1. More details on meteorological data retrieval and management
Data were retrieved from 2 different sources: 1) Open Data Lazio web site, managed by the Lazio Region, where the historical series of daily rainfall data and of daily temperature data are available for download from September 1 2018 onwards (16); 2) the competent office for CPHN of the Lazio Region (15), for the period from January 1 2017 to August 31 2018, and for each subsequent month of the study period, if the corresponding monthly data file from Open Data Lazio was not available for download (11 rainfall data files and 14 temperature data files) or the downloaded file was unusable (1 rainfall data file). Data files were harmonized and codified, using SAS Enterprise Guide 8.2.
Latitude and longitude data of the CPHN weather stations were retrieved from the same sources, that provided rainfall and temperature data, and from the Lazio Region web page where real-time data from CPHN stations can be downloaded (15).
2. [bookmark: _Hlk237611593]More details on CPHN hydrometeorological stations assignment to “domicile/residence” variable levels
CPHN hydrometeorological stations were assigned to a municipality based on their latitude and longitude data, using ArcGIS Pro 3.5.2 to perform a spatial join among stations coordinates and “territorial polygons”, corresponding to the boundaries of Italian municipalities. Nine hydrometeorological stations located outside the region borders were excluded from the analysis, and the remaining stations were assigned to one of the two levels of the “domicile/residence” variable. Rainfall, maximum and minimum temperature data were averaged ad month and “domicile/residence” level using SAS Enterprise Guide 8.2 proc means.
3. More details on interactions entered in the model
In particular, to evaluate whether associations varied over time, interactions between time period and sex, age group, domicile/residence, and meteorological variables were incorporated. To examine the modifying effect of demographic characteristics, interactions between demographic variables and smoking habit or alcohol consumption, comorbidity, and domicile/residence were included. Additionally, an interaction between sex and age group was introduced to assess whether the effect of sex varied by age. To explore potential synergistic effects, interactions between smoking habit or alcohol consumption and comorbidity, and between rainfall and temperature, were also included. Finally, to investigate potential effect modification by geographic context, interaction terms between domicile/residence and meteorological variables were added to the model.

Table S1. The full set of the possible two-way interactions among the predictors as an interaction matrix, where each marked cell (indicated by an ‘x’) denotes the 16 interactions included in the initial model.
	Variable
	time period
	se*x
	age group
	smoking habit or alcohol consumption
	comorbidity
	domicile/residence
	monthly average rainfall (mm)
	monthly average minimum temperature

	time period
	
	x
	x
	
	
	x
	x
	x
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	x
	x
	x
	x
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	x
	x
	x
	
	

	smoking habit or alcohol consumption
	
	
	
	
	x
	
	
	

	comorbidity
	
	
	
	
	
	
	
	

	domicile/residence
	
	
	
	
	
	
	x
	x

	monthly average rainfall (mm)
	
	
	
	
	
	
	
	x

	maximum monthly average temperature
	
	
	
	
	
	
	
	




4. 
5. Predicted incidence rates for the six two-way interactions entered in the final model
Table S2. Predicted incidence rates for the six two-way interactions entered in the final model (n=1293 cases meeting the following criteria: occurred in 2017-2023 years, ≥18 years old, confirmed cases, community exposure)
Legenda: PIR= predicted incidence rate; SE= standard error; a. LCL= asymptotic lower confidence limit; a. UCL= asymptotic upper confidence limit
	Characteristic
	PIR
	SE
	a.LCL
	a.UCL
	z.ratio
	p.value

	Predicted incidence rates — A. Sex * Age group

	Female * 18-49
	0.60
	0.11
	0.42
	0.86
	-2.80
	0.005

	Male * 18-49
	3.15
	0.27
	2.66
	3.73
	13.30
	0.000

	Female * 50-69
	2.88
	0.25
	2.43
	3.40
	12.36
	0.000

	Male * 50-69
	8.16
	0.45
	7.32
	9.10
	37.76
	0.000

	Female * 70+
	4.52
	0.40
	3.80
	5.38
	17.03
	0.000

	Male * 70+
	9.23
	0.66
	8.03
	10.62
	31.16
	0.000

	Predicted incidence rates — B. Age group * Smoking habit or alcohol consumption

	18-49 * No
	0.96
	0.13
	0.74
	1.25
	-0.28
	0.781

	50-69 * No
	2.69
	0.20
	2.33
	3.10
	13.56
	0.000

	70+ * No
	5.71
	0.38
	5.02
	6.50
	26.56
	0.000

	18-49 * Yes
	1.97
	0.24
	1.56
	2.50
	5.66
	0.000

	50-69 * Yes
	8.74
	0.57
	7.69
	9.93
	33.20
	0.000

	70+ * Yes
	7.30
	0.71
	6.04
	8.83
	20.54
	0.000

	Predicted incidence rates — C. Age group * Comorbidity

	18-49 * No
	0.64
	0.07
	0.51
	0.80
	-3.91
	0.000

	50-69 * No
	2.79
	0.20
	2.42
	3.22
	14.19
	0.000

	70+ * No
	5.44
	0.52
	4.50
	6.57
	17.56
	0.000

	18-49 * Yes
	2.96
	0.41
	2.25
	3.89
	7.79
	0.000

	50-69 * Yes
	8.41
	0.55
	7.40
	9.57
	32.53
	0.000

	70+ * Yes
	7.68
	0.51
	6.75
	8.74
	30.87
	0.000

	Predicted incidence rates — D. Time period * Domicile/residence

	Pre-Covid-19 * Other Lazio municipality
	2.31
	0.20
	1.95
	2.73
	9.78
	0.000

	Covid-19 * Other Lazio municipality
	2.20
	0.22
	1.81
	2.69
	7.80
	0.000

	Post-Covid-19 * Other Lazio municipality
	3.50
	0.32
	2.92
	4.19
	13.60
	0.000

	Pre-Covid-19 * Rome metropolitan area
	5.42
	0.33
	4.80
	6.12
	27.43
	0.000

	Covid-19 * Rome metropolitan area
	3.58
	0.31
	3.02
	4.23
	14.87
	0.000

	Post-Covid-19 * Rome metropolitan area
	5.40
	0.46
	4.57
	6.39
	19.68
	0.000

	Predicted incidence rates — E. Domicile/residence * Monthly average rainfall

	Other Lazio municipality * 0.015
	1.87
	0.16
	1.59
	2.21
	7.37
	0.000

	Rome metropolitan area * 0.015
	2.93
	0.20
	2.56
	3.35
	15.47
	0.000

	Other Lazio municipality * 0.22
	1.93
	0.16
	1.64
	2.27
	7.98
	0.000

	Rome metropolitan area * 0.22
	3.05
	0.20
	2.68
	3.48
	16.66
	0.000

	Other Lazio municipality * 0.425
	1.99
	0.16
	1.70
	2.32
	8.61
	0.000

	Rome metropolitan area * 0.425
	3.18
	0.21
	2.80
	3.61
	17.92
	0.000

	Other Lazio municipality * 0.63
	2.04
	0.16
	1.76
	2.38
	9.28
	0.000

	Rome metropolitan area * 0.63
	3.32
	0.21
	2.93
	3.75
	19.22
	0.000

	Other Lazio municipality * 0.835
	2.10
	0.16
	1.82
	2.43
	9.98
	0.000

	Rome metropolitan area * 0.835
	3.46
	0.21
	3.07
	3.89
	20.57
	0.000

	Other Lazio municipality * 1.04
	2.17
	0.16
	1.88
	2.49
	10.71
	0.000

	Rome metropolitan area * 1.04
	3.60
	0.21
	3.21
	4.04
	21.95
	0.000

	Other Lazio municipality * 1.245
	2.23
	0.16
	1.94
	2.56
	11.47
	0.000

	Rome metropolitan area * 1.245
	3.76
	0.21
	3.36
	4.20
	23.34
	0.000

	Other Lazio municipality * 1.451
	2.30
	0.16
	2.01
	2.62
	12.24
	0.000

	Rome metropolitan area * 1.451
	3.92
	0.22
	3.52
	4.36
	24.73
	0.000

	Other Lazio municipality * 1.656
	2.36
	0.16
	2.08
	2.69
	13.04
	0.000

	Rome metropolitan area * 1.656
	4.08
	0.22
	3.67
	4.54
	26.09
	0.000

	Other Lazio municipality * 1.861
	2.43
	0.16
	2.14
	2.76
	13.84
	0.000

	Rome metropolitan area * 1.861
	4.26
	0.23
	3.84
	4.72
	27.39
	0.000

	Other Lazio municipality * 2.066
	2.50
	0.16
	2.21
	2.83
	14.63
	0.000

	Rome metropolitan area * 2.066
	4.44
	0.23
	4.01
	4.91
	28.60
	0.000

	Other Lazio municipality * 2.271
	2.58
	0.16
	2.29
	2.91
	15.42
	0.000

	Rome metropolitan area * 2.271
	4.63
	0.24
	4.18
	5.12
	29.70
	0.000

	Other Lazio municipality * 2.476
	2.65
	0.16
	2.36
	2.99
	16.18
	0.000

	Rome metropolitan area * 2.476
	4.82
	0.25
	4.36
	5.33
	30.65
	0.000

	Other Lazio municipality * 2.681
	2.73
	0.16
	2.43
	3.07
	16.89
	0.000

	Rome metropolitan area * 2.681
	5.03
	0.26
	4.55
	5.56
	31.44
	0.000

	Other Lazio municipality * 2.886
	2.81
	0.17
	2.51
	3.16
	17.56
	0.000

	Rome metropolitan area * 2.886
	5.24
	0.27
	4.74
	5.80
	32.06
	0.000

	Other Lazio municipality * 3.091
	2.90
	0.17
	2.58
	3.25
	18.15
	0.000

	Rome metropolitan area * 3.091
	5.46
	0.29
	4.93
	6.05
	32.50
	0.000

	Other Lazio municipality * 3.297
	2.98
	0.17
	2.66
	3.34
	18.68
	0.000

	Rome metropolitan area * 3.297
	5.70
	0.30
	5.13
	6.32
	32.77
	0.000

	Other Lazio municipality * 3.502
	3.07
	0.18
	2.74
	3.44
	19.11
	0.000

	Rome metropolitan area * 3.502
	5.94
	0.32
	5.34
	6.60
	32.88
	0.000

	Other Lazio municipality * 3.707
	3.16
	0.19
	2.81
	3.55
	19.46
	0.000

	Rome metropolitan area * 3.707
	6.19
	0.34
	5.55
	6.90
	32.85
	0.000

	Other Lazio municipality * 3.912
	3.25
	0.19
	2.89
	3.66
	19.72
	0.000

	Rome metropolitan area * 3.912
	6.45
	0.37
	5.77
	7.22
	32.69
	0.000

	Other Lazio municipality * 4.117
	3.35
	0.20
	2.97
	3.77
	19.89
	0.000

	Rome metropolitan area * 4.117
	6.73
	0.40
	5.99
	7.55
	32.42
	0.000

	Other Lazio municipality * 4.322
	3.45
	0.21
	3.05
	3.89
	19.98
	0.000

	Rome metropolitan area * 4.322
	7.01
	0.43
	6.23
	7.90
	32.08
	0.000

	Other Lazio municipality * 4.527
	3.55
	0.22
	3.13
	4.02
	20.00
	0.000

	Rome metropolitan area * 4.527
	7.31
	0.46
	6.46
	8.27
	31.67
	0.000

	Other Lazio municipality * 4.732
	3.65
	0.24
	3.22
	4.15
	19.96
	0.000

	Rome metropolitan area * 4.732
	7.62
	0.50
	6.71
	8.66
	31.21
	0.000

	Other Lazio municipality * 4.937
	3.76
	0.25
	3.30
	4.28
	19.86
	0.000

	Rome metropolitan area * 4.937
	7.94
	0.54
	6.96
	9.07
	30.72
	0.000

	Other Lazio municipality * 5.143
	3.87
	0.27
	3.38
	4.43
	19.71
	0.000

	Rome metropolitan area * 5.143
	8.28
	0.58
	7.22
	9.50
	30.22
	0.000

	Other Lazio municipality * 5.348
	3.98
	0.28
	3.47
	4.58
	19.53
	0.000

	Rome metropolitan area * 5.348
	8.63
	0.63
	7.49
	9.95
	29.70
	0.000

	Other Lazio municipality * 5.553
	4.10
	0.30
	3.55
	4.73
	19.31
	0.000

	Rome metropolitan area * 5.553
	9.00
	0.68
	7.76
	10.43
	29.18
	0.000

	Other Lazio municipality * 5.758
	4.22
	0.32
	3.64
	4.90
	19.08
	0.000

	Rome metropolitan area * 5.758
	9.38
	0.73
	8.05
	10.93
	28.66
	0.000

	Other Lazio municipality * 5.963
	4.35
	0.34
	3.73
	5.07
	18.83
	0.000

	Rome metropolitan area * 5.963
	9.78
	0.79
	8.34
	11.46
	28.16
	0.000

	Other Lazio municipality * 6.168
	4.48
	0.36
	3.82
	5.24
	18.58
	0.000

	Rome metropolitan area * 6.168
	10.20
	0.86
	8.65
	12.02
	27.66
	0.000

	Other Lazio municipality * 6.373
	4.61
	0.38
	3.91
	5.43
	18.31
	0.000

	Rome metropolitan area * 6.373
	10.63
	0.92
	8.96
	12.60
	27.18
	0.000

	Other Lazio municipality * 6.578
	4.74
	0.41
	4.01
	5.62
	18.05
	0.000

	Rome metropolitan area * 6.578
	11.08
	1.00
	9.29
	13.22
	26.71
	0.000

	Other Lazio municipality * 6.784
	4.88
	0.44
	4.10
	5.81
	17.78
	0.000

	Rome metropolitan area * 6.784
	11.55
	1.08
	9.62
	13.86
	26.27
	0.000

	Other Lazio municipality * 6.989
	5.03
	0.46
	4.20
	6.02
	17.52
	0.000

	Rome metropolitan area * 6.989
	12.04
	1.16
	9.97
	14.54
	25.83
	0.000

	Other Lazio municipality * 7.194
	5.17
	0.49
	4.29
	6.24
	17.26
	0.000

	Rome metropolitan area * 7.194
	12.55
	1.25
	10.33
	15.26
	25.42
	0.000

	Other Lazio municipality * 7.399
	5.33
	0.52
	4.39
	6.46
	17.01
	0.000

	Rome metropolitan area * 7.399
	13.09
	1.35
	10.70
	16.01
	25.02
	0.000

	Other Lazio municipality * 7.604
	5.48
	0.56
	4.49
	6.69
	16.77
	0.000

	Rome metropolitan area * 7.604
	13.64
	1.45
	11.08
	16.79
	24.63
	0.000

	Other Lazio municipality * 7.809
	5.65
	0.59
	4.60
	6.93
	16.53
	0.000

	Rome metropolitan area * 7.809
	14.22
	1.56
	11.48
	17.62
	24.27
	0.000

	Other Lazio municipality * 8.014
	5.81
	0.63
	4.70
	7.18
	16.30
	0.000

	Rome metropolitan area * 8.014
	14.83
	1.67
	11.89
	18.49
	23.91
	0.000

	Other Lazio municipality * 8.219
	5.98
	0.67
	4.81
	7.44
	16.07
	0.000

	Rome metropolitan area * 8.219
	15.45
	1.79
	12.31
	19.40
	23.58
	0.000

	Other Lazio municipality * 8.424
	6.16
	0.71
	4.92
	7.71
	15.86
	0.000

	Rome metropolitan area * 8.424
	16.11
	1.93
	12.75
	20.36
	23.26
	0.000

	Other Lazio municipality * 8.63
	6.34
	0.75
	5.03
	7.99
	15.65
	0.000

	Rome metropolitan area * 8.63
	16.80
	2.06
	13.20
	21.37
	22.95
	0.000

	Other Lazio municipality * 8.835
	6.53
	0.79
	5.14
	8.28
	15.45
	0.000

	Rome metropolitan area * 8.835
	17.51
	2.21
	13.67
	22.43
	22.65
	0.000

	Other Lazio municipality * 9.04
	6.72
	0.84
	5.26
	8.58
	15.25
	0.000

	Rome metropolitan area * 9.04
	18.25
	2.37
	14.15
	23.54
	22.37
	0.000

	Other Lazio municipality * 9.245
	6.92
	0.89
	5.38
	8.90
	15.07
	0.000

	Rome metropolitan area * 9.245
	19.03
	2.54
	14.65
	24.71
	22.10
	0.000

	Other Lazio municipality * 9.45
	7.12
	0.94
	5.50
	9.22
	14.89
	0.000

	Rome metropolitan area * 9.45
	19.84
	2.71
	15.17
	25.94
	21.84
	0.000

	Other Lazio municipality * 9.655
	7.33
	0.99
	5.62
	9.56
	14.71
	0.000

	Rome metropolitan area * 9.655
	20.68
	2.90
	15.71
	27.22
	21.59
	0.000

	Other Lazio municipality * 9.86
	7.55
	1.05
	5.75
	9.91
	14.55
	0.000

	Rome metropolitan area * 9.86
	21.56
	3.10
	16.26
	28.58
	21.35
	0.000

	Other Lazio municipality * 10.065
	7.77
	1.11
	5.88
	10.27
	14.39
	0.000

	Rome metropolitan area * 10.065
	22.47
	3.31
	16.83
	30.00
	21.12
	0.000

	Other Lazio municipality * 10.271
	8.00
	1.17
	6.01
	10.65
	14.24
	0.000

	Rome metropolitan area * 10.271
	23.43
	3.53
	17.43
	31.49
	20.90
	0.000

	Other Lazio municipality * 10.476
	8.23
	1.23
	6.14
	11.04
	14.09
	0.000

	Rome metropolitan area * 10.476
	24.42
	3.77
	18.04
	33.06
	20.69
	0.000

	Other Lazio municipality * 10.681
	8.48
	1.30
	6.28
	11.45
	13.95
	0.000

	Rome metropolitan area * 10.681
	25.46
	4.02
	18.68
	34.70
	20.49
	0.000

	Other Lazio municipality * 10.886
	8.73
	1.37
	6.42
	11.87
	13.81
	0.000

	Rome metropolitan area * 10.886
	26.54
	4.29
	19.34
	36.43
	20.29
	0.000

	Other Lazio municipality * 11.091
	8.98
	1.44
	6.56
	12.30
	13.68
	0.000

	Rome metropolitan area * 11.091
	27.67
	4.57
	20.02
	38.24
	20.10
	0.000

	Other Lazio municipality * 11.296
	9.25
	1.52
	6.70
	12.76
	13.55
	0.000

	Rome metropolitan area * 11.296
	28.84
	4.87
	20.72
	40.15
	19.92
	0.000

	Other Lazio municipality * 11.501
	9.52
	1.60
	6.85
	13.23
	13.43
	0.000

	Rome metropolitan area * 11.501
	30.07
	5.18
	21.45
	42.15
	19.75
	0.000

	Other Lazio municipality * 11.706
	9.80
	1.68
	7.00
	13.72
	13.31
	0.000

	Rome metropolitan area * 11.706
	31.34
	5.52
	22.20
	44.25
	19.58
	0.000

	Other Lazio municipality * 11.911
	10.09
	1.77
	7.16
	14.22
	13.19
	0.000

	Rome metropolitan area * 11.911
	32.68
	5.87
	22.98
	46.46
	19.41
	0.000

	Other Lazio municipality * 12.117
	10.39
	1.86
	7.31
	14.75
	13.08
	0.000

	Rome metropolitan area * 12.117
	34.06
	6.24
	23.79
	48.78
	19.26
	0.000

	Predicted incidence rates — F. Time period * Monthly average minimum temperature

	Pre-Covid-19 (2017-01/2020-02) * 0.001
	3.13
	0.31
	2.59
	3.79
	11.70
	0.000

	Covid-19 (2020-03/2022-04) * 0.001
	1.18
	0.17
	0.90
	1.56
	1.19
	0.235

	Post-Covid-19 (2022-05-/2023-12 * 0.001
	3.39
	0.50
	2.55
	4.52
	8.35
	0.000

	Pre-Covid-19 (2017-01/2020-02) * 0.354
	3.14
	0.30
	2.61
	3.79
	12.02
	0.000

	Covid-19 (2020-03/2022-04) * 0.354
	1.22
	0.17
	0.93
	1.60
	1.43
	0.153

	Post-Covid-19 (2022-05-/2023-12 * 0.354
	3.42
	0.49
	2.58
	4.53
	8.60
	0.000

	Pre-Covid-19 (2017-01/2020-02) * 0.707
	3.16
	0.29
	2.63
	3.79
	12.35
	0.000

	Covid-19 (2020-03/2022-04) * 0.707
	1.26
	0.17
	0.96
	1.64
	1.68
	0.093

	Post-Covid-19 (2022-05-/2023-12 * 0.707
	3.45
	0.48
	2.62
	4.53
	8.86
	0.000

	Pre-Covid-19 (2017-01/2020-02) * 1.06
	3.17
	0.29
	2.65
	3.79
	12.70
	0.000

	Covid-19 (2020-03/2022-04) * 1.06
	1.29
	0.17
	1.00
	1.67
	1.94
	0.052

	Post-Covid-19 (2022-05-/2023-12 * 1.06
	3.48
	0.47
	2.66
	4.54
	9.13
	0.000

	Pre-Covid-19 (2017-01/2020-02) * 1.413
	3.18
	0.28
	2.68
	3.79
	13.05
	0.000

	Covid-19 (2020-03/2022-04) * 1.413
	1.33
	0.17
	1.03
	1.71
	2.22
	0.026

	Post-Covid-19 (2022-05-/2023-12 * 1.413
	3.51
	0.47
	2.70
	4.55
	9.42
	0.000

	Pre-Covid-19 (2017-01/2020-02) * 1.766
	3.20
	0.28
	2.70
	3.79
	13.42
	0.000

	Covid-19 (2020-03/2022-04) * 1.766
	1.37
	0.17
	1.07
	1.75
	2.51
	0.012

	Post-Covid-19 (2022-05-/2023-12 * 1.766
	3.54
	0.46
	2.74
	4.56
	9.72
	0.000

	Pre-Covid-19 (2017-01/2020-02) * 2.119
	3.21
	0.27
	2.72
	3.79
	13.80
	0.000

	Covid-19 (2020-03/2022-04) * 2.119
	1.41
	0.17
	1.11
	1.79
	2.81
	0.005

	Post-Covid-19 (2022-05-/2023-12 * 2.119
	3.57
	0.45
	2.78
	4.57
	10.03
	0.000

	Pre-Covid-19 (2017-01/2020-02) * 2.472
	3.22
	0.27
	2.74
	3.79
	14.19
	0.000

	Covid-19 (2020-03/2022-04) * 2.472
	1.45
	0.17
	1.15
	1.84
	3.13
	0.002

	Post-Covid-19 (2022-05-/2023-12 * 2.472
	3.60
	0.44
	2.82
	4.58
	10.36
	0.000

	Pre-Covid-19 (2017-01/2020-02) * 2.825
	3.24
	0.26
	2.76
	3.79
	14.60
	0.000

	Covid-19 (2020-03/2022-04) * 2.825
	1.50
	0.17
	1.19
	1.88
	3.47
	0.001

	Post-Covid-19 (2022-05-/2023-12 * 2.825
	3.63
	0.44
	2.86
	4.59
	10.70
	0.000

	Pre-Covid-19 (2017-01/2020-02) * 3.178
	3.25
	0.26
	2.79
	3.79
	15.01
	0.000

	Covid-19 (2020-03/2022-04) * 3.178
	1.54
	0.17
	1.23
	1.92
	3.82
	0.000

	Post-Covid-19 (2022-05-/2023-12 * 3.178
	3.66
	0.43
	2.91
	4.60
	11.05
	0.000

	Pre-Covid-19 (2017-01/2020-02) * 3.53
	3.26
	0.25
	2.81
	3.79
	15.44
	0.000

	Covid-19 (2020-03/2022-04) * 3.53
	1.59
	0.17
	1.28
	1.97
	4.19
	0.000

	Post-Covid-19 (2022-05-/2023-12 * 3.53
	3.69
	0.42
	2.95
	4.62
	11.42
	0.000

	Pre-Covid-19 (2017-01/2020-02) * 3.883
	3.28
	0.25
	2.83
	3.80
	15.88
	0.000

	Covid-19 (2020-03/2022-04) * 3.883
	1.63
	0.17
	1.32
	2.02
	4.58
	0.000

	Post-Covid-19 (2022-05-/2023-12 * 3.883
	3.72
	0.41
	2.99
	4.63
	11.81
	0.000

	Pre-Covid-19 (2017-01/2020-02) * 4.236
	3.29
	0.24
	2.85
	3.80
	16.32
	0.000

	Covid-19 (2020-03/2022-04) * 4.236
	1.68
	0.18
	1.37
	2.06
	4.99
	0.000

	Post-Covid-19 (2022-05-/2023-12 * 4.236
	3.75
	0.41
	3.04
	4.64
	12.21
	0.000

	Pre-Covid-19 (2017-01/2020-02) * 4.589
	3.31
	0.24
	2.87
	3.80
	16.77
	0.000

	Covid-19 (2020-03/2022-04) * 4.589
	1.73
	0.18
	1.42
	2.11
	5.42
	0.000

	Post-Covid-19 (2022-05-/2023-12 * 4.589
	3.78
	0.40
	3.08
	4.65
	12.64
	0.000

	Pre-Covid-19 (2017-01/2020-02) * 4.942
	3.32
	0.23
	2.90
	3.80
	17.23
	0.000

	Covid-19 (2020-03/2022-04) * 4.942
	1.78
	0.18
	1.47
	2.16
	5.87
	0.000

	Post-Covid-19 (2022-05-/2023-12 * 4.942
	3.82
	0.39
	3.12
	4.67
	13.08
	0.000

	Pre-Covid-19 (2017-01/2020-02) * 5.295
	3.33
	0.23
	2.92
	3.81
	17.69
	0.000

	Covid-19 (2020-03/2022-04) * 5.295
	1.84
	0.18
	1.52
	2.22
	6.34
	0.000

	Post-Covid-19 (2022-05-/2023-12 * 5.295
	3.85
	0.38
	3.17
	4.68
	13.54
	0.000

	Pre-Covid-19 (2017-01/2020-02) * 5.648
	3.35
	0.22
	2.94
	3.81
	18.15
	0.000

	Covid-19 (2020-03/2022-04) * 5.648
	1.89
	0.18
	1.58
	2.27
	6.83
	0.000

	Post-Covid-19 (2022-05-/2023-12 * 5.648
	3.88
	0.38
	3.21
	4.69
	14.01
	0.000

	Pre-Covid-19 (2017-01/2020-02) * 6.001
	3.36
	0.22
	2.96
	3.82
	18.61
	0.000

	Covid-19 (2020-03/2022-04) * 6.001
	1.95
	0.18
	1.63
	2.33
	7.35
	0.000

	Post-Covid-19 (2022-05-/2023-12 * 6.001
	3.91
	0.37
	3.26
	4.71
	14.51
	0.000

	Pre-Covid-19 (2017-01/2020-02) * 6.354
	3.37
	0.22
	2.98
	3.82
	19.06
	0.000

	Covid-19 (2020-03/2022-04) * 6.354
	2.01
	0.18
	1.69
	2.38
	7.88
	0.000

	Post-Covid-19 (2022-05-/2023-12 * 6.354
	3.95
	0.36
	3.30
	4.72
	15.02
	0.000

	Pre-Covid-19 (2017-01/2020-02) * 6.707
	3.39
	0.21
	3.00
	3.83
	19.50
	0.000

	Covid-19 (2020-03/2022-04) * 6.707
	2.07
	0.18
	1.74
	2.44
	8.44
	0.000

	Post-Covid-19 (2022-05-/2023-12 * 6.707
	3.98
	0.35
	3.35
	4.74
	15.55
	0.000

	Pre-Covid-19 (2017-01/2020-02) * 7.06
	3.40
	0.21
	3.02
	3.84
	19.93
	0.000

	Covid-19 (2020-03/2022-04) * 7.06
	2.13
	0.18
	1.80
	2.51
	9.01
	0.000

	Post-Covid-19 (2022-05-/2023-12 * 7.06
	4.02
	0.35
	3.39
	4.76
	16.10
	0.000

	Pre-Covid-19 (2017-01/2020-02) * 7.413
	3.42
	0.21
	3.04
	3.85
	20.33
	0.000

	Covid-19 (2020-03/2022-04) * 7.413
	2.19
	0.18
	1.87
	2.57
	9.60
	0.000

	Post-Covid-19 (2022-05-/2023-12 * 7.413
	4.05
	0.34
	3.44
	4.77
	16.66
	0.000

	Pre-Covid-19 (2017-01/2020-02) * 7.766
	3.43
	0.20
	3.05
	3.86
	20.71
	0.000

	Covid-19 (2020-03/2022-04) * 7.766
	2.25
	0.18
	1.93
	2.64
	10.21
	0.000

	Post-Covid-19 (2022-05-/2023-12 * 7.766
	4.08
	0.33
	3.48
	4.79
	17.24
	0.000

	Pre-Covid-19 (2017-01/2020-02) * 8.118
	3.45
	0.20
	3.07
	3.87
	21.06
	0.000

	Covid-19 (2020-03/2022-04) * 8.118
	2.32
	0.18
	1.99
	2.70
	10.82
	0.000

	Post-Covid-19 (2022-05-/2023-12 * 8.118
	4.12
	0.33
	3.52
	4.81
	17.83
	0.000

	Pre-Covid-19 (2017-01/2020-02) * 8.471
	3.46
	0.20
	3.09
	3.88
	21.37
	0.000

	Covid-19 (2020-03/2022-04) * 8.471
	2.39
	0.18
	2.06
	2.78
	11.45
	0.000

	Post-Covid-19 (2022-05-/2023-12 * 8.471
	4.15
	0.32
	3.57
	4.83
	18.42
	0.000

	Pre-Covid-19 (2017-01/2020-02) * 8.824
	3.47
	0.20
	3.10
	3.89
	21.64
	0.000

	Covid-19 (2020-03/2022-04) * 8.824
	2.46
	0.18
	2.13
	2.85
	12.07
	0.000

	Post-Covid-19 (2022-05-/2023-12 * 8.824
	4.19
	0.32
	3.61
	4.85
	19.01
	0.000

	Pre-Covid-19 (2017-01/2020-02) * 9.177
	3.49
	0.20
	3.12
	3.90
	21.87
	0.000

	Covid-19 (2020-03/2022-04) * 9.177
	2.53
	0.19
	2.20
	2.93
	12.69
	0.000

	Post-Covid-19 (2022-05-/2023-12 * 9.177
	4.22
	0.31
	3.66
	4.88
	19.60
	0.000

	Pre-Covid-19 (2017-01/2020-02) * 9.53
	3.50
	0.20
	3.13
	3.92
	22.05
	0.000

	Covid-19 (2020-03/2022-04) * 9.53
	2.61
	0.19
	2.27
	3.01
	13.31
	0.000

	Post-Covid-19 (2022-05-/2023-12 * 9.53
	4.26
	0.31
	3.70
	4.90
	20.18
	0.000

	Pre-Covid-19 (2017-01/2020-02) * 9.883
	3.52
	0.20
	3.15
	3.93
	22.17
	0.000

	Covid-19 (2020-03/2022-04) * 9.883
	2.69
	0.19
	2.34
	3.09
	13.90
	0.000

	Post-Covid-19 (2022-05-/2023-12 * 9.883
	4.30
	0.30
	3.74
	4.93
	20.75
	0.000

	Pre-Covid-19 (2017-01/2020-02) * 10.236
	3.53
	0.20
	3.16
	3.95
	22.25
	0.000

	Covid-19 (2020-03/2022-04) * 10.236
	2.77
	0.19
	2.41
	3.18
	14.47
	0.000

	Post-Covid-19 (2022-05-/2023-12 * 10.236
	4.33
	0.30
	3.79
	4.96
	21.28
	0.000

	Pre-Covid-19 (2017-01/2020-02) * 10.589
	3.55
	0.20
	3.17
	3.97
	22.27
	0.000

	Covid-19 (2020-03/2022-04) * 10.589
	2.85
	0.20
	2.49
	3.27
	15.01
	0.000

	Post-Covid-19 (2022-05-/2023-12 * 10.589
	4.37
	0.30
	3.83
	4.99
	21.79
	0.000

	Pre-Covid-19 (2017-01/2020-02) * 10.942
	3.56
	0.20
	3.18
	3.98
	22.24
	0.000

	Covid-19 (2020-03/2022-04) * 10.942
	2.93
	0.20
	2.56
	3.36
	15.51
	0.000

	Post-Covid-19 (2022-05-/2023-12 * 10.942
	4.41
	0.29
	3.87
	5.02
	22.25
	0.000

	Pre-Covid-19 (2017-01/2020-02) * 11.295
	3.58
	0.21
	3.20
	4.00
	22.15
	0.000

	Covid-19 (2020-03/2022-04) * 11.295
	3.02
	0.21
	2.64
	3.46
	15.97
	0.000

	Post-Covid-19 (2022-05-/2023-12 * 11.295
	4.44
	0.29
	3.91
	5.06
	22.66
	0.000

	Pre-Covid-19 (2017-01/2020-02) * 11.648
	3.59
	0.21
	3.21
	4.02
	22.02
	0.000

	Covid-19 (2020-03/2022-04) * 11.648
	3.11
	0.22
	2.72
	3.56
	16.38
	0.000

	Post-Covid-19 (2022-05-/2023-12 * 11.648
	4.48
	0.29
	3.94
	5.09
	23.00
	0.000

	Pre-Covid-19 (2017-01/2020-02) * 12.001
	3.61
	0.21
	3.21
	4.05
	21.84
	0.000

	Covid-19 (2020-03/2022-04) * 12.001
	3.20
	0.22
	2.80
	3.67
	16.73
	0.000

	Post-Covid-19 (2022-05-/2023-12 * 12.001
	4.52
	0.29
	3.98
	5.13
	23.28
	0.000

	Pre-Covid-19 (2017-01/2020-02) * 12.354
	3.62
	0.22
	3.22
	4.07
	21.62
	0.000

	Covid-19 (2020-03/2022-04) * 12.354
	3.30
	0.23
	2.88
	3.78
	17.04
	0.000

	Post-Covid-19 (2022-05-/2023-12 * 12.354
	4.56
	0.29
	4.02
	5.17
	23.49
	0.000

	Pre-Covid-19 (2017-01/2020-02) * 12.706
	3.64
	0.22
	3.23
	4.09
	21.37
	0.000

	Covid-19 (2020-03/2022-04) * 12.706
	3.40
	0.24
	2.96
	3.90
	17.28
	0.000

	Post-Covid-19 (2022-05-/2023-12 * 12.706
	4.60
	0.30
	4.05
	5.22
	23.62
	0.000

	Pre-Covid-19 (2017-01/2020-02) * 13.059
	3.65
	0.22
	3.24
	4.12
	21.08
	0.000

	Covid-19 (2020-03/2022-04) * 13.059
	3.50
	0.25
	3.04
	4.03
	17.48
	0.000

	Post-Covid-19 (2022-05-/2023-12 * 13.059
	4.64
	0.30
	4.08
	5.26
	23.67
	0.000

	Pre-Covid-19 (2017-01/2020-02) * 13.412
	3.67
	0.23
	3.24
	4.15
	20.77
	0.000

	Covid-19 (2020-03/2022-04) * 13.412
	3.60
	0.26
	3.12
	4.15
	17.62
	0.000

	Post-Covid-19 (2022-05-/2023-12 * 13.412
	4.68
	0.30
	4.11
	5.31
	23.65
	0.000

	Pre-Covid-19 (2017-01/2020-02) * 13.765
	3.68
	0.23
	3.25
	4.17
	20.44
	0.000

	Covid-19 (2020-03/2022-04) * 13.765
	3.71
	0.27
	3.21
	4.29
	17.71
	0.000

	Post-Covid-19 (2022-05-/2023-12 * 13.765
	4.71
	0.31
	4.14
	5.36
	23.55
	0.000

	Pre-Covid-19 (2017-01/2020-02) * 14.118
	3.70
	0.24
	3.25
	4.20
	20.09
	0.000

	Covid-19 (2020-03/2022-04) * 14.118
	3.82
	0.29
	3.29
	4.43
	17.76
	0.000

	Post-Covid-19 (2022-05-/2023-12 * 14.118
	4.75
	0.32
	4.17
	5.42
	23.39
	0.000

	Pre-Covid-19 (2017-01/2020-02) * 14.471
	3.71
	0.25
	3.26
	4.23
	19.72
	0.000

	Covid-19 (2020-03/2022-04) * 14.471
	3.93
	0.30
	3.38
	4.57
	17.77
	0.000

	Post-Covid-19 (2022-05-/2023-12 * 14.471
	4.80
	0.32
	4.20
	5.48
	23.16
	0.000

	Pre-Covid-19 (2017-01/2020-02) * 14.824
	3.73
	0.25
	3.26
	4.26
	19.35
	0.000

	Covid-19 (2020-03/2022-04) * 14.824
	4.05
	0.32
	3.47
	4.73
	17.74
	0.000

	Post-Covid-19 (2022-05-/2023-12 * 14.824
	4.84
	0.33
	4.23
	5.53
	22.88
	0.000

	Pre-Covid-19 (2017-01/2020-02) * 15.177
	3.74
	0.26
	3.27
	4.29
	18.97
	0.000

	Covid-19 (2020-03/2022-04) * 15.177
	4.17
	0.34
	3.56
	4.88
	17.69
	0.000

	Post-Covid-19 (2022-05-/2023-12 * 15.177
	4.88
	0.34
	4.25
	5.60
	22.55
	0.000

	Pre-Covid-19 (2017-01/2020-02) * 15.53
	3.76
	0.27
	3.27
	4.32
	18.59
	0.000

	Covid-19 (2020-03/2022-04) * 15.53
	4.29
	0.36
	3.65
	5.05
	17.60
	0.000

	Post-Covid-19 (2022-05-/2023-12 * 15.53
	4.92
	0.35
	4.27
	5.66
	22.19
	0.000

	Pre-Covid-19 (2017-01/2020-02) * 15.883
	3.78
	0.28
	3.27
	4.36
	18.21
	0.000

	Covid-19 (2020-03/2022-04) * 15.883
	4.42
	0.38
	3.74
	5.22
	17.50
	0.000

	Post-Covid-19 (2022-05-/2023-12 * 15.883
	4.96
	0.36
	4.29
	5.73
	21.79
	0.000

	Pre-Covid-19 (2017-01/2020-02) * 16.236
	3.79
	0.28
	3.27
	4.39
	17.83
	0.000

	Covid-19 (2020-03/2022-04) * 16.236
	4.55
	0.40
	3.84
	5.40
	17.38
	0.000

	Post-Covid-19 (2022-05-/2023-12 * 16.236
	5.00
	0.38
	4.32
	5.80
	21.37
	0.000

	Pre-Covid-19 (2017-01/2020-02) * 16.589
	3.81
	0.29
	3.28
	4.42
	17.46
	0.000

	Covid-19 (2020-03/2022-04) * 16.589
	4.69
	0.42
	3.93
	5.59
	17.24
	0.000

	Post-Covid-19 (2022-05-/2023-12 * 16.589
	5.04
	0.39
	4.34
	5.87
	20.94
	0.000

	Pre-Covid-19 (2017-01/2020-02) * 16.942
	3.82
	0.30
	3.28
	4.46
	17.09
	0.000

	Covid-19 (2020-03/2022-04) * 16.942
	4.83
	0.44
	4.03
	5.78
	17.09
	0.000

	Post-Covid-19 (2022-05-/2023-12 * 16.942
	5.09
	0.40
	4.35
	5.94
	20.49
	0.000

	Pre-Covid-19 (2017-01/2020-02) * 17.294
	3.84
	0.31
	3.28
	4.49
	16.72
	0.000

	Covid-19 (2020-03/2022-04) * 17.294
	4.97
	0.47
	4.13
	5.98
	16.93
	0.000

	Post-Covid-19 (2022-05-/2023-12 * 17.294
	5.13
	0.42
	4.37
	6.02
	20.04
	0.000

	Pre-Covid-19 (2017-01/2020-02) * 17.647
	3.85
	0.32
	3.28
	4.53
	16.37
	0.000

	Covid-19 (2020-03/2022-04) * 17.647
	5.12
	0.50
	4.23
	6.19
	16.77
	0.000

	Post-Covid-19 (2022-05-/2023-12 * 17.647
	5.17
	0.43
	4.39
	6.10
	19.59
	0.000

	Pre-Covid-19 (2017-01/2020-02) * 18
	3.87
	0.33
	3.28
	4.57
	16.02
	0.000

	Covid-19 (2020-03/2022-04) * 18
	5.27
	0.53
	4.33
	6.41
	16.60
	0.000

	Post-Covid-19 (2022-05-/2023-12 * 18
	5.22
	0.45
	4.41
	6.18
	19.14
	0.000

	Pre-Covid-19 (2017-01/2020-02) * 18.353
	3.89
	0.34
	3.28
	4.61
	15.69
	0.000

	Covid-19 (2020-03/2022-04) * 18.353
	5.43
	0.56
	4.44
	6.64
	16.43
	0.000

	Post-Covid-19 (2022-05-/2023-12 * 18.353
	5.26
	0.47
	4.42
	6.26
	18.70
	0.000

	Pre-Covid-19 (2017-01/2020-02) * 18.706
	3.90
	0.35
	3.28
	4.64
	15.36
	0.000

	Covid-19 (2020-03/2022-04) * 18.706
	5.59
	0.59
	4.54
	6.88
	16.26
	0.000

	Post-Covid-19 (2022-05-/2023-12 * 18.706
	5.31
	0.49
	4.44
	6.35
	18.26
	0.000

	Pre-Covid-19 (2017-01/2020-02) * 19.059
	3.92
	0.36
	3.28
	4.68
	15.04
	0.000

	Covid-19 (2020-03/2022-04) * 19.059
	5.75
	0.63
	4.65
	7.12
	16.09
	0.000

	Post-Covid-19 (2022-05-/2023-12 * 19.059
	5.35
	0.50
	4.45
	6.44
	17.84
	0.000

	Pre-Covid-19 (2017-01/2020-02) * 19.412
	3.94
	0.37
	3.28
	4.72
	14.73
	0.000

	Covid-19 (2020-03/2022-04) * 19.412
	5.93
	0.66
	4.76
	7.38
	15.92
	0.000

	Post-Covid-19 (2022-05-/2023-12 * 19.412
	5.40
	0.52
	4.47
	6.53
	17.42
	0.000

	Pre-Covid-19 (2017-01/2020-02) * 19.765
	3.95
	0.38
	3.28
	4.76
	14.43
	0.000

	Covid-19 (2020-03/2022-04) * 19.765
	6.10
	0.70
	4.87
	7.64
	15.75
	0.000

	Post-Covid-19 (2022-05-/2023-12 * 19.765
	5.44
	0.54
	4.48
	6.62
	17.02
	0.000

	Pre-Covid-19 (2017-01/2020-02) * 20.118
	3.97
	0.39
	3.28
	4.80
	14.14
	0.000

	Covid-19 (2020-03/2022-04) * 20.118
	6.28
	0.74
	4.99
	7.92
	15.59
	0.000

	Post-Covid-19 (2022-05-/2023-12 * 20.118
	5.49
	0.56
	4.49
	6.71
	16.63
	0.000

	Pre-Covid-19 (2017-01/2020-02) * 20.471
	3.99
	0.40
	3.28
	4.85
	13.86
	0.000

	Covid-19 (2020-03/2022-04) * 20.471
	6.47
	0.78
	5.10
	8.20
	15.43
	0.000

	Post-Covid-19 (2022-05-/2023-12 * 20.471
	5.54
	0.58
	4.50
	6.81
	16.25
	0.000

	Pre-Covid-19 (2017-01/2020-02) * 20.824
	4.00
	0.41
	3.28
	4.89
	13.59
	0.000

	Covid-19 (2020-03/2022-04) * 20.824
	6.66
	0.83
	5.22
	8.50
	15.27
	0.000

	Post-Covid-19 (2022-05-/2023-12 * 20.824
	5.58
	0.60
	4.52
	6.90
	15.89
	0.000
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7. Results of model diagnostics
[image: ]
Figure S1. DHARMa residual diagnostics for the final negative binomial model: QQ plot and residuals versus fitted values.


[image: ]
Figure S2. DHARMa residual diagnostics for the final negative binomial model: residuals versus time and autocorrelation function (ACF) plot.


8. Results of sensitive analyses on the negative binomial multivariate regression models
Table S3. Final results of the negative binomial multivariate regression models without and with two-way interactions, fitted on the subset of cases meeting the inclusion criteria after exclusion of observations with missing information on smoking/alcohol consumption or comorbidity status (n = 1078)
	Characteristic
	Model without interactions
	Model with two-way interactions

	
	IRR1
	95% CI1
	p-value
	IRR1
	95% CI1
	p-value

	Time period
	 

	Pre-Covid-19 
	—
	—
	
	—
	—
	

	Covid-19 
	0.74
	0.63, 0.87
	<0.001
	0.44
	0.30, 0.65
	<0.001

	Post-Covid-19 
	1.09
	0.93, 1.28
	0.289
	1.32
	0.89, 1.94
	0.166

	Sex
	

	Female
	—
	—
	
	—
	—
	

	Male
	2.53
	2.20, 2.92
	<0.001
	5.48
	3.66, 8.55
	<0.001

	Age group
	

	18-49
	—
	—
	
	—
	—
	

	50-69
	3.22
	2.68, 3.89
	<0.001
	4.69
	2.88, 7.89
	<0.001

	70+
	3.47
	2.82, 4.27
	<0.001
	14.9
	9.04, 25.3
	<0.001

	Smoking habit or alcohol consumption
	

	No
	—
	—
	
	—
	—
	

	Yes
	2.69
	2.36, 3.08
	<0.001
	2.55
	1.86, 3.53
	<0.001

	Comorbidity
	

	No
	—
	—
	
	—
	—
	

	Yes
	3.07
	2.65, 3.56
	<0.001
	4.9
	3.55, 6.70
	<0.001

	Domicile/residence
	

	Other Lazio municipality
	—
	—
	
	—
	—
	

	Rome metropolitan area
	1.91
	1.67, 2.19
	<0.001
	2.02
	1.55, 2.66
	<0.001

	Monthly average rainfall 
	1.19
	1.15, 1.22
	<0.001
	1.16
	1.11, 1.20
	<0.001

	Monthly average minimum temperature
	1.03
	1.02, 1.05
	<0.001
	1,01
	1.0, 1.03
	0.172

	Sex * Age group
	 

	Male * 50-69
	 
	0.48
	0.29, 0.75
	0.002

	Male * 70+
	 
	0.37
	0.23, 0.59
	<0.001

	Domicile/residence* Monthly average rainfall
	 

	Rome metropolitan area * Monthly average rainfall
	 
	1.07
	1.01, 1.13
	0,014

	Age group * Smoking habit or alcohol consumption
	 

	50-69 * Yes
	 
	1.66
	1.14, 2.41
	0,008

	70+ * Yes
	 
	0.61
	0.41, 0.90
	0.015

	Age group * Comorbidity
	 

	50-69 * Yes
	 
	0.69
	0.48, 1.00
	0.05

	70+ * Yes
	 
	0.39
	0.26, 0.58
	<0.001

	Time period * Monthly average minimum temperature
	

	Covid-19* Monthly average minimum temperature
	
	1.08
	1.05, 1.11
	<0.001

	Post-Covid-19* Monthly average minimum temperature
	
	1.01
	0.99, 1.04
	0.312

	Time period * Domicile/residence
	 

	Covid-19* Rome metropolitan area
	 
	0.65
	0.47, 0.91
	0.013

	Post-Covid-19* Rome metropolitan area
	 
	0.6
	0.44, 0.82
	0.002


1 IRR = Incidence Rate Ratio, CI = Confidence Interval			
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