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Framingham Heart Study

A Project of the National Heart, Lung, and Blood Institute and Boston University

Cardiovascular Disease
(10-year risk)

(based on D'Agostino, VVasan, Pencina, Wolf, Cobain, Massaro, Kannel. 'A General Cardiovascular Risk
Profile for Use in Primary Care: The Framingham Heart Study')

Outcome
CVD (coronary death, myocardial infarction, coronary insufficiency, angina, ischemic stroke, hemorrhagic
stroke, transient ischemic attack, peripheral artery disease, heart failure)

Duration of follow-up
Maximum of 12 years, 10-year risk prediction

Population of interest
Individuals 30 to 74 years old and without CVD at the baseline examination

Predictors
« Age
« Diabetes
Smoking

Treated and untreated Systolic Blood Pressure httpS'//WWW framinghamhe
Total cholesterol ' '

HDL cholesterol artStUdy.Org/nSk‘
BMI replacing lipids in a simpler model functions/cardiovascular-
disease/10-year-risk.php

Risk Score Calculators
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http://cvdrisk.nhlbi.nih.gov/

National Heart, Lung,
and Blood Institute

Risk Assessment Tool for Estimating Your 10-year Risk of Having a
Heart Attack

The risk assessment tool below uses information from the Framingham Heart Study to predict a person’s chance of having a heart
attack in the next 10 years. This tool is designed for adults aged 20 and older who do not have heart disease or diabetes. To find your
risk score, enter your information in the calculator below.

Age: years

Gender: O Female ® Male

Total Cholesterol: mg/dL
HDL Cholesterol: mg/dL

Smoker: ® No O Yes
Systolic Blood Pressure: mm/Hg
Are you currently on any medication to treat high blood pressure. ® No O Yes

Calculate Your 10-Year Risk
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Monday, November 30, 2015

Information for Health - - .
Professionals Information about your risk score:

Clinical Practice

Guidelines Age: 65

Heart & Vascular

Information Gender: male

Lung Information Total Cholesterol: 145 mg/dL

Blood Information

) HDL Cholesterol: 65 mg/dL
Sleep Information
Interactive Tools and Smoker: No

Fesources

) ) Systolic Blood Pressure: 120 mm/Hg
Education Campaigns

Mational Education On medication for HBEP: No
Programs
o Risk Score* 7%
Continuing Education . _ . . _
Opportunities Means 7 of 100 people with this level of risk will have a heart attack in the next 10 years.
Health Observances * Your risk score was calculated using an equation. Other NCEP products, such as printed ATP III materials,

use a point system to determine a risk score that is close to the equation score.
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A Randomized Trial of Intensive versus Standard Blood-
Pressure Control

The SPRINT Research Group
N Engl J Med 2015; 373:2103-2116 | November 26, 2015 | DOI: 10.1056/NEJM0a1511939

~ Comments open through December 2, 2015

Background: The most appropriate targets for systolic blood pressure to reduce
cardiovascular morbidity and mortality among persons without diabetes remain
uncertain.

Methods : We randomly assigned 9361 persons with a systolic blood pressure of 130
mm Hg or higher and an increased cardiovascular risk, but without diabetes, to a
systolic blood-pressure target of less than 120 mm Hg (intensive treatment) or a

target of less than 140 mm Hg (standard treatment). The primary composite
outcome was myocardial infarction, other acute coronary syndromes,
stroke, heart failure, or death from cardiovascular causes.
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SBP in the Two Treatment Groups over the Course of the Trial.

150+
Framingham 10-yr CV disease risk score: 20.1+10.9% vs. 20.1+10.8%

i
Iu
T

Standard treatrment

130+

120- e : IIEII

Intensive treatment

Systolic Blood Pressure {(mm Hg)

1104

Years
No, with Data
Standard treatrment 4683 4345 4222 4092 3997 3904 3115 1974 1000
Intensive treatrment 4678 4375 4231 409] 4029 3920 3204 2035 1048

Mean No. of Medications

Standard treatrment 1.9 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8
Intensive treatrment 2.3 2.7 2.8 2.8 2.8 2.8 2.8 2.8 2.8



Medications (1.8FH 53F|~)

Chlorthalidone

— loop diuretics (for participants with advanced
chronic kidney disease)

— B-adrenergic blockers (for those with coronary
artery disease)

Amlodipine
ACE-I
Azilsartan or Azilsartan + chlorthalidone



Utilization of Antihypertensive Medication Classes at
Most Recent Visit

Intensive Standard
(N=4678) (N=4683)
Number of agents

Average 2.7 (1.2) 1.8 (1.1)
0 125 (2.7) 530 (11.3)
1 493 (10.5) 1455 (31.1)
2 1429 (30.5) 1559 (33.3)
3 1486 (31.8) 807 (17.2)
4+ 1137 (24.3) 323 (6.9)



Utilization of Antihypertensive Medication Classes at Most Recent Visit

Intensive Standard

(N=4678) (N=4683)
ACE-l or angiotensin Il antagonist 3580 (76.7) 2582 (55.2)
ACE inhibitors 1729 (37.0) 1320 (28.2)
Angiotensin Il antagonists 1854 (39.7) 1264 (27.0)
Renin inhibitors 1(0.0) 1(0.0)
Diuretics 3127 (67.0) 2006 (42.9)
Thiazide-type diuretics 2562 (54.9) 1557 (33.3)
Aldosterone receptor blockers 405 (8.7) 185 (4.0)
Other potassium-sparing diuretics 144 (3.1) 119 (2.5)
Alpha-1 blockers 482 (10.3) 258 (5.5)
Beta blockers 1919 (41.1) 1440 (30.8)
other contrally acting drugs 0723 4409
Calcium channel blockers 2667 (57.1) 1654 (35.4)
Dihydropyridines 2465 (52.8) 1463 (31.3)
Non-dihydropyridines 218 (4.7) 199 (4.3)
Direct vasodilators 340 (7.3) 110 (2.4)




Primary Outcome and Death from Any Cause.

A Primary Outcome

1.0 0.105 Hazard ratio with intensive treatment,
0.75 (955 Cl, 0.64-0.29)
0.08-
- 0.8 Standard treatrment
= 0.06-
=] .
0,6 E
ﬁ 0.04- “ Intensive treatment
=
= 0.07 -
< 04-
§ 0.00 T T T
0.9- 0 ] 2 3 4
0.0 T T T T
0 1 Z 3 4
No. at Risk Years
Standard treatment 4683 4437 4228 2829 721
Intensive treatment 467% 4436 4256 2900 )

B Death from Any Cause

Cumulative Hazard

1o+

0.104 Hazard ratio with intensive treatrment,
0.73 (95% Cl, 0.60-0.90)
008~
0, %
006~
Standard treatrment —_—
0.6 0.04-
0.4 0.02- Intensive treatrment
0,00 . I | T 1
0.7 0 1 2z 3 4 5
0.0 —— T | |
0 1 2 3 4
Years
4683 4528 4383 2998 789
4678 4516 4390 3016 207

At 1 year, the mean systolic blood pressure was 121.4 mm Hg in the
intensive-treatment group (ITG) and 136.2 mm Hg in the standard-
treatment group (STG).
The intervention was stopped early after a median follow-up of 3.26
years owing to a significantly lower rate of the primary composite
outcome in the ITG than in the STG (1.65% per year vs. 2.19% per year;
P<0.001). All-cause mortality was also significantly lower in the ITG
(1.04% per year vs. 1.40% per year; P=0.003).
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ITG STG
2 ¢ T )

%?’%m%iﬁﬁ) 1.65 219  0.75(0.64-0.89)  <0.001

0.65 078  0.83(064-1.09) 0.9

SRR 0.27 027  1.00(0.64-1.55)  0.99

— 0.41 047  089(0.63-1.25)  0.50
TRE X 0.41 067  0.62(0.45-0.84)  0.002
0.25 0.43  057(0.38-0.85)  0.005

1.03 140  0.73(0.60-0.90)  0.003
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Forest Plot of Primary Outcome According to Subgroups.

Subgroup

Owerall
Previous (K[
Mo
Yes
Age
</huwr
=75 yr
Sex
Fermale
Wale
Race
Blacl
Nonblacl
Previous cardiovascular disease
Mo
Yes
Systolic blood pressure
=132 mm Hg
=132 to <145 mm Hg
=145 mm Hg

Intensive Treatment

Standard Treatment

no. of patients with primary oufcomme/fotal no. (96)

243 /4678 (5.2)

135 /3348 {4.0)
10871330 {8.1)

142/3361 (4.2)
101/1317 (7.7)

77/1634 (4.6)
166,/2994 (5.5)

52/1454 {4.3)
181/3224 {5.5)

149 /3738 (4.0)
64/940 {10.0)

7171583 {4.5)
77/1488 (5.2)
951606 {5.9)

31974683 (6.8)

193(3367 (5.7)
126/1316 (8.5)

175/3364 (5.2)
144/1319 (10.9)

8971648 (5.4)
23073035 (7.5)

8571493 (5.7)
234/3190 (7.3)

208/3746 (5.5)
1117937 {11.8)

98/1553 (6.3)
106/1549 (6.8)
115/1581 {7.3)

after a median follow-up of 3.26 years

Hazard Ratio (95% CI)

—m—
i

0.75 (0.64-0.86)

0.70 (0.56-0.87)
0.82 (0.63-1.07)

0.80 (0.64-1.00)
0.67 (0.51-0.86)

0.84 {0.62-1.14)
0.72 (0.59-0.88)

0.77 {0.55-1.06)
0.74 {0.61-0.90)

0.71 (0.57-0.88)
0.83 {0.562-1.09)

B 0.70 {0.51-0.95)
0.77 {0.57-1.03)
B 0.83 {0.63-1.09)
[ I ]
0.50 0.75 1.00 120

—

-

-

Intensive Treatment Better

P Value for
Interaction

0.36

0.32

0.45

0.23

038

0.77

Standard Treatment Better



Causes of Death

Cause of death Overall Intensive | Standard
CVD Death 102 37 65
__CHD Death coronary heart disease 50 18 32
___Stroke 17 8 9
___Sudden cardiac death 13 2 11
__CHF 17 8
__Not cardiac but other cardiovascular 5 1 4
Non-CVD Death 192 90 102
___Death from kidney disease 2 1 1
__Death related to dialysis procedure 1
__Other cardiac/non-ischemic 2 2
__Cancer 101 49 52
__Accident/Injury/Suicide/Homocide 14 4 10
__Other noncardiac, nonstroke death 72 36 36
Undetermined 71 28 43
__Unclassifiable 35 13 22
__Not yet adjudicated 36 15 21
Total 365 1565 210
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Rates of serious adverse events of
hypotension, syncope, electrolyte
abnormalities, and acute kidney injury or
failure, but not of injurious falls, were
higher in the ITG than in the STG (1072
(22.9%) vs. 554 (11.8%); hazard ratio, 1.94
(<0.001) from Table S5).



Table S5. Serious Adverse Events and Conditions of Interest
Classified as Possibly or Definitely Related to the Intervention

Intensive Standard
(N=4678) (N=4683)
no. of patients | no. of patients Hazard Ratio
(%) (%) (P Value)
Serious Adverse Events' 220 (4.7) 118 (2.5) 1.88 (<0.001)
Conditions of Interest
SAE Only
Hypotension 83 (1.8) 37 (0.8) 2.52 (<0.001)
Syncope 64 (1.4) 28 (0.6) 2.15 (0.006)
Bradycardia 34 (0.7) 24 (0.5) 1.28 (0.44)
Electrolyte abnormality 69 (1.5) 48 (1.0) 1.58 (0.05)
Injurious fall® 19 (0.4) 13 (0.3) 1.99 (0.21)
_ Acgte Kidney Injury or Acute Renal 88 (1.9) 34 (0.7) 3.14 (<0.001)
Failure
ER Visit or SAE
Hypotension 125 (2.7) 58 (1.2) 2.24 (<0.001)
Syncope 94 (2.0) 44 (0.9) 2.13 {0.0095)
Bradycardia 51 (1.1) 29 (0.6) 1.68 (0.05)
Electrolyte abnormality 93 (2.0) 62 (1.3) 1.61 (0.02)
Injurious fall® 36 (0.8) 23 (0.5) 2.22 (0.05)
Failjurr:.éte Kidney Injury or Acute Renal 96 (2.1) 36 (0.8) 3.13 (<0.001)




Outcomes Data from SPRINT and the ACCORD Trial and
Combined Data from Both Trials

P Value for
Outcome Event Rate per Year with Standard Treatment Risk Ratio (95% Cl) Heterogeneity

percent

Monfatal myocardial infarction

SPRINT -

ACCORD trial —

Combined
Stroke

SPRINT

ACCORD trial

.
«—= i
Combined = 0.75 (0.58-0.97) 0.1
i ——

0.89 (0.74-1.07) 0.8

Heart failure

SPRINT
ACCORD trial —r—iii—
Combined e 0.77 (0.62-0.95)  0.07
Primary outcome as defined
in each trial
SPRINT —il—
ACCORD trial = — il
Combined S 0.81 (0.72-0.92) 0.2
T T T T 1 I 1
0.0 0.5 1.0 1.5 2.0 25 05 1.0 2.0
Coronary  Stroke | Heart M Unexpected Other Intensive Standard
event failure  or presumed Treatment Treatment
cardiovascular Better Better
death

Systolic Blood Pressure Intervention Trial (SPRINT) NEJM. 2015;373:2175-8.
Action to Control Cardiovascular Risk in Diabetes (ACCORD) trial; T2DM



The NEW ENGLAND
JOURNAL of MEDICINE

ORIGINAL ARTICLE

A Randomized Trial of Intensive versus Standard Blood-
Pressure Control

The SPRINT Research Group
N Engl J Med 2015, 373:2103-2116 | November 26, 2015 | DOI: 10.1056/NEJM0a1511939

~ Comments open through December 2, 2015

Conclusions: Among patients at high risk for cardiovascular events
but without diabetes, targeting a systolic blood pressure of less than
120 mm Hg, as compared with less than 140 mm Hg, resulted in
lower rates of fatal and nonfatal major cardiovascular events and
death from any cause, although significantly higher rates of some
adverse events were observed in the intensive-treatment group.
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Tohoku J. Exp. Med., 2015, 236, 225-232

Mitochonic Acid 5 (MA-5), a Derivative of the Plant Hormone
Indole-3-Acetic Acid, Improves Survival of Fibroblasts from
Patients with Mitochondrial Diseases

Takehiro Suzuki,"** Hiroaki Yamaguchi,>™ Motoi Kikusato,*”*

Tetsuro Matsuhashi,>* Akihiro Matsuo,! Takeya Sato.’ Yuki Oba,’

Shun Watanabe,' Daichi Minaki,” Daisuke Saigusa,® Hiroko Shimbo,’
Nobuyoshi Mori,'® Eikan Mishima,' Hisato Shima," Yasutoshi Akiyama,’

Yoichi Takeuchi,' Akinori Yuri," Koichi Kikuchi,"'* Takafumi Toyohara,’
Chitose Suzuki,' Masahiro Kohzuki, ° Jun-ichi Anzai,” Nariyasu Mano,’

Shigeo Kure,” Teruyuki Yanagisawa.’ Yoshihisa Tomioka," Masaaki Toyomizu,*
Sadayoshi Ito,! Hitoshi Osaka,” Ken-ichiro Hayashi'* and Takaaki Abe''?!

Mitochondria are key organelles implicated in a variety of processes related to
energy and free radical generation, the regulation of apoptosis, and various
signaling pathways.

Mitochondrial dysfunction increases cellular oxidative stress and depletes ATP in a
variety of inherited mitochondrial diseases and also in many other metabolic and
neurodegenerative diseases. Mitochondrial diseases are characterized by the
dysfunction of the mitochondrial respiratory chain, caused by mutations in the
genes encoded by either nuclear DNA or mitochondrial DNA.



We have hypothesized that chemicals that increase the cellular ATP
levels may ameliorate the mitochondrial dysfunction seen in
mitochondrial diseases.

To search for the potential drugs for mitochondrial diseases, we
screened an in-house chemical library of indole-3-acetic-acid
analogs by measuring the cellular ATP levels in Hep3B human
hepatocellular carcinoma cells.

We have thus identified mitochonic acid 5 (MA-5), 4-(2,4-
difluorophenyl)-2-(1H-indol-3-yl)-4-oxobutanoic acid, as a potential
drug for enhancing ATP production. MA-5 is a newly synthesized
derivative of the plant hormone, indole-3-acetic acid.

Importantly, MA-5 improved the survival of fibroblasts established
from patients with mitochondrial diseases under the stress-induced
condition, including Leigh syndrome, MELAS (myopathy
encephalopathy lactic acidosis and stroke-like episodes), Leber’s
hereditary optic neuropathy, and Kearns-Sayre syndrome.



Auxin (indol-3-acetic acid)

In patients with renal failure, many uremic toxins are
accumulated, such as indoxyl sulfate and p-cresyl sulfate
(Toyohara et al. 2010). Unexpectedly, we also found the
accumulation of i1ndole-3-acetic acid (IAA), a plant hor-
mone auxin, in uremic patients (Toyvohara et al. 2010). TAA
regulates growth and essenfial for plant's life cycle and
body development, but IAA 1s synthesized in the mouse
liver and kidney (Gordon et al. 1972) and intestinal anaer-
obes (Chung et al. 1975). In addition, IAA 1ncreased the
growth of mouse and human fibroblasts (Abu Sinna 1983),
although the precise role and mechanism has not been clari-
fied. We are therefore interested in the bioactive properties
of TAA.
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Mitochonic acid (MA-5)

Here, we screened an in-house chemical library of IAA
analogs (Hayvashi et al. 2012) and found that denivatives of
IAA sigmficantly increased the cellular ATP level in Hep3B
human hepatocellular carcinoma cells, including mito-
chonic acid (MA)-5, 4-(2,4-difluorophenyl)-2-(1H-1ndol-3-
yvl)-4-oxobutanoic acid (Hayashi et al. 2012). Moreover,
MA-5 improved the survival of fibroblasts established from
patients with mitochondnal diseases probably increasing
the ATP level independently of the membrane potential or
OXPHOS complexes. Our finding changes the focus on

secarching drugs for mitochondrnial and neurodegenerative
discases.

HHRAMEZE K EE . L-buthionine-(S,R)-sulfoximine
(BSO, glutathione synthesis inhibitor, 100 puM)
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Tohoku J. Exp. Med., 2015, 236, 225-232

Mitochonic Acid 5 (MA-5), a Derivative of the Plant Hormone
Indole-3-Acetic Acid, Improves Survival of Fibroblasts from
Patients with Mitochondrial Diseases

The improved survival was associated with the increased
cellular ATP levels.

Moreover, MA-5 increased the survival of mitochondrial
disease fibroblasts even under the inhibition of the
oxidative phosphorylation or the electron transport
chain.

These data suggest that MA-5 could be a therapeutic

drug for mitochondrial diseases that exerts its effect in a
manner different from anti-oxidant therapy.
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J Am Soc Nephrol 27: ccc—ccc, 2015. doi: 10.1681/ASN.2015060623

Mitochonic Acid 5 Binds Mitochondria and Ameliorates
Renal Tubular and Cardiac Myocyte Damage

Takehiro Suzuki,*" Hiroaki Yama guchift Motoi Kikusato,® Osamu Hashizume,

Satoru Nagatoishi," Akihiro Matsuo,* Takeya Sato,** Tai Kudo,™ Tetsuro Matsuhashi,*
Kazutaka Murayama,® Yuki Ohba,* Shun Watanabe,* Shin-ichiro Kanno,!l Daichi Minaki, "
Daisuke Saigusa,*** Hiroko Shinbo, M1 Nobuyoshi I‘uﬂ«::-riﬁ”fF Akinori Yuri,ﬁ'§§ Miyuki Yoknm,””
Eikan Mishima,* Hisato Shima,* Yasutoshi Akiyama,* Yoichi Takeuchi,* Koichi Kikuchi,*
Takafumi Toyohara,* Chitose Suzuki,* Takaharu Ichimura T Jun-ichi Anzai, 1" Masahiro Kohzuki,
Nariyasu Mano,* Shigeo Kure,** Teruvuki Yanaaisawa ** Yoshihisa Torioka, 353

Masaaki T-:Jhy'.:Jnrraizu,§ Kohei Tsumnto,'" Kazuto I\Iakar:la," Joseph V. Bonvemreﬁ Sadayoshi Ito,*
Hitoshi Osaka,**** Ken-ichi Hayashi,TﬂT and Takaaki Abex111HH

Mitochondrial dysfunction causes increased oxidative stress and
depletion of ATP, which are involved in the etiology of a variety of
renal diseases, such as CKD, AKI, and steroid-resistant nephrotic
syndrome. Antioxidant therapies are being investigated, but clinical
outcomes have yet to be determined.



Recently, we reported that a newly synthesized indole
derivative, mitochonic acid 5 (MA-5), increases cellular ATP
level and survival of fibroblasts from patients with
mitochondrial disease. MA-5 modulates mitochondrial ATP
synthesis independently of oxidative phosphorylation and
the electron transport chain.

Here, we further investigated the mechanism of action for
MA-5. Administration of MA-5 to an ischemia-reperfusion
injury model and a cisplatin-induced nephropathy model
improved renal function.

In in vitro bioenergetic studies, MA-5 facilitated ATP
production and reduced the level of mitochondrial reactive
oxygen species (ROS) without affecting activity of
mitochondrial complexes I-IV.



MA-5 binds with mitofilin
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Mitofilin forms a core complex in the mitochondrial inner membrane
organizing system (MINQOS)
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MA-5 improved respiration of cardiac and renal

cell in Mitomice
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MA-5 improve respiration in Heart & Kidney
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Schematic model of the action of MA-5. MA-5 interacts with mitofilin
and modifies the MINOS complex.
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Mitochonic Acid 5 Binds Mitochondria and Ameliorates
Renal Tubular and Cardiac Myocyte Damage

Additional assays revealed that MA-5 targets the
mitochondrial protein mitofilin at the crista junction of the
inner membrane. In Hep3B cells, overexpression of mitofilin
increased the basal ATP level, and treatment with MA-5
amplified this effect.

In a unique mitochondrial disease model mouse, MA-5
improved the reduced cardiac and renal mitochondrial
respiration and seemed to prolong survival.

These results suggest that MA-5 functions in a manner
differing from that of antioxidant therapy and could be a
novel therapeutic drug for the treatment of cardiac and
renal diseases associated with mitochondrial dysfunction.



MegaBuster from an orphan drug
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