies have been conducted in relation to medical radiologists. In
addition, it remains unclear whether long-term exposure to LDIR in-
creases the risk of dyslipidemia.

In recent years, novel inflammatory markers such as white blood
cells (WBQ), neutrophils (NEU), neutrophil-lymphocyte ratio (NLR), and
systemic immune-inflammatory index (SII) [16] have provided new
ideas for monitoring inflammatory responses and reflecting inflamma-
tory status in a variety of diseases, and can predict a wide range of
physical and mental disorders, especially cardiovascular diseases [17,
18]. Studies have shown that multiple inflammatory factors significantly
mediated the association between metabolism-related markers and
dyslipidemia [19-21]. It is suggested that inflammation may be a pre-
dictor of dyslipidemia and play a mediating role in the development of
dyslipidemia. There are few studies on the association between LDIR
and dyslipidemia, and the mediating role of inflammation levels in this
relationship remains unclear. Based on this, the aim of the present study
is to analyze the potential dose-effect relationship between chronic LDIR
exposure and dyslipidemia and its components among medical radiol-
ogists, and to explore the mediating role of inflammatory markers.

1. Study subjects and methods
1.1. Study subjects

A total of 4400 medical radiologists in Guangdong Province who
participated occupational health checkups from January 2022 to
December 2023 were randomly selected as survey subjects, excluding
incomplete data from questionnaires (n = 258), missing radiation doses
(n = 214), and missing results of blood indexes (n = 10), finally, 3918
medical radiologists were included. Fig. S1. Informed consent was ob-
tained from the study subjects and approved by the Medical Ethics
Committee of Guangdong Province Hospital for Occupational Disease
Prevention and Treatment (Approval No. GDHOD MEC 2024030).

1.2. Questionnaires and quality control

A general questionnaire was designed according to the characteris-
tics of medical radiologists to collect basic information on demographic
characteristics, work characteristics, lifestyle, and dietary habit. Where
body mass index (BMI) was defined as <24.00 kg/m2 group and BMI
>24.00 kg/m? group [22]. Smoking was defined as cumulative smoking
for 6 months or more [23]; alcohol use was defined as drinking alcohol 3
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times a week or more [24]; and physical activity was defined as exer-
cising 2 times a week or more [25].

1.3. Estimation of cumulative effective dose

Dosimetric reconstruction was performed for each medical radiolo-
gist by collecting occupational external exposure dose data from 1980 to
2022. The cumulative effective dose of external occupational exposure
of the medical radiologist included in this study was calculated as the
sum of the annual effective dose. The cumulative effective dose was
expressed as Dose:

2022
Dose; = Z Dose;;
=

Where Dose; is the sum of the annual effective dose to medical radiol-
ogists, Where t? is the onset of radiation exposure to medical radiolo-
gists, and Dose;; is the annual effective dose to medical radiologists.
Survey subjects wear personal dosimeters during work and monitored
on a three monthly cycle. Strict operating procedures were followed for
the issuance, wearing, transport, retrieval and storage of personal do-
simeters to avoid exposure of personal dosimeters to artificial radiation
during non-working hours.

1.4. Blood cell count and lipid level testing

Fasting peripheral venous blood was collected from the study sub-
jects and counts of WBC, NEU, platelet, and lymphocyte were performed
using a Beckman Coulter counter. The levels of TC, TG, and HDL-C in
serum were detected using a fully automated biochemical analyzer. The
level of LDL-C was calculated by Friedewald’s formula: LDL-C =
TC—HDL-C-—TG/2.2 (mmol/L).

1.5. Criteria for determining dyslipidemia

Referring to the Chinese Guidelines for Prevention and Control of
Dyslipidemia in Adults [26], dyslipidemia was diagnosed if the study
subjects met any of the following: (1) TC > 6.22 mmol/L; (2) TG > 2.26
mmol/L; (3) LDL-C > 4.14 mmol/L; (4) HDL-C < 1.04 mmol/L; and (5)
self-reported taking cholesterol-lowering drugs.

1.6. Calculation of inflammatory markers NLR and SII

NLR was calculated as neutrophil (NEU)count/lymphocyte count. SIT
was calculated as platelet count x neutrophil (NEU) count/lymphocyte
count [27].

1.7. Statistical analysis

Data were entered using EpiData 3.1 software, and the measurement
data were described using X + s, and the comparison of count data rates
was performed using the Pearson y test or trend y2 test. Due to the right-
skewed distribution of the inflammation indicator data, the data will be
log-transformed before subsequent statistical analysis. The cumulative
effective dose was divided into 3 dose groups using tertiles (Q1 was the
reference), and the influence factors of dyslipidemia were analyzed
using multifactorial logistic regression. Logistic regression adjusted
models were used to analyze the relationship between cumulative
effective dose and dyslipidemia and its component; Model 1 was a crude
model without adjustment for covariates; Model 2 was adjusted for
gender and age; Model 3 was further adjusted based on Model 2 for
marital status, education level, monthly income, BMI, occupation, shift
work, type of work, cumulative effective dose, smoking, alcohol use,
dietary habit, and physical activity. Considering the advantages of the
restricted cubic spline model in fitting nonlinear associations between
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independent and dependent variables, the model (4 nodes: 5th, 35th,
65th, and 95th percentile) was used to further analyze the non-linear
dose-response relationship between the cumulative effective dose and
dyslipidemia and its components. In this study, a sensitivity analysis was
performed to analyze the association between the cumulative effective
dose and the levels of the four components of dyslipidemia using a
restricted cubic spline linear regression model, taking into account that
dichotomizing the levels of dyslipidemia and its components may result
in the loss of information about their original data as continuous vari-
ables. Based on the hypothesis that the cumulative effective dose me-
diates dyslipidemia through inflammatory stimuli, mediation analysis
was performed using the “mediation” package in R software, using a
quasi-Bayesian Monte Carlo method based on normal approximation
and 1000 simulations [28]. Four inflammatory markers (WBC, NEU,
NLR, SII) were set as mediators of inflammatory factors. All statistical
analysis in this study were performed using R software, version 4.3.0,
and a difference of P < 0.05 was considered statistically significant.

2. Results
2.1. Basic information

A total of 4400 questionnaires were distributed and 4142 valid
questionnaires were recovered, with a valid recovery rate of 94.14 %,
and a total of 3918 participants were finally included according to the
exclusion criteria. Among them, 2324 (59.3 %) were males, 1594 (40.7
%) were females, the average age was 35.4 + 8.1 years. Table 1.

2.2. Dyslipidemia in medical radiologists with different individual
characteristics

The detection rate of dyslipidemia was 25.4 % (995/3918) among
medical radiologists. Differences in the detection rate of dyslipidemia
among medical radiologists of different gender, age, marital status, BMI,
occupation, cumulative effective dose, smoking, alcohol use, and dietary
habit were statistically significant (P < 0.05). Table 1.

2.3. Analysis of factors influencing dyslipidemia among medical
radiologists

Multifactorial logistic regression analysis was performed with the
presence of dyslipidemia as the dependent variable and all variables in
Table 1 as independent variables. The risk of dyslipidemia was 2.735 (95
%CL: 2.199, 3.403) times higher in males than in females. The risk of
dyslipidemia was 1.640 (95 %CI: 1.237, 2.174), 1.871 (95 %CI: 1.344,
2.605), and 3.170 (95 %CIL: 2.058, 4.883) times higher in those aged 30
~, 40 ~, and 50 ~, respectively, compared with those aged <30 years.
The risk of dyslipidemia was 2.169 (95 %CI: 1.846, 2.549) times higher
in the BMI >24 group than in the BMI <24 group. The risk of dyslipi-
demia in the 2.23-10.0 mSv group was 1.351 (95 %CI: 1.065, 1.715)
times higher than that in the <0.72 mSv group. The risk of dyslipidemia
was 1.319 (95 %CI: 1.055, 1.650) times higher in the smoking group
than in the non-smoking group. Fig. 1.

2.4. Correlation analysis between cumulative effective dose and
dyslipidemia and its components

In logistic regression-adjusted models, the cumulative effective dose
was associated with an increase in the detection rate of dyslipidemia and
TG levels after correcting for all confounders (P < 0.05). Further sub-
group analyses showed a higher risk of dyslipidemia 1.35 (95 %CI: 1.07,
1.72) and high TG 1.50 (95 %CI: 1.10, 2.04) in the highest tertile (Q3)
group, using the lowest tertile subgroup of cumulative effective dose
(Q1) as a reference. Table 2.
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Table 1
Dyslipidemia in medical radiologists with different individual characteristics.
Variables Total Dyslipidemia 7 value P value
(N =3918) No(N Yes(N
= =995)
2923)
Gender 243.390 <0.001
Female 1594(40.7) 1398 196
(87.7) (12.3)
Male 2324(59.3) 1525 799
(65.6) (34.49)
Age, year 132751  <0.001"
<30 1051(26.8) 904 147
(86.0) (14.0)
30 ~ 1672(42.7) 1238 434
(74.0) (26.0)
40 ~ 986(25.2) 662 324
(67.1) (32.9)
50 ~ 209(5.3) 119 920
(56.9) (43.1)
Marital status 81.650  <0.001
Single® 1212(30.9) 1018 194
(84.0) (16.0)
Married 2706(69.1) 1905 801
(70.4) (29.6)
Education level 2.328 0.127
College and below 724(18.5) 524 200
(72.4) (27.6)
Bachelor’s degree 3194(81.5) 2399 795
and above (75.1) (24.9)
Monthly income, 3.610 0.164
yuan
<10000 2146(54.8) 1610 536
(75.0) (25.0)
10000 ~ 1054(26.9) 797 257
(75.6) (24.4)
15000 ~ 718(18.3) 516 202
(71.9) (28.1)
BMI, kg/m? 255.943  <0.001
<24 2488(63.5) 2066 422
(83.0 (17.0
%) %)
>24 1430(36.5) 857 573
(59.9 (40.1
%) %)
Occupation 45.394  <0.001
Nurse 692(17.7) 570 122
(82.4) (17.6)
Doctor 1958(50.0) 1376 582
(70.3) (29.7)
Technician 1268(32.3) 977 291
(77.1) (22.9)
Shift work 0.015 0.902
No 1814(46.3) 1355 459
(74.7) (25.3)
Yes 2104(53.7) 1568 536
(74.5) (25.5)
Type of work 2.262 0.520
Diagnostic 2263(57.8) 1680 583
radiology (74.2) (25.8)
Nuclear medicine 192(4.9) 150 42
(78.1) (21.9)
Radiotherapy 599(15.3) 455 144
(76.0) (24.0)
Interventional 864(22.0) 638 226
radiology (73.8) (26.2)
Cumulative 94.905  <0.001"
radiation dose,
mSv
<0.72 1420(36.2) 1156 264
(81.4) (18.6)
0.72-2.22 1485(37.9) 1122 363
(75.6) (24.4)
2.23-10.0 1013(25.9) 645 368
(63.7) (36.3)
Smoking 84.290  <0.001

(continued on next page)
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Table 1 (continued)

Variables Total Dyslipidemia 7 value P value
(N=3918) No(N Yes(N
= =995)
2923)
No 3456(88.2) 2659 797
(76.9) (23.1)
Yes 462(11.8) 264 198
(57.1) (42.9)
Alcohol use 26.275  <0.001
No 3651(93.2) 2759 892
(75.6) (24.9)
Yes 267(6.8) 164 103
(61.4) (38.6)
Dietary habit 13.876 0.001"
Vegetable 303(7.7) 239 64
(78.9) (21.1)
Balanced diet 2633(67.2) 1993 640
(75.7) (24.3)
Meat 982(25.1) 691 291
(70.4) (29.6)
Physical activity 1.655 0.198
No 941(24.0) 717 224
(76.2) (23.8)
Yes 2977(76.0) 2206 771

(74.1) (25.9)

Notes.
# Single (unmarried, divorced, widowhood).
b Trend chi-square test.

2.5. Dose-response relationship between cumulative effective dose and
dyslipidemia and its components

Restricted cubic spline model analysis showed that after adjusting for
all confounders, the cumulative effective dose was linearly correlated
with both dyslipidemia and high TG (P; for non-linearity = 0.398, P, for
non-linearity = 0.667), and the risk of dyslipidemia and high TG
increased with the cumulative effective dose. Fig. 2.

2.6. Sensitivity analysis

Sensitivity analysis demonstrated the robustness of the results. First,
dyslipidemia was redefined according to the criteria for determination
of dyslipidemia by the U.S. National Cholesterol Education Program
(Adult Treatment Panel III) (Table S1). Second, dyslipidemia and its
component levels were converted from dichotomous to continuous
variables. Fig. 3.

2.7. Mediation analysis

In this study, the mediating role of LDIR-mediated inflammatory
markers was estimated based on the hypothesis that LDIR causes dysli-
pidemia through inflammatory stimuli. The results showed that no po-
tential mediating role of inflammatory markers (WBC, NEU, NLR, SII)
was found between long-term exposure to LDIR and dyslipidemia as well
as TC, HDL-C and LDL-C levels. However, the association between cu-
mulative effective dose and TG levels was observed to be mediated by
the inflammatory marker SII (P values for all mediators were less than
0.05), with a mediating effect of 15.4 %. Fig. 4 and Table S2.

3. Discussion

In this study, we found that the detection rate of dyslipidemia among
medical radiologists in Guangdong Province, China, was 25.4 %, which
was higher than the detection rate of dyslipidemia among radiation
workers in South Korea, which was 10.6 %, as reported by Park [15]
et al. It may be related to differences in sample size, occupational
category, lifestyle, dietary habit, and geographical characteristics. The
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results of multifactorial logistic regression analysis found that the risk of
dyslipidemia was higher in males than in females, which was consistent
with the findings of Xi [29] et al. on dyslipidemia in adults over 35 years
of age in northern China. This may be due to gender differences in
lifestyle and dietary habit and related to the fact that female estrogen
promotes the degradation and metabolism of blood lipids [30].The
present study found that the risk of dyslipidemia increased with age,
which is consistent with the findings of Moosazadeh [31] et al. on
age-related lipid levels in a population of males aged 35-70 years. With
the increase of age, the function of various organs of the body decreases
gradually, the metabolic level also gradually decreased, and the
composition and proportion of lipids in the body changes [32], espe-
cially when the amount of physical activity is decreased, it is more likely
to cause dyslipidemia. The risk of dyslipidemia was higher in smokers
than in non-smokers in this study, which is consistent with the results of
a study on the effect of smoking on blood lipids in Korean males reported
by Kim [33] et al. Smoking is a risk factor for dyslipidemia, and nicotine
produced by tobacco combustion can influence lipid metabolism [34],
leading to increased levels of fatty acids and cholesterol in the blood
[35]. This study also found that a higher BMI was associated with a
higher risk of dyslipidemia. This is consistent with the findings of Chen
et al. [36] who analyzed the relationship between BMI and dyslipide-
mia. This may be due to the fact that radiation workers with a higher
BMI consumed more fats, sugars, and meats, and less fresh fruits and
vegetables containing high levels of phytochemicals (carotenoids, iso-
flavones), vitamins, and dietary fiber that are beneficial in lowering
blood lipid levels [37,38].

This study found that the cumulative effective dose was positively
associated with the risk of dyslipidemia and high TG, and this associa-
tion persisted after adjustment for confounders. Further analysis using a
restricted cubic spline model showed that the cumulative effective dose
was linearly and positively associated with dyslipidemia and high TG,
and the risk of dyslipidemia and high TG increased with increasing cu-
mulative effective dose. This is consistent with the findings of Nakajima
S [39] et al. on dyslipidemia in residents of the nuclear power plant
accident in Japan. This may be related to the following mechanisms:
first, LDIR increases oxidative stress in vivo, leading to lipid peroxida-
tion, and TG is more sensitive to oxidative stress compared to TC, LDL-C,
HDL-C, and is therefore more susceptible to the effect; second, LDIR may
trigger inflammation, and inflammatory factors, such as TNF-a and IL-6,
promote TG synthesis but have a weaker effect on TC, LDL-C, and
HDL-C; finally, LDIR may alter the expression of genes related to TG
metabolism but have a lesser effect on genes related to TC, LDL-C, and
HDL-C metabolism [40]. However, this study is inconsistent with the
findings of Park [15] et al. who reported that occupational radiation
exposure of radiation workers in Korea is not associated with dyslipi-
demia. It may be related to different criteria for determining dyslipi-
demia and sample size. In addition, it may also be related to the different
types of rays to which the subjects were exposed. The subjects in the
Korean study were mainly nuclear power plant workers exposed to
neutrons, and a, B, and y rays, whereas the subjects in the present study
were medical radiation workers exposed mainly to X or y rays.

The inflammatory response is a natural defense reaction of the body
and is essential for the maintenance of physiological homeostasis [41].
However, if the inflammatory response is not properly controlled and
persists over a long period of time, it may lead to chronic inflammation,
which is potentially harmful to the body and can lead to serious illness
such as cardiovascular and cerebrovascular diseases [42]. Inflammatory
factors have been found to be associated with an increased risk of dys-
lipidemia and can be used as predictors of dyslipidemia [43]. Therefore,
early identification of the potential role of inflammatory factors in the
pathogenesis of metabolic disorders, including dyslipidemia, is impor-
tant [44]. It has been found that, compared with traditional inflamma-
tion indicators such as CRP and IL-6, complex inflammatory indices
based on blood cell counts such as NLR, PLR, and systemic immunoin-
flammatory indices (SIL, SIRI), especially SII and SIRI indices containing
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Variables OR(95%CI) P Value
Gender |

Female : Reference

Male : . 2.735(2.199-3.403) <0.001
Age, year !

<30 : Reference)

30~ : —— 1.640(1.237-2.174) 0.001

40~ : —— 1.871(1.344-2.605) <0.001

50~ : 3.170(2.058-4.883) <0.001
Marital status :

Single : Reference)

Married - 1.126(0.880-1.441) 0.346
Education level :

College and below : Reference)

Bachelor's degree and above '—l—}' 0.823(0.656-1.033) 0.092
Monthly income, yuan :

<10000 | Reference)

10000~ '—l:—| 0.896(0.738-1.087) 0.266

15000~ '—+—| 1.001(0.799-1.253) 0.996
BMI,kg/m?2 :

<24 : Reference)

224 : 2.169(1.846-2.549) <0.001
Occupation :

Nurse : Reference

Doctor '—l-:—- 0.897(0.685-1.175) 0.432

Technician ——t 0.835(0.619-1.127) 0.239
Shift work :

No : Reference

Yes '-';—' 0.972(0.826-1.144) 0.732
Type of work :

Diagnostic radiology : Reference

Nuclear medicine '—:l—' 1.109(0.751-1.636) 0.604

Radiotherapy '—-+| 0.865(0.679-1.102) 0.242

Interventional radiology v—-JI- 0.895(0.727-1.101) 0.293
Cumulative radiation dose, mSv :

<0.72 : Reference

0.72~2.22 -:-—i 1.117(0.914-1.364) 0.279

2.23~10.0 :'—-—| 1.351(1.065-1.715) 0.013
Smoking :

No | Reference

Yes :I—I—C 1.319(1.055-1.650) 0.015
Alcohol use :

No : Reference

Yes '—:—'—' 1.154(0.873-1.527) 0.315
Dietary habit :

Vegetable : Reference

Balanced diet '—l—:' 0.795(0.569-1.112) 0.181

Meat l—-—f 0.839(0.701-1.005) 0.056
Physical activity |

No : Reference

Yes - 0.916(0.760-1.105) 0.359

Low risk High risk

Fig. 1. Forest plot of multifactorial logistic regression analysis of dyslipidemia
Notes: Female, age <30, single, College and below, monthly income<1000, BMI<24, nurse, no shift work, diagnostic radiology, mSv<0.72, no smoking, no alcohol
use, vegetable, no physical activity as reference group.
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Table 2
Correlation analysis between cumulative effective dose and levels of dyslipidemia and its components.
Variables Model 1° Model 2" Model 3¢
OR (95 %CI) P value OR (95 %CI) P value OR (95 %CI) P value
Dyslipidemia
Q1 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Q2 1.42 (1.19-1.69) 0.001 1.11(0.92-1.35) 0.281 1.12 (0.91-1.36) 0.279
Q3 2.50 (2.08-3.01) 0.001 1.31(1.05-1.63) 0.018 1.35 (1.07-1.72) 0.013
TC
Q1 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Q2 1.19(0.88-1.62) 0.252 0.99(0.72-1.36) 0.958 1.00(0.73-1.39) 0.989
Q3 2.01(1.49-2.72) 0.001 1.10(0.78-1.56) 0.588 1.05(0.73-1.52) 0.797
TG
Q1 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Q2 1.26(0.98-1.62) 0.072 0.96(0.74-1.25) 0.756 0.97(0.74-1.27) 0.826
Q3 2.59(2.04-3.30) 0.001 1.44(1.09-1.92) 0.011 1.50(1.10-2.04) 0.010
HDL-C
Q1 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Q2 1.56(1.19-2.04) 0.001 1.25(0.94-1.66) 0.132 1.23(0.92-1.66) 0.169
Q3 1.76(1.32-2.34) 0.001 1.12(0.80-1.56) 0.525 1.14(0.80-1.65) 0.468
LDL-C
Q1 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Q2 1.25(0.94-1.65) 0.127 1.06(0.79-1.42) 0.703 1.07(0.79-1.45) 0.663
Q3 1.92(1.45-2.56) 0.001 1.16(0.83-1.61) 0.398 1.14(0.80-1.63) 0.479
Notes.

# Model 1 was a crude model without adjustment for covariates.
Y Model 2 was adjusted for gender, age.

¢ Model 3 was further adjusted for marital status, education level, monthly income, BMI, occupation, shift work, type of work, smoking, alcohol use, dietary habit,

and physical activity based on Model 2.
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Fig. 2. Restricted cubic spline logistic regression modeling between cumulative effective dose and dyslipidemia (A) and its components TC (B), TG (C), HDL-C (D),

LDL-C (E).

Note: Adjusted for gender, age, marital status, education level, monthly income, BMI, occupation, shift work, type of work, smoking, alcohol use, dietary habit, and

physical activity.

TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; OR, odds ratio; CI, confidence interval.

three levels of inflammatory cells, can effectively and comprehensively
reflect the complex inflammatory status in the organism [45,46], and
better predict certain inflammation-related diseases [47]. A
population-based study based on NHANES found a significant positive
correlation of 1.03 (95 %CI, 1.01, 1.05) between systemic
immune-inflammatory index SII and dyslipidemia [48]. Interestingly,
the present study found that SII plays a mediating role between LDIR and

TG association, which provides a potential new perspective on the as-
sociation between long-term exposure to LDIR and dyslipidemia. This is
consistent with the findings of Tapio S et al. on inflammation, oxidative
stress-mediated adverse effects of low and moderate doses of ionizing
radiation and metabolic syndrome [49]. Although the mechanisms by
which LDIR affects dyslipidemia have not been fully elucidated, several
possible pathways may exist based on in vitro and animal studies. First,
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Fig. 4. Mediating role of inflammatory markers in the association of LDIR with dyslipidemia (A) and its components TC (B), TG (C), HDL-C (D), LDL-C (E).
Note: Adjusted for gender, age, marital status, education level, monthly income, BMI, occupation, shift work, type of work, smoking, alcohol use, dietary habit, and

physical activity.

TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.

LDIR induces an immune-inflammatory response, triggering an inflam-
matory response through activation of immune cells, such asTNF-q, IL-6,
and the systemic immune-inflammatory index, SII, which in turn affects
the expression of lipid functions [50]. Second, due to chronic exposure
to LDIR, the body produces large amounts of ROS, which causes damage
to macromolecules such as proteins, lipids, and DNA. Damage to

unrepaired or improperly repaired cellular macromolecules is mainly
manifested at the cellular and tissue level, such as cellular senescence,
apoptosis, and inflammation, leading to persistent oxidative stress,
which in turn triggers metabolic diseases [49].

This study has the following strengths. First, two sensitivity analysis
were used and demonstrated the robustness of the results. Second, the
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association between long-term exposure to LDIR and dyslipidemia and
its components was found with large sample data, providing a reliable
basis for radiation epidemiological studies of long-term exposure to
LDIR and health. Third, the true external exposure dose can directly and
accurately reflect the association between long-term exposure to LDIR
and dyslipidemia by measuring personal dose equivalent of occupa-
tional external exposure through a personal dosimeter worn by medical
radiologists. Finally, we explored the potential mediating role of in-
flammatory markers in the association between long-term exposure to
LDIR and dyslipidemia and its components, and found that the inflam-
matory marker SII mediated the association between long-term exposure
to LDIR and high TG levels, which provides new clues for mechanistic
studies of the association between long-term exposure to LDIR and
dyslipidemia. This study also has certain limitations. First, only the
personal dose of external radiation was obtained in this study, but not
the dose of internal radiation. In the future, the association between
long-term exposure to LDIR and dyslipidemia may be considered by
combining the internal and external dose. Second, the lowest tertile of
cumulative effective dose was selected as the control group in our study,
which may not be fully representative of the unexposed group, and
future studies should consider non-radiation-exposed- healthcare
workers as a control group. In conclusion, as the present study was only
a cross-sectional study, it was not possible to infer a causal relationship
between long-term exposure to LDIR and dyslipidemia, and it is rec-
ommended that future prospective cohort studies be conducted to pro-
vide important evidence of a causal relationship between long-term
exposure to LDIR and dyslipidemia among medical radiologists.

4. Conclusion

The detection rate of dyslipidemia among medical radiologists was
high. Gender, age, BMI, cumulative effective dose, and smoking were
the factors influencing dyslipidemia. The risk of dyslipidemia and high
TG increased with increasing cumulative effective dose. The inflam-
matory marker SII may mediate the relationship between long-term
exposure to LDIR and TG levels. Future large-scale population-based
radiation epidemiologic studies are urgently needed to confirm our
findings and to elucidate the potential association between long-term
exposure to LDIR and dyslipidemia in medical radiologists.
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