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Insurance Type as Causality for HPV Vaccine Completion Rate, Logistic Regression

Human Papilloma Virus (HPV) is regarded as a sufficient cause of cervical cancer, and has been reported to be found in 100% of patients with cervical cancer (Markowitz et al., 2007).  HPV can also cause vaginal and vulvar cancer.  Gardasil is an effective vaccine for prevention of HPV infection and associated disease (Garlend et al., 2007) that is now covered for girls and young women, and in some cases for boys, by most insurance plans.  The typical Gardasil regimen consists of three shots over a 6-month period.  If the full regimen is not completed, the vaccine may not have long-term effectiveness.  A large-scale prospective study of female members of the Kaiser Permanente managed care group found that patient demographics including race, socioeconomic status, primary care physician characteristics, historical health service utilization, other health-related conditions, and patient age were significant predictors of completion of the vaccine regimen (Chao et al. 2009).

The provided dataset was collected as a retrospective study conducted at the Johns Hopkins Medical Institutes, of 1413 female patients who received an initial Gardasil vaccination between 2006 and 2008.  These patients were given at least 12 months to complete the vaccination regimen, and assessed for the primary outcome of completion of the regimen (yes/no).  Observed potential predictors of outcome included :  This study is published in the journal Obstetrics and Gynecology (Chou et al. 2011), with the following summary results:
RESULTS: Of the 1,413 girls and young women who initiated HPV vaccination, 469 (33.2%) completed the vaccine series. Overall, private insurances (odds ratio 1.87, 95% confidence interval 1.26–2.76) and suburban practice locations (odds ratio 1.44, 95% confidence inter- val 1.04–1.98) were associated with higher vaccine completion rates. African American race was associated with lower completion rates (odds ratio 0.50, 95% confidence interval 0.38 – 0.65). In multivariable analyses, the combination of younger age (11–17 years) and urban practice location was associated with very low likelihood of completing HPV vaccination (22%; P=.023).
For this assignment:

1. attempt to reproduce the results provided in Tables 2 (univariate analysis) and 3 (multivariate analysis) of this paper.
2. Insurance type is a modifiable risk factor, and if it is causal, may provide a means by which to improve completion rates by modifying insurance plans.  Discuss the potential for confounding by other variables in this dataset.

Codebook:
· Age: Patient's age in years

· AgeGroup: Patient's age group (0 = 11-17, 1 = 18-26)

· Race: Patient's race (0 = white, 1 = black, 2 = Hispanic, 3 = other/unknown)

· Shots: Number of shots completed

· Completed: Did the patient complete the three-shot sequence within a 12-month period? (0 = no, 1 = yes)

· InsuranceType: Type of insurance (0 = medical assistance, 1 = private payer [Blue Cross Blue Shield, Aetna, Cigna, United, Commercial, CareFirst], 2 = hospital based [EHF], 3 = military [USFHP, Tricare, MA])

· MedAssist: Medical assistant indicator variable (0 = patient does not have medical assistance, 1 = patient has medical assistance)

· Location: Clinic that patient attended (1 = Odenton, 2 = White Marsh, 3 = Johns Hopkins Outpatient Center, 4 = Bayview)

· LocationType: Location type indicator variable (0 = suburban, 1 = urban)

· PracticeType: Type of practice patient visited (0 = pediatric, 1 = family practice, 2 = OB-GYN)

Data cleaning code for R

library(gdata)

gardasil = read.xls("gardasil.xls")

gardasil$AgeGroup <- factor(gardasil$AgeGroup, labels=c("11-17", "18-26"), levels=0:1)
gardasil$Race <- factor(gardasil$Race, labels=c("white", "black", "hispanic", "other/unknown"), levels=0:3)

gardasil$Completed <- factor(gardasil$Completed, labels=c("no", "yes"), levels=0:1)

gardasil$InsuranceType <- factor(gardasil$InsuranceType, labels=c("medical assistance", "private payer", "hospital based", "military"), levels=0:3)

gardasil$MedAssist <- factor(gardasil$MedAssist, labels=c("no", "yes"), levels=0:1)
gardasil$Location <- factor(gardasil$Location, labels=c("Odenton", "White Marsh", "Johns Hopkins Outpatient Center", "Bayview"), levels=1:4)

gardasil$LocationType <- factor(gardasil$LocationType, labels=c("suburban", "urban"), levels=0:1)
gardasil$PracticeType <- factor(gardasil$PracticeType, labels=c("pediatric", "family practice", "OB-GYN"), levels=0:2)

summary(gardasil)


Yellow-highlighted factors need their reference categories changed to produce accurate results from article’s table.
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Logistic Regression.

INTRODUCTION: 

“Disparities in Human Papillomavirus Vaccine Completion Among Vaccine Initiators” by Chou et al is an observational retrospective cohort study that examines the rates of completing 3 HPV vaccinations in young female patients who started the vaccination program and the predictors that come with not being able to finish it. This report attempts to reproduce the results of the study and examine the possibility of confounding by location type, practice type, age and race when insurance type is the exposure and the completion of all 3 vaccinations as the outcome.

STATISTICAL PROGRAM:
R was used to reproduce the results from the paper and to examine possible confounding.
   
	Table 1. Human Papillomavirus Vaccination Completion Univariate Analysis (Based on Table 2 from Chou et al)

	Variable
	n
	Completed 3 Vaccinations in 12 Months
	(%)

	Age (y):
	18-26
	712
	222
	    (31.18)

	
	11-17
	701
	247
	(35.235)

	Public Insurance:
	Medical Assistance
	275
	
55
	(20)

	Private Insurance:
	Private Payer
	723
	253
	(34.993)

	
	Hospital Based
	84
	39
	(46.429)

	
	Military
	331
	122
	(36.858)

	Practice Location:
	
Urban
	450
	
114
	(25.333)

	
	Suburban
	963
	355
	(36.864)

	Practice Type:
	Pediatric
	515
	162
	(31.456)

	
	Family Practice
	365
	106
	(29.041)

	
	OB-GYN
	533
	201
	(37.711)

	Race or ethnicity:
	
White
	732
	
280
	(38.251)

	
	Black
	443
	105
	(23.702)

	
	Hispanic
	52
	17
	(32.692)

	
	Other/Unknown
	186
	67
	(36.022)

	White or Minority:
	
White
	732
	
280
	(38.251)

	
	Minority
	495
	122
	(24.646)

	
	Other/Unknown
	186
	67
	(36.022)

	N= 1,413.
	
	
	
	


REPRODUCTION OF STUDY RESULTS:
Chou et al’s study does not focus on a particular association, but looks at the associations between a 
number of independent variables and the completion of 3 human Papillomavirus vaccinations in a 
population of females 11-26.  The following tables show the rates of completion within a 12-month period from 2006-2007. The first table is reproduced according to the study’s Table 2 findings and shows the number of individuals in the sample size that belong within each category, where n represents frequency, “Completed 3 vaccinations in 12 Mo” means the number of young girls that have taken all three shots within the year.

Logistic regression was used to determine the vaccination completion rates. Like the first table in this report, Table 2 is also based off of the results from Chou et al’s second table. Shown here are the unadjusted odds ratios denoting the association between each independent variable and the outcome of interest.

	Table 2. Human Papillomavirus Vaccination Completion Rates (Based on Table 2 from Chou et al)

	Variable
	OR
	2.50%
	97.50%
	       p

	Age (y):
	(Intercept)
	0.453
	0.386
	0.53
	1.29E-22

	
	11-17.
	1.201
	0.962
	1.499
	0.1056853

	Insurance Type:
	(Intercept)
	0.25
	0.184
	0.333
	3.73E-20

	
	Private Payer
	2.153
	1.553
	3.025
	6.22E-06

	
	Hospital Based
	3.467
	2.06
	5.85
	2.88E-06

	
	Military
	2.335
	1.619
	3.4
	7.21E-06

	Medical Assistance:
	(Intercept)
	0.25
	0.184
	0.333
	3.73E-20

	
	No
	2.287
	1.674
	3.173
	3.77E-07

	Location Type:
	(Intercept)
	0.339
	0.273
	0.418
	2.01E-23

	
	Suburban
	1.721
	1.344
	2.215
	2.01E-05

	Practice Type:
	(Intercept)
	0.459
	0.38
	0.552
	2.26E-16

	
	Family Practice
	0.892
	0.665
	1.194
	0.4431689

	
	OB-GYN
	1.319
	1.022
	1.704
	0.0335651

	Race or Ethnicity:
	(Intercept)
	0.619
	0.533
	0.718
	3.04E-10

	
	Black
	0.501
	0.384
	0.652
	3.28E-07

	
	Hispanic
	0.784
	0.422
	1.406
	0.4255341

	
	Other/Unknown
	0.909
	0.648
	1.266
	0.575524

	White or Minority:
	(Intercept)
	0.619
	0.533
	0.718
	3.04E-10

	
	Minority
	0.528
	0.409
	0.679
	7.50E-07

	
	Other/Unknown
	0.909
	0.648
	1.266
	0.575524

	OR, odds ratio; CI, confidence interval. 
	
	
	
	

	Reference categories: 18-26, Public, Medical Assistance: Yes, Urban, Pediatrics, White, White, respectively.

Adjusted multivariate logistic regression was then conducted for the association between each independent variable and the completion of all 3 HPV vaccinations within 12 months, controlling for or taking into account all other listed factors (Table 3).


Table 3: Multivariate Logistic Regression: Adjusted Odds Ratios for the Association between Variables and HPV Completion

                          Variable

           OR

  2.50%

97.50%

p

(Intercept)
  0.189

0.118

0.298

1.56E-12

Age (y):

11-17

1.714

1.261

2.334

0.000601

Medical Assistance:

No

1.869

1.269

2.777

0.001729

Practice Location:

suburban

1.435

1.043

1.981

0.027182

Practice Type:

Family Practice

0.781

0.534

1.139

0.199736

OB-GYN

1.433

0.996

2.065

0.052892

Race or ethnicity:

Minority: Black or Hispanic

0.64

0.49

0.833

0.000947

 

Other/Unknown

0.938

0.661

1.323

0.71589

OR, odds ratio; CI, confidence interval. 

Reference categories: 18-26, Public, Medical Assistance: Yes, Urban, Pediatrics, White, respectively.


Even though all factors were taken into account in each association in the multivariate analysis in the above table, not every predictor can be considered a confounder.

DISCUSSION ON CONFOUNDERS:

A confounder is usually defined as a third variable that distorts the association between an exposure and its outcome. This third variable, like the exposure, is associated with the outcome and could also carry a causal relationship with the outcome of interest. It is also associated and could cause the exposure, but cannot be caused by the exposure itself. The confounder is lastly unlike a mediator, and carries no function on the actual causal pathway  between the exposure and disease. Figure 1 is a directional acyclic graph (DAG) of the relationship between an exposure, the outcome, and a confounder.
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                          Figure 1: Directional Acyclic Graph (DAG) of a Confounder on a Causal Association of Interest. 

Statistical Tests Used on Confounders:

There is unfortunately no statistical test that can determine a confounder from a mediator (Jones 2). However, there are tests that can measure the magnitude or strength of confounding or mediation of a factor on an association. These methods could potentially differentiate between a partial confounder or a complete confounder. One way is finding the change in the natural log odds ratios between the crude and the adjusted, using: [(crude lnOR–adj lnOR)/crude lnOR ]*100 (Jones 2, Thorpe 34-36). Though it is not crucial to have a sharp cutoff,  10% will be the critical alpha used as a determinant of whether the third variable strongly or weakly affects the main association in this report.  If the percentage falls below 10% the confounder or mediator only has a minor significance on the main association between the exposure and the outcome. The other method is to apply the beta coefficient values in a similar formula ([(β1 (crude) – β1 (adjusted))/ β1 (crude)] *100) to determine the influence of the third variable (Thorpe 34-36). 

It is challenging to determine whether third variables could be construed as confounders on certain causal associations between an exposure and outcome. Statistical methods can only support the identification confounder, but cannot prove it to be an actual confounder, meaning that the numerical success of a third variable on a statistical test does not necessarily prove it to be a confounder. The only way known to pinpoint the role of a third variable in relation to the main association is to examine the plausibility of its role as a confounder and to look at existing literature (Thorpe).

Since all dependent variables are predictors for completion of all 3 HPV vaccinations in this study, the most important association to examine is the plausibility of the confounder causing the exposure (Figure 1).

Insurance Type (Exposure), Completion of 3 HPV Vaccinations (Outcome), Location Type (Third Variable):

Chou et al considers insurance type as a socioeconomic status (SES) variable (Chou et al, 2011, p.15). Socioeconomic status generally is measured by wealth and the area one lives (Taueber and Taueber ,1964). Many studies have examined the relationship between SES and where people choose to settle down, whether it is the suburbs or the city. For example, Taeuber and Taeuber found that individuals with higher social economic status tend to move to the suburbs and less people with high SES move to the city. This scenario parallels the association between insurance type (the exposure) and location type (third variable), and can help determine if location type is a confounder or a mediator. Since Chou et al views insurance type as an indicator for social economic status (p.15), young female patients who have private insurance would be considered of high socioeconomic status, and therefore are more likely to attend a clinic in the suburbs (Table 4). This train of thought would lead location to be a mediator more than a confounder. If the arrow was switched in the DAG (Figure 2), so that location type is a confounder, it would mean that location type or where one goes to get treated would determine the individual’s insurance type or socioeconomic status, which would not be as plausible. Having private/public insurance, and high or low socioeconomic status, has to do with yearly salaries, financial stability or financial instability and is generally not changed by a rural or urban setting.  

Table 4. Number of Female Patients who have Public or Private Insurance who Received 3 HPV Vaccinations in Urban or Suburban Setting.

Variable

urban

suburban

Public insurance (Medical Assistance)

237

38

Private insurance

213

925
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Figure 2. DAG for Insurance Type (Exposure), Completion of 3 HPV Vaccinations (Outcome), Location Type (Third Variable).

The following table shows the magnitude of location type, as a third variable, on the association between insurance type and completion of 3 vaccines.
 
Table 5. Adjusted HPV Vaccination Completion Rate for Insurance Type, Controlling for Location Type

Variable

OR

2.50%

97.50%

p

 

(Intercept)

0.241

0.177

0.323

1.22E-20

Medical Assistance: 

No(Private)
1.942

1.34

2.843

0.000535

OR= odds ratio, 2.5% and 97.5%= 95% confidence interval, p= p-value

Reference Category: Yes (Public Insurance)



Crude lnOR (OR found from Table 2): ln(2.287)=                     0.827
Adjusted lnOR: ln(1.942)=                                                                0.664
Change in lnOR
= [(crude lnOR–adj lnOR)/crude lnOR ]*100= [(0.827-0.664)/ 0.827]*100= 19.71%

There was a 19.71% change in the association between insurance type and having all 3 HPV vaccinations completed on the natural log scale when we adjusted for location type.

Though the change in lnOR between the crude and the adjusted is greater than 10%, we cannot conclude that location type is a confounder to this association under study. As was described above, location type seems to be a mediator rather than a confounder. The adjusted odds ratio is also closer to 1 than the unadjusted odds ratio, which is a telling sign that location type can be a mediator. In this case, the unadjusted odds ratio would normally be reported.
 

Insurance Type (Exposure), Completed 3 Vaccinations (Outcome), Practice Type (Confounder):
  It is difficult to classify practice type as only being a confounder because it could potentially also be a mediator as well. In terms of its ability to be a confounder, young female patients could choose their healthcare provider and determine whether they will have public or private insurance based on their choice of doctor. In this instance, practice type would be classified as a potential confounder. However, it could also be a mediator and end up being situated on the causal pathway (Figure 3). Young female patients can also choose a physician based on their own insurance coverage. This scenario seems more plausible just because one would less likely change their insurance plans for a particular doctor when there are services that help patients find doctors that would accept their insurance plans, like ZocDoc, doctor.com, etc. Also, only a minority of individuals will actively search for a particular physician, and knowing more about a doctor before getting treated (such as if he accepts certain types of health insurance) is more popular than remaining with a particular physician (Harris). Though the latter scenario seems more plausible, one cannot rule out practice type as a confounder. It really does depend on the sample population, and which method the young female patients chose to get vaccinated. 
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Figure 3. DAG Insurance Type (Exposure), Completion of 3 HPV Vaccinations (Outcome), Practice Type (Third Variable).

The following table measures the association between insurance type and having completed all 3 vaccinations, controlling for practice type.

Table 6. Adjusted HPV Vaccination Completion Rate for Insurance Type, Controlling for Practice Type

 

 

OR

2.50%

97.50%

p

 

(Intercept)

0.252

0.184

0.338

4.53E-19

Medical Assistance:

No(Private)
2.527

1.808

3.578

9.73E-08

OR= odds ratio, 2.5% and 97.5%= 95% confidence interval, p= p-value

Reference Category: Yes (Public Insurance)



One can measure the strength of the third (practice type) on the association between insurance type and completion of 3 HPV vaccinations.

Crude lnOR (OR found from Table 2):
ln(2.287)=                      0.827
Adjusted lnOR:
 ln(2.527)=
                                                          0.927
Change in lnOR
= [(crude lnOR–adj lnOR)/crude lnOR ]*100= [(2.153-0.832)/ 2.153]*100= -12.092%

There was a -12.71% change in the association between insurance type and having all 3 HPV vaccinations completed on the natural log scale when we adjusted for practice type.
Practice type seems to have a moderate influence on the association between insurance type and completion of 3 HPV vaccinations. The negative percentage is due to the higher adjusted measure associations compared to their unadjusted counterparts. The adjusted and unadjusted odds ratios are estimates that come with standard errors. The adjusted odds ratio does, however, lie within the 95% confidence interval of the unadjusted odds ratio. This 12% difference is more likely due to its more plausible role as a mediator more so than a confounder. In the instance of a mediator, the unadjusted odds ratio would be reported and the adjusted odds ratio would be reported if it is a confounder.   

Insurance Type (Exposure), Completed 3 HPV Vaccinations (Outcome), Age Group (Confounder):

Unlike the previous third variables, age group is a confounder and cannot be a mediator in the association between insurance type and having completed 3 HPV vaccinations. In the case of young female patients, age can generally determine insurance type. Some adolescents are covered under their parents’ insurance plans and would have private insurance, while others who may be college graduates and unemployed can be covered by public insurance. Age can determine the type of health insurance but being insured cannot determine age. That said, the arrow in the DAG that denotes the association between the exposure and the third variable points from age group to insurance type, making age group a confounder (Figure 4).
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Figure 4. DAG Insurance Type (Exposure), Completion of 3 HPV Vaccinations (Outcome), Age Group (Third Variable).

The affect age group can have as a confounder on the association between insurance type and completion of all 3 HPV vaccinations can be calculated, as seen below.
 
Table 7. Adjusted HPV Vaccination Completion Rate for Insurance Type, Controlling for Age Group

Variable

OR

2.50%

97.50%

p

 

(Intercept)

0.187

0.13

0.263

5.91E-21

Medical Assistance:

No(Private)
2.603

1.883

3.65

1.38E-08

OR= odds ratio, 2.5% and 97.5%= 95% confidence interval, p= p-value

Reference Category: Yes (Public Insurance)


Crude lnOR (OR found from Table 2): ln(2.287)=
       0.827

Adjusted lnOR:
 ln(2.603)=
                                                    0.957
Change in lnOR
= [(crude lnOR–adj lnOR)/crude lnOR ]*100= [(0.827-0.957)/ 0.827]*100= -15.719%

There was a -15.719% change in the association between insurance type and having all 3 HPV vaccinations completed on the natural log scale when we adjusted for age.

Age group seems to have an influence on the association between insurance type and completion of 3 HPV vaccinations. The negative percentage is due to the higher adjusted measure of associations compared to their unadjusted counterparts. The adjusted and unadjusted odds ratios are estimates that come with standard errors. The adjusted odds ratio does, however, lie within the 95% confidence interval of the unadjusted odds ratio. This 15.719% difference shows age group moderate affect on the exposure and the outcome.  As described previously, age group is a confounder and not a mediator and the adjusted odds ratio would be reported.


Insurance Type (Exposure), Completed 3 HPV Vaccinations (Outcome), Race (Confounder):

Like age group, race is a definite confounder when insurance type and having completed 3 HPV vaccinations are the exposure and outcome (Figure 5). Insurance type does not determine race and ethnic background of individuals. However, some racial population are more likely to have a certain type of insurance. 
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Figure 5. DAG Insurance Type (Exposure), Completion of 3 HPV Vaccinations (Outcome), Race (Third Variable).

The following calculations show the magnitude of race confounding on the main association between the exposure and outcome.

Table 8. Adjusted HPV Vaccination Completion Rate for Insurance Type, Controlling for Race

Variable

OR

2.50%

97.50%

p

 

(Intercept)

0.338

0.241

0.468

1.41E-10

Medical Assistance:

No(Private)

1.982

1.435

2.774

4.59E-05

OR= odds ratio, 2.5% and 97.5%= 95% confidence interval, p= p-value

Reference Category: Yes (Public Insurance)

Crude lnOR (OR found from Table 2): ln(2.287)=                 0.827

Adjusted lnOR:
 ln(1.982)=                                                           0.684
Change in lnOR
= [(crude lnOR–adj lnOR)/crude lnOR ]*100= [(0.827-0.684)/ 0.827]*100= -17.291%

There was a -17.291% change in the association between insurance type and having all 3 HPV vaccinations completed on the natural log scale when we adjusted for race.

Like the other variables, race was only moderately affecting the association between the exposure and outcome, with only -17.291% difference between the adjusted and the unadjusted ln(OR)s. Race is undoubtedly a confounder, so the reported odds ratio should be adjusted.


CONCLUSION:

From the results of measuring the magnitude of the third variables on the association between insurance type and completion of all 3 vaccines, it can be observed that the unadjusted and the adjusted lnORs all exceed 10%, but the effect of these third variables are only moderately strong. Also, after considering the plausibility of the third variables being confounders, it can be concluded that age and race are the only true confounders, that location type seems to be a mediator, and practice type could be either a confounder or a mediator but its role as a mediator seems to be more plausible.  

Residual Confounders: 

Residual confounding is confounding that continues to persist after adjustment (Thorpe 40) and could be caused by a poor proxy for a true confounder. Residual confounders are confounders that are not measured at all and are generally difficult to identify in results. Socioeconomic status in this study can be a residual confounder in this instance because other variables such as age, race and ethnicity were used as substitutes (Chou et al 13). These proxy variables, however, are not synonymous with SES, which should have been measured by household income, or where participants lived.

Another suggestive factor to measure could have been education level. Many studies have examined the role of education as a predictor for behavior concerning health. Females who have spent more time in school may be more inclined to have all 3 HPV vaccinations completed within the 12 month period.  

Though the study could have included variables that may be stronger predictors of having all 3 HPV vaccinations completed, the lack of data, resources and the observational study design may have hindered the attainment of possibly stronger results.
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