Hanne Vebert Olesen 
  
Tacjana Pressler 
  
Lena Hjelte 
  
Lena Mared 
  
Per Anders Lindblad 
  
Birger Kristian Knudsen 
  
N Laerum 
  
Marie Johannesson 
  
Vebert Hanne 
  
Olesen 
  
Pål Leyell Finstad 
  
Gjermund Fluge 
  
Helge Michalsen 
  
Bjørn Skrede 
  
Nils Olav Hermansen 
  
Anne Geborek 
  
Marita Gilljam 
  
Ferenc Karpati 
  
Peter Meyer 
  
Peter Oluf Schiøtz 
  
Niels Høiby 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
GENDER DIFFERENCES IN THE SCANDINAVIAN CYSTIC FIBROSIS POPULATION
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des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

The finding of more males than females in the adult population suggesting a male advantage, warrants a mortality study.

Deleted: . Deleted: However, more males than females in the adult population implied a gender difference in survival. We saw a gender difference including higher risk of Pseudomonas and Burkholderia infection in females, and more intensified treatment in females regarding antibiotics, macrolides as an inflammatory agent, oral/inhaled steroids and days of hospitalization, indicating a true female disadvantage even with modern aggressive treatment. 

BACKGROUND

A gender gap is documented in the course of cystic fibrosis (CF) with a female disadvantage regarding morbidity and mortality [1][2][3] . Several factors have been suggested as contributing to this gap. In CF related diabetes (CFRD), both earlier debut and considerably poorer survival in females have been reported 4;5 . Chronic infection with Pseudomonas aeruginosa occurs earlier in females 6 .

While these factors all contribute to morbidity and mortality, they do not explain the underlying difference. A few studies have tried to evaluate this difference. Focus has been on psychosocial differences, as well as hormonal differences. Female patients have less energy intake than males (compared to daily recommended intake), perform less physical exercise, and express an overestimation of their own weight [7][8][9] . Variations in lung function during the menstrual cycle points to effects of female sex hormones 10 , recently supported by a study of the influence of estrogen on the function of alternative chloride channels 11 . Other authors have suggested the lack of anabolic effects of male sex hormones as a factor 5 . Hence, there is considerable evidence that a true gender gap exists in cystic fibrosis. However, a recent single-center study showed no gender gap when comparing key values like lung function, height and weight in children and adolescents 12 . The authors suggest that a closing of the gap is possible, even mandatory, with standardized intensive care.

Working hypothesis:

No gender differences exist among Scandinavian Cystic Fibrosis patients since by tradition we have a very proactive and easily accessible care for all our patients.

Aims:

To explore whether gender differences in the Scandinavian CF patients exist in the areas of key clinical parameters, complications and medication. This study was part of a larger multi centre study on the prevalence and incidence of Pseudomonas aeruginosa (PA) infection in the Scandinavian CF cohort 13 . All eight CF centres in Scandinavia participated. Data were collected from 2001 to 2003. Overall, all Scandinavian countries have very high standards of living, and a government-financed health system with a high standard of centralised CF care. Some differences in CF care do exist however, such as a higher degree of shared care in northern Sweden and Norway due to geography, and somewhat different antibiotic and segregation policies. The differences between countries and centres have been presented in the main article within this project 13 . For the scope of this article, we focused only on the gender perspective. The treatment policies for male and female CF patients were similar within the individual center. All CF patients, followed at the eight Scandinavian CF centres at the time of inclusion, were eligible for the study. Approximately 86% of all patients participated, allowing for a > 90% participation of patients eligible for the study (= non-transplanted). Patients were recruited consecutively at routine visits to the centres, when in a clinically stable condition. Exclusion as well as antibodies against PA, see below), regular medication at time of inclusion, pancreatic insufficiency (PI), CF related diabetes (CFRD) and meconium ileus (MI). Patients using pancreatic enzymes were classified as PI. Diabetes was defined as CFRD with fasting hyperglycemia using the WHO criteria 14 . Continuous macrolide treatment was recorded exclusively for patients with this drug prescribed as an anti-inflammatory agent 15 . Other regular medication was recorded if prescribed at inclusion (oral and inhaled steroids, ursodeoxycholic acid, mucolytics, and insulin).

The patients were followed for one year, recording number of days in hospital and number of days on inhaled or intravenous (i.v.) antibiotics. At the end of the study period new PA antibodies were measured and infection status was reported. Patients 19 years or older at inclusion were designated as adults. For calculation of BMI z-score the reference values of Nysom was used 16 . For patients ≥19 years the reference values from European Coal and Steel Community were used for calculating FEV 1 percent of predicted 17 , and for those <19 years Solymar reference values were used 18 . Days on inhaled or intravenous antibiotics and hospitalisation during the study period were recorded and calculated as days/year. For patients who died or underwent lung transplantation during the study period, the day of death or transplantation was considered end of study date for calculation of antibiotics and hospitalisation. These patients did not have a second PA antibody sample for obvious reasons.

All data were collected in a common database (Microsoft Access®) derived from the Danish CF Registry template with an additional project sheet added. Definitions for fields were common for all centers.

Definition of chronic Pseudomonas aeruginosa infection:

Chronic PA infection was defined as anti-Pseudomonas antibodies (serum precipitins) of ≥ 2 and/or ≥ 3 positive cultures over a six month period, and PA colonisation status was recorded both at inclusion and end of study 19;20 . Further description on the method of antibody assays is reported in a separate publication 21 Furthermore, chronic infection with Burkholderia species was recorded at study start only, according to the definitions used at each center -usually ≥3 positive cultures over a six month period

Statistics:

Calculations were performed using SPSS version 14.0/15.0. Chi-square test was used for dichotomous variables (medication, infections), Mann-Whitney test was used for non-normally distributed variables (i.v. antibiotics, days of hospitalisation, FEV 1 , age at inclusion, age at diabetes), Student's t-test was used for normally distributed variables (BMI z-score). Linear regression analysis was used for overall analysis of FEV-1 and BMI vs gender, correcting for age, as well as i.v. antibiotics and gender corrected for chronic PA infection. 

RESULTS

Patients:

Since we found that the prevalence of pancreatic sufficiency varied considerable between centers (0.4 to 26%) and countries (1.9 to 16.9%) in the larger study (13) it was decided to include only the 890 CF patients (416 females) who were pancreatic insufficient for this part of the project.

We found a significantly higher number of males in total, primarily originating in a significantly excess of males in the adult subgroup (table 1).

The patients were studied for a mean of 374 days. Twelve females (3 %) and six males (1 %) died or had a lung transplantation during the study period (p=0.087). Median age of death/ lung transplantation was 25.0 (range 10.7-50.1) years for females and 22.4 (range 10.2 -29.1) years for males (p=0.25).

Infection:

At inclusion, 194 (46%) females and 194 (41 %) males were chronically infected with PA (p=0.087). For patients < 19 years the prevalence of chronic PA infection was 25.4% in females and 18.8 % in males (p = 0.07). In adults the prevalence was 78.0% in females and 69.8% in males (p=0.07). Females had a higher prevalence in all 5-year age-groups except 0-4 yr olds, though only statistically significant in the 15-19 yr and 30+ groups (fig1). Of the 455 patients evaluated at the end of the study and not chronically infected at inclusion, 19/196 (9.7%) females and 13/259 (5.0%) males became chronically infected during the study period (p=0.053), with a significant difference in the adult population, 10/33 (30.3%) vs 4/56 (7.1%) respectively (p = 0.004), but not in the pediatric group, 9/163 (5.5%) vs. 9/203 (4.4%) (p = 0.64).

Twenty-one females (5.0 %) and 11 males (2.3 %) were chronically infected with Burkholderia subspecies (p=0.029) at inclusion. 

Clinical data and complications:

We found no gender differences in lung function (FEV 1 % of predicted) or BMI z-score, neither in all patients pooled, nor in any single age subgroup (table 1, fig 2). Neither did linear regression of FEV-1 and BMI z-score with correction for age show any difference either (p = 0.69 for FEV-1 and p = 0.98 for BMI).

Sixty females (14.4%) were diagnosed with CFRD versus 59 males (12.4%), p=0.39. The females were diagnosed with CFRD at a younger age, but this difference was not significant (table 1).

Treatment:

During the follow up period, adult females received i.v. antibiotics of any kind in a median of 40 days (25% percentile 10 days; 75% percentile 54 days) per year versus 26 days (0; 49) for males (p=0.009). No significant difference in use of i.v. antibiotics was found in the children (females median 0 (0; 21) days, males median 0 (0; 13) days; p = 0.068). Correction for chronic PA infection by linear regression maintained a significantly higher use of i.v. antibiotics in adult females (p = 0.027), but not for the children (p= 0.538).

Median days/year on inhaled antibiotics was higher in adult females (27 days/year (0;293) vs. 0 days/year (0;302) in males), although far from significant (p= 0.50). Correction for chronic PA infection by linear regression did not change this (p=0.90).

The adult females spent more days in hospital per year (p=0.007) (fig 3). We found no difference in the pediatric population (females median 0 (0; 2.6) days vs males median 0 (0; 0.90) days, p = 0.20).

The frequency of patients receiving inhaled or oral steroid was significantly higher among women (table 2). A total of 127 females (30.6%) and 117 males (24.6%) received continuous macrolide treatment (p = 0.048). It was more common to prescribe macrolides to the female pediatric population both as a whole and looking at non-chronically infected patients separately, while there was no gender difference in the adult population (table 3). Looking at only the chronically infected patients, an equal number of the two genders received macrolides (females 101/218 (46.3%) vs males 102/209 (48.8%); p = 0.61), with no difference in either adults or children (table 3).

Adult males received significantly more ursodeoxycholic acid (UDCA) than females (51/208 (24.5%) vs. 25/168 (14.9%); p = 0.021). Concerning the use of mucolytics (dornase alpha, nacetylcystein, bromhexin) no gender differences were observed (data not shown). 

CONCLUSIONS

The present study found no significant gender differences in key clinical factors such as lung function or nutritional status in a Scandinavian CF cohort with PI. However, we found significantly more males than females in the adult population. Due to the design of this study, this does not prove a higher mortality in females as reported in several studies 1;3;5 .. The difference in number of patients developing end stage lung disease (death or lung transplantation) in the one year follow-up period was not significant, although twice as many females died or were transplanted during the period. However, this, as well as the surplus of males in the adult population hint that there may be a difference, which should be investigated in a much longer prospective study.

For the pediatric CF population in Scandinavia, the finding of no gender difference in key clinical parameters is encouraging. This finding corresponds with the study by Verma et al indicating that modern intensive treatment may diminish gender difference in the CF population 12 .

The key novel finding in our study was that even without difference in lung function and BMI, we saw a distinct gender imbalance for some of the important complications and treatment modalities studied, indicating a persistent female downside.

The female patients tended to become chronically infected with PA earlier and more frequently than males, even though this was not significant except in smaller subgroups. The female incidence of new chronic infection was higher in the follow-up period among adult patients. The female patients also had significantly higher prevalence of chronic Burkholderia infection, an infection closely related to high morbidity and mortality 22;23 . We found no significant difference in age or frequency at CFRD diagnosis, even if the median age of diabetic patients was three years lower in females. All of these factors predispose to a more severe course of the disease.

Deleted: the fact that there were more adult males compared to females is consistent with the higher mortality in females reported earlier Deleted: Whether this reflects a higher mortality now or in the past cannot be answered by the design of this study. For further elucidation of present mortality a much longer prospective study is needed Our study suggests that females may actually have a clinically more severe disease than males regardless of similar BMI and lung function.Some major differences in the treatment of male and female patients were noticed.

The females had a significantly higher use of i.v. antibiotics than the males (1.5 times higher median days per year) and spent more days in hospital regardless of differences in frequency of chronic PA infection. In Scandinavia, home i.v. treatment is widely used and accepted, indicating that primarily patients with severe symptoms are hospitalised. Consequently, the higher number of hospital days is not explained solely by the higher number of days with i.v. antibiotics, but imply that the females are in higher need for hospitalisation despite equal lung function.

The use of inhaled and oral steroids also differed which was somewhat unexpected. No gender difference in asthmatic symptoms in CF has been described. In non-CF asthma, however, a gender difference is reported, in that asthma is more prevalent in male children compared to females whereas it is more prevalent in adult women than in men 24;25 . This difference is, however, not as high as the difference in use of steroids in this study (female odds ratio of two or more for both oral and inhaled steroid, table 2). The centres were not questioned about their policy for prescribing corticosteroids, especially whether a strict asthma diagnosis with positive reversibility was required.

Hence, the difference may reflect a true difference in prevalence of asthma, or it may reflect a generally more severe lung disease in the females leading the clinicians to treat them more intensively, despite the lack of evidence of the efficacy of steroids in CF 26;27 .

Second generation macrolides, especially azithromycin, are used as low dose continuous treatment in CF, especially in patients chronically infected with PA 15;28 . In the children <19 years, we found a higher use of macrolides in girls compared to boys. This could not be ascribed to an earlier and higher frequency of chronic pseudomonas infection, since the difference was still significant when excluding these patients. Actually more than 1/3 of the children receiving continuous macrolide treatment had no chronic Gram negative infection. Whether these patients were patients at the verge of becoming chronically infected was not evident from the study design. This might indicate higher treatment intensity in female patients, also in the pediatric group.

As these data suggest, at least it seems that the female patients are treated more aggressively by their physicians. Whether this is due to a true difference in severity of disease or because the female patients present more symptoms to the physician leading him/her to intensify the treatment, is yet to be determined. Also the knowledge of a gender gap may lead the physicians to treat the female patients more aggressively.

Sex hormones are obvious candidates for causing the gender difference. A lack of the anabolic effect of testosterone in females is one of the proposed mechanisms, especially in CFRD 5 . This at least deserves more thorough investigation. An interesting recent work by Coakley et al, showing that estrogens may inhibit the alternative chloride transport, especially around ovulation when concentrations peak 11 , may explain one of the very basic differences between male and female CF patients. The reduced chloride transport will lead to an estimated monthly one-week period of more viscous mucus which may cause decreased lung function, increased risk of infection and need for antibiotics. This finding also correlates with our earlier study on lung function changes during the menstrual cycle 10 , and definitely warrants further investigation, both concerning anti-estrogen therapy as suggested by the authors, but also in the choice of anti-contraceptive therapy for female CF patients.

We found no significant difference concerning CFRD in our study, even though females tended to be diagnosed at an earlier age. According to previous studies, females seem to do worse after diagnosis of CFRD, but since such a gender difference is not seen in common IDDM, this does not explain the underlying difference, and may be due to the influence of CFRD on other aspects of CF, Deleted: Our study suggests that females may actually have a clinically more severe disease than males regardless of similar BMI and lung function. e.g. lung infections 5 . Milla et al did not account for pseudomonas status in their work. Thus, the possibility that poorer outcome is due to a higher prevalence of chronic infection does exist.

In conclusion, in a Scandinavian CF cohort from 2001-2003, we found no gender difference in key clinical parameters such as FEV-1 and BMI in the included non-transplanted patients. We found a surplus of males in the adult population, but the design of this study does not allow any conclusion about differences in mortality. . However, we did observe gender differences including higher risk of Pseudomonas and Burkholderia infection in females, and more intensified treatment in females regarding intravenous antibiotics, macrolides, steroids and hospitalization. Even if such intensified treatment can eventually even out the difference in mortality, there is still an obvious difference in morbidity and treatment burden, and the underlying reasons for this deserve further investigation.

Deleted: a deficit of female patients in the adult population, suggesting a higher mortality for the females, but gap. In CF related diabetes (CFRD), both earlier debut and considerably poorer survival in females have been reported 4;5 . Chronic infection with Pseudomonas aeruginosa occurs earlier in females 6 .

While these factors all contribute to morbidity and mortality, they do not explain the underlying difference. A few studies have tried to evaluate this difference. Focus has been on psychosocial differences, as well as hormonal differences. Female patients have less energy intake than males (compared to daily recommended intake), perform less physical exercise, and express an overestimation of their own weight [7][8][9] . Variations in lung function during the menstrual cycle points to effects of female sex hormones 10 , recently supported by a study of the influence of estrogen on the function of alternative chloride channels 11 . Other authors have suggested the lack of anabolic effects of male sex hormones as a factor 5 . Hence, there is considerable evidence that a true gender gap exists in cystic fibrosis. However, a recent single-center study showed no gender gap when comparing key values like lung function, height and weight in children and adolescents 12 . The authors suggest that a closing of the gap is possible, even mandatory, with standardized intensive care.

Working hypothesis:

No gender differences exist among Scandinavian Cystic Fibrosis patients since by tradition we have a very proactive and easily accessible care for all our patients.

Aims:

To explore whether gender differences in the Scandinavian CF patients exist in the areas of key clinical parameters, complications and medication. 

Study design:

This study was part of a larger multi centre study on the prevalence and incidence of Pseudomonas aeruginosa (PA) infection in the Scandinavian CF cohort 13 . All eight CF centres in Scandinavia participated. Data were collected from 2001 to 2003. Overall, all Scandinavian countries have very high standards of living, and a government-financed health system with a high standard of centralised CF care. Some differences in CF care do exist however, such as a higher degree of shared care in northern Sweden and Norway due to geography, and somewhat different antibiotic and segregation policies. The differences between countries and centres have been presented in the main article within this project 13 . For the scope of this article, we focused only on the gender perspective. The treatment policies for male and female CF patients were similar within the individual center. All CF patients, followed at the eight Scandinavian CF centres at the time of inclusion, were eligible for the study. Approximately 86% of all patients participated, allowing for a > 90% participation of patients eligible for the study (= non-transplanted). Patients were recruited consecutively at routine visits to the centres, when in a clinically stable condition. Exclusion as well as antibodies against PA, see below), regular medication at time of inclusion, pancreatic insufficiency (PI), CF related diabetes (CFRD) and meconium ileus (MI). Patients using pancreatic enzymes were classified as PI. Diabetes was defined as CFRD with fasting hyperglycemia using the WHO criteria 14 . Continuous macrolide treatment was recorded exclusively for patients with this drug prescribed as an anti-inflammatory agent 15 . Other regular medication was recorded if prescribed at inclusion (oral and inhaled steroids, ursodeoxycholic acid, mucolytics, and insulin).

The patients were followed for one year, recording number of days in hospital and number of days on inhaled or intravenous (i.v.) antibiotics. At the end of the study period new PA antibodies were measured and infection status was reported. Patients 19 years or older at inclusion were designated as adults. For calculation of BMI z-score the reference values of Nysom was used 16 . For patients ≥19 years the reference values from European Coal and Steel Community were used for calculating FEV 1 percent of predicted 17 , and for those <19 years Solymar reference values were used 18 . Days on inhaled or intravenous antibiotics and hospitalisation during the study period were recorded and calculated as days/year. For patients who died or underwent lung transplantation during the study period, the day of death or transplantation was considered end of study date for calculation of antibiotics and hospitalisation. These patients did not have a second PA antibody sample for obvious reasons.

All data were collected in a common database (Microsoft Access®) derived from the Danish CF Registry template with an additional project sheet added. Definitions for fields were common for all centers.

Definition of chronic Pseudomonas aeruginosa infection:

Chronic PA infection was defined as anti-Pseudomonas antibodies (serum precipitins) of ≥ 2 and/or ≥ 3 positive cultures over a six month period, and PA colonisation status was recorded both at inclusion and end of study 19;20 . Further description on the method of antibody assays is reported in a separate publication 21 Furthermore, chronic infection with Burkholderia species was recorded at study start only, according to the definitions used at each center -usually ≥3 positive cultures over a six month period

Statistics:

Calculations were performed using SPSS version 14.0/15.0. Chi-square test was used for dichotomous variables (medication, infections), Mann-Whitney test was used for non-normally distributed variables (i.v. antibiotics, days of hospitalisation, FEV 1 , age at inclusion, age at diabetes), Student's t-test was used for normally distributed variables (BMI z-score). Linear regression analysis was used for overall analysis of FEV-1 and BMI vs gender, correcting for age, as well as i.v. antibiotics and gender corrected for chronic PA infection. 

RESULTS

Patients:

Since we found that the prevalence of pancreatic sufficiency varied considerable between centers (0.4 to 26%) and countries (1.9 to 16.9%) in the larger study (13) it was decided to include only the 890 CF patients (416 females) who were pancreatic insufficient for this part of the project.

We found a significantly higher number of males in total, primarily originating in a significantly excess of males in the adult subgroup (table 1).

The patients were studied for a mean of 374 days. Twelve females (3 %) and six males (1 %) died or had a lung transplantation during the study period (p=0.087). Median age of death/ lung transplantation was 25.0 (range 10.7-50.1) years for females and 22.4 (range 10.2 -29.1) years for males (p=0.25).

Infection:

At inclusion, 194 (46%) females and 194 (41 %) males were chronically infected with PA (p=0.087). For patients < 19 years the prevalence of chronic PA infection was 25.4% in females and 18.8 % in males (p = 0.07). In adults the prevalence was 78.0% in females and 69.8% in males (p=0.07). Females had a higher prevalence in all 5-year age-groups except 0-4 yr olds, though only statistically significant in the 15-19 yr and 30+ groups (fig1). Of the 455 patients evaluated at the end of the study and not chronically infected at inclusion, 19/196 (9.7%) females and 13/259 (5.0%) males became chronically infected during the study period (p=0.053), with a significant difference in the adult population, 10/33 (30.3%) vs 4/56 (7.1%) respectively (p = 0.004), but not in the pediatric group, 9/163 (5.5%) vs. 9/203 (4.4%) (p = 0.64).

Twenty-one females (5.0 %) and 11 males (2.3 %) were chronically infected with Burkholderia subspecies (p=0.029) at inclusion. 

Clinical data and complications:

We found no gender differences in lung function (FEV 1 % of predicted) or BMI z-score, neither in all patients pooled, nor in any single age subgroup (table 1, fig 2). Neither did linear regression of FEV-1 and BMI z-score with correction for age show any difference either (p = 0.69 for FEV-1 and p = 0.98 for BMI).

Sixty females (14.4%) were diagnosed with CFRD versus 59 males (12.4%), p=0.39. The females were diagnosed with CFRD at a younger age, but this difference was not significant (table 1).

Treatment:

During the follow up period, adult females received i.v. antibiotics of any kind in a median of 40 days (25% percentile 10 days; 75% percentile 54 days) per year versus 26 days (0; 49) for males (p=0.009). No significant difference in use of i.v. antibiotics was found in the children (females median 0 (0; 21) days, males median 0 (0; 13) days; p = 0.068). Correction for chronic PA infection by linear regression maintained a significantly higher use of i.v. antibiotics in adult females (p = 0.027), but not for the children (p= 0.538).

Median days/year on inhaled antibiotics was higher in adult females (27 days/year (0;293) vs. 0 days/year (0;302) in males), although far from significant (p= 0.50). Correction for chronic PA infection by linear regression did not change this (p=0.90).

The adult females spent more days in hospital per year (p=0.007) (fig 3). We found no difference in the pediatric population (females median 0 (0; 2.6) days vs males median 0 (0; 0.90) days, p = 0.20).

The frequency of patients receiving inhaled or oral steroid was significantly higher among women (table 2). A total of 127 females (30.6%) and 117 males (24.6%) received continuous macrolide treatment (p = 0.048). It was more common to prescribe macrolides to the female pediatric population both as a whole and looking at non-chronically infected patients separately, while there was no gender difference in the adult population (table 3). Looking at only the chronically infected patients, an equal number of the two genders received macrolides (females 101/218 (46.3%) vs males 102/209 (48.8%); p = 0.61), with no difference in either adults or children (table 3).

Adult males received significantly more ursodeoxycholic acid (UDCA) than females (51/208 (24.5%) vs. 25/168 (14.9%); p = 0.021). Concerning the use of mucolytics (dornase alpha, nacetylcystein, bromhexin) no gender differences were observed (data not shown). 

CONCLUSIONS

The present study found no significant gender differences in key clinical factors such as lung function or nutritional status in a Scandinavian CF cohort with PI. However, we found significantly more males than females in the adult population. Due to the design of this study, this does not prove a higher mortality in females as reported in several studies 1;3;5 .. The difference in number of patients developing end stage lung disease (death or lung transplantation) in the one year follow-up period was not significant, although twice as many females died or were transplanted during the period. However, this, as well as the surplus of males in the adult population hint that there may be a difference, which should be investigated in a much longer prospective study.

For the pediatric CF population in Scandinavia, the finding of no gender difference in key clinical parameters is encouraging. This finding corresponds with the study by Verma et al indicating that modern intensive treatment may diminish gender difference in the CF population 12 .

The key novel finding in our study was that even without difference in lung function and BMI, we saw a distinct gender imbalance for some of the important complications and treatment modalities studied, indicating a persistent female downside.

The female patients tended to become chronically infected with PA earlier and more frequently than males, even though this was not significant except in smaller subgroups. The female incidence of new chronic infection was higher in the follow-up period among adult patients. The female patients also had significantly higher prevalence of chronic Burkholderia infection, an infection closely related to high morbidity and mortality 22;23 . We found no significant difference in age or frequency at CFRD diagnosis, even if the median age of diabetic patients was three years lower in females. All of these factors predispose to a more severe course of the disease. Our study suggests that females may actually have a clinically more severe disease than males regardless of similar BMI and lung function.Some major differences in the treatment of male and female patients were noticed.

The females had a significantly higher use of i.v. antibiotics than the males (1.5 times higher median days per year) and spent more days in hospital regardless of differences in frequency of chronic PA infection. In Scandinavia, home i.v. treatment is widely used and accepted, indicating that primarily patients with severe symptoms are hospitalised. Consequently, the higher number of hospital days is not explained solely by the higher number of days with i.v. antibiotics, but imply that the females are in higher need for hospitalisation despite equal lung function.

The use of inhaled and oral steroids also differed which was somewhat unexpected. No gender difference in asthmatic symptoms in CF has been described. In non-CF asthma, however, a gender difference is reported, in that asthma is more prevalent in male children compared to females whereas it is more prevalent in adult women than in men 24;25 . This difference is, however, not as high as the difference in use of steroids in this study (female odds ratio of two or more for both oral and inhaled steroid, table 2). The centres were not questioned about their policy for prescribing corticosteroids, especially whether a strict asthma diagnosis with positive reversibility was required.

Hence, the difference may reflect a true difference in prevalence of asthma, or it may reflect a generally more severe lung disease in the females leading the clinicians to treat them more intensively, despite the lack of evidence of the efficacy of steroids in CF 26;27 .

Second generation macrolides, especially azithromycin, are used as low dose continuous treatment in CF, especially in patients chronically infected with PA 15;28 . In the children <19 years, we found a higher use of macrolides in girls compared to boys. This could not be ascribed to an earlier and higher frequency of chronic pseudomonas infection, since the difference was still significant when excluding these patients. Actually more than 1/3 of the children receiving continuous macrolide treatment had no chronic Gram negative infection. Whether these patients were patients at the verge of becoming chronically infected was not evident from the study design. This might indicate higher treatment intensity in female patients, also in the pediatric group.

As these data suggest, at least it seems that the female patients are treated more aggressively by their physicians. Whether this is due to a true difference in severity of disease or because the female patients present more symptoms to the physician leading him/her to intensify the treatment, is yet to be determined. Also the knowledge of a gender gap may lead the physicians to treat the female patients more aggressively.

Sex hormones are obvious candidates for causing the gender difference. A lack of the anabolic effect of testosterone in females is one of the proposed mechanisms, especially in CFRD 5 . This at least deserves more thorough investigation. An interesting recent work by Coakley et al, showing that estrogens may inhibit the alternative chloride transport, especially around ovulation when concentrations peak 11 , may explain one of the very basic differences between male and female CF patients. The reduced chloride transport will lead to an estimated monthly one-week period of more viscous mucus which may cause decreased lung function, increased risk of infection and need for antibiotics. This finding also correlates with our earlier study on lung function changes during the menstrual cycle 10 , and definitely warrants further investigation, both concerning anti-estrogen therapy as suggested by the authors, but also in the choice of anti-contraceptive therapy for female CF patients.

We found no significant difference concerning CFRD in our study, even though females tended to be diagnosed at an earlier age. According to previous studies, females seem to do worse after diagnosis of CFRD, but since such a gender difference is not seen in common IDDM, this does not explain the underlying difference, and may be due to the influence of CFRD on other aspects of CF, F o r P e e r R e v i e w 16 e.g. lung infections 5 . Milla et al did not account for pseudomonas status in their work. Thus, the possibility that poorer outcome is due to a higher prevalence of chronic infection does exist.

In conclusion, in a Scandinavian CF cohort from 2001-2003, we found no gender difference in key clinical parameters such as FEV-1 and BMI in the included non-transplanted patients. We found a surplus of males in the adult population, but the design of this study does not allow any conclusion about differences in mortality. . However, we did observe gender differences including higher risk of Pseudomonas and Burkholderia infection in females, and more intensified treatment in females regarding intravenous antibiotics, macrolides, steroids and hospitalization. Even if such intensified treatment can eventually even out the difference in mortality, there is still an obvious difference in morbidity and treatment burden, and the underlying reasons for this deserve further investigation. 

  criterion was lung transplant prior to inclusion, since this was likely to change the infection status, lung function and body mass index of the patients. CF was diagnosed as either two known CFcausing mutations in the CF transmembrane conductance regulator (CFTR) gene, and/or two positive sweat-tests together with symptoms compatible with the disease. Data recorded at inclusion were: age, height, weight, BMI, lung function (FEV 1 ), chronic infections (based on regular cultures, Deleted: <#>The aims of this study were Deleted: <#>1) Deleted: <#>to identify any gender gap in the Scandinavian CF patientsfocusing on child and adult subgroups and 2) to evaluate gender differences in treatment and complications ¶
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Table 1 .

 1 Gender differences in demograpic and clinical markers

			Female	Male	p-value
	Number of patients (%)	Total Child Adult	416 (46.7) 248 (48.2) 168 (44.7)	474 (53.3) 266 (51.8) 208 (55.3)	0.052 § 0.427 § 0.039 §
	Age in yrs at	Total	15.4 (8.7;25.3) 17.1 (9.0;26.4)	0.43
	inclusion (median,	Child	10.2 (0.4-18.9) 9.7 (0.3-18.8)	0.91
	(25;75 percentile),	Adult	27.9 (19-58.5)	27.5 (19-55.5)	0.79
	BMI z-score (mean, SD)	Total Child Adult	-0.28 (1.35) -0.07 (1.41) -0.59 (1.20)	-0.29 (1.21) -0.06 (1.07) -0.59 (1.31)	0.91 0.93 0.96
	FEV-1 % of	Total	78 (57.1;95.0)	80 (57.2;94.2)	0.90
	predicted (median	Child	87 (16-131)	88 (26-135)	0.85
	(25;75 percentile))	Adult	63 (20-123)	67 (16-148)	0.70
	Age in yrs at	Total	16.8 (14.0;25.0) 19.8 (16.0;29.3)	0.083
	diagnosis of CFRD#				
	(median (25;75				
	percentile))				
	§ chi-square compared to 50:50 sex distribution		
	# CFRD = cystic fibrosis related diabetes		

Table 2 .

 2 Differences in use of steroids in adult female and male Scandinavian cystic

	fibrosis patients					
		Female	Male			
	Steroids			p-value*	OR 95% CI of OR
		(n = 168)	(n = 208)			
	Oral, n (%)	17 (10.1)	10 (4.8)	p= 0.047	2.3	0.99-4.99
	Inhaled, n (%)	73 ( 43.5)	58 ( 27.9)	p= 0.002	2.0	1.30-3.00
	*chi square; OR = odds ratio; CI = confidence interval		

Table 3 .

 3 Gender differences in use of continuous macrolides in Scandinavian cystic fibrosis patients according to infection status.

	Macrolide	No chronic infection	Chronic Gram negative infection
	antibiotics				
		Female	Male	p-value* Female	Male	p-value*
	Children**	23 (13.1%) 14 (6.7%) p = 0.036 31 (43.1%) 24 (41.4%) p = 0.85
	Adults***	2 (6.7%)	2 (4.2%)	p = 0.63 71 (51.8%) 77 (48.1%) p = 0.52
		*chi square			
		** all child patients 54 (22%) F vs 38 (14%) M; p=0.027

*** all adult patients 73(44%) F vs 79 (38%) M; p= 0.26
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