




ABSTRACT
Background:  The Cystic Fibrosis Foundation (CFF) brings together committees of experts to write guidelines for various aspects of patient care.  Despite these standardized guidelines, cystic fibrosis (CF) care centers and affiliates across the U.S. have been shown to have great variations in guideline adherence and patient outcomes.  
Methods:  The 2012 center-level data for 114 centers and 49 affiliate programs was accessed online.  This study described the variations in center-level patient outcomes and adherence to Clinical Care Practice Guidelines (Guidelines), defined as the proportion of patients with at least four outpatient visits, two pulmonary function tests, and one sputum culture annually.  The outcome variables:  forced expiratory volume in one second (FEV1) % predicted in adults, FEV1 % predicted in children, body mass index (BMI) in adults, and BMI percentile in children were case-mix adjusted for current age, race/ethnicity, age and presentation at diagnosis, pancreatic status, gender, and income based on the characteristics at the individual centers.  Correlation coefficients were calculated to determine if center-level adherence to Guidelines is positively correlated with outcomes, and regression analysis was used to assess the ability of Guidelines adherence to predict outcomes.  A model selection method evaluated if center-level covariates [proportion of patients screened for cystic fibrosis-related diabetes (CFRD), number of patients seen, and program type (center or affiliate)] improve the prediction of outcomes.

Results:  Guidelines adherence and FEV1 % predicted were significantly greater in children than adults (p<.001).  A weak, positive association was found between Guidelines and:  FEV1 % predicted in children (r=0.25, p<.05); BMI percentile in children (r=0.33, p<.001); and BMI in adults (r=.18, p<.05).  In multivariable models, Guidelines adherence was a significant predictor of pulmonary and nutritional outcomes in children (p<.05) but not in adults.  Both program size and program type slightly improved the ability of the model to predict clinical outcomes in children (R2 increased by at least .05).  These models revealed that larger, non-affiliate programs tend to have better pulmonary and nutritional outcomes in children.

Conclusion / Public Health Statement: Improving adherence to Clinical Care Practice Guidelines may improve pulmonary and nutritional outcomes in children with CF.  Adherence to these guidelines does not appear to be linked to clinical outcomes in adults.
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1.0  Introduction

Cystic fibrosis (CF) is a genetic, multisystem disease that causes thick, sticky mucus to build up in the lungs, digestive tract, and other areas of the body.  The CF Foundation, established in 1955, was created to improve the understanding of CF, develop new treatments, and to find a cure or control for the disease.1  Before the foundation’s establishment, CF was considered a terminal childhood disease.  Although there is still no cure for the disease, advances in CF treatment have helped increase the median life expectancy of a CF patient to 41.1 years as of 2012.2
Experts from a variety of fields, including pulmonologists, gastroenterologists, nurses, respiratory therapists, dietitians, and social workers are required to work together to effectively treat CF patients.  To facilitate this collaboration, the CF Foundation established the national Care Center Network in 1961.3  Care centers monitor and follow-up CF patients, participate in CF clinical research, and work to educate health care professionals regarding the type of care CF patients require for best health.  Today there are approximately 115 CF care centers and more than 55 affiliate programs treating over 25,000 CF patients throughout the U.S.1
To ensure the continued success of the Care Center Network, the CF Foundation provides its care centers with up-to-date guidelines based on the latest research.  The guidelines and their supporting research publications are available online at www.cff.org/treatments/cfcareguidelines.  There are guidelines corresponding to a variety of aspects of patient care such as diagnosis, nutrition, and infection control.  This study analyzed three specific aspects of the Clinical Care Practice Guidelines (Guidelines); that annually each patient should have 1) at least four outpatient visits, 2) two pulmonary function tests, and 3) one sputum culture.  Adherence to Guidelines ensures closer patient monitoring, which allows for quick and aggressive treatment.
The CF Foundation Patient Registry (CFFPR), created in 1966, is a web-enabled database that is used throughout the entire Care Center Network as a longitudinal, observational study.4  Data from the CFFPR was first analyzed at the center level in 1999.5  Reports of these data are provided annually to Center Directors to allow for comparisons to the national averages and goals.  Despite the standardized recommendations for patient care, data analysis by Schechter, et. al.4 showed that there is great variation in guideline adherence and patient outcomes across the Care Center Network.
The CF Foundation made a subset of this center-level data publicly available in 2006 on its website http://www.cff.org/LivingWithCF/CareCenterNetwork/CareCenterData.  This project aims to use center-level data from 2012 to describe the variation among centers and to estimate the relationship between Guidelines adherence and patient outcomes at the center-level.  We hypothesize that Guidelines adherence would be a significant predictor of clinical outcomes and that a significant, positive association exists between Guidelines adherence and clinical outcomes.  
2.0  methods
2.1 population sample
Data from 2012 for 114 centers and 49 affiliate programs was accessed online at http://www.cff.org/LivingWithCF/CareCenterNetwork/CareCenterData.  Patients who consented to participate in the CFFPR were assigned to a primary care center where the majority of care takes place.  Patients less than 2 years of age were excluded from the analysis because BMI percentile is not calculated for this group.  Patients less than 6 years of age were excluded from the analysis of FEV1 because pulmonary function tests are not reliably performed in this group.  Patients who have undergone a lung transplant are excluded from the analysis.
2.2 Outcome measures
Forced expiratory volume in 1 second (FEV1) % predicted was used for pulmonary function assessment in adults (aged 18 years and over) and children (aged 6 to 17 years).  Prediction equations were applied for adults as described by Hankinson, et. al. and for children as described by Wang, et. al.6,7  The characterization of lung function in CF patients, as defined by the CF Foundation, is shown in Table 1 below5.

Table 1. Characterization of lung function in CF5
	FEV1 % predicted
	Lung function

	>90
	Normal

	70-89
	Mild lung disease

	40-69
	Moderate lung disease

	<40
	Severe lung disease


Body mass index (BMI) was used for nutritional assessment in adults (aged 20 years and over), and BMI percentile was used for children (aged 2 to 19 years).8  A BMI percentile greater than or equal to 50% is recommended for children with CF.9  Age cut points differ between pulmonary and nutritional assessment.  Patients over the age of 6 are included for pulmonary outcomes (6-17 years of age, and 18 and older).  Nutritional outcomes used age cut points that correspond to the Centers for Disease Control National Health and Nutrition Examination Survey (2-19 years of age, and 20 and older).8 
2.3 case-mix adjustment

In studies where cases are not randomly assigned to different treatments or institutions, adjustment is necessary to mitigate the effects of confounding factors.  The CFFPR has a standard method, as identified by O’Connor, et. al., to account for different patient profiles at each institution.10  Factors chosen for adjustment should have the following properties:  they vary across CF centers; they are associated with patient outcome (i.e. survival); and they are not consequences of treatment methods.10  The following factors were used for case-mix adjustment of CF center-level outcome measures: current age, gender, race/ethnicity, age and presentation at diagnosis, pancreatic status, and income (based on the average of individual zip code-based household incomes found in the 2000 U.S. census averaged across each program).10  Pulmonary and nutritional outcome measures from the center-level data obtained online were already case-mix adjusted.
2.4 clinical care practice guidelines & covariates

Adherence to Clinical Care Practice Guidelines (Guidelines), our main process measure, includes the proportion of patients having at least four outpatient visits, two pulmonary function tests, and one sputum culture annually (i.e. the proportion of patients meeting the established Guidelines).11  Guidelines adherence is given for children ( aged 6 to 17 years) and adults (aged 18 years and older) and are analyzed as either a continuous or categorical variable.  Roughly equal divisions were made to separate Guidelines adherence into quartiles.  For adults, the quartiles are:  <45%, 45-55%, 55-65%, >65%.  For children, the quartiles are:  <60%, 60-70%, 70-80%, >80%.  The national goal for Guidelines adherence, as defined by the CF Foundation, is 90%.11
Three covariates were assessed to determine if they improve the prediction of clinical outcomes:  the proportion of patients (aged 10 years and older) screened annually for cystic fibrosis-related diabetes (CFRD), program size (<50 patients, 50-150 patients, >150 patients), and program type (center or affiliate).  CFRD affects more than 35 percent of adults with CF.12  Annual screening for CFRD, recommended by the CFF for children aged 10 years and older, allows for a quick diagnosis and treatment of the condition.12  Affiliate programs have less strict criteria for accreditation compared to centers.  Affiliates do not have to meet the CF research and teaching requirements that centers must meet to be accredited.  In addition, affiliates are only required to have 20 patients, instead of the 50 required to be a center.
2.5 statistical analysis

Descriptive statistics and correlation coefficients were calculated on the center-level for Guidelines adherence and each of the outcome measures in children and adults.  Univariate linear regression was performed using Guidelines adherence as a continuous variable for the prediction of the outcome measures in children and adults.  A model selection process was predefined to determine if center-level covariates improve the prediction of pulmonary and nutritional outcomes using Guidelines adherence as a categorical variable in quartiles.  The All-Possible-Regressions Procedure was used to select a model for each outcome in children and adults.13  First, a series of models incorporating each possible combination of the independent variables and including Guidelines adherence were created [(1) Guidelines adherence; (2) Guidelines adherence, CFRD screening; (3) Guidelines adherence, program size; (4) Guidelines adherence, program type; (5) Guidelines adherence, CFRD screening, program size; (6) Guidelines adherence, CFRD screening, program type; (7) Guidelines adherence, program size, program type; (8) Guidelines adherence, CFRD screening, program size, program type].  The restricted model(s) with the least number of variables such that the F statistic comparing the maximum model (model 8) to the restricted model is not significant were identified.  If multiple models met these criteria, the model with the highest coefficient of determination (R2) and lowest mean squared error (MSE) was selected.  Interaction between program size and program type was tested by creating a model for each outcome including the main effect terms for program type (indicator variable), program size (continuous variable), and the corresponding cross-product interaction term.  The statistical significance of the interaction term indicated the presence of an interaction.  Statistical analyses were performed using Stata version 13.0.  A p-value <0.05 was considered statistically significant.
3.0  results
3.1 descriptive statistics
One hundred and sixty-three programs participate in the CFFPR.  Descriptive statistics per program are displayed in Table 2 below.  Each observation corresponds to a CF center or affiliate program.  Guidelines adherence was significantly greater (p<.001) in children (71.46±13.51) than adults (53.97±15.01).  FEV1 % predicted was also significantly greater (p<.001) in children (91.13±5.89) than in adults (65.62±4.65).  Boxplots showing these differences in Guidelines adherence and FEV1 % predicted between children and adults can be seen in Figure 1 below.  Reference lines correspond to the national goal for Clinical Care Practice Guidelines and the characterization of lung function, as defined by the CF Foundation (described above).
Table 2. Descriptive statistics for programs participating in CFFPR
	Characteristics
	CF programs (N=163)

	
	N
	Mean
	Standard Deviation
	Min
	Max

	Adult
	

	     FEV1 % predicted
	142
	65.62
	4.65
	48.61
	79.57

	     BMI
	134
	22.79
	0.68
	21.35
	25.48

	     Guidelines adherence
	147
	53.97
	15.01
	12.50
	82.86

	Children
	

	     FEV1 % predicted
	153
	91.13
	5.89
	66.41
	102.61

	     BMI percentile
	156
	51.91
	5.20
	35.67
	63.29

	     Guidelines adherence
	154
	71.46
	13.51
	38.71
	100

	CFRD screening
	160
	84.30
	11.38
	20
	100

	Program size
	164
	135.74
	112.88
	10
	499

	Program type
	N (%)

	     Center
	114 (69.9)

	     Affiliate
	49 (30.1)
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Figure 1. Boxplots of Guidelines adherence and FEV1 % predicted in adults vs. children

3.2 correlation coefficients
Pearson correlation coefficients are displayed in Table 3 below. A modest, positive association was found between Guidelines adherence and both pulmonary and nutritional outcomes in children (r = .252 and .333, respectively).  A weak, positive association was found between Guidelines adherence and BMI in adults (r = .178).  The association between Guidelines adherence and FEV1 % predicted was not significant in adults.
Table 3. Pearson correlation coefficients
	Age
	Variables
	Correlation coefficient (r)

	Adult
	FEV1 % predicted & Guidelines adherence
	.138 (p=.10)

	
	BMI & Guidelines adherence
	.178 (p<.05)

	Children
	FEV1 % predicted & Guidelines adherence
	.252 (p<.05)

	
	BMI percentile & Guidelines adherence
	.333 (p<.001)


3.3 univariate regression

The results from univariate linear regression are displayed in Table 4 below.  Guidelines adherence, analyzed as a continuous variable, explains a greater proportion of the variation in pulmonary and nutritional outcomes among children as compared to among adults.  In children, every unit increase in Guidelines adherence is associated with a .113 (.043, .182) unit improvement in FEV1 % predicted and a .129 (.070, .187) unit increase in BMI percentile.
Table 4. Univariate regression results

	Age
	Outcome
	R2
	Model 
p-value
	Guidelines adherence β coefficient

	Adult
	FEV1 % predicted
	.019
	.10
	.044 (-.009, .096) (p=.10)

	
	BMI
	.032
	<.05
	.008 (.0004, .016) (p<.05)

	Children
	FEV1 % predicted
	.064
	<.05
	.113 (.043, .182) (p<.05)

	
	BMI percentile
	.111
	<.001
	.129 (.070, .187) (p<.001)



3.4 multivariate regression

3.4.1 Model Selection

Inclusion of program size as a covariate improved the prediction of FEV1 % predicted and BMI percentile in children. Inclusion of program type also improved the prediction of these outcomes, but these models had slightly lower R2 and MSE values compared to models with program size as a covariate.  In adults, inclusion of the selected covariates did not improve the prediction of FEV1 % predicted; however, program size improved the prediction of BMI.  When the four models chosen from our model selection procedure are analyzed using Guidelines adherence as a continuous variable, we find that Guidelines adherence was a significant predictor of each clinical outcome (p<.05) except for lung function in adults.  The coefficient corresponding to a 10% increase in Guidelines adherence was β=0.44, p=.10 for FEV1 % predicted in adults; β=0.083, p=.034 for BMI in adults; β=.77, p=.028 for FEV1 % predicted in children; and β=1.15, p=<.001 for BMI percentile in children.  The four models chosen from our model selection procedure are included in Table 5 below.  No significant interaction was detected between program size and program type for any of the four outcomes.  The p-values of the cross-product interaction term for each outcome are as follows: p=.18 for FEV1 % predicted in adults; p=.15 for BMI in adults; p=.53 for FEV1 % predicted in children; p=.12 for BMI percentile in children.
Table 5. Model selection results

	FEV1 % predicted in adults

	
	Coefficient
	95% C.I.
	p-value

	Intercept
	65.036
	63.428, 66.644
	<.001

	Guideline adherence
	

	     <45% (ref)
	0
	
	

	     45%-55%
	-0.659
	-2.869, 1.551
	.557

	     55%-65%
	0.993
	-1.217, 3.203
	.376

	     ≥65%
	1.863
	-0.320, 4.045
	.094

	R2 = .044; MSE = 21.161; Model p-value = .100


	BMI in adults

	
	Coefficient
	95% C.I.
	p-value

	Intercept
	23.142
	22.777, 23.508
	<.001

	Guideline adherence
	

	     <45% (ref)
	0
	
	

	     45%-55%
	0.110
	-0.214, 0.434
	.503

	     55%-65%
	0.227
	-0.097, 0.551
	.168

	     ≥65%
	0.285
	-0.032, 0.602
	.078

	Size
	

	     <50 (ref)
	0
	
	

	     50-150
	-0.623
	-0.963, -0.282
	<.001

	     ≥150
	-0.564
	-0.915, -0.212
	.002

	R2 = .129; MSE = .420; Model p-value = .003


Table 5 Continued
	FEV1 % predicted in children

	
	Coefficient
	95% C.I.
	p-value

	Intercept
	85.707
	83.394, 88.020
	<.001

	Guideline adherence
	

	     <60% (ref)
	0
	
	

	     60%-70%
	1.920
	-0.886, 4.727
	.178

	     70%-80%
	2.319
	-0.165, 4.802
	.067

	     ≥80%
	3.087
	0.589, 5.585
	.016

	Size
	

	     <50 (ref)
	0
	
	

	     50-150
	3.609
	1.207, 6.011
	.003

	     ≥150
	5.271
	2.703, 7.839
	<.001

	R2 = .170; MSE = ; MSE = 29.878; Model p-value <.001


	BMI percentile in children

	
	Coefficient
	95% C.I.
	p-value

	Intercept
	47.019
	44.999, 49.039
	<.001

	Guideline adherence
	

	     <60% (ref)
	0
	
	

	     60%-70%
	2.309
	-0.156, 4.774
	.066

	     70%-80%
	2.553
	0.372, 4.733
	.022

	     ≥80%
	3.922
	1.747, 6.097
	<.001

	Size
	

	     <50 (ref)
	0
	
	

	     50-150
	3.362
	1.280, 5.443
	.002

	     ≥150
	2.766
	0.538, 4.993
	.015

	R2 = .162;  MSE = 23.058; Model p-value <.001


3.4.2 Change in Effect

Centers with higher Guidelines adherence tended to have better pulmonary and nutritional outcomes in children.  Assuming constant program size, a change in Guidelines adherence from the lowest quartile (<60%) to the highest quartile (>80%) is associated with a 3.09 (95% CI: 0.59, 5.59) unit improvement in FEV1 % predicted and a 3.92 (95% CI: 1.75, 6.10) unit improvement in BMI percentile in children.

Larger, non-affiliate programs tended to have better clinical outcomes in children.  Assuming constant Guidelines adherence, a change in program size from the smallest size (<50) to the largest size (>150) is associated with a 5.27 (95% CI: 2.70, 7.84) unit improvement in FEV1 % predicted and a 2.77 (95% CI: 0.54, 5.00) percentile improvement in BMI in children.  Assuming constant Guidelines adherence, a change in program type from affiliate to center is associated with a 3.43 (95% CI: 1.42, 5.45) unit improvement in FEV1 % predicted and a 2.40 (95% CI: 0.65, 4.14) percentile improvement in BMI in children. 
3.5 clinical interpretation
Using the CF Foundation’s characterization of lung function in CF, the estimated average lung function for children at programs with <60% Guidelines adherence and seeing <50 patients corresponds with mild lung disease (FEV1 % predicted = 85.71) according to our model.  On the other hand, the estimated average lung function for children at programs with ≥80% Guidelines adherence and seeing ≥150 patients corresponds with normal lung function (FEV1 % predicted = 94.07).
According to our model, the estimated average BMI percentile for children at programs with <60% Guidelines adherence and seeing <50 patients is below the 50% BMI percentile goal (BMI percentile = 47.02).  On the other hand, the estimated average BMI percentile for children at programs with ≥80% Guidelines adherence and seeing ≥150 patients is above the BMI goal (BMI percentile = 53.71).
4.0  discussion

This study partially confirms our hypothesis that Guidelines adherence is a significant predictor of pulmonary and nutritional outcomes (i.e. this was demonstrated for children, but not for adults), at the center level.  In univariate regression, we found no significant association between FEV1 % predicted and guideline adherence in adults, whereas models for the other three outcomes were significant.  In multivariate regression adjusting for CFRD screening, program size, or program type (as dictated by the predefined model selection criteria), increased Guidelines adherence was not associated with improved outcomes in adults, however, in children, improved center-level adherence to Guidelines was significantly associated with improved nutritional status and lung function.  Our other hypothesis, that Guidelines adherence and clinical outcomes have a significant, positive association, was similarly confirmed in children but not adults.  The correlation coefficient between Guidelines adherence and FEV1 % predicted in adults was not significant.  These results indicate that improving center-level adherence to Clinical Care Practice Guidelines may improve pulmonary and nutritional outcomes in children with CF.  However, this relationship does not seem to exist for adult CF patients.
Guidelines adherence and FEV1 % predicted were both significantly higher in children than in adults.  Since CF is a progressive, chronic disease it is expected that lung function will be better in children than in adults.  Higher Guidelines adherence in children is also not surprising considering that, according to the Centers for Disease Control and Prevention, children are over 10% more likely than adults to have contact with a health care professional in a given year.14  Seeing a health care professional and adhering to Guidelines is in large part the responsibility of children’s parents rather than the children themselves, while adults must take responsibility for attendance at clinic on their own.  Younger CF patients (with the help of their parents) have been found to be more compliant with treatment,15 so it would follow that they are more likely to comply with Clinical Care Practice Guidelines.  Differences between pediatric and adult practitioners could also explain the differences in Guidelines adherence.  For example, adult practitioners may provide more treatment over the phone to patients than pediatric practitioners, resulting in fewer adult clinic visits.
One explanation for why the closer patient monitoring associated with following Clinical Care Practice Guidelines may not closely relate to clinical outcomes in adults is the general independence and experience associated with being an adult CF patient.  Over the years of living with CF, many adults develop a keen sense of when a pulmonary exacerbation is emerging.  Adults may therefore not rely on the results of pulmonary function tests or sputum cultures to determine when a pulmonary exacerbation has begun and when new treatment is needed.  Adherence to Clinical Care Practice Guidelines would therefore have a minimal impact on the adult patient’s clinical outcomes.  Ongoing studies examining early interventions and home monitoring in CF patients may provide more insight into this relationship.  It is also important to note that Guidelines adherence may have less influence on lung function in adults than in children by virtue of the fact that adults have reduced lung function compared to children.  Konstan et al.16 concluded that the most significant risk factor for a decrease in lung function in CF patients is having higher lung function.  Stronger relationships might be found (in both children and adults) if additional guidelines for care were taken into account.  For example, there are bunches of guidelines for chronic medications that we were not able to analyze.
This study has a number of important limitations.  The transfer of patients from one program to another may result in CF programs “inheriting” patients whose health status does not reflect the quality of care of the program they transferred to.  Other biases include the possibility that exceptionally healthy patients are electing not to go to outpatient visits as often as recommended.  This would distort the relationship between Guidelines adherence and clinical outcomes.  Lastly, survivor bias could influence our results.  The CF Foundation Patient Registry includes prevalent cases at programs in 1986, prevalent cases after 1986, and incident cases since 1986.2  As a result, only those patients surviving to 1986 are represented in the group of patients aged over 26 years in 2012.
Conclusions from this study can be applied to our understanding of and comparisons of CF Care Center success measures.  It would be an ecological fallacy to attempt to extend these conclusions to patient-level outcomes; associations seen on the aggregate level do not necessarily reflect those seen on the individual level.  Further observational research examining individual Guidelines adherence and clinical outcomes would be necessary in order to apply these conclusions to individual patients.
Future studies should examine additional center-level process of care measures, including adherence to different CFF guidelines and/or the patterns of drugs prescribed, in order to further explain the variations seen in center-level patient outcomes.  Understanding these variations will help identify the best strategies for CF patient care.
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