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ModifiableCancer RiskFactors 
 

Abstract: Cancer is the second leading cause of death in Trinidad and Tobago and has created 
tremendous challenges for healthcare services and expenditures throughout the region. In 
thisstudy, itwas found that cancer could beattributable(attributed ) to risk factors suchas cigarette 
smoking, second-hand smoke exposure, alcohol intake, excess body weights,diet (bad diet), 
andcancer-associated infections.Several databases were reviewed, includingPubMed, Google 
Scholar, andWeb of Science(these are not data bases, kindly use the correct word). The facts suggest 
that a number of individuals have risk factorsfor cancer that may be modifiable. 
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1. Introduction 

Cancer is the second leading cause of death in Trinidad and Tobago and has created 
tremendous challenges for healthcare services and expenditures throughout the region [1] 
(kindly rephrase this sentence)Warner et al. (2018) stated “The population of Trinidad and 
Tobago (TT) in 2010 was 1,328,019 with a diversity of ancestral groups including African 
(34.2%), East Indian (35.4%), mixed (22.8%), unknown (6.2%), and all other ethnic groups 
(Chinese, White, and Syrian/Lebanese) totaling 1.4%” [2].  

According to the World Health Organization (WHO), cancer incidence will increase 
by 58%, from 84,703 cases in 2015 to 133,937 cases in 2035. Cancer mortality will increase 
by 67% during this period, from 52,282 to 87,430 deaths(State a clear reference for this piece in 
respect to WHO). Nationals of African ancestry exhibited the highest rates of the cancer 
incidence rate of 243 per 100,000 per year and mortality rate of 156 per 100,000 per year 
compared to their counterparts of Indian ancestry (incidence rate of 125 per 100,000 per 
year; and mortality rate of 66 per 100,000 per year) or mixed ancestry (incidence of 119 per 
100,000 per year; and mortality: 66 per 100,000 per year) [1].  

Certain factors can influence the incidence and mortality of cancer in Trinidad and 
Tobago, which has a population of 1.3 million inhabitants, including sex, ancestry, 
geography and age (If there are peculiar factors responsible by certain features in Taboga and 
Trinidad, you may state them otherwise this factors are globally known). Regarding ancestry, 
African descendants had the highest incidence and mortality rates than others as Indian 
descendants and mixed race. It was found that the cancers that were most common 
among men were cases of prostate [2], lung, colon, stomach, and hematologic cancers [1]. 
In contrast, among women, the most prevalent cancers were breast, cervical, endometrial, 
colon, and ovarian [1].  

Our aimin this review(the aim of the review) is to discuss cancer risk factors that affect 
the globe, (please correct the grammar) as tobacco, alcohol, diet, physical inactivity and 
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exercise, and cancer-related infectious organisms. The recent literature in the region is 
very scanty and a hindrance to make a proper review, but again we are going to discuss 
this cancer risk factors from an international point of view, since them affect a larger 
quantity of individuals worldwide. (ccorrect the grammar in the two sentences ). 
2. Tobacco (correct the numbering ) 

Lungcanceristheleadingcauseofcancer-relatedmortalityworldwide[ 3 ] . 
Smokingistheleadingriskfactorforlungcancer,accountingfor80%oflungcancer casesin men 
and50%in women.Whiletheriskislikelytoincreaseinadose-dependent manner, 
geneticpredisposition may play arolein tobacco-related cancer, as evidenced by the 
familial occurrence of suchcancer[4].Tobaccouse hasbeendirectly linkedtoatleast19types 
of cancer, includinglung,larynx, and headandneck cancers[5]. 

Tobaccosmokecausesoxidativestressviareactiveoxygenspecies, 
whichaffectmanycelltypes, 
includingfibroblasts(theprimarycelltypeoftumourstroma)andadjacentepithelialcells.It 
resultsincancerouspropertiessuchascellgrowth,adaptation,andsurvival.Tobaccosmoke 
alsonegativelyaffectstheinnateimmune system (DCs,macrophages,and 
NKcells)andadaptiveimmune system (Tcells andBcells), pathologically weakening the 
immune response [6].Manycarcinogens intobacco,such asbenzopyrenediolepoxide,are 
directlyassociated withlungcancer[7],and the contribution of smokingtocanceris fully 
understood. 

TheactivationofNF-κBiscomplexandinvolvesstimulithatactivatetheinhibitorof 
theIkappaB (IκB)kinase(IKK)complex.ThiscomplexcontainsIKK1,IKK2,and 
NEMOgenecomplexes.Onceactivated,the IKKcomplexphosphorylatesIκB,whichleadsto 
itsdegradation.This 
thenleadstofreeNF-κBdimersthatcantranslocatefromthecytoplasmtothe 
nucleusandfacilitategenetranscription.ManystimulileadtotheactivationofNF-κB, 
includingcytokinessuchasTNF-aandIL-1, as well asepidermalgrowthfactor(EGF), 
bacterialandviralcomponents(lipopolysaccharides),radiation,reactiveoxygenspecies,and 
DNA damage from intracellular oncogenic stress[8]. 

Cigarette 
smokinghasbeenreportedasthemainmodifiablefactorresponsibleforthedevelopment 
oflungcancerworldwide.Studies by Dingetal.(2021) [9]andShenetal.(2021) [10] reported a 
link betweencigarettesmokingand lungcanceroccurrence.I t  w a s  
notedanincreasedlikelihoodoflungcancerin smokersversusnon-smokers [9]. It 
wasfurtherdefinedthislink, noting that 
amongsystemiclupuserythematosus(SLE)patientswhodevelopedlung 
cancer,mostofthemwereever-smokers [11].Furthermore, it was 
identifiedadose–responserelationshipbetweencigarettesandlung cancer [9].It 
wasalsonoted thatsmokingandexposure tosecond-handsmoke increasetheriskof 
skincancer [12].Morespecifically,Arafaetal.(2020) [13]suggestedthatchronicand 
regularsmokersare at higher risk ofdevelopingsquamous cell carcinoma but at decreased 
risk of developing basalcell carcinoma. 

Moststudieshavereporteda positiveassociationbetweenparental 
smokingduringpregnancy andchildhoodbraintumourrisk.However,onlyonestudy 
reportedstatisticallysignificant data 
[14].Theauthorsproposedahypothesisthatbraintumours in children 
arerelatedtoinuteroexposuretoN-nitrosocompounds,asitis wellknownthatN-nitrosois 
themost notableamongcarcinogensofthebrainsysteminexperimental 
animals.Theimpactofparentalsmokingonthe developmentofbraintumours was also 
investigated.Smokingduringpregnancy posed anincreasedrelativerisk of 
braintumoursinthe offspring,associatedwithparentalexposuretopolycyclic 
aromatichydrocarbons [15]. 
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Astudycomparing smokerswithnon-smokersshoweda51%increaseintheriskof 
developinghepatocellularcarcinoma(HCC)forongoing 
smokersanda12%increaseforpriorsmokers [16]. The same authors reported 
inanotherstudy,population-basedsmokingincreasedtheoddsof developing 
intrahepaticcholangiocarcinoma(ICC)by80%[ 1 6 ] . Finally, 
accordingtoBaeckeretal.(2018),a 13% riskforalllivercancers worldwide can be attributed 
to tobacco smoking [17]. (Indepth discussion on types of tobacco and the one with the 
highest risk factor should be outline) 

HIV and Tobacco 
HIVcancauselungcarcinomadue toTlymphocytedepletion.Thereisevidencethat 

chronic HIVinfectioncancontributetothedevelopmentoflungcancer throughHIV-specific 
mechanisms.HIV isassociatedwithagreaterrisk ofdeveloping COPD(full meaning is 
required at first use)whichmay beduetothehighersmokingratesinthispopulationanda n  
inappropriateimmuneresponse 
resultingfromCD8+Tcelloveractivitywithinthelungs,whichcontributestomore 
significantamountsofinflammation.Recurrentinfectionscanbecompound.Thesefactors 
contributetoanincreasedriskofCOPD [18]. 

3. Alcohol 
Alcoholconsumptionisariskfactorforcancersoftheupper 

aerodigestivetract,includingtheoralcavity,pharynx,hypopharynx,oesophagus,andthe 
gastrointestinalorgans, including theliver,pancreas,colon,andrectum.O n  t h e  
contrary,moderate alcoholintake(lessthan30gdaily)mayprotectagainstkidneycancer[19]. 
Consumptionofmorethan30gincreasestheriskoflivercirrhosis,whileintakeofmore 
than60gdailyis associated with alinearlyincreasedriskofdevelopinghepatocellular 
carcinoma(HCC).TheriskofHCCisincreased3-to10-foldwithalcoholabuse.Ethanolhas 
beenclassifiedasaGroup1carcinogenbytheInternationalAgencyforResearchonCancer [20]. 
Ethanolanditsmetabolite,acetaldehyde,arecarcinogenic.Whiletheexactaetiologyof 
alcoholconsumptionandcancerformationisnotfullyunderstood[21], it is known 
thatethanol 
isdigestedviaacetaldehydedehydrogenaseintoacetaldehyde.Thisleadstofreeradicals,whic
h bindtoDNAproteins,destroyingfolateandresultinginhyperproliferation.Freeradicals 
can alsobeformedviaalcohol-inducedoxidativestress(activatingcytochromeP4502E1 
(CYP2E1)) andlipid 
peroxidation[22,23].Increasedoestrogenandmetabolismleadingtodecreasedfolateandretin
oidsdueto alcohol usemay play a role in cancer development [24]. 

It is alsosuggestedanassociationbetween 
smokingbehaviourandalcoholintake,thusaccountingforlungcancerinsmokers 
withheavyalcoholintake [9,25].I t  w a s indicatedthatestablishmentswherealcoholis 
consumedcanbe presumedto be environments 
withsecond-handsmokeexposure,whichcan berelatedtolungcancerdevelopment 
[25].However,it was denied thatalcoholintakeisa 
directriskfactorfornon-smokersbutnotedthatincreasedalcoholconsumptionislinkedtohigh
erBMI,potentiallyincreasingtheriskofsquamouscelllung carcinoma [9].Koetal.(2020) 
lookedatriskfactorsforlungcancerinnon-smokersand determined that 
alcoholwascarcinogenic [25]. 

Alcohol consumption is the secondmostimportantriskfactorforgastriccancer, by 
increasingnitrosamine levelsandcreatingamechanismthatcauseschronic inflammation 
[26]. Alcoholhasmanyadverseeffectsontheliver, andtheamountandrate of alcohol 
intakecan affect the amount offatdeposition.Thiscancausefattyliverdisease, 
alcoholichepatitis,andcirrhosis,previouslyreportedasriskfactors.Approximately13to 
23%ofHCCcasesareduetoalcohol-relatedillnesses,withhigherriskfor men,whites, 
blacks,andHispanics[ 1 6 ] .  TherelationshipbetweenICCand 
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alcoholconsumptionhasyettobestudied.Ameta-analysisof19studies 
conductedbytheWorldCancerResearchFundreportedsubstantially increasedriskper10 g 
of alcohol intakeper day [27].Another study showed that over 150,000 cases of 
HCCwereattributedtoalcoholconsumption,accountingfor26%ofthetotal worldwide [17]. 

4. Dietas a Risk Factor for Cancer 
ThetraditionaldietinMediterraneancountriesischaracterisedprimarily 

byhighconsumptionofvegetablesandoliveoilandmoderateconsumption of protein. This 
diet is thoughttoconferhealthbenefitsthatcanreducetheriskofmanycancers,including 
oesophageal,colorectal,uterine,kidney,liver,thyroid,andmanyothers, which isdiscussed 
inanother study[19]. 

Ultra-processedfoods undergomultiplebiologicalandchemical processes 
(forexample,the 
additionoffoodpreservatives)tobecomepalatableandaffordable[28].Theuseoffoodadditive
sorcookingcanintroducecarcinogenssuchasnitrates, nitrosamines,pesticides,anddioxins, 
which arethenconsumed; nitratesoccurnaturallyinsoil andwater 
andarefrequentlyusedaspreservativesinprocessedmeats [29].Food 
packagingisalsoassociatedwithcancer.Plasticfoodcontainers 
containcarcinogeniccompoundssuchasbisphenolthatcanbeincorporatedinto the food 
products and increase cancer risk [30]. 

The consumptionofredmeatisalsoassociatedwithanincreasedriskofcancer[31].A 
ketogenicdietcreatesanunfavourableenvironmentforcancercellsbylimitingtumourgrowth 
and protecting healthy cells from chemotherapy and radiation [32]. It was reported that 
the consumption offishreducestheriskofbraincancersby 
activatingneuroprotectivemechanisms.In addition,adequatevegetables,andantioxidants 
(suchasvitaminsCandA) in thediet mayhaveaprotectiveeffect [33].Incontrast, 
nocorrelationwithgliomaincidence has been shown with other 
factors,accordingtoBieleckaandMarkiewicz-Zukowska(2020) [34]. 

AstudyconductedbyYamamura etal.(2013)examinedtherelationshipbetweendietaryf
actorsanddenovoacutemyeloidleukaemia in adults.The 
studyrevealedanotableincreaseinriskforindividuals whofrequently 
consumedsignificantamountsofredmeat compared tothosewhomainlyconsumed 
darkgreenvegetables,seafood,andnuts [35].Furthermore,i t  w a s  reportedan 
increasedriskoflungcancerforpersons≥70years of age whoconsumedameat-baseddiet 
[25],whileit was foundnoconnectionbetweenmeatintakeandlungcancer by Shen et al., 
2021 [10].The riskmaybeattributedto 
theincreasedproductionofnitrosamines,phenols,andhydroquinones from the 
consumption of red meat [25].On the other hand,the same authors indicate that 
fruitsandvegetablescontaincompoundsthatmayhaveanticarcinogenicproperties, 
suchlycopene, flavonoids,and folic acid [10,25]. 
Manystudieshavelinkedhighsaltintaketoanincreasedriskofstomachcancer.Accordingto 
thesestudies,theORforsaltintakeisacriticalriskfactor [26]. Inadequate intake of 
freshfruitsandvegetableisanotherriskfactorforcancer,whereasahigher intakeof fruits and 
vegetables decreases therisk [36]. 

Thefactthat90–95%ofcancersareduetoenvironmentalandlifestyle 
factorsprovidessignificant 
opportunitiesforpreventionevenifthereisageneticpredisposition.Diet,obesity,and 
metabolicsyndromeaccountfor30–35%ofcancer cases, 
highlightingthatcancer-relatedmortalitycan be significantly reduced bymodifyingthe related 
lifestyle factors.More than 25, 000phytochemicalshavebeenidentifiedasbe i n g  
protectiveagainstcancer,includinglycopene, catechins, and capsaicin [37]. 

Carotenoidsarefoundinmanyfruitsandvegetables,andlycopenehasb e e n  shownt o  
h a v e  anti-cancerpropertiesinvitroandin vivo.The 
proposedmechanisminvolvesROSscavenging,upregulation 



 5 of 10 
 

 

ofdetoxificationsystems,interferencewithcellproliferation,inductionofgap-junction 
review,inhibitionofcell-cycleprogression,andmodulationofsignaltransduction pathway 
[38]. 

Quercetin isaflavonoidfoundinmanyfruitsandvegetables 
thathasantioxidant,anti-inflammatory,andantiproliferativeproperties.ItisknowntoblockN
F-κBactivation,which may prevent cancer formation. Sulforaphane isa compoundfound 
invegetables,especiallybroccoli, andinvitroandinvivostudieshave foundthat it has 
chemopreventiveeffects.Sulforaphane inhibits manymechanisms 
incellsignalling,including blocking NF-κB activation, like most other phytochemicals[39]. 

Hua et al. (2020)[40] and Belfiore et al.(2018)[41] reported that stimulation of 
insulinandIGF-1leads 
tosignallingviathePI3Kandmitogen-activatedproteinkinase(MAPK)transduction 
pathways,resultingincellulargrowth,proliferation,differentiation,metabolism,and 
apoptosis.AberrantsignallingfromtheinsulinandIGF-1axismayleadtomalignantcell 
transformationandprogression.Thisisfurthersupportedbytheoverexpression 
ofmitogenicinsulinreceptorisoformA(IR-A) andinsulin-likegrowthfactor receptor 
(IGF-1R) incancer cells. It was proposedthatactivationofNF-kBmaybe a linkbetween 
obesityandcancer [42]. 

Adipokines 
arecytokinessecretedbyadiposetissuethataffectsatiety,metabolism,signalling 
pathways,andinflammation[43].Leptinisanadipokineresponsiblefor 
energyintake,homeostasis,andimmuneresponse.Leptinisatumorigenicadipokinethatactiv
atesmultiplesignallingtransductionpathways,includingthe Januskinase/signal 
transducersandactivatorsoftranscription(JAK/STAT),MAPK,andPI3Kpathways [44]. 

Leptincanbindtoitsreceptor(ObR),leadingtotheleptin/ObRaxis, which 
isinvolvedinhallmarkcancer 
featuressuchascellularsurvival,metabolism,angiogenesis,andmetastasis.Leptincanalso 
interactwithotherpathwayssuchasthose of sexhormones(e.g., oestrogen)andinduce 
inflammation viathe production of cytokines, 
includingIL-6,whichcanleadtofurtherstimulationofcellular signal transduction pathways 
[45]. 

Adiponectincounteractsmany ofthepro-tumorigeniceffectsofleptin.T h e  activation 
ofadenosinemonophosphate-activated proteinkinase(AMPK) 
byadiponectinleadstocellcyclearrest,inhibitsmammaliantarget 
ofrapamycin(mTOR)activity.As aresult,adiponectinisanti-diabetogenic; it is also an 
anti-atherogenic, anti-inflammatory, and anti-cancer adipokine[44]. 

Obesitynotonly 
increasestheriskofbreastcancerby1.5to2timesamongpost-menopausalwomen,butalsowor
sensthe prognosisfromincreasedrecurrenceandmorbidity [46].(Further details are required 
to match the discussion)  

5. Physical Inactivity and Exercise 
Anestimated40%ofcancerscanbeprevented 

bylifestylemodifications[47].InAmericanadults,increasedBMI(>40)isassociatedwithincrea
seddeathfrom all cancers for men andwomen comparedto lower BMI(<24.9) 
[48].Exerciseleadstomultifactorialbodilychangessuchaschangedbodycomposition and 
hormone levels(changes in what terms?, kindly 
specify)decreasedinflammation,andimprovedcellular immunity, 
whichimprovesoutcomes 
forpatientsdiagnosedwithcancer.OxidativestressisknowntoaffectDNAandincreasecancer
risk.Regularphysicalexerciseinducescellularresponsesthataugmentthe antioxidant 
response [49]. 

WhilealackofexerciseislinkedtoobesityandhigherBMI,itisvitaltounderstandthe 
impactofthisfactorindividually.Physicalactivityreducesbreastcancerriskindependentof 
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BMI,smoking,andhormonetherapy.TheWHOrecommends10minutes of working out 
daily to markedly reduce risk. Physicalactivity delays breast cancer development even in 
carriers of the BRCAgeneticmutation.The mechanismst hat  
facilitateriskreductionremainelusivebutinvolve desirable 
decreasesinoestrogenandinflammationandregulationofmetabolicfunctionandbody 
composition.Therefore,physicalactivity,dietmodification,andweightcontrolarekey 
management strategies for thesepatients [46]. 

6. Infectious Agents 
Gastric cancers are responsible for ~780,000 deaths annually. It is the third-most 

prevalent type of cancer mortality globally. Epstein–Barr virus-associated is associated 
with this common type of malignancy [50].Viruses account formost infection-mediated 
cancers, while other microorganisms, includingparasites such 
asOpisthorchisviverriniandSchistosomahaematobiumandbacteria such asHelicobacterpylori 
c a n  alsocausecancer, as shown in Table 1 [51]. 

 

 

 

 

 

 

Table 1.Linksbetweeninfectionandcancer. 
 

 
Infectiousagent 

Typeof 
Microorganis
m 

 
 

Cancertype 

Epstein-Barrvirus Virus Nasopharyngealcarcinoma,Burkittlymphoma, 

immunesuppression-relatednon-Hodgkinlymphoma,Hodgkin 

lymphoma,extranodalnatural killer/Helllymphoma(nasal type)[52] 

HepatitisBvirus Virus Hepatocellularcarcinoma [53] 

HepatitisCvirus Virus Hepatocellularcarcinoma,non-Hodgkinlymphoma [54] 

Kaposisarcomaherpesvirus Virus Kaposisarcoma,primaryeffusionlymphoma [55] 

Humanimmunodeficienc
yvirus1 

Virus Kaposisarcoma,non-Hodgkinlymphoma,Hodgkinlymphoma,carcinom
aofthecervix,anus,conjunctiva [56] 

Humanpapillomavirustype 16 Virus Carcinomaofthecervix,vulva,vagina,penis,anus, 
oralcavity,andoropharynx andtonsil [57] 

HumanT-celllymphotropicviru
stype1 

Virus AdultT-cellleukaemiaandlymphoma [58] 

Merkelcellpolyomavirus Virus Merkelcellcarcinoma [59] 

Opisthorchisviverrini Trematode Cholangiocarcinoma [60] 
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Clonorchissinensis Helminth Cholangiocarcinoma [61] 

Schistosomaheamatobium Trematode Urinarybladdercancer [62] 

Helicobacterpylori Bacterium Non-cardiagastriccarcinoma,low-gradeB-cellMALTgastriclymphoma[63] 

Alfatoxin(Bl) Mould(Asper

gillusnavus) 

Livercancer[64] 

SalmonellaTyphi Bacterium Gallbladdercarcinoma [65] 
SalmonellaEnteritidis Bacterium Coloncarcinomaintheascendingandtransversepartsofthecolon [66] 

Chlamydiatrachomatis Bacterium Carcinomaofthecervixandovaries [67,68] 

 
* Table extracted from an open access article distributed under the terms and conditions of the Creative Commons attribution license 
[51]. 

Theaetiologyofinfection-relatedcanceriscomplexandlikelyinvolvesmultiplepathway
s.Theinfectiousagent maypossessoncogenesortumour-suppressinggenesthatcanleadto 
cancerformation.InfectiousagentsimplicatedinthispathwayincludeHPV,EBV,HHV-8, 
andHTLV-1[ 6 9 ] .Infectiousagentscanalsoindirectlyleadtocancer through 
chronicinflammation, 
whichcanproducemetabolitesharmfultohostcellsandDNAandalterthe 
normalprogressionofthecellcycle.ThisistheproposedmechanismofH.pyloriandparasite-rel
atedcancers.Additionally,infectiousagentscansuppressthehost immune response,leading 
tocancerformation.However,this islikelyaresultofchronicinflammation,whichseverely 
overlaps in infection-related cancers 
[70].HPVaccountsfor90%ofcervicalcancers,whilehepatitisBandCaccount 
for80%ofhepatocellularcarcinomas[ 5 1 ] . 
Humanpapillomavirusisassociatedwithmutationsthatintegrate itsDNAintothe host cells, 
resulting in premalignant and malignant changes in gynaecological tissue. HPV has been 
designated themostimportantriskfactorforcervicalcancer worldwide.Thus,HPV 
vaccinationandproceduressuchasPapsmears,aimedat earlydetectionof HPVinfection,may 
aid in the prevention of such cancer [71]. 

We conclude that the facts suggest that a number of individuals have risk factorsfor 
cancer that may be(are) modifiable. This brings new insights in the field of preventive 
medicine. Especially for our country, The Republic of Trinidad and Tobago, is very 
significant that the health system emphasises about how to minimise cancer risk factors as 
tobacco, alcohol drinking, diet, infectious diseases including HIV/AIDS, and others, 
which are very prevalent in the country and the region.   
 
Institutional Review Board Statement:Not applicable. 

Informed Consent Statement:Not applicable. 

Data Availability Statement:Not applicable. 
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