Table 1. Basic information and average annual occupational radiation exposure for the entire population and the nonzero-exposure subgroup.
	
	No.
	Nonzero/ Total records
	Rate
	p
	Exposure in the entire population from 2008 to 2024
	Exposure in the nonzero subgroup from 2008 to 2024

	
	
	
	
	
	mSv (mean ± SD)
	Median (IQR)
	p
	mSv (mean ± SD)
	Median (IQR)
	p

	Gender
	
	
	
	＜0.001
	
	
	＜0.001
	
	
	＜0.001

	  Males
	288
	1752/2185
	80.2%
	
	0.355 ± 0.751
	0.180 (0.040 - 0.390)
	
	0.443 ± 0.815
	0.230 (0.140 - 0.460)
	

	  Females
	223
	1119/1507
	74.2%
	
	0.268 ± 0.628
	0.160 (0.000 - 0.350)
	
	0.364 ± 0.709
	0.220 (0.120 - 0.440)
	

	  Total
	511
	2871/3692
	77.8%
	
	0.319 ± 0.703
	0.180 (0.110 - 0.370)
	
	0.411 ± 0.774
	0.220 (0.130 - 0.450)
	

	Age※
	
	
	
	＜0.001
	
	
	＜0.001
	
	
	0.131

	< 30 yrs
	75
	261/278
	93.9%
	
	0.271 ± 0.258
	0.200 (0.110 - 0.370)
	
	0.286 ± 0.254
	0.210 (0.120 - 0.380)
	

	30 - 40 yrs
	213
	1206/1418
	85.0%
	
	0.301 ± 0.473
	0.193 (0.080 - 0.383)
	
	0.357 ± 0.506
	0.220 (0.140 - 0.420)
	

	40 - 50 yrs
	92
	612/755
	81.1%
	
	0.369 ± 0.932
	0.190 (0.050 - 0.430)
	
	0.458 ± 1.025
	0.230 (0.130 - 0.470)
	

	＞ 50 yrs
	131
	792/1241
	63.8%
	
	0.325 ± 0.828
	0.100 (0.000 - 0.320)
	
	0.516 ± 0.998
	0.240 (0.120 - 0.490)
	

	Educational degree
	
	
	
	＜0.001
	
	
	＜0.001
	
	
	0.016

	Bachelor
	223
	1237/1683
	73.4%
	
	0.289 ± 0.706
	0.170 (0.000 - 0.340)
	
	0.396 ± 0.803
	0.220 (0.130 - 0.440)
	

	Master
	125
	627/781
	80.2%
	
	0.284 ± 0.505
	0.180 (0.045 - 0.360)
	
	0.366 ± 0.558
	0.220 (0.125 - 0.420)
	

	Doctor
	111
	784/904
	86.7%
	
	0.430 ± 0.896
	0.210 (0.080 - 0.440)
	
	0.491 ± 0.939
	0.240 (0.140 - 0.480)
	

	Others
	52
	223/324
	68.8%
	
	0.261 ± 0.443
	0.110 (0.000 - 0.300)
	
	0.347 ± 0.422
	0.190 (0.100 - 0.430)
	

	Department 
	
	
	
	＜0.001
	
	
	＜0.001
	
	
	＜0.001

	  Radiology
	173
	1036/1187
	87.2%
	
	0.241 ± 0.247
	0.180 (0.090 - 0.330)
	
	0.276 ± 0.246
	0.200 (0.130 - 0.380)
	

	  Nuclear medicine
	51
	188/346
	54.3%
	
	0.229 ± 0.469
	0.035 (0.000 - 0.234)
	
	0.425 ± 0.571
	0.200 (0.095 - 0.500)
	

	Interventional medicine
	30
	263/301
	87.3%
	
	0.461 ± 0.956
	0.230 (0.120 - 0.420)
	
	0.489 ± 0.788
	0.260 (0.170 - 0.460)
	

	  Cardiology
	91
	549/759
	72.3%
	
	0.428 ± 1.227
	0.180 (0.000 - 0.370)
	
	0.586 ± 1.401
	0.240 (0.140 - 0.458)
	

	  Surgery
	72
	451/578
	78.1%
	
	0.407 ± 0.591
	0.200 (0.020 - 0.530)
	
	0.582 ± 0.621
	0.360 (0.180 - 0.750)
	

	  Anesthesia center
	16
	65/65
	100.0%
	
	0.227 ± 0.274
	0.140 (0.056 - 0.368)
	
	0.227 ± 0.274
	0.140 (0.056 - 0.368)
	

	  Others
	78
	319/456
	69.9%
	
	0.239 ± 0.315
	0.160 (0.000 - 0.368)
	
	0.312 ± 0.339
	0.210 (0.100 - 0.413)
	

	Profession  
	
	
	
	＜0.001
	
	
	＜0.001
	
	
	＜0.001

	Doctor
	261
	1509/1938
	77.8%
	
	0.348 ± 0.776
	0.180 (0.025 - 0.380)
	
	0.449 ± 0.856
	0.220 (0.120 - 0.460)
	

	  Nurse
	124
	673/886
	75.9%
	
	0.319 ± 0.787
	0.180 (0.010 - 0.390)
	
	0.421 ± 0.881
	0.240 (0.130 - 0.470)
	

	  Technician
	113
	647/800
	80.8%
	
	0.264 ± 0.356
	0.180 (0.070 - 0.350)
	
	0.329 ± 0.369
	0.210 (0.145 - 0.410)
	

	Others
	13
	42/68
	61.8%
	
	0.107 ± 0.136
	0.050 (0.000-0.200)
	
	0.138 ± 0.142
	0.180 (0.085-0.300)
	


※ Based on the recorded age per year. An annual personal dose equivalent to 0.02 mSv was considered as zero. SD: standard deviation. IQR: inter - quartile range. Results with a p - value less than 0.05 were presented in boldface.
Table 2. Results of multivariate logistic regression analysis for potential risk factors influencing average annual occupational radiation exposure.

	
	The entire population
	The nonzero subgroup

	
	β
	SE
	95% CI
	p
	β
	SE
	95% CI
	p

	Intercept
	0.290
	0.109
	0.075 - 0.505
	0.008
	0.321
	0.123
	0.079 - 0.563
	0.009

	Period
	
	
	
	
	
	
	
	

	Pandemic
	0.043
	0.026
	-0.008 - 0.093
	0.100
	0.090
	0.033
	0.026 - 0.155
	0.006

	Post-pandemic
	-0.175
	0.028
	-0.231 - -0.119
	＜0.001
	-0.155
	0.037
	-0.227 - -0.082
	＜0.001

	Gender
	
	
	
	
	
	
	
	

	   Females
	-0.033
	0.043
	-0.118 - 0.052
	0.441
	-0.007
	0.048
	-0.102 - 0.087
	0.878

	Age
	
	
	
	
	
	
	
	

	    30 - 40 yrs
	-0.040
	0.062
	-0.162 - 0.081
	0.517
	-0.007
	0.067
	-0.139 - 0.124
	0.915

	    40 - 50 yrs
	-0.035
	0.071
	-0.174 - 0.104
	0.623
	0.045
	0.078
	-0.109 - 0.198
	0.568

	    > 50 yrs
	-0.042
	0.067
	-0.173 - 0.088
	0.524
	0.096
	0.074
	-0.049 - 0.242
	0.193

	Educational degree
	
	
	
	
	
	
	
	

	Bachelor
	0.012
	0.065
	-0.115 - 0.139
	0.857
	-0.024
	0.073
	-0.168 - 0.120
	0.746

	Master
	0.032
	0.087
	-0.138 - 0.202
	0.710
	-0.070
	0.100
	-0.265 - 0.126
	0.484

	Doctor
	0.115
	0.090
	-0.061 - 0.291
	0.201
	-0.036
	0.103
	-0.238 - 0.166
	0.727

	Department
	
	
	
	
	
	
	
	

	    Nuclear medicine
	0.020
	0.065
	-0.107 - 0.148
	0.755
	0.149
	0.077
	-0.003 - 0.301
	0.054

	Interventional medicine
	0.187
	0.071
	0.048 - 0.326
	0.009
	0.205
	0.076
	0.056 - 0.354
	0.007

	    Cardiology
	0.135
	0.054
	0.030 - 0.240
	0.012
	0.241
	0.060
	0.122 - 0.359
	＜0.001

	    Surgery
	0.163
	0.059
	0.047 - 0.280
	0.006
	0.250
	0.066
	0.120 - 0.380
	＜0.001

	    Anesthesia center
	-0.026
	0.123
	-0.267 - 0.216
	0.835
	-0.057
	0.131
	-0.314 - 0.201
	0.666

	    Other
	-0.035
	0.053
	-0.138 - 0.069
	0.508
	0.006
	0.060
	-0.111 - 0.124
	0.916

	Profession
	
	
	
	
	
	
	
	

	    Nurse
	0.052
	0.068
	-0.081 - 0.186
	0.442
	-0.024
	0.079
	-0.179 - 0.130
	0.759

	    Technologist
	0.019
	0.066
	-0.111 - 0.148
	0.778
	-0.036
	0.076
	-0.185 - 0.112
	0.632

	    Other
	-0.049
	0.127
	-0.299 - 0.200
	0.697
	-0.078
	0.151
	-0.374 - 0.218
	0.606


SE: standard error. All models were adjusted for the reference categories of pre-pandemic, male gender, age <30 years, bachelor's degree, radiology department, and physician occupation. An annual personal dose equivalent to 0.02 mSv was considered as zero. Results with a p - value less than 0.05 were presented in boldface.

Table 3. Results of average annual occupational radiation exposure of trend analyses from 2008 to 2025, along with comparisons across three phases—pre- (2017–2019), during (2020–2022), and post-COVID-19 (2023–2024)—for the entire population and nonzero subgroups under various conditions.

	
	Tendencies of the entire population
	Comparisons among 3 phases
	Tendencies of the nonzero subgroup
	Comparisons among 3 phases

	
	β (95% CI)
	R2
	p
	H
	p
	Adjusted p
	β (95% CI)
	R2
	p
	H
	p
	Adjusted p

	Gender
	
	
	
	
	
	
	
	
	
	
	
	

	    Males
	-0.021 (-0.048 - 0.005)
	0.156
	0.116
	97.412
	＜0.001
	＜0.001
	-0.024 (-0.055 - 0.006)
	0.161
	0.112
	158.795
	＜0.001
	＜0.001

	    Females
	0.004 (-0.011 - 0.019)
	0.021
	0.574
	101.416
	＜0.001
	＜0.001
	0.006 (-0.011 - 0.024)
	0.041
	0.441
	137.112
	＜0.001
	＜0.001

	Age
	
	
	
	
	
	
	
	
	
	
	
	

	< 30 yrs
	0.015 (-0.005 - 0.036)
	0.143
	0.134
	14.762
	0.001
	＜0.001
	0.015 (-0.021 - 0.051)
	0.053
	0.383
	16.049
	＜0.001
	＜0.001

	30 - 40 yrs
	-0.022 (-0.047 - 0.001)
	0.204
	0.068
	133.507
	＜0.001
	＜0.001
	-0.024 (-0.049 - 0.001)
	0.217
	0.061
	157.460
	＜0.001
	＜0.001

	40 - 50 yrs
	-0.011 (-0.041 - 0.019)
	0.037
	0.453
	61.895
	＜0.001
	＜0.001
	-0.017 (-0.054 - 0.019)
	0.067
	0.320
	65.387
	＜0.001
	＜0.001

	> 50 yrs
	-0.013 (-0.041 - 0.014)
	0.316
	0.890
	28.786
	＜0.001
	＜0.001
	-0.002 (-0.037 - 0.033)
	0.001
	 0.891
	55.415
	＜0.001
	＜0.001

	Educational degree
	
	
	
	
	
	
	
	
	
	
	
	

	Bachelor
	-0.011 (-0.031- 0.007)
	0.099
	0.217
	81.136
	＜0.001
	＜0.001
	-0.018 (-0.047- 0.011)
	0.102
	0.210
	128.351
	＜0.001
	＜0.001

	Master
	-0.021 (-0.047 - 0.005)
	0.158
	0.113
	43.364
	＜0.001
	＜0.001
	-0.039 (-0.085 - 0.005)
	0.189
	0.082
	66.773
	＜0.001
	＜0.001

	Doctor
	0.004 (-0.024 - 0.034)
	0.007
	0.741
	56.883
	＜0.001
	＜0.001
	-0.001 (-0.032 - 0.029)
	0.001
	 0.921
	70.417
	＜0.001
	＜0.001

	Other
	-0.020 (-0.040 - 0.007)
	0.141
	0.137
	17.250
	＜0.001
	＜0.001
	0.015 (-0.005 - 0.037)
	0.138
	 0.140
	36.087
	＜0.001
	＜0.001

	Department
	
	
	
	
	
	
	
	
	
	
	
	

	   Radiology
	-0.007 (-0.029 - 0.015)
	0.029
	0.513
	119.771
	＜0.001
	＜0.001
	-0.009 (-0.033 - 0.015)
	0.039
	0.442
	138.645
	＜0.001
	＜0.001

	   Nuclear medicine
	0.004 (-0.007 - 0.015)
	0.038
	0.447
	0.977
	0.614
	0.613
	-0.045 (-0.109 - 0.018)
	0.132
	0.148
	16.255
	＜0.001
	＜0.001

	Interventional medicine
	0.031 (0.005 - 0.054)
	0.311
	0.021
	25.412
	＜0.001
	＜0.001
	0.033 (0.011 - 0.056)
	0.392
	＜0.001
	29.064
	＜0.001
	＜0.001

	Cardiology
	-0.001 (-0.029 - 0.026)
	0.000
	0.923
	20.232
	＜0.001
	＜0.001
	0.002 (-0.044 - 0.048)
	0.001
	0.920
	34.180
	＜0.001
	＜0.001

	   Surgery
	-0.068 (-0.116 - -0.021)
	0.388
	0.007
	58.555
	＜0.001
	＜0.001
	-0.116 (-0.213 - 0.02)
	0.299
	＜0.001
	54.607
	＜0.001
	＜0.001

	   Anesthesia center
	0.002 (-0.046 - 0.049)
	0.001
	0.938
	36.160
	＜0.001
	＜0.001
	-0.006 (-0.053 - 0.041)
	0.005
	0.781
	36.160
	＜0.001
	＜0.001

	   Other
	-0.004 (-0.023 - 0.015)
	0.012
	0.663
	28.995
	＜0.001
	＜0.001
	-0.024 (-0.054 - 0.005)
	0.174
	0.093
	38.788
	＜0.001
	＜0.001

	Profession
	
	
	
	
	
	
	
	
	
	
	
	

	Doctor
	-0.006 (-0.027 - 0.014)
	0.026
	0.531
	88.833
	＜0.001
	＜0.001
	-0.011 (-0.038 - 0.016)
	0.047
	0.392
	152.819
	＜0.001
	＜0.001

	   Nurse
	-0.023 (-0.053 - 0.007)
	0.152
	0.122
	63.840
	＜0.001
	＜0.001
	-0.017 (-0.049 - 0.013)
	0.086
	0.254
	84.890
	＜0.001
	＜0.001

	   Technologist
	-0.017 (-0.044 - 0.009)
	0.116
	0.179
	46.917
	＜0.001
	＜0.001
	-0.016 (-0.048 - 0.015)
	0.073
	0.290
	58.401
	＜0.001
	＜0.001

	   Other
	0.008 (0.002 - 0.014)
	0.415
	0.005
	3.566
	0.168
	0.176
	0.015 (0.006 - 0.024)
	0.475
	＜0.001
	7.216
	0.027
	0.027

	Total
	-0.009 (-0.029 - 0.011)
	0.066
	0.317
	194.900
	＜0.001
	＜0.001
	-0.020 (-0.040 - 0.011)
	0.105
	0.202
	290.600
	＜0.001
	＜0.001


Linear regression were used for trend analyses. Kruskal-Wallis H test were used for the comparisons among 3 phases. Subgroup p-values are exploratory. Results with a p - value less than 0.05 were presented in boldface.
Table 4. Comparisons of the average annual occupational radiation exposure for the years 2020, 2021, and 2022.

	
	The entire population
	The nonzero subgroup

	
	H
	p
	Adjusted p
	H
	p
	Adjusted p

	Gender
	
	
	
	
	
	

	    Males
	107.183
	＜0.001
	＜0.001
	189.853
	＜0.001
	＜0.001

	    Females
	121.233
	＜0.001
	＜0.001
	165.931
	＜0.001
	＜0.001

	Age
	
	
	
	
	
	

	    < 30 yrs
	37.024
	＜0.001
	＜0.001
	37.024
	＜0.001
	＜0.001

	    30 - 40 yrs
	133.580
	＜0.001
	＜0.001
	158.093
	＜0.001
	＜0.001

	    40 - 50 yrs
	73.230
	＜0.001
	＜0.001
	87.272
	＜0.001
	＜0.001

	    > 50 yrs
	19.614
	＜0.001
	＜0.001
	68.865
	＜0.001
	＜0.001

	Educational degree
	
	
	
	
	
	

	Bachelor
	98.886
	＜0.001
	＜0.001
	146.159
	＜0.001
	＜0.001

	Master
	48.668
	＜0.001
	＜0.001
	84.197
	＜0.001
	＜0.001

	Doctor
	63.849
	＜0.001
	＜0.001
	85.951
	＜0.001
	＜0.001

	Other
	16.973
	＜0.001
	＜0.001
	40.758
	＜0.001
	＜0.001

	Department
	
	
	
	
	
	

	   Radiology
	134.363
	＜0.001
	＜0.001
	170.529
	＜0.001
	＜0.001

	   Nuclear medicine
	1.442
	0.486
	0.486
	20.856
	＜0.001
	＜0.001

	Interventional medicine
	21.578
	＜0.001
	＜0.001
	23.500
	＜0.001
	＜0.001

	   Cardiology
	27.714
	＜0.001
	＜0.001
	52.544
	＜0.001
	＜0.001

	   Surgery
	35.212
	＜0.001
	＜0.001
	49.168
	＜0.001
	＜0.001

	   Anesthesia center
	14.792
	＜0.001
	＜0.001
	14.792
	0.001
	0.001

	   Other
	29.860
	＜0.001
	＜0.001
	43.316
	＜0.001
	＜0.001

	Profession
	
	
	
	
	
	

	Doctor
	91.889
	＜0.001
	＜0.001
	171.255
	＜0.001
	＜0.001

	   Nurse
	87.322
	＜0.001
	＜0.001
	103.948
	＜0.001
	＜0.001

	   Technologist
	51.492
	＜0.001
	＜0.001
	79.965
	＜0.001
	＜0.001

	   Other
	2.082
	0.353
	0.371
	4.556
	0.102
	0.102

	Total
	224.200
	＜0.001
	＜0.001
	351.850
	＜0.001
	＜0.001


 Kruskal-Wallis H test were used for the comparisons among 3 years. Subgroup p-values are exploratory. Results with a p - value less than 0.05 were presented in boldface.
