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Introduction Results, continued Results, continued
« The impact of COVID-19 on individuals tends to vary based on factors including, Table 1. Sociodemographic Characteristics for US 2022 NHWS Table 3. Health Characteristics and Comorbidities of Interest Figure 1. Correlation Matrix of RAND-36 HSI Scores and COVID-19 « After entering all study variables into the XGBoost model, and Figure 5. Impact of Top Features from PHC XGBoost Model, Based on SHAP Values
though not limited to, symptoms experienced, existing medical conditions, and Participants Currently Experiencing Symptoms for COVID-19 Symptoms tuning the hyperparameters, model results for predicting PHC
social determinants of health (SDoH; such as socioeconomic status and access Experiencing | Not Experiencing P and MHC scores are shown in Figures 3-6.
to care)."” Experiencing | Not Experiencing R crraohll o = — The final PHC model had RMSE of 7.54 on the validation High
Symptoms for Symptoms for Health Characteristics and Comorbidities COVID-19 COVID-19 € £ .
: , , COVID-19 COVID-19 N=70,555 ° ¢ £ data and 7.49 on the test data, and the final MHC model . .
Sociodemographics Variables g = 7 2 - - Lack of Reliable Transportation
Obiective N=70,555 n(%)/Mean+SD | n(%)/Mean *SD = ° g g had RMSE of 7.78 on the validation data and 7.81 on the test
= 3 c 2 £ §
.J n (%)/Mean £ SD n (%)/Mean £ SD Body Mass Index (BMI) Category 26.85 +7.50 2750 + 8.41 X mg % %a-g % . éﬁ % data. BMI
Age (years) 43611556 4764 £17.78 Alcohol Use 882 v 528, ¥ & £TPE 5 — Three common top features from both models were
« Toexamine the humanistic burden of COVID-19 in a large population of US Sex Do not drink 919 (19.5%) 23,708 (33.6%) ¢gi > 58 ?% 5 £ %5%% s s having lack of reliapble transportation, experienced a sleep/ Number of Doctor Visits
. . . 9 9 @) korl ft 1,886 (40.1% 2768 (38.5% OR2 £ %Z2>9 Qo 2 0 923c9 2 ,
adults through health-related quality of life (HRQoL) outcomes, using Male 2,092 (44.5%) 33920 (481%) nceaweekorlessoften 40.1%) 158.5%) Tt § Bsc8% 5 EggsoEl L° . S
e : . . : Fernale 2614 (555%) 36,635 (519%) Multiple times a week or daily 1,901 (40.4%) 19,679 (27.9%) GEo 5 BgSS8 g o gP0ES2L B psychological condition in the past 12 months, and age Age
symptoms, comorbidities, sociodemographic, and SDoH factors as predictors in , Smoking Behavior o8 » 2E5520 COoE8 wBl0 88T mg . ) v
) . : ) Education 00963 ;88 85035 588Eo082928 55 5 (Figures 3 and 4). All had a negative impact on model| =
a machine-learning eXtreme Gradient Boosting (XGBoost) model. High school or less 923 [19.6%) 12922 (18.3%) Never smoked 2103 (44.7%) 44,016 (62.4%) R T S - output (Figures 5 and 6) Sleep Condition g
Some college/associates degree 1348 (28.6%) 20,403 (28.9%) Former smoker 849 (18.0%) 12,951 (18.4%) RAND-36: PHC T-score . ' - Q
College degree 1292 (27.5%) 21211 (30.1%) — C:Jrrer;tsmOE?;.t N 117;* (3;5?) 13586;3 (1;9-233%) Pale, gray, or blue_colorad Sk Tos. o ol bode — Other top features include number of doctor visits overall, Number of ER Visits >
% % arison Comorpidity inaex . + 2. ol £ 1. C h . . . .
Methods S Lot P ‘é‘g)) = (;78//)) Conditions Experienced in Past 12 Months Difficuity breathing or shortness of broath being a caregiver, income, level of social support, BMI, and 3
as Health Insurance : 0% : 8% Fever COVID-19 s i d Number of Hospital Visits
Asth 1,188 (25.2% 6,758 (9.6% New loss of tast I ymptoms experienced. P
Employment Sta/tus / Ai; r;eas > 639((56 W)) Y ((37 10/)) Ng’/vv coosr?fl?si:ns (Et})rciarir? rfT(;Z)
U I d/retired/student 1,268 (26.9% 26,726 (37.9% ' 170 ' 70 Persistent pain or pressure in chest
Data Source Enemp = re— e | 9 ) ( 9 ) Psychological conditions: Depression, anxiety, general Muscle or body aches Long COVID
: : : mployed full-time 2,693 (57.2%) 33,969 (481%) _ _ , N ! ! 2,979 (63.3%) 24,725 (35.0%) Digestive issues
« This study used cross-sectional data from the 2022 National Health and Selfemployed 299 (6.4%) 4091 (5.8%) anxiety, social anxiety, panic disorder, or PTSD Pink eye c , ¢ Adult Relat
. .. . : - "y . i i : : Fatigue aregilver or an u elatlive
Wellness Survey (NHWS). It is an annual, self-administered, internet-based, Employed part-time 446 (9.5%) 5,769 (8.2%) Sleep conditions: Insomnia, idiopathic hypersomnia, 3276 (69.6%) 27329 (38.7%) Inability to wake or stay awake J
: ; ; Marital Status narcolepsy, sleep apnea, or other sleep difficulties Sore throat
nationwide survey comprised of ~75,000 US adults (age 18 or older) each year. | : : Pain conditions: Migraine, headache, pain, diabetic 0 O oo Headache Sum of 102 Other Features  ®
Participants are recruited through an existing, general-purpose, web-based >ngle o5 5% DA% 9% neuropathic pain, or fibromyalgia 4063 (865%) #2232 (599%) ’ Diarthe
) ’ ! g Married/living with partner 3175 (67.4%) 44,579 (63.2%) > . . Sleep problems Figure 4. Top Features from MHC XGCBoost Model, Based on SHAP Values
consumer pa nel. The final Sample Mmatches the demog Fa pth composition of Divorced/separated/widowed/unknown 598 (12.7%) 10,495 (14.9%) Conditions Ever Been Diagnosed with by a Doctor _ Mood changes ! I l I T T Low
the US on age, gender, and racial/ethnic groups, based on data from the Annual Household Income Respiratoly conditions: COPD, emphysema, or chronic 404 (8.6%) 3,017 (4.3%) Change m mondirual cyclos 15 10 - O > 10
L. 07 , 570 i u Yy
! ! ! . . . bronchitis Fast-beating, dina heart
Current pOpU lation Su rvey of the US Census. <$25000 or declined to answer 675 (14-5%) 11,574 (16.4%) Cardiovascular conditions: Congestive heart failure or Dizziness/l%%thezeclig:dgneg%ugn Igt%ng!?lrg SHAP Value (Impact on Model Output)
. . . . $25,000 to <$50,000 775 (16.4%) 11,546 (16.4%) cardio/cerebro/peripheral vascular diseases 396 (8.4%) 3,514 (5.0%) Anmety/deprelsqsallgﬂ Psychologlcal Condition
« In 2022, there were a total of 75,261 participants in the NHWS, with 4,706 of $50,000 to <$75,000 639 (13.6%) 10,145 (14.4%) Any Type of Cancer 833 (17.7%) 7190 (10.2%) Memory loss Lack of Reliable T
- - - 9 9 2 ! i General pain/discomfort ack of Reliable Transportation
them currently experiencing symptoms of COVID-19 at the time of survey i75'000 to <$1$001000 792 (16.8%) 12180 (17:3%) Liver or Renal Diseases 488 (10.4%) 3271 (4.6%) S P Ciner P
.. . 100,000 to <$150,000 1126 (23.9%) 15,241 (21.6%) Age
partICIDatlon' $150,000 to <$200,000 380 l ' ' ' ' ' ' ' ' ' l 2
: < : (81%) 5337 (7.6%)
' ” ” 1 -08 -06 -04 -02 0 02 04 06 08 1 Sleep Condition _
COVID-19 Symptoms and Variables Nuiﬁ?zfghf: v Ui i Same Housanaid 325 (6% 432 (64%) P Figure 6. Impact of Top Features from MHC XGBoost Model, Based on SHAP Values
: : BMI
. The survey included 26 symptoms of COVID-19 and duration of each symptom 0 2134 (453%) 42,008 (59.5%) Table 4. Health-Related Quality of Life and Overall HCRU
. 0 0 MMOS-SS |ltem 8
in weeks. Tor2 2,261 (48.0%) 25,625 (36.3%)
. . . S 311 (66%) 2,922 (4.1%) Experiencin Not Experiencin ' ' ' - - Number of Doctor Visits -
« COVID-19-specifc healthcare resource use (HRCU), vaccination rate, COVID-19 Caregiver of an Adult Relative 2,265 (481%) 14,650 (20.8%) Syr::ptoms for Sympptoms for g/gn;] Fr)e'ccgzﬁcharril’éaigsr;nMV?/teréiso HANDEE R seores ana EOVIRD o
u m i i _ i Lack of Reliable Transportation Has Kept from Attending . . . _ - Household Income
syndrpme (long COVID") diagnosis, and self-reported severity were also Medical Appointments, Meetings, Work, or Daily Needs 1810 (38.5%) 2,639 (13.7%) HRQoL and HCRU Variables covip-19 covip-19 Lack of Reliable Transportation S
d
examined. N=70,555 MMQOS-SS Item 7
. . . n (%)/Mean *SD n (%)/Mean *SD § COVID-19 S . : : BMI -*
= - ymptom: Anxiety or Depression
Social Determinants of Health Variables RAND-36 HSI: Mental Health Composite T Score g <
= £ - .
. : : : : : : o Mean = SD 261121017 2360 £ 1178 5 8 2 Number of ER Visits Number of Doctor Visits -*—--
« Analysis included sociodemographic variables (including education and Table 2. MMOS-SS Scale for US 2022 NHWS Participants Currently peen® e T e g5 S
i ' i i ' i - : i 20 ROV -5 D0 MOV -5 - o 2 3 MMOS-SS ltem 6
household |.ncome), being a caregiver of an adult.relatlve, h.aV|r)g lack of reliable Experiencing Symptoms for COVID-19 RAND-36 HSh Physical Health Commosite T Score g % : . Age *-_ .
transportation, and the level of social support available (which is measured Moan 2 SD 277821052 2499 < .04 028 5 558 s 82y _ Caregiver of an Adult Relative =
. . . 7} o v > c3oc = ol
through the modified Medical Outcomes Study Social Support Survey [MMOS- Experiencing | Not Experiencing Median (min-max) 36.00 (1500 - 61.00) | 4800 (1500 - 61.00) 588 5 oc 83 g 2 3253 £ Current Smoker Sleep Condition >
SS]) were examined.3 Symptoms for Symptoms for Healthcare Provider Visits in Past 6 Months 579 £ 871 334 +563 5 gé £ ;g g 8 ., 2 § Hg} % % S .§ é v
MMOS-SS Variables COVID-19 COVID-19 ER Visits in the Past 6 Months 119 £ 3.00 0.42£1.79 T3 2% 85 §1§§ S 5 5873 3 ;gé’é " Number of Hospital Visits Number of ER Visits 3
o iy - itali i i + + 6 =28 ~5:3‘5'“2 HE‘DE BCC.E%‘%“’ c_on-a ©
Comorb/d/t/es and /—/C/QU N=70,555 Hospitalizations in the Past 6 Months 111 +332 035+1.85 ifgig @gggg %m;éf?g% s g%’g g§ gg g% COVID-19 Sym ptom: Memory Loss ) .. E
el . . .. e . . ZZzo5 98022000225 eR2E08 0G5 uNEGEL D Number of Hospital Visits o
« Charlson comorbidity index (CCl) and a selection of individual comorbidities n(%)/MeantSD | n(%)/Mean *SD LI E P2 eSS SCSESBRESLEE COVID-19 Severity Experienced
ever diagnosed by a doctor and/or experienced in the past 12 months were MMOS-SS: If you needed it, how often is someone available: RAND.36: MHG T_soore Long COVID
examined, as well as overall HCRU in the past 6 months (not condition- L tohelp youlfyou were confined to bed? : Pale, gray, or blue-colored skin, lips, or nait beds MMOS-SS fem |
N P None of the time 586 (12.5%) 13,740 (19.5%) Table 5. Other COVID-19 Related Variables of Interest Dificatty breathing g S0ugh: Weeks Duration of COVID-19 Symptom: Cough c , ¢ am Adult Relati
specific). Alittle of the time 579 (12.3%) 7,368 (10.4%) Fover ' aregiver or an AGult Relative
i New loss of taste or smell .
Some of the time 866 (18.4%) 11,712 (16.6%) Experiencin New confusion (brain fog) Numiber of Children
Outcome Measures Most of the time 1,211 (25.7%) 15,734 (22.3%) Sy:\ptoms fogr Persistent pailoI Sgcﬁ;egrsgged;n acchheesst | | | | | Sum of 102 Other Features ® oo oo o ®o--0 i
« HRQoL at the time of the survey was measured by the RAND 36-Item Health Allof the time 1464 (311%) 22,001 (31-2%) Other COVID-19-Specific Variables COVID-19 Digestive issues 0.0 0.5 1.0 15 2.0 | | | , | Low
S . ) ) 2. to take you to the doctor if you needed it? l':n t.eye
Status Inventory (HS|) SpeCIflca”yi the phySICal Health Comp05|te (pHC) score None of the time 308 (6.5%) 8,760 (12.4%) Inability to wake or stay :V\I/gl‘i: Mean ([SHAP Value|) (Average Impact on Model Output Magnitude) -10 -3 O > 10
and the Mental Health Composite (MHC) score were outcomes of interest. Alittle of the time 631 (13.4%) 8,790 (12.5%) n(%)/Mean * SD Sore throal
_ Headache SHAP Value (Impact on Model Output)
Some of the time 877 (18.6%) 11,436 (16.2%) Had ER Visits in the Past 6 Months Due to COVID-19 1,292 (27.5%) Congestion or runny nose
Analysis Methods Most of the time 1,522 (32.3%) 18246 (259%) Had Hospital Visits in the Past 6 Months Due to COVID-19 1,138 (24.2%) Sleep p?é%rlg]rﬁz
. . . .. .. All of the time 1368 (29.1%) 23323 (33.1%) Received COVID-19 Vaccine in the Past 12 Months 3,309 (70.3%) Pins and MO%? Cf}anges
* Descrlptl\{e St_atIStICS were used to describe COVID-19 partICIpants. Pa rt|C|pants 3. to prepare your meals if you are unable to do it yourself? Told by Doctor to Have COVID Syndrome or “Long COVID" Based on Symptoms 2,040 (43.3%) Charzgse?r?mgfmztnjasl g;cllgg
not experiencing COVID-19 symptoms were also shown for reference. None of the tme 203 B6%) 10,843 (54%) Self-Reported Level of Severity of COVID-19 Dizziness/lighthéadecnass on standing
. Spearman correlation tests and heatmaps were used to examine symptoms Alittle of the time 550 (1:7%) 7,262 (10.5%) Vil 2330 [495%) AT e
. . . ) Some of the time 1,042 (22.1%) 13,615 (19.3%) Moderate 1,318 (28.0%) Memory loss
and duration of symptoms in correlation with PHC and MHC scores. oot of the time 317 280%) 16.489 (Z34%) Severe 572 (122%) General painidiscomor .
« All study variables were entered into an XGBoost regression model to select top All of the time 1394 (29.6%) 22,346 (31.7%) | | COnCI usion
. . . . 4. to hel ith daily ch if ick? ' ' ' ' ' ' ' ' ' ' '
features for predicting PHC and MHC scores among COVID-19 participants. T VERTEYT ST 1 -0.8 -0.6 -04 -02 0 02 04 06 08 1
Dataset was split into 60% training, 20% validation, and 20% test data. Models A lttlo of the time 583 124%) 5057 4%) : : : : :
. o . % il Table 6. COVID-19 Symptoms and Duration of Symptoms Among all risk factors examined, health-related quality of life among US adults currently having
were built separately for PHC and MHC scores. Squared error was specified for Some of the time 899 (19.1%) 12297 (17.4%) ' ’
1 1 1 Most of the ti 1,490 (31.7% 18,148 (25.7% 1 : : M M S
the objective loss function. Hyperparameters were tuned based on the Root oSt of the Ume o (2(79%) 21224((30W; Experiencing | COVID-19 were most strongly impacted by access to reliable transportation, having comorbidities
Mean Squared Error (RMSE) of the validation data. SHAP values were calculated 5 to have a good time with? — — Symptoms for Duration of Figure 3. Top Features from PHC XGBoost Model, Based on SHAP Values lik | holoaical diti d old T N HCRU . .
to select top features from the final XGBoost models. None of the time 303 (64%) 8292 (11:8%) COVID-19 Symptoms COVID-19 S‘(’;v“:::(’;‘s IKe a sleep or a psychological condition, and old age. ougn not as strong, , Socloeconomic
Alittle of the ti 522 (11.1% 6,695 (9.5% ° : .
e L o) Lack of Reliable Transportation status, social support, as well as COVID-19 symptoms experienced, also impacted health-related
ome of the time 985 (20.9%) 13,295 (18.8%) n (%)/Mean * SD Mean £ SD (N obs)
Most of the time 1346 (28.6%) 18,009 (25.5%) i . - - :
ReSU |tS AIIO;EtOhe time 1'550 (32.9%) 24’264 (34’4%) Cough 1516 [280%) 27.03 + 3546 (800) M q Ua | Ity Of ||fe°
6. to turn to for suggestions about how to deal with a personal problem? ;?:fliijliflkrj:athing o shortnoss of broath 1;575(%7075;) 25321;?923 Eiiz)) Numiber of Doctor Visits
. .. N fthe ti 322 (6.8% 8,463 (12.0% — ———
« Descriptive results of COVID-19 participants and the non-COVID-19 general e (©8%) 12.9%) New loss of smell and taste 77 (16.4%) 4730 £ 3667 (466) Age
: ; Alittle of the time 559 (11.9%) 7668 (10.9%) New confusion (brain fog) 723 (15.4%) 48.83 + 37.43 (437)
population are shown in Tables 1-4. Some of the time 955 (20.3%) 13,094 (18.6%) Muscle or body aches 2 = (15'3;) 2005 £398) (359 Sleep Condition
— On the RAND-36 HSI scale, COVID-19 participants had an average PHC Most ofthe time 1495 (21.8%) 19,103 (27.1%) Headache 686 (14.6%) 2872 35,42 (363) Number of ER
. All of the time 1,375 (29.2%) 22,227 (31.5%) -
T-score of 37.78 and MHC T-score of 36.11, both of which were lower than 7. who understands your problems? Sleep problems 567 (12.0%) 4644 + 3790 (290) Number of Hospital Visits
. . - : - Congestion or runny nose 554 (11.8%) 21.76 + 32.77 (340)
those from the non-COVID-19 participants (Table 4). None of the time 364 (7.7%) 8,967 (12.7%) J TS T— 57 .4%) 552153937 (302) . . .
.. . T . Alittle of the time 591 (12.6%) 7,578 (10.7%) YEEP — — Long COVID |_| m |tat|o s
— Doctor visits, emergency room (ER) visits, and hospitalizations were all . 1038 (221%) 14150 (20.%) Fever or chills 508 (10.8%) 4118 * 3840 (224) _ _
higher in the COVID-19 Table 4 : ! 2 ! 2 Sore throat 393 (8.4%) 2178 + 30.61 (195) Caregiver of Adult Relative
igher in the -19 group (Table 4). Most of the time 1371 (27.9%) 17,796 (25.2%) octive o s 63 o 4086 19 ousehold |
o . . . : 5 5 =7 =12 40, ousehold Income i i i _ _
« Descriptive results of COVID-19-specific variables are shown in Tables 5-6. Allofthe time 1402 (29.5%) 22064 (515%) General pain/discomfort 383 (81%) 4165+ 4152 (238) The cross-sectional, internet-based, and self-report nature of data
. _ 8. tolove and make you feel wanted? 5 . Current Smoker collection method need to be taken into account when
The most common symptoms reported were cough and fatigue/tiredness None of the ti 338 (72% 8,676 (123% Mermory loss 370 7.9%) >391 = 3825 [230)
. . e t)}/’] Ilg . dp o hg . kg | . ) Ai:jeoofthee LT:@ = ((11.8;)) 7,478 ((10-60/0)) Persistent pain or pressure in the chest 365 (7.8%) 50.49 + 34.88 (166) COVID-19 Severity Experienced iﬂterpretiﬂg Study results. Perha oS due to limited Samp|e Size,
ul >YMp ombslvw | © gnaes i Hre |on.}/vberg - angef |/er >rin COToT (I'.e"k Sorne of the time 878 (18.7%) 1254 (16.0% pi'e’gray'orb'”e'co'ored skin fips, or nail beds, depending on 346 (7.4%) 55,83 + 2800 (154) = oloved Full-Time duration of COVID-19 symptoms that were found to be highly
- : : skin tone - . . . . .
pale, gray, or blue-colored sxin, lips, or nail be s), anxiety/depression, pin Most of the time 1322 (281%) 16,451 (233%) =[O . . - PIoY correlated with PHC and MHC scores did not have high impact in
eve and difficultvy breathina or shortness of breath (Table 6) _ Dizziness/lightheadedness on standing 346 (7.4%) 40.24 +37.83 (198) Pain Conditi ) ) ]
Ye, Yy 9 ' Allof the time 1615 (34-3%) 26696 (378%) Mood changes 312 (6.6%) 4567 £ 37,55 (158) aih Londition the XGBoost model. Thus, further research with bigger sample size
« Spearman correlation results showed that duration of COVID-19 symptoms Fn’:t‘::;“:r:t:";Z‘I‘:s':j:‘;fore JffofiZZ Ej;igg Diarrhea 283 (6.0%) 3645 £ 39.69 (115) Gender is warranted.
were more strongly correlated with PHC and MHC scores than the type of Total Score o5 B 4c o1 1995 Inaiilityto wake or stay awake 271 ((5.8%)) 48.46138.87((123)) Respiratory Condition
. . . L. . — —— Pink eye 263 (5.6% 53.55 + 3598 (102
?ym pto;nsgxpgnenced (Figures 1 and 2). Statistics below are not shown Iin Fast-beating, pounding heart 204 (43%) 4594 £ 3785 (121 psychological Condition
lgures 10r reVIty. Pins and needles feeling 200 (4.2%) 4596 + 40.59 (93)
| | . : Asthma Acknowledgment
— Duration of sore throat, congestion or runny nose, and cough were most Change In menstrual cycles 178 (3.8%) 47612738 (8) 9
] Other 180 (3.8%) 40.63 + 36.29 (93) MMOS-SS Item 6
strongly correlated with lower PHC scores (Spearman rho = -0.49, -0.45, Rach 75 (16%) 4876 £ 3720 (31) : :
and -0.39; all  <0.001) ' OE AMOS-SS lterm 5 « This study was funded by Cerner Enviza, an Oracle company.
— Duration of rash, sore throat, and congestion or runny nose were most | ' - ' ' ' ' ' -
strongly correlated with lower MHC scores (Spearman rho = -0.58, -0.37, 0.0 0-5 10 1.5 20
-0.32, -0.30; all e, <OOO]) Mean (|SHAP Value|) (Average Impact on Model Output Magnitude)
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