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ABSTRACT

The research in this thesis is concerned with tfeeteof chronic stress, caregiving and
bereavement, and ageing on immune and endocriaengters. First, there was no difference
in serum anti-CMV antibody titre between youngeegavers and controls, but CMV
seropositive caregivers with negative health behagi had higher CMV antibody titre.
Second, there was no difference in neutrophil fiendbetween the groups in both younger
and older cohort, while only younger caregiversvgta a higher serum cortisol:cortisone
ratio than controls. Further, those caregiversrdgorted higher anxiety and burden
symptoms had lower neutrophil phagocytosis. Thiedegivers had more T cells expressing
KLRG1 marker of senescence than controls, but coalpp@number of those expressing PD-
1 marker of exhaustion and thymic output. Finajiyung bereaved showed similar
neutrophil function and serum cortisol and DHEAgele as non-bereaved controls, whereas
older bereaved had impaired neutrophil function amigher cortisol:DHEAS ratio. These
findings suggest that chronic stress can haverdifteal effects on immune and endocrine
parameters, but in some cases, presence of imnmasxsnce is required for immune
decrements to be observed. Further, they emph&smportance of focusing on the

individual's response to chronic stress rather thaim chronic stress statyser se
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CHAPTER 1

INTRODUCTION



1.1. OVERVIEW

Ageing is a physiological process that emergedsadeaproduct of normal development and
the metabolic processes involved in the reprodagintential of the species (Cutler 1982). It
has been developed most likely as a non-adaptigegrhenon with no biological function
(Partridge and Gems 2002) and allowed to evolvautin a trade-off mechanism termed
antagonistic pleiotropy (Williams 1957), reviewed(Partridge and Barton 1993). According
to Thomas Kirkwood's modification of Orgel's (196Bgory, ageing can also be linked to the
attempt of the body to protect germ line cellshatéxpense of somatic cells, the so-called
“disposable soma theory” (Kirkwood 1977). Therefageing is a phenomenon that evolved
as a negative by-product of positive traits thateAmeneficial to organisms, such as fat
deposition or sexual hormones, oxygen metaboligndmation of the reactive oxygen species
(ROYS)), but also stress and glucocorticoids (GE€pat of the fight or flight response.
Among these, development and oxygen metabolismarstant and necessary involuntary
forces, and hence unchangeable, but the stressnssm humans and other primates has
changed over time, gaining another characterigtecapacity to be chronic and detrimental

(Sapolsky 2007).

In this chapter, the mechanisms by which stressrfhrence different aspects of immunity
will be presented, as well as the interaction betwageing and stress and the consequences
of this for immune health. The content will filtesent stress as an adaptive phenomenon,
and explain its relationship with the immune systgnerally. Second, the focus will be on
how psychological stress affects the immune systenthe latter part of the introduction, the
influence of ageing will be discussed, firstly désing the interplay between ageing and
stress and then their additive effect on immunFinally, the pathophysiological

consequences of the interaction between stresimgagad immunity will be discussed.
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Although the focus is mainly on humans, where ajlie, studies using small animal models

are included.

1.2. STRESS

A challenging life demands tough reactions andl&éaso the development of a number of
physiological changes that constitute the stregsomse in animals and humans. In a hostile
environment, more complex organisms like vertelsrdvelop a response that Walter
Cannon (1929) first introduced as 'fight or flighThe main function of this response is
maintaining body homeostasis. The key site inviivethis process is the hypothalamus
(Barrett 2005), a part of the brain that commumsdly sending nerve impulses to other parts
of the body. In this way, the hypothalamus acthiwiseconds and via sympathetic nervous
system stimulates medulla of the adrenal glanélease catecholamines, CA (adrenalin and
noradrenalin). In addition, the hypothalamus a@lismiuces chemical messengers that act
more slowly and in minutes travel through the higatamic-pituitary-adrenal (HPA) axis
(Sapolsky et al. 2000). Chemical messengers snpiiihway include corticotrophin releasing
hormone (CRH) which stimulates the anterior pityitgland to release another hormone,
adrenocorticotropic hormone or ACTH. The targegjaor of ACTH is again the adrenal

gland, but this time it is the cortical cells tisghthesise and release species-specific GC into
the blood. The tight control of these GC (mainlytisol in humans) is sustained via negative
feedback that controls and, in the end, termindteselease of CRH (Griffin and Ojeda

2004).

Clear distinction is made today between two tydestress, acute and chronic stress. From

an evolutionary point of view, the acute componsieneficial in that it provides organisms
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with the mechanisms for protection from a changeabld threatening environment. In that
context, an interaction such as one between alioha zebra, even though there is no
common interest for the outcome between these hiwoads, will trigger the same cascade of
events in the body of both. Adrenalin and noradliermainly, but with GC potentiating the
effects, will increase arousal, alertness and aigie, focus attention and elevate core
temperature. In addition, they are responsibleéHerincrease in the pain threshold (Kulkarni
1980), cardiovascular output, respiratory rate €¢Sdt al. 1956), and blood flow to the brain
and skeletal muscle (Brown et al. 1979, Charmaretaai. 2005, Coles et al. 1956, Dowd et
al. 2009, Kulkarni 1980). Skeletal muscle will géine supply of the energy from the adipose
and hepatic cells stores, whereas all other aietivihat are inessential in that moment, such
as digestion, reproduction, feeding and growthl, m&ldecreased through the action of GC
(Cannon 1929, Selye 1956, Sorrells and Sapolsky)208though acute stress and the
events that follow have evolved as an adaptatioa aase therefore beneficial, too great or too
long of a response can be detrimental to the b&ay.example, synaptic plasticity in adult
rats was negatively affected by prolonged strepepgxre (Trentani et al. 2002). In humans,
continuous or repeated psychological stress isglyassociated with detrimental effects on
the cardiovascular system, and through it, withsglpeand hypertension (McEwen 1998,
Phillips et al. 2012, Sedova et al. 2004). Howedespite the seemingly direct relationship
between stress and different physiological funajdhe general rule regarding the particular
effects of GC alone on other organ systems isuffitient to explain their action on the
immune system, as described below. In other wdh@snegative effect of stress on the
immune system is actually a non-adaptive phenomeasenusing the analogy of Sapolsky,
an injured animal would not survive and propaghéedpecies if it escaped a predator only to

then die of sepsis soon afterwards (Sorrells apdISky 2007).



1.3.STRESS AND THE IMMUNE SYSTEM

1.3.1. GC and CA effects of acute and chronic stress

It was previously thought that the stress respahseygh the action of GC, strictly
suppresses immunity. There are several sourcegdédnce for this anti-inflammatory action
of GC, such as: involution of the thymus explaibgdSelye in 1930s (Selye 1936, Viner
1999); the shift from a cellular T helper cells JTho a humoral Th2 phenotype and inhibited
production of the pro-inflammatory cytokines (inéaikin (IL)-12, interferon gamma, IFN-
tumour necrosis factor alpha, TNfF{Franchimont et al. 2000, Hu et al. 2003, St¢al.e
2000), accompanied by the increased secretiontdirdlammatory cytokines (IL-4 and IL-
10) by Th2 cells (Elenkov and Chrousos 2002, Mdzal.2004, Wu et al. 1991); limitation
of the capacity of dendritic cells (DC) to interagth immature T cells by preventing up-
regulation of major histocompatibility complex (MBi€lass Il and co-stimulatory molecules
(Akdis et al. 1997, DeKruyff et al. 1998, Franchimh@004, Ramirez et al. 1996). It is now
known, however, that the way stress impacts immusihot always straightforward, and can

be highly influenced by the duration of the stregSmrrells and Sapolsky 2007).

Initially in the acute stress response, the immaystem is activated rather than suppressed
(Sorrells and Sapolsky 2007), and only after tingg feaction, in the following stages of the
stress response, when levels of GC further riga; #nti-inflammatory effects come on the
scene (Munck et al. 1984). Higher concentratidis®© will then help the organism to
recover from the early phases of the stress respdmgnck et al. 1984). However, it is
certain that upon repeated stimulation by stresthrough prolonged, chronic stress, the
immune system is suppressed, and this is, atile@sirt, mediated by the action of GC

(Sorrells and Sapolsky 2007). The explanatiorthar dual behaviour of GC could be in the



way they transmit their effects through steroidrhone signalling (Sorrells and Sapolsky
2007). The actual mechanism by which GC exertetlifserent effects is yet to be
elucidated. However, a potential explanation & thineralocorticoid receptors, which
paradoxically have much higher affinity for GC tha@ receptors, are first to bind GC.
Therefore, during the initial acute stress phaseemGC are present in lower levels, they will
predominantly bind mineralocorticoid receptors, ethare thus, together with CA release,
responsible for the initial stress-induced increagbe immune function (Sorrells et al.
2009). In the following stages of the stress rasppowhen mineralocorticoid receptors get
saturated, GC receptors become increasingly ocdwgrid can govern some of the anti-
inflammatory action. On the other hand, it is utee if the same explanation could apply to
the immune system in the periphery. For examplenehough expressed in macrophages,
mineralocorticoid receptors do not seem to be welin modulating immune cells function
by GC. Instead, that action is strictly confinedhe concentration-dependent binding of the
GC to the GC receptors (Lim et al. 2007). Nevdeds it seems likely that a similar type of
concentration-dependent effect of GC could be nesipte for the difference in the effect of
acute and chronic stress on the peripheral immysters, too (Sorrells and Sapolsky 2007).
It is important to reiterate here that GC are regithe only, nor the primary inducers of
immune alterations during the chronic stress resp@iMoynihan 2003). For example, the
suppression of mitogen responses by rat lymphoeysssdependent only upon the
production off-endorphin and without any influence by corticoster levels (Panerai 1997).
Similarly, Shi et al. (Shi et al. 2003), showedttitiee apoptosis of lymphocytes during
restraint stress was dependent on the state oidogiceptors only. The adrenergic receptor
(B2-AR) after binding CA through two different signaty pathways triggers DNA

(deoxyribonucleic acid) damage as well as degradatf an important tumour suppressor in



the brain of rats (Hara et al. 2011). Similar Hsswere obtained after exposing rats to
chronic restraint stress, whereas, the administraif propanolol, #-blocker, diminished

this effect. Finally, the mutual action of GC &4 during chronic restraint stress will
simultaneously affect migration of mononuclear<eil the peripheral blood of a specific
mouse strain (Hermann et al. 1995), largely redwytekine expression from the lymph nodes
and spleen (Dobbs et al. 1996), delay cytokine gemescription in the lungs and lymph
nodes (Sheridan et al. 1998), as well as dimintsivation of cytotoxic T lymphocytes in the
lymph nodes (Dobbs et al. 1993, Sheridan et al8)L9Blowever, it was also shown that
chronic stress-induced changes in the concentsattb@C alone can have different effects on
different pro-inflammatory cytokines, TNé-IL-1p and IL-6 (DeRijk et al. 1997). For
example, daily fluctuations of these hormones veddle to strongly affect TNE-
concentrations, whereas Il3-tesponded only after exercise-induced increasteitevels of
cortisol, and lowering IL-6 demanded pharmacoldgicacentrations of GC (DeRijk et al.
1997). All three of these cytokines are predomiitygsroduced by monocytes, but IL-6 can
be produced by endothelial cells, fibroblasts amdtnocytes (Heinrich et al. 1990). Finally,
while TNF-u, IL-1p are strictly pro-inflammatory, IL-6 can have bgitto-inflammatory and
anti-inflammatory effects (Scheller et al. 201Therefore, perhaps, the differential effects of
stress hormones on TNE-L-1p, and IL-6 are largely caused by the differentsaéthese

cytokines.

1.3.2. Immuno-enhancing and immunosuppressive effects of acute and chronic stress

There is a well established difference in the éffi¢lcat acute and chronic stress exert on the
immune response, being immuno-enhancing and imnupposssive, respectively. The acute
stress response and its associated immunologiaealgels closely resemble those related to

infection, and involve both energy mobilisationdattivities of cytokines and
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neurotransmitters (Maier and Watkins 1998). Adurtef restraint stress, applied before
surgical sponge implementation into the rats had te more prominent increase in all blood
leukocyte count comparing to the non-stressed gfdigwanathan and Dhabhar 2005).
Similarly, the same type of acute stress admirestéefore the immunisation increased the
number of memory and effector Th cells followingmmnisation (Dhabhar and Viswanathan
2005). This also seems to influence more robustune response upon repeated stimulation
with the same antigen months later (Dhabhar and/afigthan 2005). This can be beneficial
in cases when increased immunoprotection is neddgdletrimental in the cases of
immunopathology such as allergic conditions andiauhune disease (Atanackovic et al.

2013, Dhabhar 2009, Dhabhar and Viswanathan 2005).

Chronic stress is generally accepted as being inosuppressive. However, if it was strictly
Immunosuppressive, it would not be able to neghtivéluence disease outcomes in
infectious and neoplastic disease (associatedimaitequate immunity) on the one hand, and
allergic and autoimmune disease (that emerge froexaessive immune response) on the
other, as explained by Segerstrom and Miller (Ss#g®en and Miller 2004). One possible
explanation for these seeming mutually exclusiveseguences of chronic stress was given
by Marshall et al.(Marshall et al. 1998), who sugjgd that chronic stress drives the Thl-to-
Th2 shift by altering patterns of cytokine expressi In that way, stress-induced suppression
of Thl cytokines (such as IF-involved in the defence against many kinds oéatibn and
some neoplastic diseases, would lead to activatidimn2 cytokine production, involved in
allergies and different autoimmune diseases, ssd¢h-20 (Marshall et al. 1998). In addition,
it has been shown that chronic stress caused bybiisation affects the number of
lymphocytes in rats, but impacts on different stbsedifferent ways (Dominguez-Gerpe and

Rey-Mendez 2001). The overall decrease in the meambcirculating lymphocytes was



accompanied by the increase in the number of mammtyature T lymphocytes, suggesting
one of the potential mechanisms by which stresscased immunosuppression can affect

and exacerbate autoimmune diseases (Moroda €9).1

In summary, acute stressors usually, with the etiaep of natural killer (NK) cell function
(Cunnick 1988) and neutrophil superoxide productidnanfer et al. 2010, Khanfer et al.
2012) boost the immune system, particularly it@tercomponent which is the one able to act
quickly (Bosch et al. 2003, Dhabhar and McEwen 1&#apolsky 1998). The majority of
chronic stressors, on the other hand, are assdaiatie global immunosuppression and have
an impact on both innate and adaptive componethteoinmune system (Kiecolt-Glaser et al.
19914, Phillips et al. 2006a, Segerstrom and M#RO4, Thaker et al. 2006) to mention a

few.

1.3.3. Beneficial and detrimental effects of acute and chronic stress

Both the immune response and the fight-or-fliglspanse provide an adequate defence for
survival and further protection against infectidteathe injury occurs. In that context, the
relationship between acute stress and immune ugatsgn can be viewed as an adaptive
trait. On the other hand, chronic exposure tessteppears to have detrimental effects on
immunity through continual activation of the sameamanisms. This overlap between the
stress response and the immune response to infexdidd be the answer to some of the
seemingly contradictory processes that arise asgdhsequence of different durations of the
same stressor. For example, in response to attagsars, T cells in the rat react by
redistributing into the skin, which is the orgaattis the most likely to be affected in a life
threatening situation when attacked by the predat@n the other hand, prolonged action of

the same type of stressor will lead to the progvessecrease in this stress-induced



redeployment of T cells, as well as to the supjwessf delayed type hypersensitivity in the
skin (Dhabhar and McEwen 1997). Similarly, surbag@eration in cancer patients after
oesophagectomy has been associated with an inégrepsgpheral blood lymphocytes
apoptosis (Kono et al. 2001). The mechanism usedtplain this rise was increased
expression of Fas, a transmembrane protein thatatescpoptosis (Oka 1996), and changes
in T lymphocyte signal transduction through dowgerdation of T cell receptdf with a

crucial influence of activated post-operative mares on the process overall (Kono et al.
2001). Negative effects on lymphocytes associaidusurgical stress were also observed in
combination with psychological (daily life hassles)d physiological (cold pressor) stress
upon stimulation of lymphocytes with phytohemagglut (PHA) and pokeweed mitogen,
respectively (Linn et al. 1988). Through alterlifJ-y production and the ability to respond
to both interferons and pro-inflammatory cytokines., IL-2, chronic restraint stress affects
the activity of NK cells, components of the innatemunity important in resolving viral

infections such as infection with herpes simplexis¥i(HSV) (Bonneau et al. 1991).

1.4. PSYCHOLOGICAL STRESS AND IMMUNITY

A relationship between the central nervous systeNS) and immune system was first
discovered in early animal experiments where it reagaled that immunosuppression could
be induced through classical conditioning (Ader208der and Cohen 1975, Garcia et al.
1955). A large number of studies have emphagsistehavioural changes that accompany
chronic stress situations (such as alcohol consomgtguyen et al. 2012, Silva and Madeira
2012), smoking (Lee et al. 2007), nutrition (Thompet al. 2013), and sleep disturbances)

that are already known to have direct and serieadtin consequences and could mediate the
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negative effect of stress on health indirectly (Dah et al. 2003, Hussain 2010). Other
indirect effects might be via changes in sociatsand social support associated with stress
at the same time affecting health and qualityfef(Baron et al. 1990, Pressman et al. 2005,
Rutledge et al. 2004, Segerstrom and Miller 20049wever, many direct effects on
immunity have also been demonstrated. Severailestuelported changes in cytokine profile
in students during an academic examination peridte general pattern seems to be the
emphasis of Th2 response through the decrease-mftsammatory cytokines (TNIe; IL-6,
IL-1, INF-y) and higher levels of anti-inflammatory cytokir(#s-10 and 1L-4) (Kang and

Fox 2001, Marshall et al. 1998). Similar to theselies, delayed wound healing and a
decrease in IL{f}, a key interleukin involved in this process, hasiibdemonstrated in young
healthy students during an examination period coetpto a non-stressful holiday period
(Marucha et al. 1998). The opposite was the aaseudents with higher anxiety where levels
of pro-inflammatory cytokines rose just before itmgportant exam (Kamezaki et al. 2012,
Maes et al. 1998). The explanation for this segiginontradictory effect of examination
stress is seen in its duration, as it can be divid® acute examination stress (i.e. stress
immediately before the exam, as in (Kamezaki e2@1.2, Maes et al. 1998)), and its
prolonged, chronic component (i.e. during the exetidn period, as in (Kang and Fox 2001,
Marshall et al. 1998)), for a review see (BoschleR002). In one of the first studies that
examined the relationship between psychologicakstand the immune system in humans,
the strong psychological stressor of bereavemeatassociated with the decreased function
of T lymphocytes (Bartrop et al. 1977). In a samivay, neutrophil killing ability was
suppressed in the bereaved, the effect that wasrggamied by the increase in
cortisol:DHEAS (dehydroepiandrosterone sulphate) i&hanfer et al. 2011). This ratio has

been previously used as a measure of the effesssfrormones have upon immune system
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components (Butcher et al. 2005). Further, homnsgdesple who reported higher stress levels
had lower density of lymphocyRAR (Dimsdale et al. 1994). This could indicatderta
down-regulation of receptors due to higher stresmbne levels (CA or GC) or simply a
change in the lymphocyte subsets, both of whichdcbe a consequence of prolonged
exposure to a stressful lifestyle. In addition¢lvildren with a history of recurrent colds and
flu who demonstrated higher levels of psychologstedss, salivary immunoglobulin (1g)
A/albumin ratio was lower, indicating a potentialki between stress and colds and flu

(Drummond and HewsonBower 1997).

Loneliness affects NK cell activity not only in p$yatric patients (Kiecolt-Glaser et al.
1984b), but also in young and healthy medical stitsgdmdicating general importance of
social relationships for individuals’ wellbeing (Kg et al. 1998, Kiecolt-Glaser et al. 1984a).
Matrital quality and recent separation among youongien were associated with depressive
symptoms and poorer immune function, seen throwgingy proliferation of lymphocytes
after stimulation with different mitogens (concamah and PHA) (Kiecolt-Glaser et al.
1987a). More frequent marital concerns were aagetiwith flatter cortisol profile (Barnett

et al. 2005), an indicator of non-adaptive cortisetabolism during chronic stress exposure.

One commonly studied model of the impact of steesgnmunity is role of caring for
someone, be it a spouse or child with a physicahental illness or disability. Caregiving is
now well established as having a serious effegsythological well being, physical health
and self-efficacy among caregivers when comparedatched non-caregiving individuals
(Pinquart and Sorensen 2003). For example, paogietncer patients when compared to
control parents had a decreased sensitivity tathieinflammatory effect of GC which could
potentially contribute to the development of asthdiffierent cardiovascular and autoimmune

diseases, as well as indicate dysregulation oiitineune system that may become incapable
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of resolving infections (Miller et al. 2002). Thswhere we see the other side of stress
effects on immune function where it exacerbate®gsioe immune response. Another study
of adaptive immunity in mothers of children withveééopmental disabilities showed a lower
T helper: suppressor ratio, indicating again paddgtiess effective adaptive immunity for

fighting the pathogens among the older age coliarar@givers (Pariante et al. 1997).

One well researched indicator of immune challeéngbe context of psychological stress is
immunity to latent viruses, with reduced immunitgicated by raised antibody titres to latent
viruses. Generally, latency is the ability of eugito lie dormant in the host cell after the
initial infection, and emerge as an acute infecbane the immune surveillance of the host
weakens (Nowak 1991). Therefore, even though asymgtic in the immunocompetent
hosts, these infections could cause serious harmnfiieven fatal effects in the
immunocompromised (Pawelec et al. 2005, Rasmu$@h).1 In that context, separated
women also had higher antibody titre against EpdBairr virus (EBV), indicating poorer
control of the virus, as well as lower number oftbNK cells and Th lymphocytes when
compared to married women, with worse depressidnramune outcomes seen in those with
greater attachment to their ex-husbands (Kiecaddis&i et al. 1987a). In the case of married
and separated men, those who went through divoece more depressed, lonelier, and had a
higher antibody titre against both EBV and HSV @Gk-Glaser et al. 1988). Finally, more
negative behaviour in marriage has been shownuersely affect endocrine responses in
women, and immunological activation, seen througibady titres to EBV and the
blastogenic response to T cell mitogens, in botidges (Kiecolt-Glaser et al. 1997). Another
study also demonstrated higher antibody titresregaytomegalovirus (CMV) in a group of
caregiving individuals when compared to the costroidicating poorer latent virus control

(Pariante et al. 1997).
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Vaccination produces immune memory against spege#tbogens, ready to respond to an
infection. An inadequate response and failureréwide full protection after vaccination,
measured in terms of antibody titre, is indicatif@ poorer immune response in the recipient.
Unmarried older adults and those who had poor alaritality had a weaker antibody
response to the influenza vaccination than happdayried older adults (Phillips et al. 2006a).
Life events stress and perceived stress were @liated to a lower antibody response after
vaccination against flu and meningitis in stud€Bisrns et al. 2003, Burns et al. 2002,
Phillips et al. 2005), while greater social supporhanced antibody titres for some vaccine
strains (Phillips et al. 2005). However, studiest thave examined the antibody response to
vaccination in younger caregivers have reportednsistent results. The first study of this
type compared hormonal and immune status betweg@adier of multiple sclerosis patients
and 62 controls (Vedhara et al. 2002). Multipleesxsis was chosen as serious chronic and
degenerative illness that usually causes physiwhlcagnitive complications (Barcellos et al.
2002), and as such thought to cause equivalentdéveirden for caregivers as seen in
spouses and partners of dementia patients. Degpibeting higher levels of stress, but not
anxiety and depression, caregivers showed no difter in either antibody response to an
influenza vaccination, nor their IFfNand IL-4 levels. Similarly, cortisol and DHEASdn
their ratio was not different between the grouparf®lios et al. 2002), supporting previous
reports of preserved immune responses in stressedicers. In contrast, a study conducted
by Gallagher et al. (Gallagher et al. 2009b) shoa@dorer antibody response to
pneumococcal vaccination in caregiving parentshdticen with developmental disabilities
when compared to age and sex matched control gar@hese findings were further
supported in another study by Gallagher et al.l@@hkr et al. 2009a) which showed a

reduced ability of caregiving parents to mount decuate antibody response compared to
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control parents after vaccination against the eriza virus. It was argued that the difference
in immune response in these studies could be daeai@cteristics of the care-recipient such
as challenging behaviours, rather than the canegjiroleper se and that perhaps the
caregiving experience, reported as more challenigicgse of parents of children with
developmental disabilities, is what drives thisra@in immune function (Gallagher et al.
2009b). Indeed within the caregiving group, thpaeents who reported higher child problem
behaviours had a poorer antibody response to teerpacoccal vaccine (Gallagher et al.

2009b).

Stressed individuals also show significant chamgéise DNA repair process. Changes in
DNA repair processes have been associated witérdift types of cancer such as cutaneous
malignant melanoma (Wei et al. 2003), lung can®éu €t al. 2003), and breast cancer
(Sharan et al. 1997). One of the theories of agsilggests that the accumulation of DNA
damage is a potential cause of gradual frailtyvimd) organisms (Freitas and de Magalhaes
2011), emphasising the involvement of the repaichrmaism in the ageing process (de Boer
et al. 2002). Several studies have shown corogistibetween stress and the efficiency of
DNA repair (Yang and Glaser 2003). This is alstemonstration of the complicated
relationship between stress and body mechanisniisstasws that in addition to the duration
of the stressor, the consequences of its actioardkalso upon the capacity of the organism
to adapt to change and maintain homeostasis. fié ef stress was different depending on
the population tested, with a decrease seen iDkh& repair mechanism after X-irradiation

in psychiatric compared to non-psychiatric pati€kigcolt-Glaser et al. 1985), whereas in
young healthy students, stress during an examimagoiod influenced the increase in the
extent of DNA repair after UV radiation (Cohen et2000). As examination stress increases

DNA damage and hence the need for its repair,uldcbe that the increase in the repair
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process in young healthy students indicates thudityato meet this criteria, an ability that is
not present in psychiatric patients who exhibieardase (Yang and Glaser 2003). Forlenza
et al. (Forlenza et al. 2000) confirmed this inwadg that showed an increased rate of
nucleotide exchange repair in students during améxation period when compared to the
low stress holiday period. Further evidence cafobad in the rat studies where sister
chromatid exchange, a process that is known torogithh higher incidence in the presence of
agents with oncogenic potential (Banerjee and Bieh&879), showed a doubling potential in
the bone marrow cells of rats subjected to diffetgmes of behavioural stressors, such as
swimming, white noise, and foot shock (Fischman léellly 1987). On the other hand, a
decreased DNA repair capability was reported afiecinogen administration in rats exposed

to the rotational stress compared to a non-stregsrp (Glaser et al. 1985).

When considering factors, tightly regulated andtcmled, and related to both maintaining
and disturbing homeostasis on a cellular levalicstires that emerge as one of the key
controllers of the cell cycle are telomeres. Tedoas are complexes of repetitive DNA
sequences (TTAGGG) located on the very end of eaatmosome surrounded by a large
number of proteins. They have several functionsgbe mainly involved in maintaining
chromosome stability (Dahse et al. 1997). Dudéortature of the DNA replication process,
telomeres protect the core of DNA, shortening byragpimately 50 base pairs with every cell
cycle. Telomeres eventually become so short tleaDIHA is exposed, replication ceases and
cells enter replicative senescence (Dahse et @F)13elomeres thus act as a “biological
clock” counting the number of cell divisions a dedls made (Dahse et al. 1997). Indeed, a
large number of studies have suggested that telst@rtening is an important factor in the
process of ageing, as well as diseases such asshmmanodeficiency virus (HIV),

hepatitis, Alzheimer's, inflammatory bowel diseas®] cancer (Jiang et al. 2007). The
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importance of adequate telomere length is a kélyggammune system, particularly adaptive
immunity, as cell division in lymphocytes is neaaysfor their response to antigenic
challenge (Kaszubowska 2008). However lymphocgigsess the enzyme telomerase,
which can extend telomere length, giving them adidl replicative capacity before they
enter senescence (Kaszubowska 2008). Studies mdicated that chronic stress might in this
case mimic or accelerate immunosenescence. Forpeatelomere length in peripheral
blood mononuclear cells (PBMCs) was shorter in pigrearegiving for a chronically ill child
and experiencing higher stress levels comparedogetin the low stress caregiver group,
even though there was no difference in telomergtkebhetween caregiving parents generally

and their age and sex matched controls (Epel 2084).

Another very important mechanism inside the cedt theeds to be carefully regulated and
kept in balance in order for the cell to functiasrmally is programmed cell death or
apoptosis. Apoptosis is essential for proper emtiydevelopment, functioning of the
immune system, as well as maintaining of the homasasin response to different
physiological and pathological stimuli (ElImore 2D0For example, apoptosis is an important
mechanism in the regulation of neutrophil functidteutrophils are key effector white blood
cells in defending the host from bacterial infestiny producing various cytokines and ROS
(Lloyd and Oppenheim 1992). However, neutrophiésadso important factors in regulating
inflammatory processes, and the existence of aguade regulatory mechanism is necessary
to prevent these protective components becomingdanm to the host (Sendo et al. 1997).
With a half-life of 10-12 hours, these cells areegi enough time to perform their protective
role and fight bacterial infection, but preventeohfi any deleterious effect on surrounding
tissue by entry into apoptosis once they have éedlacteria (Sendo et al. 1997). Intense

exercise stress prolongs the survival of neutrgplihereas longer lasting examination stress
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inhibits the process (Sendo et al. 1997). Thismdked lifespan could be useful at times of
infection, but in its absence could be damagingjceting the variety of ways in which stress

can affect health and the complexity that lies behhat relationship.

1.5. AGEING, STRESS AND THE IMMUNE SYSTEM

One of the important components that should bentake account when considering the
effect of stress on immunity is age. Even in thges where the effect of stress on the
immune system is strong, such as in the case efjrmamg, this might be even more evident
or might change once the immune system is chalttbgeéoth ageing and stress
simultaneously (Segerstrom and Miller 2004). Agesconsidered to weaken the body's
ability to respond to stress, and with stress #ffgamrganisms in a similar way as ageing, it
may lead to accelerated ageing (Sapolsky 1999)adtbeen suggested that one of the factors
contributing to this exacerbated effect of stresthe aged organisms is their inability to
terminate the production of GC in response to st(8apolsky et al. 1986). According to the
GC cascade hypothesis, failure of the control meishathat should stop the production of
GC after the effect of the stressor has endedusezhby the age-induced degeneration of the
region of the brain responsible for communicatiathwhe endocrine system (Sapolsky et al.
1986). In that way, excessive amounts of GC furtlaenages the target brain region, starting
a positive feedback cascade (Sapolsky et al. 198éihctional connections between the
immune and neuroendocrine systems stem from tis¢egxde of the interplay between their
components, cytokines and hormones, on variousslé@ttaviani and Franceschi 1997), thus

the GC response to stress and ageing has a sagrifrapact on immune function.
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The way ageing and stress simultaneously act exftfie immune response seems to be
influenced not only by the way organisms age, babduld be highly influenced by early life
event experience (Graham et al. 2006). Long-tdfetts seem to emerge not only after
negative maternal behaviours, such as poor prenatation, but also following external,
psychological and environmental stress in mothresgsewed in (Graham et al. 2006). For
example, early life stress through the excess eémal stress hormones, mainly GC (Painter
et al. 2012) has been shown to relate to emotijmmmddlems and learning deficits, and it could
lead to the conditions such as type 2 diabetegandral depression and anxiety symptoms in

the adulthood (Weinstock 2008).

A theory of ageing known as the 'disposable soyothesis emphasises the difference
between the efficiency of the translational mactyne reproductive and somatic cells, where
the latter have traded accuracy in order to saeeggrfor other more important functions
(Kirkwood 1977). In the same manner, this theowgl@ns longevity through the presence of
the 'more successful' alleles of the genes invoivede protective mechanisms of the cellular
response to a variety of physical stressors suckxidative stress, radiation, and heat (Kapahi
et al. 1999). Further, it has been suggestedhieatnmune system has been developed as a
response to pathogens which are a specific tyg&edsors (i.e. antigenic stressors)
(Ottaviani and Franceschi 1997). In that way, imogenescence in more complex
organisms such as vertebrates will be the produtteocontinuous accumulation of damage

due to lifelong exposure to antigenic stress (Feaadki et al. 1999).

A typical consequence of ageing on immunity is Intion of the thymus where T cells
mature, but also changes in bone marrow stem tbeltshift the number of circulating T cells
from naive to a relative increase in memory T c@llastle 2000, Miller 1996). NK cells

show decreased activity per cell (Castle 2000),derdlritic cells show decreased ability to
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reach T cells as their target and promote adequatiiction of cytokines such as IRNand
IL-10 by influenza-specific T cells (Castle 2000)oll-like receptors, membrane proteins that
recognise conserved structure from microbes, asepit in lower levels on macrophages
from aged mice than young mice (Renshaw et al. gOBdrther, neutrophils from elderly
donors have poorer phagocytic function, and dirhidsability to fight of infections caused
by Gram positive bacteria, such as pneumonia, wikicme of the major causes of death in
the older population (Butcher et al. 2001). Agemglso accompanied by the remodelling of
the T cell profile and the increase in the numlder oells with a senescent and exhausted
profile (Chou and Effros 2013, Wherry 2011). Seees$ T cells are characterised by the loss
of cluster of differentiation (CD)28 co-stimulatamyolecules corresponding to the decreased
antiviral function and ability to produce robusbfactive response after vaccination (Effros
2004, Strioga et al. 2011). Exhausted T cells hegacterised by expression of the cell
surface programmed cell death (PD)-1 marker (Wh20d1). These cells not only show
reduced proliferative responses upon stimulatiooufh the T cell receptor, but also have a
more pro-inflammatory response. In addition the 8 D2gative cells also express receptors
normally associated with NK cells, such as a memb&KG2 family of C-type lectins
(NKG2D), and killer cell lectin-like receptor sulbbfily G member 1 (KLRG1), which allow
them to response to self antigens and increasesthef autoimmunity in older adults

(Abedin et al. 2005, Tarazona et al. 2000).

The existence of compromised immunity in both yemgjressed individuals (Cohen et al.
1997, Gallagher et al. 2009b, Gallagher et al. 2)0#nd older adults (Butcher et al. 2000,
Butcher et al. 2001, Duggal et al. 2013b, Hazeleinal. 2012, Hazeldine and Lord 2013,

Pawelec et al. 2005) suggests a potential commahaméesm that may be shared between

stress and ageing in relation to the immune syst8ome forms of immunosuppression seen
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in response to stressors are also present with@ge.example would be the change in
cytokine production in the elderly, with cytokinieem the Th2 response, such as IL-10 and
IL-4, taking over from those typical for Thl resgensuch as IFN-and IL-12 (Rink et al.
1998). Others are stress induced thymus chandesthiranimals (Kioukia-Fougia et al.
2002) and humans (Gruver and Sempowski 2008) atleatharacteristic of normal ageing
(Singh and Singh 1979), but also molecular chasgea as telomere shortening in
chronically stressed (Epel et al. 2004) that aleggessively occur with age (Cherif et al.

2003, Mikhelson 2008).

There is also an interesting association betweerr@gted changes and stress in the pattern
of adrenal steroid production (Arlt and Hewison 2D0Even though its exact effect on
Immunosenescence is yet to be established, DHEA&dJ@nocortical steroid, is considered
to have immune enhancing capacity (Hazeldine &Cdl0, Phillips et al. 2007). Another
characteristic of this hormone is that it reachegeak in the third decade of human life and
then gradually declines with age, termed adrenapéDsentreich et al. 1984). On the other
hand, cortisol, a GC with known immunosuppressiieces, does not change with age, thus
the cortisol:DHEAS ratio increases with age evetheabsence of stress, giving an overall
iImmunesuppressive endocrine environment. In additlte systemic tissue based availability
of cortisol may increase with age. This idea cofm@® the fact that activity of the enzyme
capable of converting cortisone to active cortid4df-hydroxysteroid dehydrogenase Type 1
(118-HSD1), is increased with the higher pro-inflammmgtstatus, which is considered

typical in the ageing process (Tomlinson et al.400rhe result of this is a higher

cortisol:DHEAS ratio in tissues expressingdddSD1 .

Many of the complex processes of ageing and tlesstesponse remain unclear;

nevertheless, research continues to suggest corpatbways between them on all
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organisational levels, from organ systems to imttatar pathways and their gene candidates.
One component also involved in and frequently eeldb processes of ageing and the stress
response is a transcriptional factor, nuclear fakappa B (NF<B). NF-«B is a whole

family of transcription factors (Gilmore 2006), wived in regulation of both innate and
adaptive immunity. Its dysregulation leads to antoune diseases and cancer, but it is also
studied as an ageing- and stress-related factoe. sliggested mechanism through which
psychological stress can be transferred to thaastlular level to affect NkB functioning

and increase its binding activity, involves a sifing pathway that is activated through

binding of increased concentrations of noradrernalin- andp-AR during stress (Bierhaus et
al. 2003). Another possible link between NB-and stress response is its interaction with GC
receptors in a way that is yet to be elucidatedBDsscher et al. 2003). It is not surprising
that a transcriptional factor that is involved lre response to so many key processes, such as
oxidative stress, growth, immune function, DNA damdike NF«B, is also considered one

of the components affected by ageing. Other faateth a role in ageing, immunity and
resistance to stress are the transcription faothead box class O (FOXO3a) (Adler et al.
2007) and the histone deacetylase sirtuin 1 (SIROIdNgo and Kennedy 2006).

Interestingly, they both act by inhibiting activatiof NF«B, emphasising the significance of

this factor in both ageing and stress (Adler e2@08).

1.6. CHRONIC STRESS, AGEING AND THE IMMUNE SYSTEM

The main danger to immunity, however, occurs wjthesgy of ageing and chronic stress. In
that respect, it might be that chronic stress & @frthe main threats in an already immune-

compromised older age. As mentioned above, seteresors with a long term effect such as
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a loss after death of a close family member onttibave been shown to relate to changes in
the ability of aged neutrophils to produce ROS tigitowhich they kill rapidly dividing
pathogens (Khanfer et al. 2011). This detrimemtaatrophil immunity was also
accompanied by a higher cortisol:DHEAS ratio in thereaved older adults relative to age-
matched non-bereaved controls (Khanfer et al. 20BEyeavement in older adults has also
previously been associated with a poorer antibedpaonse to vaccination against the
influenza virus (Phillips et al. 2006a). Changethie cortisol:DHEAS ratio with diminished
immune function again suggest a potential mechattisaugh which stress could influence
the body's defence mechanism against infectiom.ekample, older adults who had suffered
the physical stress of a hip fracture and goneatevelop a bacterial infection post-surgery,
showed decreased neutrophil superoxide productioonapanied by a higher serum

cortisol:DHEAS compared to age-matched controlg¢Ber et al. 2005).

Older caregivers have most commonly been studidisrcontext, using the model of family
dementia caregiving (Gouin et al. 2008). The dgvef the stress in these circumstances
comes not only from the patient's progressive d&tgion in performing daily activities that
pose growing problem for caregivers (Potkin 2002},also from the loss of cognitive
function, such as the ability to recognise peopteiad them, and changes in behaviour such
as hoarding, anger, and repetitive behaviour (Gegs2002). Both innate and adaptive
iImmunity are affected by chronic stress experiermedider adults, and both of these
components are necessary for the protection agdififistent pathogens that can damage the
body. It was shown, for example, that wound hegiiras slower in older dementia
caregivers when compared to age, sex and incomehethtontrols (Kiecolt-Glaser et al.
1995). Wound healing is a complex process comghia$éerarious phases (immediate

response, inflammatory response, proliferation ratign and contraction and resolution) that
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activates many different cells and molecules (Shad/Martin 2009). Cells such as
neutrophils and macrophages, and high concentgatibaytokines are main players in the
inflammatory phase with a role to protect from idwvey pathogens and set the conditions for
the repair process such as angiogenesis regul@faw and Martin 2009). Lower
production of pro-inflammatory cytokines involvedthe wound healing process such as IL-
la, IL-8 (Glaser et al. 1999), as well as IB-(Kiecolt-Glaser et al. 1995) seen in caregivers
compared to the controls, indicates the possibility direct effect of stress on cytokine
production in wound healing. NK cell activity beten older dementia caregivers and
controls showed no difference in the ability ofdaeells to kill K562 target tumour cells
(Irwin et al. 1991), but in the presence of cyt@kstimulation (recombinant IFiNand IL-2)
this similarity between stressed individuals andtaas was not preserved; NK cells from
caregivers responded more weakly compared to tinosethe controls (Esterling et al.
1994). All this, together with the stress-induceduction in IFNy production (Glaser et al.
1986), indicates cytokines as a common target dugimonic stress exposure, and a potential

effector through which much of the immune supprssnay occur.

A further association between the chronic stressaoégiving was found for adaptive cell
mediated immunity; elevated cortisol levels as vaslpoorer proliferation to PHA and lower
IL-2 production was shown in the caregiving groBaier et al. 2000). As observed in
younger stressed participants (Marshall et al. 1,988egiving stress in older adults has also
been shown to be associated with the Thl-to-Th2 ishtytokine responses, with the
difference that in the older stressed individubls was driven purely by an increase in IL-10

production, with no difference in IFiproduction by Thl cells (Glaser et al. 2001).

Vaccination responses are affected in older adiulésto immunosenescence, which makes

them particularly vulnerable to frequent infecti@ush as pneumonia and influenza, among
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the top five causes of high morbidity and mortaiiityhis age group (Thompson et al. 2003).
It would be expected that this aspect of immunenmgetence would be further exacerbated
in older adults affected by the chronic stressavégiving. This is indeed the case; a
significantly lower percentage of older caregivefslementia patients showed a four-fold
increase in antibody titre in response to vacaima#igainst the influenza virus, a response that
is considered to be protective against infectioadvara et al. 1999). This was accompanied
by higher salivary cortisol concentration in thiegp when compared to the controls,
pointing again to the role of HPA axis in immungukation among stressed individuals.
Most microbial antigens, however, trigger both huaha.e. antibody response which is
generated by B lymphocytes, as well as cellulgsarses, mainly mediated by cytotoxic
CD8' T cells (Glaser et al. 2000, Kiecolt-Glaser etl@i96, Siergist 2008). In addition, CD4
T cells are necessary as mediators between thaseltwas been shown that both the
antibody response to vaccination against the inftaevirus, as well as IL-2 production in
response to antigen stimulation, was lower in daeeg compared to controls (Kiecolt-Glaser
et al. 1996). In the case of the pneumococcal poaia vaccine, even though caregivers
managed to exert an adequate immune responsdlyngiaown as a rise in IgG antibody titre,
it declined over time more rapidly in this grouuthin the group of matched controls, likely
either as a consequence of a decrease in numbatibbdy-specific B cells, or their ability to

produce IgG (Glaser et al. 2000, Vedhara et al9).99

As with other psychological stressors, a frequensigd approach for assessing the severity by
which caregiving stress affects the immune systeaider caregivers is that of studies of
latent virus antibody titres. It is known, for exple, that reactivation of latent viral

infections, such as those initiated by Herpes esu$iSV-1, EBV, CMV) is typical for
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immunosuppressed patients such as HIV and trartgpddilents (Rasmussen 1991).
Interestingly, older caregivers had higher IgG laadly titres against EBV virus capsid

antigen (VCA) compared to matched controls, indigppoorer control of the latent infection
in this group (Kiecolt-Glaser et al. 1991b). Tduatwith the higher antibody titre to total

viral antigen of HSV-1, caregivers also had a desed virus-specific T cell response; another
and very important component of immune system rseggdor controlling the infection
(Glaser and Kiecolt-Glaser 1997). Older parergaégivers have also been characterised by

higher antibody titres against CMV when compareth&controls (Pariante et al. 1997).

Another concept that often occurs in the literatubhen discussing ageing of the immune
system is inflammageing. Inflammageing indicatesnabalance between inflammatory
factors (C-reactive protein (CRP), TNF, IL-1, IL46@cessary to fight infection, and anti-
inflammatory components (IL-10) which act to resoimflammation. It has been suggested
that the rate of ageing and age-related diseadd beudependent on this balance (Franceschi
et al. 2007). One consequence of this might beectir@nically stressed older adults, such as
dementia caregivers, could have elevated inflammat@arkers even when compared to non-
caregiving older adults who have immunosenescelmzied, not only did older caregivers
show higher levels of IL-6 (von Kanel et al. 2006Y)t its rate of increase was four times
higher than in non-caregiving controls, leavingnthgarticularly vulnerable to IL-6 related
diseases such as physical frailty, cardiovascussages, osteoporosis and others (Ershler and

Keller 2000).

Finally, other molecular mechanisms in ageing appmebe exacerbated by chronic stress in
older adults. Caregivers of dementia patientsstexiter PBMC, T cell and monocyte
telomere lengths, and this was not due to haviniglaer number of these cells with shorter

telomeres (Damjanovic et al. 2007). On the otlaerdh they also showed an increase in basal
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telomerase activity, which could indicate an atteofgghese cells to compensate for the loss

of their telomere length (Damjanovic et al. 2007).

In summary, both the chronicity of stress and th&ireg process are detrimental to an
organism’s well being. The mechanisms of thesecedfare yet to be elucidated more fully.
However, it is clear that many of the ways in whiboth ageing and stress affect the body are
through shared mechanisms, with particular regatted neuroendocrine and immune
systems from the level of the tissues, cells amhentracellular components. Less is known
about the additive impact of ageing and stresdienrnnate immune system with the

exception of studies of NK cells. A better undansting of the processes by which stress and
ageing affect health will lead to a greater capydait intervention, be it behavioural or

pharmacological.

1.7. AIMS OF THE THESIS

Given this three way relationship between ageitrgss and the immune system, the aim of
this thesis was to examine the effects of bothraggand the chronic stress of caregiving and
bereavement separately on different componentguanations of the immune system, and to
investigate the HPA axis stress hormones, coréisdIDHEAS, as potential effectors of any
interactions seen. The thesis addressed fourfgpexsearch objectives, to determine:

1. The influence of caregiving stress on the contfd IV by measuring serum
anti-CMV antibody titres, testing the hypothesiattbhronic caregiving stress
negatively impacts on the adaptive immune systeility to control latent virus
infection. The study used serum samples of yowangrgal caregivers and
matched controls collected on two different occasj@ne sample from a cross-

sectional study of caregiving stress, ageing armmdune function and the second,
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from a previously published case-control vaccimatiesponse study from our
group using only baseline samples from that study.

. The effect of the chronic stress of caregiving agding on neutrophil function,
serum cytokine levels and serum cortisol, cortisam& DHEAS concentrations, to
test the hypothesis that stress and immunoseneseendd interact to give
greater neutrophil functional decline in the oldiess group. This was achieved
using four groups of participants; young parengaiegivers of children with
developmental disabilities and older spousal casrgiof dementia patients, as the
model of chronic stress without and with immunoseeace, respectively, and
corresponding age- and sex-matched controls fdr gaaup.

. The relationship between caregiving stress, agamiyT cell phenotype,
examining T cell senescence and exhaustion martkgrsjc output assessed by
levels of T cells bearing T cell Receptor Excis@incles (TREC) and CMV serum
antibody titre using the same four groups of pgrdiots as in 2. The hypothesis
tested was that the chronic stress of caregivingldvbe associated with decreased
immune functioning relative to controls indicatitigat stress accelerates immune
ageing, and in that respect would mimic (in yourgjegssed group) and
potentially act additively to (in older stressedp) the effect of ageing.

. The effect of different type of chronic stress ttbisuffering bereavement, in a
young population, and compared this to an oldemp$aicombined with data from
a previously published study from our group on beeenent effects in older
adults. It was hypothesised that the stress @dw@ment, even in the absence of

immunosenescence, might still exert a negative atnga neutrophil function.
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CHAPTER 2

ANTI-CYTOMEGALOVIRUS ANTIBODY
TITRES AND CAREGIVING BURDEN IN
YOUNGER CAREGIVERS
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2.1. ABSTRACT

The analyses presented in this chapter examinethemer not young caregivers,
parents of children with developmental disabilitidfered from controls in terms of
CMV seropositivity and CMV-specific antibody titr8econd, it examined whether any
particular socio-demographics, health behaviourpsgchological/caregiving variables
were associated with a higher CMV antibody titreoagcaregivers. Young caregivers
and age- and sex-matched controls were comparédegpect to their reported health
behaviour and psychosocial status as well as latarg control. 117 parents of children
with developmental disabilities and 52 control pasecompleted standard measures of
health behaviours, socio-demographics, perceivedstdepression and anxiety,
caregiver burden, child problem behaviours. THeg provided a blood sample
assayed for presence of CMV-specific antibody. eGaers were no more likely to be
CMV positive than controls and did not have higaetibody titres against CMV. In
addition, there was no association between CM\bady titre in seropositive
caregivers and any of the psychological/caregiviaugables. However, higher CMV
antibody titres were significantly associated vathigher body mass index (BMI),
lower exercise levels, smoking and lower fruit aedetable and fat intake among
seropositive caregivers. These data suggestrthiaeiabsence of immunosenescence,
the chronic stress of caregiving is not sufficiencompromise the immune response to
persistent CMV infection. However, an indirect ina@aism to poorer health in
caregivers might be via adoption of disadvantagé®adth behaviours in response to

stress.
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2.2. INTRODUCTION

CMV is a ubiquitou$-herpes virus with prevalence rates of infectiohigh as 60% (Dowd
et al. 2009). The means of transmission are thrdoaglily fluids such as saliva, tears, urine
and breast milk, and it can also be transmittedaéx As with any virus from the
Herpesviridea family, CMV has the ability to remairthe body in the latent phase, typically
in myeloid and dendritic cell progenitors, wheeattivation is initiated by inflammatory
factors (Hahn et al. 1998). Clinical symptoms antivation of CMV virus in general is
highly unlikely in healthy adults. On the other Haimmunocompromised individuals, such
as those with HIV infection and organ transplarttguas (Riddell and Greenberg 1997), can
display symptomatic CMV infections (Rasmussen 199AMV infection may also contribute
to the age-related decline in immunity, immunoseerse (Olsson et al. 2000, Pawelec and
Derhovanessian 2011), and thus to an increased#istty to infectious disease and risk of
mortality, at least in the very old (Almanzar et2005, Pawelec et al. 2005, Simanek et al.
2011, Strandberg et al. 2009). The link betweerM&dropositivity and increased mortality
was proposed to be due to an increase in pro-imfilatory cytokines (Forsey et al. 2003,
Franceschi et al. 1999, Licastro et al. 2005, Tkoavski et al. 2009), though recent data from
own laboratory has refuted this by showing thaamimation increased with ageing

irrespective of CMV serostatus in one large cobtrtly (Bartlett et al. 2012).

It has been shown that psychosocial factors, ssa¢heachronic stress of caregiving, are
associated with immune decrements. For exampley apousal caregivers of a person with
dementia exhibit a range of immunological featis@sh as a decreased percentage of T
lymphocytes, and higher antibody titres to EBV @Gk-Glaser et al. 1987b). In addition,

caregivers showed lower levels of salivary antibediompared to non-caregivers, but this
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was observed only in the elderly cohort of three @qpups (Gallagher et al. 2008), suggesting

accelerated immune ageing in individuals expermnpieriods of chronic stress.

Younger parental caregivers of a child with develeptal disability, particularly those who
experience greater child problem behaviours, htseelzeen shown to have significantly
lower responses to both influenza and pneumoceecainations compared to sex- and age-
matched controls (Gallagher et al. 2009a, Gallaghat. 2009b). In only one other study
were immune decrements shown in younger caregogsrgared to controls; and caregivers
had a lower T helper:suppressor cell ratio thartrotsi(Pariante et al. 1997), an indicator of
an early immunosenescence. This suggests thatgseifespective of the caregiver’s age,
caring for someone with severe cognitive and behaeai problems may compromise
immunity. In addition, older spousal caregivergleentia patients showed changes in
health behaviours which include changes in diegksng behaviour and sleep patterns that
can also contribute to, and further damage theilthéGallant and Connell 1998) and may be

an indirect mechanism through which caregivingsstienpacts on immunity.

What is unknown is whether stress in younger caeggican specifically compromise the
ongoing immune response to CMV. Anti-CMV antibodsetis a good marker of an ongoing
immune response such that a higher titre wouldhdigative of compromised immune
function. In one study, older but not younger carexg had higher serum antibody titres
against CMV compared to controls (Pariante et2®.7). However, this in part might be
driven by the increased likelihood of CMV infectiaith ageing or the response to episodes
of sub-clinical viral reactivation in older adu{®awelec and Derhovanessian 2011). In
addition, even though CMV and risky health behawvithanges such as smoking, bad diet
and inadequate sleep pattern have all been linkad\erse health consequences, the

potential interplay between these factors, to mawedge, remains unknown.
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Given the negative effects of caregiving stressthier indices of immunity, this study aimed
to examine the influence of caregiving stress onVGivitibody titre in younger caregivers.
Further, the present study assessed associatiomedreCMV antibody titre and various
indices of health behaviours and other psychoswaighbles within the caregivers group. It
was hypothesised that caregivers of children wibetbpmental disabilities, particularly
those with the greatest caregiver burden or creltblviour problems, would have higher

antibody titres against CMV than non-caregivers.

2.3. METHODS

2.3.1. Participants

117 parents caring for children with developmedishbilities and 52 parents of
normally developing children were recruited to stwedy and provided a blood sample
for CMV analysis. Developmental disability is tteem used to describe conditions
including but not limited to Autism spectrum disers and Down syndrome (Eunice
Kennedy Shriver National Institute of Child Hea#thd Human Development -
http://www.nichd.nih.gov/health/topics/idds/conditinfo/Pages/default.aspx#f1). These
parental caregivers were recruited via invitatietters distributed by their respective
disease support group associations, by advertisingsociated newsletters, or by direct
contact with family support groups. Inclusion eria for these parents were: caring for
at least one child with Autism Spectrum DisordeS®, Angelman, Down, Cornelia de
Lange, fragile X, or Smith-Magenis syndromes. Eha@isorders evidence a range of
problem behaviours, which are particularly commoroag children with syndromes

other than Down (Arron et al. 2011, Blacher and mtyrle 2006, Chadwick et al. 2000).
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Since the emotional reaction of parental caregiiehsghly influenced by the diagnostic
process (Graungaard and Skov 2007), this studydaimavoid this particular event and
focus on the parents’ stressful experiences ohgaer se. Thus, in keeping with

existing research (Hastings et al. 2006), childvéh developmental disabilities had to
be aged between 3 and 19 years and living at hamegdthe school term. The majority
of parents reported caring for a child with Angemsyndrome (28.3%) and Smith-
Magenis syndrome (25.7%); followed by the parets child with fragile X syndrome
(17.7%) and ASD (15%); the remainder were carimgafohild with Cornelia de Lange
(8.8%), or Down (4.4%) syndrome€ontrols, i.e. parents of typically developing
children who were in the same age range as thelesahphildren with disabilities, were
recruited via posters in local schools, the unitgrand the local area (e.g. sports centres
and clubs). None reported suffering from an ongainronic immune disease, being
acutely ill, taking immunosuppressive medicationteported being pregnant in case of
female participants. Attempts were made to mdtelgtoups as closely as possible on
age, sex, socioeconomic position, ethnicity, andtalastatus, by recruiting individual
parents of normally developing children that matche near as possible individual
parents of children with developmental disabiliti@e total time period for the
recruitment of the controls was less than threesye€l participants provided written
informed consent and the studies had ethical appfo¥m the appropriate local research

ethics committees.

2.3.2. Study design and procedure

The current sample size was comprised of two sepgraups of participants that were
part of two separate younger caregiving studieadsing on different elements of

immune function. The first was a part of a prospeaccase-control vaccination response
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study involving three testing sessions; detailswlere (Gallagher et al. 2009b). The
analysis of CMV status and antibody titre and ciawag variables reported from that
study involved baseline sampling only where pareatapleted questionnaires and then
provided a blood sample. The second study wastapa cross-sectional assessment of

neutrophil function comprising one blood sampliegson.

2.3.3. Questionnaires

Health behaviours

A questionnaire adapted from the Whitehall Il st@sharmot et al. 1991) was used to
assess the health behaviour in parents. Thisiqunasire has been consistently used in
previous stress and immunity research (Burns &0l3, Phillips et al. 2005). Parents
were asked about their sleep, smoking status, hoghralcohol they drank, and simple
categorical scoring system was used in all ca¥bgy were also asked about their
exercise engagement (if and how many hours areitivejved in the mildly, moderate,
or vigorous exercise). They also reported consionptf various food items, which
gave a measure of how healthy (fruit and vegetabld)igh in fat (snacks, chips,
processed meat) their diet was. Categoricallyestbealth behaviour variables with
little overall variability were split at the mediamd converted to binary variables e.g.
smoker versus non-smoker, > 20 alcohol units coesuper week. Fruit and vegetable
and fat intake were scored from O ‘never’ to 6 ‘mtran once per day’ for a range of
foods consumed per week; fruit and vegetabledistere then summed along with fatty
foods to produce two separate scores. Exercigaedrey was scored categorically from
0 ‘none to 5 ‘11+ hours per week’ for mild, moderadnd vigorous activity. A total

weighted score was then produced from mild + (matget 2) + (vigorous * 3).
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All of the caregiver measures were also appropt@garents of non-developmentally

disabled children, as they cover the general pakeating role and child behaviours.

Sleep

Sleep quality was measured by the 19-item Pitt$b&tgep Quality Index (Buysse et al.
1989). These 19-items are then combined to cesaten component scores with scores
ranging from 0, no problems in area, to 3, highbpem area. Higher total scores
indicated poorer sleep quality. Adequate inteomalsistency (Cronbachis=.69) has
been demonstrated previously (Spira et al. 20k2jhe present sample, the Cronbach’s

o=.77.

Depression and anxiety

The Hospital Anxiety and Depression Scale (HADS$ wsed for measuring psychological
morbidity (Zigmond and Snaith 1983). The scaleststs of two subscales with seven items
in each, one assessing anxiety and the other yaagéledonic aspects of depression. The
answers are scored from 0 (not present) to 3 (deraible). Scores for both scales had a
range from O - 21, with the scores 0-7 being cldssenormal, 8-14 as moderate and 15-21 as
severe depression and anxiety respectively. ThB$Aas good concurrent validity

(Bramley et al. 1988, Herrmann 1997), and boastsl gaternal consistency, Cronbach’sf

.90 for depression and .93 for anxiety (Mooreyle1891); and test-retest reliability, .85 for
depression and .84 for anxiety (Herrmann 1997)e ifiternal consistency in this sample was

.78 for depression and .80 for anxiety.

Time spent caregiving
Amount of time spent caregiving was assessed wsmgdified version of the Caregiver

Activity Survey (CAS) (Davis et al. 1997). Paremtsre asked how much time they
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spend on five specific (transport, dressing, eatdaghing and supervision) caring
activities. The total daily score for time speategiving was obtained by summarizing

hours for each caring role.

Caregiver Burden

Parental caregiver burden was assessed using pteddarm of the Zarit Burden

Interview (BI) (Zarit et al. 1980), originally degied to assess the burden experienced by
family caregivers of elderly persons with dementuestions in the scale used in the
current study had ‘your relative’ amended with ‘yohild’, for example ‘Overall, how
burdened do you feel in caring for your child? pesses ranged from 0, never, to 4,
nearly always, and the overall score ranges fram48. Internal consistency in current

sample was .93.

Child behaviour difficulties and problems

Child behaviour difficulties were measured using 8trengths and Difficulties
Questionnaire (SDQ) (Goodman 1997). Questionsatesl as 0, not true, 1, somewhat
true, or 2, certainly true, and higher score indisanore problem behaviour. Some
items are reversed scored (e.g. generally likedtbgr children, has at least one good
friend). The overall score for child problematehaviours can vary from 0 to 50. The
scale has been shown to be reliable (Cronbachk’s76) and effective at identifying
behavioural problems in children (Goodman and St@#9) and has been used
extensively in research with children with devel@mtal disabilities (Hastings et al.

2006). Internal consistency for the scale in #hisly was .80.
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Perceived stress

This 14-item perceived stress scale (PSS) assessé&w! over and overload with the
daily life stress during the past month. It hasrbfrequently used in caregiver research
(Glaser et al. 2000, Vedhara et al. 2002), and mreasoth participants' subjective
feeling of how much control they feel they haverodaily events, as well as their
inability to cope with things. The scale rangesirO to 4 and higher scores indicate
higher perceived stress. The overall score cagerfnom 0 to 56. The scale shows good
test—retest reliabilityr(= .80) and internal reliability (Cronbachis=.75). Internal

reliability in the present sample was 0.79.

Social support

The 12-item Support Functions Scale (SFS) — sloont {Dunst et al. 1988) was used to
assess types of support available to parents.stipjgort is assessed by 5-point Likert
scale with 1 meaning support is not available attibbit is available quite often. The
total score on this scale varies from O to 60.sHuiale has been shown to be reliable
(Cronbach’sy = .86) and has been used previously in developmhdigability research

(White and Hastings 2004). In the present stutBrimal consistency was 0.88.

2.3.4. Blood sampling and CMV analysis

Venous blood was collected from an ante-cubitah watio a plain 6ml tube (BD Vacutainer,
Oxford, UK). The samples were allowed to clotdbteast one hour, were centrifuged at
1325xg (MSE Centaur 2, MSE (UK) Ltd, London, UK} fid min, and the separated serum
was frozen at20 °C until assayed. Serum was analysed for the pces@ihCMV infection
using CMV a standardised enzyme-linked immunosdrassay (ELISA) developed by the
Antiviral Immunology lab, Cancer Sciences, Univgrsif Birmingham as previously
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reported. The method consists of coating the pléte appropriate dilutions of CMV- and
mock-lysate (negative control) on the first dayngsarbonate/bicarbonate buffer (pH=9.6),
then covering with parafilm and incubating overhiigt 4°C. On the day 2, serum samples
were thawed and 6@0of 1:600 dilutions were made using phosphatedseft saline (PBS) +
1% bovine serum albumin (BSA) + 0.05%Tween20 agusieh buffer. For standard curve
mix of three healthy, CMV positive donors was us€dr 7-point standard curve 1:4 dilution
series were made up from initial 1:50 dilution.eWously coated plate was washed three
times with PBS+0.05%Tween20, discarding supernaaci time to remove any unbound
particles. 100l of standards, blank and samples were added batplate, with testing
samples present in one lysate and one mock well{hanplate was incubated for an hour at
room temperature (RT). Plate was washed 3 timésapernatant discarded as before, after
which 10Qul of the secondary anti-human IgG-horsereadishxpgise (HRP) antibody (goat
anti-human IgG; Southern Biotech #2040-05), pregpharel:8000 dilution in
PBS+1%BSA+0.05%Tween20 was added, and left to mteutor 1 hour at RT. After
washing the plate three times following the sanoeg@dure described above, 100f
tetramethyl benzidine (TMB)-solution was added ieéeh well and incubated for 10 minutes
at RT in the dark, after which the reaction wappeal by adding of 10 1M HCI. The
readings were done at 450nm on The Wallac 1420 DIR*™ Multilabel Counter. The
standard curve measured up to 1000 arbitrary ohigG and those with more than 10 units

were considered as CMV positive.
2.3.5. Statistical analyses

Based on our previous caregiver research we ateziiptdetect a medium sized effect (f
= 0.29) giving an overall sample size of N = 96thwat least 48 participants in each

group. Chi-square and analysis of variance (ANOV#&)e used to determine group
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differences (caregiver versus control) in healthawsour, socio-demographics and
psychosocial variables. Any significant group eliénces in socio-demographic
variables and health behaviours were controllednfeubsequent analyses. Prior to
statistical analysis of CMV data, these were chddke normality. Due to the skew of
the data, antibody titres were subjected tadtrgnsformation. Four caregivers and two
controls were removed from analyses due to outl@My/ antibody values or finding
out post-consent that their child was < 3 or > @frg. Chi-square was used to establish
whether CMV status differed between the groupse(@aer versus control) or related to
any socio-demographic, health behaviour, or psyichl/caregiving variables.
ANOVA was used to compare CMV antibody titre betwéee caregivers and controls
among those who were seropositive only. For CMMN tamong the seropositive
participants only, correlations were conducted inithe caregiver group alone to
determine if any of descriptive, health behavioupsychological/caregiving variables
related to antibody titre. The effect sige 47, r) was reported for all the analyses
conducted, followed by observed power. Any vaoiadiin the degrees of freedom

reflect occasional missing data.

2.4. RESULTS

2.4.1. Socio-demographic, childcare and psychosocial characteristics of parental

groups

The demographic and summary childcare charactistithe two parental groups are
presented in Table 1. Caregivers and controlsididliffer on key socio-demographics ,

but parents of children with developmental diséibsi had a higher body mass index
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(BMI), depression and anxiety symptoms, perceitegks, alcohol intake, fat intake,
poorer sleep quality, and spent more time caregivilis might be expected, parents
caring for a child with a developmental disabilitgd a greater caregiving burden, and
their children had more child behaviour difficutithan parents of typically developing
children (see Table 1). Further, social suppoéstjonnaires revealed poorer quality of

support (SFS) than that received by controls.
2.4.2. CMV status

Of the group as a whole, 76 (47%) participants vi&v®/ positive; the number CMV
seropositive within each group is shown in Tablerhe percentage of CMV positive
individuals among caregivers and controls were atritenticaly®(1) = .01,p=.92,¢ =
.008, <.26. Overall, CMV status was also not aisged with any of the socio-

demographic, health behaviour, or any of the psipdical/caregiving variables.
2.4.3. Caregiving and CMV antibody titre

For the CMV positive subset (N = 76), socio-demgpgre, caregiving and psychosocial
characteristics are presented in Table 2. This,timaddition to higher alcohol intake,
higher BMI, depression and anxiety symptoms, higlegceived stress and lower social
support, caregiving parents differed in occupatignaup (more likely to be manual),
ethnicity (more likely to be White), and smokindhgiour (more likely to be smokers)

compared to control parents, but showed similat &od vegetable and fat intake.

Although CMV positive caregivers had higher CMVibotly titres than controls, the
difference was not statistically significant, exadter controlling for the significant socio-
demographic and health behaviour variables, F(53014,p = .71, = .003, 1p=.06,

and significant psychosocial variables, F(1,60)231p = .19,n% = .028, 1p=.25.
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2.4.4. Characteristics of all participants and CMV antibody titre

CMV antibody titre overall was also not associatgtth most of the socio-demographic,
health behaviour, and psychological/caregivingatags, although women had
significantly higher titres, F(1,69) = 4.38= .04,n° = .060, 1B = .54, as did those with
higher BMI, r(64) =.26,p = .03, .69. Adjustment for sex and BMI as covasadid not

alter the previous lack of group difference.
2.4.5 Characteristics within the caregiving group and CMV antibody titre

When seropositive caregivers were considered asupgthere was no association
between CMV antibody titre and age, age of chi, £thnicity, occupational status,
marital status, or sleep quality. However, theas & positive correlation between CMV
antibody titre and BMI, r(44) = .29%=.05, .63, as observed in the whole group, and
smokers had higher antibody titre than non-smokgis47) = 5.92p = .019,n= .112,

1-B = .66.
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Table 1. Socio-demographics, childcare and psychosocalagiteristics of caregiving and control parents.

Mean (SD) / N (%)

Analyses

Caregivers

(N = 113)

Controls

(N = 50)

Socio-demographic characteristics

Sex (Female)

Marital status (Partnered)

Ethnicity (Caucasian)

Occupational status (non-manual)

Age (years)

70 (67)

90 (87)

96 (92)

66 (71)

40.8 (6.83)

30 (61)

40 (82)

42 (86)

38 (79)

40.2 (4.72)

X?*(1) = .54,p = .46,¢ = .060, .23
X%(1) = .63,p = .43, = .064, .23
X%(1) = 1.64p=.20,¢ = .103,.23
X%(1) = 1.10p = .29, = .088, .22

F(1,151) = .301p = .58,1° = .002, 18

=.17
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Health behaviour characteristics

Smoking (smoker)
Alcohol (>20 units per week)

Body Mass Index (kg/f)

Fruit and vegetable intake score

Fat intake score

Exercise score

37 (36) 19 (40)
23 (22) 1(2)
26.7 (5.40) 24.3 (3.14)
13.7 (3.92) 12.38)
19.9 (6.97) 17.0 (8.06)
10.1 (6.31) 10.4 (6.22)

44

X?(1) = 0.28p = .60, = .043, .23
X%(1) =9.67,p=.002,¢ = .253, .69

F(1,142) = 7.45p = .007 n* = .050, 1-

B=.77

F(1,149) = 2.21p =.14,1° = .015, 1B

=.32

F(1,149) = 5.02p =.03,n° = .033, 1p

=.61

F(1,140) = 0.95p =.76,1° = .001, 1B

=.06



Sleep total score

Number CMV seropositive

Raw CMV antibody titre

9.3 (3.21)

53 (47)

110.2 (162.97)

7.1 (2.83)

23 (46)

92.3 (142.98

F(1,140) = 17.09 < .0011% = .109,

1- = .98
X%(1) =0.01p=.92,4 = .008, <.25

F(1,161) = 0.45p = .50,n° = .003, 18

=.10

Psychosocial/caregiving characteristics

Age of main care recipient (years)

Hours spent caregiving per day

HADS depression

9.1 (4.14)

12.5 (9.48)

8.5 (3.66)

45

4.84)

6.8502.

4.0 (3.29)

F(1,161) = 2.95p = .09,n° = .018, 1

=.40

F(1,148) = 9.63p = .0021> = .061, 1-

B=.87

F(1,149) = 51.54p = <.001,n* = .257,



HADS anxiety

Perceived stress score (PSS)

Caregiver burden score (Bl)

Child behaviour difficulties (SDQ)

Social support (SFS)

10.3 (4.26)

30.3 (7.33)

27.3 (9.10)

19.3 (5.17)

30.1 (9.01)

5.9 (2.52)

23.6)(6.47

13.08y.5

1434)

37.9 (10.48)

1-8 =1.00

F(1,151) = 45.13p = <.001,n* = .230,

1-8 =1.00

F(1,151) = 30.00p = <.0011° = .166,

1-8 =1.00

F(1,151) = 53.43p = <.0011° = .261,

1-8 =1.00

F(1,150) = 182.41p = <.001,1° =

.549, 18 =1.00

F(1,147) = 22.25p = <.0011° = .131,

1-8 = 1.00
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Table 2. Socio-demographics, childcare and psychosociabckexistics of CMV seropositive caregiving and tcohparents.

Mean (SD) / N (%) Analyses

Caregivers (N =53) Controls (N = 23)

Sex (Female) 35 (71) 13 (59) X?%(1)=1.06p=.30,¢ = .122, <.20
Marital status (Partnered) 41 (84) 16 (73) X%(1)=1.15p=.28,¢ = .127, <.20
Ethnicity (Caucasian) 46 (94) 17 (77) X%(1) = 4.19p = .041,d = .243, .39
Occupational status (non-manual) 24 (57) 18 (86) X?%(1) =5.15p = .023,p = .286, .64
Age (years) 42.1 (5.99) 40.6 (5.05) F(1,69) = 1086,.32,1° = .014, 1B = .166
Smoking (smoker) 25 (51) 5 (24) X?%(1) = 4.44p = .035,p = .252, .39
Alcohol (>20 units per week) 9 (18) 0 (0) X?%(1) = 4.43p = .035,p = .251, .39
Body Mass Index (kg/f) 26.8 (3.85) 23.8 (2.87) F(1,64) = 9.51= .003n? = .129, 1 =.859
Fruit and vegetable intake score 12.9 (4.18) 13.53) F(1,69) = 0.54 = .46,1° = .008, 18 =.112
Fat intake score 17.2 (7.67) 19.5 (7.21) F(1,68)49,p = .24,n* = .020, 1B =.214
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Exercise score

Sleep total score

Raw CMV antibody titre

Age of main care recipient (years)
Hours spent caregiving per day
HADS depression

HADS anxiety

Perceived stress (PSS)
Caregiver burden score (BI)

Child behaviour difficulties (SDQ)

Social support (SFS)

9.0 (6.71)

9.6 (3.48)

234.1 (166.50)

9.7 (4.37)

12.1 (8.04)

8.7 (3.76)

10.2 (4.08)

30.3 (7.58)

34.1 (14.44)

20.4 (5.18)

28.9 (8..93)

10.6 (4.92) F(1,64) 10 .32,1° = .015, 1p =.166
6.8 (2.62) F(1,65p:94,p =.002,n° = .144, 18 =.903
199.5 (1459. F(1,74) = 0.73 = .40,7° = .010, 1p =.134
2.83) F(1,74) = 3.06) =.08,n° = .040, 1B =.408
10.16Q)7 F(1,67) = 0.44) =.51,1% = .006, 1B =.100
3.5 (2.97) F(1,69) %82 < .001,1? = .320, 1p =1.00
5.5 (2.06) F(1,69) = 2604 .001,1? = .274, 1B =.999
22.7 (5.20) 69k 18.33p < .001,n? = .210, 1 =.988
14.94y. F(1,69) = 34.19 < .001,n? = .331, 18 =1.00
q845) F(1,68) = 110.3% < .001,1% = .619,18 =1.00
36.0 (10.90) @)L= 8.22p = .006,1% = .109, 1 =.807
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Other variables that showed significant associatisith CMV antibody titre in the
caregivers group were fruit and vegetable conswnpt{47) = -.28p = .048, .63, fat
intake, r(46) = -.34p = .019, .63, and exercise score, r(42) = 4B8%,.013, .61, such that
those who consumed fewer fruit and vegetables aineémd undertook less exercise had
higher CMV antibody titres. There were no assomiest between CMV antibody titre

and psychological/caregiving variables, as shownhable 3

Table 3.Correlations between CMV titres and the careglyesgchosocial characteristics

r df p

Hours spent caregiving per day -.14 45 .35
HADS depression .03 47 .81
HADS anxiety .03 47 .82
Perceived stress (PSS) -11 47 44
Caregiver burden score (BI) 13 47 37
Child behaviour difficulties (SDQ) -.04 47 g7
Social support (SFS) A2 46 42
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2.5. DISCUSSION

Despite differing on all main psychological/careggy variables but not on socio-
demographics, parents caring for children with dgy@ental disabilities were no more likely
to be CMV seropositive than parents of typicallyeleping children. Caregivers were also
no more likely to have significantly higher antilyatres against CMV. Finally, although
CMV antibody was not associated with any of thechsjogical/caregiving variables or most
socio-demographics, women and people with highet Badl higher antibody titres. This
gender difference is consistent with previous nese@McVoy and Adler 1989, Haarala et al.
2012), the exact reason being unknown. One pdisgimight be that hormonal changes,
specifically the increase in oestrogen that ocdursng pregnancy relates to reactivation of
CMV, and consequently higher titres later in likéc/oy and Adler 1989, Kleinman et al.
1986). Higher CMV antibody titres in those wittygher BMI is also in concordance with a
previously reported findings in immunocompetentled{Gkrania-Klotsas et al. 2013). This
Is perhaps due to associations noted between plagsltinflammation (Forsythe et al. 2008)
and CMV and inflammation (Hummel and Abecassis208élthough this has not been
observed in all studies (Bartlett et al. 2012).

Within the seropositive caregiving parents, theas wo association between CMV
antibody titre and any of the psychological/caregjwariables. However, those with

higher CMV antibody titres, potentially indicatipgorer latent virus control, generally

did have poorer health behaviours, including bemge likely to smoke, have a higher

BMI, intake less fruit and vegetables, and underieks exercise.

This finding is consistent with that of Parianteakt(Pariante et al. 1997), who did not
find a greater likelihood of CMV infection or high&tres among the younger age range

of their caregiving sample, as well as with studiresaregivers for a person with a
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physical disorder which found no group differentesomparison to controls (Baron et
al. 1990, Epel et al. 2004, Provinciali et al. 200%hese studies suggest that younger
caregivers and those caregiving for a more physizal mental disorder are less
vulnerable to immune decrements. However, thegptefindings contrast with the other
caregiving and immunity studies in younger adwitsich suggested poorer immunity
among young caregivers, at least in response winat®n (Gallagher et al. 2009a,
Gallagher et al. 2009b) and lymphocyte prolifenatio mitogen (Gennaro et al. 1997).
This may reflect greater resilience of the CD8ell-mediated anti-viral immune
response to stress, compared with the many compoaogthe vaccination response
which include macrophages and dendritic cells engkin as well as T and B cell co-

operation to generate antibody.

A similar percentage of CMV positive parents intboaregiving (47%) and control
(46%) groups indicated no difference in infectiaterconsistent with the fact that
disparities in CMV infection rate among parentsragenly attributed to ethnicity and
income (Colugnati et al. 2007), which did not diffeetween the groups. In addition,
other studies have shown that children in day baxe a higher CMV prevalence (Pass
and Hutto 1986), which might in turn lead to greatéection in their parents. However,
information regarding day care or children’s CM¥ds was not available in the present
study. Nevertheless, exposure to CMV-sheddinglodil alone is not sufficient for
infection in parents (Yamashita et al. 2003), thasents exposed to children with
developmental disabilities who may have a high baradf infection themselves (Arron et

al. 2011, do Canto et al. 2000) are not necessaie likely to be seropositive.

Caregiving and control groups also had comparaM¥ @ntibody titres. The

determinants of CMV-specific antibody titre are leac but are likely to be related to the
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frequency and magnitude of subclinical viral re@ifionin vivo. In addition, a high level of
circulating antibody will not prevent reactivatiohthe virus (Glaser and Kiecolt-Glaser
1994), but rather indicate that it has likely beeactivated. Viral reactivation events are
believed to become more common with increasingaagkit is of interest that an effect of
caregiving stress and burden on CMV antibody titas noted in a study of older adults
(Pariante et al. 1997) in contrast to the presenhger caregiving group. This perhaps
indicates that in earlier life, caregivipgr seis not sufficient to induce significant immune
decrement seen here as greater viral reactivatibith is again consistent with some
studies in young caregivers (Gallagher et al. 2@p| et al. 2004, Vedhara et al. 2002),
but in contrast with others (Gallagher et al. 2Q@Sallagher et al. 2009b). Testing of the
age x caregiver group interaction in this studyrmid reveal any significant interaction
effect. Further, although Pariante et al. (Paeattal. 1997) demonstrated a higher
antibody titre in caregivers when compared to i@rols in their eldest cohort, the sample
size used for the analysis was only 18 female @pants which was further reduced to 9
participants in each group after splitting by agéerefore, it could be argued that the

evidence for poorer control over this latent vinuslder caregivers is only weak.

CMV is also suggested to have a role in the ageirnlge immune system, and has been
used to explain the difference in the various imenaamponents between CMV infected
and CMV non-infected elderly (Pawelec et al. 200@)addition, older caregivers of
Alzheimer's patients showed dramatic increase fibbadly titre to EBV, another latent virus
from Herpesviridae family, pointing to impaired ¢ of cellular immunity towards virus
replication (Kiecolt-Glaser et al. 1991b). Thiggasts that as caregivers age, they are at

higher risk of poorer latent virus control anddsisequences.
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Among CMV seropositive caregivers, smokers hadérigimtibody titre than non-smokers.
This is not surprising as the T and B cell respagsgnst different antigens is severely
reduced by smoking (Sopori 2002, Holt and Keas),9%hich could influence susceptibility
to infection (Evans et al. 2000), and perhaps ismphrticular case, control of latent virus
reactivation. Other health behaviour charactesdiat were associated with CMV titre were
fruit and vegetable and fat intake and amount ef@se. To our knowledge there is no
previous evidence of the effects of dietary intakdatent virus control. Thus, what we may
be picking up on here are a range of negative inéalhaviours which have an impact on a
several health outcomes and processes, includiatfening in the diurnal rhythm of cortisol
similar to that observed in immunosenescence (Heanal. 2012) and now control of CMV
reactivation. Further, an indirect mechanism betwthe stress of caregiving and the poor
health reported in caregivers under high levelstiss and burden (Forbes et al. 2007) might
be via engagement in negative health behaviouts asipoor diet and lack of exercise,
resulting in poorer immunity as well as worse Hegknerally. However, longitudinal studies
including markers of health and more thorough assest of health behaviours in caregivers
would need to be conducted in order to test theshin depth. That these associations with
CMV titre only emerged in the caregiver group ratir@n overall might be due to the
increased importance of these behaviours in cortibmavith existing stress. This argument
has been made previously with regard to the emgigipact of a psychosocial/behavioural
factor in combination with an existing source géss which itself had no direct impact on
immunity. For example, only older hip fractureipats who developed depression showed
suppressed immunity, rather than those who hadtthss of hip fracture alone (Duggal et al.

2013a). In younger non-stressed groups, althotigdetrimental in the long term, these
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health behaviours might not demonstrate their impagarticular aspects of immunity until

later in life.

The present study has a number of limitationsstFHaven though the initial sample size
might be regarded as small, it was substantial vdoempared with the other caregiving
studies (Gallagher et al. 2009b, Pariante et &719edhara et al. 2002). We also recruited
fewer controls than caregivers, as our key intdegsin the potential associations between
elements of caregiver stress and CMV titre whicghthhave explained any caregiver-control
group differences. However, once focusing on sesipe caregivers our sample size has
significantly decreased and as such may have lihmpitever, but, again, it is of similar
magnitude or larger than other caregiver studidagés et al. 2000, Pariante et al. 1997,
Vedhara et al. 1999) and we have reported obsgroeeér throughout. Nonetheless, the
number of tests might have increased the likelihofoa Type | error. Second, even though
antibody titre has been commonly used as a measétine adequacy of an individual’s
iImmune system to control latent virus, it is knatlat cellular immunity and the T cell
response in particular are key components needesifpression of CMV reactivation

(Vasto et al. 2007, Pawelec and Derhovanessian)2Bbivever, such assays require large
guantities of whole blood and for the present asedyonly stored sera were available. Third,
assessment of other antibodies besides IgG sugiMasould be useful in order to ascertain
how recent infection and re-infection occurredamegivers and controls as well as
reactivation, but we did not have data on IgM lsvefourth, this study was cross-sectional at
one time point, and therefore unable to determihetiaer comparable CMV antibody titres
between the groups were indeed a consequence gqiiaedatent virus control in the stressed
group, or they were related to other factors ssctifierent times of initial infection.

Measuring burden and CMV antibody titre over seMém@e points in future research would
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help to clarify this. For example, in a study aofibody titres against EBV between older
caregivers and controls, comparable titres weradat baseline but a greater increase was
observed in the caregiver group over time (KieGllser et al. 1991b). Finally, there is an
inevitable limitation in the method of recruitméat this study, as the contact with caregiving
parents was made mainly via family support grougban the particular syndrome
conference days, thus might have been biased tevilande caregivers who have an access to
adequate support and therefore, at least in patdjrorelief from the burden of caregiving.
However, in our experience, those who attend syndrdays in order to gain relief would not
have this support available to them generally @irtdaily life, thus are still a very stressed
group.

In conclusion, there was no evidence of an assoniaetween caregiving and CMV
seropositivity or anti-CMV antibody titres. Thisggests that caregiving in younger adults
may not accelerate all elements of immunosenescbntéhat such decrements are only
observed in older caregivers. However, there wasesevidence of an association between
caregivers engaging in unhealthy behaviours (dietdake, exercise and BMI) and CMV
antibody titre, suggesting that an unhealthy Iiflesin response to stress in some individuals

could be an indirect pathway through which heathffected in caregivers.
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CHAPTER 3

NEUTROPHIL FUNCTION, STRESS
HORMONES AND CAREGIVING STRESS IN

YOUNGER AND OLDER ADULTS
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3.1. ABSTRACT

The aim of this chapter was to examine the combaffstts of caregiving stress and ageing
on neutrophil function and stress-related hormdoesisol, cortisone and DHEAS) in young
and older individuals. As a model of caregivingygung adults, parents (mean age 38) of
children with developmental disabilities were ret@d and compared to older spousal
dementia caregivers (mean age 69 years). Age-exxthatched controls for both groups
were also assessed. Participants completed aaueste pack assessing health behaviour,
psychosocial, and caregiving characteristics, andiged a blood sample for neutrophil
function (phagocytosis dEscherichia (E.)coland generation of ROS), and serum hormone
cortisol, cortisone and DHEAS concentrations agmdl mechanisms. Caregivers in both
age groups scored worse on the majority of psyahalsand caregiving variables than
matched controls. Despite this, neutrophil funtiicas comparable to that in controls and
was unexpectedly higher in older adults when coegh&r younger adults overall. However,
those caregivers who reported higher psycholognmabidity and more burdensome
caregiving showed poorer neutrophil phagocytoBistther, there was no effect of caregiving
in either group on cortisol and DHEAS concentragion their ratio. However, the
cortisol:cortisone ratio was higher in young cavegs compared to controls. Overall,
neutrophil function and stress hormone levels vpeeserved in caregivers and neutrophil
phagocytosis was only compromised in those withhigbest levels of distress. This
suggests that more attention should be paid twichaal differences among caregivers rather

than caregiving statyser se
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3.2. INTRODUCTION

There is now substantial evidence that chronic Ipsipgical stress can impair immunity
(Glaser and Kiecolt-Glaser 2005, Kiecolt-Glaseale2002, Vedhara and Irwin 2005).
For example, the experience of a large number gétnee life events has been
associated with reduced antibody responses tonatoan (Burns et al. 2003, Phillips et
al. 2005) and lower levels of sIgA (Phillips et 2006b). Specific chronic stress
exposures, such as bereavement, have been ralgiedrer NK cell function (Irwin et

al. 1987), reduced neutrophil superoxide generddmanfer et al. 2011), and a reduced
response to the influenza vaccination (PhillipaleR006a).

Caregiving for a sick or disabled relative has trexatly been employed as a model for
examining the effects of chronic stress on immumetion (Cohen and Pollack 2005,
Vedhara et al. 1999, Vitaliano et al. 1998). Faraple, in comparison to matched
controls, caregivers mounted a poorer respons#lteenza and pneumococcal vaccinations
(Glaser et al. 2000, Vedhara et al. 1999), hadaediINK cell cytotoxicityCohen and
Pollack 2005)took longer to heal from punch biopsy wounds (KieGlaser et al. 1995),
and displayed poor control of latent viruses (Kle€ilaser et al. 1987b). However, the
majority of these studies have been conductedderadults. This raises the issue as to
whether effects of caregiving stress are only olesem the context of immune ageing.
For example, sIgA secretion rates were found ttmWer in non-routine caregivers relative
to controls, but only for the oldest of three distiage cohorts (Gallagher et al. 2008).
Further, the study found that young caregiversatiiemts with multiple sclerosis had
similar antibody responses to influenza vaccinaéisiwontrol participants (Vedhara et al.
2002). In contrast, more recently, parents canegifor children with developmental

disabilities showed lower antibody responses tiu@mza and pneumococcal vaccinations
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relative to matched control parents (Gallaghel.€2009a, Gallagher et al. 2009b), and
those parental caregivers reporting more child aohdroblems mounted a poorer antibody
response (Gallagher et al. 2009a, Gallagher €08Bb). This suggests that the
behavioural characteristics of the care-recipiemy be a key determinant of whether or
not immunity is compromised, and that an ageing imensystem is not a pre-requisite for
a poor response to vaccination or other immuneoresgpin caregivers. Nevertheless, older
caregivers tended to have a poorer antibody regponsne of the influenza vaccine strains
(Gallagher et al. 2009a), suggesting that we cadisatiss the hypothesis that chronic

stress and immune system ageing may have addifects(Graham et al. 2006).

The effects of ageinger seon the immune system, termed immunosenescence
(Pawelec 2007), are well established (Gruver €@)7). In terms of adaptive
immunity, lower thymic output of naive T cells (&ar and Sempowski 2008) and a
shift from naive T cells towards memory CDB cells (Pawelec 2007) are some of the
changes commonly observed in older age. Thesatiites are considered to underlie
the age-associated decline in antibody respongacitination (Kovaiou et al. 2007). In
innate immunity, NK cells (Hazeldine et al. 20t)cchegiani and Malavolta 2004)
and macrophages (Plowden et al. 2004) are alscteffdy age. Neutrophils show
diminished phagocytosis and superoxide productBurtaher et al. 2001, Panda et al.
2009). This leaves them less able to fight baait@rfections, such as pneumonia, one
of the major causes of morbidity and mortality agntime elderly (Solana et al. 2006).
To date, the effects of chronic stress have nat le@amined on younger and older
samples simultaneously. In addition, researchéategiving stress has mainly
focussed on adaptive immunity, with the exceptibNk cells (Esterling et al. 1994,

Kiecolt-Glaser and Glaser 1999). Bereavement,heanatource of chronic stress, was
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seen to reduce neutrophil superoxide productiaider adults relative to matched

controls (Khanfer et al. 2011).

Potential mechanisms underlying stress and neutriypittion associations include
stress hormones known to modify immunity: cortiggtkesi et al. 2000) and DHEAS
(Radford et al. 2010). Cortisol is mainly immunpptessive, whereas DHEAS is
considered immune-enhancing (Phillips et al. 200%).imbalance between these two
hormones, resulting in a higher cortisol. DHEASa@atian arise in response to stress
(McCraty et al. 1998), and ageing (Orentreich e1884), and has negative implications
for immunity. The ratio between serum cortisol @odisone is a good indicator of
systemic 1B-HSD1 activity such that a higher ratio could iradeincreased activity of
this enzyme (Homma et al. 2001), as is seen wiginggand increased pro-
inflammatory status (Tomlinson and Stewart 2005ally, psychological and
caregiving-specific characteristics have been gless attention in previous studies, but

may be responsible for any caregiving effect ortnogahil function.

The present study aimed to elucidate the assoegahbetween stress, ageing, and
neutrophil function through studying four partiapp@roups: parents of children with
developmental disabilities; age- and sex-matcheens of typically developing
children; older dementia caregivers; and age- arehsatched healthy older adults with
immunosenescence. This allowed comparison of tsffefocaregiving stress on
immunity with and without concomitant immunosenesee Potential endocrine and

psychological mechanisms were also examined.
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3.3. METHODS

3.3.1. Participants

57 young parental caregivers and 34 matched pammontaols, and 40 older caregivers
and 42matched older controls participated. Young care@ghad at least one child
with a developmental disability, defined as desstilm chapter 2; older caregivers were
aged 60+ years and full time spousal dementia €afearental caregivers were mainly
recruited at national syndrome support group cemiegs; their children were aged
between 3 and 18 years and living at home duriagtihool term. The caregiver group
consisted of 27 parents of a child with Smith-Mageyndrome (47%), 22 parents with
at least one child with fragile X syndrome (39%ven parents of a child with Cornelia
de Lange syndrome (12%), and one parent of a aliitdASD (2%). Control parents of
typically developing children were recruited logadind from media campaigns and
newspaper advertisements. Older caregivers wereited from different NHS trusts
(Birmingham and Solihull Mental Health NHS FoundatiTrust, Lincolnshire NHS
Trust, North Staffordshire NHS Trust and Bradforigtbct Care Trust). Older controls
were recruited through the Birmingham 1000 Eldecuig
(http://www.birmingham.ac.uk/research/activity/masitres/healthy-
ageing/elders.aspx). Demographic characteristestaown in Table 1. Exclusion
criteria were: taking medication known to alter iomme function and/or steroid
synthesis and metabolism; an ongoing chronic immreteged disease (e.g. cancer,

glandular fever, diabetes, rheumatoid arthritiald,dor the younger group, pregnancy.
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3.3.2. Study design and procedure

This was a cross-sectional single session study petticipants completing a
questionnaire pack, and providing a blood sampteder to determine neutrophil

function and levels of cortisol, cortisone and DHER their serum.

3.3.3. Questionnaires

Health behaviours

A questionnaire adapted from the Whitehall Il stgilarmot et al. 1991) was used to
assess health behaviours. Subjective sleep distaels were reported by participants
through the Pittsburgh Sleep Quality Index (Buyestsal. 1989), where higher overall
score indicates poorer sleep quality. Adequatrmatl consistency (Cronbachis=.69)

has been demonstrated previously (Spira et al1)28dd in the present sampdes .68.

Depression and anxiety

HADS (Zigmond and Snaith 1983) was used to measunrent anxiety and depressive
symptomatology in participants. The HADS has atatap internal consistency (.80 to
.93 for anxiety and .81 to .90 for depression) (H@nn, 1997; White & Hastings,

2004), and in the present study, .86 and .81, otispdy.

Perceived stress
PSS was used to assess how unpredictable and elenng daily life was during the
previous month (Cohen et al. 1983a). The scalessigmod internal reliability

(Cronbach’sy = .75); in the present study.86.
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Caregiver burden

In order to assess the stress caused by a carggola) a short form version of Bl was
used (Bédard et al., 2001). This version has altzrch's alpha of .88. For younger
group, the questions were amended replacing ‘yaative’ with ‘your child’, while
'spouse/partner' was used in older caregiverstignesire pack. Examples of items
include ‘Do you feel that because of the time ypearsl with your child/young
spouse/partner that you don’t have enough timgdarself?’ Internal consistency in

the current sample was .91.

Time spent caregiving
The amount of time spent caregiving was assessed asnodified version of the CAS
(Davis et al. 1997). Hours for each caring rolg.(edressing, eating, transport) were

summed together to yield a total daily score finetispent caregiving.

Social Support
The 12-item SFS (Dunst et al. 1988) was used tesadypes of support available to
participants in both younger and older group. him present study the internal

consistency was .89.

In the older group only, perceived social suppaswneasured using The Medical
Outcomes Study Social Support Survey (MOS) (Shermand Stewart 1991). Overall
functional support was assessed as a summary ofliilerent categories of support:
emotional/informal (e.g 'someone to confide inadk about problems'), tangible
('someone to help you if confined to bed'), affecéte (e.g. 'someone who hugs you'),
and positive social interactions (e.g. 'someordotsomething enjoyable with'). The

guestions were assessed using 5-poing Likert-tgake sanging from 1-none of the time
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to 5-all of the time. High internal consistency.®f has been reported previously, as
well as test-retest variability from .72 to .78 &k four categories (Goodman 1997,
Sherbourne and Stewart 1991). The scale has lseehpueviously in chronic stress
research (Phillips et al. 2005, Phillips et al. @90 Internal consistency in the current

sample was .97.

Care-recipient problem behaviour

SDQ (Goodman 1997) was used to screen for child\betr difficulties. In the current
sample the internal consistency for problem behawieas .86.

In the older adults, the Pearlin Problematic Betiav{PPB) subscale was used which is
a part of longer model developed to assess thesstfehe caregivers of people with
dementia (Pearlin et al. 1990). The subscale &xo8s frequency certain behaviours
occur in a patient and demand caregiver's attentrRarticipants were asked to mark the
number of days they had to deal with certain sibuatweekly from 1-'0 days'to 4 - '5
or more days'. Total score was calculated by apitiia scores from the individual
guestions. This subscale alone has been previassly in the dementia research
(Gaugler et al. 2000, Teel and Press 1999) and lgasd internal consistency
(Cronbach'e=.88) (Teel and Press 1999). Internal consistamtlye current sample

was .78.

3.3.4. Blood sampling and assays

Venous blood sample were collected in the mornimg, one heparin tube and one plain tube
(BD Vacutainer, Oxford, UK). The heparin tube waed to assess neutrophil function in
whole blood, in particular bacteria-induced phagosig and ROS production. The samples

in the plain tubes were allowed to clot for one hadter which they were centrifuged at
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1600xg (Eppendorf Ltd Centrifuge 5804/5804R, Stagen UK) for 10 min, and the

separated serum was frozer-a0 °C until assayed.

Neutrophil functional assays

Phagocytosis dE.coliwas measured using a fluorescence-based kit (RéstigO@rpegen
Pharma GmvH, Heilderberg, Germany) following thenofacturer's protocol. 1@0of the
whole blood at the 0°C was incubated wituR6f fluorescein isothiocyanate (FITC)-labelled
bacteria, and then incubated at 37°C for 10 minwisthe negative control left on ice.

After the incubation period, the test tube wasgfamed on ice to stop the reaction and FITC-
guenching solution was added to the both tubegtiogriish the fluorescence of all the
bacteria that were left un-phagocytosed. After washing steps in PBS, the lysing solution
was added to the tubes and left for 20min at tbenrtemperature to allow lysing of
erythrocytes and fixation of lymphocytes. The £&lkere then washed twice and dsDNA was
stained with a nuclear counter-stain for 10minam iThe assays were analysed using a three-
laser Dako Cyan High Performance flow cytometerk@aarpinteria, California), with
Summit v 4.3 software. Neutrophils were distingeis from other leukocytes by gating on
forward scatter and side scatter and any remaivacterial aggregates were excluded using
red fluorescence staining to identify cells hawuiigjoid DNA content. 10-15000 leucocytes
per sample were collected and the phagocytosipvesented as phagocytic index (PI),
which is number of bacteria ingested per cell, seemean fluorescence intensity (MFI)

multiplied by the percentage of neutrophils that phagocytose#.coli.

Neutrophil oxidative burst in responseEaoli was measured using a commercial kit
(Phagotest, Orpegen Pharma GmbH), the assays edogmed according to the
manufacturer's protocol. In summary, 06f the whole blood was mixed with gl0of

opsonisecE.coli, and incubated at 37°C for 10 minutes togethen astother tube without
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stimulus that served as a negative backgrounda@orfiormation of ROS was monitored by
addition and oxidation of dihydrorhodamine (DHRB1tRat served as a fluorogenic
substrate. The reaction was stopped by addingdysblution in order to remove erythrocytes
and achieve partial fixation of leukocyte in thengpdes. The samples were then washed in
PBS, and DNA staining solution was added. ROS g¢io® was evaluated using flow
cytometry using the same gating technique as destabove, with MFI used as a measure of

the oxidative burst activity of neutrophils.

Serum steroid hormone analysis

Steroid hormone analysis in serum was conductdajoyd chromatography/tandem mass
spectrometry (LC-MS/MS). Briefly, 20@ of serum was mixed with internal standard
cortisol-d4, and after protein denaturation at 55@nples were extracted using methyl t-
butyl ether (MTBE) as a solvent. The mixture waent vortex-mixed, centrifuged at
1200rpm (MSE, Centaur 2, DJB Labcare, Englandpbforinutes and the MTBE layer was
removed and evaporated under nitrogen at 40-531e. dried residues were resolved in
10Qul 50/50 mixture of methanol and water, and tramsfitinto a 96-well plate for analysis

by LC-MS/MS.

For DHEAS, a protein crash method was used folektn following the protocol described
previously (Haring et al. 2013). Briefly, g0serum, internal standard DHEAS-d2, and
ZnSQ, each and 1Q0 of acetonitrile were combined, vortex mixed fominute, and then
centrifuged for 5 minute at 14000rpm (MSE, Cen®3ubJB Labcare, England). Supernatant
(10Qul) was then transferred into a clean glass tes,tebaporated to dryness and

reconstituted in 50/50 MeOH#B for analysis.
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A Waters Xevo mass spectrometer with Acquity UP&€al console was used. An
electrospray ionisation source was used in a pesitiode. Steroids were quantified by
comparison to a calibration series with respethéodinternal standard used, and
quantification was completed using TargetLynx saf@wersion 4.1 (MassLynx 4.1). Intra-
assay reproducibility was <10%. The calibratiomgawas 1.38 - 1380 nmol/l for cortisol

and cortisone, and 0.026 - géol/l for DHEAS.

3.5. Statistical analyses

Comparisons between the caregivers and controjpgron socio-demographics and
guestionnaire scores were conducted by ANOVA amndghare. Tests of the main
effects of age and caregiving status as well asgoang * age interaction effects were
examined using 2x2 ANOVA; with effect sizes repdrésn?. Significantly different
demographic or health behaviour variables betweemtoups were controlled for in
further ANCOVAs. Correlations were used within ttegegiver participants to
determine whether or not psychosocial and caregivariables were associated with
neutrophil function. Where they were, hierarchiogadar regression was conducted to
further examine this association with age entetesegp 1 and any significantly

associated caregiving/psychosocial variable at3tep

3.4. RESULTS

3.4.1. Demographic characteristics and health behaviours

The demographic and health behaviour variablesdoh group are summarised in Table
1. In the younger sample, caregiver and contredna did not differ in their

demographic characteristics. Health behavioureaso similar, with the exception of
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caregivers being more likely to drink alcohol dgjy.005). In both caregivers and
controls, a few participants reported that theyesetl from chronic illness (mainly
asthma and high/low blood pressure). Consequestiye of the parents in both groups
reported taking medication, mainly non-steroidahas treatments and anti-
hypertensives. In the older group, caregiversamdrols were comparable on all of the
demographic and health behaviour variables excepercise scores where controls
were more active than caregivers. Similar numbéparticipants reported suffering

from chronic disease, mainly from those typicaldtder age such as high blood pressure

and mild arthritis.

3.4.2. Caregiving and psychosocial characteristics of each group

Caregiving parents reported spending more timengdar their child than control
parents (Table 2). Other psychosocial characiesistere also significantly different
between the groups and in the expected directemegivers reported higher depression
and anxiety, perceived stress and child problenawielrs. They also reported poorer
sleep quality, higher caregiving burden and poquality of social support. Table 2
shows that depression and anxiety symptomatologygep/ed stress scores, sleep
guality, and general social support were signifiseworse in the older caregiver group
compared to older controls. Caregiving burden meloby older caregivers was in the

high range, according to the previously reportedotiuof 17 (Bedard et al. 2001).

Problematic behaviour on the Pearlin scale wasdnigtan previously reported for samples of
caregivers (Roepke et al. 2008). Interestinglynger caregivers reported higher depression
and anxiety symptoms, perceived stress and canggburden than the older caregivers

(Table 2).
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Table 1. Demographic characteristics and health behavioiuysung and old, caregivers and controls.

Young

Older

Caregivers Controls

(N=53) (N=33)

Caregivers Controls

(N=40) (N =42)

N (%) / Mean (SD)

p N (%) / Mean (SD) p

Age (years)

Age of child/spouse (years)
Gender (Female)

Marital status (Partnered)
Ethnicity (Caucasian)

Occupational status (non-manual)

38.3 (4.78) 40.1 (5.44)

7.4 (3.70) 7.2 (4.54)
38(69)  21(62)
47 (89) 30 (88)
50(93) 27 (79)

40 {85) 31 (94)

10 69.3(5.81) 72.4 (5.42).06

85 72.3(8.06) 73.1(6.0H3

55  26(65) 19 (45)07

95  40(100)  42(100) -
07 38(97) 9(BV) .33

22 22(63) 32(80) .10
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In full time work

Taking medications

Alcohol intake (daily or more)

Smokers

Body Mass Index

Exercise score

2147 19(63) .16  3(8) 1(4) 53
5 (3) 7(1) .14 33(80)  29(74) 51
14 (26) 1(3) .00510(28)  12(30) .83
1019 2(¢6) .10  1(3) 3(7) .36
26.4 (4.89) 24.5(3.58)06 26.3(3.08) 26.1(4.37)82

5.5 (4.99) 6.4 (5.44) .45 35(3.16) 5.2(3.71) .04

Fruit and vegetable consumption scor8.2 (2.83) 8.8 (2.36) .25 9.7 (2.46) 10.3 (2.8581

Fat consumption score

11.1 (38110.9 (3.72) .76 9.5(3.62) 10.2(3.91).46

% < .05 between younger caregivers and older cageg)iv

70



Table 2. Caregiving and psychosocial characteristics ohgoand old, caregivers and controls.

Young Older
Caregivers Controls Caregivers Controls
(N =53) (N =33) (N = 40) (N =42)
Mean (SD) p Mean (SD) p

Hours spent caregiving per day 4.8 (4.15) 2.9 (3.23) .03 3.6 (3.28) - -
minus supervision
Sleep quality score 8.4 (3.13) 6.7 (3.15) .02 8.1(3.47) 6.2 (3.80) .02
HADS anxiety score 10.4 (3.52) 6.4 (2.85) <.001 7.7 (4.96) 4.1 (3.93) <.001
HADS depression score 8.6 (3.04) 4.2(3.67) <.001 6.0 (3.94) 2.8 (2.61) <.001
Perceived stress score (PSS) 30.8 (5.563.5 (6.59) <.001 24.0 (8.21) 16.4 (7.83) <.001
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Social support score (SFS) 31.9 (7.99) 38.6 (9.62).001 33.6 (11.18) - -

Caregiver burden score (Bl) 26.3 (7%7) 13.7 (6.69) <.001 21.0 (8.62) - -
Child behaviour problems (SDQ) 18.8 (4.64) 7.293.9 <.001 - - -
Pearlin problematic behaviour (PPB) - - - 22.99.8 - -
Social support score (MOS) - - - 63.1 (18.66) §an34) <.001

% < .05 between younger caregivers and older cagegjiv
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3.4.3 Neutrophil function across all groups

For neutrophil phagocytic ability, there was a mefiiect of age, F(1,167) = 49.81<
.001,n% = .230, such that older adults had a higher Bt nb main effect of caregiving,
F(1,167) = 3.62p =.06,n> = .021, and no caregiving * age interaction effé¢1,167)

= 53,p = .47 =.003. These data are shown in Figure 1A. Repesnalyses with
adjustment for health behaviours that differed leefmvthe groups (alcohol intake in
young; exercise level in the older group) revedhedsame significant main effect of age,

p<.001.

For neutrophil superoxide production, there wasamreffect of age, F(1,164) = 12.38,
=.0011? = .069, and caregiving, F(1,164) = 4.8 .03,n% = .029, such that older
participants and caregivers had significantly higheperoxide production. However,
there was no caregiving * age interaction effe¢t, ¥64) = 0.18p = .67,n° = .001, see
Figure 1B. Repeated analyses with adjustmentdeartates revealed only a main effect

of age,p = .001.
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Figure 1. Neutrophil function in response to bactdfiaoli in young and
old, caregivers and controls. A. Neutrophil phagosis ofE.coli
presented as phagocytic index (Pl, number of biactegested per
neutrophil). B. Neutrophil reactive oxygen sped¢ie©®S) production
presented as mean fluorescence intensity (MFljorbars are standard

errors of the mean (SEM) and * indicajes .05.
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3.4.4. Serum steroid hormone concentrations

Due to the skew of the data for serum hormonedlasidratios, these were log
transformed for the analyses, but their raw valrespresented in the figures. For
cortisol, there was a main effect of age, F(1,£66)65,p = .02, =.034, such that
participants in the older group had higher con@giuns of this hormone. However,
there was no main effect of caregiving, F(1,1600%,p = .88,n2 =.000, nor a
caregiving * age interaction effect, F(1,160) =651.= .47,1° = .003, as shown in
Figure 2A. Repeated analyses with covariate adjeist also revealed an age effect;
.03. For DHEAS, as expected, there was a maimtaffeage, F(1,156) = 109.58 <
.001,1? =.412, with older adults showing lower levels.efdwas no main effect of
caregiving, F(1,156) = 1.1p,= .28,n2= .007, nor caregiving * age interaction, F(1,156)
= 3.14,p = .08,n° = .020 (Figure 2B). After covariate adjustment nh&in effect of age
remained significan) < .001. The cortisol:DHEAS ratio showed a sigrafit effect of
age, F(1,154) = 120.44,< .001, 112 = .440, with older adults having a higher rabiot
no main effect of caregiving, F(1,153) = .p6s .25,1% = .009, nor a caregiving * age
effect, F(1,153) = .18 = .21, = .010, as presented in Figure 2C. Repeated
subsequent analyses including the covariates fibr ymung and old showed a similar
main effect of aggy < .001. For the cortisol:cortisone ratio, thereswia age effect,
F(1,160) = 1.51p = .22, = .009, but both a main effect of caregiving, argignificant
caregiving * age interaction effect were presefi, £60) = 15.48p < .001,1? = .088,
and F(1,160) = 19.8%,< .001,112 =.111, respectively, Figure 2D. Pairwise
comparisons revealed significant differences betvwaagegivers and controls in the

younger groupp < .001, with higher ratio present in younger caregs, but no
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difference between older caregivers and contpots,34. Covariate analyses revealed

analogous mairg < .001, and interaction effec{s=.001.

3.4.5. Psychological factors and immunity and hormones within caregivers

Analysis within all caregiving participants showibat caregivers with higher anxiety,
r(87) =-.34p =.001, depression, r(87) = -.31,= .003, perceived stress, r(87) = -.p4,
=.001, and caregiving burden, r(87) = -@8% .001, exhibited significantly lower
neutrophil phagocytic ability. No such relationshemerged for neutrophil superoxide
production, but caregivers with poorer sleep qudlad lower oxidative burst activity,
r(85) =-.23p =.03. Correlations between questionnaire scaneshormones within
the caregiving participants revealed that amongratdregivers lower DHEAS was
recorded in those with higher anxiety symptomatpl@g¢35) = -.42p = .01) and
perceived stress (r(35) = -.387 .05), while higher cortisol:DHEAS ratio was seen

those who reported higher anxiety symptoms (r(3%4p = .04).
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Figure 2. Serum stress hormone concentrations in young hdaregivers
and controls. A. Serum cortisol concentrationsmmol/l. B. Serum DHEAS
concentration irumol/l. C. Cortisol:DHEAS ratio. D. Cortisol:cortise

ratio. Error bars are SEM and * indicated .05.
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3.4.5. Sengitivity analysis

Given the lack of effects of caregiving stapes se but the correlations with several of
the psychological variables, regression analyses w@nducted within the caregivers
alone, predicting neutrophil functions from thersigant psychological variables that
emerged in the correlation analyses with adjustrfeenthronological age to use the full
range of age data. For phagocytic ability, anxigty -.21,p = .036,AR? = .038, and
caregiver burderfy = -.24,p = .014,AR? = .052, were significant predictors, whereas
depressionp = -.14,p = .16,AR? = .017, and perceived strefs; -.15,p = .14,AR? =
.019, were not, following adjustment for age. Bridative burst activity, sleep quality
adjusted for age significantly predicted neutrojiildative burst activityp = -.24,p =

.025,AR? = .055.

3.5. DISCUSSION

In the present study, caregivers and controls iiffeas expected, on the majority of
psychosocial and caregiving variables. Despitg teutrophil function of caregivers
was comparable to that of the controls. The sicgnilt effects observed were for age;
unexpectedly, older adults had higher phagocytsisoxidative burst activity than the
participants from the younger groups. This ageifigct was contrary to what might be
expected, as previous research including from aur group, mainly reports a decrease
in neutrophil function due to immunosenescencedBert et al. 2001, Panda et al. 2009,
Wenisch et al. 2000). However, it is consisteribviie previously reported increase in
oxidative burst activity associated with ageingther studies (Cannizzo et al. 2011,
Tortorella et al. 2001). It is possible, that gresent older sample, in particular older
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caregivers, was predominantly comprised of thei@pants who have very effective
immune function which provides resilience and iase likelihood of survival into
older age, despite the additional stress of thaegiving role. In other words, what we
are observing here could be a robustness of inmateinity with healthy ageing, and a
continuing capacity to resist illnesses in geneitth the caregiving role. This has
previously been observed in reductions in cancgdénce in the oldest old, where
phenotypic changes in NK and T cells as well asratgged changes in the production of
pro-and anti-inflammatory cytokines, such as l-BRd IL-4, create unsuitable
surroundings for neoplastic transformations (Beredfal. 2001). Thus, our older
sample may have comprised individuals whose genaticepigenetic predisposition
have provided them with a robust immune responsagthem a chance to live to old
age (Davey Smith 2011). In addition, if we areasligrg a robustness of neutrophil
function in the current older sample, then thiadgsompanied by a similar psychological
resilience, as the overall scores for perceivegssirdepression and anxiety
symptomatology reported by the older adults weneelathan those of the younger
sample who were perhaps exhibiting a worse psygabresponse to their caregiving
role (see Table 2). Such psychological robustimesxlividuals aged over 64 years

compared to younger groups has previously beerrtexpfGooding et al. 2012).

Alternatively, the present results could also lerpreted as a support for the hypothesis
that the innate immune system dominates in oldey agd that immunosenescence is
more evident in adaptive immunity (Franceschi e2@00). However, caution is
warranted here, as the observation that innate mitgnis predominant in older age was
observed among the oldest old and centenariansea$hi¢he mean age in the present

older sample overall was 71 years.
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The absence of a caregiving status effect on nglilrtunction was not anticipated, but
it is possible that this aspect of innate immurutyijke adaptive immune function such
as the response to vaccination (Gallagher et @020Gallagher et al. 2009b), is not
diminished by the chronic stress of caregivingis klso possible that the general
immune integrity observed in the current caregivsagple is due to the method of
assessing immunity. Previous studies showing canggeffects have used vivo
challenge of the immune response, e.g., vaccing@aiagher et al. 2009a, Gallagher et
al. 2009b, Glaser et al. 2000), and wound healigcplt-Glaser et al. 1995). These
vivo methods demand an integrated immune responseprébent study, on the other
hand, examineth vitro stimulation, without a systemic pathogenic chajenThe
negative impact of caregiving may be more readilyesved in models where the

immune system is challenged with pathogengvo.

Interestingly, analysis within the caregiving peigants indicated that those individuals
with anxiety and caregiver burden had poorer n@hitdunction, specific to
phagocytosis. For superoxide production, pooeeshuality predicted poorer function.
A negative association between chronic stress anttaphil superoxide generation has
been reported previously in the bereaved (Khartfat. 011), who also showed high
levels of depression and anxiety. Among eldenp/fhacture patients, only those who
reported high levels of depression showed pooretroghil function, though again this
was restricted to superoxide generation (Duggal.t013a). Similarly, poor sleep has
been associated with alterations in immunity iruenber of studies (Besedovsky et al.
2012). This suggests that while no overall detntakeffect of caregiving was seen in
this study, individuals reporting higher psychotmjidistress and suffering poorer sleep

have poorer innate immune function.
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Serum steroid hormone analyses revealed highasalibwer DHEAS and higher
cortisol:DHEAS ratio in the older sample overalhioh is consistent with previously
reported changes in hormone status with increasgegBuford and Willoughby 2008).
Comparable cortisol and DHEAS levels between caeggiand controls are perhaps
surprising, as it is commonly accepted that chratness leads to the increase and
decrease in these hormones, respectively (Ep&l20@7). However, exception to these
findings, such as those that showed increased Dldiz#is in depressed patients (Heuser
et al. 1998), as well as those that suggestedreiftal effects of stress on DHEAS
dependent on the level of anxiety (Boudarene ét(fl2), suggest greater caution when
studying the relationship between stress respamd¢hese hormones. Further, the lack
of increase in cortisol levels in caregivers cdugdthe consequence of allostatic load,
when due to a higher frequency of chronic streposure the body is shutting of
endocrine parameters and preventing expected respdhIcEwen 1998), increase in

cortisol levels due to chronic stress of caregivmthis particular case.

Younger caregivers also had a relatively high soficortisone ratio. This ratio is an
indicator of systemic J3tHSD1 activity which in turn can be increased ibpr
inflammatory status is raised (Tomlinson and Stew@0€5). An increased serum
cortisol:cortisone ratio has also been reporteslingical patients, probably as a
consequence of the continuous HPA axis stimulatiming the stress response (Vogeser

et al. 2003).

The study has a number of limitations. First, siensfze in each group can be regarded
as small, but is of a similar magnitude to otheegaving studies (Gallagher et al. 2009a,
Gallagher et al. 2009b, Vedhara et al. 2002). &e&cib could be argued that due to the

high burden of the caregiving role, those worseetéd by this type of chronic stress
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would be less likely to participate in the studygkimg the current sample biased towards
those that are healthier and cope better. Howéwvemttempt to minimise such bias was
through organising home visits and accommodatiegehting session to best suit
individual caregivers’ needs even when they hadl bayegiver burden. Further, the
scores on the psychological measures suggesteduhaample did have high caregiver
stress and burden similar to previous caregivalistiwhere immune effects were seen.
Third, steroid hormones are known to show diurraiations in secretion and therefore
it could be argued that single time point bloodexilons will not give the accurate
representation of their concentration. Howevera@mpt was made to overcome this
issue by taking fasted morning blood samples. IFinaclusion of a further measure of
innate immunity, such as NK cell function, mighveatrengthened the study although

effects of stress on this have already been demadedtin older caregivers.

In conclusion, the neutrophil function in caregveompared to controls overall was
preserved, with the main differences emerging betwsung and old participants.
Nevertheless, it should be noted that those cagegiwho reported higher anxiety and
burden levels, as well as poorer sleep quality,atestrated poorer neutrophil function.
Implications for future research are that studresutd focus less on caregiving status in
general, and more on individual differences amarggivers, specifically those with

high levels of psychological morbidity.
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CHAPTER 4

T CELL IMMUNITY AND CAREGIVING STRESS

IN YOUNGER AND OLDER CAREGIVERS
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4.1. ABSTRACT

Caregiving stress is a well established model fanm@ning the impact of chronic stress on
immunity. The present study aimed to examine rtiggaict of stress and ageing on parameters
of T cell immmunity and anti-CMV antibody titre ugjrtaregivers and controls across two age
cohorts. 79 young and older caregivers (parentsnage 38 years of children with
developmental disabilities and spousal dementiegiaers, mean age 70 years, respectively)
were compared to 76 age- and sex-matched non-garggiontrols. Participants completed
guestionnaires on a range of socio-demographidthhie@haviour, psychosocial and
caregiving variables, and provided a blood sampIBMCs were stored for assessment of T
cell senescence and exhaustion markers and thyutpat) and serum was used to measure
anti-CMV antibody titre. Despite greater psychabadymorbidity, seen as the greater
depression, anxiety, and perceived stress thamatentaregivers showed robust immunity
for most T cell parameters with the exception ef MLRG1" (marker of T cell senescence) T
cell pool, where caregivers and older participahizwed higher numbers of T cells
expressing this molecule. In addition, amongséotiregivers, those who reported higher
behavioural problems in care-recipients showecdeatgr senescent profile. A higher
percentage of KLRGIT cells in caregivers could explain their previgugported poorer
iImmune response. These data also suggest thatplaet of caregivingper seon immunity

is not uniform and greater attention should be paithose with greater psychological

morbidity.
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4.2. INTRODUCTION

Numerous adverse effects of chronic stress (eagegtving or bereavement) on
adaptive immunity have been reported in the pasadies, see e.g. (Gouin et al. 2008,
Glaser and Kiecolt-Glaser 2005, Powell et al. 2@dhen et al. 1991). The immune
system correlates of the negative effects of siredsde reduced vaccination response
(Vedhara et al. 1999, Glaser et al. 2000, Philipal. 2006a, Gallagher et al. 2009a,
Gallagher et al. 2009b), poorer latent virus cdrfPariante et al. 1997, Glaser and
Kiecolt-Glaser 1997), thymic involution indicatey keduced output of naive T cells
(Selye 1956), the shift from a cellular Thl to artawal Th2 phenotype by changes in
cytokine expression (Marshall et al. 1998), andeased blood leukocytosis

(Franchimont 2004).

The adaptive immune system undergoes dramatic eBathging the physiological
ageing process. These changes, termed immunosecestiave been well
documented, for reviews see (Gruver et al. 2001eM1999, Weng 2006), and include
both a decrease in the number of newly producedeniacells (Fagnoni et al. 2000,
Hale et al. 2006, Gruver and Sempowski 2008), dsase shift from naive T cells
towards a higher number of longer lived memory lscén particular CD8T cells as
the peripheral memory T cell pool expands to mart@meostasis (Pawelec 2007).
The established means of quantifying thymic ougma naive T cell production is
through the number of cells expressing TREC, stakleachromosomal DNA
fragments created during T cell receptor (TCR) fation (Kong et al. 1998) in the
process of somatic rearrangement during T cell rmatn (Abbas and Janeway 2000,

Janeway et al. 2001). In addition, ageing is aggamed by many phenotypic and
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functional alterations in T cell subsets. For eglamexpression of CD28 antigen, a co-
stimulatory molecule necessary for T cell activatfbenschow et al. 1996), is
decreased during ageing (Boucher et al. 1998), wighications for longevity of
vaccination responses and maintained resistariegetat infection such agaricella
zoster Further, an increase in the subsets of sene€@28CD57" lymphocytes with
normal ageing has been noted (McNerlan et al. 19@8ino et al. 1998, Onyema et al.
2012). CD57 is present on terminally differentthfelymphocytes and is considered as
a marker contributing to T cell senescence (Brexchkt al. 2003) and indicative of the
increase in activation-induced apoptosis (Focoal.2010). It has been shown that
oligoclonally expanded CDS8T lymphocytes are predominantly enriched with the
CD28CD57" subset (Wood et al. 2009, Morley et al. 1995).-PR receptor that plays
an inhibitory role during T cell activation (Jinat 2011), and is important in T cell
exhaustion (Wherry 2011) is also present more #atjy on aged T lymphocytes
(Lages et al. 2010). Finally, another inhibitoegeptor that is commonly considered a
marker contributing to T cell senescence, co-intbigicadherin KLRG1 (Grundemann
et al. 2006, Henson and Akbar 2009) also showsasad expression in T cells from
older donors (Vasto et al. 2007). Interestinglyzas been shown that blockade of
KLRG1 leads to restoration of proliferative funetiby a mechanism that involves the
phosporylation and activation of Akt protein kingbenson et al. 2009), suggesting
KLRGL1 as a regulator involved in both exhaustiod aenescence-related pathways
(Akbar and Henson 2011). The implications of thes@nges in both cell senescence
and cell exhaustion are a negative impact on thetional capacity of memory T cells,
weakening at the same time the integrity of the umerresponse overall and thus

resistance to infection (Akbar and Henson 2011).
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Another important contributor to immunosenescesdgMYV (Pawelec et al. 2005).
CMV is a latent virus belonging to the Herpesvigdamily with the ability to remain
silent until inflammatory factors and weakened inm@&surveillance trigger its
activation (Hahn et al. 1998). This virus is bedid to direct the restructuring of the
lymphoid subsets in the periphery, seen as theaserin the effector memory T cell
pool and the reduction in the naive T cells in thadho are CMV-seropositive
(Chidrawar et al. 2009). As a result, the presaiadronic viral infections such CMV
leads to the accumulation of T cells with a senatsaed exhausted profile namely a

CD28 CD57'KLRG1' phenotype (Weng et al. 2009, Derhovanessian 20aD).

Until recently, there has been a consensus thagisars, regardless of their age,
experience poorer immunity than non-caregiving anggehed controls (Kiecolt-Glaser
et al. 1991b, Esterling et al. 1994, Kiecolt-Glaseal. 1996, Glaser and Kiecolt-Glaser
1997, Vedhara et al. 1999, Gallagher et al. 20G@dlagher et al. 2009b). In the
previous chapter, however, it was demonstratedctira&givers, both young and older,
displayed robust neutrophil function, compared &iahed controls, observed as the
ability to phagocytose bacteria and produce R@8edd, these functions of the innate
immune system were only diminished in those caexgiwith higher psychological
morbidity, as reported in chapter 3. The preseatysis extends our previous
observations in innate immunity by examining assto@ns between caregiving stress,
ageing, and T cell immunity using four differentfpapant groups: younger parental
caregivers of children with developmental disaie$itand age- and sex-matched

parental controls of typically developing childrercer spousal dementia caregivers,
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and age- and sex-matched healthy non-caregivirgy aldults. This four-group
comparison allows us to examine the effects ofgiaieg stress on T cell immunity

with and without the effect of ageing.

Focussing on adaptive immunity and specificallyell enmunity, this study examined
TREC expression as a marker of thymic output anuiession of markers that
contribute to the senescent and exhaustion prafiilecells. It also aimed to determine
whether any of the previously described psychoklagic caregiving-specific variables,
such as depression, anxiety, caregiving burdemalssupport or behaviour of care-
recipients were related to a more immunosenescefitepwithin the caregiver group.
It was expected that caregivers, and particulddgrocaregivers would show the
greatest evidence of immunosenescence, and trss With worse psychological
morbidity would have greater expression of the males that are part of the T cell
senescence and exhaustion pathways as well aed@®REC frequency. Finally, by
measuring CMV serostatus and anti-CMV antibodg tithe study aimed to ascertain if

any group differences were driven by the presehtei®chronic latent viral infection.

4.3. METHODS

4.3.1. Participants

The data presented here are from 39 young pareantadgiivers and 34 age- and sex-
matched control parents, and of 40 older spouseljogers and 42 matched controls.
Inclusion criteria for the younger parental grougrevto have a child aged between 3
and 18 years, living at home. The young caregiveup consisted of 11 parents of a

child with Smith-Magenis syndrome (28%), 21 paremts at least one child with
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Fragile X syndrome (54%), and seven parents ofld alith Cornelia de Lange
syndrome (18%). Parents of children with a devaleptal disability were mainly
recruited via syndrome group events. Control pareftypically developing children
were recruited via local advertisements. Oldeegiaers were aged 60+ years and full
time carers of a spouse/partner with a diagnositeofentia, recruited via NHS trusts
across England; older controls were recruited tiinathhe Birmingham 1000 Elders
group of healthy older adults
(http://www.birmingham.ac.uk/research/activity/masitres/healthy-
ageing/elders.aspx). Exclusion criteria were:rtgkmmunosuppressive drugs,
suffering from an ongoing chronic immune-relatesedise (e.g. cancer, diabetes,

rheumatoid arthritis); and pregnancy in the yourggeup.

4.3.2. Study design and procedure

This was a cross-sectional study where participaitesnded a one off session at which
they completed a questionnaire pack, and providgddad sample to determine markers
of T cell exhaustion and senescence, and thympubuas well as serum CMV antibody
titre. Informed written consent was obtained pt@study participation, and the study

was approved by the local NHS ethics committee.

4.3.3. Questionnaires

Health behaviours were assessed using a questieratpted from the Whitehall 11

study (Marmot et al. 1991), as described in chaptddADS (Zigmond and Snaith

1983), PSS (Cohen et al. 1983b), and Bl (Bedaad. &001), were used to determine
psychological morbidity while social support availdy was examined using the SFS
(Dunst et al. 1988). Finally, children’s challemgibehaviour was assessed through SDQ
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(Goodman 1997) in the younger group, while the PP&arlin et al. 1990) subscale was
administered to older caregivers to report on thguency of dementia-related

behaviours in their spouse/partner.
4.3.4. Blood sampling and assays

Blood sampling

Venous blood was collected between 9-11 a.m. paaepally, from an ante-cubital vein into
two 6ml heparin tubes. PBMCs were isolated bystaedard density gradient centrifugation
using Ficoll-Paqué’ PLUS (GE Healthcare, Upsala Sweden), followingsteplier's
protocol, aliquoted and stored in a freezing medoamsisting of heat inactivated foetal calf
serum (Sera Laboratories International, Sussex, asid)10% (v/v) dimethyl sulfoxide

(DMSO), to allow recovery of frozen PBMCs that &ractional.

Immunostaining for senescent and exhausted praffilecells

Immunostaining was conducted by staining isolatBMEs with a combination of
fluorochrome-conjugated anti-human antibodies antequent multicolour flow cytometry
analysis, using CyAte " cytometer (Dako, Cambridgeshire, UK). Opticajainent,
sensitivity and linearity of the instrument werefpemed once per week. Appropriate
isotope controls were used for setting the gatdscampensation was conducted before each
experiment electronically by Summit software ussinggle stained cells. Anti-human
antibodies used for staining were as follows: CIE3®/anine7 (clone UCHT1, ebiosciences,
Hatfield, UK), CD4 eFluor® 450 (clone OKT4, ebioseaces, Hatfield, UK), CD8 PE (clone
UCHT-4, ImmunoTools GmbH, Friesoythe, Germany),defining CD3CD4" and

CD3'CDS§' cells as appropriate; and CD28 APC (clone CDZBI2Pharmingen, UK), CD57

FITC (clone HCD57, BioLegend, Cambridge BioSciendk), PD-1 APC (clone eBioJ105
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(J105), ebiosciences, Hatfield, UK), and KLRG1 Flobne 2F1/KLRG1, BioLegend,
Cambridge BioScience, UK) for further character@abf senescence/exhaustion-related
markers.Cells were then washed and re-suspended in PBSI&Skw cytometric analysis.
At least 15000 events were acquired within the llgjogyte gate for each sample and
appropriate gating was used to distinguish betvigerand dead cells. Further phenotyping
was conducted on CDBD4" and CD3CD8’ cells. T cell senescent profiles were
characterised by the absence of C@28/or presence of CD®Tarker, and exhaustion profile
was assessed by PD-1 expression, in Cibwl CD8 T-cells separatelyln addition,

KLRG1" T cells were separately examined as potentiallglired in both senescence- and
exhaustion-related pathways. Data are presentttegeercentage of antigen positive cells.

Data analyses were conducted using Summit v4.@/acét(Dako, Fort Collins, CO, USA).

Thymic output analysis

Thymic output was assessed through the TREC asalykiere low TREC expression
ratio indicates lower thymic output of naive T-sdDouek et al. 1998, Hazenberg et al.
2001). DNA was isolated from PBMCs using a QIAaDipA Blood Mini Kit
(Quiagen) following the supplier’'s protocol andteldiin 5@ of DNA elution buffer.
DNA concentration and purity was subsequently megisusing a NanoDrop™
spectrophotometer and only those samples with 360#2ad 260/230 ratio above 1.8
were used. Aliquots of 200ng of DNA were useddoantitative (q)PCR analysis.
QPCR was performed on a Real Time PCR Roche LO4&bdight cycler using
TagMan probes. Reaction volume consisted of faiveaud reverse primers in final
concentration of 0.5M and probes in final concentration of QU for both TREC and
control gene, 2xTagMan Master Mix from LightCycl80 Probes Master Mix (Roche,

UK) in final reaction volume of 20l per sample made using nuclease-free water
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(Roche, UK). The primer sequences for TREC wére 5
CACATCCCTTTCAACCATGCT for forward and 5GCCAGCTGCAGGGTTTAGG-
3’ for reverse primer (Mitchell et al. 2010), and
ACACCTCTGGTTTTTGTAAAGGTGCCCACT for fluorescent segpce-specific
probe. Primers were dissolved in the quantityroigled buffer to yield 100pmail,

then aliquoted and stored at -20°C. For normadisag referent gene was used which
represent the constant region of the T cell recepiih 5'-
CCTGATCCTCTTGTCCCACAG-3' forward and 5'-
GGATTTAGAGTCTCTCAGCTGGTACA-3' reverse primer as Wwas 5'-
ATCCAGAACCCTGACCCTGCCG-3' probe. Samples wereinutriplicate and
average Ct value was calculated for both TREC afetence gene. Rather than
calculating exact number of copies of TREC per neindd T cells for every sample, the
method for relative quantification of TREC was deped which determines TREC
status comparing to the calibrator (a 23 year adkjrusing the formula for the Pfafl
method: Ratio = (Erget gene = T RACt TREC (calibrator — sample of inter%tEreferent gene=gene for a constant T
cell receptor regio < orent gene (calibrator = sample ofintereghn o E js amplification efficiency of
particular DNA fragment, and; S the threshold cycle or cycle number at whichugo
amplified product accumulates to produce measurféimesscence signal (Pfaffl 2001).
The lower the expression ratio, the higher the e of the TREC gene in the test

sample when compared to the calibrator.

CMV serum antibody titre
For the evaluation of CMV antibody titre, a startised CMV ELISA developed by the
Antiviral Immunology lab, Cancer Sciences, Univgraif Birmingham was used as

previously reported (Savva et al. 2013, Wall ekl 3), and described in detail in
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chapter 2. As before, the standard curve measyred 1000 arbitrary units of IgG and

those with more than 10 units were considered CidSitve.
4.3.5. Statistical analyses

Where data for the absolute numbers, percentagecelis and TREC expression ratio
used in the analyses were skewed, these valuedagemansformed. Tests of the main
effects of age and caregiving status as well asgbang * age interaction effects on T
cell markers related to the senescence (CD28, GDEKLRG1) and exhaustion (PD-
1), TREC and serum CMV antibody titre were examinsithg ANOVA, with partial eta-
squared as the measure of effect size throughHdemographic, health behaviour
variables, and in the case of absolute numberparmntage of T cells used in the
analyses, a number of CDeells that were significantly different betweee tiroups
(determined by chi-square and ANOVA), were conglfor in further ANCOVAS run
for each immune outcome. In addition, analysesweirun using CMV status as a
covariate to ascertain if any of the effect thateged was driven by the presence of
CMV infection. CMV seropositive subset of partiaigs was then divided into two
groups using median split of anti-CMV antibodyeito examine the relation to the
parameters of T cell immunity. Finally, correlatsowere used within the caregiver
group to ascertain whether or not psychosocialcanegiving variables were associated

with immune outcomes.
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4.4. RESULTS

4.4.1. Demographic, health behaviour and psychosocial characteristics

Descriptive statistics for demographic and heaéthdviour variables for each group are
presented in Table 1. Briefly, caregivers and stin the younger and sample were
comparable on all demographics and health behasjiouth the exception of the
ethnicity (o = .02), and the frequency of the alcohol consuompfp=.01) in young, with
caregivers more likely to be White and to drinkodlol on a daily basis than control
parentsf = .03). The only difference between the older geowas the exercise scope (

=.04), with controls being more active than carers.

Psychosocial characteristics between caregivergamitols in both groups were
significantly different in the expected directia@regivers reported higher depression,
anxiety, perceived stress, and lower social supp@aregiving burden was also higher in
younger caregivers than controls, while older ciaierg scored high on this scale
according to the reported cut off of 17 (BedardleR001). This questionnaire was not
administered to older controls as they were nagiging for their spouse/partner. For
problematic behaviour of care-recipients, youngeeptal caregivers reported more
problems than control parents while older spousaiehtia caregivers reported high
scores on the Pearlin scale higher than thosequarelyi reported in caregivers (Roepke et

al. 2008).
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Table 1. Demographic characteristics, health behavioudspsychosocial variables of each group.

Young Older
Caregivers Controls Caregivers Controls
(N =39) (N =34) (N =40) (N =42)
N (%) / Mean (SD) p N (%) / Mean (SD) p
Age (years) 38.7 (4.78) 40.1 (5.44) 26 69.3 (5.81) 72.4 (5.42) .06
Age of child/spouse (years) 7.6 (3.63) 7.2 (4.54) .66 72.3 (8.06) 73.1(6.04) 63 .
Gender (Female) 25 (64) 21 (62) .84 26 (65) 19 (45) .07
Marital status (Partnered) 33 (89) 30 (88) .90 00§1 42(100) -
Ethnicity (Caucasian) 36 (97) 27 (79) .02 38 (97) 9 (W) .33
Occupational status (non-manual) 30 (88) 31 (94) 1 .4 22(63) 32 (80) .10
In full time work 15 (48) 19 (63) 24 3 (8) 1(4) .53
Chronic illness (no) 35 (95) 29 (85) 19 21 (55) (22) .26
Taking medications 2 (6) 7 (21) .06 33 (80) 29 (74) b1
Alcohol intake (daily or more) 10 (27) 1(3) .01 1263)] 12 (30) .83
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Smokers 5 (14) 2 (6) .30 1(3) 3(7) .36

Hours of sleep (> 7 hours) 6 (17) 39 .38 7 (19) 8 (21) .86
Body Mass Index 25.8 (4.65) 24.5 (3.58) 21 28.8%) 26.1 (4.37) .82
Exercise score 5.2 (4.30) 6.4 (5.44) .29 3.5(8.16 5.2(3.71) .04
Fruit/vegetable consumption score 8.6 (2.75) 3.84) .70 9.7 (2.46) 10.3 (2.85) 31
Fat consumption score 11.5 (2.94) 10.9 (3.72) 44 9.5 (3.62) 10.2 (3.91) 46
HADS anxiety score 10.4 (3.85) 6.4 (2.85) <.001 7 (A.96) 4.1 (3.93) <.001
HADS depression score 8.5(3.18) 4.2 (3.67) <.0016.0 (3.94) 2.8 (2.61) <.001
Perceived stress score 30.2 (5.68) 23.5(6.59) 01<.0 24.0(8.21) 16.4 (7.83) <.001
Social support score (SFS) 31.6 (7.17) 38.6 (9.62).001 33.6 (11.18) - -
Caregiver burden score (BI) 26.0 (7.82) 13.7 (6.69 <.001 21.0 (8.62) - -

Child behaviour problems (SDQ) 19.6 (4.62) 7.293.9 <.001 - - -

Pearlin problematic behaviour - - - 22.9 (5.89) - -
CMV seropositive 13(34) 19 (59) .04 24 (63) 27 (64) .92
CMV antibody titre 82.2 (178.75) 158.7 (223.34).63  200.2 (261.08) 169.9 (190.07) .45
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4.4.2. Immunostaining for exhausted and senescent profile of T cells

For CD3 cell numbers, there was no main effect of age,18() = 3.08p = .08,n> =
.022, no caregiving * age interaction effect, F4D)L= 0.325p = .57,n%> = .002, but
there was a main effect of caregiving, F(1,140)377 = .005,n1% = .054, such that
caregivers had higher numbers (Figure 1B). Sulegcqnalyses with the covariate
adjustment (ethnicity, alcohol intake, and exenctzmfirmed this main effect of
caregiving p = .005). Therefore, CDZell number was treated as a covariate in

subsequent analyses.

A B
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258 oy T I caregivers
7 - [ controls

14 1
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10 A

CD3" cell cell count (10%/ml)

100 101 102 103 104 young old
PE-Cy7 Log Comp

» CD3

Figure 1. CD3 cell count. A) Representative flow cytometry seaplot
of CD3' cells. B) CD3 cell count in old (n = 35) and young (n = 38)

caregivers, and old (n = 40) and young (n = 31}rois
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CD3'T cells that do not express/express the CD28 oouditory molecule

For CD4CD28 T cell count there was no main effect of age, Q) = 1.37p = .24,1> =
.010, or caregiving, F(1,140) = 1.165 .28,1> = .008, nor a caregiving * age interaction
effect, F(1,140) = 0.56 = .46,n° = .004 (Figure 2C). Repeated subsequent analiieshe
covariate adjustment (CD2ell count, ethnicity, alcohol intake and exerpisenfirmed this.
For the percentage of CD@D28 T cells, there was no main effect of age, F(1,H0)05,p

= .31,n> = .007, no main effect of caregiving, F(1,140).8672p = .15,n*> = .015, nor a
caregiving * age interaction effect, F(1,140) =)A= .75,1° = .001 (Figure 2D). Repeated

analyses with the adjustment for covariates didattet these results.

For CD8CD28 T cell counts there was a main effect of age,1#(@), = 12.69p = .001,1° =
.083, such that older participants had higher nusmbgtthese cells, but no main effect of
caregiving, F(1,140) = 1.80p,= .18,n2 =.013, nor caregiving * age interaction effect,
F(1,140) = 0.72p = .79, = .001, see Figure 2E. Repeated analyses witls@agnt for
covariates confirmed the main effect of age(001), but revealed the main effect of
caregiving, such that caregivers unexpectedly bagi numbers of these cells than controls
(p=.03). For CD8CD28T cell frequency there was a main effect of agé,0) = 22.94,

p < .001n?=.141, and caregiving, F(1,140) = 5.p% .02, = .036, such that participants
in the older group and controls had a higher peéacgnof CD8CD28 cells. However, there
was no caregiving * age interaction effect, F(1)140.36,p = .55,n° = .003. Pairwise
comparisons revealed that the difference withinythenger group was the main driver of the
caregiving effect, Figure 2F. Repeated analys#s adjustment for covariates revealed the

same significant main effect of age<.001), and caregivingpE .02).
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For the numbers of CDED4" cells that express the CD28-stimulatory molecule, there
was no main effect of age, F(1,140) = 028, .59,n” = .002, but there was a main effect of
caregiving, F(1,140) = 11.5p,= .001,n? = .076, and caregiving * age interaction effect,
F(1,140) = 4.63p = .03,n° = .032 (Figure 3A). Repeated subsequent analyikshe
covariate adjustment revealed only a significan¢g@&ing * age interaction effecp & .001),
such that older caregivers had highest numberstheqercentage of these cells, there was
no main effect of age or caregiving, nor caregiviragye interaction effect, F(1,140) = 0.§7,
= 35,17 = .006, F(1,140) = 1.99,= .16,n° = .014, F(1,140) = 1.7®,= .19,1° = .012,

respectively, and this was further confirmed aft@variate adjustment analyses (Figure 3B).

For CD8 CD28 cell numbers, there was a main effect of age, BQl),+ 49.79p < .001,1?
=.262, and caregiving, F(1,140) = 6. .Ol,n2 =.045, such that younger participants and
caregivers had more of these cells, but no canegit/age interaction effect, F(1,140) = 0.17,
p = .90,n% = .000 (Figure 3C). Repeated subsequent analyiieshe covariate adjustment
revealed only the main effect of age<.001). For the percentage of these cells, again
effects of age, F(1,140) = 35.35< .001,1° = .202, and caregiving, F(1,140) = 10.p8&
.001,n% = .071 were observed, such that younger adultsaredjivers had higher percentage
of these cells, but no caregiving * age interacétfect, F(1,140) = 0.74 = .39,1° = .005
(Figure 3D). Repeated subsequent covariate anatgsgsmed both main effects of age and

caregiving p < .001 and .03, respectively).
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CD3' cells that express the CD57 marker of T cell seemese

For the CDACD57' T cell count, there was a main effect of age, Q) ¥ 11.86p = .001,
n® = .078, such that older adults had higher numbfktisese cells, but no main effect of
caregiving, F(1,140) = 0.09,= .92, = .000, nor caregiving * age interaction effect,
F(1,140) = 0.168p = .68,n” = .001, as shown in Figure 4C. Repeated ANCOWhksimmed
the main effect of ageE .001). For the CDLD57 T cell percentage, there was a main
effect of age, F(1,140) = 13.56< .001,1? = .088, and caregiving, F(1,140) = 5.5G; .02,
n® = .038, such that older participants and contnals a higher frequency of Cb@D57"
cells, but there was no caregiving * age interacatfect, F(1,140) = 0.5% = .46,n°> = .004,
as shown in Figure 4D. Repeated analyses witlstidnt for covariates (CD3ell count,

alcohol intake, ethnicity and exercise) confirmedlydhe main effect of agg & .003).

For CD8CD57" T cell numbers, there was a main effect of age,18(I) = 12.69p = .001,n°
=.083, such that participants from the older cohad higher numbers of these cells, but no
main effect of caregiving, F(1,140) = 1.80s .18,n% = .013, nor caregiving * age interaction
effect, F(1,140) = 0.7 = .79,n° = .001. Repeated covariate analyses confirmethtir

effect of age, and revealed a main effect of caregi(p <.001 and .03, respectively), see
Figure 4E. For the percentage of these cellsethes a main effect of age, F(1,140) = 38.70,
p < .001,n? = .2815, such that older participants had higleecgntage of COED57" cells,

but no main effect of caregiving, F(1,140) = 0.p4, .34,n2 =.007, nor caregiving * age
interaction effect, F(1,140) = 0.94= .34,112 =.006 (Figure 4F). Repeated analyses with the

adjustment for covariates revealed the same mésotadf age |§ < .001).
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KLRGIT cells

For CD4KLRG1" T cell numbers, there was no main effect of ag#,180) = 0.14p = .71,
n® = .001, nor caregiving * age interaction effedtl,E40) = 0.06p = .81,n% = .000, but there
was a main effect of caregiving, F(1,140) = 669,.01,1> = .047, such that caregivers
overall had higher percentage of cells expressirggmarker (Figure 5C). Subsequent
covariate analyses confirmed these findinms (04). For the percentage of CBARG1" T
cells there was no main effect of age, F(1,140)04,b = .31, = .007, no effect of
caregiving, F(1,140) = 3.1p,= .08, = .022, and no caregiving * age interaction effect
F(1,140) = 0.94p = .33,n° = .007 (Figure 5D). After covariate adjustmemain effect of

caregiving emerged (= .03) such that caregivers had a higher percerdathese T cells.

For CDSKLRG1" T cell numbers, there was no main effect of age,180) = 3.02p = .08,

n? = .021, nor caregiving * age interaction effectt there was a main effect of caregiving,
F(1,140) = 6.07p = .02,n° = .042, such that caregivers overall had a highemnbers of these
cells. After repeated analyses with covariate stdjent, the main effect of age emerged: (
.03), and the main effect of caregiving was conéichp = .04). These details are presented

in Figure 5E. For the percentages of these dblse was a main effect of age, F(1,140) =
5.93,p = .02,n% = .041, and caregiving, F(1,140) = 5.86; .02,1? = .037, with older adults

and caregivers having the higher percentage of @DBG1" T cells, but no caregiving * age
interaction effect, F(1,140) = 0.02= .87,n° = 0.000. These data are presented in Figure 5F.
Covariate adjustment confirmed both main effectagd and caregivingg & .01 ando = .02,

respectively).
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T cells expressing PD-1 marker of exhaustion

For CD4PD1" T cell count, there was a main effect of age, Q) = 16.01p < .001,

n® = .103, such that the older group had more ofetloedls, and a caregiving * age
interaction effect, F(1,140) = 6.30= .01,n” = .043, such that older caregivers had the
highest number of these cells, but no main effécacegiving, F(1,140) = 0.0p,= .83,
n®=.000. Subsequent covariate analyses confirm#drain effects of age and
caregiving * age interaction effeqi € .001 and .04, respectively), see Figure 6C. For
the percentage, there was a main effect of agel4@L= 22.45p < .001,n* = .138,

such that younger participants had lower percerwédecells expressing this marker of
exhaustion, but no main effect of caregiving, FD)1= 1.93p = .17,7° = .014, nor a
caregiving * age interaction effect, F(1,140) =& 8= .54, = .003, as shown in
Figure 6D. Repeated analysis after adjusting deadates revealed the same age effect
(p<.001).

For the number of CO®DI' T cells, there was no main effect of age, F(1,H2)79,p
=.10,n% = .020, no main effect of caregiving, F(1,140).82,p = .57,1° = .002, nor
caregiving * age interaction effect, F(1,140) =®t(p = .95,n% = .000, but after
subsequent covariate analyses the main effecteoéagergedy= .02). These data are
presented in Figure 6E. For the frequency of tlvedls, there was a main effect of age,
F(1,140) = 17.72p < .001,n? = .112, such that older adults had higher pergentd T
cells expressing this marker of exhaustion, butnain effect of caregiving, F(1,140) =
0.05,p = .83,n% = .000, nor caregiving * age interaction effedtl,E40)= 0.68p= .41,

n? = .005. These effects are shown in Figure 6Fbs8guent covariate analyses revealed

the same age effeqt € .001).
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CD4*PD1" T cell numbers (10%ml)

CD8'PD1* T cell numbers (10%ml)
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Figure 6. CD3' cells expressing PD-1 marker of exhaustion. Péagenof T cells

showing the expression of PD-1 marker of exhaustRapresentative flow cytometry

plot showing gating strategy for detection of A) €BD-1" and B) CD8PD-1" cells
within CD3" lymphocyte subset. CD#DI T cells in old (n = 35) and young (n =

38) caregivers, and old (n = 40) and young (n =c®hirols, presented as C) Absolute

numbers (1ml) and D) percentages. E and F present correspgndlues for
CDS8'PD-I' T cells. Data are mean + SEM, and * indicgies.05.
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TREC levels

There was a main effect of age on TREC levels,18d),= 109.82p < .001,1? =
441, such that older participants had greaterdelctease of TREC when
compared to the calibrator. There was no maircetiecaregiving, F(1,139) =
3.25,p = .07,n% = .023, nor was there caregiving * age interacéffact, F(1,139)
=1.48,p=.23,1° = .011 (Figure 7). Repeated analyses with coteddjustment
revealed the main effect of age<.001), but the trend for a caregiving effect

disappeared completelg € .30).
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Figure 7. Thymic output presented as TREC expression ratio.
Percentage of TREC expression ratio in old (n =a8f) young (n =
39) caregivers, and old (n = 37) and young (n =c&2)rols. Data are

mean £ SEM and * indicatgs< .05.
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CMV seropositivity and serum antibody titre

Overall, 83 (55%) of subjects were CMV positivetlwihe number of CMV positive
being higher in the younger groyg(1) = 4.91p = .03. In the younger group, 32 (86%)
were seropositive overall, with caregivers beirgsllkely to be CMV positive?(1) =
4.43,p = .04. In the older group 51 (64%) participanesevCMV positive, and the
presence of the CMV infection was similar betwekteocaregivers and controjg(1)
=.01,p =.92. Within the CMV positive subset (N = 83 £MV antibody titre, there
was no main effect of age, F(1,78) = 2.p6; .16,n1°= .025, caregiving, F(1,78) = 0.66,
p = .42,n%= .008, nor caregiving * age interaction, F(1,78).21,p = .65,1°= .003.

Covariate analysis did not alter these results.

Further, the analyses regarding T cell subsetsesgprg markers of senescence and
exhaustion were re-run controlling for CMV serossaas a covariate to determine if any
of the effects were driven by CMV infection. Allaim effects of age reported previously
remained the same, while the caregiving effecOD8'CD28 (p = .20), CDSCD28' (p
=.17), as well as CDED57" (p = .20), disappeared. On the other hand, the nffdnte
of caregiving for T cells expressing the KLRG1 naarkemained significant for both

CD4" (p=.01) and CD8(p=.02) T cells.

Finally, median CMV titre was used for splitting ®M4eropositive subjects into two
groups with high versus low serological responaed,the comparison of T cell
immunity parameters between the groups are presenieable 2. Interestingly, the
groups were significantly different on almost alimune parameters with the exclusion

of CD8' T cells expressing the PD-1 marker of exhaustion.
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Table 2. T cell immunity parameters between CMV seroposiparticipants with high

and low CMV titre, created using median split of ZMtre.

High CMV titre Low CMV titre

Mean (SD) p

CD3'CD4'CD28 cells (number x 10ml) 1.3 (1.23) 1.1 (0.73) .07
CD3'CD4'CD28 cells (%) 13.5 (12.52) 6.1(7.39)  <.001
CD3'CD8'CD28 cells (number x 10ml) 2.5 (1.56) 1.0 (0.76)  <.001
CD3'CD8'CD28 cells (%) 57.6 (18.39) 35.9 (18.23) <.001
CD3'CD4'CD28 cells (number x 19ml) 6.2 (2.67) 7.7 (2.52) .001
CD3'CD4'CD28' cells (%) 80.1 (15.56) 88.3 (8.04) .001
CD3'CD8'CD28 cells (number x 1ml) 1.9 (1.37) 2.1(1.2) 12
CD3'CD8'CD28" cells (%) 42.3 (19.07) 61.5(17.26) <.001
CD3'CD4'CD57'cells (number x 19ml) 1.0 (0.71) 0.5(0.47)  <.001
CD3'CD4'CD57 cells (%) 15.8 (12.11) 6.5(6.48)  <.001
CD3'CD8'CD57 cells (number x 1ml) 2.5 (1.56) 1.0 (0.76)  <.001
CD3'CD8'CD57 cells (%) 53.5 (20.76) 29.9 (18.00) <.001
CD3'CD4'KLRG1 cells (number x 1¥ml) 0.6 (0.59) 0.5 (0.83) 01
CD3'CD4'KLRG1" cells (%) 8.5 (8.61) 5.7(9.95)  <.001
CD3'CD8'KLRG1" cells (number x 10ml) 1.0 (1.14) 0.6 (0.56) .03
CD3'CD8'KLRG1" cells (%) 23.5 (21.59) 18.4 (16.12) 43
CD3'CD4'PD1'cells (number x 10ml) 1.2 (0.81) 0.9 (0.39) .01
CD3'CD4'PD1" cells (%) 16.1 (9.51) 10.3 (5.17)  <.001
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CD3'CD8'PD1' cells (number x 1¥ml) 1.0 (0.72) 0.8 (0.43) 25
CD3'CD8'PDT" cells (%) 20.0 (11.27) 21.9 (9.4) 10

TREC expression ratio 0.3 (0.34) 4 (.41) .03

Psychological factors and immune parameters widairegivers in each group
Within the caregiving group overall, analyses shdbwat caregivers who reported

higher anxiety, depression, and stress levels|dvaer percentage of CD57or both

CD4"and CD8, and CD4PD-1" T cells, as well as higher expression ratio of UREee

Table 3. In addition, those with a higher burdeateix had a lower percentage of CO04

cells expressing PD-1 marker of exhaustion, as agligher TREC expression ratio,

Table 3. Analysis within the caregiving participaim the younger group showed that

caregivers who reported higher depression, anxpesceived stress, and burden levels,

as well as more problematic behaviour in theird{nén), had a higher TREC expression

ratio, detailed in Table 4. In the older groupecgvers who reported higher problematic

behaviour in their spouses/partners had higheepéaige of CD8CD57' T cells, see

Table 4.
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Table 3. Correlations between the T cell immunity and gavers' psychosocial

characteristics.
Caregivers overall (N=73)
CD4'CD57 (%) CD8CD57 (%) CD4PD-I' (%) TREC
HADS anxiety r(68) = -.25, ns r(68) =-.24, r(69) = .31,
p=.04 p=.05 p=.01
HADS depression r(68) = -.26, r(68) = -.24, r(68) =-.30, r(69) = .38,
p=.03 p=.04 p=.01 p=.001
Perceived stress (PSS) r(68) =-.30, r(68) =-.31, r(68) =-.35, r(69)=.35,
p=.01 p=.01 p =.003 p=.003
Caregiver burden score (BI) ns ns r(68) =-.25, r(69)=.32,
p=.03 p=.01

*ns = non-significant correlation
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Table 4. Correlations between the T cell immunity and yootdytaregivers' psychosocial

characteristics.
Young Oold
(N=38) (N=35)
TREC CD8'CD57
HADS anxiety r(34) =-.34p=.04 ns
HADS depression r(35) =-.53p=.001 ns
Perceived stress r(35) =-.52,p=.001 ns
Caregiver burden score (BI) r(35) = .44p=.01 ns

Child behaviour problems (SDQ) r(35) =.35p=.03 -

Pearlin problematic behaviour - r(32) =.42p=.02

*ns = non-significant correlation
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4.5. DISCUSSION

Psychosocial measures were significantly diffeesrtt in the expected direction between
the caregivers and controls in both young and altigpants. There was an age-related
increase in the absolute number and frequencyso€M8 CD28 subset but caregivers
unexpectedly showed lower numbers of these cells #ye- and sex-matched controls,
with younger caregivers also having a lower frequyenf these cells than controls.
CD8'CD28 T cells predictably showed age-related changéseimpposite direction
than CD8CD28 T cells, and a caregiving effect in favour of cavers. While age
related differences were in agreement with previepsrts (Fagnoni et al. 1996, Vallejo
et al. 1999, Boucher et al. 1998), the apparentfi@al effect of caregiving effect is
unexpected and novel. The negative impact of CBZ&’ T cells on immunity is
related to their loss of proliferative capacity daehe loss of the co-stimulatory signal
from CD28 (Vallejo 2005) and resulting decreasdérémce (Bour-Jordan et al. 2011).
The high percentages of CMV and EBV specific COB28 T cells in older adults
(Weng et al. 2009) are also thought to compronmsaunity by occupying
immunological space leaving limited room for otfiecell subsets to expand when new
pathogens are encountered (Pawelec et al. 200&undulation of CD28T cells with

age has been attributed to repeated antigen stionlas T cell activation induces
decreases in CD28 expression, through lifelong sxeoto pathogens and the constant
stimulation by chronic viral infections such as CM¥viewed in (Vallejo 2005). This is
further confirmed by the increase in CIoP28 T cells with poor proliferative capacity
in advanced HIV infection (Effros et al. 1996). efpresent findings confirmed
significantly higher numbers of these cells in @V positive participants with high

CMV antibody titres, but with caregivers having lemincidence of CMV infection.

114



Therefore, a possible explanation for the loweelswf CD8CD28 T cells in young
caregivers is the significantly lower incidencecbfonic CMV infection when compared
to the young controls, which would reduce the oN@néectious burden responsible for
expansion of the CD&D28 T cell subset (Weng et al. 2009, Kern et al. 1996)
Additional confirmation for this was gained in trepeated analyses using CMV status as

covariate where the caregiving effect disappeambie age remained significant.

CD57 cells in both CDZand CD8 subset of T cells were more abundant in the older
sample, as previously reported (Merino et al. 1#8#dres et al. 2000), and this has
been related to limited proliferative capacity aridnal exhaustion' (Wood et al. 2009,
Brenchley et al. 2003). On the other hand, thegied T cell profile in case of
CDS8'CD57 cells, and lower percentages of CBH57 cells, shown among older
caregivers was unexpected. However, increased C&3(8 in the elderly have
previously been related to CMV infection (Pourgleeyst al. 2007). Although there
was no difference in serum CMV antibody titre bedwearegivers and controls amongst
older adults in the present study, the percenth@Dd'CD57" T cells significantly
positively correlated with levels of anti-CMV antithes (data presented in Appendix,
Additional findings from chapter 4), which couldmain the unexpected increase in the
percentage of these cells amongst older contifités is further confirmed by the
significantly higher numbers of these cells in Clg&fopositive participants who had a
relatively higher CMV antibody titre. In additiorepeated analyses adjusting for CMV
status eliminated this caregiving effect. On ttieeohand, the increase in COSells in
both CD4 and CDS8 subsets, although more prominent in the lattes,desen shown to
occur after acute exercise which mobilised thesuitally differentiated highly

cytotoxic cells in both young and old (Campbelakt2012, Simpson et al. 2007,
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Simpson et al. 2008). Thus, perhaps the low péages of these cells in caregivers in
the current sample are a dampening of the numlbeedle with high killing potential

due to the chronic stress of caregiving. This e@se in CD57cells has been previously
reported in some chronic diseases, such as chitgnie’s disease, where the increase in
CD57 levels relate to improved symptoms (Stricker anddsr 2001). Finally, it has
been argued that cells expressing the CD57 mark#oalacking CD28 represent only
terminally differentiated effector T cells with higytotoxic potential, which then
apoptose as a result of their activation, andleeetore not a marker of immune

deficiency (Kern et al. 1996).

KLRG1 was increasingly expressed on CD&sells from the present older participants,
confirming previous findings (Henson et al. 200%his is not surprising, as this marker
of terminally differentiated T cells is associateith replicative senescence and inhibits
cell proliferation (Henson et al. 2009, Henson Akbar 2009). In addition, KLRGL1 is
known to down-regulate CD95-mediated cell lysis,andaertain cases, inhibit T cell
activation (Rosshart et al. 2008). Interestinglpckade of this inhibitory marker can
restore proliferative function, which indicates f@ential involvement of KLRG1 in
exhaustion-related pathways (Henson et al. 2000aAknd Henson 2011). KLRG1 was
also shown to be increasingly expressed on both"@bd CDS8 T cells in caregivers
when compared to controls, indicating the poss$ybihat chronic caregiving stress can
affect the functionality of the T cell immunity.hiE higher percentage of functionally
impaired T cells rich in inhibitory receptors stahKLRG1 is what may explain the
poorer vaccination response observed in careg(#eesolt-Glaser et al. 1996, Gallagher
et al. 2009a, Vedhara et al. 1999). This is likedyit has been shown that KLRG1

prevents the response of CDHcells to novel antigens (Shi et al. 2014) neagska
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achieving adequate immune protection following waaion. Further support for this
target specific effect of caregiving stress thatldaexplain the higher percentage of T
cells expressing this senescence marker in camsgiggardless of their age comes from
studies that suggest changes in the methylatidilgoad DNA, the epigenome, due to
stressful life experiences. There is now a grovwiady of evidence that stress, from
prenatal to adult social stress, through epigemétamges influences not only behaviour
and stress responses (Gudsnuk and Champagne B0 d)so, via the HPA axis, has an
impact on immune-related genes (Uddin et al. 2020)ecent study compared people
with and without posttraumatic stress disorder eissed with changes in DNA
methylation profiles and gene expression includhirG1 (Uddin et al. 2010),

potentially compromising the individual's immun{tyddin et al. 2010).

Significant age effects were observed for both TIR+1" and CD8PD-1" T cells, with
older adults having a higher percentage of botihede subsets, consistent with some
previous research (Lages et al. 2010, Dolfi e2@1.3), reviewed in (Lefebvre and
Haynes 2012), but not all (Canaday et al. 2013)rofic caregiving stress did not
appear to affect PD-1 expression as caregivetsaictrrent sample showed a T cell
exhaustion profile comparable to that of the cdetrd herefore, it seems that although
physical stress, such as laparoscopic-assistedrsuican induce an increase in PD-1
expression on both CD4nd CD8 T lymphocytes (Arai et al. 2012), caregiving ssres

may not affect this aspect of immunity.

The significant age effect on TREC expression wasgreement with previous research
indicating a decrease in thymic output and proauctif naive T cells with age (Naylor
et al. 2005, Betjes et al. 2011, Mitchell et alLl@D However, there was no negative

effect of caregiving stress observed for this immparameter; if anything, caregivers
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showed a trend towards higher thymic output tharirots, largely influenced by the

younger group.

A higher percentage of CMV positive individualstive younger group was not expected,
and is higher than previously reported for an egjent age group (Dowd et al. 2009,
Staras et al. 2006). However, this could be duspezifically targeting parents, rather
than younger adulfser se who may have more exposure to CMV through comnattt
their children whose infection rates can be higé ttu day-care centre attendance (Adler
1988). Interestingly, comparison between CMV sesifpve participants with high and
low serological profiles revealed group differencealmost all T cell immunity
parameters with the exception of CDBcells expressing the PD-1 marker of
exhaustion. This is in agreement with previouslyarted data that suggest the role of
CMV in driving T cells towards senescent or exhiaunsprofiles through repeated
stimulation of T cells in an attempt to control théection (Almanzar et al. 2005, Chou

and Effros 2013).

Higher psychological morbidity was related to lowearels of some immunesenescence
markers and higher TREC, which seems counterig&uitHowever, it appears that this
overall effect results from the higher psychologroarbidity scores in the younger
caregivers group, that, due to their age, alsobéixthie expected lower or absent
immunosenescence shown in terms of T cell markeression and output of naive T
cells. This is further confirmed by the directatédnship between higher problem
behaviours in care-recipients and higher percen®i@CD57" T cells amongst the
older caregivers, which suggests that, for oldeegiaers at least, future research into

caregiving should focus on those with higher psiaiical morbidity.
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Overall, the results presented in this chapteridea support for a mixed picture of the
effect of caregiving stress on T cell phenotypgaong and old, with the KLRG1 marker
of cell senescence being the main responder tgivarg stress. These data also
indicate that the contribution of caregiving stresgmmunesenescence is not uniform
across T cell functional markers. The KLRGL1 resudly indicate that a prominent
negative effect of caregiving stress in both yoand old would be seen during active
immune stimulation/challenge vivo of the adaptive immune system such as vaccination
(Gallagher et al. 2009a, Gallagher et al. 2009bhs&i et al. 2000, Kiecolt-Glaser et al.
1995, Vedhara et al. 1999). Caregiving stressasdfsituations may prevent the immune
response from a competent reaction and adequaecpom, namely a clinically relevant
increase in antibody titre. Thus, the higher petage of KLRGLT cells in caregivers

and controls presents a potential mechanism fopdleeer vaccination response

previously reported in this stressed group (Shi.e2014).

The study has a number of limitations. First,shmple size could be regarded as small,
yet it is of the same magnitude as in previousboreed caregiving studies (Gallagher et
al. 2009a, Gallagher et al. 2009b, Vedhara et9891Vedhara et al. 2002), and therefore
large enough to determine medium effect size regdsty the previous studies. Second,
one could argue that requirements for the partimpan the study biased the sample
towards those caregivers with lower burden andsti®vels overall and therefore
iImmune integrity. However, attempts were madevtmdathis by providing the
opportunity of home visits for participants. Indgtbn, scores on psychosocial scales
were comparable if not higher to those previousported by other caregiving research,
suggesting that the present caregivers did havebugden and stress levels. Finally,

conducting staining on frozen and then thawed PBh@ht give different results to
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those that arise from the work on fresh PBMCs asuall the samples were treated in the
same way from the moment of blood sampling unéldkquisition of the data on flow

cytometer, the comparison between groups wouldedatffected by this.

In conclusion, caregivers showed poorer KLRG1 T melfiles compared to controls, but
other markers of T cell-related immunesenescendeeghaustion did not differ between the
groups. This KLRGL1 effect could explain previoasegiving effects on vaccination
response and suggest KLRGL1 as a target for futteevention. Further, among older
caregivers, those who reported higher behaviouddllpms in care recipients showed a
greater senescent profile. These findings undethe importance of considering individual
differences in the impact of caregiving stressraomunity, and that future research should

focus on those who report higher psychological naatyo
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CHAPTER 5

BEREAVEMENT STRESS AND NEUTROPHIL
FUNCTION IN YOUNG AND OLDER ADULTS:
ROLE OF THE HPA AXIS AND
IMMUNESENESCENCE
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5.1. ABSTRACT

The effect of the chronic stress of bereavementnonunity is poorly understood. Previous
studies have demonstrated negative effects on imynarolder adults, and those who report
higher depressive symptoms. The aim of the pregady was to compare the effect of
bereavement on neutrophil function in healthy yoand old adults, also assessing serum
levels of the stress hormones, cortisol and DHEAS young (mean age 32 years) and 52
older adults (mean age 72 years), bereaved anther@aved, took part in the study. They
completed questionnaires on socio-demographic eatlrhbehaviour characteristics, as well
as psychosocial variables, and provided a bloogbkafar analysis of neutrophil function
(phagocytosis and ROS production) and stress hagranalysis. Bereaved participants in
both age groups reported more symptoms of depreasio anxiety than controls and scored
moderately highly on bereavement-specific quesames for these symptoms. Despite this,
young bereaved participants showed robust neutrbpiation when compared to age-
matched non-bereaved controls, and comparables stogmone levels, while reduced
neutrophil ROS production and raised stress hornereds (cortisol:DHEAS ratio) were
seen in the older bereaved group compared todlgeimatched controls. Reduced neutrophil
function among older bereaved participants maybeadsult of the inability to maintain

stress hormone balance, specifically the cortid8EBS ratio.
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5.2. INTRODUCTION

Bereavement is a stressful life event often accaneplby grief after the loss of someone
close (Stroebe and Stroebe 1987) and, as suchuhasrous consequences for physical and
mental health (Parkes 1964). In addition to tleeaase in morbidity and mortality associated
with bereavement in older adults (Biondi and Pica896, Kaprio et al. 1987, Stroebe et al.
2007), particularly in the case of the unexpecteatld (Shah et al. 2013), bereavement has
been shown to have a number of adverse effectmomunity (Adrianopoulos and Flaherty
1991). For example, bereavement in the year pwigaccination related to lower antibody
responses to two different influenza strains ireoldults (mean age 75 years) (Phillips et al.
2006a), and decreased lymphocyte response to PE&r@p et al. 1977). On the molecular
level, the expression of the genes specificallpinved in B cell immunity was down-
regulated in bereaved older adults (aged 61-83y®&dren compared to age- and sex-
matched controls (O'Connor et al. 2014). Beregardnts aged 38-61 years experienced a
decrease and increase in the number of regulataihealper T cells, respectively, compared
to matched controls after the sudden and unexpeeaih of their child (Spratt and Denney
1991). Interms of the innate immune responsesdved middle aged female spouses aged
57.1 £ 7.9 years (mean + SD) had a poorer NK gaditoxic activity when compared to
gender matched controls (Irwin et al. 1987), anatnophil ROS production was lower in
bereaved older adults (mean age 72 years) whenarechfo the age- and sex-matched non-
bereaved participants (Khanfer et al. 2011). Imtiast, a group of middle aged widows
(mean age 56 years) showed preserved immune respongared to non-bereaved controls
(Zisook et al. 1994). However, within the bereageaup, those with depressive symptoms
had lower NK cell activity and response to mitogémulation than those without (Zisook et

al. 1994).
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Previous studies of the impact of physical stress. hip fracture) have shown that impaired
immune function, specifically neutrophil ROS protior was only seen among older adults
with concomitant immunosenescence and did not docywung patients with a similar level
of trauma (Butcher et al. 2003). Importantly irstetudy HPA axis activity, specifically a
raised cortisol:DHEAs ratio was highest in thostguais with the lowest neutrophil ROS
production and also lower in patients who develapégttion. Further, a subsequent study
revealed that reduced ROS production and a higiwisol:DHEAS was observed only in
those hip fracture patients with depressive symptamen compared to both those patients
without depression and healthy age-matched conibnlggal et al. 2013a). These data
suggest that the effects of some types of stregsmunity may only be observed among
older adults, or among those with poorer psycholgtatus, e.g., high depressive

symptoms.

Stress activates the HPA axis and subsequentlg@sdihe secretion of cortisol, a hormone
with immune suppressive effects (Charmandari é2G05). DHEAS, also secreted by the
adrenal gland in response to stress, is consideree immune-enhancing (Phillips et al.
2007). Whilst cortisol has been shown to decréasadhesion and increase mobility of the
neutrophils (Davis et al. 1991, Zak-Nejmark et1&l98), DHEAS increased neutrophil ROS
productionin vitro (Radford et al. 2010). An imbalance between tisehormones, i.e., a
high cortisol:DHEAS ratio can arise in responssttess (Boudarene et al. 2002, McCraty et
al. 1998) and have negative implications for imnymcluding increase risk of bacterial
infection (Butcher et al. 2005). Further, our poes research in older adults showed a higher
cortisol:DHEAS ratio in bereaved participants witempared to age- and sex-matched
controls (Khanfer et al. 2011). Indeed, with ageievels of DHEAS decline whereas

cortisol continues to be produced, termed adrersgméDrentreich et al. 1984), thus resulting
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in a higher cortisol:DHEAS ratio. Whether the sanw@eased stress hormone ratio and
associated reduction in neutrophil function woutddbserved in younger adults suffering the

stress of bereavement is not known.

Consequently, the present study sought to exten@rewious research which showed
reduced neutrophil function in older bereaved ad{thanfer et al. 2011). Specifically, it
compared neutrophil function and the cortisol:DHEASo in four groups of participants:
younger bereaved adults; non-bereaved young gaatits; older bereaved adults and non-

bereaved age-matched controls.

5.3. METHODS

5.3.1. Participants

21 young bereaved adults and 20 age- and sex-ndatdmebereaved controls, as well
as 26 older bereaved adults and 26 controls paated in the study. Recruitment was
conducted mainly via local advertisements and tee8vement Care Centre, Queen
Elizabeth Hospital, Birmingham. The bereaved groomprised participants who
suffered bereavement in the past two months. Nétige participants suffered from a
chronic immune disorder or acute infection, andenaere taking immunosuppressive

medication.

5.3.2. Study design and procedure

Participants attended a morning testing sessiomenthey completed a questionnaire
pack and provided a blood sample. Informed writtensent was obtained, and the

study was approved by the local Ethics Committee.
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5.3.3. Questionnaires

Groups were compared on general socio-demographigbles, as well as health
behaviours. The latter were assessed using arnadigayof the Whitehall Il study
guestionnaire (Marmot et al. 1991). HADS (Zigmamal Snaith 1983), was used to
determine depression and anxiety symptoms in diiggaants, and the Cronbach's alpha
in the present study was .86 for anxiety and .8@é&pression. The availability of social
support was examined using the MOS Social Suppoxtey (Sherbourne and Stewart

1991) The Cronbach's alpha in the current sample was .96.

Bereaved participants were asked about their rdmmetivement using the Core
Bereavement Items questionnaire (CBI, (Burnett.t397)), and the Impact of Event
Scale (IES, (Horowitz et al. 1979)). The CBI asesdbe feelings of the bereaved on a 4-
point scale from 0 rever,to 3 -continuoushjhappening. An example of a typical item
is 'Do reminders of this person such as photasatiins etc. cause you to feel
loneliness'. Previously used in bereavement reBdaolstikova et al. 2005, Holland et
al. 2013), the scale showed good internal consigtan.91; and .94 in the present study.
The IES asks about frequency of feelings aboub#dreavement (e.g. how frequently
'you had dreams about it'), with higher scores nmgglnigher negative impact. The
scale shows good internal consistency (.79-.92jd@an and Fischer 1994); and .89 in
the current sample. They were also asked whodhea$ed person was in relation to

them, and whether the death was expected or not.

5.3.4. Blood sampling and assays

Venous blood was collected in the morning, betw&dda.m., from the ante-cubital vein into

two 6ml tubes (BD Diagnostics, Oxford, UK), onelwiteparin for neutrophil functional
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assessment, and one plain for serum cortisol/DH&#ASyses. The blood samples in the
plain tube were left for 30 minutes to coagulatesravhich they were centrifuged at 1600xg
for 10 minutes and serum from the supernatant hagerstored at -20°C for future analysis.
Neutrophil phagocytosis of FITC labell&dcoliand oxidative burst activity in response

to unlabellecE coliwere assessed using two commercial kits (Phag@esegen

Pharma, Heilderberg, Germany), following the sugrgliprotocol. Both aspects of
neutrophil function were assessed using a thres-ako Cyan High Performance flow
cytometer (Dako, Carpinteria, California), with Smihv 4.3 software. Phagocytic

ability was expressed as phagocytic index which egdsulated as: Phagocytic index =

% phagocytic neutrophils x MFI, where MFI is mearofescence intensity measured by
flow cytometry. The difference between MFI in tiest sample (which is the sample

with E.coli) and control sample (sample with wash buffer) wsed to measure the

oxidative burst activity of neutrophils.

Concentrations of cortisol and DHEAS in the stasedum samples were analysed using
corresponding ELISA commercial kits (IBL internatad, Hamburg, Germany),

following the suppliers protocol. The optical deyp$OD) was measured at 450nm
within 15 minutes of stop solution addition. Stard curves were then constructed
using GraphPad Prism 6 software by plotting thedhe standards against their
concentrations on semi-logarithmic graph. The wakmconcentrations of the samples
(in nmol/l for cortisol andimol/l for DHEAS) were calculated from the standauidve

using the cubic spline fit.
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5.3.5. Statistical analyses

Comparison between the bereaved and non-bereaveatamdemographics, and
guestionnaire scores were conducted by ANOVA amndaghare as appropriate; with
effect sizes reported @8. Further, 2x2 bereavement group * age group AN®Were
used to compare immune and hormone measures yotimg and old, bereaved and
controls. Neutrophil function and hormone lewetsre skewed and therefore subjected
to log transformation. Significantly different degraphic or health behaviour variables
between groups were controlled for in further ANC&V Correlations were used
within younger bereaved group only to examine wéethe cortisol:DHEAS ratio or
any other questionnaire variables were relatectarophil function. Further, bereaved
participants were divided into two groups (thosewdst spouse or parent versus those
who lost more distant relative), and differencesveen them on neutrophil function and

hormone status were examined using ANOVAs.

5.4. RESULTS

5.4.1. Demographic, health behaviour and psychosocial characteristics

Table 1 shows that bereaved participants and dsnirere reasonably well matched on
most socio-demographic and health behaviour vasainl both young and old groups,
with the exception of occupational statps=(.02), and the medicatiop%£.04) in the
young. Young bereaved were more likely to hold v@wccupations, and to take
medication, mainly anti-hypertensives and non-stiat@asthma treatments. The
bereaved in both groups reported more symptomsgmfedsion and anxiety than

controls. Social support availability did not éiffoetween groups in either of the age
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cohorts. Bereaved participants scored moderatghfyhon both the CBI and IES, albeit
slightly lower than bereaved participants in pregioesearch (Walsh et al. 2002, Burnett
et al. 1997, Horowitz et al. 1979, Corcoran andles 1994). In the younger group, two
bereaved participants had lost a spouse (9.5%)t bayl lost a parent (38.1%), nine a
grandparent (42.9%), and two a distant relativg, garent-in-law (9.5%). For the older
group, the respective values were 17 (65%), 3 (129d)6 (23). The death was expected

in 86% of cases in the younger group, and in 84%eamolder group.
5.4.2. Neutrophil function

For neutrophil phagocytosis, a 2x2 age group vesosavement group ANOVA
comparing neutrophil phagocytosis in young berearetimatched controls with older
bereaved and controls revealed the significant refiect of age, F(1,87) = 31.4b<
.001,n% = .265, such that younger participants showeddrighagocytosis overall than
older adults, but there was no overall main eftédiereavement, F(1,87) = 0.365 .61,
n® = .003, nor bereavement * age interaction effet,87) = 1.94p = .17,1? = .022
(Figure 1A). Repeated analyses with adjustmentddoupational status and medication

usage revealed the same significant main effeagefp < .001.
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Table 1. Socio-demographic, health behaviour and psychalscltaracteristics of bereaved and non-bereavdiatipants.

Young Older
Bereaved  Non-bereaved Bereaved Non-bereaved
(N = 21) (N = 20) (N = 26) (N = 26)
N (%) / Mean (SD) p N (%) / Mean (SD) p

Age (years) 31.8 (9.03) 31.7(8.41) .97 71.3(5.79) 72.6 (5.72) 42
Gender (Female) 9 (43) 10 (50) 65 18 (69) 17 (65) .77
Ethnicity (Caucasian) 21 (100) 17 (85) .07 26 (100) 25 (96) 31
Occupational status (non- 16 (76) 20 (100) .02 19 (76) 21 (81) .68
manual)
Taking medications 4 (19) 0 (0) .04 15 (60) 15 (58) .87
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Alcohol intake (daily or more) 5 (25)
Smokers 5 (25)
Body Mass Index 24.3 (4.20)
Exercise score 7.8 (5.95)
Fruit and vegetable 9.8 (2.96)
consumption score

Fat consumption score 10.6 (3.53)
HADS anxiety score 8.0 (4.63)
HADS depression scdte 4.7 (3.15)
Social support score (MO5S) 73.8 (17.68)

Core bereavement items (CBI) 23.2 (10.93)

2 (10)

4 (20)

23.0 (2.70)

9.6 (4.83)

8.9 (2.27)

11.3 (2.65)

5.2 (3.08)

2.5 (2.50)

80.4 (12.65)

21 ict:)]

71 2 (1)
27 28.93)
30 5.5 (1.35

28 9.3 (2.03)

49 10.6 (3.66)

.03 8.6 (4.90)

.02 6.1 (5.54)

18 70.4 (19.61)

- 29.8 (13.28)
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7 (27) 38
3 (12) 64
25.5 (3.36) 52
8.0 (1.35) 21
9.9 (2.04) 27
10.0 (3.21) 56
4.2 (2.95) .00
2.42 (2.32) .003
80R276) 06



The Impact Event Scale (IES)

Death expected - yes

Bereavement type

Spousal

Close relative (parent)

Distant relative/friend

33.1 (15.52)

18 (86)

2(10)

8 (38)

11 (52)

3326)

21 (84)

17 (65)

(13)

(83)
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For neutrophil ROS generation 2x2 ANOVA comparimgitmophil ROS production
between young and old, bereaved and control red@asggnificant main effect of age,
F(1,87) = 34.4p < .001,1? = .284, such that older participants had highetnoghil
superoxide burst than younger subjects. There eagever, no main effect of
bereavement overall, F(1,87) = 1.92; .31,1° = .012, nor bereavement * age
interaction effect, F(1,87) = 2.68= .11,n° = .029. Pairwise comparison revealed that
the lack of the effect between bereaved subjeatscantrols was driven by the
comparable ROS production in the younger grqusp 69), while there was a significant
effect of bereavement in the older gropp=(.05), such that older bereaved subjects had
lower ROS production than older controls (Figurg.1Bepeated analysis with covariate

adjustment also revealed a main effect of age .001).
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Figure 1. Neutrophil function in response to bactedfiaoli in young and old,
bereaved and non-bereaved. A: Neutrophil phagoisytd$-1TC labellecE.coli
presented as phagocytic index (bacteria ingestdd)(¥% neutrophils uptaking
bacteria) between young and old, bereaved and amrabed subjects. B:
Neutrophil superoxide production in response tooli presented as MFI,
between young and old, bereaved and non-bereavent.liars are SEM and *

indicatesp < .05.
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5.4.3. Stress hormone concentrations

For cortisol, 2x2 ANOVA between young and old lae@d and controls showed a
significant main effect of age, F(1,84) = 8.8G; .004 1> = .095, such that younger
participants had higher serum cortisol levels,mutnain effect of bereavement, F(1,84)
=3.28,p=.07,n° = .038, nor bereavement * age interaction effele1,84) = 1.42p =
.24,m% = .017. Pairwise comparison revealed a signifiedfiect of bereavement in the
older group I = .03), such that older bereaved subjects had higirésol levels than
controls, while there was no difference in the yp(m= .68) (Figure 2A). Repeated
analyses with covariates adjustment showed a simigan effect of agep(= .03).

For DHEAS, 2x2 ANOVA using young and old, bereaaed non-bereaved showed a
significant main effect of age, F(1,84) =62.p8 .001,n% = .425, such that younger
subjects had higher serum DHEAS, but no main efiebereavement, F(1,84) = 1.9b,
= .17,m1% = .023, nor bereavement * age interaction effe(t,84) = 1.77p = .19,n> =
.021, was seen (Figure 2B). Pairwise compariseealed a significant bereavement
effect in the older group(= .04), such that older bereaved had lower DHB## thon-
bereaved older controls, while the levels of tleenone were comparable between the
groups in the youngp(= .97). Repeated subsequent analyses includingoterriates

showed a similar main effect of ages .001.

For the cortisol:DHEAS ratio, 2x2 ANOVA revealedignificant main effect of age,
F(1,84) = 14.35p < .001,n° = .146, and the trend towards an effect of benmawe,
F(1,84) = 3.59p = .06,1? = .041, such that younger participants and copdicipants
had a lower cortisol:DHEAS ratio, respectively. eféwas, however, no bereavement *
age interaction effect, F(1,84) = 2.38s .13,1? = .027. Pairwise comparison revealed

that the trend towards a bereavement effect waemiy the differences in older group
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(p=.01), while the ratio was comparable betweerytheng p = .80) (Figure 2C).

Covariate analyses confirmed a main effect of pge002.
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Figure 2. Serum stress hormone levels in young and oléadvex and non-

bereaved. Serum A. cortisol, B. DHEAS or C. coftBHEAS ratio for young

and old, bereaved and non-bereaved subjects. lBarerare SEM and * indicates

p <.05.
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5.4.4. Psychological factors and immune and hormone measures

Correlations within the bereaved groups revealedssociation between neutrophil
function and any of the psychosocial and socio-dgayhic variables. There was also
no significant difference in neutrophil functiontiween those bereaved participants who
had lost a spouse or parent and those who had lostre distant relative. Correlation
analysis within the bereaved group revealed thagdlwith higher CBI scores, indicative
of greater grief had a higher cortisol:DHEAS rati@2) = .34 p = .03, and those who
reported higher social support had lower cortiselHAS ratio, r(42) = - .31p = .04.

When bereaved participants were separated int@toups based on who they had lost,
there was a difference between the groups in dugtisol:DHEAS ratio, F(1,42) = 9.04,
p=.004n? = .177, such that those who had lost someone distant had a lower

cortisol:DHEAS ratio.

5.5. DISCUSSION

The results presented in this chapter showed lilea¢ twas no difference in neutrophil
function and serum hormone levels between bereanddontrols overall, with the main
differences emerging between the two age groujpés Was despite the differences in
psychosocial variables that showed higher depressid anxiety symptoms in the
bereaved. Closer analyses revealed the youngep goresponsible for these null
findings, since neutrophil function and stress hmmmlevels were comparable between
the groups in the young. On the other hand, diéeeaved subjects had poorer ROS
production, and higher cortisol:DHEAS ratios whempared to the matched non-
bereaved older adults, consistent with the previtudies of bereavement and immune
function in older adults (Khanfer et al. 2011, Rpd et al. 2006a). The absence of an
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effect of bereavement on neutrophil function in ybenger sample is perhaps surprising
given the high levels of depression and anxietyppms among the bereaved, similar to
those recorded for the older bereaved sample (TIgblén addition, responses to
questionnaires measuring grief, and impact of #redvement indicated significant
feelings of loss in the present study in both geoudowever, only a limited number of
studies have examined the effect of bereavememhomne function in younger adults.
Lower numbers of regulatory T cell and helper Tsc€bpratt and Denney 1991), and
lower NK cell cytotoxicity (Gerra et al. 2003) weamported for individuals who had
experienced sudden/unexpected death of a closel faefamily member. Further, no
group differences in NK cell activity were obsentstween middle aged widows and
married controls (Zisook et al. 1994), although Bl activity and the response to
mitogens was poorer in a small sample of widows$ wyimptoms of major depression.

In the present study, although depressive symptowt was higher among the
bereaved, only one bereaved participant met therierifor severe depression or higher
(HADS >11). There are several potential explanationshfempresent null findings for
neutrophil function in the young bereaved. Itasgible that the intact neutrophil
function was attributable to losses in the presardy being of less close relationships
than those of older adults, only 10% of the bergsardgs were spousal in the younger
sample, the comparable figure for the older paodicts was 65% (Table 1). However,
there was no difference in neutrophil functionhe present study between those who
have lost a close relation (spouse, parent) argkethdo have lost a more distant relative
(grandparent, parent-in-law).  Further, socigpsrt is an unlikely explanation for

preserved immunity in the present study as the@igpgores of the young bereaved
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were virtually identical to those found in olderéaved participants, who showed
reduced neutrophil ROS production.

A plausible explanation for the preservation oftngphil function in young but not older
bereaved subjects is the difference in the HPA i@dgponse between the two groups,
superimposed upon the aged neutrophil. Previaesareh indicates that stress may
affect immune function more readily in the contektoncomitant immune ageing. For
example, lower sIgA, (Gallagher et al. 2008), aighér antibody titres against CMV
(Pariante et al. 1997) were specifically charasteriof older caregivers. In general,
there is consistent evidence of compromised imnfunetion in older spousal caregivers
for partners with dementia (Glaser et al. 2000,h&d et al. 1999), whereas the results
from the studies of younger caregivers are morealhkr (Gallagher et al. 2009a,
Vedhara et al. 2002). Here the cortisol: DHEASaratas only raised in the older
bereaved subjects compared to their controls ahthribe younger bereaved group.
With the well documented and opposing effects ofisal (Bekesi et al. 2000) and
DHEAS (Butcher et al. 2005, Radford et al. 2010hentrophil ROS production, this
proposal had biological validity.

The present study is not without limitations. Eitee sample size can be regarded as
small; however, bereaved participants are notolyadifficult to recruit and the sample
size is comparable to that recruited to previoudiss of immunity and bereavement
(Gerra et al. 2003, Khanfer et al. 2011). Secdrmhuld be argued that the preserved
immune function in the present sample was dueds $&uch that those who are less
stressed by or coping better with bereavement nfaglmore likely to take part.
However, the scores on CBI and IES suggestedlibdidreavements were significantly

stressful.
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In conclusion, unlike older bereaved adults, yourgeeaved participants showed no
detrimental effect of bereavement on neutrophitfiom and stress hormone
concentrations when compared to the matched naabed controls. This is most
likely attributable to the absence of immunosenese@nd adrenopause in the younger

aged bereaved group.
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CHAPTER 6

OVERALL DISCUSSION
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6.1. SUMMARY OF THE MAIN THESIS FINDINGS

The research in this thesis was concerned withelationship between chronic stress
(caregiving and bereavement), ageing and diffemspécts of immune and endocrine
function, in particular neutrophil function, seramti-CMV antibody titre, the predominance
of T cell exhausted and senescent phenotypes asd $stormone (cortisol, cortisone and

DHEAS) levels.

Chapters two, three and four focused on the chrstngss of caregiving, examining its effect
on aspects of both innate and adaptive immunityedkas stress hormone levels; while
chapter five compared the effect of the chroniesstrof bereavement on neutrophil function
and the HPA axis in younger adults, and compartalthe results obtained from older

participants.

Chapter two examined the effect of caregiving stiegarents of children with
developmental disabilities on CMV seropositivitydaserum CMV antibody titre by
comparing them to age- and sex-matched controhpaod typically developing children.

The aim was to determine whether caring for a chitti a developmental disability
negatively influenced caregiving parents' immuniggponsible for keeping latent virus
infection under control. This would be evidencletigh an increased titre to the
corresponding virus in younger caregivers' serurarwdompared to the controls. The study
showed that caregiving parents were no more liteelye CMV seropositive than parents of
typically developing children. It also did notdirany differences between the groups in
serum antibody titres against CMV. However, inugiag on the caregiving group alone, the

study also aimed to elucidate whether CMV titre@nopositive caregiving parents was
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associated with any health behaviours and/or psgghual/caregiving variables. An
association emerged between CMV antibody titrerseghtive health behaviour variables in
CMV seropositive caregivers, such that those witligher BMI, lower exercise level,
smokers and those eating less well overall hadeni@iV antibody titres. Overall, this
study confirmed a lack of negative effect of cavew stress on latent virus control in a
younger population, but suggested a possible negatiluence of detrimental health

behaviours practiced by some stressed caregivaitioaspect of immunity.

Chapter three focused on the effect of caregivirgss and/or age on neutrophil function
(phagocytosis and ROS production), outcomes prelyawt investigated in the caregiving
research, as well as stress hormone (cortisoisoog¢ and DHEAS) levels using the
previously described four groups of participarigespite the differences in
psychosocial/caregiving variables, such that caeggiin both age groups reported higher
psychological morbidity than controls, no differenegas found in neutrophil function
between caregivers and controls, and cortisol, DHBAd their ratio was comparable
between the groups. Younger caregivers exhibitediever, an increased cortisol:cortisone
ratio, which is an accepted indicator of systen@neagation of cortisol via the enzymefi 1
HSD1, a novel finding in caregiving research. Hndocusing on caregivers alone, those
with higher anxiety symptoms and caregiving burbad lower neutrophil phagocytosis and
poorer ROS production was seen in those reporiaggy sleep quality. This suggests that
the focus of future caregiving research should @estbe less on caregiving status in general

and more on the individuals who demonstrate higlsgchological morbidity.
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Chapter 4 focused primarily on the parameters céllimmunity, examining, in particular,
the effect of caregiving stress with and withoutiag on T cell senescent and exhaustion
profile and thymic output, immune parameters nevjmusly examined in this group of
chronically stressed individuals, as well as se@MV antibody titre. Caregivers overall
demonstrated a generally robust T cell profilehwite main differences emerging between
young and old, with older adults showing greatdirsmnescence as might be expected. The
exception was an increased percentage of T cghiessing the KLRG1 senescent profile in
caregivers overall when compared to controls, &cethat supports previous findings of a
poorer vaccination response in old and young ceeegi and that could be used in future
interventions. In addition, amongst older careggythose who reported higher problematic
behaviour in their spouses with dementia showedgrd®D57 T cell senescent profile. This
suggests, once again, that the focus of the futamegiving research should be more on

caregiving individuals with a higher caregiving den.

Chapter five examined the effect of a differentetyyh chronic stress, suffering bereavement,
on neutrophil function, and serum stress hormoo#digol and DHEAS) levels in the younger
and old adults. Due to the difficult nature ofrieting bereaved participants, the effect of the
stress of bereavement is largely under-researamdérequently suffers from small research
sample sizes. This is the first study to examingegdffect of bereavement on neutrophil
function in young adults and compare it to an oklmple, in order to examine possible
reasons for the different patterns of findingshe different age groups. Despite scoring
higher on depression and anxiety questionnairasdbatrols, as well as reporting high levels
of grief and feelings of loss, younger bereavedigpants showed neutrophil function
comparable to that of the young controls. In addjtserum stress hormone (cortisol and

DHEAS) levels were similar between the groups. @anson with results of the effect of
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bereavement on older adults, who showed poorer gr@d&iction and higher
cortisol:DHEAS, revealed a significant age effentdll the variables measured. This
suggests that the presence of immunosenesceneedssary for a negative effect of
bereavement on neutrophil function and stress hoentevels to be observed, and that
younger adults are protected against the negativeune impact of bereavement due to their

younger immune systems.

6.2. CAREGIVING STRESS, IMMUNE FUNCTION, CORTISOL, CORTISONE AND

DHEAS

The model of stress of caregiving in young used paasnts of children with developmental
disabilities. This way an attempt was made toicajp# the caregiver burden due to
behavioural problems seen in dementia patientsfiaddhe equivalent model in a younger
group to compare the effect of caregiving stresgpimger adults to the frequently examined
older spousal dementia caregivers. The findingsemted imply robust immune and
endocrine responses in young caregiving parenispacable to that of the age- and sex-
matched control parents of typically developindarien. CMV positivity, anti-CMV

antibody titre, neutrophil function, and cortisoldaDHEAS levels did not significantly differ
from those measured in the control group. Thes#ifgs are consistent with some previous
studies examining caregiving stress in a youngpulation. For example, spousal caregivers
of multiple sclerosis patients had similar levdisgés and hemagglutination-inhibition
antibodies, and cytokines IFNand IL-4, as matched controls (Vedhara et al. 20@h the
other hand, the concentration of salivary stresmbaes (cortisol and DHEAS) was higher in

non-caregivers than in caregivers, while theioratimained the same (Vedhara et al. 2002),
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which is comparable to the present findings. Aeo#tudy showed no difference in salivary
sIgA levels between caregivers and matched contigleunger aged cohorts from the West
of Scotland Twenty-07 study (Gallagher et al. 2008p difference was also observed for
serum anti-CMV antibody titres between younger fiencaregivers of handicapped people

and non-caregiving controls (Pariante et al. 1997).

However, chapter 3 demonstrated a significant iiffee in the serum cortisol:cortisone ratio
between younger parental caregivers and age- anchatched controls, a marker of systemic
generation of cortisol. A raised cortisol:cortisaiation has been previously reported in the
surgical patients, during the acute-phase respamdafter Synacthen stimulation and, as
such, is considered an indicator of systemig-HED1 activity (Vogeser et al. 2001, Vogeser
et al. 2002, Vogeser et al. 2003). Th@-HSD1 enzyme is responsible for converting
inactive glucocorticoids, such as cortisone, ih@rtactive forms, cortisol in humans
(Chapman et al. 2013). An increase in the cortisglisone ratio in younger caregivers
could, therefore, indicate an increase ifi-HISD1 activity caused, for example by pro-
inflammatory factors, such as cytokines Th&nd IL-1 (Escher et al. 1997, Cai et al. 2001).
It is important to note here, however, that serytokine concentrations of caregiving parents
were similar to those of the controls (see Appendik the Additional findings from chapter
3). On the other hand, this does not eliminatethesibility of 1B-HSD1 being influenced

by pro-inflammatory cytokines from other sourcesgtsas autocrine signals (Cooper et al.
2001, Ignatova et al. 2009, Yang et al. 2009). EMav, it was beyond the scope of the
present study to measure this, or any impact efitlareased inflammatory marker in our
sample. A longitudinal study with more inflammatonarkers included, such as CRP, would
be necessary to examine the potential implicatafribe increased cortisol:cortisone ratio in

younger caregivers. In summary, an increasedsoditbrtisone ratio in younger parental
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caregivers could be seen as further support faegative effect of caregiving stress on certain
parameters in younger adults, such as those p&yiceported for vaccination response

(Gallagher et al. 2009a, Gallagher et al. 2009b).

Chapter 4 reported comparable T cell immunity betwearegivers and controls in both older
and younger adults, with the exception of the CD2&ll subset, where paradoxically
caregivers had lower numbers of senescent CD28lIs. In addition, the percentage of
CMV positive individuals among young caregivers Wager than those in controls.
Therefore, one possible explanation for the unebgoly robust immune response in younger
caregivers could be the lower incidence of chr@fitV infection which is known to be an
important predictor of CD8CD28 T cell subset expansion (Kern et al. 1996, Werdj.et
2009). This is further confirmed by the positissaciation between the CD8D28 T cell
subset and CMV antibody titre in the younger grau@l) = .48 p = .001, see Appendix,
Additional findings from chapter 4), and subsequNCOVAs using CMV status as a
covariate that eliminate this difference betweetells expressing CD28 marker in caregivers

and controls.

Overall, the results from chapters 2, 3 and 4 bt to the differences in immune and
hormone status between younger caregivers andot®aiid to the mixed findings reported
by a number of studies that aimed to elucidatestfext of caregiving stress on health in the
young, suggesting that this effect might not baightforward, but instead has differential

effects on different immune and endocrine pararseter
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6.3. AGEING, IMMUNE FUNCTION, CORTISOL, CORTISONE A ND DHEAS

Chapters 3 and 4 also attempted to examine theréif€es in immune and hormone
parameters that are a consequence of the diffaggs of our mixed caregiver and controls
sample. The results from chapter 3 showed comsidiferences between young and older
adults on neutrophil function and most of the hanmmeasures, with the exception of the
cortisol:cortisone ratio. Older adults unexpectddid higher neutrophil function (both
phagocytosis and ROS production), but also an éggdugher cortisol, lower DHEAS and a
higher cortisol:DHEAS ratio. Increased neutropiiction in the older group is surprising
considering the overall consensus about decreasimgine function with age (Franceschi et
al. 2007, Panda et al. 2009, Shaw et al. 2010)weler, increased superoxide production has
been previously reported (Cannizzo et al. 20119, iawas further supported by higher ROS
production seen in older age cohort in our bereaverstudy. In addition, this is not the first
study to indicate the possible perseverance arehpal dominance of innate immunity in
older age, suggesting that perhaps the negatieetedf imnmunosenescence is more clearly
marked in the adaptive branch of immune responsmféschi et al. 2000). Age-related
differences in the stress hormone status, in paatiégncreased serum cortisol and lower
serum DHEAS, and subsequently higher cortisol:DHE&t® among older adults, confirms
previously reported and well established findingsférd and Willoughby 2008). The
imbalance between these hormones with age is acenesido be a contributing factor to

immunosenescence, and its negative effects orreliffénmune parameters.

For T cell immunity in chapter 4, there was a nefiiect of age for most of the parameters
measured, with the exception of Ch#bth CD28and KLRGT T cells, indicating an overall
greater senescent and exhausted T cell profil&dier group. This is consistent with the

previously reported data (Fagnoni et al. 1996, derad Akbar 2009, Weng 2006, Wherry
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2011), and is related to the increase in the rafilie senescence of T cells and their inhibition
of the proliferation as well as the loss of funoabty (Akbar and Henson 2011). One of the
main drivers of this increase in senescence andustion in T cells is thought to be repeated
antigen stimulation as a consequence of chroréoitatiral infection present over the years
(Boucher et al. 1998, Chidrawar et al. 2009, Kdral.€1996). A higher TREC expression
ratio in the younger compared to the older adslegain in concordance with previously
reported research on thymic atrophy with age (Milickt al. 2010, Naylor et al. 2005).

TREC represent extra-chromosomal DNA segmentsatieatiransported from thymus in so
called recent thymic emigrants, mature C@Ad CD8 thymocytes that emigrate from

thymus (Jamieson et al. 1999). As such, TRECrecty associated with thymic output for
CD4" T cells, and with thymic output when peripheratéll division and death are taken into
account, for CD8T cells (Ye and Kirschner 2002). Therefore, arease in TREC

expression ratio in older adults indicates a desinggability to produce novel naive T cells in
later life, leaving the organism potentially lesseato fight off the infections that the body is
exposed to for the first time. This is likely toderlie, at least in part, the reduced vaccination

response to new antigens exhibited by older ad@Git®dwin et al. 2006).

6.4. CAREGIVING STRESS AND AGEING, IMMUNE FUNCTION, CORTISOL,

CORTISONE AND DHEAS

Chapters 3 and 4 also aimed to elucidate the patewlditive effects of caregiving stress and
ageing on immune function and serum stress horriewa¢s. They presented the findings of
the studies that used four groups of participastsadels of caregiving stress with and

without ageing, as well as age-matched controts odr knowledge, these are the first studies
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to simultaneously examine the effect of caregistrgss in the cross-sectional experimental
set up, using two distinct age groups (23-50 ar@lyears). This enabled direct examination
of individual and synergistic effect of chronicests and ageing on person's health. However,
the hypothesised additive impact of caregiving ageing on immunity was, on the whole,

not observed. With the exception of serum coritsstisone ratio, there was no caregiving *
age interaction effect for any of the measuredaldess, suggesting that, at least in the present

sample, caregiving stress and ageing did not angrgjystically to result in reduced immunity.

In terms of the effect of caregiving stress on imemtunction between older spousal
caregivers of dementia patients and age- and séshedhcontrols, chapter 3 reported no
difference in neutrophil function, cortisol, DHEA&rtisol:DHEAS and cortisol:cortisone
ratio between the groups. This was opposite teetghons based on the previous extensive
research that showed a detrimental effect of camggystress on spousal dementia caregivers
(Esterling et al. 1994, Glaser et al. 2000, Kie€zlhser et al. 1991a, Vedhara et al. 1999).
The most parsimonious explanation for this disanegdetween the present study findings
and the previously reported research would be Ig@sgchological morbidity in the current
sample and selection bias towards those caregmsrsare less stressed and are therefore
much more likely to take part in the study. Howe¥em the scores on the range of
psychological and caregiving-specific questionreiursed in the study it was clear that on the
basis of the perceived stress, caregiving burddmasblematic behaviour of the care-
recipient, the present group of caregivers was evaipe in terms of stress levels to those
used previously in caregiving research (Bauer.e2@00, Bedard et al. 2001, Li et al. 2007,
Roepke et al. 2008). Another possible explanatioerged after closer analysis of the nature

of the immunological assays used in the previosearch when compared to those in the
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present studies. For example, caregivers of dampatients showed poorer NK cell
response only after stimulation with recombinaribkines IFNy and IL-2 (Esterling et al.
1994, Esterling et al. 1996). In contrast, meastitbe innate immunity in the study
presented in chapter 3 was neutrophil functiorr @ftgitro stimulation with bacteri&.coli

only, and therefore more resembling the studiessitioked at the NK cytotoxicity without
cytokine induction (Esterling et al. 1996, Irwinadt 1991), which, on the contrary, did not
observe any significant differences between oléenehtia caregivers and matched controls.
Further, in previous studies, older caregivers sitba poorer immune response to influenza
vaccination (Glaser et al. 1998, Kiecolt-Glasealefl996, Vedhara et al. 1999), lower
antibody titre against pneumococcal pneumonia antajter 6 months follow up (Glaser et
al. 2000), and slower wound healing (Kiecolt-Glasteal. 1995) than age-matched controls.
This further confirms the inability of the immunesponse to respond adequately in the
presence of caregiving stress when actively chgdldn In other words, perhaps the strongest
negative effect of caregiving stress is exertecedhe organism is confronted with the
pathogenic challenge or injury, such as in the chselministering a vaccination antigen, or
causing a small biopsy wound, while the effecttoéss on immunity in the resting state, such
was the case in the present studies, was nothaaible. This is perhaps further confirmed
by a study that reported no difference in the iank of the upper respiratory infection
between older caregivers and controls, but insséasved that caregivers who succumbed to
the infection, took significantly more days to h#an the controls in which the same illness
has occurred (Kiecolt-Glaser et al. 1991a). Tlowéver, cannot be the case for all
components of the immune response, since a ditfstady found shorter telomere length in
PBMCs of caregivers of Alzheimer's dementia pasi¢h&n in controls at the basal

(unstimulated) level (Damjanovic et al. 2007).
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There was no difference in serum hormone levelgiéab, cortisone and DHEAS) between
the older caregivers and controls in the presenlystdespite the high perceived stress
reported by older caregivers comparable to theldenfestress reported in previous studies
(Bauer et al. 2000). This contrasts with the higloetisol levels reported in previous
research in dementia caregivers when compareditoot® (Bauer et al. 2000, Vedhara et al.
1999), but is in concordance with others (Jeckal.€2010). It is important to note, however,
that the 2010 study that showed comparable sals@mysol levels between the groups, still
found lower salivary DHEAS levels and higher catiBHEAS ratio in caregivers (Jeckel et

al. 2010), contrary to the present findings.

The results from chapter 4 showed a comparabldl Exigaustion profile in caregivers
overall when compared to the controls. In termthefT cell senescence, there was no
difference between caregivers and controls in .E@{pressing CD57 marker, and controls
showed higher expression of CD28 than caregivegsinryoung, while the expression of this
marker was comparable between older caregiversamitols. The present findings are the
first to examine exhaustion and senescent pradildscells in detail between caregivers and
controls, both young and old, and to demonstratiéference in KLRGI T cell senescent
profile in both caregivers and older participaniie only other study that examined the
percentage of CD2d cells found no difference between older demerdir@givers and

matched controls (Damjanovic et al. 2007), conststgth the results presented in chapter 4.

Caregivers in both age groups demonstrated a hjggreentage of CO4and CD8 KLRG1"

T cells than controls. This marker is associatéd veplicative senescence and inhibition of
T cell proliferation (Henson and Akbar 2009), husialso involved in the exhaustion-
specific pathways (Henson and Akbar 2009). KLR&an inhibitory marker increasingly

expressed on highly differentiated T cells withiage It has been shown that blockage of
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KLRG1 can induce proliferative activity of thesee@lls (Henson et al. 2009), which suggests
the potential for targeting pathogen-specific, hyghfferentiated T cells by blocking KLRG1
receptor in order to increase the poor vaccinatsponse seen in older adults (Henson et al.
2009, Henson and Akbar 2009). This is further roréd by a study that reported the
inhibitory role of KLRG1 in CD4T cells response to novel antigens (Shi et al. R0
addition, the increase in KLRG1 expression in cang presented in chapter 4 could explain
consistently poorer vaccination response in casggiwhen compared to the matched
controls (Gallagher et al. 2009a, Kiecolt-Glasealel 996, Vedhara et al. 1999). Thus, this
chapter gives further support to the notion thatesdut not all aspects of immunity are
influenced by caregiving stress, but also contabw potential mechanism by which some

aspects of immunity are impaired in both young ala@r caregivers.

6.5. PSYCHOSOCIAL AND CAREGIVING FACTORS, IMMUNE RE SPONSE AND

HORMONES

Various studies have previously examined the watatip between self-reported
psychological distress and impaired immune responsaregivers. For instance, spouses
and children of Alzheimer's dementia patients wdmorted higher depression
symptomatology and perceived stress on the ddyeofaccination against tetanus exhibited a
lower antibody response (Li et al. 2007). Alsmg# caregivers who reported more negative
thoughts such as worry and rumination, had poorgbady response than those whose
thoughts were more positive (Segerstrom et al. pOB8rther, higher stress levels and
anxiety symptoms were correlated with PHA prolifena, but notin vitro IL-2 production

(Bauer et al. 2000). In younger caregivers, thsmental caregivers who reported more child
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behavioural problems had also poorer antibody mespto vaccination against pneumonia
(Gallagher et al. 2009b). The findings in cha@téwild on this previous literature by
comparing neutrophil function (phagocytosis and Rf&luction) with all psychosocial and
caregiving variables measured. The results shakagccaregivers with higher depression and
anxiety symptomatology, perceived stress and caregburden had poorer neutrophil
phagocytosis. In addition, those with poorer slgeality had lower neutrophil ROS
production. Subsequent sensitivity analysis furttoafirmed this for anxiety, caregiving

burden and poorer sleep quality.

The results in chapter 4 also relate higher psyahoal morbidity to lower levels of some
aspects of immunity, specifically immunosenescenaekers and higher TREC expression
ratio, which at first appears counterintuitive. wéwver, the explanation for this discrepancy
lies in the overall better senescent and exhaystede in the younger caregivers, who, in
addition, reported higher psychological morbidhgn older caregivers (see Table 1, chapter
3). This is further confirmed with the findingsatrmore problematic behaviour by care-
recipients is reported by older caregivers whosellE express more CD57 senescent
markers. Overall, the results of chapters 3 aaddito the mixed picture of a differential
effect of caregiving stress on various immune patans. In addition, they emphasise the
importance of future research to focus not on gaireg statusper se but in particular on

those individuals who show higher psychological lnndity, and highlight this sub-sample of
caregivers as those most in need of interventi@dtivess both psychological distress and its

associated immune impairment.

154



6.6. BEREAVEMENT STRESS, NEUTROPHIL FUNCTION, CORTI SOL AND

DHEAS IN YOUNG AND OLDER ADULTS

Chapter 5 examined the effect of chronic stress gfiffering bereavement on neutrophil
function and serum cortisol and DHEAS levels inyger and older adults. Bereaved
participants reported higher depression and ansiatyptomatology than age- and sex
matched controls, and significant levels of feeding loss and grief. Despite this, there was
no difference in neutrophil function (both phagasys and ROS production), nor serum

stress hormone levels between the younger caregigecontrol groups.

To our knowledge, this is the first study to simunkously examine the effect on neutrophil
function and stress hormone levels after recer@dwement in young and older adults. The
present findings of no difference in immune andcenithe parameters are perhaps surprising
considering previously reported study by our labmnathat found significantly lower
oxidative burst activity in older bereaved adultsaw compared to the matched controls
(Khanfer et al. 2011). However, closer analysgsaked the younger group as the main
driver of this null finding, and that the older baved adults did show impaired immunity.
The levels of depression and anxiety symptoms,edlsas feelings of loss and grief reported
by the young bereaved in the present study wel laigd similar to those recorded for older
bereaved adults (see Table 1, chapter 5) but diéxtend to an impact upon immunity in the

older group.

Previous findings from bereavement research sh@eeder NK cell function (Irwin et al.
1987), vaccination response (Phillips et al. 20@®a) neutrophil ROS production (Khanfer et
al. 2011) in older bereaved adults when comparédetanatched controls. For younger

adults, however, poorer immune function was repootdy if accompanied by symptoms of
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major depression (Zisook et al. 1994), or in theeaaf the sudden and unexpected death of
the loved one (Gerra et al. 2003, Spratt and Dedf88y). In the study presented in chapter
5, only one bereaved participant met the critasissEvere depression or higher (HAB31),
and only 14% of losses were unexpected. Therefotbe absence of severe psychological
morbidity, one could conclude that presence of imasgnesence, the deterioration of the
immune system that occurs with age, is necessahédbereavement to exert its full

negative effect on the immune function.

In terms of serum hormone levels, cortisol and DISEAs well as their ratio were similar in
young bereaved to those of the control group. Eh&gain in contrast with the data from
older group where, consistent with the previousjyorted data (Khanfer et al. 2011),
bereaved had higher cortisol:DHEAS ratio, furthenfaming seeming ability of the young to
resist the negative immune effect of chronic beee@ant stress. Interestingly, however,
DHEAS was lower and ratio between the two hormomas higher in those young bereaved
who lost closer relative (parent/spouse) when caoetpto those who lost more distant
relative (grandparent, parent-in-law), and thigoratas higher in those who reported higher
grief on CBI scale, and lower in those with highecial support, suggesting that those worst
affected by bereavement did show some physiologeatements. This was, however, not
the case with the neutrophil function which was pamable between the groups, suggesting
that perhaps specific nature of the loss mightcatiermonal status, but not extend to an
impact on immune parameters such as neutrophilqayagsis and ROS production. It is not
known what the longer term effects of the raisedisga:DHEAS ratio in the most distressed
younger caregivers might be, which would need huanal study. These findings also do
not minimise the need to address the high levetsgthological distress in younger bereaved

adults, despite their seeming protection againstume system down-regulation.
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6.7. CHRONIC STRESS, IMMUNE RESPONSE AND THE HPA AXIS

Based on the findings presented in this thesisedlsas previously reported results it appears
that the effect of chronic stress on immune fumctiad stress hormones is dependent upon
the type of chronic stress, specific parametersafunity, and the circumstances in which
the effect in question is measured. With this indnit could be argued that caregiving
stress, in both young and old, is most likely thibi its negative effect on an already
stimulated immune response, such as during vacemand wound healing (Esterling et al.
1994, Gallagher et al. 2009b, Gallagher et al. 200@dhara et al. 1999), or in case of NK
cell function when stimulated by cytokines (Estaglet al. 1994). Similarly, a higher number
of T cells expressing senescent KLRG1 marker iegigers regardless of their age links to,
and offers a possible explanation for the poorecwetion response in those affected by
caregiving stress, suggesting a negative effestress even in the absence of
iImmunosenescence, at least for some parts of immaspense. On the other hand,
measuring immune system function at rest, so irabdsence of the prior immune challenge,
may not show the expected negative effect, asfeeereutrophil function and some aspects
of T cell immunity, presented in chapters 3 antedpectively, as well as in case of NK cell
function without prior cytokine stimulation (Irwiet al. 1991). In addition, the mechanisms
by which caregiving stress demonstrates its effeght be more complex than HPA axis and
stress hormone levels alone. Another type of dorstness, that of suffering with
bereavement, appears to differently affect yourdy@d individuals, with the HPA axis
appearing to have an important role in exertingthgative effect of bereavement on the
immune response in the old. A proposed model@féhationship between chronic stress,
immune and hormone parameters based on the dite present thesis is presented in Figure

1.
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Figure 1. Proposed model of the relationship between chrsingss, immune response and stress hormones.
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6.8. LIMITATIONS

The studies presented in chapters 2 to 5 of tkisistsuffer from several limitations. One
problem present throughout is the small samplessiged. This is a common problem for
caregiving and bereavement research, mainly dtleetohallenges regarding the difficult
recruitment of these groups of participants. Tioees one could assume that the limited
power of these studies is the reason for the latheosignificant effects. However, the
studies used G-power analysis programme to detertharequired number of participants
for a medium effect size. For example, the stude=xcribed in chapters 3 and 4, for the
medium effect size, with power at .80, and alph®%atwith 4 groups, required a sample size
on the basis of power calculation of 134. The aias to recruit at least 35 participants in
each group to allow for some small amount of mgsiata. Further, the sample size in the
present studies is of the similar magnitude argbime cases even greater than in previous
research that reported significant effects on imityui&Gallagher et al. 2009a, Glaser et al.

2000, Vedhara et al. 1999).

Another limitation that applies to studies in clept2 through to 5 is the method of
recruitment. Since the target of all the studieseshard-to-reach groups of participants,
parents of children with developmental disabilitigsouses of dementia patients or bereaved
younger adults, it could be argued that thereedbilas in these studies towards those that
cope better and are therefore more likely to tadet ip the studies, but may not be
representative of the caregiving/bereaved populatidowever, in all cases attempt was
made to minimise this bias by giving the optiorited home visits to participants and overall
organising the testing session so that they bésinslividual's needs, and the participants
reported similar high levels of psychological mality i.e., stress and burden to previously

reported samples. Further, most of the youngegiagrs from chapters 2, 3 and 4 were
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recruited via syndrome groups, and from our expeeethose were the parents that indicated
these support days as one of the very few quakatipport mechanisms available to them,

where they could gain the relief from their vemessful daily life.

A third limitation relevant to all the studies widwst they were all cross-sectional, and
therefore unable to determine changes in certgacs of immune function in the stressed
groups over time. This was particularly relevamtthe CMV studies presented in chapter 2
and a part of chapter 4 where comparing the amitic@ against CMV with the control

group could not determine if comparable antibodyle were indeed the consequence of the
adequate immune control over the virus or thereevaéner factors involved such as time
since initial infection. In that respect, futuomgitudinal studies that measure immune
function over the several time points using theesaample subset will be able to shed light
on this question, although it is envisaged that would be particularly challenging in these

difficult to reach groups.

A potential limitation which applies to the stud@®sented in chapters 3 and 5 is related to
the diurnal variations of stress hormone levelhsaagcortisol and cortisone (Nomura et al.
1997). Therefore, measuring the serum levelsegdthormones in a single time point could
be interpreted as inaccurate. However, attempis made to overcome this limitation by,
where possible, conducting the blood sampling értarrow time window, between 9-11a.m.
In addition, our initial aim for the study presehia chapter 3 was to collect and analyse 24-
hour urine samples, as a more accurate measune sfdroid hormone levels. However, the

analysis of these samples was not possible dueetodsts of the assay required.

Finally, studies in chapters 2 and 3 would berfggit introducing another measure of

immune response. In chapter 2, measuring CMV-fipécicell response would provide a
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better understanding of adequate control of CM¥éétibn. In chapter 3, in addition to
neutrophil function, measuring another componenmiafite immunity, such as NK cell
function, would increase the power of analysesweicer, in both cases, additional analyses
would require a large amount of the whole bloodiuailable in the present studies. In
addition, for the study in chapter 3, analyses Kfdgll function have already been conducted
and measured in the older spousal dementia caredigsterling et al. 1996, Esterling et al.

1994).

6.9. FUTURE DIRECTIONS

The findings from this thesis can be used as alfasseveral directions of future research.
A common path for all the studies would be repliwait using the larger sample in order to
either confirm or refute the present findings.atidition to this, the research in each of the

chapters can be taken forward in different ways.

The lack of differences in serum anti-CMV antibddse between younger parental
caregivers and controls should be further examinyeconducting a longitudinal study that
will monitor serum CMV seropositivity and corresjpiamg titre over several time points using
the same group of participants. Only then the kmman can be made if the comparable
levels between these two groups are indeed theeqarace of preserved latent virus control
in younger caregivers or present results are tiedaat of, for example, different infection
times. Further, other parameters of the immungesyslirected against CMV should be
measured. This includes CMV-specific T cell immynas the main effector system

responsible of controlling CMV infection, as wed BgyM antibody titre, that, in addition to
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IgG would provide a clearer picture about the twhéhe infection and if re-infection of the

virus has occurred.

The findings of the study presented in chapterddyeated that those caregivers with higher
psychological morbidity show poorer neutrophil ftioning. Therefore, they emphasise the
importance of extending the future research fooms fcaregivers in general, towards those
with greater stress, depression, anxiety and burttenther words, rather than generalising
the effect of caregiving stress across the pomnatiis perhaps more important to focus on
detecting individual feelings, needs and abilityuonction under particular circumstances.
This will not only enable early detection of thaesdividuals that need greater psychosocial
support, but will also provide the insight to thethod of the intervention that might be the
most helpful in order to preserve effective immdungction. For example, this particular
group of caregivers showed poorer neutrophil phgigses associated with higher anxiety
and burden and poorer neutrophil ROS productioh patorer sleep, suggesting therefore,
that those individuals would most benefit from tierventions targeting lowering anxiety
and providing more respite time. The need forvittlialisation of treatment is further
supported by the findings in chapter 4 that idedipbroblematic behaviour in care-recipient
as the driver of the higher senescent profile arabalgler caregivers, but no association
between other psychosocial variables and immunetifuming, again suggesting a need for
respite care and possibly interventions to helpeasph dementia patients’ challenging

behaviours.

Higher expression of the KLRG1 marker in caregiwspite comparable senescent and
exhausted profiles assessed through CD28, CD5PBAt marker presented in chapter 4 is
perhaps the most relevant for the future studiesssing on immunity. First, it complements

the previously reported studies that found a poeaecination response in both younger and
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older caregivers when compared to the age- andrsgghed controls. Second, KLRGL1 is
starting to emerge as the safest target for thersen of the early senescence and exhaustion
(Akbar and Henson 2011), and therefore potenttakybest pathway for the future
interventions. One direction would be to furtheplere KLRG1 as a potential mechanism

for increasing the function of specific T cellshi§ could then be used in future medical

interventions to boost vaccination response inrodahel stressed adults.

The final study in chapter 5 showed no differemcaeutrophil function and stress hormone
levels between bereaved and controls, which wagliy the lack of the effect in younger
group. There was also no indication of an associddetween psychological morbidity in
bereaved and immune or endocrine parameters, atbxclusion of those losing closer
relative and reporting higher grief having highertisol:DHEAS ratio, while those with
higher social support having lower ratio. Thisgesgts that in the case of bereavement,
immunosenescence is perhaps necessary for exedgaiive effect on neutrophil and
endocrine function. However, these findings arg preliminary and need to be further
confirmed in larger studies. Further, addition@asures of immune function would help in
understanding if the preservation of neutrophilction in young bereaved adults is in fact
representative of the immune response in genémtdrventions that address grief in younger
caregivers could also be a useful model for thdysti the potential to improve immune
function in those at risk due to high psychologalrbidity. Finally, additional decrease in
DHEAS in those caregivers and bereaved from theradhort who report higher anxiety
symptomatology, perceived stress, and for berepaeitipants, higher feelings of grief point
to, and further support the idea of an randomisedrolled trial of DHEA replacement

therapy to the stressed older adults.

163



6.10. CONCLUSIONS

In conclusion, the present studies demonstratedtibaeffect of chronic stress on immune
and endocrine function, be it caregiving or bereaset, is not straightforward, but depends
on many factors. These factors include the speicifmune parameters or hormones
measured; the age of stressed person; and, atldhstcase of caregiving stress, the
psychological resilience or burden of the individughere was no evidence that immune
control over CMV virus is compromised in youngeregydal caregivers, and similarly for
neutrophil function and serum cortisol and DHEAS@ung bereaved, suggesting that
previously reported decrements in these immunenpetexs for older populations were most
likely a consequence of the synergistic effecttobaic stress and immunosenescence. On
the other hand, neutrophil function, as well as sa@iithe markers of T cell-related
exhaustion and senescence, were preserved in botlyyand older caregivers when
compared to the age-matched controls. Similadgyrs cortisol and DHEAS as well as their
ratio were comparable between the groups, witmtam differences emerging between
young and old. However, the differences betweeagraers and controls emerged for the
KLRGL1 T cell profile, confirming previously the reged decrease in the vaccination
response in both young and old caregivers when aogdpto controls, and emphasising the
potential for manipulating KLRG1 related pathwaydguture immunotherapeutic measures
for boosting the immunity in the aged and stresdacaddition, caregivers had a higher
serum cortisol:cortisone ratio, which could indeatraised 13HSD1 activity in this
stressed group. Finally, the caregiving studidgcated the differential effects of caregiving
stress-influenced behaviours or emotions on diffeil@mune parameters. In the case of
CMV antibody titre, it was unhealthy behaviourstsas poorer diet and exercise levels and

higher BMI that was associated with the higher Cht\fibody titre. Further, caregivers with
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higher anxiety and burden levels as well as poslesp showed poorer neutrophil function,
while older caregivers who reported more problemaly@urs in their spouses with dementia
had higher senescent profile. Finally, althougiréhwas no association between
psychological morbidity and neutrophil functiontire young bereaved adults, those who lost
closer relative had lower serum DHEAS, and higloetigol:DHEAS ratio. These findings
implicate the importance of measuring individudfediences in chronically stressed groups
more closely rather than simply focusing on steegmsureper se as a better way of

examining mechanisms linking stress and health tamnyts for potential intervention.
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APPENDIX

ADDITIONAL FINDINGS FROM CHAPTER 3

The Table below presents the raw serum cytokingegalin pg/ml) collected from the
older and young, caregiving and control particisgresented in the chapter 3. Synibol
presents significant age effect; symbsignificant difference between caregivers and
controls; and symbdisignificant age * caregiving interaction effe@erum levels of the
cytokines: IL-B, IL-2, IL-4, IL-5, IL-6, IL-8, IL-10, IL-15, IFN+, TNF-a, and GM_CSF
were simultaneously detected using a Human CytokinPlex Panel for 96-well plate
(Invitrogen). The assay was performed followingigrs instructions (Invitrogen, Cat.
no.LHCO0001). Briefly, the polystyrene beads intdiyjndyed with red and infrared
fluorophores of different intensities are conjugiti® cytokine-specific capture
antibodies. The wells were coated withub0f mixed beads, aspirated and washed
twice, after which 100 of and 10@l of previously diluted standards were added to the
each well and incubated on the shaker for 2 hau25@rpm. After washing, cytokine-
specific biotinylated detector antibodies were adaed incubated for 1 hour allowing
binding to the corresponding immobilized cytokind&shing step was preformed to
remove the excess of biotinylated antibody, afteictv PE-streptavidin was added and
incubated for 30 minutes to allow the formatioradbur-member solid phase sandwich.
The excess PE-streptavidin was washed and the beadsanalysed using a Luminex
detection system (Luminex 100). The specific cytekiand their concentrations were
determined by monitoring the bead colour (analgte) the signal strength of the assay

(PE fluorescence).
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Mean (SD)

Young Older
Caregivers Controls Caregivers Controls
(N =52) (N =32) (N =37) (N =40)

IL-1p? 13.4 (24.63) 9.7 (9.16) 12.2(28.24) 8.7 (37.56)
IL-6 6.8 (11.07) 4.0(4.87) 14.0(27.02) 5.1 (8.17)
GM-CSF® 20.1(28.0) 27.6(36.92) 35.7(52.99) 24.1 (41.41)
IL-5 32.6 (101.19) 5.3(9.09)  13.3(40.12) 13.1(36.20)
IFN-y 6.6 (21.75)  2.4(1.95)  6.8(13.01) 2.7 (2.68)
TNF-o  44.0 (100.46) 10.7 (14.78) 43.4 (100.47) 22.9 (47.84)
IL-2° 6.5(10.11) 6.5(7.74)  6.8(15.36) 5.8 (13.67)
IL-4° 24.93 (55.44) 8.6 (7.68)  29.8(65.24) 16.8 (39.52)
IL-8*>'  21.7(33.42) 16.8(24.50) 58.9(156.38) 0.2 (1.37)

IL-10 © 66.5 (98.49) 81.2 (126.28)103.4 (146.27) 70.2 (122.39)
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ADDITIONAL FINDINGS FROM CHAPTER 4

The Table below presents correlations between Ciléstand the T cell senescent (CDagd

CD57") profiles split between young and older adults.

Young
r df p

CD4'CD28 T cells .32 41 .04
CD8'CD28 T cells .48 41 .001
CD4'CD57 T cells .43 41 .001
CD8'CD57 T cells .32 41 .04

Older
CD4'CD28 T cells .45 53 .001
CD8'CD28 T cells 43 53 .001
CD4'CD57 T cells .39 53 .004
CD8'CD57 T cells .22 54 A1
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HEALTH BEHAVIOUR QUESTIONNAIRE

Please circle the appropriate answer

Over the last year,| None 1-5 6-10 11-20 21+ 40+
how many
cigarettes, on
average, did you
smoke per day?
Over the last year,| Never| Special 1-2 1-2 Almost | 2 per
on average, how Occasions daily
often have you only per per day or
taken an alcoholic month week more
drink?
For the following question, please base your answarthe following:
1 unit = ¥ pint of beer, 1 small glass of wine, 1 @asure of spirit
Remember that home poured measures are likely lar dper
1 bottle of wine = 6 glasses, 1 average bottle @irsts = 27 measures
Over the last year,
on average, how
many units did you None 1-5 6-10 11-20 | 20-40 41+
drink per week?
Over the last year,
how many hours,
on average did you 0-3 4-5 6-7 8-9 10-11 12+
sleep per night?
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5. | Over the last year,| Never| Special 1-2 1-2 Almost | 2 per
how often have you Occasions daily
taken only per per day or
vitamin/mineral month | week more
supplements?

Over the last year, how many hours per week oragegave you spent participating in

activities which are:

6. | Mildly energetice.g| O 1-2 3-5 6-8 9-10 11+

walking?

1-2 3-5 6-8 9-10 11+

O
o

7. | Moderately energeti
e.g. leisurely
swimming, golf

8. | Vigorously energetic 0 9-10 11+

e.g. running, squash

Please answer the following questions with refezdncyour diet over the last year. Answer

as honestly and accurately as possible.

9. | Are you on a special No | Vegetarianf Vegan | Weight-loss| Other
diet of any sort?
If Other, Please State..........ouii i e e
10. | How often do Every Most days Once or | Lessthan Never
twice a once a
you eat )
day (3-6) week week
breakfast?
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11. Apart from breakfast, how many
main/cooked meals do you usually have
during theday? e

12. How many cups/cans of caffeinated
drink (coffee/tea/cola) do you usually
drinkinaday> e

Please indicate how often you have eaten eachedbtlowing foods over the past year.

Never| Less| 1or2| Most | Once 2-3 4 or

than days times | more
oncea & (3-6) a aday | times
week week day a day

Fresh fruit/salad/raw veg.

Cooked veg. (not potatoe

U)J
N—r

Chipsl/fried food

Potatoes/pasta/rice

Bread (2 slices=one

portion)

Crisps/similar

Tea

Sweets/Chocolate

Breakfast cereal

Biscuits/cakes/puddings

Low fat snack bars

Full fat dairy products

Reduced fat dairy products

Fish/seafood (not fried)

Poultry (not fried)
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Processed meat (e.g.
pasties, pies, burgers)

Beef/lamb/pork/ham/

bacon

Soft drinks (non-

caffeinated)

Pure fruit juice
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PITTSBURGH'S SLEEP QUALITY INDEX (PSQI)

1. During the past year, what time have you usualty dimwn to go to sleep?

Usual Bed time:

2. During the past year, how long (in minutes) haaken you to fall asleep at night?

Number of minutes

3. During the past year what time have you usugilyen up in the morning?

Getting up time:

4. During the past year how many hours of actual steéyou get a night? (This may
be different than the number of hours you spetieit)

Hours of sleep per night

For each of the remaining questions, mark the @se¢ fesponsé’lease answer all

guestions

5. During thepast year, how often have you haduble sleepingbecause you........

Not during
the past
month

Less than
once a
week

Once or
twice a
week

Three or
more
times a
week

Could not get to sleep within 30 min....

Woke up in the middle of the night or
early in the morning.....

Had to get up to use the bathroom...

Could not breathe comfortably...
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Felt too hot...

Felt too cold .....

Had bad dreams....

Had pain ......

6. During the past year, how would you rate your stegguality overall?
Very bad Fairly bad Fairly good Very god

7. During the past year, how often have you taken oieeli(prescribed or ‘over the counter’)
to help you sleep?
Not during the Less than Once twice Three or more

past month once a week a week times aak

8. During the past year, how often have you had t®stdying awake while driving, eating
meals, or engaging in social activity?
Never Less than Once or twice Three amore

oreeveek a week imés a week

9. During the past year, how much of a problem hlagsén for you to keep up enough
enthusiasm to get things done?
Not problem Only a ver Somewhat of A yebig

at all dhigproblem a problem problem
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HOSPITAL ANXIETY AND DEPRESSION SCALE (HADS)

This questionnaire is about how you feel in geneR#ad each item and circle the reply
which comes closest to how you have been feelingarpast week. Don't take too long over
your replies: your immediate reaction to each it@thprobably be more accurate than a long

thought-out response.

1. |feel tense or wound up | Most of the | A lot of the | Time to time | Not at all
time time
2. | still enjoy the things | Definitely | Not quite so | Only a little | Hardly at
used to enjoy as much | much all
3. I geta sort of frightened | Very Yes, but not | A little, butit | Not at all
feeling as if something | definitely too badly doesn't worry
awful is about to happen | and quite me
badly
4. |canlaugh and see the | As much as || Not quite as | Definitely not | Not at all
funny side of thingS always could| much now so much now
5. Worrying thoughts go A great Alot of the | Fromtimeto | Only
through my mind | deal of the | time time but not | occasionall
time too often y
6. |feel cheerful Not at all Not often Sometimes Most of
the time
7. | can sit at ease and feel | Definitely Usually Not often Not at all
relaxed
8. Ifeel asif | am slowed Nearly all Very often | Sometimes Not at all
down the time
9. | geta sort of frightened | Not at all Occasionally| Quite often | Very often
feeling like butterflies in
the stomach
10. I have lost interest in my | Definitely | I don't take | | may not take | | take as
appearance so much care quite as much | much care
as I should | care as ever
11. | feel restless as if | have | Very much | Quite a lot Not very Not at all
to be on the move indeed much
12. | look forward with As much as| Rather less | Definitely less | Hardly at
enjoyment to things ever I did | than used to| than | used to | all
13. 1 get sudden feelings of | Very often | Quite often | Not very often | Not at all
panic indeed
14.1 can enjoy a good book | Often Sometimes | Not often Very
or radio or TV seldom
programme
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CAREGIVING ACTIVITY SURVEY (CAS)

These questions ask about your caregiving time.

On average, for any given day or night, how many&ao you spend doing the following
for your children......?

1. Taking them to various places (other than shopdiygar or public transport (please
include preparation time).
Hours Min

2. Helping them to dress (undress, dress, remindiegn twhat to wear etc)
Hours Min

3. Helping them with their eating (cutting food, feregli cleaning them after eating)
Hours Min

4. Helping them to wash, brush their teeth, mainta@rtappearance over the day
Hours Min

5. Watching and supervising them in case they getdiffulty
Hours Min

6. On average, for any given week, how many hoursadofgel you have lost either for
work or leisure because of your caregiving role.

Hours Min

7. On average, for any given month, how many hounsiteegsocial services or friends
and family) from your caregiving duties do you ree€
Hours Min
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CAREGIVING BURDEN INDEX (BI)

This questionnaire assesses your stress expemdnist caring for your child/children. There

are no right or wrong answers. It is just your qvemsonal feeling that count. For each item,

please indicate how oftgrou have felt that way.

1. Do you feel that because of the | Never Rarely Sometimes Quite Nearly
time you spend with your child
that you don’t have enough time frequently always
for yourself?
2. Do you feel stressed between | Never Rarely Sometimes Quite Nearly
caring for your child and trying td
meet other responsibilities for frequently always
your family or work?
3. Do you feel angry when you are| Never Rarely Sometimes Quite Nearly
around your child?
Frequently | always
4. Do you feel that your child Never Rarely Sometimes Quite Nearly
currently affects your relationship
with other family members or frequently always
friends in a negative way?
5. Do you feel that your health has| Never Rarely Sometimes Quite Nearly
suffered by your involvement
with your child? frequently always
6. Do you feel strained when you aréNever Rarely Sometimes Quite Nearly
around your child?
frequently always
7. Do you feel that you don't have | Never Rarely Sometimes Quite Nearly
much privacy as you would like,
because of your child? frequently always
8. Do you feel that your social life | Never Rarely Sometimes Quite Nearly
has suffered because you are
caring for your child? frequently always
9. Do you feel you have lost control Never Rarely Sometimes Quite Nearly
of your life because of your
child’s disability? frequently always
10. Do you feel uncertain about what Never Rarely Sometimes Quite Nearly
to do about your child? frequently
always
11. Do you feel you should be doing| Never Rarely Sometimes Quite Nearly
more for your child? frequently
always
12. Do you feel you could be doing 8 Never Rarely Sometimes Quite Nearly
better job of caring for your child? frequently
always
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STRENGHTS AND DIFFICULTIES QUESTIONNAIRE (SDQ)

For each item, please mark the box on the bagtseathild's behaviour over the last six

months. It would help us if you answered all iteasdest you can, even if they seem daft!

If you have more than one child with developmedishbilities, please complete the

guestionnaire regarding the child with what yousider to be the most difficult behaviour.

Not Somewhat Certainly
True True True

Considerate of other people’s feelings

Restless, overactive, cannot stay still for lo

Often complains of headaches, stomach-ac

or sickness

hes

Shares readily with other children (treats,
toys, pencils etc)

Often has temper tantrums or hot tempers

Rather solitary, tends to play alone

Generally obedient, usually does what adu
request

8.

Many worries, often seems worried

9.

Helpful if someone is hurt, upset or feeling

10. Constantly fidgeting or squirming

11.Has at least one good friend

12. Often fights with other children or bullies

them

13. Often unhappy, down-hearted or tearful

14.Generally liked by other children

15. Easily distracted, concentration wanders

16.Nervous or clingy in new situations, easily

loses confidence

17.Kind to younger children
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18. Often argumentative with adults

19.Picked on or bullied by other children

20. Often volunteers to help others (parents,
teachers, etc)
21.Can stop and think things out before acting

22.Can be spiteful to others

23.Gets on better with adults than with other
children
24.Many fears, easily scared

25. Sees tasks through to the end, good attention
span

» Takes a long time to settle to sleep at night

» Wakes in the night often for long periods

» |Is awake very early before anyone else in the
family

During the past year how many times did you awakenmht on average? (This may be due

to young child(ren) waking and needing care)Times awake per night

During the past year, how often hay@&ot during| Less than | Once or| Three or

you had trouble sleeping because | the past | once a twice a | more
your child(ren) is/are wakeful and | month week week | times a
need care week
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PERCEIVED STRESS (PSS)

The questions in this scale ask you about youimgeland thoughts during thé\ST
MONTH . In each case, indicate by ticking in the appprspace how often you felt or
thought a certain way. Although some of the quest@are similar, there are differences

between them and you should treat each one asasasejguestion.

Never | Almost| Sometimes Fairly | Very
never often | often

1. In the past month, how
often have you been upse
because of something tha
happened unexpectedly?

~t  —+

2. In the past month, how
often have you felt that
you were unable to contrg
the important things in
your life?

3. In the past month, how
often have you felt
nervous or stressed?

4. In the past month, how
often have you dealt with
irritating life hassles?

5. In the past month, how
often have you felt that
you were effectively
coping with important
changes that were
occurring in your life?

6. In the past month, how
often have you felt
confident about your
ability to handle personal
problems?
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7.

In the past month, how
often have you felt that
things were going your
way?

In the past month, how

often have you felt that

you could not cope with
all the things you had to
do?

In the past month, how
often have you been able
to control irritations in
your life?

10.

In the past month, how
often have you felt that
you were on top of things

~J

11.

In the past month, how
often have you been
angered because of thing
that happened that were
outside of your control?

[2)

12.

In the past month, how
often have you found
yourself thinking about
things that you have to
accomplish?

13.

In the past month, how
often have you been able
to control the way you
spend your time?

14.

In the past month, how
often have you felt
difficulties were piling up
so high that you could not
overcome them?
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SUPPORT FUNCTION SCALE - SHORT FORM (SFS-SF)

Listed below are 12 different types of assistanbelvpeople sometimes find helpful. This
guestionnaire asks you to indicate howch help you need in these areas. Pleasike the

response that best describes your needs. Pleageraaikthe questions.

How often is each of the following kinds of suppavhilable to you if you need it?

1. Someone to talk about Never | Once in | Sometimeg Often | Quite
things that worry you a while Often

2. Someone to help take careNever | Once in | Sometimes Often | Quite
of your child a while Often

3. Someone to talk to when | Never | Once in | Sometimes Often | Quite
you have questions about a while Often
raising your child

4. Someone who loans you | Never | Once in | Sometimes Often | Quite
money when you need it a while Often

5. Someone to encourage of Never | Once in | Sometimes Often | Quite

keep you going when a while Often
things seems hard

6. Someone who accepts | Never | Oncein | Sometimes Often | Quite

your child regardless of a while Often
how (s)he acts

7. Someone to help with Never | Once in | Sometimes Often | Quite
household chores a while Often

8. Someone to relax or joke| Never | Once in | Sometimes Often | Quite
with a while Often

9. Someone to do things withNever | Once in | Sometimes Often | Quite
your child a while Often

10.Someone to provide you | Never | Once in | Sometimes Often | Quite

or your child with a while Often
transportation

11.Someone to hassle with | Never | Once in | Sometimeg Often | Quite
agencies or individuals a while Often

when you can't
12. Someone who tells you | Never | Once in | Sometimeg Often | Quite
about services for your a while Often
child or family
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MEDICAL OUTCOMES STUDY: SOCIAL SUPPORT SURVEY (MOS- SSS)

About how many close friends and close relativegalohave (people you feel at ease with

and can talk to about what is on your

People sometimes look to others for companionstsgistance, or other types of support.

mind)?

How often is each of the following kinds of suppavailable to you if you need it?

None | Alittle | Some | Most | All of
of the | of the | of the | of the | the
time |time time |time |time
. Someone to help you if you were
confined to bed
. Someone you can count on to listen to

you when you need to talk

. Someone to give you good advice
about a crisis

. Someone to take you to the doctor if

you needed it

. Someone who shows you love and
affection

. Someone to have a good time with

. Someone to give you information to
help you understand a situation

. Someone to confide in or talk to

about yourself or your problems
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9. Someone who hugs you

10. Someone to get together with for
relaxation

11. Someone to prepare your meals if yjou
were unable to do it yourself

12. Someone whose advice you really
want

13.Someone to do things with to help
you get your mind off things

14.Someone to help with daily chores if
you were sick

15. Someone to share your most privatg
worries and fears with

117

16.Someone to turn to for suggestions
about how to deal with a personal
problem

17.Someone to do something enjoyabl
with

4%

18. Someone who understands your
problems

19. Someone to love and make you fee
wanted
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(PEARLIN) PROBLEMATIC BEHAVIOUR

In thepast week how many days did you personally have to dedi e following behaviour

of your spouse/partner? On how many days did she/h

1. Keep you up at night Nodays |1-2days | 3-4days |5/more
days
2. Repeat questions/stories Nodays |1-2days | 3-4days |5/more
days
3. Tryto dress the wrong way | No days | 1-2days | 3-4 days |5/more
days
4. Have a bowel or bladdemo days |1-2days | 3-4days |5/more
“accident” days
5. Hide belongings and forgetNo days | 1-2 days | 3-4 days | 5/more
about them days
6. Cry easily Nodays |1-2days | 3-4days |5/more
days
7. Act depressed or downheartedNo days | 1-2 days | 3-4 days | 5/more
days
8. Cling to you or follow you No days |1-2days | 3-4days |5/more
around days
9. Become restless or agitated | No days | 1-2 days | 3-4 days | 5/more
day:
10.Become irritable or angry Nodays |1-2days | 3-4days |5/more
day:
11.Swear or use foul language | No days | 1-2 days |3-4 days |5/more
day:
12.Becomes suspicious, or Nodays |1-2days | 3-4days |5/more
believe someone is going to days
harm him/her
13.Threaten people Nodays |1-2days | 3-4days |5/more
days
14.Show sexual behaviour or | Nodays |1-2days |3-4days |5/more
interests at the wrong days
time/place
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THE QUESTIONS ABOUT THE BEREAVEMENT

These questions are about your recent bereavement.

1. How long is it since you were bereaved? (dagstits — please delete one)

2. How was the person who has died related to gpause/relative/friend)?

3. How old was this person when they died?

4. Was the death of this person expected/unexpecteldase delete one)

Please tick below if this event has happened to you

For each event that happened to you, please scorevi serious (stressful, worrying,
disruptive) a problem was on a scale of 1 to 10, whe 1 is something really small and

unimportant and 10 is the worst thing that could eer happen to you.

Spouse / partner | Happened to me —> |B[3|4|5/6] 78 9|10

died Didn’t happen

Other household | Happened to me

member died Didn’t happen
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Other close family Happened to me —> 2 g 10

(parent, child, Didn’t happen

sibling)

Other more distantHappened to me —> 2 g 10

family died Didn’t happen

Friend died Happened to me —> 2 87| 9/ 10
Didn’t happen
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CORE BEREAVEMENT ITEMS (C

These questions ask you about your feelings sioae ngcent bereavement. Please circle the

appropriate answer.

BI)

1. Do you experience images gf Continuously| Quite a bit of A little bit | Never
the events surrounding this the time of the time
person’s death?

2. Do thoughts of this person | Continuously| Quite a bit of A little bit | Never
come into your mind whether the time of the time
you wish it or not?

3. Do thoughts of this person Always Quite a bit of| A little bit | Never
make you feel distressed? the time of the time

4. Do you think about this Continuously| Quite a bit of A little bit | Never
person? the time | of the time

5. Do images of this person Always Quite a bit of| A little bit | Never
make you feel distressed? the time of the time

6. Do you find yourself Continuously| Quite a bit of A little bit | Never
preoccupied with images or the time of the time
memories of this person?

7. Do you find yourself thinking  Always Quite a bit of| A little bit | Never
of reunion with this person? the time of the time

8. Do you find yourself missing| A lot of the | Quite a bit of| A little bit | Never
this person? time the time | of the time

9. Are you reminded by familiar A lot of the | Quite a bit of| A little bit | Never
objects (photos, possessions,  time the time | of the time
rooms etc.) of this person?

10.Do you find yourself pining | A lot of the | Quite a bit of| A little bit | Never
for/yearning for this person? time the time | of the time

11.Do you find yourself looking| A lot of the | Quite a bit of| A little bit | Never
for X in familiar places? time the time | of the time
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12.Do you feel distress/pain if | A lot of the | Quite a bit of| A little bit | Never
for any reason you are time the time of the time
confronted with the reality
that this person is not
present/not coming back?

13.Do reminders of this person| A lot of the | Quite a bit of| A little bit | Never
such as photos, situations, time the time of the time
music, places etc. cause you
to feel longing for this
person?

14.Do reminders of this person| A lot of the | Quite a bit of| A little bit | Never
such as photos, situations, time the time of the time
music, places etc. cause you
to feel loneliness?

15.Do reminders of this person| A lot of the | Quite a bit of| A little bit | Never
such as photos, situations, time the time of the time
music places etc. cause you|to
cry about this person?

16.Do reminders of this person| A lot of the | Quite a bit of| A little bit | Never
such as photos, situations, time the time of the time
music places etc. cause you|to
feel sadness?

17.Do reminders of this person| A lot of the | Quite a bit of| A little bit | Never
such as photos, situations, time the time of the time
music places etc. cause you|to

feel loss of enjoyment?
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THE IMPACT OF EVENT SCALE (IES)
Below is a list of comments made by people afterssful life events like bereavement.
Using the following scale, please indicate (wittick) how frequently each of these

comments were true for you DURING THE PAST SEVENYA

With regard to your bereavement... Not at| Rarely | Sometimesg Often
all

1. |thought about it when | didn't mean
to

2. |l avoided letting myself get upset
when | thought about it or was
reminded of it

3. Itried to remove it from memory

4. | had trouble falling asleep or staying
asleep because of pictures or thoughts
about it that came into my mind

5. I had waves of strong feelings about
it

6. | had dreams about it

7. | stayed away from reminders of it

8. I felt as if it hadn't happened or wasn't
real

9. Itried not to talk about it

10. Pictures about it popped into my
mind

11. Other things kept making me think
about it

12.1 was aware that | still had a lot of
feelings about it, but | didn't deal with
them

13.1 tried not to think about it

14. Any reminder brought back feelings
about it

15. My feelings about it were kind of
numb
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