Decreasing Blood Pressure: One bite of chocolate at a time
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: - " - n general, the majority of the literature supported the relationship between dark chocolate consumption
M- Dark chocolate Consumptl(?n has been .ShOWH to have pOSlthG .beqeﬁts on health. It has been hypOthGSISCd to Blood Pressure Is Reduced and Insulin less insulin resistance due to improved Over a 12 week period, the changes were observed in the participants that consumed g ’ J Y pp . P . . . . P ’
decrease blood pressure, due to the high flavonoid content. The flavonoids in dark chocolate have been speculated to decreasel |sensitivity Increased in Glucose- endothelial function caused by higher Nitric ~ flavanol rich dark chocolate when compared with white chocolate consumers. and lowered blood pressure due to lowered LDL levels, and increased flow mediated dilation. However, it was
platelet adhesion, and LDL levels, as well as enhance vasodilation. However, studies conducted have been inconclusive. Bl e levels and less reactive oxygenand  Decrease LDL levels by 7.5% p(<0.001) observed that the validity of this relationship differed between the case-control and prospective cohort studies.
Obi Ve Toi . h lati hin b . fdark ch 1 d blood h ith 15 Days of Consuming High-Polyphenol nitrogen species. -Systolic blood pressure (SBP)decreased by 3.82 £ 2.4 mmgh . .. .. e . . .

jective: 1o mvestigate the relationship between consumption o1 dark chocolate and blood pressure, among those wi Dark Chocolate Improved microcirculation in arteries dueto ~ -Diastolic blood pressure (DBP) decreased by 3.92 + 1.98 mmhg The case-control studies showed a positive association due to the ability to strictly monitor diet and the use of
hypertension. :)elljble blind Randomized controlled Ihigheglivels of (~)-epicatechin resuiting in , N 4524 394 and DBP was 4175 329 control and experimental groups as to compare the obtained results. Seven prospective cohort studies found
. . : : . : : : riai: ower € mean INn the dark chocolate group was -4. T o. an was -4.1/x o.

Methods: A strqctured 1.1teraeure review, using the uOttawa library database, was‘conducted using ?tudles pu‘phs?ed be‘tweel;l Prospective Cohort Study statistically significant results, showing larger cfo&e of ﬂavanols result in greater decreases in blood pressure. The

2005-2015. Aﬁ1C1CS written 1n.Enghsh Were analyzed- The kCYWOI’dS usedowere dark ChOCO}&tG ’ hypertenSK)H ’ and LDL'. Effects of cocoa products/dark - Stronger reduction of LDL and TC among 2-12 week period_of consumption depending on the study association between dark chocolate and rever X sﬁmct}on was shown by lowered blood pressure

Only pecr reviewed papers, with experiments conducted on pre-hypertenswe and hypertenswe humans were considered. Afte chocolate on serum lipids: a meta- those with high risk of CVD in a shortterm SBP decreased by 3.82 + 2.40 mm Hg with a mean decrease of 3.92 + 1.98 mm Hg in a 24- lue articipants of all aces. Furt : ShO ed that when chocolate consumbtion

: : : : : | | | mon . Fu W W u
applying this search parameters, 11 articles remained.. Znalyses trol m[t)er\:(egﬂon late d dinsulin resist ESSAO?;ZZ%SOM)H ith d f4.52 + 3.94 mm Hg in a 24-h period (P < o e g . i | | ly sh p
. . . . . . ase-L.ontro - bar Oocolate aecreased Insulin resistance . To. mm Hg with a mean aecrease oOr 4. T o. mmmHAgina = | -
Results: Among consumers, most of the articles 1llustrated a positive correlation between dark chocolate consumption, and LDL cholesterol levels when comparedto  0.0001) stopped, blood pressu.re when back t.o pre tesju gle fits of chocolate are mainly short term.
lowered LDL levels, increased flow-mediated dilation and lowered blood pressure levels overall. However, most of these white chocolate increased Flow Mediated Dilation (P < 0.0001) and decreased total cholesterol by 6.5% (P < Four prospective cohort studies she; blood pressure levels because of
. . . . - Dark chocolate also increased flow mediated 0.0001)

studies \{verel:) condlilc;ed on }fmall senclipli sizes, with a small amount of dark chocolate consumed. The aforementioned effects YAt o y-qull gt SRR S NS v unciil‘ltlrolled conf];)uncllmg \lflariables (Csﬁ)clh a; modlfylnlg llflesty and level of physical activity) which

were only observed tor a short period of time. glucuronide and suppression of NO synthase could have contributed to the lowered bloo pressure evels

Conclusion: Therefore, it can be concluded that short term dark chocolate consumption has been shown to decrease LDL - — i::“bitor- —— — — h — s (65% coni The use of dark chocolate for CardlovaSCula‘r health is eontroversml due to some biases found in the

levels, and 1Ilduce VaSOdllatIOIl, thus IOWCrll’lg hypertenSIOH among the Selected populatlon OW VsS. Aigher-vose bar ocoiate arger amountor dark cnocolate was € mean SySl10IlIC DIOOd pressure change across all trials was —4.ommiig % confidence b d d F h f h 1 h d
and Blood Pressure in Cardiovascular observed to resultin larger decreasein blood  interval) obtained studies. 1rst, the COHSUIHPUOH 0 chocolate was glVeIl 1n various SOllI'CGS sucn asS powdacrs,
;‘ch'R‘s':yP?“e“ts pressure in ghefr_zea“ d:afto"clb'ogdpprf;‘gf decreased by 2.5mmHg £ 1.2mmg, with a 95% chocolate squares, and:chocolate drinks. The ore, the-studies that compared groups that consumed different

eta-analysis onftiaence interval an <0.
IN TROD l | ‘ TION Consumption of healthy foods at Consuming foods with High antioxidant vitamins 24 325 patients all residents of Italy over a 6 week period amounts Of dark ChOCOlate squares reported al’Ll Creasc 1n bOdy Welght due to consumptlon Of fats gelatlns and

different content of antioxidant vitamins and phytochemicalsresultedin decreasein ~ Consumption of high antioxidant foods (including chocolate) was negatively associated with other stabilizers. Because Welght galn 1S associat mth q rise m‘BP this mlght counteract poten‘[lal
and phytochemicals and metabolic risk systolic blood pressure, diastolic blood pressure Systolic and diastolic blood pressures in multi-adjusted analysis, with P=0.01 and P=0.001 .
factors for cardiovascular diseasein  and C-reactive protein respectively antihypertensive effects of dark chocolate observ between the groups. Furthermore, dense dark chocolate 1s

Chocolate is one of the most popular foods in the world. Since 460 AD, humans have been consuming and using men and women of the Moli-sani study SOEIER el [ e GUERelicEse i e il CEEs Rk oe el b high in caffelne ‘which would also have contributed to the potential for adverse health reactions from the high

d derived f h K &D h 2011). In th has b d £ Cross-sectional Retrospective Study pressures, P=40.05.
cacao products, derived from the cacao tree (Katz & Doughty, ). In the past, cocoa has been used as a source o L [ Over a6 weeke caffeine contentand vasodilating factors that could improve blood pressure. Secondly, some of the obtained
indulgence and a pharmaceutical product due to 1ts” healing and medicinal properties (Katz & Doughty, 2011). More recently, chocolate improves endothelial metabolism, lipid profile, biomarkers of Endothelial function increased from 1.94 + 0.18 to 2.22 + 0.08 with P=0.01. results could contain a re gressmn to the mean bias. Because all of the participants had blood pressure levels above
1C1 1 1 1 1 1 functions in individuals with Stage 1 inflammation, adhesion molecules, oxidized . h . | . .
the medicinal propertles of dark chocolate have been of particular interest due to an ethnogrephlc study of thehKuna Indians of unctions ! g nfa the population meation the first measurement, there could have been a tendency to display lowet readings in a
the Sans Blas islands of Panama who consume thirty ounces of a natural cocoa beverages daily(Katz & Doughty, 2011) . Randomized controlled trial: Decreases in blood pressure levels was not
. . ) o second measurement, and subsequent measures thereatter.
Studies have found that the Kuna Indians have a low prevalence of hypertension (2.2%) at all ages, as well as lower rates of Prospective Cohort Sudy statistically significant A
hypertension than those who have moved inland to urban areas (prevalence of 10.7%) (Katz & Doughty, 2011). The study of Plasma LDL and HDL cholesteroland  Plasma LDL concentrations decreased in lower, Over a 4 week period the following changes were observed in the 139 dark cocoa powder o
this population strengthens the hypothesis of a potential link between chocolate and a positive effect on cardiovascular health, ;:]";\ld;f;i'-gkdcﬁ;::;f;:‘;;‘tse‘:‘;fe‘:::“"‘d el S eTEgNECEOR S COMpEEEl o SIS EAnEEs i SE e e Limitations: . * ' 3 .
thus a decrease in the development of cardiovascular disease. Humans after Intake of Different Levels No discussion on anyobserved changesin LDL cholesterol decreased between 4.4 to 5.0% occurred following the intake There were three hmltatlons tha‘t WercE 1 3 : e oAS O ﬂ % Ilbl n dark ChOCOIate can dlffer by
The spotlight on dark chocolate research 1s greatly due to its higher cocoa solids that have antioxidant and vascular of Cocoa Powder Sl PR el brand, and can be affected by prese OLOHICT Nl ALSATIE SH@ROColate. While the cocoa percentage was
Prospective Cohort Study Plasma LDL concentrations decreased by =3.23 mmol/L > ol : ke - - 4

endothelial properties (Craig, 2010). Cocoa solids contain 3 types of polyphenols, called flavonoids (catechin, epicatechin ' ' ;
pTop ( & ) YP POyP ’ ( P ’ High-cocoa polyphenol-rich chocolate -Decreases in: systolic blood pressure (SBP), QOver an eight week period: glVCI’l, thlS Value dOCS not co -

; pased on the dark chocolate plant
procyamdms) (KatZ & DoughtYa 201 1)- The exact mechanism of these flavonoids is unknown, hOWCVGI’, they arc thought to: improves blood pressure in patients diastolic blood pressure (DBP), apolipoprotein B Treatment Group (before vs after) ori gln and the manufactusi g Dro

neutralize free radlcale th.at OX1.d126 LDL.cholesterol, increase HDL levels, upregulate apd/or Increase the bloavallablhty of with diabetes and hypertension X?)F;Tifgggti i«z :I?K‘glcz;t increase in %ﬁ_ ;271-25’; i8 15066; r;nl_rg Htg t70912310;6§ *—é; :r-lmgmp“:% 5510-001 Secondly, some Of clini an adequate control substance that could be
NO that causes vasodilation, display antiplatelet effects by mh‘lb.ltl.ng blood clot formeuon, and stimulate 1mmunore.gulatory Double-Blind Randomized Controlled Apo B: 86.53 % 20,11 mg/d {0 82.06 £ 17.94 mgld, P=0.012 used to compare the obtainalresultss ercially available flavanol-free chocolate that
processes in the body (Katz & Doughty, 2011; Craig, 2010; Visioli et al., 2009). The improvement of the aforementioned Trial: Prospective In comparison to the control group, the ApoA: 149.81 + 17.89 mg/dito 154.37 + 16.02, P= 0.045 mimics the distinct bitter tas.te' ; 5 cocoa-rich chocolate. As a result. most of the
functions contributes to better vascular health; a prime determinant that can reduce the development of cardiovascular disease. § |Cohort Study treatment group only had significantly ~ ' ’

decreased systolic and diastolic blood pressure. Control vs Treatment Group Outcome Comparison examined Studies were single- 6 fIld or \ U.diGS ThCI’C iS d hlgher dI'Op out rate because the participants

- No significant differences between the groups SBP:

Cardiovascular disease (CVD) 1s the top cause of death in the world (World Health Organization, 2014). It involves

the circulatory system and encompasses many diseases, such as: ischemic heart disease, cerebrovascular disease, and total cholesterol, LDL cholesterol, HDL -6.40 +6.25 mmHg vs 0.17 £7.99 mmHg, P= 0.004 knew the type of treatment theyw . 1ng Consequently, the statistical power, obtained from these studies,
peripheral vascular disease (Public Health Agency of Canada, 2015). While some risks factors for cardiovascular diseases are cholesterol, and ApolipoproteinsAor B. DBP: -5.93 £6.25 mmHg vs -1.07 +7.97 mmHg, P=0.002 is lower and the probability of making a Type IT error increases. Moreover, studies that use white chocolate as a
inherent, the majority are modifiable risk factors (Public Health Agency of Canada, 2015) Characterisation of Hypertensive _Flow Mediated Dilation (FMD}increased O placebo, would not be valid because white chocolate offers no nutritive benefits, and therefore can induce

Many Other actions can be taken to decrease Other risks for hypertension or Cardiovascular disease. In general, dlet iS Patients with Improved Endothelial among all patients aftera one week dark Responders FMD (before vs after): 8.4+ 5.9% to 16.6 + 8.2%, P<0.001 negathe health CffGCtS unllke a Standard placebo

h . d v ch d lif le f infl he incid £CVD (K &D htv. 2011 Function after Dark Chocolate chocolate intervention. Non-Responders FMD (before vs after): 13.8 + 2.8% to 11.3 + 4.2%, P=0.03 . ’ ] L ) . . .
the most important and most commonly changed lifestyle tactor to influence the inciaence o ( atz oughty, ) Consumption - Found there was a greater increase in FMD in Responders SBP (before vs after): 140 + 3 mmHgto 131+ 10 mmHg, P=0.015 Flnally, there were no regulatlon methods to eliminate the 1mpact of COIlfOU.IldlIlg variables in the observed
According to the Framingham Heart Study, the regulation of blood pressure levels among pre-hypertensive patients can _ younger subjects (younger group: responders  Responders DBP (before vs after) : 85 + 7 mmHg to 82 + 8 mmHg, P=0.050 e : :
decrease the relative risk of all-causes of cardiovascular disease related mortality by 4% (Milliron et al., 2010). Consequently rrospective SonortSuey and older group: non-responders) asso.01.at10n between dark chocolate and. lewered blood pressure. Because none of the studle > required the
. . . . . > ’ - Statistically significant decrease in systolic and participants to keep a food log, the participants could have consumed other flavanol-containing foods such as
this research project focussed on decreasing hypertension through the consumption of dark chocolate. The increased flavanol diastolic pressurein younger group. . : : S . . .

: . : : ) . | | wine, tea and fruits, which could have artificially inflated the relationship between flavanol and dark chocolate.
content improves flavanols mechanisms, which contribute to factors that can control hypertension, such as a decrease in: the Q/Does chocolate have cardiovascular Overall, findings were that short term Between 14-15 days: Over an eighteen week period: he 2b ¢ lvohenol Kes it difficul , he ch hocol
bioavailability OfNO, the amount of fatty Plaques and the accumulation ofplatelets in the eirculatory SYStGIIl (PUbliC Health benefits? Eonsumr;)ticl)n ofdarkdcr}ocolalntsldecclzreases 24- II\D/I?fta-analysis: Treaténefnt Gro:p ,sz(t;T 1: Treatment Group Difference Between Before and MOI’GOVGI‘, the absence of serum polypheno tests makes 1t airricult to associate the ¢ anges to chocolate

) our ambulatory, and clinical blood pressure. ifference Between Before an er consum tiOIl and not to lifCSt 16 chan es.
Agency of Canada, 201 5). = Only one study found no differencein blood ~ After SBP: -4.7 + 2.9 mmHg, = SBP:-2.9 + 1.6 mmHg, P<.001 P Y &
pressure, but this study was classified asan ~ 95% Confidence Interval, DBP: -1.9 £ 1.0 mmHg, P<0.001

outlier; eliminating this study did not alter mean P=0.002

blood pressure changes. DBP:-2.8 +2.0 mmHg, 95%  After a two hour period: ‘ ON I l | SION & F ' | I | RE IDEAS
ME TH OD ()L O GY Confidence Interval, P=0.006 RCT 3: Treatment Group Difference Between Before and
After

Over a fifteen day period: SBP: -3.2 + 5.8 mmHg, P<0.001 .. . . .
RCTI 2: Treatment Group DBP: -1.4 + 3.9 mmHg, P<0.001 It can be concluded that the majority of the literature supported the relationship between dark chocolate
1 1 1 1 1 1 1 Diff Bet Bef d . . . . ;
A structured literature review, using the uOttawa library database, was conducted using studies published from 2005 e O 075 5 2B, B0.055) S T consumption, and lowered blood pressure due to lowered LDL levels, and increased flow mediated dilation.
to 2015. Thls 1S l?ecause studies published prior to 2005 were not rigorous, and dl.d not contain metho.ds of controlling for L S 550 B, -3.92 + 1,98 mmHg, P <0.0001 Due to the fact consumption of dark chocolate is steadily increasing, studies that uncover the association
confounding variables to account for the variations between the test subjects. Articles written in English were analyzed to mmHg, P<0.0001, Clinical SBP: : L
. . . . ) between dark chocolate consumption and blood pressure levels prove to be a significant area of research. Future
3.82 + 2.40 mmHg, P<0.0001
1dentify the association between the consumption of dark chocolate and lowered blood pressure levels due to lowered LDL Sex e AR tudi d to det o th : han; ible for the presumed blood pressure lowering effect of
. : 1 gl : - : ' Effects of dark chocolate on blood Overall, 5/8 of the Randomized Controlled Trials RCT 1: Fourteen Day Period RCT 2: Fifteen Day Period Studics nccd 1o dctermine tnc préCise mecnanisSms responsivic 10r u u w
levels, ar}d 1ncreased ﬂow-medlated .dllatlon. Only papers that useq analytical study e1e81gns (randomized cont.rol trials, | e e e e e e T |G o 2 9 e AR 24-Hour SBP: 119 £ 7.7 mmHg, P<0.0001 coconcontainine foods. Another sueeestion would be to conduct more research as to find the metabolism rate of
prospective cohort intervention studies, case-control and cross sectional) were examined. The search strategy included articles o e Erea ey ey (DR A5 0 i, P06 24-Hour DBP: -8.5 + 5.0 mmHg, P<0.0001 & - A &8 : .
that were found using the keywords: ‘Dark chocolate’ AND ‘hypertension’, ‘dark chocolate’ AND ‘LDL’, ‘dark chocolate’ Meta-Analysis and clinical blood pressure. One study found no flavanols, as well as the optimal flavanol level that produces the most beneficial effects. Secondly, more trials are
AND ‘circul dilation’. Onl iewed ith iments conducted hypertensive and hypertensi significant decreases In bload presstre i the = needed to study the effects for dark chocolate with various levels of flavanol content. For example, comparison
circular vasodilation’. On Yy pecrrevicwed papers, with experimments conducicd on pre-nypertensive and nypertensive treatment group versus baseline values or RCT 3: Eighteen Week Period 24-hour SBP: 134.6 £ 4.4 mmHg to 130.1+ 5.0 Yy . pic, p
humans were considered. After applying these search parameters,14 articles remained. Of these 14 articles, studies conducted between the treatmentand control group. SBP: -2.9 + 1.6 mmHg, P<0.001 ;n4mr:49, P;gF.)OZ Ca T e s studies that use both drug therapies alongside dark chocolate could potentially offer more treatment options for
. . . . . ; : ; Furthermore, 2 studies used cocoa drinks; one DBP:-1.9 + 1.0 mmHg, P<0.001 -hour -6b.ot 5./ mmHgtocso L o. . ; ; ;
on animals, as well as expert opinion papers and editorials were excluded. The remaining 11 articles were included 1n the final : ! ==r ! _
nals, pertop pap g study found no significant decrease in blood mmHg, P<0.05 blood pressure management. Finally, larger and longer-term trials are still required to confirm and expand upon
analysis pressure. The second study used 4 cocoa the potential role of flavonoid-rich chocolate in reducing cardiovascular disease risk, and blood pressure levels.
drinks with different doses of polyphenols;the RCT 5: Two Week Period RCT 6: 2 x Twelve Week Phases
only dosage to show significant decreasesin ~ Treatment vs Control Group SBP Before vs After Treatment
blood pressure was 1052 mg. Difference after Treatment: -1 mmHg, 95% SBP Phase 1: 135+ 3.8 mmHgto 133.1+ 3.5 RE FE RENC E S
K ds Dark ch late’ AND confidence interval, P= 0.74 mmHg
‘ €y words | a[' ‘C ocolate . e Databases: uOttawa |ibrary Several of the studies also found positive Treatment vs Control Group DBP SBP Phase 2: 128.2+ 3.0 mmHgto 126.8 + 2.8
hypertenSIOn y dark ChOCOIate . . . ] effects on LDL cholesterol levels and Flow Difference after Treatment: -1 mmHg’ 95% mmHg Baba, S.,Natsurrjl\e,M.,. Yas;gi;(,g.,lljgllgalmétjrla,I\{{.t(.ZOOZI).fPlaer}[a L/?L antclli ?DL Cgl/loleitergllgr71;16(/)l)zi:;d6iztechl,DL Concentrations Are Altered in Normo- and Hypercholesterolemic Humans after Intake of Different Levels of Cocoa Powder. The Journal of
1 b} 1 ) . . 0 0 g . utrition, . - . Retrieved irom Jn.autrition.org/conten JdU
AN D LDL y dark ChOCOIate AN D ° le Ited SearCh to Eng“Sh StUdleS Mediated Dilation. confidence mterval, P=0.48 DBP Phase 1:83.6 + 3.2 mmHg to84.5+£3.5 Craig, W. J. (2010). Chocolate: is it really a health food?. Vibranttlliiﬁje, 26(6), 16.Retrieved from http://go.galegroup.com/ps/i.do? &id=GALE|A242 (0942 15&v=2.1 &u=otta 77973&it=r&p=AONE&sw=w
‘CI rcu I arv asod | | atl On’ con d u Cted betwee N 200 5_20 1 5 mmHg d’El-Rei, J., Cunha, A. R., Burla, A., Burla, M., Oigman, W., Neves, M. F., Virdis, A.,Medeiros, F. (2013). Characterisation o f Hypertensive Patients with Improved Endothelial Function after Dark Chocolate Consumption. International Journal of Hypertension,
. 2013.DOL: 10.1155/2013/985087
. . DBPHPhaSG 2:79.1+£1.9 mmHg to77.9+2.2 Desch, S., Kobler, D., Schmidt, J., Sonnabend, M., Adams, V., Sareban, M., Eitel, L., Blu, her, M., Schuler, G., Thiele, H. (2010). Low vs. Higher-Dose Dark Chocolate and Blood Pressure in Cardiovascular High-Risk Patients. American Journal of Hypertension,
. mm 23(6),694-700. DOIL 10.1038/2jh.2010.29
* EXCl Uded | Ite ratu re Wlth keywo rd S ' RCT 7: Six Week Period 2 Grassi, D., Desideri(, ()}.,Necozione, S., Lippi, C.g? Casale, R., Properzi,G., Blumberg, J. B., Ferri, C. (2008). Blood Pressure Is Reduced and Insulin Sensitivity Increased in Glucose-Intolerant, Hypertensive Subjects after 15 Days of Consuming High-Polyphenol
. Dark Chocolate. The Journal of Nutrition, 138(9), 1671-1676. Retrieved from http://n.nutrition.org/content/138/9/1671.full
1 O 6 Art|C| es O beSIty’ proant_hocyan Id NS and Before vs After 1052 mg dose RCT 8: Twelve Week Period Haber, S. L., Galhfsr,K. (205102;1.AmericanJoumalofHeazth-Syszem Pharmacy, 6%(15), 1287—12931[.) D]OI: 10.2146/ajhp110498
ChOCOlate Cand |eS 24-hour SBP: -5.3+ 5.1 mmHg, P=0.001 24-hour Mean Blood Pressure Difference Katz, D. L., Doughty, K., Ali, A. (2011). Cocoaand chocolate in human health and disease. Antioxidants and Redox Signalling, 15(10),2779-2811. DOI: 10.1089/ars.2010.3697
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Figure 1: Search criteria employed to determine articles for structured literature review Trial: Prospective Cohort Study +2.8 mmHg




