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Highlights
e Many factors distinguish uptake of COVID-19 vaccines from hesitancy or refusal.
e Poorer health and trust in science differentiated hesitancy from refusal.
e Theseresults may guide early vaccine uptake and readiness for future pandemics.
ABSTRACT
We aimed to understand factors that distinguish vaccine hesitancy from early uptake or refusal to

inform public health strategies for the next emergent infectious disease pandemic and clinician-
patient communication around vaccine decision-making. The study included 10,176 participants
of the Colorado Center for Personalized M edicine biobank who completed a survey in Summer
2021 which included information on COVID-19 vaccine hesitancy, attitudes, and uptake.
Survey data were linked to electronic health records prior to the COVID-19 pandemic to
catalogue pre-existing health conditions. Early COV1D-19 vaccine uptake was high (N=9,873,

96.1%), consistent with high health literacy in this population. While many demographic factors,
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vaccine considerations, and pre-existing conditions distinguished early uptake from hesitancy or
refusal (P<0.05), only two characteristics distinguished the hesitant from the refusal group.
Hesitant individuals were more likely than refusers to report good (31.9% versus 25.8%) or fair
or poor (16.4% versus 13.4%) health. Also, they were less likely to report trust in scientistsas a
key factor impacting their decision to receive the COVID-19 vaccine (15.9% versus 25.8%).
These findings highlight the urgent need for more tailored public health strategies to reach the
distinct group of individuals who remain open to vaccination. Healthcare professionals may be
especially well-positioned to address these concernsin clinical conversations by connecting

individual health status and pre-existing conditions to the benefits of vaccination.

Clinical Trials Registry: N/A

INTRODUCTION

Widespread vaccination is one of the most effective public health strategies for mitigating
the spread and severity of infectious diseases, including COVID-19. The rapid devel opment and
emergency use authorization of COVID-19 vaccines in late 2020 marked a significant milestone
in the global response to the pandemic. However, despite the availability of highly effective
vaccines, hesitancy to receive them emerged as a significant barrier to pandemic control™ 2
Vaccine hesitancy refers to a delay in acceptance or refusal of vaccines despite the availability of
vaccination services®. Understanding the underlying factors that contribute to vaccine hesitancy
isessential not only for increasing COVID-19 vaccine uptake but also for preparing for future

public health crises*”.
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Previous research has elucidated several determinants of COVID-19 vaccine hesitancy.
Sociodemographic characteristics associated with vaccine hesitancy include younger age, lower
income, lower educational attainment, uninsured status, and certain racial and ethnic minority
groups®”®. Attitudinal factors, including mistrust in government or pharmaceutical companies,
concerns about safety and side effects, a perceived lack of urgency, and belief in natural
immunity, have contributed significantly to vaccine hesitancy®®°. Comorbidities, such as
obesity, diabetes, and chronic lung disease, which are typically risk factors for severe COVID-19
disease, have been shown to influence perceptions of risk and urgency, but do not uniformly
drive individuals toward early vaccination®*",

The literature has often categorized vaccine-hesitant individuals alongside those who
firmly rgect vaccines, potentially obscuring meaningful distinctions between these groups.
Unlike vaccine refusers, who are unlikely to be persuaded regardless of circumstance, hesitant
individuals often sit on a continuum of indecision and may be influenced by credible
information, trusted messengers, or changesin personal circumstances™. This subgroup may
harbor concerns or uncertainties that can be addressed through targeted, empathetic
communication by healthcare professionals™°. Differentiating between these populationsis
crucial, asit offers actionable insights into how to increase vaccine uptake during ongoing and
future public health crises.

In this study, we investigate the characteristics and attitudes associated with early
COVID-19 vaccine uptake, hesitancy, and refusal among a population enrolled in alarge
academic biobank. Thisanalysis draws upon previously published survey data characterizing the
broader impact of the COVID-19 pandemic and integrates el ectronic health record (EHR) datato

provide a comprehensive profile of vaccination behaviors among a population with high health
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92 literacy™. By differentiating hesitant individuals from refusers, we aim to identify modifiable
93 factorsthat may inform future public health strategies and clinician-patient communication
94  around vaccine decision-making.

95

96 MATERIALSAND METHODS

97  Study Population

98 The Colorado Center for Personalized Medicine (CCPM) biobank was jointly launched in

99 2015 by the University of Colorado Anschutz Medical Campus and UCHealth as aresource to
100 accelerate biomedical research and clinical translational effortsin the UCHealth patient
101  population. Theinitiation, maintenance, and innovation of this vertically integrated genomic
102  learning health system has been described in detail previously™. Current enrollment occurs
103  eectronically through a self-consent model, where patients access the study consent directly in
104  theelectronic patient portal. Any adult (18 years and older) UCHealth patient is eligible to
105 participate. Participants provide broad consent for collection of blood, return of clinically
106  actionable results, use of datafor research, and recontact. More than 250,000 adults are enrolled
107  inthe CCPM hiobank research study; this group islargely representative of the 2.5 million
108  UCHedlth patient population across Colorado and its surrounding states™
109 In response to the global COVID-19 pandemic, we surveyed all living CCPM biobank
110  participants with avalid email address in 2020 and 2021. We published previously the survey
111  instruments, administration procedures, and key findings around COVID-19 prevalence, testing
112 behaviors, symptoms, and electronic health record (EHR) case ascertainment2. Briefly, surveys
113  wereddivered by email and study data were collected using REDCap el ectronic data capture
114  tools hosted at the University of Colorado. REDCap (Research Electronic Data Capture) isa

115  secure, HIPPA-compliant ddatabase and research management platform (Harris 2009) . The
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116  resulting data was de-identified, connected to other available data e ements (genotypes, EHR),
117  and made available to researchers in a datamart engineered by Health Data Compass, the

118  systemwide data warehouse for the University of Colorado Anschutz Medical Campus and

119  UCHealth. Of the 180,599 eligible CCPM biobank participants enrolled as of May 31, 2021,

120 25,075 (13.9%) completed at least one COVID-19 survey.

121 We restricted this study to the 10,256 participants who answered version 2 of the survey,
122 which included information about COV ID-19 vaccine hesitancy, attitudes, and uptake™. Version
123 2 was administered in Summer 2021, after the COVID-19 vaccines became broadly distributed
124  and available in Spring 2021. Thefinal analysisincluded 10,176 participants who did not have
125 any missing demographics or information regarding their vaccine uptake, age at dosing, or intent
126  (Figurel).

127

128 Vaccine Uptake and Factors

129 Respondents who reported receiving at |east one dose of a COVID-19 vaccine were

130 considered to have vaccine “uptake’. The remainder were further subdivided based on their self-
131  reported intention to receive the vaccine. Hesitant participants reporting an intention to never
132  receive a COVID-19 vaccine were categorized as vaccine “refusal”, and the remainder were

133  considered “hesitant”.

134 All respondents were asked “What factors affect your attitudes and thoughts about getting
135 aCOVID-19 vaccine?’ Respondents selected any factors that applied from alist of 11 provided
136  options, including “ Other factors’. Respondents who reported an intention to never receive a
137 COVID-19 vaccine were asked “What are your reasons for not getting the vaccine?’

138
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139 Pre-existing Conditionsand Covariates

140 Sociodemographic and population descriptors obtained from the EHR and the survey
141  were categorized consistent with prior research in CCPM™*™ and to maintain at |east 10

142  respondents per level for privacy. Sex, race and ethnicity, and zip code were obtained from EHR
143  data. We categorized race and ethnicity into a single binary race-ethnicity variable with the

144  levels Non-Hispanic White and Other for analysis. The “Other” race-ethnicity category includes
145  Non-Hispanic Black, Hispanic, Asian, American Indian and Alaska Native, Native Hawaiian and
146  Other Pacific Islander, and Non-Hispanic Other. We categorized respondents into young adult,
147  mid adult, adult, and older adult categories based on the age at survey completion: 18-29, 30-44,
148  45-64, 65+. Survey respondents self-reported other descriptive variables, including: highest

149  educational level obtained, current employment status, overall health status, current smoking
150  status, and whether any household member had tested positive for COVID-19. Smoking status
151  was defined as participants currently smoking at least one of these: cigarettes, cigars, e-

152  cigarettes, nicotine, or marijuana.

153 We determined pre-existing health conditions from EHR records for survey respondents
154  who were active in the UCHealth system prior to the COVID-19 pandemic. An active patient
155 wasdefined as having at least three face-to-face encounters with the UCHealth system between
156  January 2015 and January 2020. We used the PheWAS R package™ to identify algorithmic

157  phenotypes, or phecodes, from ICD-9 and ICD-10 billing codes during the pre-pandemic

158  window. A participant was considered to have been diagnosed with a pre-existing condition if
159  any corresponding phecodes occurred at least three times during this time frame. Supplemental
160 Table 1 showsthelist of phecodes associated with each pre-existing condition category. For

161 example, an individual who had three occurrences of phecode 278 (Overweight, obesity and
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162  other hyperalimentation), 278.1 (obesity), or 278.11 (morbid obesity) in their EHR between

163  January 2015 and January 2020 was considered to have pre-existing obesity. Additional detail on
164  ascertainment and algorithmic phenotyping of pre-existing conditions is available in Brice et a™.
165

166  Statistical Analysis

167 We described the distribution of sociodemographic, influencing factors, and pre-existing
168  conditions across the uptake, hesitant, and refusal vaccine groups. Statistical differences between
169  groups were calculated using analysis of variance test (ANOV A) for continuous variables and
170  chi-square testsfor categorical variables. Statistical significance was assessed using the overall
171  test across the three groups (P for trend) at an alpha of 0.05. For any significant differences

172  overall, we then conducted pairwise tests to identify which groups were different using adjusted
173  chi-square testsfor categorical variables and Tukey’ s test for continuous variables. We

174  conducted dataanalysesin R version 4.4.2.

175

176 RESULTS

177  Early COVID-19 vaccine uptake

178 Out of 10,176 respondents to 2021 survey, 9,783 (96.1%) had received a COVID-19

179  vaccination (“uptake’), 186 (1.8%) stated an intention to never receive the vaccine (“refusal”™),
180 and 207 (2.0%) had not yet been vaccinated againgt COVID-19 (“hesitant”). These groups

181  significantly differed (P for trend<0.05) across many sociodemographic and health factors,

182 including: sex, age, educational attainment, employment, median income based on zip code of
183  residence, overal health status, current smoking status, and whether a household member had

184  tested positive for COVID-19 (Table 1).
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185 Pairwise comparisonsindicated that the early group differed from the hesitant group and
186  from therefusal group for most characteristics. A higher proportion of males reported early

187  uptake (38.2%) compared to the hesitant group (27.1%). Older adults 65+ years were also more
188 likely to have early uptake (35.8%) compared to the hesitant (14.0%) and refusal (22.6%)

189  groups. Compared to those reporting early uptake, hesitant respondents were less likely to hold a
190  bachelor’s degree (60.4% vs. 77.3%), had lower median income ($71,500 vs. $77,000), and were
191  morelikely to be unemployed (13.5% vs. 7.1%), a current smoker (23.2% vs. 14.0%), and have
192  prior household exposure to COVID-19 (27.5% vs. 10.2%).

193 Overall, self-reported health status was the only characteristic we examined that

194  significantly distinguished each of the three groups from each other. A higher proportion of

195 hesitant respondents self-reported “good” (31.9%) or “fair or poor” (16.4%) health compared to
196  both the early uptake (26.8%, 9.1% respectively) and refusal groups (25.8%, 13.4%

197  respectively). The refusal group contained the highest proportion of participants with excellent
198  overall health at 26.3% compared to 21.8% for early uptake and 11.1% for hesitant.

199

200 Factorsaffecting early COVID-19 vaccine uptake

201 Eight out of 11 factors affecting thoughts and attitudes about getting a COVID-19

202  vaccine differed by vaccine uptake group (P for trend<0.05, Figure 2). On average, those in the
203  unvaccinated groups (hesitant, refusal) reported more factors affecting their vaccination decision
204  (3.49, 3.99) than those in the early uptake group (3.26). The three factors most commonly

205 reported by the unvaccinated groups (hesitant, refusal) included the timeline in which the

206  vaccines were developed and approved (71.5%, 67.2%), the frequently changing messages

207  around COVID-19 (62.3%, 64.5%), and their own reading and research on coronavirus (COVID-
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208  19) vaccines (56.5%, 65.6%). A mgjority of the refusal group (52.2%) also reported their trust in
209 public health officials as akey factor in their decision never to get vaccinated. In contrast, a

210  maority of those receiving early vaccination indicated their trust in scientists (74.2%), their trust
211  indoctors (67.0%), their trust in public health officials (55.7%), and their own reading and

212  research on coronavirus (COVID-19) vaccines (59.5%) as key factors affecting their decision to
213  get vaccinated. More than 950 individuals indicated “other” factors influencing their decision to
214  get aCOVID-19 vaccine, including 9.4% of the early uptake group, 29.0% of the hesitant group,
215 and 36.0% of the refusal group.

216 Figure 3 summarizes the reasons given for COVID-19 vaccine refusal (N=186). The top
217  two reasons, cited by a mgority of respondents, were concerns about vaccine safety (60.8%) and
218  sideeffects (55.4%). On average, respondents cited >2 reasons for the intention to never receive
219 aCOVID-19 vaccination. More than 40% cited other reasons.

220

221 Pre-existing conditionsand COVID-19 vaccination uptake

222 Of the 10,176 survey participants, 7,915 (77.8%) met our definition of active UCHealth
223  patients pre-COVID-19 and were included in the analysis of pre-existing conditions. This subset
224  had comparable representation by vaccine uptake groups as the full analysis population: 7,597
225  (96.0%) early uptake, 161 (2.0%) hesitant, and 157 (2.0%) refusal (Table 2). Over 60% of this
226  group had at least one pre-existing condition; hypertension (29.1%), heart disease (20.5%), and
227  neoplasia (20.4%) were the three most common pre-existing conditions. Unvaccinated

228  participants (hesitant, refusal) had higher proportions (P for trend<0.05) of pre-existing obesity
229  (26.7%, 26.1%) and substance use (15.5%, 14.0%) compared to early uptake participants

230 (obesity = 18.3%, substance use = 8.1%). There was no difference in vaccine uptake based on
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231  pre-existing diabetes, heart disease, hypertension, kidney disease, lung disease, or neoplasia.
232  There was no significant difference in the rate of pre-existing conditions for the hesitant vs

233  refusal groups. The average number of pre-existing conditions was similar across groups (uptake
234  1.31; hesitant, 1.36; refusal, 1.31).

235

236 DISCUSSION

237 In this study, we examined sociodemographic factors, attitudes, and pre-existing health
238  conditions associated with early COVID-19 vaccine uptake, hesitancy, and refusal within a

239  population enrolled in alarge academic biobank. Understanding the distinctions between

240 individuals who are vaccine-hesitant and those who outright refuse vaccination is crucial for
241  public health efforts aimed at promoting vaccine uptake, especialy in preparing for future

242  infectious disease outbreaks. While we found strong differences between early adopters and
243  those who delayed or refused vaccination, surprisingly, the differences between the hesitant and
244  refusal groups were minimal.

245 Consistent with prior research, we found that vaccine hesitancy was more common

246  among females, current smokers, individuals with lower educational attainment, lower income,
247  and those who were unemployed®®*’. These findings point to persistent structural and

248 informational inequities that affect health behavior and access. Interestingly, hesitant individuals
249  wereaso morelikely to report prior household exposure to COVID-19, possibly reinforcing
250 perceived natural immunity or ambivalence due to lived experiences of illness in the home.

251  Indeed, studies have shown that individuals with prior COVID-19 infection are less likely to
252  receive a COVID-19 vaccine, hypothesizing that perceived immunity is impacting this

253  decision'®?°.
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254 Among all unvaccinated participants, we found that concerns regarding the rapid timeline
255  of vaccine development, changing public health messages, and their own research on COVID-19
256  werethe most frequently cited reasons for non-uptake. Previous studies have noted similar

257  findings*®*®. While these attitudes may reflect caution rather than outright opposition, they also
258  expose avulnerability in public health messaging. A majority of all three groups, including early
259  adopters, indicated that they relied on their own research to inform decision-making around

260 COVID-19 uptake. Thissuggests acrucial opportunity to shape public discourse through better
261 information dissemination. If individuals are actively seeking information, making accurate,

262  accessible, and widely distributed educational resources is essential to counter misinformation
263  and build confidence.

264 Our findings revealed few statistically significant differences between the hesitant and
265  refusal groups, suggesting these populations may share similar foundational concerns and

266  characteristics. Notably, hesitant participants were more likely to report poorer self-perceived
267  health status, whereas both early adopters and vaccine refusers were more likely to report

268  excellent health. These findings highlight the nuanced relationship between self-rated health and
269  vaccine uptake. While some studies have shown that self-reported poor health is associated with
270  lower COVID-19 vaccine adoption®, others have noted that high satisfaction with health is

271  associated with vaccine hesitancy®.

272 These differences may reflect divergent perceptions of personal vulnerability or vaccine
273  efficacy. Hesitant individuals may have been more cautious or uncertain about how the vaccine
274  would affect them personally, particularly in the early phases of the rollout when safety data

275  werestill emerging®®. Conversely, hesitant individuals perceptions of their health asfair or

276  poor may have exacerbated their fears of a new vaccine worsening their pre-existing conditions.
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277 Although we found no significant differences in the overall number of pre-existing

278  conditions across early adopters, hesitant individuals, and refusers, specific conditions varied
279  meaningfully by group. Notably, unvaccinated participants, both hesitant and refusing, had

280 higher rates of obesity and substance use compared to early adopters. These conditions are well-
281  established risk factors for severe COVID-19 outcomes®®?, making their higher prevalence
282  among the unvaccinated particularly concerning.

283 When considered alongside self-rated health, these findings offer a potential avenue for
284  targeted communication to improve vaccine uptake. Healthcare professionals may be able to
285 leverage nuancesin perceived vulnerability during patient discussions. Hesitant individuals,
286  who were more likely than refusers to report fair or poor health, may be more receptive to

287  vaccine messaging that emphasizes protection from severe outcomes. In contradt, refusers were
288 morelikely to report excellent health, potentially reinforcing a sense of invulnerability. These
289  digtinctions highlight the importance of addressing perceived health risks and underlying medical
290 conditions during clinical conversations with hesitant individuals, who may be more open to
291  engagement than those firmly opposed to vaccination.

292 Trust emerged as akey differentiating factor across vaccine uptake groups. Like previous
293  studies, early adopters were more likely to cite trust in scientists, doctors, and public health

294  officials asafactor in vaccine uptake compared to unvaccinated individuals®*®. We found that
295 hesitant participants were less likely than both vaccine adopters and refusersto report trust in
296  scientists asakey factor impacting their decision to receive the COVID-19 vaccine. Thisisan
297  important distinction as science-based arguments may be less likely to persuade hesitant

298 individualsto vaccinate.
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299 A limitation of our study isthat we did not ask hesitant individuals about their concerns
300 related to vaccine safety and side effects. However, these concerns were commonly cited by
301 refusersand have been widely reported in previous literature®®. Future studies would benefit
302  from exploring the specific concerns of hesitant individuals to better delineate their position
303 aong the continuum of vaccine acceptance.

304 The biobank setting provided a unique and timely opportunity to collect high-quality
305 survey and EHR-linked datain response to a rapidly evolving public health emergency. The
306  ahility to deploy atargeted survey shortly after the COVID-19 vaccines became widely

307 available, combined with retrospective access to participants' clinical data, allowed for novel
308 analyses of pre-existing conditions and their associations with vaccine behavior. While biobank
309 participants represent a somewhat self-selected and health-engaged population, the observed
310 variahility in vaccination decisions suggests that even within research-savvy groups, vaccine
311 refusal and hesitancy persist.

312 Taken together, our findings highlight the urgent need for more tailored public health
313 dtrategies. Thereisagroup of individuals who remain open to vaccination but are waiting for
314 moreinformation or reassurance. These individuals differ from early adoptersin nearly al

315  sociodemographic and attitudinal factors we measured, but they are also distinct from those who
316 havefully rejected vaccination. Their attitudes, marked by poorer self-perceived health and a
317 lower reliance on trust in scientists, suggest an important target for intervention. Healthcare
318 professionals may be especially well-positioned to address these concernsin clinical

319 conversations by connecting individual health status and pre-existing conditions to the benefits

320 of vaccination.
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321 In conclusion, understanding the differences between early vaccine adopters, the hesitant,
322 andtherefusal groupsiscritical to improving vaccine uptake and preventing mortality and

323  morbidity in afuture pandemic. While the line between hesitancy and refusal may be thin, it
324  represents a meaningful opportunity for engagement. Our findings provide guidance for future
325 outreach efforts aimed at strengthening vaccine confidence and improving readiness for the next
326  emerging infectious disease threat.
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427  Figure 1. Early COVID-19 vaccine uptake study population.
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431  Figure2: Factorsinfluencing the decision for early, hesitant, or refusal of COVID-19 vaccination.
432  Multiplefactors could be selected. Asterisks by labels indicate significant differences (P<0.05 for trend)
433  acrossthethree groups. Bars with asterisksindicate significant (P<0.05) pairwise comparisons between

434  theindicated groups.
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437  Figure 3: Reasonsfor vaccine refusal. Count and proportion of vaccine refusal respondents (N=186)
438  reporting each indicator as a factor in their decision to never receive a COVID-19 vaccination. Multiple

439  factors could be selected.
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Table 1: Characteristics of COVID-19 survey population by vaccine uptake status

. P-
Overall Uptake Hesitant Refusal value*
Characterigtics (N=10176) (N=9783) (N=207) (N=186)
Sex, n (%) 0.003
6316 6043 o
Female (62.1%) (61.8%) 151 (72.9%) | 122 (65.6%)
3860 3740 0 .
Male (37.9%) (3e20 | SB(@71%) | 64(344%)
2.20E-
Age, mean (SD) 55.7 (15.6) 55.9 (15.6) 47.7 (14.1) 50.8 (15.7) 16
2.73E-
Age Categories, n (%) 13
18-29 511 (5.0%) | 476(4.9%) | 21(10.1%) 14 (7.5%)
2335 2203 0 0
30-44 (22.9%) (22.5%) 71(34.3%) | 61(32.8%)
3761 3606 o 0
4564 @7.0%) | (369w | SO(4LEN) | 69(37.1%)
3569 3498 0
Race-Ethnicity, n (%) 0.252
8849 8504 0
1327 1279 0 0
Other (13.0%) (13.1%) 20(9.7%) | 28(15.1%)
1.87E-
Bachelor's Degree, n (%) 18
7792 7562 0 0
Yes (76.6%) (77.3%) 125 (60.4%) | 105 (56.5%)
2306 2152 o 0
Unknown 78 (0.8%) 69 (0.7%) 2 (1.0%) 7 (3.8%)
4.91E-
Employment, n (%) 09
5553 5329 0 0
Employed (54.6%) (54.5%) 129 (62.3%) | 95 (51.1%)
3521 3429 o
Retired (34.6%) 35.10%) | S8(184%) | 54(29.0%)
Student or Unknown 354 (3.5%) 330 (3.4%) 12 (5.8%) 12 (6.5%)
Unemployed 748 (7.4%) | 695(7.1%) | 28(135%) | 25(13.4%)
Median Incomefor Zip Code, mean 76900 77000 71500 74000
(SD) (23800) (23800) (22500) (24800) 0.003
1.51E-
Health Status 05
2202 2130 . .
Excellent (21.6%) (21.8%) 23(11.1%) | 49(26.3%)
4214 4068 0
2736 2622 0
Good 269%) | (68w | S0GLYE) | 48(258%)
Fair or Poor 952 (9.4%) 893 (9.1%) 34 (16.4%) 25 (13.4%)
Missing 72 (0.7%) 70 (0.7%) 1(0.5%) 1(0.5%)
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2.65E-
Current Smoker -
1452 1370 R
Yes (14.3%) (14.0%) 48 (23.2%) 34 (18.3%)
8724 8413 R )
No (85.7%) (86.0%) 159 (76.8%) | 152 (81.7%)
Household member tested positive, n 5 26E.
(%) p
1108 . )
Yes (10.9%) 997 (10.2%) | 57(27.5%) | 54(29.0%)
7357 7132 )
No (72.3%) (72.9%) 121 (58.5%) | 104 (55.9%)
1711 1654 ;
Live Alone (16.8%) (16.9%) 29(14.0%) | 28(15.1%)
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Table 3: Early COVID-19 vaccine uptake by pre-existing condition*
Overall Uptake Hesitant Refusal P-value
n (%) (N=7915) (N=7597) (N=161) (N=157)
4.36E-
0, 0, 0 0,
Disbetes 756 (9.6%) | 720(9.5%) | 20(12.4%) | 16 (10.2%) o1
1621 1554 o o | 9:23E-
Heart disease (20.5%) 05%) | 2@L7%) | 32(204%) | T
2303 2225 . ony | L129E-
Hypertension (29.1%) (203%) | 30(224%) | 42(26.8%) | Ty
6.93E-
0, 0, 0,
Kidney disease 421 (5.3%) | 406 (5.3%) 9 (5.6%) 6 (3.8%) o1
1050 o ) o | 7-A9E-
Lung disease (13.3%) 995 (13.1%) | 30(18.6%) | 25 (15.9%) 02
1615 1558 o o 5.08E-
Neoplasia (20.4%) 205%) | S0(186%) | 27(17.2%) | Ty
1471 1387 o on | 1.20E-
Obesity (18.6%) (183w | FB(6.70) | 4L(6.1%) | T,
1.40E-
Substance use 665 (8.4%) 618 (8.1%) | 25(15.5%) | 22 (14.0%) 04
4797 4589 104 104 1.93E-
At least one pre-existing condition (60.6%) (60.4%) (64.6%) (66.2%) 01
z\'sll‘)”)“ber of pre-existing conditions, mean | 4 55 (1 3y | 119(1.31) | 1.36(1.35) | 1.31(1.30) 1"811'5'
*Pre-existing conditions were defined by the presence of at least three occurences of a phecode in a participant's
EHR between January 2015 and January 2020. Phecodes included for each condition are listed in Supplemental
Table 1.
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Supplemental Table 1. Map of phecodes used to define pre-existing conditions from electronic health
recordsin the Colorado Center for Personalized Medicine biobank.

Pre-existing condition Phecodes

249, 250, 250.1, 250.11, 250.12, 250.13, 250.14, 250.15, 250.2, 250.21,

Disbetes 250.22, 250.23, 250.24, 250.25, 250.3, 250.6, 250.7
394, 394.1, 394.2, 394.3, 394.4, 394.7, 395, 395.1, 395.2, 395.3, 395.4,
395.6, 411, 411.1, 411.2, 411.4, 411.41, 411.8, 411.9, 414, 414.2, 426,
Heart Di 426.2,426.21, 426.22, 426.23, 426.24, 426.25, 426.3, 426.31, 426.32, 426.4,
Sease 426.8, 426.9, 426.91, 426.92, 427, 427.1, 427.11, 427.12, 427.2, 427.21,
427.22,427.3, 427.4, 427.41, 427.42, 427.5, 427.6, 427.61, 428, 428.1,
428.2, 428.3, 428.4, 429, 429.1
Hypertension 401, 401.1, 401.2, 401.21, 401.22, 401.3
Kidney Disease 585, 585.1, 585.2, 585.3, 585.31, 585.32, 585.33, 585.34, 585.4, 587
. 495, 495.1, 495.11, 495.2, 496, 496.1, 496.2, 496.21, 499, 508, 509, 509.1,
Lung Disease

509.2, 509.3, 509.5, 510.2

145, 145.1, 145.2, 145.3, 145.4, 145.5, 149, 149.1, 149.2, 149.3, 149.4,
1495, 149.9, 150, 151, 153, 153.2, 153.3, 155, 155.1, 157, 158, 159, 159.2,
159.3, 159.4, 164, 165, 165.1, 170, 170.1, 170.2, 172, 172.1, 172.11, 172.2,
172.21,172.22,172.3, 173, 174, 174.1, 174.11, 174.2, 174.3, 180, 180.1,
Neoplasia 180.3, 182, 184, 184.1, 184.11, 184.2, 185, 187, 187.1, 187.2, 187.8, 189,
189.1, 189.11, 189.12, 189.2, 189.21, 189.4, 190, 191, 191.1, 191.11, 193,
194, 195, 195.1, 195.3, 198, 198.1, 198.2, 198.3, 198.4, 198.5, 198.6 , 198.7,
199, 199.4, 200, 201, 202, 202.2, 202.21, 202.22, 202.23, 202.24, 204,
204.1, 204.11, 204.12, 204.2, 204.21, 204.22, 204.3, 204.4, 209, 230

Obesity 278,278.1,278.11
Substance Use 316, 316.1, 317, 317.1, 317.11, 318
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