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Abstract

Background: COPD is characterized by dyspnea, chronic cough, sputum production and extra
pulmonary multimorbidity including depression, anxiety and cognitive problems. Methods: Cognitive
and psychological clinical alterations/disorders; QolL/Health-related QoL; and Coping strategies were
evaluated in 71 COPD patients characterized for FKBP5 gene (rs4713916). Instruments: MMSE, MoCA,
ROCF, BDI-Il, CES-D, SAS, SF-36, ADL, IADL, SGRQ, MRF 26, CIRS, Brief COPE. Results: Carriers of the
rs4713916 polymorphisms (G:A) show better cognitive performances, higher degree of independence
in the ADL and IADL, better QoL before and after rehabilitation, no presence of depressive mood and
anxiety symptoms, no family history of psychiatric disorder, more ability to cope with stressors by
avoiding emotions but demanding emotional support, and lesser use of anti-anxiety, anti-depressant
anti-psychotic, hypnotic-sedative drugs. On the other hand, no difference was found as regards the
number of comorbidities. Conclusions: Our study shows that rs4713916 is positively associated with
better outcome for COPD. These results offer valuable insights into the role of FKBP5 in the complex
network of mechanisms associated to clinical and behavioral features of COPD patients.. Our data may
be used as initial benchmark for future clinical studies.

Keywords: Anxiety, COPD, Coping strategies, Corticosteroid, Depression, Rehabilomics, rs471396.
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1. Introduction

Chronic obstructive pulmonary disease (COPD) is a chronic respiratory illness characterized by
reversible airways inflammation and irreversible lung tissue destruction leading to increasingly severe
dyspnea, chronic cough, and sputum production [1]. Dyspnea is the cause of forced patient’s inactivity
or disability, thus patients stay at home long time with reduced daily activity and social relation and
interaction. COPD is associated with several comorbidities more often than the general population [2-
3]and it is considered one of the primary global causes of morbidity and mortality [4-5]. COPD is the
only non-communicable disease (NCD) whose prevalence continues to increase in spite of the
reduction of smoking habit [6]. Despite the availability of several therapeutic options, including long-
acting B-agonists (LABA), long-acting muscarinic antagonists (LAMA), and inhaled corticosteroids (ICS),
often used in combination, a third of COPD patients still die of non-malignant respiratory diseases,
mostly COPD itself, whereas the number of COPD patients dying of cardiovascular diseases (CVDs)is
constantly decreasing (from a third to a quarter)[1,6]. These data put emphasis on the lack of effective
treatments able to decrease the respiratory-related mortality and the need of valuable disease-
modifying interventions.

Comorbidity, or better multimorbidity, is common at any grade of COPD severity [7] and the
differential diagnosis is often difficult [8]. Patients with COPD often show psychiatric comorbidities, in
particular, generalized anxiety, panic disorder, and depression. These conditions are associated with
poorer quality of life (QoL) [9], major decline in 6 minutes walking distance (6MWD), lower compliance
to the treatment plan, more acute exacerbations with more frequent admissions to emergency
hospital, and ultimately with more 30-day mortality compared with their counterparts without anxiety
or depression[10]. It has been reported that patients with COPD are two-to-five times more likely to
meet criteria for an anxiety or depressive disorder than the general population [11]. The prevalence of
depression in COPD patients is around 24.6% [12-13] and the prevalence of anxiety is around 9.1-
28.2% [13]. On the other hand this relationship is possibly bidirectional, since persons with an anxiety

or mood disorder are 1.5 times more likely to have pulmonary disease [14].
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The National Institute for Health and Care Excellence (NICE) defines multimorbidity as the co-
occurrence of two or more long term illness conditions [15-16].The NICE, on its first guideline to
manage multimorbidity, encourages to identify people who would benefit from an individualized
approach [16]. In general, the presence of multimorbidity no alters COPD treatment and, as suggested
by the GOLD report 2019, comorbidities should be treated per usual standard regardless of the
presence of COPD [1].The NICE recommends to identify those patients who may take advantage of a
“multimorbidity approach” evaluating treatment burden by discussing with the patient by what means
his/her health problems and how treatments affect their day-to-day life [17].

Patients with COPD, suffering from multiple pulmonary and extra-pulmonary sickness, emotional
and/or social limitations, need a comprehensive, multi and interdisciplinary pulmonary rehabilitation
program beyond the regular pulmonary drug treatment(s) [9]. Such a program is the most effective
strategy to improve shortness of breath, health status, and exercise tolerance reducing readmissions
and mortality [9]. Indeed, a comprehensive pulmonary rehabilitation (PR) highlights and trusts the
central role of the patient [18]. The NIH's recent research plan on rehabilitation [19],highlights the
importance to understand precision medicine approaches which are relevant to rehabilitation, and to
characterize those biomarkers that may be prognostic or guide prescription for rehabilitation
interventions. As a natural evolution of this scenario, the so-called “Rehabilomics” research
framework, initially introduced by Wagner [20], may be applied to COPD with the final purpose to
influence final outcomes joining together different areas such as modern clinical pneumology,
biomarkers, genetic make-up, gender, psychological symptoms, and environmental variables [21-24].

As suggested by Wagner [20] the “Rehabilomics” is a unique and distinctive model to create a
foundation for developing personalized-medicine approaches to rehabilitation. In a previous work we
employed a Rehabilomics-like approach to study the complexity of COPD rehabilitation process,
incorporating genetics, clinical and psychological status as well as biological factors(i.e. gender)
[22].Among the aims of precision medicine there is the improvement of the diagnostic process and the

choice of a specific treatment driven by genetic profile or biomarkers [25].
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COPD is a multifactorial disease where different genes are associated to etiology and progression,
as well as to therapy [26]. Genetic polymorphisms (SNPs) are associated with COPD susceptibility [27],
COPD severity [27], and therapeutic response [27-29].

Recently, we observed a specific association between the polymorphism (rs4713916, G:A) of the
FKBP5 gene and different endpoints of PR response in COPD patients; thus GA carriers show better
performances in the 6MWT and in the lung functions when compared to GG patients. Indeed, logistic
regression analysis showed that patients carrying rs4713916 GA has four times more probability to be
responders than GG patients (Cl=0.02-1.68, odd ratio= 0.22) [23].Interestingly, FKBP5 is considered a
risk factor for different psychiatric disorders including depression [30].

FKBP5 is a heat shock protein 90-(Hsp90) associated co-chaperone encoded by the FKBP5 gene. The
human gene is located on the chromosome 6 at position p21.31 consisting of 13exons and 12 introns
spanning more than 150 kb of genomic DNA [31]. The FKBP5gene is characterized by the presence of
functional glucocorticoid responsive elements (GREs) that represent an intracellular short feedback
loop [32]. Recently, it has been highlighted that FKBP5 shall be considered as a scaffolding protein able
to organize protein complexes rather than a (co)chaperone contributing to the folding of individual
proteins [33].

In this work we further investigate the susceptibility to psychological distress and quality of life of
COPD patients carriers of the rs4713916 polymorphism (G:A), to explore the complex COPD outcomes

with the final goal to design individually tailored pulmonary rehabilitation strategies.

2. Results
A total of 70patients, previously genotyped for rs471396 (G:A) [23], with severe COPD, stage 3-4 GOLD,
are studied. Table 1 shows the socio-demographic characteristics of the patients stratified according to

rs471396 genotype.
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Table 1. Socio-Demographic characteristics of the study population (N=70) stratified according to FKBP5
rs4713916 genotype (GG or GA).

Characteristics GG (N=57) GA (N=13) p
Gender
Male 40.35% 53.85% NS
Female 59.65% 46.15%
Age 72.6618.6 74.7616.4 NS
Education (years) 9.21+4.3 7.0+2.3 NS
Marital Status
Married/partner 50% 61.54%
Widower 35.09% 15.38% NS
Unmarried 3.51% 7.69%
Separated/divorce 12.28% 15.38%
Smoking Habit
Current smoker 16.33% 15.38%
Ex-smoker 73.47% 76.92% NS
Non-smoker 10.20% 7.69%
Living situation
Caregiver Presence 73.69% 76.92% NS
None 26.32% 23.08%
Current occupation
Employed 18.74% 0
Housewife 10.42% 23.08% NS
Retired 70.83% 76.92%
LTOT 33.3% 30.77% NS
ICS therapy 100% 100% NS
BMI 27.95+8.5 28.8319.5 NS
CIRS
Severity 1.614+ 0.242 1.531+0.192 NS
Comorbidity 2.449+ 1.444 2.889+ 1.054
Comorbidity
Number x Patients 3.593+ 1.807 3.100+1.595 NS
Comorbidity
Circulatory System Diseases 44 (77.2%) 10 (76.9%) NS
(ICD-9-CM 390-459)
Endocrine, Nutritional, 24 (42.1%) 6 (38.5%) NS
Metabolic, and Immunity Disorders
(240-279)
Genitourinary System Diseases 7 (12.3%) 2 (15.4%) NS
(580-629)
Neoplasms 3(5.3%) 1(7.7%) NS

* Data are expressed as meanSD or percentage.

57 patients are GG and 13 are GA. The mean age is 72.6618.6 for GG and 74.76+6.4 years for GA. All
patients are under ICS therapy, and are moderately overweight [34]. No major differences are observed

between the two groups for gender, age, education, smoking habits, LTOT, BMI, CIRS, Number and type of
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comorbidities. In both two groups of patients the major comorbidity is related to CVDs77.2% (GG) vs76.9%

(GA).

The cognitive functions are evaluated by three different instruments namely: MMSE, MoCA and ROCF

(Direct and delayed copy) (Table 2).

Table 2. Cognitive characteristics of the study population (N=70) stratified according to FKBP5 rs4713916
genotype (GG, GA).

Characteristics GG (N=57) GA (N=13) P
MMSE

Adjusted scores 25.81+2.37 26.32+3.36 NS

Score range

30 0 0

23.9-30 84.62% 77.78%

<23.8 15.4% 22.22% NS
MoCA

Adjusted scores 22.77+4.45 26.3413.57 0.0094

ES=0(0->17.362) 17.31% 0%

ES=1-3(17.363-»23.361) 46.15% 15.38%

Es=4 (>23.361) 36.54% 84.62% 0.0361
ROCF

Direct copy 26.97+6.79 28.56+10.58 NS

ES=0 (<28.87) 52.9% 25%

ES=1-3 (28.88 32.40) 17.7% 25%

ES=4 (>32.41) 29.4% 50% <0.001

Delayed copy 13.3245.77 12.75+7.0 NS

ES=0 (<9.46) 21.4% 33.3%

ES=1-3(9.47 -14.73) 42.9% 33.3%

ES=4 (>14.74) 35.7% 33.3% <0.001

Data are expressed either as meanzSD or percentage; Adjusted scores are classified into five equivalent scores (ES)

In agreement with literature data [35] different percentages of MCI prevalence in the COPD sample are

reported depending on the type of instruments used. Using for all tests the ES classification the percentage

of patients with preserved cognitive functions is higher in the GA carriers than in the GG (MoCA and

ROCF)[36-37].

The Qol was evaluated with different instruments namely: SF-36, only at the baseline, ADL, IADL, SGQR,

and MRF26 before and after PR [Table 3].
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Table 3. Quality of life characteristics of the study population (N=70) stratified according to FKBP5 rs4713916
genotype (GG, GA), before and after Respiratory Rehabilitation.

Characteristics GG (N=57) GA (N=13)
Before PR After PR A Before PR After PR A
SF-36
General Health 73.21£12.49 74.42+7.42
Mental Health 61.64+8.79 67.67+9.26*
ADL 5.15+1.72 5.21+1.45 0.06+2.0 5.15+1.72 5.61+0.96 -0.46+0.88
Degree of
Dependence**
none 65.95% 75% 75% 77.78%
1 2.13% 0 0 0
2-3 10.64% 14.28% 8.33% 22.22%
>3 21.28% 10.72% 16.67% 0
IADL 5.04+2.64 5.97+2.54 0.93+£1.02 5.82+1.47 5.88+1.96 0.06+0.18
Degree of
Dependence ***
none 36.17% 57.14% 45.45% 50.%
1 17.02% 17.87% 18.18% 12.5%
24 29.79% 10.71% 36.37% 37.5%
>4 17.02% 14.28% 0 0
SGRQ 51.55+£15.36 45.65+15.29 -5.947.28 40.25%+16.62 41.11+19.4 0.86+5.43
MRF-26
Total score 71.84+£16.43 52.23+18.94 -19.60+22.32 71.79+£13.60 45.73+18.68 -26.07+£13.01
Daily Activities 76.05+£20.63 56.33+£20.68 -19.73+25.72 78.63+£18.75 46.15+£19.23 -32.48+14.28
Disability 67.87+£15.78 47.39421.12 -20.47+24.52 64.961£16.95 45.30+20.51 -19.66+15.44
Perceived
General Health 3.81+1.38 2.90+1.74 -0.90+1.45 3.50+1.51 2.38+1.60 -1.12+1.25

Data are expressed as meantSD or percentage * p = 0.0455; ** p < 0.001 Between before and after PR in GA
patients; *** p =0.0025 Between before and after PR in GG patients; p = 0.003 at basal level between GG and GA
patients; p<0.001 after rehabilitation between GG and GA

The GA carriers show a basal SF-36 mental health score higher than GG carriers (67.67+9.26
vs61.6418.79; p< 0.05). Patients carrying GA show a degree of independence in the daily activity (ADL) and
in the use of instruments (IADL) higher than GG patients, independence that increases moderately after
PR, i.e., p<0.001 and p<0.0025, respectively.

The psychological status of all patients is investigated with different instruments namely: BDI-Il, CES-D,

and SAS. CES-D is popular for estimating prevalence rates in relatively large samples, as potential
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indicators of depression [38-40]. To strengthen the evidence provided by the CES-D, two other scales such

as the well-established BDI-Il and the SAS were analyzed[38]. Table 4 shows all the results.

Table 4. Psychological status of the study population (N=70) stratified according to FKBP5 rs4713916 genotype
(GG, GA), at baseline. Data are expressed as meanzSD.

Characteristics GG (N=57) GA (N=13) P*
BDI-II 15.12+8.16 5.80+2.17 0.0054
CES-D 12.50+10.07 4.73+6.65 0.0046
Depressive Affect 3.10+4.62 0.64+1.57 0.0231
Well -Being 4.21+2.77 2.64+2.80 ns
Somatic 5.00+4.31 1.45+£2.77 0.0043
Inter-Personal 0.19+0.57 0.0+0.0 ns
SAS 29.50+8.46 22.55+2.25 0.0017
Affective 7.27+2.15 5.67+1.12 0.0104
symptoms
Well-Being 9.77+3.35 7.00+1.94 0.0111
Somatic 22.5016.84 17.00+1.77 0.0062
symptoms

Data are expressed as meanzSD ; * Non parametric Mann-Whitney test.

The BDI-Il, stating that a score of 13 or above is associated with presence of depressive symptoms,
supports the observation that GG carriers show higher level of depressive symptoms in comparison with
GA patients [15.12+8.16 versus 5.80+2.17, p = 0.0054]. At baseline, mean CES-D total score was higher in
patients carrying GG than in GA patients (12.65+10.26 versus 4.73+6.65, p = 0.0045) (Table 4). Specifically
two domains such as depressive affect and somatic problem and retarded activity in GA carriers were not
compromised.

SAS shows higher scores in GG carriers when compared to GA carriers[29.68+8.59 versus 22.55+2.25, p

= 0.0017], specifically in the affective symptoms. Moreover both CES-D and SAS showed as GA carriers had
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a healthier perceived well-being than GG. In our sample 23.9% of GG carriers showed clinically significant
symptoms of anxiety (score >36 SAS rating scale), with respect to none in GA carriers. Looking at each
different symptomatic domain of SAS (Affective symptoms, Well-Being, Somatic symptoms) GA patients
showed a significant high level of perceived healthiness.

Interestingly, looking at the medical history or respective families, 52.63 % of GG carriers reported a
history of psychiatric disorders in comparison with none among patients who are GA carriers (p = 0.0311).

The perceptions of illness and coping strategies are important determinants among factors influencing
outcomes in COPD treatment [41-43]. Looking at the coping strategies, patient carriers GA in the FKBP5
gene show higher level of association with self-distraction and denial and moderate level with positive

reframing and use of emotional support than GG carriers (Table 5).

Table 5. Associations between FKBP5 variant rs47139 and coping strategies in COPD patients (N=70). Patients
are stratified according to FKBP5 rs4713916 genotype (GG, GA), at baseline. Data are expressed as mean+SD

Characteristics GG (N=57) GA (N=13) p
Brief COPEt

Acceptance 5.205+1.773 5.125+1.553 NS
Active coping 6.455+1.731 6.500+1.773 NS
Behavioral disengagement 3.079** 4.125+1.885 NS
Denial 3.682+1.567 4.877** 0.018*
Humor 3.386** 4.250+1.035 NS
Planning 6.136+1.875 6.875+1.458 NS
Positive Reframing 4.659+1.916 5.75041.165 0.079*
Religion 4.523+1.718 5.250+2.053 NS
Self-blame 4.591+1.730 4.750+1.581 NS
Self-distraction 4.886+1.660 6.625+0.916 0.007*
Substance use 2.201** 2.250+0.707 NS
Use of emotional support 4.273+1.453 5.25040.886 0.05*
Use of instrumental support 4.432+1.531 5.000£1.195 NS
Venting 4.376%* 5.125+1.246 NS

Data are expressed as mean*SD ; **Back transformed after logarithmic transformation;tKruskal-Wallis test.

Moreover, only in the GA carriers self-distraction is positively correlated with positive reframing and

acceptance as well as denial with venting and humor (data not shown). All significant data associations

were confirmed using both the Kruskal-Wallis test and the Jonckheere-Terpstra trend test.

Among the drugs received by the patients, 32 (45.7%) received drugs for neurological diseases (ATCC

code NO2-NO7). Figure 1 and Table 6 show that the percentage of GG carriers receiving these drugs is

10
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higher (27.15%) than that of GA carriers (5.7%) (p < 0.001). Specifically GG carriers received more anti-

anxiety, antidepressant, anti-psychotic, hypnotic-sedative drugs than GA.

Figure 1. Patients receiving Drugs for Neurological disease.

Drugs

\N /////////////

mm 27.15% GG: Anti-anxiety, anti-depressant, anti-psychotic and hypnotic-sedative drugs
wn 5.70%  GA: Anti-anxiety, anti-depressant, anti-psychotic and hypnotic-sedative drugs
7.14%  Antiepileptic drugs

1.43%  Anti-Parkison drugs

2.86% Analgesic drugs

1.43% Anti-dizziness drugs

54.29% No SNC drugs

Table 6.Percentage of patients receiving Drugs for Neurological disease. Patients are stratified according to
FKBP5 rs4713916 genotype (GG, GA).

DRUGS Patients % Genotype GG % Genotype GA %
Anti-Anxiety,Antidepressant,Antipsychotic, 32.86 27.14 5.7
Hypnotic -Sedative

Antiepileptic 7.14 5.71 1.43
Anti-Parkinson 1.43 1.43 0
Analgesic 2.86 2.86 0

Anti - Dizziness 1.43 1.43 0

No association with personal smoking/alcohol drinking habits and medical family disease history,
including respiratory illness, has been observed.

3. Discussion

11
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FKBP5 rs4713916 is associated not only with a better response to rehabilitation in terms of pulmonary
functions (6MWD and FEV1) [23] but also influences positively cognitive performance, Qol, anxious-
depression symptoms and stress coping behavior. Specifically the GA carriers when compared to GG
carriers show 1) Better cognitive performances, 2) Higher degree of independence both in the daily activity
and in the use of instruments, 3) Better QoL before and after rehabilitation, 4) No presence of depressive
mood and anxiety symptoms, 5) No family history of psychiatric disorder, 6) More ability to cope with
stressors by avoiding emotions in active and direct way but at the same time demanding emotional
support, and 7) Lesser use of anti-anxiety, anti-depressant anti-psychotic, hypnotic-sedative drugs. Of note
both GA and GG carriers show the same number of comorbidities of the same diseases (see Table 1).

This is the first study showing that FKBP5 rs4713916 is related to cognitive performance. In a previous
work it has been reported that FKBP5 rs1360780 (C:T) is associated with cognitive function in a non-clinical
population aged more than 50 years. Specifically, individuals carrying the T allele showed poorer
attention/concentration (working memory) compared with individuals carrying the G allele [44]. In our
study patients carrying rs4713916A allele showed better performance in the cognitive tests (MoCA and
ROCF).

The MMSE for the score range 23.9-30 shows a little better performance for GG (84.62% versus 77.78%),
although this test is not the most appropriate instrument to evaluate MCI [45-47], and therefore we used
in our group of COPD patients also the MoCA that includes executive tests, and allows to identify non-
amnestic MCI [48, 36], [49-52]. It has been reported that rs30800373 and rs4713916 are in linkage
disequilibrium with rs1360780 thus their effects are supposed to be related to the same mechanism [53].

These results are supported by the observation that patients carrying the A allele show a degree of
independence in the ADL and specifically in the IADL higher than GG patients, independence that increases
significantly after PR. Thus, it has been reported by an Italian longitudinal study on aging that the inclusion
of IADL in the MCI construct significantly improves the prediction of dementia [54]. Finally GA patients

show a tendency to have a basal SF-36 mental health score higher than GG carriers.

12
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Despite our sample consisted of patients suffering from COPD, subjects carrying FKBP5 rs4713916 GA
show absence of anxious-depression symptoms. A number of previous studies investigated the possible
mechanism linking systemic inflammation(COPD is considered an inflammatory disease) and depression
[55-56]. Although poorly understood, mechanisms underlying depression in COPD are likely multifactorial
and may include biological factors (i.e. oxidative damage) [24], disease-related features (i.e. dyspnea,
breathless, cough, difficult to walk, multi-morbidity) and psychological and social correlates including social
isolation and experiencing traumatic life events as bereavement. Other studies point out to different types
of inflammatory marker (cytokines) such as interleukins (IL-1B, IL-6, interferon-y[IFN-y]) and tumor necrosis
factor (TNF) and pathogenesis of major depressive disorder (MDD) [57-60]. Specifically high level of IL-6 are
related to MDD, thusIL-6 concentrations are significantly positively associated with Hamilton Depression
Scale-17 scores in depressive patients [60]. In a previous study [24] we evaluated the serum level of IL-6 in
the same patients analyzed also in this study. When the data of serum level of IL-6 is stratified for FKBP5
rs4713916it is found that the level are lower in GA carriers than in GG (50.96+43.78 versus
220.7+202.6pg/ml; p = 0.0022 according to Mann-Whitney test). It has been reported that COPD,
depression, and COPD with comorbid depression are associated with increased IL-6 levels when compared
with healthy controls [61-62].

FKBP5 is considered as a candidate gene for investigating how negative life events may interact with
genetic susceptibility to stress-related psychiatric symptoms. This evidence is supported also by a meta-
analysis involving 12,491 patients and 14,091 healthy controls which showed as rs4713916 is associated
with major depressive disorder susceptibility [63], and thus the major allele (G) is more common among
patients than controls. The association was stronger in females than in the whole population. The
homozygote carriers of the major allele (GG), which is associated with the clinical diagnosis, showed less
reduction of cortisol secretion in the Dexamethasone/Corticotropin-Releasing Hormone test after 4 weeks
of standardized depression treatment with citalopram, a selective serotonin reuptake inhibitor, compared
to carriers of the minor allele (A) [64]. Moreover, there is an association between rs4713916 and remission

with citalopram treatment in the Caucasian population [65].
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It has been reported that: (i) FKBP5 is responsive to stress exposure and elevated glucocorticoid levels,
which affects subsequent transcription of FKBP5 [66]. (ii) When FKBP5 binds to the GR complex, the affinity
for cortisol decreases, resulting in GR resistance and affecting cortisol output [66], thus FKBP5 acts as an
inhibitor of the GR-mediated glucocorticoid action. (iii) GCSs induce FKBP5 expression as part of an
intracellular “ultrashort” negative feedback loop for GR activity [67]. (iv) In the absence of GCSs, FKBP5 can
decrease the affinity of GR to corticosteroids by a complex interaction with the mature GR, thus leading to
weakened GR signaling[68]. (v) Three variants in the FKBP5 gene namely rs4713916, rs1360780, rs3800373,
that are in LD [53] are associated with an incomplete normalization of stress-elicited cortisol secretion in
healthy subjects after psychosocial stress. The strongest association was revealed for rs3800373 and
rs4713916 [69]. (vi) In non-exposed individuals carrying the A allele rs4713916 protects against the
development of depression [68]. Hence, in the context of GCSs therapy in COPD patients, an inherited
capacity to normalize the GCSs response may have a pleiotropic effect. By one side, this hypothesized
capacity might decrease the earlier drug responsiveness (as shown in Chron’s disease) [70] but, on the
other side, it might prevent undesired effects associated with long term GCSs therapy, thus contributing to
ameliorate the response to PR [23].

All of these observations suggest a genotype-dependent risk of chronically elevated plasma cortisol
levels in the context of chronic or recurrent stress, which also may increase the risk of stress related
disorders, such as depression [71].

Several studies have shown that psychological distress influences QoL and predicts exercise capacity
better than pulmonary functioning [69]. Psychological distress increases a physical and social
malfunctioning, inadequate adherence to therapy, more medical visits and hospital re-admissions, and
mortality risk [71]. Moreover, many studies suggest that there is a high prevalence of anxiety and
depression disorders in COPD patients and often they appear together [72]. These symptoms reduce the
health outcomes in terms of exercise tolerance, QoL and exacerbations. It has been suggested that coping
strategies may play an important role in mediating the relationship between personal resources such as

knowledge of the disease, self-efficacy and social support and psychological responses such as depression
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and anxiety in COPD patients [73]. We reported, recently, that the change in distance (A6MWD) between
final and baseline value in meters is positively associated with Self-distraction, Active Coping, and Planning
strategies [22].

We can speculate that GA carriers have more cognitive and psychological resources to better adapt
and manage their chronic health conditions (i.e. COPD and multi-morbidity). Figure 2 summarizes the
phenotype of subjects carrying rs4713916 evaluated in our study.

Figure 2. Schematic representation of the influence of the GA genotype on clinical, cognitive, and
psychological features of COPD patients undergoing pulmonary rehabilitation

MoCA: 91.67% GA vs 36.34% GG BDI-1I: 0% GA vs 60% GG O.R.= 0.4
2.1 2 Ces-D: 9.1% GA vs 32.6% GG O.R.=1.3
SAS: 0% GA vs 22.9% GG O.R.=1.28

Anxiety

Cognitive Depression
Abilities SF-36 Mental Health: 75 % GA vs 46.1% GG O.R.=1.4

Low Levels Better
ADL Dependence >4: 0% GA vs 10.7% GG
IADL Dependence >4: 0% GA vs 14.3% GG

Preserved

INHALED
CORTICOSTEROIDS \ EE Denial: 60.9% GA vs 47.7%GG  O.R.=1.27
3 WEEKS CLUCI LA Positive Reframing: 71.9% GA vs 58.2% GG O.R.=1,23

-

COPD FKBP5 ST Self Distraction: 82.7%GA vs 61.1%GG O.R.= 1.3

rs4713916 Emotional Support: 65.6%GA vs 53.4% GG O.R.=1.2

GA

Patients

Better 6MWT* >30 meters:

Respiratory 90.9% GA vs 60% GG 0.R.=0.22

Outcomes
Neurological

Diseases
Drugs
Familiar Lower
Psychiatric Ifammatton IL-6: 50.96+43.78 pg/ml (GA) vs 220.7+202.6pg/ml (GG)
5.7%GA vs 27.1 % GG Disorders Bilirubin: 0.94+0.55 mg/dL (GA) vs 0.58%0.29 (GG)

0.R.=0.21

0% GA vs 52.6% GG

COPD is characterized not only by dyspnea, chronic cough, and sputum production but also by
multimorbidity including CVD, sarcopenia, osteoporosis, diabetes and extrapulmonary brain-related
disorders such as depression, anxiety and cognitive problems [1-4]. The brain-related comorbidities in
COPD patients are related to worsening of symptoms and increased mortality that may be related to 1)
compliance reduction, 2) worsened perception of dyspnea possibly leading to increased hospital admissions
and 3) the worsened ability of depressed and/or anxious patients to cope with a chronic disease. Moreover,
impaired cognitive function may be related to poor health status, increased rate and longer hospitalization,
exclusion from or not completing pulmonary rehabilitation programs, lower therapy adherence and self-

management.
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Undoubtedly different underlying biological processes such as systemic inflammation, hypoxia, oxidative
stress, smoking, corticosteroid usage and the gut microbiome are involved. Each mechanism may show
overlapping link(s) with another, building a complex interaction network between all mechanisms and the
onset of depression, anxiety, cognitive impairment and COPD symptomes.

Recently, a new study describes the presence of a specific “Psychologic” comorbidity cluster related to
COPD not present in matching aging control population [74]. This cluster in respect to the clinical
characterization, is distinguished by the worst QolL. The smaller occurrence of mood disorders in the
matching aging control population may be the cause of the absence of a “Psychologic” cluster in this
population. Remarkably, the frequency of exacerbation, the severity of the dyspnea, and the functional
exercise performance were similar amongst all COPD comorbidity clusters. These observations highlight
over the need of a detailed phenotyping beyond the above-mentioned clinical outcomes.

Most likely, patients carrying FKBP5 rs4713916 GA do not fall into the “Psychologic” comorbidity cluster.
On the other hands COPD patients carrying FKBP5 rs4713916 GG may fall in the “Psychologic” comorbidity
cluster with psychological conditions representing an important subgroup for targeted mechanistic and
intervention studies. Thus it is possible that GA carriers benefit more of the PR than GG carriers.

Strengths and Limitations

Our study has several strengths. First, this is a real-life study. The number of real-life studies on COPD is
increasing [75], but the amount of available data other than remission and/or exacerbations is limited. This
study provides a multiperspective evaluation of COPD patients starting from a genetic make-up
characterization, and provides a molecular basis in support of the theory by Triest et al. [74], concerning
the presence of a “Psychologic” comorbidity cluster, specific only for COPD patients. Moreover, the
assessment of the Qol in a real-life setting is critical to estimate the adherence and the compliance to
treatment. The study shows that chronic patients - not recruited for a RCT study - may accept to participate
to a study that includes requests normally not required to their treatment. This observation suggests that in
real-life the most important factor determining the acceptance of a new protocol is the attitude of a person

toward their health as a result of four major groups of determinants: the perceived severity of a condition,
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the perceived susceptibility to that condition, the benefits of taking a preventive action, and the barriers to
taking that action.

The major limitation of the study is the small sample size that did not allow for the definitive
identification of a genetic cluster. However, the number of patients analyzed in this study is absolutely
consistent with its nature of pilot study, as confirmed by the algorithm proposed by Viechtbauer et al [76]
for pilot studies.

4. Methods

4.1. Subjects

The study was approved by the IRCCS San Raffaele Pisana Ethical Committee (Prot 15/2013) and all
participants gave separate consent to participate to clinical and genetic studies. The study has a
interventional non pharmacological design, and enrolled in70 consecutive patients, aged 70 years or older,
suffering from GOLD 3-4 COPD [1], and admitted to the San Raffaele Pisana Pulmonary Rehabilitation Unit
(PRU) between January 2013 and December 2015 for a comprehensive 3 weeks PR program. All patients
were part of a larger study on the application of Systems Medicine approaches in real life evaluated with a
multidisciplinary and multidimensional assessment [77] .

The following patient characteristics weremeasured:1)Demographics (age, gender, marital status,
employment status, educational); 2) Medical history and life-style [i.e. tobacco smoking status; alcohol-
drinking, familiarity for COPD or additional diseases, comorbidities]; 3) Body Mass Index (BMI); 4) Cognitive
and psychological clinical alterations/disorders; 5) QoL and Health-related QolL; 6) Coping strategies; 7)

Pharmacologic therapy.

4.2 rs4713916 analysis

Detailed methods for the genotyping of rs4713916 are described in a previous publication [23.].

In summary, rs4713916 was genotyped MBK_FKBP5 90 kits from Diatheva SrL (Italy) according to company
instructions. A is the minor allele of the SNP, the homozygous AA samples were not present in our sample.

The homozygous GG samples are present at 80.3% and the GA 13 at 18.3%in our sample.
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4.3 Instruments

The Mini-Mental State Examination (MMSE) is a brief 30-point questionnaire to evaluate cognitive
performance. Scores are adjusted for age and education according to the Magni et al. distribution [78].
Therefore, in this study we defined MCI, as proposed by Pierobon et al. [50] as present when MMSE score is
18.3—-23.8 and not present when MMSE scores are>23.8 [50].

The Montreal Cognitive Assessment (MoCA) is a cognitive screening instrument developed to detect
MCI. The MoCA assesses multiple cognitive domains, including, memory, language, executive functions,
visuospatial skills, calculation, abstraction, attention, concentration, and orientation[48]. Raw scores are
adjusted for age, education and gender. Adjusted scores are obtained by adding or subtracting the
contribution of concomitant variables from the original scores [36]. The adjusted scores are classified into
five equivalent scores (ES). In this study we defined MCI as present for ES = 01 and not present for ES =
244, accordingly to Pierobon et al. [50].

The Rey-Osterrieth complex figure test (ROCF) is a widely used neuropsychological test for the
evaluation of visuospatial constructional ability and visual memory. ROCF includes 18 units and the
maximum score for each of the two tasks (direct and delayed copying) is 36. The adjusted cut-off is:
direct copy 28, delayed copy 6.2.The scores are normalized to five ES according to Caffarra et al.[36].

The Beck Depression Inventory (BDI-Il) is a self-rating scale of 21 items to explore the severity of
depression according to diagnostic criteria of depressive disorders listed in the Diagnostic and Statistical
Manual of Mental Disorder, Fourth Edition (DSM-IV) [79, 80.] that covers the classification of major
depressive disorder as defined in the fifth edition of the DSM-5 [40]. The range is from 0 to 63,a score of
13/14 or above is indicative of depressive symptoms) [79].

The Center for Epidemiologic Studies Depression Scale (CES-D, range from 0 to 60) [81]is a brief self-
report scale designed to measure self-reported symptoms associated with depression experienced in the
past week [82]. The CES-D contains 20 items measuring depressive signs experienced during the
previous seven days on a four-point Likert scale (from 0, never or rarely to 3, most days or every day). The

maximum total score is 60. A score 2 16 suggests the presence of clinical depression. In the current study
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the internal consistency was expressed by a Cronbach’s alpha of 0.83 [83]. The Item Factor Analyses was
conducted according to Hertzog et al [84]. Four separated factors were identified as: depressive affect;
well-being , somatic problem and retarded activity and inter-personal difficulties.

The Zung Self-Rating Anxiety Scale (SAS)focuses on the most common general anxiety disorders. It is a
likert scale, with raw scores that range from 20 to 80. A raw score >36 is considered clinically relevant [85].

The 36-Item Short Form Health Survey (SF-36,scores range from 0 to 100)provides a direct quantitative
indication of an individual's health status and, as it is easy to administer, it has become the most widely-
used QOL evaluation tool in the world [86].

The Activities of Daily Living (ADL)refers to people's daily self care activities with questions aiming to
evaluate the functional independence/dependence of subjects in bathing, dressing, going to toilet,
transferring, continence, and feeding[87]. The degree of dependence is categorized as none, or
dependence in one, 2-3 or >4 [54].

The Instrumental Activities of Daily Living (IADL) refers to more sophisticated tasks of everyday life,
more demanding in terms of cognitive function such as using the telephone, managing money[88].The
score range for ADL is from 0 to6 [0 total dependence- 6 none], for IADL from 0 to 8 for woman and from
Oto 5 for man [0 total dependence, 5/8 none].The degree of dependence is categorized as none, or
dependence in 1, 2-4 or >4 [54].

The St. George's Respiratory Questionnaire (SGRQ, scores range from 0 to 100) is a questionnaire based
on empirical data and interviews with patients for measuring impaired health and perceived well-being in
airways disease. A mean change score of 4 units is associated with slightly efficacious treatment, 8 units for
moderately efficacious change and 12 units for very efficacious treatment [87].

The Maugeri Foundation Respiratory Failure Questionnaire (MRF 26, scores range from 0 to 5)has two
domain scores — activity, perceived impairment — and a total score. It has been demonstrated to be a good
instrument to measure QoL impairment in the chronic respiratory failure (CRF) setting irrespective of the

underlying disease [90].
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The Cumulative lllness Rating Scale (CIRS),is one of the existing tools to measure multimorbidity. This
index measures the chronic medical illness burden while taking into consideration the severity of chronic
diseases. Initially developed by Linn et al. [89], the CIRS was later revised by Miller et al. [92] to reflect
common problems of the elderly. We used the 14-system version of Miller et al. [92] to measure the
chronic medical illness burden in a family practice clientele. The final score of the CIRS is the sum of each of
the 14 individual system scores. The scoring may theoretically vary from 0 to 56 although a very high score
is impossible because it would represent several system failures not compatible with life.

The Brief COPE is a self-report questionnaire developed to assess a broad range of coping responses.
Currently, it is one of the best validated and most frequently used measures of coping strategies. The Brief
COPE is an abbreviated version of the COPE inventory (coping orientation to problems experienced) [93].
The Brief COPE measures 14 theoretically identified coping responses: Self-distraction, Active coping,
Denial, Substance use, Use of emotional support, Use of instrumental support, Behavioral disengagement,
Venting, Positive reframing, Planning, Humor, Acceptance, Religion, and Self-blame. It represents a way to
rapidly assess coping responses because it is a short 28-item self-report questionnaire with two items for
each of the measured coping strategies. The range is from 2 to 8 with higher scores indicating increased use

of that specific coping strategy.

4.4 Drug Therapy

All patients received daily ICS [beclomethasone dipropionate: CagH37ClO7] 0.4 mg/ml in combination with
two bronchodilators such as one SABA [i.e. salbutamol: Ci13H21NO3] and one 120 SAMA [anti subtype M3,
i.e. ipratropium bromide: C0H30BrNOs] for 3 weeks. Exacerbations were treated with oral CSs prednisone
[C21H260s] at 5 or 25 mg, or betamethasone [C2;H29FOs] at 1.5 mg or with injectable methylprednisolone

[C22H3005] at 20 mg.
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4.5 Statistical Analysis

Data were managed and analyzed using STATA12, and GraphPad Prism 8.1 (GraphPad Software Inc., La
Jolla, CA, USA). Continuous variables were logarithmically transformed to normalize the distribution.
Difference in the distribution of studied endpoints according to genotype were tested using t test or Chi?;
when the assumption of normality could not be verified the Kruskal-Wallis test; Jonckheere-Terpstra trend
test. Spearman correlation was used to compare Brief COPE between different genotypes.

Continuous data were described as mean+SD (Standard deviation). A p-value < of 0.05 was considered

as statistically significant.

5. Conclusions

Our study shows that rs4713916 is positively associated with better outcome for COPD. These
results offer valuable insights into the role of FKBP5 in the complex network of mechanisms
associated to clinical and behavioral features of COPD patients. Our data may be used as initial

benchmark for future clinical studies.
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Abbreviations

6MWD- six minutes walking distance

6MWT - six minutes walking test

ADL - activities of daily living

BDI-Il - Beck depression inventory

BMI - body mass index

CES-D - center for epidemiologic studies depression scale
CIRS- cumulative illness rating scale

COPD - chronic obstructive pulmonary disease
CVDs - cardiovascular diseases

FEV1 - forced expiratory volume inl s

GCSs - glucocorticosteroids

GR - glucocorticoids receptor

GREs - glucocorticoid responsive elements

IADL - instrumental activities of daily living

ICS - inhaled corticosteroids

IL - interleuchin

LABA - long-acting 3-agonists

LAMA - long-acting muscarinic antagonists

LD - linkage disequilibrium

LTOT - long term oxygen therapy

MCI - mild cognitive impairment

MDD - major depressive disorder

MMSE - mini-mental state examination

MoCA - Montreal cognitive assessment

MRF26 - Maugeri foundation respiratory failure questionnaire
NCD - non communicable disease

NICE - national institute for health and care excellence
PR - pulmonary rehabilitation

PRU - pulmonary rehabilitation unit

Qol - quality of life

ROCF - Rey-Osterrieth complex figure test

SAS - Zung self-rating anxiety scale

SD - standard deviation

SF-36 - 36-item short form health survey general
SGRQ - Saint George's respiratory questionnaire
SNPs- single-nucleotide polymorphisms

TNF - tumor necrosis factor
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