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Abstract (349 words) 

Background: 

In 2012 and 2013, a quality improvement program was launched in 14 Cystic Fibrosis centres 

in France to improve care and patient outcomes. The PHARE-M performance study, funded by 

the French Ministry of Health, was designed to assess the impacts of the program. One goal 

was to determine whether the undertaking aimed at developing a culture of quality among 

care teams would result in limiting lung function decline in patients and/or would present 

improved BMI evolution results when compared with control centres. 

Methods:  

A quantitative experimental study was designed using repeated data on forced expiratory 

volume in 1 second (FEV1) and on body mass index (BMI) over time. Two groups of patients 

were included in a closed cohort: one group took part in the PHARE-M program while the 

other did not participate. Patients were paired (1-1) based on age range and type of centre. 

The annual values collected in the French Patient Registry for the years 2012, 2013, 2014 and 

2015 were used as data. In the case of transplanted and deceased patients, data were 

replicated up to year 2015 using the last available value in the registry before death or 

transplantation.  

Results 

In 2012, 1077 patients were included in each of the two paired groups. By 2015, 155 patients 

and their pairs had left the cohort due to them changing centres during the study. The sex 

ratio was different in the two paired groups. Before controlling for the sex ratio, no significant 

differences regarding the 3-year evolution of the mean FEV1 and BMI data were observed 

between the two groups, except for a significant difference in adolescents (13-17 years of age) 

for the mean BMI Z-score (control population: +0.04, Std error=0.01, p<0.0001; PHARE-M 

group: -0.034, Std error=0.014, p=0.018).  

Conclusion/Discussion        

In the context of the PHARE-M performance study, when comparing centres trained in the QI 

program and nonparticipating centres, significant impacts on the evolution of patient 

outcomes were not identified after three years. However, changes in the organization of care 

had a local impact on the outcomes of a select number of patients, as reported in previous 

articles.   

 

Key words:  Cystic fibrosis; quality improvement; performance of care; patient outcomes 
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At-a-glance Commentary (379 words) 

Scientific knowledge on the topic  

Lung function decline (FEV1) in cystic fibrosis patients is observed over time. Lung function is 

correlated with nutritional status (BMI) in children and in adults. Pulmonary exacerbations 

are pejorative events; early diagnosis and effective treatment are needed to recover 

previous FEV1 values1 2. While pulmonary transplantation is an ultimate recourse to be 

considered when FEV1 decreases below 40%, not all patients are eligible depending on other 

co-morbidities. 

CF care is complex: multidisciplinary teams are required and accessing appropriate treatments 

in a timely manner is key to reducing lung function decline over time. Home care and patient 

education are decisive to maintain patient autonomy and to ensure good adherence to 

burdensome treatments. Differences in patient outcomes may result from variations in care 

quality and from social and environmental factors, as shown in patient registries per centre.  

What this study adds to the field 

Quality Improvement (QI) programs are developing in many countries. Various approaches 

are used, such as benchmarking, learning and leadership collaboratives, peer reviews, and 

combinations of the above. And yet, the impact of such programs on patient outcomes has 

not been demonstrated through statistical methods comparing the evolution of the health 

data of participating and non-participating patient cohorts. The Phare-M performance 

research project was designed to assess whether the French QI program affected the 

evolution of FEV1 and BMI over three years in 14 centres. Although there had been previous 

reports of local improvements on patient outcomes for selected groups of patients, no 

significant differences were found between centres involved in the QI program and control 

centres. This result raises questions on the duration, intensity and scope needed for QI efforts 

to impact health outcomes in large populations of patients. Even if such an impact were to be 

observed, attributing it to QI efforts would remain challenging due to a number of 

confounding factors.
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Background (1749 words) 1 

Cystic fibrosis (CF) is the most common life-shortening inherited disease among Caucasian 2 

populations. It affects approximately 7,000 people in France3. In 2002, the generalization of 3 

newborn screening (NBS) and the creation of a network of CF centres in France led to 4 

multidisciplinary teams developing expertise in CF care. Patient and family education was 5 

prioritized to enhance autonomy and adherence to treatments at home. The European 6 

standards of care, which are regularly updated, cover the following areas: Best Practices4, 7 

Centre framework5 and Quality Improvement (QI) of care6. In France, the Ministry of Health7 8 

issued a National Protocol for CF Diagnosis and Care. However, despite the publication of 9 

recommendations and the expertise of teams on the ground, differences exist in the 10 

organization of care and patient registry data show variations in patient outcomes among 11 

centres.  12 

The centre of expertise in Nantes chose to follow the framework of the United States’ CF 13 

Foundation QI program. As described in an earlier publication8, the Nantes centre took the 14 

initiative of transposing this collaborative program to the French context. Since the PHARE-M 15 

program needed to adapt its format to the French model of CF care (including patient 16 

therapeutic education and home physiotherapy), a 2-year pilot phase was initially launched 17 

with seven centres participating in each annual session. In order to reach the goal of deploying 18 

the final version of the program across the French CF network, the 14 pilot centres were 19 

invited to collaborate and to suggest adjustments. The final version of the project was 20 

deployed from 2014 to 2018 and included 13 additional CF centres. It was recognized in 2015 21 

as a continuing training program by the French national agency for continuing professional 22 

development (OGDPC1). 23 

PHARE-M is a learning and leadership collaborative program 9 10 that combines: 24 

- a one-year training program made up of 4 day-sessions organized as follows: Day 1 - 25 

conducting a CF microsystem diagnosis and defining a goal for improvement; Day 2 - 26 

analysing causes (causes and effects diagram) and identifying improvements in care 27 

that are needed to reach the improvement goal in a set time; Day 3 - conducting a 28 

benchmarking visit at a centre that has remarkable results or processes of care to 29 

 
1 OGDPC : Organisme de Gestion du Développement Professionnel Continu 
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inspire the care teams in the program; Day 4- planning and organizing Plan-Do-Study-30 

Act (PDSA) cycles and implementing measures that matter to follow-up the 31 

implementation. 32 

- the application of the QI method to the context of each centre : teams diagnose their 33 

own microsystem, they choose their improvement goal, they draw ideas for change 34 

from Best Practice guidelines4 and from the benchmarking process, they define their 35 

PDSA cycles and start implementing changes during the one-year program. 36 

The program was intended to develop a culture of quality improvement: learning QI methods 37 

and tools while simultaneously applying these tools based on each centre’s local QI project. 38 

The aim of this approach is to apply the QI method through practical experience and to use 39 

this experience to further address new topics. Thanks to the program’s collaborative nature, 40 

centres are aware of the other centres’ contexts of care; multiple teams can share change 41 

ideas, reflect on practices and consider actions for improvement that are realistic in their 42 

context.  43 

As exposed by Dewey11, four main skills are developed through experiential learning: the 44 

ability to mobilize previous experiences; the reflective ability to draw observations from such 45 

experiences; the ability to conceptualize and think abstractly; and the ability to experiment. 46 

The learning process is twofold. On the one hand, active experimentation and reflective 47 

observation occur, and on the other hand, abstract thought and conceptualization offer 48 

broader solutions. Two main pitfalls – activism and discourse devoid of action – are avoided 49 

when both approaches are proportionally balanced. In this way, learning consists in constantly 50 

adapting to context and assimilating experiences with the view of building a theory. 51 

Experiential learning therefore falls within Kolb’s definition: it is a process by which knowledge 52 

is created by the transformation of experience. Context, viewed as the “field of experience”, 53 

is of the utmost importance in the success of programs aiming to improve quality of care. 54 

Many researchers therefore attempt to give more consistency to context12 in their studies. 55 

The context in which a quality improvement program takes place amounts to a lot more than 56 

noise to be controlled. But which factors matter most? Which of them can be influenced over 57 

the course of the program? Should context be modified before implementing the project or 58 

should the project be modified for it to adapt to the context? The intention of the PHARE-M 59 

program was to nurture a QI culture among CF teams. It aimed to do so by implementing a 60 
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standardized QI improvement method13 while also letting each local quality team define its 61 

goals and actions. This was done to account for context, more particularly local resources and 62 

the critical health outcomes of patients. 63 

Previous publications have reported on the experiences of a select number of centres involved 64 

in the PHARE-M program. Goals for improvement, implemented actions and results observed 65 

in the context of various measures were examined14 15 16.  Each centre started off with a given 66 

situation and team culture; they therefore favoured improvement actions that made sense to 67 

them and that were likely to get their teams engaged. Elements from the Chronic Care Model 68 

(CCM)17 steered these actions. At the Nantes paediatric centre, the emphasis was placed on 69 

strengthening the therapeutic education of adolescents by adapting offerings to their 70 

psychosocial needs; team members were also encouraged to use their roles to support the 71 

process of adolescent self-management. The R. Debré centre in Paris chose to provide 72 

personalized care to a population of socio-economically deprived adolescents by applying a 73 

cause-and-effect analysis for each of them; personalized care was provided by a 74 

multidisciplinary team. A nutritional progressive care process was implemented at the Roscoff 75 

centre: nutritional risk statuses were regularly screened (as inspired by the best practices of 76 

the Chicago children CF centre18). Since waiting times on the transplant list exceeded the 77 

national average at the adult centre in Nantes, the team there focused on reducing these 78 

intervals; wait times were also employed more effectively to provide various educational 79 

activities and psychological support to patients. The different teams did not all find the time 80 

and resources to report their experiences through written or oral communications. Although 81 

goals were always patient-driven (determined by a health outcome or by an aspect of care 82 

that mattered to the patient), the means to achieve them were varied and corresponded to 83 

each centre’s context. Some of the goals within the targeted groups of patients were reached 84 

by the end of the program (in two to three years). Others were only partly achieved, leading 85 

teams to reflect and to create new action plans.  86 

Despite the diversity of goals among centres, despite the limited size of targeted groups of 87 

patients in the program (the most at-risk patients), and despite the variety of action plans at 88 

work in the 14 centres, this quantitative study explores whether the patient health indicators 89 

(FEV1 and BMI) of all patients were positively affected by the centres’ involvement in the QI 90 

program and by each team’s adoption of best practices. Data from 2012 to 2015 from the 91 
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French Cystic Fibrosis Patient Registry were used to examine whether patients in PHARE-M 92 

centres presented a lower decline in lung function or a greater increase in BMI than patients 93 

in control centres. In 2013, an audit of patient registry data was conducted at the 14 PHARE-94 

M centres to confirm the reliability of such data when compared with data from the centres’ 95 

patient electronic records19. The audit did not detect systematic bias, thus confirming the use 96 

of registry data for the research project. The audit was not conducted for the control group 97 

since the latter had not yet been defined in 2013. 98 

Methods (757 words) 99 

The mixed method protocol was the subject of an earlier publication20. Pairing rules and the 100 

use of transplanted and dead patient data were adjusted in the quantitative protocol to 101 

reduce bias. The final version is summarized below. 102 

Study Design  103 

- the observational study of a paired cohort; 104 

- national and multi-centres; 105 

- comparing the evolution of patient health indicators over three years in program centres and 106 

control group centres. 107 

Study Population 108 

A PHARE-M closed cohort was retrospectively formed in 2017 based on the 2012 patient 109 

registry data that had been used to assemble the study population in the centres involved in 110 

the QI program. In 2012, the population had to meet the following inclusion criteria: 111 

– patients had been treated at a CF Centre in 2012; 112 

– patients had two of the CF-causing mutations from the CFTR2 list published on February 113 

2012 and updated in 20152; 114 

– patients had not been transplanted by 2012. 115 

The PHARE-M cohort was then paired with a closed control cohort of patients from CF centres 116 

that had not been included in the PHARE-M program. For each PHARE-M patient, a control 117 

patient of the same age range (<6 years old; 6-12 y.o.; 13-17 y.o. ; 18-29 y.o.; 30+) was sought 118 

out in a matching CF centre of the same type (paediatric, adult or mixed) and of the same 119 

 
2 List of CF-causing mutations. https://www.cftr2.org/sites/default/files/CFTR2_13August2015.pdf. 
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approximate size  (patients per centre:1-50; 50-100; 100-150; 150-200; >=200). The CF centre 120 

in La Réunion Island was not included in the search as it presented local characteristics that 121 

could introduce bias. At this stage, the cohort was composed of two groups of paired patients 122 

that met the inclusion criteria according to the 2012 patient registry data. 123 

During the years 2013, 2014 and 2015, patients had to leave the study if they no longer met 124 

the inclusion criteria in the updated patient registry data: 125 

-if they changed centres and, in so doing, changed groups (going from a PHARE-M centre to a 126 

control group, or conversely) 127 

-if the paired patient left the cohort. 128 

The decision was made to maintain the patients in the cohort who had died or who had 129 

received a transplantation by using the latest data available in the patient registry before the 130 

event. This was done to avoid favouring centres by eliminating unfavourable information. 131 

Presented in the Appendixes are the description of the final cohort as compared with the 132 

initial cohort, and the population flow from 2012 to 2015. 133 

Primary and Secondary Outcomes 134 

- The FEV1 percentage for adults and children, as recorded in the patient registry (which 135 

usually starts at six years of age, although some children are subject to lung function tests 136 

earlier);  137 

- BMI as an absolute value for adults, and as a Z-score (standardized normal distribution of the 138 

BMI) for children under 18 years of age.  139 

In the case of this research, the value we selected for these indicators was the unique value 140 

that appeared in the French CF Registry for a given patient and for a given year. It must be 141 

noted that each centre ’s staff found these values by searching their electronic patient records 142 

at the beginning of the next year. They identified the clinic visit that displayed the best FEV1 143 

percentage in the year. They then transmitted the information to the registry: the FEV1 value 144 

in litres and the patient’s height and weight measured that day. Selecting the year’s best FEV1 145 

percentage was decided in 2011. Until then, the rule had been to select the last FEV1 figure 146 

of the year. The impact of this change on the patients’ FEV1 data was mentioned in the patient 147 

registry data audit.  148 
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Statistical Analysis  149 

Changes in patient health indicators were measured over four years: in 2012 (baseline year), 150 

2013, 2014, and 2015. Researchers expected to see a difference in decline rates between the 151 

PHARE-M and control groups. Changes of the FEV1 percentage over time were to be modelled 152 

and compared in both groups using a mixed model for repeated data, with adjustments to 153 

account for potential confounding variables. The slopes (i.e. the decline in FEV1) of both 154 

groups were calculated and compared with this model. BMI changes over time were analysed 155 

by comparing the changes in the two groups from 2012 to 2015; the Z-score was taken into 156 

account for children under two years of age. The average trends were calculated and analysed 157 

according to the different patient categories.  158 

Results (899 words) 159 

Description of the Population Under Study 160 

The characteristics of the populations of both groups – PHARE-M and Control – recruited in 161 

2012 are presented in Appendix 1. The pairing process resulted in 1077 patients from PHARE-162 

M centres having found a pair patient from control centres in 2012 (Appendix 2). 163 

The sex ratio of the study sample shows that, over the four years, male patients in the control 164 

group were under-represented by 2 % (between 50.3% and 50.7%) compared to the PHARE-165 

M group (between 52.4% and 52.3%), the value of which was close to that of the French Cystic 166 

Fibrosis Patient Registry (52.1% in 2015). 167 

The flow of patients from 2012 to 2015 is presented in Appendix 3.  Out of the 1077 patients 168 

in each group in 2012, 155 patients left the cohort between 2013 and 2015. A total of 922 169 

patients were therefore involved in the study over the three-year period. Some particularities 170 

are of note: 171 

- FEV1 and/or BMI data were not always available for all patients in the registry each year 172 

(missing data); 173 

- the age range of patients changed from 2012 to 2015: this is why the analyses are 174 

presented by classes of age as attributed in 2012;   175 

- the study population was made up of 66.2% of children and 33.8% of adults over 18 years 176 

old, as a reflection of the proportion of paediatric and adult centres involved in the PHARE-177 

M pilot phase.  178 
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- A few patients were diagnosed before birth, thus explaining the negative minimum value 179 

for age at diagnosis in Appendix 1; 180 

- Approximately 90% of patients had abnormal exocrine pancreatic function, confirming 181 

that mutations had been controlled to be CF causing; 182 

- Until 2015, fewer than 30 patients in each group had benefited from Ivacaftor and the 183 

number of patients was well-proportioned among the groups. 184 

Results of the Mixed Model for FEV1 (Fig.1) 185 

In 2012, the annual absolute change in the mean FEV1 percentage from baseline for the 186 

control population was of -1.25% (Std error=0.1631; p<.0001). The PHARE-M population 187 

showed a slope that lowered by -0.45% (Std error=0.23; p<.052) although the deviation is not 188 

statistically significant. To be noted: the respiratory status of the PHARE-M population was 189 

superior to the control group at the start of the program. 190 

Figure 1: Mean FEV1% evolution in the two groups from 2012 to 2015 191 

  192 

Since two thirds of the population was paediatric and one third was adult, results must be 193 

analysed by sub population group. 194 

Results in Children (Fig.2) 195 

Data for the 00 to 05 age range are not considered reliable since children are still learning to 196 

use lung function tests (LFTs) at that age and do not always partake in them. LFTs are 197 

recommended to start at 6 years of age. 198 

The mean evolution of the FEV1 percentage for the 06 to 12 age range (N=315) appears to be 199 

more favourable in the PHARE-M group than in the control group. For adolescents ages 13 to 200 

17 (N=183), it appears less favourable in the PHARE-M group than in the control group. These 201 

deviations do not appear to be statistically significant.  202 
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Figure 2: Mean FEV1% evolution from 2012 to 2015 in children by age range 203 

. 

 

Results in Adults (Fig.3) 204 

Results are differentiated according to the age ranges most commonly displayed in the patient 205 

registry. For the 18-30 age range (N=263), the decline appears more accentuated in the 206 

PHARE-M group, even though the graph remains above the control group’s graph until 2015. 207 

In the 30+ age range (N=101), the decline appears less prominent for the PHARE-M group than 208 

for the control group. The mean FEV1 value for the 2013 control group appears to be an 209 

abnormal point when compared with the increasing values the following years. In the patient 210 

registry data, an FEV1 increase among older adults indicates death or transplantation for the 211 

most severe patients. However, in our closed cohort, the data of patients were preserved in 212 

the database at their value before death or transplantation and were maintained for the next 213 

periods. 214 

Figure 3: Mean FEV1% evolution from 2012 to 2015 in adults by age range 215 
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Results of the Mixed Model for BMI  217 

BMI is presented in absolute value for adults and as a Z-score for children under 18, as 218 

recommended by the French guidelines. The information is presented in two distinct graphs 219 

for both sets of population. 220 

Results in Children (Fig.4) 221 

For the control population, the annual change in the mean BMI Z-score from baseline was 222 

+0.04 in 2012 (Std error=0.01; p<0.0001) while the PHARE-M population’s slope was smaller 223 

by -0.034 (Std error=0.014; p=0.018). This deviation is statistically significant.  224 

Figure 4: Mean BMI Z-score evolution from 2012 to 2015 in children  225 

 226 

This result is mainly due to a drop among 13-17 year-old children in the PHARE-M group while 227 

the BMI Z-score remained stable in the control group (Fig. 5). A significant deviation in the BMI 228 

Z-score evolution is not apparent among the other age ranges (00-05 and 6-12 years of age). 229 

Figure 5: Mean BMI Z-score evolution from 2012 to 2015 in adolescents 230 
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Results in Adults (Fig.6) 232 

In 2012, the absolute annual change in mean BMI from baseline for the adult control 233 

population was of +0.02 (Std deviation=0.01; p>0.11) while the PHARE-M population’s slope 234 
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was smaller with a value of -0.02 (Std error=0.02; p<.21), although the deviation is not 235 

statistically significant. 236 

Figure 6: Mean BMI evolution from 2012 to 2015 in adults by age range 237 

  

 238 

Discussion (1 894 words – 12 445 characters) 239 

         In the context of this quantitative study, we were unable to show statistically significant 240 

improvements or deteriorations in the evolution of health indicators (FEV1 and BMI) in the 241 

program group and in the control group from 2012 to 2015, except for the BMI Z-score of the 242 

adolescent sub-group (13-17 years of age).  243 

The comparison focused on the evolution of FEV1 and BMI indicators from 2012 to 244 

2015 among two groups of patients: a “program group” of patients cared for in CF centres 245 

that participated in the PHARE-M program, and a “control group” of patients cared for in 246 

nonparticipating CF centres. Patients with CF-causing mutations (based on the updated CFTR2 247 

list) were the only ones to be included in the study. In 2012, to eliminate certain confounding 248 

factors, both groups were paired by age and by centre size. Each group was composed of 1077 249 

patients in 2012. Patients and pairs who no longer met the inclusion criteria over the four 250 

years were removed from the study (155 patients per group). The data of patients who died 251 

or received a transplantation over the course of the study were retained at their value before 252 

the event. Data were taken from the French Cystic Fibrosis Patient Registry for four successive 253 

years. This data set was audited in 2013 in the program centres onlyErreur ! Signet non défini. without 254 

demonstrating systematic bias.   255 

Following the pairing process, a difference in the sex ratio remained between the 256 

program and the control groups: over the course of the study, males were underrepresented 257 

in the control group (50%) compared to the program group and the registry (52%); this may 258 

have led to the emergence of a difference that doesn’t exist. Results in both groups did not 259 
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show statistically significant differences in the evolution of the indicators, except for a 260 

statistically significant difference in the evolution of the BMI Z-score among adolescents in the 261 

13 to 17 age range in favour of the control group.     262 

Evolutions comparable to those observed among the registry population  263 

An initial verification regarded the similar evolution of the data in our sample with that 264 

of the general population of the French Cystic Fibrosis Patient Registry (2015 report). 265 

The downward trend of FEV1 among the observed ages and values in the study is 266 

similar to the evolution curves found in the general non-transplanted cystic fibrosis population 267 

cared for in centres21 as presented in figure A2.1. In the registry, the spirometry of 10 to 14 268 

year-old children averaged 91%. In our study, it went from 90% to 92% depending on the 269 

group. Spirometry progressively declined, reaching 85% and 72% for the following age ranges 270 

in the registry (15-19 y.o; 20-24 y.o) until it reached the minimal threshold of 67% for the 30-271 

34 age range. In our study, threshold values of 88% were found among 13-17 year-olds in 272 

2012. Among 18-30 year-olds, values ranged from 70% to 74% depending on the group. For 273 

30 year-old patients and above, values ranged from 58% to 62% depending on the group. The 274 

spirometry data were not affected by the sex ratio in the French Cystic Fibrosis Patient Registry 275 

(2015).    276 

 277 

The patients’ mean BMI Z-score values were also compared to those of the registry’s 278 

paediatric population, as shown in Table 3 below. The control group exceeded the registry’s 279 

84
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mean values in 2015. It established itself at - 0.03 in 2015 while the program group was stable 280 

at - 0.15. The study’s adolescents presented the same differences, but the control group also 281 

improved, with a value of - 0.13, while the program group decreased (- 0.33). The sex ratio 282 

difference between the control group and the registry may partly explain this result since 283 

anthropometric data are better for female children than for male children, and this advantage 284 

is revealed during adolescence. Since the program group presented the same sex ratio as the 285 

registry’s general population, the children’s BMI Z-score fell within the intervals of the registry 286 

data. 287 

Table 1: Mean and median values for the BMI Z-score among children in 2015, per age group 288 

and in total 289 

 290 

In regards to the adults’ BMI, the data from the study’s population fell within the 291 

intervals of the registry data. These results are presented in Table 5 below (from 20.2 to 21.3 292 

for the 18-30 age range and from 20.7 to 21.6 for the 30+ age range). Only 25% of the patients 293 

in our sample were over the age of 40. This can explain why our sample’s BMI values fell below 294 

the 22 mark, 22 being the value observed in the registry for this age group. 295 

Table 2: 2015 Registry data – adult BMI values per age group  296 

  297 

Our study sample’s health data show evolution trends that resemble those of the registry’s 298 

general population in 2015. However, the control group seems to present a difference that 299 

could be explained by its greater proportion of women, the latter of which has a repercussion 300 

on the anthropometric data. 301 
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The PHARE-M quality program’s effect on the cohort of pilot centres 302 

The performance evaluation of the PHARE-M quality program was conducted at the 14 pilot 303 

centres that participated in the program’s initial 2012 version in France. The quantitative 304 

evaluation protocol used a mixed method; its other aspects have already been the subject of 305 

previous publications. The evaluation rested on the hypotheses that the health of a small 306 

group of at-risk patients could be improved by changing care protocols in program centres, 307 

and that this change could also have an overall impact on the health of the entire cohort over 308 

the course of the three years due to teams learning quality improvement methods and being 309 

able to generalize the new care protocols to more patients.  310 

When looking at the first hypothesis, the new practices had an effect on some of the 311 

health indicators of the selected patients under study. These outcomes, such as the changes 312 

observed in one or several areas of the Chronic Care Model, have been described in previous 313 

publications in 201813,14. Improvements in team work and in multidisciplinary meetings were 314 

reported; the individualization of care based on patient needs was implemented using 315 

screening tools and differentiated care processes15 ; therapeutic education was set up to 316 

accommodate the self-management needs of patients14 ; collaborations were established with 317 

patient partners engaged in the quality program. In the context of quality improvement 318 

programs, these health process improvements are the most commonly reported results, 319 

showing modest associations with several clinical endpoints. 22 23 However, in one of the 320 

centres, the selected theme was related to reducing waiting times on the transplantation list. 321 

While this goal led to modifications in pre-transplantation care, and while arbitrations 322 

between cardiac surgery and pulmonary transplantation activities brought down the waiting 323 

period from nine months to three months, the goal did not affect the health of the patients 324 

waiting for a transplantation.  325 

In regards to the second hypothesis, we were not able, through this study, to 326 

demonstrate a significant impact on the cohort's health indicators. Several factors can explain 327 

this. 1) At-risk patient groups were only composed of a handful of individuals, up to twenty or 328 

so patients per centre, which represented 10% to 20% of the total cohort depending on the 329 

centre. 2) The pairing process prevented certain PHARE-M centre patients from participating 330 

in the study (195 patients did not find pairs in the control group) and some patients (155) had 331 

to leave the study, thus eliminating the possibility of them providing information on health 332 

impacts. 3) Over the course of the three years, it was not always possible to generalize the 333 
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new practices that took place in small groups and that could have had a systemic impact; this 334 

also poses the question of the program's equity. 4) The Chronic Care Model seems to have 335 

proven its superiority when attempting to improve health indicators for certain pathologies24; 336 

however the six elements of the model were not fully implemented by the centres within the 337 

PHARE-M quality program’s three year timeframe. 5) The time period between generalizing 338 

new practices and seeing a significant and measurable impact on the health indicators of the 339 

centres’ cohort could exceed the three years of our study's timeline.    340 

Conclusion 341 

The specificity of our study rests in it being an observational longitudinal study wherein 342 

the data from the French CF Patient Registry was used to compare the evolution of health 343 

indicators among a closed cohort of paired patients in program centres and in control centres 344 

for three years. Despite using a method aimed at eliminating bias among both sets of 345 

population, the sex ratio was not the same in both groups which could explain the only 346 

significant difference in BMI among adolescents.    347 

Many structural factors – such as human resources (turnover), infrastructure (facilities 348 

and equipment) and information systems that help process care measures (PDSA cycles) – are 349 

often viewed as impacting the quality and safety of care. A study that analyses the efficiency 350 

of a quality of care improvement program is faced with the challenge of having the necessary 351 

time to identify impacts on health indicators that evolve slowly. Yet the question “does quality 352 

improvement actually improve quality?” remains surprisingly difficult to answer25. We 353 

conclude with Mary Dixon-Woods that “large scale trials and other rigorous studies, with 354 

embedded qualitative inquiry, should be a priority for research funders.”26 The evaluation 355 

should also fully embrace indicators on equity and the patient’s experience of care 356 

improvements27 28 29. 357 
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Appendix 1: Characteristics of PHARE-M v/s Control patients in 2012 389 

 

Characteristics  PHARE-M Control 

Number of patients  1077 1077 

Gender    

 Female, N(%) 513 (47.6) 535 (49.7) 

 Male, N(%) 564 (52.4) 542 (50.3) 

Age by 12/31/2012 (years)    

 Nb of data 1077 1077 

 Mean 15.2 15.3 

 Variance 10.6 10.4 

 Median 13.2 13.1 

 Minimum 0.2 0.1 

 Maximum 59.4 60.8 

Nb of patients per class for 
pairing (Age by 12/31/2012) 

   

 00-05, N(%) 215 (20) 215 (20) 

 06-12, N(%) 315 (29.2) 315 (29.2) 

 13-17, N(%) 183 (17) 183 (17) 

 18-30, N(%) 263 (24.4) 263 (24.4) 

 30 + , N(%) 101 (9.4) 101 (9.4) 

Nb of patients per age range 
(Age by 12/31/2012) 

   

 00-04, N(%) 182 (16.9) 167 (15.5) 

 05-09, N(%) 213 (19.8) 218 (20.2) 

 10-14, N(%) 211 (19.6) 220 (20.4) 

 15-19, N(%) 155 (14.4) 159 (14.8) 

 20-24, N(%) 122 (11.3) 128 (11.9) 

 25-29, N(%) 93 (8.6) 84 (7.8) 

 30-34, N(%) 47 (4.4) 46 (4.3) 

 35-39, N(%) 34 (3.2) 26 (2.4) 

 40-44, N(%) 6 (0.6) 14 (1.3) 

 45-49, N(%) 7 (0.6) 8 (0.7) 

 50 + , N(%) 7 (0.6) 7 (0.6) 

 

Age at diagnosis (years)    
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 Nb of data  1039 1039 

 Mean 1.7 2.5 

 Variance 4.9 6.2 

 Median 0.1 0.1 

 Minimum -0.3 -2.3 

 Maximum 50.7 48.5 

FEV1 (%)    

 Nb of data 847 810 

 Mean 83.3 81.0 

 Variance 23.6 25.4 

 Median 87.2 83.9 

 Minimum 19.1 17.0 

 Maximum 159.8 154.5 

BMI (Adults)    

 Nb of data 363 354 

 Mean 20.8 20.6 

 Variance 2.5 2.9 

 Median 20.5 20.3 

 Minimum 13.1 13.9 

 Maximum 33.5 34.7 

BMI Z-score (Children)    

 Nb of data 708 685 

 Mean  -0.1 -0.1 

 Variance 1.1 1.1 

 Median -0.3 -0.2 

 Minimum -2.8 -2.8 

 Maximum 5.8 5.1 

Comorbidities    

 Abnormal exocrine pancreatic 
function N(%) 

985 (91.5) 960 (89.1) 

 Diabetes total (treated or not 
with insulin) N(%) 

108 (10) 100 (9.3) 

CFTR modulator prescribed    

 Ivacaftor, N(%) 22 (2) 11 (1) 

 390 
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Appendix 2: Unpaired patients from Phare-M centres  391 

Centres for unpaired patients  
Number of 

unpaired patients 

ANGERS - LE MANS (004) 1 

CLERMONT-FERRAND Adults and Paediatrics (043 and 137) 27 

LYON Hôp. Mère-Enfant / Groupt Hosp. Est (027) 98 

NANTES Hôpital Laënnec (037) 1 

PARIS Hôpital Robert Debré (033) 9 

REIMS American Memorial Hospital (001) 1 

RENNES Hôpital Pontchaillou Pneumologie (058) 30 

ROSCOFF Centre de Perharidy (051) 1 

VANNES CH Bretagne Atlantique (006) 27 

 392 

Appendix 3: Population flow from 2012 to 2015 393 

 PHARE-M Contrôles 

Number of patients in 2012 1077 1077 

Number of patients dead btw 2013 and 2015* 9 18 

Number of patients transplanted btw 2013 and 
2015 

20 29 

Number of patients having changed centres btw 
2013 and 2015 

35 13 

Number of patients without 4 years of follow-up 
(2012 to 2015) 

36 36 

Number of patients excluded because the paired 
patient left the cohort  

68 78 

Number of patients corresponding to inclusion 
criteria  

922 922 

 

*Patients who died in 2015 but who had a clinic visit and data are not considered as 
dead patients in the Table. 

 394 
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