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Abstract: The circadian system controls the daily rhythms of a variety of physiological processes. Most organisms show
physiologica] metabolic and behavioral rhythms that are coupled to environmental signals. In hduheamain
synchronizer ighe light/dark cyclealthough norphotic cues such as food availabilibpise and work schedules are also
involved. In a continuously operating hospitdle lack of rhythmicity in these elements can alter the patientOs biological
rhythms and resilienc&his paper presents a Theory of Inpatient Circadian Care (TICC) grounded in circadian principles.
We conducted a literature search on biological rhyththeonobiology nursing careand middlerange theories in the
databases PubMe&ciELO Public Healthand Google Scholar. The search was performed considering a period of 6
decades from 1950 to 2013. Information was analyzed to look for links between chronobiology concepts and
characteristics of inpatient care. TICC aims to integrate multidisciplinawlkalge of biomedical sciences and apply it

to clinical practice in a formal way. The conceptual points of this theory are supported by abundant literature related to
disease and altered biological rhythms. Our theory will be able to enrich currentumedoiatfessional practice

Keywords: Biological rhythms chronobiology circadian rhythmshospital middle-range theorynursing.

INTRODUCTION because almost all follow a schedule of interventions such a
i medication maagement food management laboratory
Inpatient care represents a challenge for healthsampling testing and visits. This alters the patient's own
professionals because the requirements for each patient afgyting which is already disturbed by the changes brought
diverse. Timing is a key element in patient care at hospital$hout by the diseasesleep disturbances and family
dependency. Displacing the patientOs lifestylg family or
*Address correspondence to this auttadr the Universidad de Ciencias work environment with the hospital environment  that
Aplicadas y Amf)ientales (U.D.C.A) at the School of Nursing, Bogotf, dlsgngages their vital functions and daily activities from
Colombia:Tel: +57 1 6684700Eax: +57 1 6760096: environmental factors can generate great stress. The
E-mail: andcamargo@udca.edu.co environmental cues given by the social environment are
changed by the regulaospital characteristics of noise peaks
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and constant light. Changes in routines and rhythms can alterital body processesvhich requires a command from the
the patientOs recovery process and ability to adapt. central nervous sgem [6].

Understanding the presence of biological rhythms in  In mammalsthe temporal control is performed from the
healthy subjects and patients in relationshifthwtheir suprachiasmatic nucleus (SCN) located in the
external environmeptcan contribute and strengthen the hypothalamus. The SCN acts as a pacemaker through th
scientific rationale for nursing practice. Although there is expression of at least a dozen genes called clock genes
abundant literature related to the topic of biological rhythmsHowever new evidence suggestsatiperipheral clocks exist
and their role in the homeostasis of the individual andin tissues of some organs to modulate many aspects o
diseaseso far there is no middieange theory that integrates physiology and behavipallowing for temporal homeostasis
existing knowledge of biological rhythms and patient care.[12, 13].

The purpose of this paper is to propose a midalge

theory for inpatient circadian care. ZEITGEBERS OR "TIME -GIVERS"
OVERVIEW OF THE THEO RY OF INPATIENT Addition to the internal factorshere are external factors
CIRCADIAN CARE (TICC) that synchronizethe internal clock to changes in the

environment (the external synchronizers are called

Time is a phenomenon that affects the biological Zeitgebers or "timeivers"). The strongest synchronizer is
activities of organisms. Timbound activities are present at the cycle of light/dark which adjusts the timing of the
all levels of biological organization from the cellular to the circadian clock to a 2#our interval. In additionto the
systemic level and are known as biological rhythms.light/dark cycle various other factors such as food habits
Biological rhythms are known to all physiological social and working hourand the administration of drugs for
phenomena that occur in a cyclical manner in living medical purposes may also affect biological rhythms in
organisms. The importance of biological rhythms in living humans [5 6, 14]. The light/dark cycle determines the
organisms stimulated the development of chronobiglagy sleep/wake cye€ one of the vital biological rhythms that is
line of physiology that was born with the congress onfundamental for life body homeostasisand recovery of
biological rhythms in Cold Spring Harbor (1960) directed by body daily wear. This cycle is determined by endogenous
Prof. Dr. Franz Halberg [1]. Chronobiology studies the factors but also by external cues such as light and noise
temporal organization of biological processes at thelevels and working hours. Sleep/walkattprns can be unique
molecular cellular, tissue systemic and the individual to each individual and their alteration can cause health
levels and the interactions betweehig organization and problems.
their environmentin order to establish a correlation between

environmental events and the organization of biological lliness and hospitalization processes _constitute an
functions 9 9 important risk factor for disruption of the rest/activity and

sleep/wake rhythmswhich are also modified by other

Biological rhythms are mechanisms that prepare the bodyactors including ageanxiety, depressionpain medication
for predictable changes in the environment. @redictable  managementnd hospital environment. Factors such as light
event that occurs repeatedly over time at a constant intervand noisetypical of the hospital environmentan alter the
is the daynight cycle [2 3]. Biological rhythms are beginning of the sleep phase [1%5].
classified into three groups according to thehddir day:
Ultradian rhythms are rhythms shorter than 24 hours;
Infradian rhythmsare rhythms lasting longer than 24 hour
(weeks months or seasons); an@ircadian rhythmshave a
period of about one day (the term circadian rhythm was
coined by Franz Halderg from the Latin cir€around" and
dian "day', which literally means 'mout a day") [4].
Circadian rhythms are the most often studied rhythms due t
their clinical implications and physiology-[H.

The TICC proposed theory has oney concept:
adaptation. This concefg fundamentain the model of Roy
one of the theoretical models that support current nursing
practice worldwide [17]. Several middiange theories
derived from the Roy adaptation model apply to all nursing
practiceand propose that the objective of patient care is to
restore balance and conserve energy homeostasis [17
?—|ospitalization processes cause a disturbance in life
requiring a period of compensation followed by adaptation

Most physiological and behavioral functions in humanswhich can be positive or negativeand complete or
change over day and night. These changes allow organismacomplete [18]. These changes require the organism tc
to anticipate ath adapt to changes in the environment of light implement strategies to effectively ensure its survival against
and dark which are linked to the rotation of the earth in achallenges in everyday situations and critical periods of
precise and controlled way B]. This rhythmicity is changes in the environment. Adaptatidromeostasis and
generated by specific structures called endogenous biologicaurvival are the goal of nursing care [2D].
glroiknsictﬁﬁétf&iﬁor?srt]ﬁgﬁg g:(tf?o tore%g?]ﬁgafr gggénn?:le Currently there is enough scientific evidence showing
ex%ernal signals. These fluctlf)ations a|F|)0W the development (;}F'at rhythmicity and adaptability are key elements in the

: ' o . henomenon of biological rhythms. Evidence also shows
adaptive processes by the individual towards environment

changes [11]. These changes provide the indivithtatnal ow these elements can determine health oradee
9 : -hanges p . ; However there is widespread lack of understanding among
temporal order essential for the survival of the species. Th

. : A . €S, N4 ealth professionals about this evidence and the implications
main function of this internal order is to optimize

metabolism and ensure the proper use of eneray to sustaOf clinical interventions care and environmental factqgrs
prop 9y Clich as lightingnoise and sleep disturbances in hospitalized

patientg21].
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THEORY DEVELOPMENT P ROCESS life [31]. The development of a sleep pattern coincides with

) ) the development of the central nervous system: "infant sleeg

The method employed in order to develop the middle ¢ pe considered as a window to observe the developing
range theory about theinpatient Circadian Care (TICO) prain" [32]. It has been proposedat alterations in normal

was the same one employed for the development of th%leep development could expose problems in the

middlerange theory in aviation nursing: OFlight Nursing development of the central nervous system and therefore

Expstise: towardsa middlerange theory(2g]. imply risks to a personOs adaptation to the environment [32].

Initially, key concepts were stated by the authors based |t is jmportant to note that not all individuals are equal
on their previous knowledge and professional experiencefom the point of view of time. Different circadian
The following ~ key concepts were established: phenotypes are called chronotypes. A chronotype is definec
chronobiology biological rhythms circadian rhythms 55 the personal preference regarding the wake (activity) anc
hospita] and adaptation. These concepts guided angieep (rest) schedule. Three basic chronotypes have bee

exhaustive literature review using databases such agescribed: morning (early birdgvening (night owls)and
PubMed SciELO Public Health and internet Google jntermediates [3334].

Scholar. The data search was done using the key terms: ] ] )
biological rhythms chronobiology circadianrhythms nurse Usually childhoodthere is usually a preference for being
care middlerange theoriesand adaptation. The search was @n early riser. Due to hormonal changéss preference may
performed taking into account a period of 6 decades fronfhange during adolescendeetween ages 12 to [16ue in
1950 to 2013. Finallyan analysis of the information and a large part to hormonal ihfences. The individual becomes
discussion were dopsupported by all the information that More of a night owl and increases the number of sleep hour:
wasfound and the decades of experience in basic and clini@ Night phase delaying such that they prefer to awaken in
research for each author in the disciplines of nursing the. late morningcloser to noon. This situation continues
medicine chronobiology neuroscience and genetics. In until about age 20 [387]. In adults the skep period is
order to strengthen the conceptual frame of this thesey gradually reduced and tends to be common for the elderly tc
integrated theoretical elemtsn with clinical practice. ~ Prefer a more phase advanced chronqtypiéh early bed
Connections between concepts of chronobiology and thdimes and early awakenings before d4@).

characteristics of the care for the hOSpitalized patlent Extreme morning and evening Chronotypes can also be
focusing on the nursing care were examined. In order t:onsidered. These featurae anediated by a combination of
build this new theoryinductive and deductive reasoning genetic demographic (age and gender)individual
processes supported in empiric evidence and experience (personality lifestyle, working  conditions) and
were used. environmental factors such as geographic latitu@ie B5,

39, 4qQ.
OPERATIONAL DEFINITI ON OF CONCEPTS Circadian rhythms not only modulate normal

The middlerangeCinpatient Circadian Ca@(TICC) has ~ Piochemical physiological and behavioral variables a
three basic building blocks: daily basis,but also determine prognosis and response to

treatment at the onset of disease. Many diseases also exhit

1)  The patient or circadian subject (time subject) temporal structure: signs and symptoms vary during the day
2)  The synchronization press of a patientOs biological in conditions such as asthpyzeptic ulcer gastroesophageal
rhythms reflux diseasehemorrhagic and ischemic strokepilepsy

. . o _myocardial infarctionhypertensionventricular arrhythmigs
3) Hospital staff synchronizers of a patientOs biological cancer depression anxiety bipolar disorder and

rhythms andime-giver (Zeitgebers). Alzheimer's disease. A common outcome for many of these

The following concepts arise from this theory: the diseases is deathand even this outcome may have a
circadian subjecOl clock®the ®ynchronizationOprocess  particular time of presentatiod1-51].
of biological rhythms of an individualand the temporal
environment or time giving environment represented in thisOSynchronizationO Process

model by the hospital staficlockmaker@Fig. 1).
Under disease conditions the circadian human being lose:!

synchronization beveen the oscillations of the biological

R . clock and the rest of the bodgesulting in internal clock
Circadian Human Being Ol ClockO desynchronization with periods different from the-t&ur
cycle (early or late phase). This can develop in patients with
chronic diseases such as diabgtegertensionor cancer
[52, 53. It may also be present in depressive states and othe

information adjusts the fetal internal clodkus emmiting psychiatric disorders5f]. Given the high incidence and
signals for labor initiation and birth. Latén the neonatal susceptibility of people to suffer from internal

stage circadian cycles will depend on the light/darkness yogynchronization research and clinical observations
pericds [2330]. During the first years of lifethe challenge g ggestthat individual genetic factors play a determinant
for every individual is to .adapt to a sleep/wake cycle role in both acute and chronic medical conditifs’s, 58.
appropriate to the surroundings. This sleep/wake cycle W'”Desynchronization of circadian rhythms (egleep/wake

adjust itself progressivelyand it will be mediated by genetic le) i il ifested | disturb istent
and cultural factar that modulate the sleep habit throughout cycle) is promptly manifested as sleep disturbapeesisten

Concept definitions:

In the circadian human beinthese rhythms arpresent
throughout life. During prenatal lifehe maternal circadian
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Fig. (1). Inpatient Circadian Care (TICC). Biological rhythms are regulated by the environment due to the presence of timers ensZ
(1). Disease is characterized by structural and functidretges that can be caused by alterations in biologic rhythms and/or interfere
the internal rhythms of the individual (2). Hospitalization represents a new environment for the patient, with new andsethdt can
complicate the recovery of the ptt (3). The role of nursing is to intervene with the factors, both external and individual, that contribt
the desynchronization of the internal rhythms to favor patient«s recovery.

fatigue hypnotic drug deendence and impaired moagd rhythms. Chronodisruption is associated with a higher

including depressiorb[/]. incidence of metabolic syndromeardiovascular diseases
) ) cognitive and affective disordeisdeep disordersome types
Temporal Environment as a Synchronizer of cancer premature aging and accidents 63, 64.

Chronodisruption can be poteaitted by the hospital as a new
environment for the patient place where ambient clues
appear different from clues generally found in daily
activities: illumination noise infrastructure temperaturg
workers ventilation security visiting time number of
patients in each roomclinical assessmentinvasive
procedures laboratory testsand medications intake. All
these elements together can alter the circadian synehroni
zation of a patient physiologicallypsychologically and
socially.

The spatial and temporal émnments intervene in each of
the concepts of ill perspmursing and health in a complex
personrenvironment interaction5B]. The circadian human
being is subjugated to continuous adaptatitrough
external time signals @tgebers)with light being he most
powerful followed by feeding timg daily activity and
resting social interactionand exercising. All these factors
allow the individual to keep adapted and guided to the
temporal environment in his dailyactivities [5961].
Nevertheless an asynchrony can present between the
internal and external clocksand the illumination/darkness | 3
cycle caused by multiple factors: rapid travels through hour OClockmakerOand Circadian Rhythms in Hospitalized
time zones nocturnal working time and exposition to  Patients

excessive bright light at night. All ohése factors generate

desynchronization with the external tirgivers B0, 62. The aim of hospital staff interventions is to allow

hospitalized patients to conserve or restore in concordance
This state is called chronodisruption that is defined as awith their internal clock and their environment. This can be

significant disturbance of the temporal internal order of theaccomplished using the following eightinciples:

physiologica] biochemical and behavioral circadian
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Control of Suitable Light/Dark Cycles severity. An example of this i®en in how evening doses of

i ) ) antihypertensive therapy can be used to prevent morning
_ Constant exposure to bright ligttoth during day and  (ises’in bloodpressure 79]. The evening dose of the drug
night has negative effects on circadiatythms [65],  may thus be well timed with diurnal changes in blood
creating an inadequatenvironment to sleep [66]lt is pressure preventing diurnal worsening of hypertension.
important for nurses to take into aco that proper  Apother example is chemotherapy in which researchers have

exposure to light is essential for therapeutic stimulation  found that the toxic effects of more than 30 anticancer drugs
order to help to maintain patientOs circadian rhythms. In thigary by timing of adhinistration [80]

sensenatural light/dark cycles can be simulated in hospitals

leading to a better distribution of the periods of activity/rest. ~ Currently however a large number of drugs are
Parameters such as light intensfrgquency and duration of administered without considering time of day or atg
light exposure and spatial distributign are already schedules to chrono;herapegnc pnnuplgs. This S|tuat|orj may
established[67]. For example the llluminating Engineer léad to treatment failure or increased risk for drug toxicity.
Society recommats daytime light levels of 30 lumens/ft for Furthermore alterations in the circadian rhythms of

hospital roomg68, 69] biochemical physiologica] and behavioral processes
induced by the drugtself can alter homeostatic regulation
Noise Level Regulation and exacerbate the dised84-86]. Therefore nurses must

o ) ] ] consider chronopharmacology as a means of increasing thi
Noise is a major source of environmental pollution and efficacy of drugs and improving drug tolerangeaying

has a harmful effect on health and wellbeing. Sound levelgtention to potential side effects of circadian disruption.
higher than 45 decibels (dB) interfere with

communication disrupt sleep and can lead to increased Rationale for Management of Practices and Procedures
stress in patients. Recommended sound levels in hospital . ) L :
rooms are 35 dB. Therefore nurses should be alert to Clinical procedures and tests in hospitalized patients
perturbing sounds such as alarms from infusion pumps©ftén require patient preparation (food deprivatidiid
phone ringing and the sound of nurseéhoesin order to intake laxatives etc.) which induces stress and discomfort.
reduce disturbance lelseand improve quality of care [68, Also, several usual care practices (such as taking vital signs

70-73]. or laboratory samples) are performed unexpecteuiout
preparing the patient. Similafly medium and high
Temperature Levels Regulation complexity surgical procedures are oftgrogrammed

] ) ) considering hospitaIO§ staff schedules and availability
Although the circadian clock can be entrained by regardless of a patientOs biological chronotype. For example
temperatee cycles [74]ts freerunning period is relatively \aginal delivery or caesarean sections are programmed ir

constant within a broadange of physiological parameters. accordance to personnel convenienteus altering the
This phenomenon is called temperature comgensd75]. timing of thenatural birth process.

Extreme temperatureBowever have the potential to disrupt » B ) .
sleep continuityand therefore may contribute to an adverse ~ Cognitive ability and capacity of the professionals who
care environment. The threshold of recomdesh room  Perform procedures may also vary throughout the waich
temperature for healthy sleep is less than 75 degreed) turn may interfere with the procedqreOs .duratlon anc
Fahrenheit (jF). Thysan adverse environment with extreme outcome. All these elements generate disfrasziety, fear
temperatures associated with changes in the level of ligh@nd further a patient's internal desynchronization.
(e.g, combination of bright light!low temperatyre A'dd|t|onqlly, it shoul'd be empha5|zed that §eve(al
darkness/hot temperag)rmay contribute to the disruption blophgmlcal and physiological variables show a circadian
of continuous sleep. Nursing interventions should focus onvariation[87-92].

maintaining the temperature of the hospital rooms at les

than 75jF in order to improve sleep efficierj{ég, 76] Control of Feeding Schedules

There is an association between sleemation and food
intake [93] The timing of food intake and behavior are

Suitable drugadministration is important to align therapy controlled by the internal circadian cloaind the circadian
to endogenous rhythms. Chronopharmacology refers thé&ontrol of food intake and digestion has important metabolic
Odesign and evaluation of drug delivery systems that relead@Plications [93, 94] For example chronic circadian
a bioactive agent at a rhythm that ideally matches theMisalignmenthas been proposed to be the underlying cause
biological requirement of a given diseakerayO [77] The  for the adverse metabolic and cardiovaschlealth effects
pharmacodynamics and pharmacokinetics of a drug can bgf shiftwork [95] Furthermorgit was recently reported that
altered according to the time of day that the medication isliming of food intake influences the success of a weligst
admiristered [78] thus controlling the efficacy and toxicity di€t [96], suggesting thatovel therapeutic strategies should
of the drug. Chronotherapy can be delivered through a incorporate not only the classic caloric intake and
specific drug application regimens. ChronopharmacologicalOchrononutritionOappropriate times of food intake can
techniques ensure that drug levels in the blood are withirPrévent metabolic and circadian alterations ingagent by

therapeutic ranges during periods of maximal diseasdeducing cardiovascular risk; and improving nutrientsO
supply that collabate to the patientOs recovery-]®a].

Adequate Drug Administration
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Encourage Social Interaction

A disruption in social rhythms may lead tcsiability in

circadian rhythms [102, 103]The hosptlization process
S ; : HEAL

leads to a rupture of social tjescluding separation from
family, friends and daily activities [104]Therefore it is
important that hospital nurses encourage social habits an
interactions by facilitating visiting hours providing
information about what is happening in their environment

and promoting leisure and recreation. Better communicatior

and interaction among patiemurses and doctors regarding @

patientOs health status will promote recovery. Taker

together these factors allg patients a proper synchronizat

ion with the social environmenteduce stress leveland

transition back into the family setting after hospital __ L,

discharge. @

Promote Adequate Sleep Pattern (Sleep Hygiene)

REENING

ENTION

P

Disturbed sleep quality is associated wileficits in

psychologic¢ behavioral and somatic functions and predicts ENT

the emergence of deficits in interpersonal and psychosocie DISEASE OSPITALIZATION
functioning [105] Models used in the investigation of sleep

quality emphasize the role of caretakers in ensuring tha REH

patients have a regular sleep/wake schedalsuitable sleep

environment and a bedtime routine that prepares them

physiologically behaviorally and emotionally for sleep. Fig. (2). The circadian nursing care of the hospitalized patient and

These practicescommonly referred to as sleep hygiene costs in health system. A scientific nursing practice that makes the
influence sleep quality. Nursewill understand thatin accurate intervention to correct the disruption of the patient«s
addition to controlled environmental factprhere are a  biological rhythms can reduce costs by avoiding prolonged
number of individual and intrinsic factors that induce and hosptalary stays and severe complications in the patient (1). An
maintain sleep through personal routifis6]. inappropriate attention of the patient without considering biological
rhythm«s synchronizing and desynchronizing factors implies the

| probability of raising costs in the attention of health smwiand
iggppropriate quality of attention (2).

In summary there is clearly a need for incorporating
these eighprinciples into bedside practice protocols as wel
as a need for further research to assess the positive outcom

of these efforts.
CONCLUSION AND IMPLI CATIONS FOR

THE THEORY AS A WHOL E PRACTICE AND RESEARCH

Chronobiology applied to patient care has broad
plications for clinical practigebasic clinical researgkand
he training of new health care professls. Knowledge of

There is strong scientific evidence that demonstrates an
reciprocal relationship between a robustda&yenous
circadiansystem and the presence of regularly programe : : P : : .

; . , . uman circadian variations (physiologicgdsychological
Z_eltge.bers. Durlng d!sea,sethe correct function of the behavioral and social) as well as knowledge of how a
circadian synchronization system can be more dependent Oflisease behaves dur’ing a-ladur period considering its
exposure to intentionally programmed stimuli. Light leyels

hvsical activiv. t ¢ d feedi K | i signs and symptomsas well as the desired and undesired
physical activiy, temperatureand feeding are key elements o ofes of medicationswill generate an appropriate care
for the internal synchronization of the central circadian clock

and peripheral circadian oscillators. In such conditians plan for the timing needs of the patient. A care plan should

larl p Zoeb based includes ensuring a stable external environment for the
regularly programed exposure to edgebers based on individual, with suitable lightdark cycles low noise
rational and SC|ent|f|q crlterJaNouI.d'be very important to constant temperature and  prper drug and food
recovery aqd ngl be!nglpﬂ. Av0|d||jg desynchronlzanon dministration. In addition minimizing isolation and
and promoting C'fc?‘d'a” homeostasis contributes to optima ncouraging social interaction should be introduced into the
physmlqg!qal function ggngral .good heaIIha}nd reduced plan of care for any lonterm patient. This holistic approach
susce.ptl'blllty to comorbidities in persons W.'th an ecat presents an integration of existing scientific knowledge on
chromc |II'ness 1.08]: For the health systempaying attention . chronobiology and the art and skill of nursing practice.

to circadian principles could reduce costs by preventive

interventions that diminish patient complications and reduce The patient is in continuous interaction with the
hospital stay (Fig2). environment (family group community society and



Theory of Inpatient Circadian Care (TICC)

hospital room) andaccordingly experiences particular life  [15]
styles and responses to health and disease. The need to h@/a
an updated knowledge base on biological rhythms require
that the nurse interact with other disciplindmth basic  [17]
biomedical sciences and clinicians. Given thattaier
circadian traits are inheritedunderstanding the genetic
architecture of molecular mechanisms of the circadian clock!®!
regulation can provide the necessary knowledge for
individualizing patient careand thus facilitating a rational [19]
therapeutic approado their hospital care.

Finally, the performance of nursing care based on curreni2o]
scientific knowledge of chronobiology can positively impact
the costs of health systems to detect and prevent elements Bf!
the individual or the environment that may digruqr
interfere with the patient's recovery. This can help reducgzz
hospitalization timgmedical and surgical complicatigreand
reduce morbidity and mortality. Howevenore research is  [23]
required in the area of circadian nursing care to determine
the practial utility of this theory and to generate new [24]
knowledge that can strengthen the training of new
professionals and the quality of current professional nursing[
practice. 25]
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