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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

Diabetesnellitusis acomplexmetabolicdiseas¢hat canaffectvital functions[1]. Cardiovas-
cularcomplicationssuchasatheroscleroticardiovasculaand heartfailure,aretheleading
causeof morbidity andmortality in patientswith type2 diabetesnellitus(T2DM), whichis
themostcommonform of the diseas¢2, 3]. Treatmentof cardiovasculacomorbiditiescom-
prisesdrug therapy;however progressiorand/or exacerbatiorof thesediabetes-relatedircu-
latory complicationsoftenrequiresurgicalintervention.

It iswell establishedhat the incidenceof severecardiovasculadiseaseexhibitsaseasonal
pattern,with more frequentrelativeoccurrenceduring winter [4+9]. Severafactorsmaycon-
tribute to theseseasonalariations,suchasactivationof the sympathetimervoussystermand
increasectathecholaminefl0], elevategerumcholesteroleveld11], prothrombotic shiftin
thehemostatisystenmviaelevatedibrinogenlevelg12,13], decreaseghysicalactivity [4],
andvitamin D deficiency[14]. Most of thesepathologicaprocesseareinfluencedby diabetes
[2]. Consequentlyseasonaugmentatiorof clinical signsand symptomscanbeanticipatedn
patientswith T2DM, which mayrequirealterationsn treatmentstrategyinvolvingthe
requirementfor cardiovasculasurgery.

Thereforethe primary objectiveof the presentstudywasto revealWwhetherthe proportion
of cardiacsurgeriesssociatedith diabetesequiring heartsurgeryexhibitsseasonataria-
tions, peakingduring winter. To addresshis goal we evaluatedhe monthly proportion of car-
diacsurgeriedor patientswith diabetesithin a12-yeamperiodatthe cardiacsurgeryunit of a
tertiary-careuniversityhospital. As a secondarybjective wealsoevaluatedvhetherfactors
affectingsmallblood vesselésmoking,aging,and obesity)modulatethe seasonatariability of
T2DM alongwith the potentialrisk factorsfor cardiovasculacomplicationgblood pressure,
serumtriglyceride cholesterohndglucosdevels).Therationaleof the studyis relatedto the
factthatworseningand/or exacerbatiorf cardiovasculacomplicationsnecessitatingurgery
canoftenbepreventedvith appropriatemedicaltreatmentdn patientswith diabetesThus,
explorationof this cold-relatedseasonghhenomenommayelucidatethe needfor amorefre-
quentpatientfollow-up to avoidprogressiorwith appropriatelytimed preventivemeasures.

Methods

Study design and population

Ethicalapprovalfor this study(no. 274/2018/ayvasprovidedby the Human Researclkthics
Committeeof SzegedUniversity,Hungary(chairpersonProf. T. Wittmann) on Januan21,
2019.Thestudywasregisteredht clinicaltrials.go NCT03967639).
Medicalrecordswereretrospectivelyanalyzedor all 9838consecutivedult patientswho
underwentsurgeryatour institution (CardiacSurgeryUnit, Secondepartmentof Internal
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Medicineand CardiologyCenteratthe University Hospitalsof Szegedilungary)from Janu-
ary1,2007to DecembeB31,2018 Patientsunderwentthe entire spectreof cardiacsurgeries.
Our clinical practiceavoidedawaiting list; therefore all operationswvereperformedwithin
five daysafterestablishinghe requirementfor surgicalintervention.Patientrecordsweredis-
cardedin caseof emergencyeoperationssaconsequencef tamponadeor acutebleeding,
sincetheseeventsarenot relatedto exacerbatiorf cardiovasculadisorders Accordingly,
patientswereincludedin the analysesnly afteraprimary or redoopenheartsurgeries.

Cardiacsurgerypatientswereassignedo the following groups,or combinationsof groups,
basedn hospitalmedicalrecords PatientsveredefinedashavingT2DM if their medicalhis-
tory includedadiagnosiof T2DM and/orhemoglobinAlc(HbAlc) > 6.5%ijn accordance
with the diagnosticcriteria of the AmericanDiabetesAssociatio[15]. Sincealmostall
(99.6%)patientswith diabetedhiad T2DM, andthe etiologyand pathophysiologicatharacter-
isticsof type 1 diabetesnellitusdiffersfrom that of T2DM, only T2DM patientswereincluded
in theanalysesyith anaveragef 8.6yearsdiagnosedliseas@eriod. Among T2DM patients,
25.8%weretreatedwith insulin. T2DM patientstreatedwith insulin or oral antidiabeticss
werepooledin thefinal analysePatientsvereassignedo the smokinggroupbasedn the
definitions of the National Centerfor Health Statistic§16]: currentsmokergsmoked100cig-
arettesn hisor herlifetime andwho currently smokescigarettes)everydaysmokergsmoked
atleastl00cigarettesn hisor herlifetime andcurrently smokesveryday);or ex-smokers
(ceasedobaccause<12monthsago).Patientwereconsideredo beelderlyif theywereolder
thanthe averagdife expectancygein southernHungarypublishedby the HungarianCentral
StatisticaDffice during the studyperiod: >72yearsor malesand >79yeardor femaleg17].
Obesitywasclasseccordingto the definition of the World HealthOrganizationasbody
massndex (BMI) >30kg/m? [18]. Individual seasonaéffectsof thesefactorswereanalyzed
on amonthly basisTo identify the coexistencef thesefactorswith potentialadditiveor
regressiveffectoon seasonathangesthe combinedoccurrenceof statisticallysignificantfac-
torswerealsoexamined.

Noninvasivesystolicanddiastolicblood pressurevaluesvereregisterecatadmissionand
serumtriglyceride cholesterohndglucosdevelsveremeasuredrom venoushlood samples
collectedrom thefirst blood samplesfterarrivalto the hospital.

Monthly average temperature data

Averagemonthly temperaturedatafor the studyperiodwereobtainedfrom the databasef
the HungarianMeteorologicaService.

Data processing and statistical analyses

Statisticallysignificantdifferencedetweerthe studygroupsfor continuousvariablesvere
assessdaly one-wayanalysiof varianceollowedby followedby Bonferroni'spost-hoctests.
Pearson'€hi-squaredestswereusedto evaluatadifferencesn categoricavariablesMonthly
proportion of surgeriesassociatedith the differentdisorderswerecalculatecasthe number
of newpatientsfor cardiacsurgeriesith agivenrisk factor(independentlyof the othertwo
risk factors,alone,andin combination;e.g.,T2DM alone;T2DM andsmoking;T2DM, smok-
ing, andelderly)divided by thetotal numberof cardiacsurgerypatientsin the samemonth.
Seasonalitgf the monthly aggregate@roportion of surgeriesassociate@ith the observed
disordersandvaluedor blood pressuretriglyceride cholesteroand glucoseduring the study
periodwasassesseaasingWalter+Elwoodand negativebinomial regressiomethodg19],
assuminghat datafolloweda sinusoidalkcurvewith a periodicity of oneyear.Geometricmod-
elswereusedto investigateseasonalitpy assuminghat seasondluctuationsof anevent
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occuron afixed dateeveryyearand might bedescribedisingcyclicpatternsoveraperiod of
time. The powerof the Walter-Elwoodtestis 10094 20], andthe percentagef changgvaria-
tion) isthe main effectsizefor the associatiorbetweerseasonalariationand healthparame-
ters.Thedeviancestatisticwasusedto checkagoodnes®f fit for negativebinomial regression
models.Similarly, Walterand Elwoodalsodescribedagoodnessf fit calculationfor their
methodg19], whichwasalsotakeninto account.
Diabetesaging,smoking,obesityandgendemwereconsideredaspossibleisk factorsfor
cardiacsurgeriesRelativechanggpeak+mean)/meawascalculatedo quantifythe severity
of seasonalitgndtwo compareseasonamplitudes Statisticabnalysesvereperformedusing
Statasoftwarepackagégversionl17,StatacorpCollegeStation,Texasyandp-values< 0.05
wereconsideredstatisticallysignificant.The chartswerepreparedoy usingSigmaPlosoftware
packag€Version13,SystaSoftware|nc. Chicago)L, USA).

Results

Theinvolvementof patientsin the retrospectivalataanalysesandtheir groupallocationis
demonstratedbn aCONSORTflow chart(Fig 1). Thetotal of 9881patientswereenrolledin
the studyperiod. Twenty-sevempatientswereexcludedrom the dataanalyseslueto incom-
pletedatasetin anthropometricadataand/or blood pressureand/or bloodsampleanalyses.
Furthermore type 1 diabetesvasdiagnosedn 16 patientstheywerealsoexcludedrom the
analyseslueto their fundamentallydifferentdiabetegphenotypehanin the main population
including T2DM. Theseconsiderationsesultedin classificationsf 9838patients.

Anthropometric data and clinical characteristics

Theanthropometricdataand main clinical characteristicef the studygroupsaccordingto
significantfactorsexhibitingseasonalariationsin the overallproportion of surgeriesaresum-
marizedin S1Tablein S1File.In agreementith the worldwide proportion of patientsunder-
goingcardiacsurgerywhohad T2DM (30%-40%)21], 38.4%of patientswerediagnosed
T2DM in the presentstudy.ln accordancevith the diagnosticcriteria, HbAlcwassignifi-
cantlyhigherin patientswith diabeteg7.75+1.173hanin thosewithout metabolicdisorders
(5.69+0.4)The preponderancef malesobservedn thewholestudypopulation(63.1%)was
alsopresenin eachsubgroupwith the exceptiorof patientswith T2DM alone(51.4%))and
thosewithout examinedisk factors(52.4%)T2DM wassignificantlyassociateavith higher
bodyweight(84.4vs.77.6kg, p<0.001)and BMI (31.0vs.28.1kg/m? p<0.001)whereas
smokingwasassociatedith lowerBMI (27.1kg/m? p<0.001) Comparedwith patientswith-
outrisk factorsaorticdiseaseweremorefrequentin elderlypatients(p<0.05) whereashe
prevalencef grown-upcongenitaheartdiseasewaslowerin T2DM, smoking,andelderly
patients(p<0.05).Theproportion of coronarydiseasevasgenerallygreatetin T2DM and
smokingpatients(p<0.05).

Thetotal numberof cardiacsurgerypatientsincludedin the dataanalyses eachmonthis
demonstratesn S2Tablein S1File. Thesedatashowno significantseasonalitypnly the holi-
dayseasonshowadecreasé the numberof patientsduethelimited availabilityof human
resourcesvailableatthe universityhospital,howeverthe relativefrequencyof the various
diagnosesvasnot differentbetweermonths.

Seasonal variabilities: Significant risk factors

Therewereno statisticallysignificantseasonatariationsfor gender(p = 0.81)and BMI
(p = 0.75)therefore thesevariablesverenot includedin further analysesThe main typesof
heartdiseasevith sufficientnumbersof patientsavailabldo analyzeseasonathangesevealed
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Fig 1. Consort flowchart. Groupallocationanaanalysesf cardiacsurgerypatientswith diabetsmellitusonly (T2DM alone),smoking(SMalone),andaging
(Elderlyalone).Groupscontainingpairwise(T2DM + SM, T2DM + Elderly,and SM+ Elderly)and concomitart combinatian (2All°) significantfactorswere
alsoseparatec®None®denotesho occurrencedf theserisk factors Thetotal of 9881patientswereenrolledin the studyperiod.Forty-threepatientswere
excludedrom the datasetdueto incompleteregistraton of the anthropanetric outcomes and/or blood sampleanalyseén = 27),or subsequertb the
diagnosiof typeldiabetegn = 16).Asaresult,9838cardiacsurgerypatientswereincludedin theanalyss.

https://da.org/10.1371durnal.pon®274105.g0D

no statisticallysignificantperiodicity (p = 0.30,p = 0.58,p = 0.51,andp = 0.75for aortic steno-
sis,mitral insufficiency coronaryarterydiseaseand coronaryarterydiseasevith mitral insuf-
ficiency,respectively)Converselystatisticallysignificantseasonalariationsfor the monthly
aggregatedatawereobservedor T2DM (p<0.02) smoking(p<0.001)andelderly
(p<0.001)patientsalone.Thereforefurther analysesverebasedn thesesignificantvariables
alone,andtheir pairwiseand combinedcoexistencaverealsoexamined.

Seasonal variabilities in cardiac surgery patients

Seasonglatternsof statisticallysignificantfactors(T2DM alone,smokingalone ,andaging
alone)for the monthly aggregatedataoverthe 12-yearstudyperiodareshownin Fig 2. The
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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/1A.371/journal pne.0274105002

proportion of cardiacsurgeriesn patientswho hadT2DM or smokingpeakediuring thewin-
ter monthsanddecreaseh the summer.Converselythe seasongbeakfor elderlypatients
wasobservedn the summerandwaslowestin thewinter months.

Seasonalariationsin the proportion of cardiacsurgeriesor patientswith pairedcombina-
tions of the significantfactorsareshownin Fig 3. No statisticallysignificantseasonalariations
wereobservedn elderlypatientswith T2DM (p = 0.66)or smoking(p = 0.46).However the
apparenteasonalariationsof T2DM and smokingwereadditive, resultingamarkedandsta-
tisticallysignificanteffectwith peakoccurrence®f thesepatientsin winter andlowerin the
summermonths.

Tablel summarizeshe main parameter®f the seasonalariationsobservedor the statisti-
callysignificantindividual factors(T2DM, smoking,andaging)andtheir combination
(T2DM andsmoking)that demonstratedtatisticallysignificantseasonalityp<0.001) The
goodnes®f fit of asimpleharmonictrend to the datawasexcellen{>0.9)for the seasonality
in T2DM, elderly,andsmokingT2DM patientswho underwentcardiacsurgery. Themodelfit
wasworsefor seasonathangegor smokingonly patientshoweverahighly significantperi-
odictrend wasstill observedThe proportion of cardiacsurgerypatientswith T2DM and
smokingpeakedn Januaryand Decemberrespectivelywherea®lderlypatientsmostfre-
quentlyunderwentcardiacsurgeriesn June.To expresshe magnitudeof seasonalifferences
in the observedisk factorsfor cardiacsurgerythe amplitudesof eachfactorrelativeto the
meanrate([peakbmean]/mean andto the nadir ([peakbnadir]/nadir) werealsocalculated.

PLOS ONE | https://doi.org/10.1371/journal.pone.0274105 September 22, 2022

6/13


https://doi.org/10.1371/journal.pone.0274105.g002
https://doi.org/10.1371/journal.pone.0274105

PLOS ONE Seasonality of diabetes in cardiac surgery

® SM+Elderly
12 - ® T2DM-+Elderly
® T2DM+SM ) e
°
<
C>\10-
g
(7]
Q@ o o
| O -
o 8
')} e
—
7
e 6 - )
(@]
S
£ 41
S
° °
o ° ® o ——»
o 27 * T8 ®
° °
0 I 1 I 1 I I I I I 1 I 1
2 z § T % & Z B 8§ & & &8
S S © < = = ] [e)) c ) c c
C = = -2
s § = < g 8§ g 3
E w e o o 5]
] pa o)

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:/Hoi.org/10.137/ournal.pon®274105.g003
Thegreatesseasonalariability wasobservedor therelativeproportion of smokingpatients
with T2DM, with valuedndicatingthatthe rateof suchpatientsatthe cardiacsurgeryunit was

morethandoublein Novembercomparedwith thatin May. The magnitudeof seasonalaria-
tionsin the proportion of cardiacsurgeriesassociatewith elderly,smoking,and T2DM

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

Maximumincreasen the proportion of cardiacsurgeriesssociatewvith the differentpathologiesefersto the peakof thefirst derivatiwe of the fitted seasonalitgurves.
T2DM: type2 diabetesnellitus;SM:smoking.

https://da.org/10.1371durnal.pon®274105.t001
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patientswerelower,but still demonstrateda markedlyincreasedelativerisk for cardiacsur-
geriesn the correspondingpeakperiods.

Subgroup analyses: Risk factors for cardiovascular complications

S1Figin S1Filedemonstrateshe seasonatariationsin the potentialrisk factorsfor cardiovas-
cularcomplicationssuchasthe systolicand diastolicarterialblood pressureand serumlevels
of triglyceride total cholesterondglucosen groupof patientswith significantfactorsfor sea-
sonalchange¢T2DM alone smokingalone,andagingalone). Averagingdataoverthe
12-yeaistudyperiodrevealedsignificantseasonathangesn systolio([peak-nadir]/nadir:
6.1%p<0.001with peakin February-Marchanddiastolicblood pressure$4.4%p<0.05,
with peakin January)andserumtriglyceridein diabeticpatients(17.1%p<0.005with peak
in December)Significantseasonalariationswerealsoobservedn systolicanddiastolicblood
pressurefn smokingpatients(6.1%and6.5% respectivelyp<0.001for both,with peaksn
February)andserumcholesteroln elderlypatients(9.1% p<0.001with peakin February).

Discussion

Thepresentstudyanalyzedhe medicalrecordsof all adult consecutivgatientsin the past
12-yeamperiodatthe cardiacsurgeryunit in our tertiary-careuniversityhospital.Our analyses
revealedhatthe monthly proportion of patientsundergoingcardiacsurgerywith diabetes,
smoking,andelderlyageexhibitedseasonalariation.Non-elderlypatientswith diabeteand/
or smokingshoweda peakproportion rateduring thewinter, whereadeartsurgeryin elderly
patientswithout diabetesand smokingwasmostfrequentlyrequiredin the summer.Concom-
itant occurrenceof diabetesand smokinghadan additiveeffecton the proportion of cardiac
surgeriesssociatedith the observegathologiesyhile the simultaneougpresencef older
ageanddiabetesr smokingeliminatedthe seasonalariation.

Emphasesveremadeon the accuracyand adequacyf dataregistration.Therisk factors
examinedor seasonathangegdiabetessmokingandelderly)wereidentified basedn objec-
tive,andinternationallywell-defineddiagnosticcriteria. Dataregistrationwasperformedby a
stablestaffof cliniciansincluding five specialize@nesthesiologisturing the wholestudy
periodon thedayprior to the surgery Sincethe standardpracticeat our institution isto avoid
waitinglistslongerthanfive daysthe seasonarendsobservedn the presenistudyaccurately
reflecttheworseningand exacerbatiorf cardiovasculadiseasesequiring surgical
interventions.

Oneof the mainfindings of the presenistudywasa significantelevationin the proportion
of cardiacsurgeriesassociatedith diabetesluring the coldesimonthsof theyear.Thesinu-
soidalseasondrend suggestethattherelativerisk for patientswith diabetesindergoingcar-
diacsurgeryduring the winter periodis almost20%higherthanthatin the summer(Fig 2 and
Tablel).In patientswith diabeteshyperglycemidgeadso endothelialdysfunction resultingin
low-gradeinflammatory,prothrombotic, proliferative,and vasoconstrictiveprocesseg2].
Thesemechanismsnayconvergeandleadto hypertensionatheroscleroticardiovasculadis-
easeandheartfailure[2, 3,23]. Hypertensiormaybeworsenedn acold environment[4, 24,
25], elevatinghe myocardialworkloadand myocardialoxygendemand or exacerbatingunc-
tional valveinsufficienciesln addition to thesemechanismsyiral infections[26] and/or vita-
min deficiency{27] mayalsobeinvolved.This seasonalitys reflectedn the high seasonal
variationin serumglucosdevel[28] andthe incidencerateof type1[26] and T2DM [29, 30]
during the coldestmonths.The systolicanddiastolicblood pressurest admissioralongwith
the serumtriglyceridewassignificantlyhigherthe presenfT2DM cohortin JanuargthanJuly
overthe 12-yearstudyperiod (S1Figin S1File). Severenanifestatiorof all thesepathologies
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requiressurgicalinterventionmorefrequentlyduring winter for coronaryandaortic valvedis-
ease¢S1Tablein S1File).

The proportion of smokingpatientsundergoingcardiacsurgeriesvithout T2DM or old
agewaslowerthanthosewith T2DM alonein our population.Sincethe seasonathangesvere
similarin smokingpatientsand patientswith T2DM only, the relativepeak-to-pealseasonal
variabilityreached34%(Fig 1 and Tablel). Similarto T2DM, smokingis alsocharacterizedby
abluntedresponseo endothelium-depedentvasodilatorsiueto adiminishedbioavailability
of nitric oxide[31]. Thereforethe mechanismslsotriggeredby endothelialdysfunctionand
subsequentlevatedrasculatone mayberesponsibldor the seasonalariationsof smoking
patientsin the cardiacsurgerypopulation.Commonpathophysiologicgbrocessem T2DM
andsmokingresponsibldor the seasonalityvereconfirmedby the additiveeffectof thesefac-
tors, asit isalsoreflectedn the systolicanddiastolicblood pressure# thecoldestseasorfS1
Figin S1File). Thereforetherelativepeak-to-pealseasonalariability reachednorethan
100%in smokingpatientswith diabetegFig3and Tablel).

A further significantseasonalariabilityin the cardiacsurgerycohortwasobservedor
elderlypatientswithout T2DM or smokingwith peak-to-pealseasonalariability >50%(Fig 1
andTablel).In contrastwith smokingand T2DM patients the proportion of elderlypatients
undergoingcardiacsurgeriepeakedn summer.Thisoppositetrendin morbidity maybe
attributedto compromisecelasticityof largeconductivearterieq32]. Stiffeningof the large
arteriesmakeselderlypeoplesusceptibléo hypovolemiaandhypotension33]. While seasonal
variationsweremaskedy the multifactorial comorbiditiesof this elderlycohort, the signifi-
cantlylowerdiastolicblood pressurebservedn the summermonths(73.1mmHgin June-
August)comparedwith winter seasor{76.5mmHg in December-February<0.05)isin
agreementvith previousfindings,demonstratinghat exacerbatiorf symptomss expected
to bemorefrequentduring the warmestseason.

Interestingly seasonalariability disappeared agingwasassociatewith diabeteor smok-
ing (Fig 3). Thelackof seasonalityn thesecomorbiditiesmaybeattributedto the superposi-
tion of two sinusoidawavef aginganddiabete®r smoking.Sincethesewavedavesimilar
aperiodbut oppositephasesthe periodicityis eliminated While the lack of season-dependent
periodicityin thesepatientsmimicsaninvariablemonthly proportion, thesepatientsarestill
exposedo bothindividual risk factorsof aging,diabetesor smoking.

Therewasno evidencdor seasonathangesn the proportion of patientsundergoingsur-
geriedor their specificheartdiseasef.e.,aortic stenosismitral insufficiencyor coronary
arterydiseasefor the wholepopulation.Seasonalariationmayberelatedto peripheralvascu-
laturesensitivityto temperaturechangesatherthanthetypeof cardiacdiseaseThis suggests
that diabetessmoking,andagingarethe primary season-dependefdctorsregardlessf the
natureof heartpathology Genderand BMI do not directly affectthe peripheralvasculatureas
thesefactorsexhibitedno seasonadppearance.

An important featureof our findingsis relatedto localclimate.Hungaryis situatedin East-
CentralEuropeandhasfour seasonwiith acontinentalclimate.The HungarianMeteorologi-
calServicecalculatedhe averagenonthly temperaturérom daily averagesyhich varied
betweerD.7EQ33.3EFN Januaryand23.1EG73.6EFN Julyduring the 12-yearstudyperiod
in our region(Fig 4). Our findingsmayrepresenthe seasonathange®f cardiovascular
comorbiditiesof diabetessmoking,andagingin thetemperateclimatezoneof theworld
wherethe majority of the humanpopulationresides.

Soméimitation relatedto the presenffindingswarrantconsiderationHungarianhealth
insurancesystenprovidesbenefitcoverageo all citizens.In addition, freemedicationis avail-
ablefor low-incomepatients.Thesefactorsblunt theinfluenceof differentfinancialback-
groundon patientcare However the continuoushealthcontrol maybelooserin some
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Fig 4. Monthly temperature (mean and SD) calculated from the daily averages according to the Hungarian Meteorological Service for the 12-year study
period (January 1, 2007 to December 31, 2018) in South-East Hungary.

https://da.org/10.1371¢urnal.pon®274105.g00

patientswith socialnegligencehat maybeabiasingfactorin the cardiovasculaeffectf dia-
betesThis biasingeffectis expectedo playaminor rolein our findingsdueto involvementof
largecohortfor anextendederiod of time. However generalizatiorof our findingsto other
regionswith othersocialandhealthcaresystemsequiresthe consideratiorof localsocioeco-
nomic factors nationalandinstitutional schedulingpolicies.

Conclusions

In conclusionanalysesfthe monthly proportion of cardiacsurgeriesassociatewith diabe-
tes,smoking,andelderlyageshowedseasonalariations demonstratinga periodicityin
exacerbatiorf cardiovasculadiseasesequiring surgicalintervention.Matchingthe intensity
andcontrol rateof careto theseperiodicitiescould preventworseningof cardiovasculastatus
in diabeteselderly,andsmokingpatients.Cardiovascularisk factorsshouldbe systematically
assessedt leasttwiceperyearin diabetessmoking,andelderlypatients Cardiovascular
assessmenshouldprimarily occurduring thefalltwinterperiodin diabetesandsmoking
patientsandthe springtsummeseasoiin elderlypeople Optimal managemenof patients
with diabetesequiremore frequentcardiovascularisk assessmerihanthe recommended
annualcontrol [2, 15],atleasthreetimesayearwith afocuson the blood pressureandtriglyc-
erideassessmentSonsideringthe seasonarendsfor risk factorsaffectingatleasthalfwhole
populationmayimprove patientand socialhealthcare.

Supporting information
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mised trial.
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