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Abstract
During Summer 2021, the San Francisco (SF) Bay Area experienced a rise of hospitalizations and deaths from the Delta variant of SARS-CoV-2. Despite the availability of effective vaccines to help curb disease spread, large portions of the Bay Area remained unvaccinated. We propose a cross-sectional study on 248 Bay Area zip-code tabulation areas (ZCTAs) during the Delta surge to determine if healthy community conditions (defined by a low or high Vaccine Equity Metric [VEM]) are associated with an increased proportion of new vaccine doses among previously unvaccinated residents. VEM is an index score of community characteristics, including factors associated with life expectancy such as income, education, and having health insurance. Vaccination information is obtained from the California Immunization Registry (CAIR). ZCTA population estimates and demographic characteristics are obtained from the 2019 5-year American Community Survey (ACS). We will use a Wilcoxon test for primary analysis and a multivariate linear regression to control for possible cofounders.

Research Question: 
Among San Francisco Bay Area zip codes, is a health equity index score associated with new COVID-19 vaccinations during the Delta variant surge?
 
Significance
Since Summer 2021, the Delta variant of SARS-CoV-2 has become the dominant strain in the United States (US).1,2 During this time, the Centers for Disease Control and Prevention (CDC) recognized the SF Bay Area as a “hot spot” with rapidly increasing COVID-19 cases, as well as hospitalizations and deaths.3 One reason for the rise in cases is that a significant proportion of the Bay Area remain unvaccinated, which is consistent with observations of higher burden of disease among communities with low vaccination rates.4 

Vaccine uptake is greatly impacted by social determinants of health. Large national surveys have shown decreased vaccinations in those who are younger, with lower income, less education, and living in Republican-leaning states.9,8, 6  Other structural barriers to obtaining the vaccine include cost, convenience, and supply chain issues.10,11 Vaccine hesitancy is also prevalent among Black and Hispanic communities due to medical distrust, prior experience of racial discrimination, and fear of vaccine side effects.5–7, 8 These reasons highlight the need for multipronged public health efforts and investments. Examples include community and policy-level interventions, such as offering local or at-home vaccination programs, to address social/structural barriers in areas with low SES or poor transportation access.14  Pro-social messaging in various local languages are also evidence-based strategies to address COVID-19 vaccine hesitancy.13 One way to measure a community’s social determinants of health is through a VEM like the California Healthy Places Index (HPI), a health index score developed by the Public Health Alliance of Southern California (PHASC).12 The HPI is a sum of weighted scores according to eight domains: economic, social, education, transportation, neighborhood, housing, clean environment, and healthcare (Figure 1); it has been validated against life expectancy at birth. 

This study will contribute to current literature by investigating whether VEM/HPI is associated with new vaccine doses among previously unvaccinated Bay Area residents since the Delta surge. Due to the dynamic nature of the COVID-19 pandemic, prior studies have not examined vaccine uptake during this wave of the pandemic. Moreover, there have not been many studies in the San Francisco Bay Area, a relatively small geographic area with great sociodemographic diversity. Although several counties have a much higher overall vaccination rate than the national average of 64%, there are large discrepancies between certain areas. This study can help elucidate the influence of social determinants of health on those discrepancies. 

Methods

Overview of design:
This study will be a cross-sectional study. We will conduct secondary data analysis on the CAIR database run by the California Department of Public Health (CDPH). Specifically, we will look at the percent of first COVID vaccine doses among Bay Area zip codes on July 6, 2021, right before the Delta surge, and estimate the proportion of unvaccinated residents. We will then explore whether a high or low VEM score predicts the percent increase in new vaccine doses among previously unvaccinated residents since July 6 (data as of September 28, 2021). In order to estimate the prevalence of residents vaccinated, total population estimates and demographic characteristics are obtained from the 2019 five-year American Community Survey. 

An alternative study design would be a mixed-methods study using community-based participatory research. This could involve a lengthy qualitative interview of community members and stakeholders (ie. Healthcare workers in local hospitals or government officials) in each Bay Area neighborhood. The interview would elucidate reasons for getting or not getting a COVID-19 vaccine, and whether announcement of the Delta variant had affected one’s decision. Common themes of the qualitative interview could then be converted into categorical variables used in statistical analyses, which could also be analyzed by sociodemographic characteristics, such as race/ethnicity, age, and socioeconomic status. Conducting such a study would be very time-intensive and expensive. It would require recruitment of participants and new data collection, which is impossible without sufficient funding and staff. Secondary analysis of an existing database, such as the CDPH’s vaccination database, is much more feasible.

Study subjects:
The target population will be all vaccine-eligible residents living in the SF Bay Area. The accessible sample population for the study include SF Bay Area zip code tabulation areas (ZCTAs). We will use several databases to estimate ZCTA population estimates. The CAIR database includes most immunization records of Bay Area residents, but does not include vaccine doses administered by the Veterans Health Administration, Indian Health Service, Department of Defense, and the Federal Bureau of Prisons. Self-reported demographic data from the 2019 five-year American Community Survey and the National Center for Health Statistics are limited to residents who responded to these surveys. The recruitment and selection criteria of these data sources allows our study to be generalizable to vaccine-eligible residents of the SF Bay Area. 

Inclusion criteria are ZCTAs in the Bay Area, which includes Alameda, Contra Costa, Marin, Napa, San Francisco, San Mateo, Santa Clara, Solano, and Sonoma counties. Data will include household residents who are 12 years old or older (for whom COVID-19 vaccines were approved for). Exclusion criteria will include ZCTAs that do not have a calculated VEM, and ZCTAs who have no change in vaccination rate since 100% of the area was vaccinated by July 6.

Measurements:
The main predictor variable will be VEM (dichotomous variable), which is which is divided into above (high VEM) and below (low VEM) the median VEM distributed among all California ZCTAs. VEM include HPI scores developed by the PHASC and imputed scores developed by the CDPH for ZCTAs that did not have an HPI score. ZCTAs without an HPI score included those with a population <1,500 or where more than 50% of the population resides in group quarters. 
 
The primary outcome is the percent increase in unvaccinated residents on July 6 who received at least one COVID-19 vaccine dose three months later during the Delta surge (continuous skewed variable). The number of unvaccinated residents in each ZCTA is estimated by subtracting the proportion of population with at least one dose from 1, and multiplying it by the ACS estimated total population. The primary outcome is calculated by subtracting the number of unvaccinated residents on 9/28 (the most current date) from the number of unvaccinated residents on 7/6, and dividing by the number of vaccinated residents on 7/6 (see below). The secondary outcome is percent of residents with at least 1 vaccine dose during the Delta surge. Data has already been collected to an existing database. Therefore, I will be unable to reduce random and systematic error in my measurements of predictor and outcome.



Where x = proportion of the population with at least 1 dose and y= total population



Where A = # Unvaccinated on 7/6 and B = # Unvaccinated on 9/28

An important questionnaire used in my study is the American Community Survey, from which total population estimates in each ZCTA are obtained. The ACS is the largest US annual survey administered by the US Census Bureau. Domains assessed include demographic characteristics (ie. Age and sex, race/ethnicity), social characteristics (ie. Citizenship, educational attainment, educational attainment), economic characteristics (ie. Employment status, health insurance coverage, income), and housing characteristics (ie. Computer and internet use, value of home). Data estimates are collected into 1-year estimates for geographic areas with at least 65,000 people and 5-year estimates for areas with at least 20,000 people. ACS data is used to inform where to allocate more than $675 billion in federal spending, and where state and local governments invest in community resources. ACS data is also used for disaster response and recovery, research, and NGO and business decision-making.

An important consideration is that ZCTA data is only available as a compilation of 5-year estimates. The most recent data is from 2014-2019, and does not overlap with the current COVID pandemic from the end of 2019 to present-day 2021. Although the data is less current, the margins of error are smaller than 1-year estimates due to larger sample size. However, because of increased frequency of sampling, the estimates can be imprecise. Another consideration is that not all US residents are recorded in the ACS, and people experiencing homelessness are not included due to having no address. The US Census Bureau sends a survey to over 3.5 million addresses, with a national response rate of roughly over 90% in 2018 via internet, telephone, paper survey, or in some cases in-person interview. Each address in the US has a 1-in-40 chance of being selected, and the same address should not be selected in a 5-year period in order to create 5-year estimates. 

Potential Confounders:
There are many potential confounders in my study, which may or may not be studied at the level of a ZCTA and/or have available information. These variables are not associated with VEM, which takes into account many social determinants of health in a community (see Figure 1). Eight variables that could be a confounder include the following (defined as a proportion of the ZCTA greater than the state’s median): 
1. Race/ethnicity
2. Age 
3. Gender
4. Non-US Citizen
5. Political affiliation (unsure if measured on a ZCTA level)
6. Multiple chronic diseases (not measured on a ZCTA level)
7. Low density of vaccine sites (unsure if measured on a ZCTA level)
8. Has a PCP (not measured on a ZCTA level)
Possible effect modifiers include:
1. Unwillingness to vaccinate due to medical distrust, fear of side effects, or other reason (not measured on a ZCTA level)
2. Inadequate positive vaccine marketing (not measured on a ZCTA level)

First, we will perform a bivariate analysis looking at the association between VEM and each of the following potential confounder variables: whether a ZCTA has a percent of White and Asian race less than state median of 50.9% (dichotomous), percent of age  65 years old greater than state median of 14.8% (dichotomous), percent of men greater than state median of 49.6% (dichotomous), and percent of non-US citizenship greater than state median of 12.4% (dichotomous). If there is a statistically significant or near significant association (p<0.1), then possible methods to cope with the likely confounders include: 

1. A statistical adjustment by calculating a multivariate linear regression model with various potential confounders. 
2. Stratification and only look at ZCTAs by subgroups according to the level of a potential confounder, such as similar population proportions of race/ethnicity, age, etc.

Stratification in this study would likely involve 3 or more potential confounders or strata, which is limited by the sample size needed for each stratum. Statistical adjustment would be the best plan in this study. In order to draw causal inference in my study (that is, VEM is associated with increase in COVID vaccine first doses among previously unvaccinated), there should be a strong statistical association while accounting for potential confounders. There should also be a consistent association between VEM (or another index score for a community’s wellbeing) and low vaccine uptake among current studies. Lastly, there should be a plausible mechanism for why this association exists, with evidence in current literature.

Statistical Issues
Research Hypotheses: 
A) High VEM ZCTAs are associated with a higher proportion of previously unvaccinated residents who received at least 1 vaccine dose during the Delta surge compared to Low VEM ZCTAs.
B) High VEM ZCTAs have a higher percentage of residents with at least 1 vaccine dose compared to Low VEM ZCTAs. 

Analysis Plan:
For my primary analysis, I will use a Wilcoxon test to analyze my dichotomous predictor (VEM) and continuous skewed outcome (proportion of unvaccinated who received at least 1 vaccine dose). For my secondary analysis, I will use a t-test to analyze my dichotomous predictor and continuous normal outcome (percent of residents with at least 1 dose).

Anticipated findings in the Results section: Compared to Low VEM ZCTAs, High VEM ZCTAs had a statistically significantly higher proportion of previously unvaccinated residents who received at least 1 vaccine dose during the Delta surge. High VEM ZCTAs had lower COVID-19 cases per 10,000 residents compared to Low VEM ZCTAs during the Delta surge. 
Anticipated findings in the Conclusion section: In the SF Bay Area, communities with favorable sociodemographic conditions associated with high life expectancy have increased vaccination rates and fewer COVID-19 cases during the Delta surge compared to those with less favorable conditions. 
Sample Size Estimates:
1. Statistical Tests:
A. Wilcoxon
B. T-test
2. Null Hypotheses:
A. There is no difference in proportion of previously unvaccinated residents who received at least 1 vaccine dose during the Delta surge between High and Low VEM ZCTAs. 
B. There is no difference in percentage of residents with at least 1 vaccine dose between High and Low VEM ZCTAs. 
3. Alternative Hypotheses:
A. There is a difference in proportion of previously unvaccinated residents who received at least 1 vaccine dose during the Delta surge between High and Low VEM ZCTAs. 
B. There is a difference in percentage of residents with at least 1 vaccine dose between High and Low VEM ZCTAs. 
4. Standardized Effect Size: 
A. 0.096; Low VEM n = 41, High VEM n = 207, SD = 0.20 
B. 0.058; SD = 0.37
5. Alpha is 0.05. Two-tailed test.
6. Beta is 0.20 

Justification:
1. I obtained the standard deviation of my outcome by calculating it with Microsoft Excel using my current dataset. I obtained estimated effect size using the T statistic and non-centrality parameter using an online calculator.

2. I decided on a two-tailed statistical test, since the P value includes the probabilities of committing a type I error in either direction. For example, I will be better able to detect a statistically significant difference if High VEM ZCTAs were to be associated with higher or lower outcome. I decided on the power to be 80%, since that is the standard. I decided to also look at overall percentage of 1st vaccine dose among ZCTAs to see if it associated with my primary outcome, the proportion of previously unvaccinated who became vaccinated during the Delta surge. 

Ethical Considerations
The ethical considerations of my study are minimal, given that all data has been de-identified and I am primarily looking at data at the population-level of ZCTAs. 
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Figure 1. Community characteristics and weights combined into overall HPI score
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Vaccine Equity Metric
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% Increase in Vaccine Doses among Unvaccinated Residents
Percent of ZCTA White Race is <36.3%
(Yes/No)










C.
Vaccine Equity Metric
(Low/High)
% Increase in Vaccine Doses among Unvaccinated Residents
Percent of ZCTA aged 65 years old is >14.8%
(Yes/No)







Figure 2. Directed Acyclic Graphs of Possible: A) Effect-Cause, B) Confounder, and C) Effect Modifier
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(Person 1 is the person living or staying here in whose
name this house or apartment is owned, being bought,
or rented. If there is no such person, start with the name
of any adult living or staying here.)
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Please copy the name of Person 1 from page 2,
then continue answering questions below.

Last Name

®

First Name

Where was this person born?

a

In the United States — Print name of state.

[ Outside the United States — Print name of
foreign country, or Puerto Rico, Guam, etc.

Is this person a citizen of the United States?

O Yes, born in the United States = SKIP to
question 10a

Yes, born in Puerto Rico, Guam, the
U.S. Virgin Islands, or Northern Marianas

Yes, born abroad of U.S. citizen parent or parents

Yes, U.S. citizen by naturalization - Print yea
of naturalization

O
O
O

! No, not a U.S. citizen @
When did this person come i the

United States? /f this pers @o live in the
United States more than o latest year.
Year

A

Q

a. At any time IN THE LAST 3 MONTHS, has this
person attended school or college? Include only
nursery or preschool, kindergarten, elementary
school, home school, and schooling which leads
to a high school diploma or a college degree.

O

g
O

. What grade or level was this person attending?
Mark (X) ONE box.

a
|
a

No, has not attended in the last 3
months = SKIP to question 11

Yes, public school, public college

Yes, private school, private college, home school

Nursery school, preschool

Kindergarten
Grade 1 through 12 - Specify

grade 1 - 17

Qaduate years (freshman to senior)

professional school beyond a
s degree (for example: MA or PhD
, or medical or law school)

O

0 Nﬁe highest degree or level of school this
as COMPLETED? Mark (X) ONE box.

rently enrolled, mark the previous grade or
est degree received.

O SCHOOLING COMPLETED
[] No schooling completed
NURSERY OR PRESCHOOL THROUGH GRADE 12
O Nursery school

| Kindergarten

O

Grade 1 through 11 - Specify

grade 1 - 17

[ 12th grade - NO DIPLOMA
HIGH SCHOOL GRADUATE
O Regular high school diploma

[ GED or alternative credential
COLLEGE OR SOME COLLEGE

O Some college credit, but less than 1 year of
college credit
1| 1 or mors years of college eredit, no degree

[] Associate’s degree (for example: AA, AS)

"] Bachelor's degree (for example: BA, BS)
AFTER BACHELOR’S DEGREE

O Master’s degree (for example: MA, MS, MEng,
MEd, MSW, MBA)

O Professional degree beyond a bachelor’s
degree (for example: MD, DDS, DVM, LLB, JD)

[l Doctorate degree (for example: PhD, EdD)
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Person 1 (continued)

F Answer question 12 if this person has a bachelor’s
degree or higher. Otherwise, SKIP to question 13.

This question focuses on this person’s
BACHELOR’S DEGREE. Please print below the
specific major(s) of any BACHELOR’S DEGREES
this person has received. (For example: chemical
engineering, elementary teacher education,
organizational psychology)

What is this person’s ancestry or ethnic origin?

(For example: Italian, Jamaican, African Am.,
Cambodian, Cape Verdean, Norwegian, Dominican,
French Canadian, Haitian, Korean, Lebanese, Polish,
Nigerian, Mexican, Taiwanese, Ukrainian, and so on.)

than English at home?
[] Yes
[ No = SKIP to quesiion 158

b. What is this language? Q%é;
For example: Korean, It %Spanish, Vietnamese

c. How well does th% son speak English?
O

Very well
Well

Not well

OO0

Not at all

a. Does this person speak a language other&\@

®

a. Did this person live in this house or apartment
1 year ago?

|
a

|

Person is under 1 year old = SKIP to question 16
Yes, this house = SKIP to question 16

No, outside the United States and Puerto Rico —
Print name of foreign country, or

U.S. Virgin Islands, Guam, etc., below; then SKIP
to question 16

No, different house in the United States or
Puerto Rico

|

b. Where did this person live 1 year ago?

Address (Number and street name)

<\
@%

, or post office

Name of ci

©

U.S. county or municipio in Puerto Rico

Name of U.S. state or

Puerto Rico ZIP Code

@ Is this person CURRENTLY covered by any of the
following types of health insurance or health

coverage plans? Mark "Yes" or "No" for EACH type

of coverage in items a — h.

Yes

O

No
[

a. Insurance through a current or
former employer or union (of this
person or another family member)

b. Insurance purchased directly from
an insurance company (by this
person or another family member)

O

c. Medicare, for people 65 and older,
or people with certain disabilities

O
O

d. Medicaid, Medical Assistance, or
any kind of government-assistance
plan for those with low incomes
or a disability

e. TRICARE or other military health care

f. VA (enrolled for VA health care)

g. Indian Health Service

O oog ™
O o000 o™

h. Any other type of health insurance
or health coverage plan - Specify
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