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ABSTRACT 

Objective 

Fetal exposure to maternal rheumatoid arthritis (RA) might impact the long-term risk of disease in 

the offspring. We examined a possible association between maternal RA and 15 selected groups of 

chronic diseases in the offspring.   

Methods 

This nationwide cohort study was based on the Danish health registries and included data on all 

children born alive in Denmark from January 1
st
 1989 to December 31

st
 2013. The cohort comprised 

2106 children born by women with RA (exposed), and 1 378 539 children born by women without 

RA (unexposed). Cox proportional hazard regression models were used, taking a large range of 

confounders into consideration, computing the Hazard Ratios (HR) of child- and adolescence 

diseases.  

Results   

In children being exposed to maternal RA in utero, the HR´s of thyroid diseases was 2.19 (95% CI, 

1.14 – 4.21), epilepsy 1.61 (95% CI, 1.16 – 2.25), and RA 2.89 (95% CI, 2.06 – 4.05). The HR´s for 

anxiety and personality disorders and chronic lung disease including asthma were in the range of 

1.15 - 1.16, but these were not statistically significant.  

Conclusions 

Our results suggest that in utero exposure to maternal RA is associated with an increased risk of 

thyroid disease and epilepsy in childhood and adolescence, and in particular an increased risk of 

RA, compared to children born by mothers without RA. These important findings should encourage 
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pediatricians and general practitioners to an increased awareness of certain chronic diseases in 

children being exposed to RA in utero.  

 

SIGNIFICANCE AND INNOVATION  

 One of the main concerns in pregnant women with rheumatoid arthritis is whether they pass 

rheumatoid arthritis or other diseases to their offspring. 

 It is controversial whether maternal rheumatoid arthritis in pregnancy has a long-term 

impact on the health of the offspring.  

 In this nationwide cohort study we show that the risk of being diagnosed with several 

diseases in childhood- and adolescence is increased compared to children born by women 

without rheumatoid arthritis.   

 Our results call for special attention on child development of rheumatoid arthritis, thyroid 

disease, and epilepsy if exposed to rheumatoid arthritis in utero.  

 

INTRODUCTION 

Rheumatoid arthritis (RA) is an autoimmune disease that often aggregates in families (1), it affects 

women three times more frequently than men, and RA is one of the most common chronic diseases 

in pregnant women (2). Therefore, women with RA often have concerns about a possible negative 

impact of their disease on the fetus when they are contemplating pregnancy. One of their main 

concerns may be if there is a risk of passing RA or other diseases to their offspring.  
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Such concerns are highly relevant, as there might be a genetic susceptibility to pass on RA or other 

autoimmune diseases to the offspring. Furthermore, it has been repeatedly found, that fetal 

programming during the gestational period can result in intrauterine growth restriction and low birth 

weight, which can subsequently lead to development of chronic diseases in adulthood (3-6). Early 

adverse fetal life exposures, such as maternal chronic disease, might thus program not only adverse 

birth outcomes but also have a life-long impact on the health status of the exposed children (3, 4). A 

negative impact of maternal RA on adverse perinatal outcomes, such as preterm birth and 

congenital malformation, has been suggested (7-10). Regarding long-term consequences in the 

offspring, only a few former studies have examined the health conditions in children of women with 

RA and the evidence was summed up in a recent review (11). One of these studies focused on the 

child risk for the development of lymphoma/leukemia (12), while two studies indicated an 

association with neurodevelopmental disorders (13, 14). Rom at al. found that children of mothers 

with RA had up to 26% higher morbidity in various diagnostic groups, e.g., endocrine diseases, 

diseases in the respiratory system, musculoskeletal and connective tissue diseases, mental and 

behavioral disorders, and diseases in the nervous system and epilepsy (15, 16). However, we do not 

have sufficient knowledge on the association between maternal RA and long-term chronic 

childhood outcomes, and still we do not know which specific chronic diseases to be especially 

aware of in children of women with RA.  

In the present study, we aimed to examine the risk of specific chronic diseases in the offspring of 

mothers with RA, compared to children of mothers without RA, based on live born children in 

Denmark in the period of January 1
st
 1989 to December 31

st
 2013 in a nationwide cohort study.  
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MATERIALS AND METHODS  

Data sources and setting 

This is a nationwide register-based cohort study, and it is based on information from several 

national Danish registries. Data in these registries are collected for administrative purposes, they 

have been collected systematically for several decades, and are based on mandatory registrations. 

Since 1968, all residents in Denmark have had a 10-digit personal identification number (CPR 

number) registered in the Civil Registration System. The CPR number is a digit unique identifier 

assigned at birth or immigration and used in all Danish health registries, and it allows valid linkage 

between registries (17). In Denmark, all citizens have free access to a tax-financed healthcare 

system, and the uniform organization enables us to use a population-based study design. This 

national cohort was established by linkage between the Danish registries including i) the Civil 

Registration System, ii) the Danish Medical Birth Registry (DMBR) – a register that has recorded 

information on all births in Denmark since 1973 (18, 19), and iii) the Danish National Registry of 

Patients (DNRP). The DNRP has recorded all inpatient hospitalizations at non-psychiatric public 

hospitals in Denmark since 1977, and emergency and outpatient contacts since 1995. Diagnoses 

documented in the DNRP were assigned by a code according to the eighth revision of the World 

Health Organization´s International Classification of Diseases (ICD-8) until the end of 1993, and 

the tenth revision (ICD-10) thereafter (20). From the Danish Psychiatric Central Register (DPCR) 

we extracted information on psychiatric outcomes. The registry was established as a nationwide 

register in 1969 and includes information on psychiatric hospitalizations in Denmark, including 

outpatient visits since 1995.  
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Study population 

The study population comprised all live born children, born during the study period of January 1
st
 

1989 to December 31
st
 2013, according to the DMBR, giving at least one year of follow-up time. 

We excluded children with non-permanent residence in Denmark throughout the entire study period 

and in order to ensure information on health status of all mothers, we also excluded births where the 

mother had not been a resident in Denmark for at least 10 years before the birth of the child. 

Looking back for a period of 10 years before child birth for each included woman gave us valid 

information on whether each woman in the study population had a history of RA, or not. Children 

in the cohort were followed until the date of event of important health outcomes, death, or the end 

of the follow-up period (by December 31
st
 2014).  

 

Maternal RA and offspring long-term morbidity 

Information on maternal RA was obtained from 1979 and onwards in DNRP allowing ten years of 

diagnoses recorded before birth for each included mother of children in the study population (the 

first included birth was on January 1
st
 1989). Information on maternal RA and RA in the children 

was based on the following ICD-8 codes: 712.09 (only used in the child outcomes), 712.19, 712.29, 

712.39 and 712.59 and the following ICD-10 codes: M05, M06 (exclusive M06.1) and M08 (only 

used in the child outcomes). 

 To report on the child and adolescence health outcomes, the authors went through the 

entire ICD-8 and ICD-10 classification of diseases and 15 disease groups were selected, covering 

all major non-malignant somatic and psychiatric areas, considered to be important concerning 

specific chronic diseases occurring among children. Relevant chronic diagnostic groups in 
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childhood and adolescence were selected: ‘RA’ ‘Insulin Dependent Diabetes Mellitus (IDDM)’, 

‘Non-insulin Dependent Diabetes Mellitus (NIDDM)’, ‘Thyroid Diseases’, ‘Parathyroid Disease’, 

‘Polycystic Ovary Syndrome (PCOS)’, ‘Systemic Lupus Erythematosus (SLE)’, ‘Inflammatory 

Bowel Disease (IBD)’, ‘Epilepsy’, ‘Multiple Sclerosis (MS)’, ‘Coagulation Disorders’, ‘Chronic 

Lung Disease including Asthma’, ‘Affective Mood Disorders’, ‘Schizophrenia and other Paranoid 

Psychoses’ and ‘Anxiety and Personality Disorders’. All the included ICD codes are provided in the 

supplementary table S1.  

The exposed cohort  

Children were assessed to the exposed cohort if the mother within ten years before the childbirth 

was assigned with a diagnosis of RA from any hospital in Denmark. 

 

The Unexposed cohort 

The unexposed cohort comprised all live born children born to women without a diagnosis of RA 

10 years before childbirth.  

 

Statistical analysis and covariates 

Contingency tables were constructed for the main study variables according to respectively the 

exposed and the unexposed cohort. Cox proportional hazard regression models were used for all 

outcome analyses, and the model accounted for multiple children by the same mother in a cluster 

analysis. We computed the crude and adjusted hazard ratios (HR) and the associated 95% 

confidence intervals (95% CI). The following covariates were considered in the regression models: 
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calendar year of birth, sex of the child, mode of delivery (vaginal and cesarean section), preterm 

birth defined as <37 weeks of gestation (no/yes), small for gestational age (SGA) defined as birth 

weight below – 2 SD of the sex specific expected birth weight (no/yes) (21), maternal age at birth, 

parity (1 and ≥ 2), multiple birth (no/yes), maternal smoking during pregnancy (no/yes; only 

registered since 1991), and maternal pre-pregnancy body mass index (BMI, only registered since 

2003). Furthermore, we adjusted for the relevant maternal underlying comorbidity within 10 years 

before birth; for example, when we assessed the risk of IDDM in the offspring, we adjusted for 

maternal underlying IDDM in the analysis, and a similar approach was used for all other outcome 

diseases in the offspring. In additional analyses we examined whether maternal duration of RA had 

an impact on our results. Due to the statistical precision, we only performed adjusted analysis on 

disease groups with at least 10 childhood outcomes in the exposed groups or a significant result in 

the crude analysis. For the occurrence of child and adolescent outcomes of chronic lung disease and 

asthma, and psychiatric disorders the follow up period started from the age of 5 years, as these 

diseases by definition are not assigned to children aged less than 5 years of age. For the remaining 

outcomes, the follow up period began from the date of birth and ended on December 31
st
, 2014. 

In a sensitivity analysis, we restricted the analysis to women assigned with at least two RA-

diagnoses on at least two occasions before childbirth.  

The study was approved by the Danish Data Protection Agency (Journal no. 2013-41-2092) and 

follows the current rules on security and privacy. According to Danish law, approval by the ethical 

review board or patient consent is not required for register-based studies.  
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RESULTS  

From 1989 to 2013, a complete national cohort comprising 2106 live born children born by 1504 

women with RA, and 1 378 539 children born by 751 816 women without RA, were included in the 

study. Overall, the children had a median follow-up time of 13.7 years. In the exposed cohort the 

median follow-up time was 8.4 years (25-75% percentiles 4.5-14.5 years), and in the unexposed 

cohort the median follow-up time was 13.8 years (25-75% percentiles 7.3-19.9 years). The 

maximum follow-up time in the cohorts was 25.9 years. Table 1 provides descriptive characteristics 

for the exposed and unexposed cohorts. The proportion of women with RA giving birth increased 

significantly during the study period from 7.4% of the exposed cohort in the first five years period 

(1989-1993) to almost 35% of the exposed cohort in the last time period (2009-2013). Table 1 

additionally shows that an increasing proportion of mothers in the exposed cohort were in the older 

age groups when giving birth (age group 30-39 years), 58.6% in the exposed cohort, compared to 

46.9% in the unexposed cohort. Compared to the unexposed children, children exposed to maternal 

RA were more likely to be born by cesarean section (28.2% versus 15.0%). Furthermore, the 

children in the exposed group were more frequently born preterm corresponding to 10.1% in the 

exposed cohort versus 6.2% in the unexposed cohort, and were more likely to be born SGA (5.1% 

versus 3.8%).  

 

Offspring long-term morbidity 

For children born by women with RA we found no outcomes in the following disease groups: 

NIDDM, SLE, or MS during follow up, and only 1-2 outcomes in parathyroid diseases, PCOS, and 

IBD. When comparing the cohort of children born to women with RA to children born to women 

without RA, the adjusted HR showed an excess long-term offspring morbidity in 5 of the 15 disease 
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groups including RA, thyroid disease, epilepsy, chronic lung disease including asthma, and anxiety 

and personality disorders (Table 2). The results were statistically significant in three outcome 

groups; thyroid diseases with an adjusted HR of 2.19 (95% CI, 1.14-4.21), epilepsy with an 

adjusted HR of 1.61 (95% CI, 1.16-2.25) and conclusively in RA with an adjusted HR of 2.89 (95% 

CI, 2.06-4.05). 

In the sensitivity analysis including only mothers diagnosed with RA at least on two occasions 

before childbirth, the exposed cohort was reduced to 1067 children born to women with RA. The 

results of the analyses, however, confirmed the associations in the main analyses, except that the 

risk of childhood thyroid disease became non-significant, (data not shown). Duration of maternal 

RA, before childbirth, had no impact on the associations examined in this study (data not shown).  

 

DISCUSSION 

Our study shows that there is an association between in utero exposure to maternal RA and the risk 

of specific chronic diseases in the children. We found a statistically significant increased HR of RA, 

thyroid diseases, and epilepsy compared to children not exposed to maternal RA in utero. At 

present, our study includes the largest number of children born by mothers with a diagnosis of RA 

before birth of a child, and we found the risk of epilepsy to be increased by 61% and a more than a 

two-fold increased risk for RA in the offspring. One Danish epidemiological study has previously 

evaluated the similar aspects in women with RA. A study from Rom et al. suggests that children of 

mothers with RA had a significantly increased risk of being diagnosed with 8 out of 11 groups of 

diseases (15). Our study was also based on children born in Denmark, but there were important 

differences between the study from Rom et al. and ours; i) our study population was sampled 
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differently (for instance, the women had to have residence in Denmark at least for ten years before 

child birth) and with the study period until December 31
st
 2014 we also included follow up on the 

more recent child births, ii) we specifically focused only on an exposed cohort were all mothers 

were diagnosed with RA before the childbirth, i.e. the fetus was exposed to maternal RA in utero, 

iii) we had a different grouping of childhood diseases as we focused on the occurrence of specific 

chronic diseases in the offspring while Rom et al. focused on larger accumulated disease categories, 

including acute, malignant and chronic diseases, iv) our analytic approach was different as we 

looked for diseases in the offspring in pre-specified periods after birth, realizing that some chronic 

diseases during childhood are not relevant in the early childhood years (i.e. asthma), and iv) we 

were able to take into consideration a number of important confounders such as the status of the 

perinatal outcome of the newborn (born preterm and/or SGA) in addition to the impact of other 

maternal diseases besides RA. It is a major strength, and strengthens the body of evidence for an 

association between maternal RA and chronic diseases in the offspring that two independent studies 

with a different set up, highlights the same overall conclusions (15). Our study showed crude point 

estimates indicating excess long-term morbidities for eleven of the examined chronic disease 

categories, although only statistically significant for RA, thyroid disease, and epilepsy in the 

adjusted analyses. The disease categories are not that specific in the study by Rom et al., and 

therefore our HRs for RA and thyroid disease in the offspring cannot directly be compared to the 

results in Rom et al. Our finding of an increased risk of epilepsy in children exposed in utero to 

maternal RA is supported by a recent paper suggesting HRs of 1.26 to1.34 for development of 

childhood epilepsy (16). In two former studies that focused on long-term neurodevelopmental 

disorders in the offspring by mothers with RA, autism spectrum disorders were associated to 

maternal RA. One of studies however, is hampered by methodological limitations due to increased 

cohort size of children exposed to familial RA (n=39), but an increased OR of 2.1 with no reported 
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CI was suggested in the study from Comi et al.(13). In a large Danish study the authors found 

increased risk of autism spectrum diseases in offspring of mothers with RA (IRR of 1.79 (95% CI, 

1.14-2.81) (14). Our study, however, did not estimate an association with neurodevelopmental 

disorders, as such specific information on learning and cognitive aspects, is not available in the 

registries used.   

We do not know why women in the exposed cohort are relatively older than women in the 

unexposed cohort at the time of childbirth. There could be several explanations for that. One 

explanation could be that women with RA are less fertile than other women and therefore have 

longer waiting time to pregnancy. Also, one could speculate whether women with RA voluntarily 

postpone pregnancy because of recommendations of pregnancy to occur in periods with low disease 

activity. We found that women with RA had a higher proportion of children born preterm compared 

to women without RA, and that finding is not surprising as other studies have indicated that 

maternal RA is associated with an increased risk of preterm birth (8, 22).  

 

It strengthens the study that our data are based on a high number of exposed children, and data 

derives from registers appropriate for research, with a reported high validity (23, 24). We had 

access to complete and obligatory registrations on ICD diagnoses, procedures and hospital contacts 

from Danish hospitals since 19and all outpatient visits since 1995. Information on the mother and 

birth-related variables were extracted from the DMBR. This registry includes all births in Denmark 

and includes high valid information on birth weight, eventual birth complication and parity (18, 25). 

According to the exposure assessment, maternal diagnoses of RA, the positive predictive value of a 

diagnosis of RA in DNPR was up to 80% when patients were registered as inpatients, and when 

having more than one relevant diagnosis it increased to 91% (26, 27). In the sensitivity analysis, 
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where we restricted to include only mothers assigned with at least two diagnoses of RA on at least 

two occasions before childbirth, the estimates were virtually unchanged and this speaks for the 

robustness of our results. We have complete follow up for our study cohorts, and our outcomes 

were studied independently of exposure status, thereby preventing selection and information bias. In 

addition, we were able to account for the potential impact from many important confounders. It is 

an important strength of this paper that we do not only focus on a single disease category in the 

offspring but examine a large number of chronic disease categories during childhood and 

adolescence.  

This study also has limitations. We cannot rule out that some of our diagnoses on child outcomes 

are misclassified, but such a misclassification would most probably be non-differential and 

therefore yields bias towards unity. We did not include data on use of medication in our analyses. 

One might expect that different treatment modalities used during pregnancy could affect childhood 

disease outcome. However, in the study from Rom et al. (15) both child outcomes in women 

diagnosed with RA before and after child birth were evaluated, where no indication of medical 

treatment having any impact on the results of child outcome were observed. Therefore we do not 

believe that lack of information on medications has confounded our results. In our dataset we did 

not have access to socioeconomic factors. Also, we did not have outcome data of the children from 

the general practitioners, and therefore we might have underestimated a possible, negative effect of 

maternal RA on the child health. This is, however, considered to be a limited problem, as the vast 

majority of children suspected to be affected by the diseases included in this study will expectedly 

be referred to a secondary or tertiary care setting for confirmation of the diagnosis and future 

treatment. Furthermore, when examining the health effects in the offspring, it is valuable to have as 

many years of follow up as possible, but our length of follow up is limited by the onset of the 

nationwide registries. In the exposed cohort we found that the number of children born to women 
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with RA increased by increasing calendar time periods. This is most likely due to an increasing 

prevalence of RA in Denmark over the last decades (2, 28), and therefore the exposed cohort also 

contributes to fewer average years of follow up compared to the unexposed cohort. 

It has also been suggested that genetic factors have pleiotropic effects and predispose to a number 

of different diseases (29), but the foetal adaption as a consequence of maternal RA might also 

induce epigenetic changes that increase accumulation of diseases of e.g. RA in the offspring (30-

32).Thus, our study cannot determine the underlying biologic mechanisms, i.e. the role or 

contribution of genetic factors and factors related to the intrauterine environment. Genetic factors 

might explain the excess morbidity when it comes to RA in the offspring, and genetic factors 

showing pleiotropic effects might also explain the occurrence of other diseases such as autoimmune 

thyroid disease (33, 34). However, the results might also partly be due to factors related to an 

impact of maternal RA itself on the fetal environment, for instance an impact due to disease activity 

or medical treatment.  

 

The results from our study suggest that children of mothers with RA have excess morbidities during 

childhood- and adolescence when it comes to important chronic diseases. Our results on a 

significant excess long-term risk of RA, thyroid disease, and epilepsy need to be confirmed in data 

from other counties, and future studies focusing on the underlying biological mechanisms are 

warranted. The findings in this study are relevant for pediatricians, rheumatologists and general 

practitioners in order to have special awareness of early symptoms of RA, thyroid disease, and 

epilepsy in offspring of mothers with RA.  
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TABLES 

TABLE 1. Characteristics of the study cohorts at the time of childbirth.  

 

Exposed children  Unexposed children  

 

(maternal  

Rheumatoid Arthritis)       

(no maternal  

Rheumatoid Arthritis)           

 

N = 2106 

 

(%) 

 

N = 1 378 539 

 

(%) 

 

Year of birth     

1989-1993 156  (7.4) 292 248  (21.2) 

1994-1998 262  (12.4) 291 636  (21.2) 

1999-2003 387  (18.4) 271 550  (19.7) 

2004-2008 574  (27.3) 273 130  (19.8) 

2009-2013 727  (34.5) 249 975  (18.1) 

Sex     

Female  1038  (49.3) 671 317  (48.7) 

Male  1068  (50.7) 707 222  (51.3) 

Preterm birth     

No 1878  (89.2) 1 282 810  (93.1) 

Yes 212  (10.1) 85 172  (6.2) 

Missing 16  (0.8) 10 557  (0.8) 

Small for Gestational Age 
(SGA)   

No 1970  (93.5) 1 302 770  (94.5) 

Yes 107  (5.1) 52 801  (3.8) 

Missing 29  (1.4) 22 968 (1.7) 

Maternal age at childbirth    

< 20 years  10  (0.5) 22 876  (1.7) 

20 – 29 years  770  (36.6) 678 314  (49.2) 

30 – 39 years  1235  (58.6) 646 331  (46.9) 

> 40 years 91  (4.3) 31 018  (2.3) 

Parity   

1 901  (42.8) 605 341 (43.9)   
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≥2 1205  (57.2) 773 198  (56.1) 

Multiple birth      

No 1982 (94.1) 1 326 655 (96.2) 

Yes 124 (5.9)             51 884 (3.8) 

Mode of delivery    

Vaginal 1513  (71.8) 1 171 142 (85.0) 

Cesarean section 593  (28.2) 207 397  (15.0) 

Smoking*   

No 1607  (76.3) 937 998  (68.0) 

Yes 351  (16.7) 273 073  (19.8) 

Missing 148  (7.0) 167 468  (12.1) 

Maternal Body Mass Index* 
(BMI)   

< 18.5 41  (1.9) 19 799  (1.4) 

18.5-24 729  (34.6) 303 628  (22.0) 

25-29 275  (13.1) 106 348  (7.7) 

> 30 181  (8.6) 63 891  (4.6) 

Missing 880  (41.8) 884 873  (64.2) 

*Information on maternal smoking was available in the registries for children born from 1991 and onwards and information on maternal body mass index on children born 

from 2003 and onwards. 
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TABLE 2. Hazard ratios (HR) for overall morbidity in children exposed to maternal RA.  

Child diseases 

Children born to women 

with RA (n=2106), n (%) 

Children born to women without 

RA (n=1 378 539), n (%) 

Crude HR 

(95% CI) 

Adjusted HR* 

(95% CI) 

Rheumatoid Arthritis  34 (0.02) 9576 (0.01) 3.23 (2.30-4.52) 2.89 (2.06-4.05) 

Diabetes Mellitus 8 (0.00) 4686 (0.00) 1.69 (0.84-3.38) -  

Non-insulin Dependent Diabetes Mellitus  0 (0.00) 544 (0.00) -  -  

Thyroid Diseases 9 (0.00) 4079 (0.00) 2.48 (1.29-4.77) 2.19 (1.14-4.21)a 

Parathyroid Diseases 1 (0.00) 193 (0.00) 5.65 (0.79-40.38) -  

PCOS, Polycystic Ovary Syndrome 1 (0.00) 1628 (0.00) 1.03 (0.15-7.32) -  

Systemic Lupus Erythematosus 0 (0.00) 255 (0.00) -  -  

Inflammatory Bowel Disease 2 (0.00) 4238 (0.00) 0.63 (0.16-2.52) -  

Epilepsy 35 (0.02) 18 127 (0.01) 1.65 (1.18-2.29) 1.61 (1.16-2.25)b 

Multiple Sclerosis 0 (0.00) 271 (0.00) -  -  

Coagulation Disorders 3 (0.00) 2334 (0.00) 1.39 (0.45-4.30) -  

Chronic Lung Disease, including Asthma 46 (0.02) 39 523 (0.03) 1.15 (0.86-1.54) 1.16 (0.87-1.55)c 

Affective Mood Disorders 5 (0.00) 5350 (0.00) 1.57 (0.65-3.78) -  

Schizophrenia and other Paranoid Psychoses 6 (0.00) 5348 (0.00) 1.74 (0.78-3.88) -  

Anxiety and Personality Disorders 28 (0.01) 26 245 (0.02) 1.28 (0.88-1.85) 1.15 (0.80-1.67)d 

*Adjusted estimates are adjusted for sex of the child, year of birth, maternal age at birth, mode of delivery, multiple birth, birth order, preterm birth and small for gestational age. aAdjusted for maternal Thyroid Diseases, badjusted for 

maternal Epilepsy, cadjusted for maternal Chronic Lung Disease, including Asthma, dadjusted for maternal Anxiety and Personality Disorders.   

 

 

 

 

 

 




