


Conclusions

Scheduling regular cardiovascular control in accordance with periodicities in diabetes,

elderly, and smoking patients more than once a year may improve patient health and social

consequences.

Trial registration

NCT03967639.

Background

Diabetesmellitusisacomplexmetabolicdiseasethatcanaffectvital functions[1]. Cardiovas-
cularcomplications,suchasatheroscleroticcardiovascularandheartfailure,aretheleading
causeof morbidity andmortality in patientswith type2 diabetesmellitus(T2DM), which is
themostcommonform of thedisease[2, 3]. Treatmentof cardiovascularcomorbiditiescom-
prisesdrug therapy;however,progressionand/orexacerbationof thesediabetes-relatedcircu-
latorycomplicationsoftenrequiresurgicalintervention.

It iswellestablishedthat theincidenceof severecardiovasculardiseasesexhibitsaseasonal
pattern,with morefrequentrelativeoccurrenceduring winter [4±9].Severalfactorsmaycon-
tribute to theseseasonalvariations,suchasactivationof thesympatheticnervoussystemand
increasedcathecholamines[10], elevatedserumcholesterollevels[11], prothromboticshift in
thehemostaticsystemviaelevatedfibrinogenlevels[12,13],decreasedphysicalactivity[4],
andvitamin D deficiency[14]. Mostof thesepathologicalprocessesareinfluencedbydiabetes
[2]. Consequently,seasonalaugmentationof clinicalsignsandsymptomscanbeanticipatedin
patientswith T2DM, whichmayrequirealterationsin treatmentstrategyinvolving the
requirementfor cardiovascularsurgery.

Therefore,theprimary objectiveof thepresentstudywasto revealwhethertheproportion
of cardiacsurgeriesassociatedwith diabetesrequiringheartsurgeryexhibitsseasonalvaria-
tions,peakingduring winter.To addressthisgoal,weevaluatedthemonthlyproportion of car-
diacsurgeriesfor patientswith diabeteswithin a12-yearperiodat thecardiacsurgeryunit of a
tertiary-careuniversityhospital.Asasecondaryobjective,wealsoevaluatedwhetherfactors
affectingsmallbloodvessels(smoking,aging,andobesity)modulatetheseasonalvariabilityof
T2DM alongwith thepotentialrisk factorsfor cardiovascularcomplications(bloodpressure,
serumtriglyceride,cholesterolandglucoselevels).Therationaleof thestudyis relatedto the
factthatworseningand/orexacerbationof cardiovascularcomplicationsnecessitatingsurgery
canoftenbepreventedwith appropriatemedicaltreatmentsin patientswith diabetes.Thus,
explorationof thiscold-relatedseasonalphenomenonmayelucidatetheneedfor amorefre-
quentpatientfollow-up to avoidprogressionwith appropriatelytimedpreventivemeasures.

Methods

Study design and population

Ethicalapprovalfor thisstudy(no.274/2018/a)wasprovidedby theHumanResearchEthics
Committeeof SzegedUniversity,Hungary(chairperson,Prof.T. Wittmann) on January21,
2019.Thestudywasregisteredatclinicaltrials.gov(NCT03967639).

Medicalrecordswereretrospectivelyanalyzedfor all 9838consecutiveadultpatientswho
underwentsurgeryatour institution (CardiacSurgeryUnit, SecondDepartmentof Internal
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MedicineandCardiologyCenterat theUniversityHospitalsof Szeged,Hungary)from Janu-
ary1,2007to December31,2018.Patientsunderwenttheentirespectraof cardiacsurgeries.
Our clinicalpracticeavoidedawaitinglist; therefore,all operationswereperformedwithin
fivedaysafterestablishingtherequirementfor surgicalintervention.Patientrecordsweredis-
cardedin caseof emergencyreoperationsasaconsequenceof tamponadeor acutebleeding,
sincetheseeventsarenot relatedto exacerbationof cardiovasculardisorders.Accordingly,
patientswereincludedin theanalysesonly afteraprimary or redoopenheartsurgeries.

Cardiacsurgerypatientswereassignedto thefollowinggroups,or combinationsof groups,
basedon hospitalmedicalrecords.PatientsweredefinedashavingT2DM if their medicalhis-
tory includedadiagnosisof T2DM and/orhemoglobinA1c(HbA1c)> 6.5%,in accordance
with thediagnosticcriteriaof theAmericanDiabetesAssociation[15]. Sincealmostall
(99.6%)patientswith diabeteshadT2DM, andtheetiologyandpathophysiologicalcharacter-
isticsof type1 diabetesmellitusdiffersfrom thatof T2DM, only T2DM patientswereincluded
in theanalyses,with anaverageof 8.6yearsdiagnoseddiseaseperiod.AmongT2DM patients,
25.8%weretreatedwith insulin.T2DM patientstreatedwith insulin or oralantidiabeticss
werepooledin thefinal analyses.Patientswereassignedto thesmokinggroupbasedon the
definitionsof theNationalCenterfor HealthStatistics[16]: currentsmokers(smoked100cig-
arettesin hisor her lifetimeandwhocurrentlysmokescigarettes);everydaysmokers(smoked
at least100cigarettesin hisor her lifetimeandcurrentlysmokeseveryday);or ex-smokers
(ceasedtobaccouse<12monthsago).Patientwereconsideredto beelderlyif theywereolder
thantheaveragelife expectancyagein southernHungarypublishedby theHungarianCentral
StatisticalOfficeduring thestudyperiod:�72yearsfor malesand�79yearsfor females[17].
Obesitywasclassedaccordingto thedefinition of theWorld HealthOrganizationasbody
massindex(BMI) �30kg/m2 [18]. Individual seasonaleffectsof thesefactorswereanalyzed
on amonthly basis.To identify thecoexistenceof thesefactorswith potentialadditiveor
regressiveeffectson seasonalchanges,thecombinedoccurrenceof statisticallysignificantfac-
torswerealsoexamined.

Noninvasivesystolicanddiastolicbloodpressurevalueswereregisteredatadmission,and
serumtriglyceride,cholesterolandglucoselevelsweremeasuredfrom venousbloodsamples
collectedfrom thefirst bloodsamplesafterarrival to thehospital.

Monthly average temperature data

Averagemonthly temperaturedatafor thestudyperiodwereobtainedfrom thedatabaseof
theHungarianMeteorologicalService.

Data processing and statistical analyses

Statisticallysignificantdifferencesbetweenthestudygroupsfor continuousvariableswere
assessedbyone-wayanalysisof variancefollowedby followedbyBonferroni'spost-hoctests.
Pearson'sChi-squaredtestswereusedto evaluatedifferencesin categoricalvariables.Monthly
proportion of surgeriesassociatedwith thedifferentdisorderswerecalculatedasthenumber
of newpatientsfor cardiacsurgerieswith agivenrisk factor(independentlyof theothertwo
risk factors,alone,andin combination;e.g.,T2DM alone;T2DM andsmoking;T2DM, smok-
ing,andelderly)dividedby thetotalnumberof cardiacsurgerypatientsin thesamemonth.
Seasonalityof themonthly aggregatedproportion of surgeriesassociatedwith theobserved
disordersandvaluesfor bloodpressure,triglyceride,cholesterolandglucoseduring thestudy
periodwasassessedusingWalter±Elwoodandnegativebinomial regressionmethods[19],
assumingthatdatafollowedasinusoidalcurvewith aperiodicityof oneyear.Geometricmod-
elswereusedto investigateseasonalitybyassumingthatseasonalfluctuationsof anevent
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occuron afixeddateeveryyearandmight bedescribedusingcyclicpatternsoveraperiodof
time.Thepowerof theWalter-Elwoodtestis100%[20], andthepercentageof change(varia-
tion) is themaineffectsizefor theassociationbetweenseasonalvariationandhealthparame-
ters.Thedeviancestatisticwasusedto checkagoodnessof fit for negativebinomial regression
models.Similarly,WalterandElwoodalsodescribedagoodnessof fit calculationfor their
methods[19], whichwasalsotakeninto account.

Diabetes,aging,smoking,obesity,andgenderwereconsideredaspossiblerisk factorsfor
cardiacsurgeries.Relativechange(peak±mean)/meanwascalculatedto quantifytheseverity
of seasonalityandtwo compareseasonalamplitudes.Statisticalanalyseswereperformedusing
Statasoftwarepackage(version17,Statacorp,CollegeStation,Texas)andp-values< 0.05
wereconsideredstatisticallysignificant.ThechartswerepreparedbyusingSigmaPlotsoftware
package(Version13,SystatSoftware,Inc. Chicago,IL, USA).

Results

Theinvolvementof patientsin theretrospectivedataanalysesandtheir groupallocationis
demonstratedon aCONSORTflow chart(Fig1).Thetotalof 9881patientswereenrolledin
thestudyperiod.Twenty-sevenpatientswereexcludedfrom thedataanalysesdueto incom-
pletedatasetin anthropometricaldataand/orbloodpressureand/orbloodsampleanalyses.
Furthermore,type1diabeteswasdiagnosedin 16patients;theywerealsoexcludedfrom the
analysesdueto their fundamentallydifferentdiabetesphenotypethanin themainpopulation
includingT2DM. Theseconsiderationsresultedin classificationsof 9838patients.

Anthropometric data and clinical characteristics

Theanthropometricdataandmainclinicalcharacteristicsof thestudygroupsaccordingto
significantfactorsexhibitingseasonalvariationsin theoverallproportion of surgeriesaresum-
marizedin S1Tablein S1File.In agreementwith theworldwideproportion of patientsunder-
goingcardiacsurgerywhohadT2DM (30%-40%)[21], 38.4%of patientswerediagnosed
T2DM in thepresentstudy.In accordancewith thediagnosticcriteria,HbA1cwassignifi-
cantlyhigherin patientswith diabetes(7.75±1.17)thanin thosewithout metabolicdisorders
(5.69±0.4).Thepreponderanceof malesobservedin thewholestudypopulation(63.1%)was
alsopresentin eachsubgroup,with theexceptionof patientswith T2DM alone(51.4%)and
thosewithout examinedrisk factors(52.4%).T2DM wassignificantlyassociatedwith higher
bodyweight(84.4vs.77.6kg,p<0.001)andBMI (31.0vs.28.1kg/m2, p<0.001),whereas
smokingwasassociatedwith lowerBMI (27.1kg/m2; p<0.001).Comparedwith patientswith-
out risk factors,aorticdiseasesweremorefrequentin elderlypatients(p<0.05),whereasthe
prevalenceof grown-upcongenitalheartdiseaseswaslowerin T2DM, smoking,andelderly
patients(p<0.05).Theproportion of coronarydiseasewasgenerallygreaterin T2DM and
smokingpatients(p<0.05).

Thetotalnumberof cardiacsurgerypatientsincludedin thedataanalysesin eachmonth is
demonstratedon S2Tablein S1File.Thesedatashowno significantseasonality;only theholi-
dayseasonsshowadecreasein thenumberof patientsduethelimited availabilityof human
resourcesavailableat theuniversityhospital,howevertherelativefrequencyof thevarious
diagnoseswasnot differentbetweenmonths.

Seasonal variabilities: Significant risk factors

Therewereno statisticallysignificantseasonalvariationsfor gender(p = 0.81)andBMI
(p = 0.75);therefore,thesevariableswerenot includedin further analyses.Themain typesof
heartdiseasewith sufficientnumbersof patientsavailableto analyzeseasonalchangesrevealed
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no statisticallysignificantperiodicity(p = 0.30,p = 0.58,p = 0.51,andp = 0.75for aorticsteno-
sis,mitral insufficiency,coronaryarterydisease,andcoronaryarterydiseasewith mitral insuf-
ficiency,respectively).Conversely,statisticallysignificantseasonalvariationsfor themonthly
aggregateddatawereobservedfor T2DM (p<0.02),smoking(p<0.001),andelderly
(p<0.001)patientsalone.Therefore,further analyseswerebasedon thesesignificantvariables
alone,andtheir pairwiseandcombinedcoexistencewerealsoexamined.

Seasonal variabilities in cardiac surgery patients

Seasonalpatternsof statisticallysignificantfactors(T2DM alone,smokingalone,andaging
alone)for themonthly aggregateddataoverthe12-yearstudyperiodareshownin Fig2.The

Fig 1. Consort flowchart. Groupallocationanaanalysesof cardiacsurgerypatientswith diabetesmellitusonly (T2DM alone),smoking(SMalone),andaging
(Elderlyalone).Groupscontainingpairwise(T2DM + SM,T2DM + Elderly,andSM+ Elderly)andconcomitant combination (ªAllº) significantfactorswere
alsoseparated. ªNoneºdenotesno occurrenceof theserisk factors.Thetotalof 9881patientswereenrolledin thestudyperiod.Forty-threepatientswere
excludedfrom thedatasetdueto incompleteregistration of theanthropometricoutcomesand/orbloodsampleanalyses(n = 27),or subsequentto the
diagnosisof type1diabetes(n = 16).Asaresult,9838cardiacsurgerypatientswereincludedin theanalyses.

https://doi.org/10.1371/journal.pone.0274105.g001
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proportion of cardiacsurgeriesin patientswhohadT2DM or smokingpeakedduring thewin-
ter monthsanddecreasedin thesummer.Conversely,theseasonalpeakfor elderlypatients
wasobservedin thesummerandwaslowestin thewinter months.

Seasonalvariationsin theproportion of cardiacsurgeriesfor patientswith pairedcombina-
tionsof thesignificantfactorsareshownin Fig3.No statisticallysignificantseasonalvariations
wereobservedin elderlypatientswith T2DM (p = 0.66)or smoking(p = 0.46).However,the
apparentseasonalvariationsof T2DM andsmokingwereadditive,resultingamarkedandsta-
tisticallysignificanteffectwith peakoccurrencesof thesepatientsin winter andlowerin the
summermonths.

Table1 summarizesthemainparametersof theseasonalvariationsobservedfor thestatisti-
callysignificantindividual factors(T2DM, smoking,andaging)andtheir combination
(T2DM andsmoking)thatdemonstratedstatisticallysignificantseasonality(p<0.001).The
goodnessof fit of asimpleharmonictrend to thedatawasexcellent(>0.9)for theseasonality
in T2DM, elderly,andsmokingT2DM patientswhounderwentcardiacsurgery.Themodelfit
wasworsefor seasonalchangefor smokingonly patients;however,ahighlysignificantperi-
odic trendwasstill observed.Theproportion of cardiacsurgerypatientswith T2DM and
smokingpeakedin JanuaryandDecember,respectively,whereaselderlypatientsmostfre-
quentlyunderwentcardiacsurgeriesin June.To expressthemagnitudeof seasonaldifferences
in theobservedrisk factorsfor cardiacsurgery,theamplitudesof eachfactorrelativeto the
meanrate([peakÐmean]/mean) andto thenadir ([peakÐnadir]/nadir) werealsocalculated.

Fig 2. Seasonal changes in the proportion of surgeries associated with type 2 diabetes mellitus (T2DM only), smoking (SM

only), and aging (Elderly only) for the monthly aggregated data over the 12-year study period (January 1, 2007 to

December 31, 2018).

https://doi.org/10.1371/journal.pone.0274105.g002
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Thegreatestseasonalvariabilitywasobservedfor therelativeproportion of smokingpatients
with T2DM, with valuesindicatingthat therateof suchpatientsat thecardiacsurgeryunit was
morethandoublein Novembercomparedwith that in May.Themagnitudeof seasonalvaria-
tionsin theproportion of cardiacsurgeriesassociatedwith elderly,smoking,andT2DM

Fig 3. Seasonal changes in the proportion of surgeries associated with combined smoking and aging (SM + Elderly), type

2 diabetes mellitus and aging (T2DM + Elderly), and type 2 diabetes mellitus and smoking (T2DM + SM) for the monthly

aggregated data over the 12-year study period (January 1, 2007 to December 31, 2018).

https://doi.org/10.1371/journal.pone.0274105.g003

Table 1. Characteristic parameters of seasonality for statistically significant variables.

T2DM alone SM alone Elderly alone SM + T2DM

Significance p = 0.0184 p<0.001 p<0.001 p<0.001

Goodness of fit 0.92 0.51 0.95 0.97

Peak (month) January December June November

Nadir (month) July May December May

(peak–mean)/mean (%) 9.6 16.4 20.3 42.6

(peak–nadir)/nadir (%) 19.2 34.3 52.1 107.0

Maximum increase in proportion of cardiac surgeries (month) October August March September

Maximumincreasein theproportion of cardiacsurgeriesassociatedwith thedifferentpathologiesrefersto thepeakof thefirst derivativeof thefitted seasonalitycurves.

T2DM: type2 diabetesmellitus;SM:smoking.

https://doi.org/10.1371/journal.pone.0274105.t001
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patientswerelower,but still demonstratedamarkedlyincreasedrelativerisk for cardiacsur-
geriesin thecorrespondingpeakperiods.

Subgroup analyses: Risk factors for cardiovascular complications

S1Figin S1Filedemonstratestheseasonalvariationsin thepotentialrisk factorsfor cardiovas-
cularcomplications,suchasthesystolicanddiastolicarterialbloodpressure,andserumlevels
of triglyceride,totalcholesterolandglucosein groupof patientswith significantfactorsfor sea-
sonalchanges(T2DM alone,smokingalone,andagingalone).Averagingdataoverthe
12-yearstudyperiodrevealedsignificantseasonalchangesin systolic([peak-nadir]/nadir:
6.1%,p<0.001,with peakin February-March)anddiastolicbloodpressures(4.4%,p<0.05,
with peakin January)andserumtriglyceridein diabeticpatients(17.1%,p<0.005,with peak
in December).Significantseasonalvariationswerealsoobservedin systolicanddiastolicblood
pressuresin smokingpatients(6.1%and6.5%,respectively,p<0.001for both,with peaksin
February),andserumcholesterolin elderlypatients(9.1%,p<0.001,with peakin February).

Discussion

Thepresentstudyanalyzedthemedicalrecordsof all adultconsecutivepatientsin thepast
12-yearperiodat thecardiacsurgeryunit in our tertiary-careuniversityhospital.Our analyses
revealedthat themonthly proportion of patientsundergoingcardiacsurgerywith diabetes,
smoking,andelderlyageexhibitedseasonalvariation.Non-elderlypatientswith diabetesand/
or smokingshowedapeakproportion rateduring thewinter,whereasheartsurgeryin elderly
patientswithout diabetesandsmokingwasmostfrequentlyrequiredin thesummer.Concom-
itant occurrenceof diabetesandsmokinghadanadditiveeffecton theproportion of cardiac
surgeriesassociatedwith theobservedpathologies,while thesimultaneouspresenceof older
ageanddiabetesor smokingeliminatedtheseasonalvariation.

Emphasesweremadeon theaccuracyandadequacyof dataregistration.Therisk factors
examinedfor seasonalchanges(diabetes,smokingandelderly)wereidentifiedbasedon objec-
tive,andinternationallywell-defineddiagnosticcriteria.Dataregistrationwasperformedbya
stablestaffof cliniciansincluding fivespecializedanesthesiologistsduring thewholestudy
periodon thedayprior to thesurgery.Sincethestandardpracticeatour institution is to avoid
waitinglistslongerthanfivedays,theseasonaltrendsobservedin thepresentstudyaccurately
reflecttheworseningandexacerbationof cardiovasculardiseasesrequiringsurgical
interventions.

Oneof themain findingsof thepresentstudywasasignificantelevationin theproportion
of cardiacsurgeriesassociatedwith diabetesduring thecoldestmonthsof theyear.Thesinu-
soidalseasonaltrendsuggestedthat therelativerisk for patientswith diabetesundergoingcar-
diacsurgeryduring thewinter periodisalmost20%higherthanthat in thesummer(Fig2 and
Table1). In patientswith diabetes,hyperglycemialeadsto endothelialdysfunction,resultingin
low-gradeinflammatory,prothrombotic,proliferative,andvasoconstrictiveprocesses[22].
Thesemechanismsmayconvergeandleadto hypertension,atheroscleroticcardiovasculardis-
ease,andheartfailure[2, 3,23].Hypertensionmaybeworsenedin acoldenvironment[4, 24,
25],elevatingthemyocardialworkloadandmyocardialoxygendemand,or exacerbatingfunc-
tional valveinsufficiencies.In addition to thesemechanisms,viral infections[26] and/orvita-
min deficiency[27] mayalsobeinvolved.Thisseasonalityis reflectedin thehighseasonal
variationin serumglucoselevel[28] andtheincidencerateof type1 [26] andT2DM [29,30]
during thecoldestmonths.Thesystolicanddiastolicbloodpressuresatadmissionalongwith
theserumtriglyceridewassignificantlyhigherthepresentT2DM cohort in JanuarythanJuly
overthe12-yearstudyperiod(S1Figin S1File).Severemanifestationof all thesepathologies
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requiressurgicalinterventionmorefrequentlyduring winter for coronaryandaorticvalvedis-
eases(S1Tablein S1File).

Theproportion of smokingpatientsundergoingcardiacsurgerieswithout T2DM or old
agewaslowerthanthosewith T2DM alonein our population.Sincetheseasonalchangeswere
similar in smokingpatientsandpatientswith T2DM only, therelativepeak-to-peakseasonal
variabilityreached34%(Fig1andTable1).Similarto T2DM, smokingisalsocharacterizedby
abluntedresponseto endothelium-dependentvasodilatorsdueto adiminishedbioavailability
of nitric oxide[31]. Therefore,themechanismsalsotriggeredbyendothelialdysfunctionand
subsequentelevatedvasculartonemayberesponsiblefor theseasonalvariationsof smoking
patientsin thecardiacsurgerypopulation.Commonpathophysiologicalprocessesin T2DM
andsmokingresponsiblefor theseasonalitywereconfirmedby theadditiveeffectof thesefac-
tors,asit isalsoreflectedin thesystolicanddiastolicbloodpressuresin thecoldestseason(S1
Figin S1File).Therefore,therelativepeak-to-peakseasonalvariabilityreachedmorethan
100%in smokingpatientswith diabetes(Fig3andTable1).

A further significantseasonalvariability in thecardiacsurgerycohortwasobservedfor
elderlypatientswithout T2DM or smokingwith peak-to-peakseasonalvariability>50%(Fig1
andTable1). In contrastwith smokingandT2DM patients,theproportion of elderlypatients
undergoingcardiacsurgeriespeakedin summer.Thisoppositetrend in morbidity maybe
attributedto compromisedelasticityof largeconductivearteries[32]. Stiffeningof thelarge
arteriesmakeselderlypeoplesusceptibleto hypovolemiaandhypotension[33]. While seasonal
variationsweremaskedby themultifactorialcomorbiditiesof thiselderlycohort,thesignifi-
cantlylowerdiastolicbloodpressureobservedin thesummermonths(73.1mmHg in June-
August)comparedwith winter season(76.5mmHg in December-February,p<0.05)is in
agreementwith previousfindings,demonstratingthatexacerbationof symptomsisexpected
to bemorefrequentduring thewarmestseason.

Interestingly,seasonalvariabilitydisappearedif agingwasassociatedwith diabetesor smok-
ing (Fig3).Thelackof seasonalityin thesecomorbiditiesmaybeattributedto thesuperposi-
tion of two sinusoidalwavesof aginganddiabetesor smoking.Sincethesewaveshavesimilar
aperiodbut oppositephases,theperiodicityiseliminated.While thelackof season-dependent
periodicityin thesepatientsmimicsaninvariablemonthly proportion, thesepatientsarestill
exposedto both individual risk factorsof aging,diabetes,or smoking.

Therewasno evidencefor seasonalchangesin theproportion of patientsundergoingsur-
geriesfor their specificheartdiseases(i.e.,aorticstenosis,mitral insufficiency,or coronary
arterydisease)for thewholepopulation.Seasonalvariationmayberelatedto peripheralvascu-
laturesensitivityto temperaturechangesratherthanthetypeof cardiacdisease.Thissuggests
thatdiabetes,smoking,andagingaretheprimary season-dependentfactorsregardlessof the
natureof heartpathology.GenderandBMI do not directlyaffecttheperipheralvasculature,as
thesefactorsexhibitedno seasonalappearance.

An important featureof our findingsis relatedto localclimate.Hungaryissituatedin East-
CentralEuropeandhasfour seasonswith acontinentalclimate.TheHungarianMeteorologi-
calServicecalculatedtheaveragemonthly temperaturefrom dailyaverages,whichvaried
between0.7ÊC(33.3ÊF)in Januaryand23.1ÊC(73.6ÊF)in Julyduring the12-yearstudyperiod
in our region(Fig4).Our findingsmayrepresenttheseasonalchangesof cardiovascular
comorbiditiesof diabetes,smoking,andagingin thetemperateclimatezoneof theworld
wherethemajority of thehumanpopulationresides.

Somelimitation relatedto thepresentfindingswarrantconsideration.Hungarianhealth
insurancesystemprovidesbenefitcoverageto all citizens.In addition,freemedicationisavail-
ablefor low-incomepatients.Thesefactorsblunt theinfluenceof differentfinancialback-
groundon patientcare.However,thecontinuoushealthcontrol maybelooserin some
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patientswith socialnegligencethatmaybeabiasingfactorin thecardiovasculareffectsof dia-
betes.Thisbiasingeffectisexpectedto playaminor role in our findingsdueto involvementof
largecohortfor anextendedperiodof time.However,generalizationof our findingsto other
regionswith othersocialandhealthcaresystemsrequirestheconsiderationof localsocioeco-
nomic factors,nationalandinstitutional schedulingpolicies.

Conclusions

In conclusion,analysesof themonthly proportion of cardiacsurgeriesassociatedwith diabe-
tes,smoking,andelderlyageshowedseasonalvariations,demonstratingaperiodicityin
exacerbationof cardiovasculardiseasesrequiringsurgicalintervention.Matchingtheintensity
andcontrol rateof careto theseperiodicitiescouldpreventworseningof cardiovascularstatus
in diabetes,elderly,andsmokingpatients.Cardiovascularrisk factorsshouldbesystematically
assessedat leasttwiceperyearin diabetes,smoking,andelderlypatients.Cardiovascular
assessmentsshouldprimarily occurduring thefall±winterperiodin diabetesandsmoking
patients,andthespring±summerseasonin elderlypeople.Optimalmanagementof patients
with diabetesrequiremorefrequentcardiovascularrisk assessmentthantherecommended
annualcontrol [2, 15],at leastthreetimesayearwith afocuson thebloodpressureandtriglyc-
erideassessments.Consideringtheseasonaltrendsfor risk factorsaffectingat leasthalfwhole
populationmayimprovepatientandsocialhealthcare.
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