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Supplementary materials

Self-reported mental health in the United States: 
Spatial structure before and after the COVID-19 pandemic across age groups

The Moran’s I spatial autocorrelation
The Moran’s I is a well-known and plausible measure of the spatial autocorrelation [22]. An important advantage of this measure lies in its interpretation in terms of positive or negative values, which for the constructs of interest highlight spatial similarities or dissimilarities, respectively. The Moran’s I is based on the multiplication of the centred variable respect to its mean for two distinct spatial locations. This statistic can be computed with the expressions in (1) and (2),
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[bookmark: __Fieldmark__461_1959794436][bookmark: __Fieldmark__389_48496846][bookmark: __Fieldmark__272_2500352439][bookmark: __Fieldmark__200_2942335296][bookmark: __Fieldmark__163_4174632421][bookmark: __Fieldmark__164_3813482263][bookmark: __Fieldmark__236_42477750][bookmark: __Fieldmark__404_2170137861][bookmark: __Fieldmark__2157_4125199930]Under the null hypothesis of spatial randomness, the Moran’s I statistic holds an expected value of -1/(n – 1). Positive I values above this expectation indicate a positive spatial autocorrelation suggesting similarity between the spatial variable values. Negative I values below this expectation indicate a negative spatial autocorrelation, suggesting dissimilarity between the spatial variable values. Because this is an inferential statistic, outcomes should be always interpreted within the context of its null hypothesis. Distinct sample analyses should result in distinct null hypotheses, and thus, single I’s Moran values should be always compared with its corresponding null.

Local Moran and scatter plot

A local analysis evaluates whether there are spatial clusters or outlier values of the feature of interest. Local indicators of spatial association (LISA) satisfy two primary conditions. First, a LISA measure indicates the extent of the significant spatial clustering of similar values around a given observation. Second, the total sum of all the LISA values for each observation is proportional to its corresponding global indicator of spatial association [11]. A LISA statistic can be defined as shown in (3) assuming a row-standardized matrix ().
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[bookmark: __Fieldmark__510_1959794436][bookmark: __Fieldmark__430_48496846][bookmark: __Fieldmark__292_2500352439][bookmark: __Fieldmark__175_3813482263][bookmark: __Fieldmark__253_42477750][bookmark: __Fieldmark__171_4174632421][bookmark: __Fieldmark__214_2942335296][bookmark: __Fieldmark__444_2170137861][bookmark: __Fieldmark__2201_4125199930]The interpretation of this LISA measure may be considered together with the Moran’s scatter plot, where the target variable (Z) is usually given in standardized form  represented on the x-axis (4), and the spatial lag (Wz) on the y-axis [23]. For location i the lagged variable can be defined as shown in (5) for i ≠ j. The slope of the linear fit in the scatter plot equals the Moran’s I, with each single point providing the local dependence of a given observation with respect to its neighbours (Wz, lagged variable). The fit of the global Moran’s I as a straight line through the scatter plot points summarizes the resulting overall autocorrelation structure, it highlights the local autocorrelation structure of the data, and it allows for the detection of outliers and leverage points. Deviations of Z and Wz from the mean at (0, 0) allow for the classification of each spatial location into four categories that account for the specific spatial local structure of the observed data (Figure S1). 
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Figure S1. Moran’s scatter plot. Z is the original variable, WZ is the spatial lag of the Z variable. The points across the four quadrants inform about the local dependence of the observations respective to neighbouring observations.  


The points in the first (High-High) and third (Low-Low) quadrants suggest spatial similarities in the studied construct. On the other hand, the points in the second (High-Low) and fourth (Low-High) quadrants suggest spatial dissimilarities in the studied construct. 
For example, the points in the first quadrant (High-High) suggest that locations with high values in the target construct are surrounded by locations with also high values in this same construct. In contrast, the points in the fourth quadrant (Low-High) suggest that locations with low values in the construct of interest are surrounded by locations with high values in this same construct. The interpretation of significant locations classified assuming the four quadrants of the Moran scatter plot, provides a powerful method to analyse the presence of clustered configurations while highlighting more accurately the distribution of the analysed constructs in a particular space.





Table 1S. Means and standard deviations in mental health in the general population and three age groups (Values represent the percentage of people who reported a bad mental health condition during fourteen or more days in the past 30 days).

	
	2019
	2021

	
	M
	Sd
	M
	Sd

	General
	13.84
	2.15
	14.89 
	1.90

	Young
	17.21
	2.79
	19.25
	2.47

	Middle
	13.13
	2.74
	13.29
	2.54

	Old
	7.93
	1.58
	8.21
	1.54


	




































Table 2S. (2019, Pre-pandemic). Local Moran’s I coefficients with associated p-values in mental health (general, young, middle, and old). Statistically significant values are shown in boldface.

	
	General
	Young
	Middle
	Old

	State
	I
	p
	I
	p
	I
	p
	I
	p

	Alabama
	1.5684
	0.0730
	0.5610
	0.2122
	1.9474
	0.0500
	1.0238
	0.0220

	Arizona
	-0.0161
	0.4534
	-0.0905
	0.2842
	-0.0619
	0.2652
	-0.0650
	0.1871

	Arkansas
	1.8117
	0.0260
	0.9634
	0.1151
	1.7303
	0.0160
	1.1263
	0.0620

	California
	-0.2979
	0.2032
	-0.2802
	0.2502
	-0.2987
	0.2012
	0.0719
	0.2862

	Colorado
	0.0802
	0.4084
	0.0429
	0.4374
	0.2008
	0.2482
	0.1077
	0.3303

	Connecticut
	0.5461
	0.1981
	0.7068
	0.1371
	0.2506
	0.2192
	-0.1207
	0.3703

	Delaware
	0.1879
	0.0130
	-0.3319
	0.0240
	0.6309
	0.0200
	0.0102
	0.1481

	District of Columbia
	1.1037
	0.0360
	1.6193
	0.0670
	0.5916
	0.0280
	-0.0520
	0.3883

	Florida
	-0.0686
	0.0000
	-0.5884
	0.0000
	0.5800
	0.0000
	0.8299
	0.0000

	Georgia
	0.2850
	0.2672
	-0.0195
	0.4854
	0.2411
	0.1391
	0.4442
	0.2082

	Idaho
	0.0038
	0.4934
	-0.0038
	0.4814
	0.0868
	0.3603
	0.0018
	0.4394

	Illinois
	-0.1388
	0.3333
	-0.2833
	0.2492
	-0.0257
	0.3023
	0.4705
	0.1221

	Indiana
	0.1152
	0.1291
	0.1497
	0.1231
	-0.0308
	0.0750
	-0.0066
	0.4224

	Iowa
	0.5578
	0.0430
	0.2036
	0.0890
	0.3424
	0.1581
	1.5919
	0.0020

	Kansas
	0.0021
	0.3563
	-0.0974
	0.2732
	-0.0219
	0.4004
	0.2765
	0.1461

	Kentucky
	1.0783
	0.0550
	0.8883
	0.0920
	1.0553
	0.0730
	0.0385
	0.1691

	Louisiana
	2.5740
	0.0010
	1.1284
	0.0440
	2.6359
	0.0000
	1.6714
	0.0000

	Maine
	-0.0018
	0.4834
	1.0097
	0.0000
	-0.0922
	0.0000
	1.0791
	0.0000

	Maryland
	0.6757
	0.2512
	0.9401
	0.1581
	0.4102
	0.3663
	-0.0321
	0.4164

	Massachusetts
	0.2677
	0.3423
	0.0978
	0.3713
	0.2723
	0.3883
	0.0313
	0.3893

	Michigan
	0.1577
	0.2892
	0.2484
	0.2772
	0.1818
	0.2762
	-0.2041
	0.1871

	Minnesota
	1.1069
	0.0040
	0.4594
	0.1091
	1.0118
	0.0060
	2.5867
	0.0000

	Mississippi
	2.7197
	0.0050
	1.1007
	0.0250
	3.2401
	0.0070
	1.6688
	0.0140

	Missouri
	0.1220
	0.2812
	0.1192
	0.3073
	0.2117
	0.2332
	0.0543
	0.4274

	Montana
	0.0116
	0.0030
	-0.0964
	0.1251
	0.5908
	0.0000
	-1.0096
	0.0010

	Nebraska
	0.8009
	0.0410
	0.3146
	0.2712
	0.7099
	0.0300
	1.3134
	0.0000

	Nevada
	-0.1083
	0.4064
	-0.0536
	0.3493
	-0.2039
	0.2602
	-0.0223
	0.4954

	New Hampshire
	0.0024
	0.4984
	0.7272
	0.2642
	0.3370
	0.3093
	0.8057
	0.3303

	New Jersey
	0.4577
	0.1481
	-0.0010
	0.4844
	0.5514
	0.0710
	-0.8824
	0.1711

	New Mexico
	-0.0548
	0.4304
	-0.0247
	0.2582
	-0.0669
	0.3433
	-0.0933
	0.4394

	New York
	0.6378
	0.0340
	0.4429
	0.1321
	0.4657
	0.0150
	0.0245
	0.4724

	North Carolina
	0.0084
	0.4234
	0.1184
	0.2812
	0.0023
	0.4394
	0.0530
	0.4254

	North Dakota
	1.3380
	0.0000
	0.3880
	0.0700
	2.1326
	0.0000
	2.4734
	0.0000

	Ohio
	1.4710
	0.0040
	1.7247
	0.0010
	1.0696
	0.0080
	0.1964
	0.1251

	Oklahoma
	0.1764
	0.2912
	0.0825
	0.3583
	0.1485
	0.3613
	0.0557
	0.4494

	Oregon
	-0.0141
	0.4474
	-0.0730
	0.2802
	-0.0199
	0.4504
	-0.1505
	0.3693

	Pennsylvania
	0.0074
	0.4634
	-0.0364
	0.4524
	0.0126
	0.4144
	-0.4546
	0.1121

	Rhode Island
	0.0131
	0.0230
	0.3547
	0.0600
	-0.2884
	0.0430
	-0.2649
	0.2942

	South Carolina
	-0.1234
	0.2642
	-0.0482
	0.4484
	0.0696
	0.3173
	-0.1531
	0.0740

	South Dakota
	1.5009
	0.0300
	0.5168
	0.1261
	1.8443
	0.0160
	2.5354
	0.0170

	Tennessee
	0.9702
	0.0120
	0.3490
	0.0260
	1.0599
	0.0140
	0.7568
	0.1201

	Texas
	-1.0126
	0.0000
	-1.1806
	0.0020
	-0.5622
	0.0010
	0.2411
	0.0000

	Utah
	-0.0109
	0.4354
	-0.0088
	0.4464
	0.1218
	0.3493
	-0.0046
	0.4434

	Vermont
	-0.0124
	0.2672
	0.4031
	0.2402
	0.4803
	0.0740
	0.7004
	0.0150

	Virginia
	-0.2742
	0.1421
	-0.0883
	0.3523
	-0.4419
	0.1181
	-0.2539
	0.0730

	Washington
	0.0055
	0.4814
	-0.0243
	0.4514
	-0.0035
	0.4894
	-0.0766
	0.2322

	West Virginia
	0.3128
	0.3083
	0.8038
	0.1931
	-0.0985
	0.4424
	-0.3193
	0.3733

	Wisconsin
	0.1935
	0.2842
	0.0955
	0.3593
	0.0264
	0.3713
	0.8784
	0.0660

	Wyoming
	0.3580
	0.0740
	0.0845
	0.1691
	0.7490
	0.0130
	0.3498
	0.1541





Table 3S. (2021, Post-pandemic). Local Moran’s I coefficients with associated p-values in mental health (general, young, middle, and old). Statistically significant values are shown in boldface.

	
	Mental health
	Young
	Middle
	Old

	State
	I
	P
	I
	p
	I
	p
	I
	p

	Alabama
	0.5921
	0.2582
	-0.6577
	0.3073
	1.5983
	0.0530
	0.0164
	0.1801

	Arizona
	0.6158
	0.1841
	-0.0665
	0.3253
	-0.0007
	0.3593
	0.2583
	0.0570

	Arkansas
	0.1684
	0.0600
	0.3181
	0.3143
	2.2229
	0.0140
	0.6076
	0.1021

	California
	-0.4498
	0.0000
	-0.8795
	0.0050
	0.2606
	0.0130
	1.3046
	0.0030

	Colorado
	-0.1549
	0.2272
	-0.0297
	0.4614
	-0.0686
	0.3713
	0.0510
	0.4374

	Connecticut
	0.9366
	0.0560
	0.9461
	0.0410
	0.3221
	0.1841
	0.0755
	0.4514

	Delaware
	1.1184
	0.0110
	0.7064
	0.0100
	0.7070
	0.0540
	-0.0543
	0.3573

	District of Columbia
	0.5023
	0.0230
	1.1206
	0.0330
	0.4644
	0.0910
	0.3747
	0.2392

	Florida
	-0.1187
	0.0000
	-0.1928
	0.0130
	0.0434
	0.0000
	0.0115
	0.2852

	Georgia
	-0.0921
	0.1481
	-0.4713
	0.2072
	0.2914
	0.1271
	0.0648
	0.2102

	Idaho
	-0.1238
	0.1821
	0.5444
	0.0920
	0.4142
	0.2602
	-0.1526
	0.3793

	Illinois
	-0.3956
	0.2482
	-0.6081
	0.1191
	-0.1993
	0.3323
	0.0709
	0.4454

	Indiana
	0.1570
	0.2722
	0.1928
	0.3293
	0.0836
	0.2512
	-0.4304
	0.1461

	Iowa
	0.5342
	0.0150
	0.1618
	0.1171
	0.4131
	0.0200
	0.7630
	0.0060

	Kansas
	0.0201
	0.3033
	0.0206
	0.4194
	0.0480
	0.2232
	0.1580
	0.3153

	Kentucky
	1.2858
	0.0310
	0.6996
	0.0780
	1.0111
	0.0400
	1.8624
	0.0470

	Louisiana
	-0.1759
	0.4244
	-0.2850
	0.2672
	1.7971
	0.0010
	0.1474
	0.3173

	Maine
	-0.0244
	0.1101
	0.7250
	0.0000
	0.0206
	0.0610
	0.3416
	0.0000

	Maryland
	0.4894
	0.3623
	0.8645
	0.2712
	0.3803
	0.3753
	0.2215
	0.3083

	Massachusetts
	0.5409
	0.2362
	0.3229
	0.3753
	0.1857
	0.3203
	0.0890
	0.3513

	Michigan
	0.0134
	0.4234
	0.1978
	0.1181
	0.0172
	0.4074
	0.1563
	0.0040

	Minnesota
	1.6757
	0.0010
	0.5993
	0.0840
	1.7177
	0.0000
	1.7700
	0.0000

	Mississippi
	-0.2206
	0.0220
	-1.4712
	0.0060
	1.9151
	0.0020
	-0.4903
	0.0830

	Missouri
	0.0873
	0.3563
	0.2041
	0.2582
	0.2491
	0.1171
	0.0616
	0.2712

	Montana
	0.0744
	0.0230
	-0.0275
	0.4334
	0.0903
	0.0000
	0.2392
	0.0030

	Nebraska
	0.5600
	0.0930
	0.1799
	0.2522
	0.6766
	0.0620
	0.7383
	0.0630

	Nevada
	0.7582
	0.1791
	0.3769
	0.2962
	0.5090
	0.2912
	0.5695
	0.2292

	New Hampshire
	0.0250
	0.4894
	0.2108
	0.4024
	-0.0009
	0.4804
	0.3463
	0.3943

	New Jersey
	0.8856
	0.0040
	0.9049
	0.0190
	0.4890
	0.0340
	-0.1883
	0.3203

	New Mexico
	-0.1809
	0.0540
	0.0825
	0.4044
	0.2318
	0.2692
	0.1003
	0.3503

	New York
	0.7223
	0.0360
	0.8267
	0.0730
	0.1488
	0.1381
	-0.0050
	0.3713

	North Carolina
	-0.3053
	0.2312
	-0.3502
	0.3633
	0.1001
	0.2232
	-0.0813
	0.2152

	North Dakota
	1.8522
	0.0000
	0.7452
	0.0050
	2.5068
	0.0000
	1.3287
	0.0010

	Ohio
	0.7207
	0.0170
	0.5966
	0.0220
	0.7842
	0.0240
	0.4498
	0.0190

	Oklahoma
	0.0021
	0.4584
	0.0074
	0.4784
	1.1262
	0.0910
	0.0330
	0.4194

	Oregon
	0.2057
	0.3313
	0.5702
	0.2842
	-0.2026
	0.0840
	-0.1901
	0.2392

	Pennsylvania
	0.2179
	0.1541
	0.1218
	0.1141
	0.0612
	0.4074
	0.0640
	0.1971

	Rhode Island
	0.4209
	0.0160
	0.1641
	0.0080
	0.2687
	0.1531
	0.0139
	0.2472

	South Carolina
	-0.3826
	0.2102
	-0.9959
	0.0010
	0.1537
	0.2702
	-0.0747
	0.4944

	South Dakota
	1.7433
	0.0370
	0.6633
	0.2382
	2.1830
	0.0200
	0.6279
	0.0100

	Tennessee
	1.1321
	0.0490
	0.4898
	0.1231
	1.5573
	0.0100
	1.5383
	0.0720

	Texas
	-0.4248
	0.0140
	-0.6871
	0.0950
	0.4568
	0.0000
	0.2117
	0.0030

	Utah
	0.5593
	0.1261
	0.1891
	0.3013
	0.1011
	0.1221
	0.1009
	0.2362

	Vermont
	-0.1954
	0.1411
	-0.3578
	0.3243
	-0.1090
	0.2912
	0.2721
	0.1621

	Virginia
	-0.0525
	0.2412
	0.0300
	0.3943
	0.0658
	0.1311
	-0.5923
	0.0900

	Washington
	0.0821
	0.1771
	0.4943
	0.0000
	0.0927
	0.1741
	-0.0192
	0.0270

	West Virginia
	0.0446
	0.4354
	-0.0397
	0.4884
	0.3019
	0.3093
	0.4653
	0.2832

	Wisconsin
	0.5375
	0.0830
	0.0553
	0.2322
	0.3884
	0.1401
	1.2089
	0.0300

	Wyoming
	-0.0218
	0.1951
	-0.0454
	0.4264
	0.2177
	0.0350
	0.2202
	0.1081
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