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Principles and Methods
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Manson started a long career in tropical medicine at
Takao, Formosa (kaohsiung, Taiwan) In the mid-19th Century.
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tropical
medicine

BY A FORMER RESIDENT.

«How long were you in Formosa?" we exprows our liking for the place, our truth-
are often asked. “ Five years,” we reply.  fuluess or our sanity is doubted. Yet we
“ Good heavens, how could you exist so @0 like theplace; in our memory it is »
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Silent Spring to Silent Sperm?

SILENT
SPRIN G

WITH AN INTRODUCTION

Vice PRESIDENT Al Gore

FOREWORD BY VICE PRESIDENT AL GORE

INTELLIGENCE, AND SURVIVAL?

A SCIENTIFIC DETECTIVE STORY

ayps bl uui,nn dli!ry o pow nm n’*
deserves 1o be read by the widest possible audien
—New York Times Bo kl view

ARE WE THREATENING OUR FERTILITY,
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Endocrine Disrupting Chemicals

 Pesticides (insecticides such as o,p'-DDT, endosulfan, dieldrin, methoxychlor,
kepone, dicofol, toxaphene, chlordane; herbicides such as alachlor, atrazine and
nitrofen; fungicides such as benomyl, mancozeb and tributyl tin; nematocides
such as aldicarb and dibromochloropropane)

* Industrial chemicals (polychlorinated biphenyls (PCBs), dioxin and benzo(a)pyrene)
* Brominated flame retardants (polybrominated diphenyl ethers, PBDEs)

* Perfluoroalkyl substances (PFASs)

* Products associated with plastics (bisphenol A, phthalates)

* Ordinary household products (breakdowns products of detergents and associated
surfactants, including nonylphenol and octylphenol);

* Pharmaceuticals (drug estrogens - birth control pills, diethylstilbestrol (DES),
cimetidine)

* Heavy metals (lead, mercury, arsenic, and cadmium)



Pertluoroalky!
Substances:
What Is the
Evidence
Telling Us?

4

Environ Health Perspect 2007

and Joseph TarlEHP

Chris Reuther

Laboratory mice exposed
prenatally to PFOS and
PFOA develop more slow-
ly and suffer a higher rate
of neonatal mortality than
nonexposed mice (left).
Once PFOA-exposed mice
reach adulthood, howev-
er, they are more likely to
become obese (above).
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What are PFASs?

* Fully fluorinated hydrophobic
linear carbon chain attacked to
various hydrophilic heads

* Chemical and thermal stability,
ideal surfactants (water and oil
resistant)

* Over 200 industrial and
consumer applications since

\GDRE-TEX

Chemosphere 2010; 80:1167-74
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Studies in Children’s Environmental
Health

y

General Population

Biomonitoring and

Network Studies Epidemiology
_ Pilot Study in Taiwan,
Youn.g Taiwanese 2019-20
Birth Cohorts Cardiovascular Cohort
, _ Study (YTCC), 2006-08
Taiwan Birth Cohort _
Birth Cohort Study (TBCS), 2005 Genetic and
, _ Biomarkers Study for
Prospective Taiwan Birth Panel Childhood Asthma
Pregnancy Cohort in g';udy (TBPS1), 2004- (GBCA), 2009-10
'g;lpel (PPCT), 1984- | | Birth Cohort
Taiwan Birth Panel Consortium of Asia
Study (TBPS2), 2011- (BICCA), 2012-

12
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Talwan Birth Panel Study

g ~
\ :* LR GENETICS
o ndE ,!' (predisposition/modification?)
TBPS |
Taiwan Birth Panel Study \

THE ENVIRQNMENT /

Heavy metals ~ CHILDREN’S HEALTH
./ - ‘
Non-persistent pesticides a— ‘Fetal and child growth
Perfluoroalkyl substances =3 Neurobehavioral
| : | ® development
1 Environmental tobacco | =
\\ smoke | . Language development
\ m . .
\ Psychosocial stress \ Allergic diseases
(low-level, prenatal \\ (initiatiop and/or
d/or postnatal, multiple e progression?)
N exposures?) \\
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Talwan Birth Panel Study

Study design
* 486 children born during 2004-2005

* Main questionnaire

* Mothers, infants, families, and
environmental exposures

* Face-to-face interview

Biological specimen
* Maternal blood and urine
* Umbilical cord blood and placenta

e Qutcomes

* Birth outcomes from hospital medical
records

* Growth and development, allergic
diseases
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Talwan Birth Panel Study
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Taiwan Birth Panel Study 1years
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International
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Functioning,
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5 S years
ionnaire,
Child growth &
development,
Child behavior
checklist,
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Electromagnetic
wave
questionnaire,
Motor
development,
Attention deficit/
hyperactivity
disorder,
Parenting stress
index,
Child motivation;
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Movement ABC
Urine

.
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9-10 years

7 years Questionnaire,

Questionnaire, Child growth &

Child beha ior development,

checklist, | child behavior
Phthalates /" checklist,
questionnaire, Allergic diseases,

Q, Neurobehavioral
SNAP-1V, development,
WISC-1V, Lung function,

+, Bone age,

AGD Physical activity;
Urine Dietary,

Disease history
Blood &urine

17




Taiwan Birth Panel Study (TEPS)

PFAS

* Birthweight .J.
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EE
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Serum Perfluoroalkyl Substances in

Children
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Melamine and Nephrolithiasis in Children in
Taiwan, 2009

Melamine and Nephrolithiasis in Children in Taiwan

TO THE EDITOR: The adverse renal effects of
melamine-tainted formula have raised interna-
tional concern. To address public concerns about
melamine, the department of health in Taiwan
initiated services to screen exposed children.
From September 24 through October 23, 2008,
we screened 1129 children in Taiwan who had

possible exposure to contaminated formula, in-
vestigating the clinical symptoms and risk factors
for nephrolithiasis. Clinical presentation and uri-
nary calcium and creatinine levels were evalnated,
and urinalysis and renal ultrasonography were
performed. We categorized our patients into three
groups, according to exposure history.* The high-

Table 1. Baseline Characteristics of the Study Children, According te Melamine Exposure.®
High Exposure Low Exposure Control
{+2.5 ppm) (0.05-2.5 ppm) (<0.05 ppm)
Variable (N=44) [N=607) (N=478) P Value
Age—yr 4.32+2.60 3.97+2.72 4.26+3.60 0.28
Male sex — no. 22 324 292 0.03
Urinalysis findings — no.
Occult blood (=2+) 1 26 22 0.77
Hematuria (red-cell count, »5/HPF) 0 13 14 0.40
Pyuria (white-cell count, »5/HPF) 0 25 11 0.11
Proteinuria (=2+) 0 3 3 0.85
Hypercalciuria (calcium:creatinine, =0.2) 0 7 5 0.77
Nephrolithiasis on renal ultrasonography — no. 9 2z 1 <0.001
Clinical symptoms and history — no.
Abdominal pain 0 10 3 0.23
Flank pain 0 0 2 0.26
Dysuria 2 16 7 0.24
Increased urinary frequency 2 9 7 0.28
History of UTI 1 3 3 0.40
Family history of nephrolithiasis 0 7 6 0.76
History of residence in the mainland of China 37 41 105 <0.001

* Plus—minus values are means +50. HPF denotes high-power field, and UTI urinary tract infection.

M ENGL) MED 360,11 NEJM.ORG MARCH 12, 2009
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Birth Cohort Consartium of Asia

31CCA Workshop

Nov. 17-22

BICCA 2012 Workshop 21



Birth Cohort Consortium of Asia
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National Taiwan University Hospital

Department of
NTU College of Environmental and
Medicine Occupational
Medicine, NTUH

Center for
Occupational
Disease and Injury
Management and
Service*

Environmental
Workers’ Health Medicine
Center* Coordination
Center

Center for
Occupational
Disease and Injury
Service*

*Funded by Occupational Safety and Health Administration, Ministry of Labor
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Environmental Medicine Collaboration Center
(EMC2), 2014

Exposure

EMC?

Science

Human
Biomonitoring

Illicit Drugs

Emerging

Pollutants

Clinic Service

Environmental
Disease

Environmental
Exposure

Biomarkers

T

Communication

Public
Consultation

Exposure
Databank

Health Risk
Research
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Outpatient Clinical Service
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Lead Water Pipes Removal, 2015
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Incense Burning Reduction, 2017-19
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Adventures in Environmental and
Occupational Health Sciences

\
‘ Endocrine Disrupting Chemicals
{
‘ Radio Corporation of America
|
‘ Aristolochic Acid Nephropathy

/
‘ Statins - Cancer Chemoprevention
/

30



31

375 ANBRBEIE -

4

=4

1IN
BETEAL
(33 ¢
E 3

t - RCA
_ulad
b

£ TR
patd

200144
il

i

$
o
i
<
=
(o]
&

ek
i

A
N
/
H
ey A
TR

¢ TETER

PGP

K B 1 A SR

RCA

SRR EE S

» OUSH

B

CARNZAARE
TR R AL LR

1
SEED

=5/
SiEs &
KA E
aCpRiEEl [FE



— \2-;2 > 3 IEEI — /__
=& EFELAFE 7 T|(RCA)T 14
= /= o< |2 A §, 'T*
EEEHEAE/NTI(RCA)TEREN - XTHRCAEH - RCATTREHHERCATRE  2—HRERESEBEZEHRR
iﬁi&i’@—ﬁkﬂi%ﬁi\ sS4
RCAE1970ERhEBZRME TP - XPRESVRTH ZERENEMASER  TEEFEm SmEm ERK S

eI -

19946 H3HERMILAZE  sIITHRREREEEREVECHEES  BRRCARIZHEGA AR AN SEEHE
n o ENME 2 TIERM N KESRETHR -

2007 FHARREZS - a2 T  EEIEANFEEESE - KEEAEREZSIURMARSHE FRHEENE -
BRURCABRWEIN - WRFERTNBEELTIIR/KE - BERERFAFIEE - 2009F11811H - 816t ARE
REBZEALENFE - RCAZENVEAGRFBER

2015F4H17H - EdtT AR —EEF BNEBER - RCA - SBEQTABEMERSE644587T
2017F10827H - 8&2F AkEmEERE - EXIRCAFNRATI/RETREA4S6A - BESRIEMIEIFSHET71E1840

—_ —

=JT °

2018%F8H16H ' &5 /AHIRCA - HTEFAREEZBBEREED22MUE T HXBHLEERITETE - F2465KE (0]
BE FEIDETE -

20195 12R27H - EdLihTT AR —BELE EKEHIR - RCA ~ STRFAREEBRUF - S51REEL 120 A23(28
T o

32

ERIZRIR - Wikipedia



L RCA(MI T KEE &g ﬁﬁﬁ;ﬁ;@;ﬂh

1. 81ERIRK » RS
R~ e e (IO
SOE0.05mg/l) By s
0% BEMEER M [ ¢
225G L

2. 93E5FIEH T K
e ar{hsres(94.04
E&E) -

3. RCAQATHmICHEt \
TR E LT EX
HERES

\ SR TS REEATS
HeE T 5288 LEE 0 RASTRETE

L] ll'-l'!

I B

"‘!:

=

| [] e [

33



RCADE &l R 21 BS 340 B 7K

« 1994F Tt RCAPKE MY T MK AR - XEET
_BEaARAE  EREBBIAKKE *EEE’FFFZ

- A& 4% : 4,800 ppb - EEERFAKIZAES ppb - #BEGH—F1F
=8 1 930 ppb - LLEVAKIZEZES ppb - BEFT B
« _J|OW 1 1,417.5 ppb - LEERAKIZEAET ppb - HB1E_BZF

34



BErTan RCATIHESS
| ~

e
RIE . fREE E ot N F]

1967 1986

SYNSIESHEES I
e EBHEE  BEE
BEE , iR (28LE)
"IBFAFEL . A,
EBRIRET , HILRS
LERCAREEBHEL
SR BIEWET.

== ﬂ\l V Q' ?Q{V

B AR o3 Ll
Al
o s?g’] s <
u = =5 pg8
BMAHINSE  TEE BT | RRANE 4
il | riTRERnE , 5 |l RReERE s — b e s
CI | maems , wErEnERs | | ey F_KEB -ﬁt2019
N | BRRCAHEABYARIE BN RS R AL H {2 5 42 =
Mt EEEAN , e 45?%;&71 2R ERIE
C I |10 ) s, 5 A8 EA &L F
[ | r///1
r

EEEEEEER EEREE

http://www.eventsinfocus.org/



@)
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Research article

Increased standardized incidence ratio of breast cancer in female

electronics workers
Tzu-I Sung!, Pau-Chung Chen!2, Lukas Jyuhn-Hsiarn Lee3, Yi-Ping Lin24,
Gong-Yih Hsieh! and Jung-Der Wang* 12,5

Available online at www.sciencedirect.com
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Reproductive Toxicology 25 (2008) 115-119
www.elsevier.com/locate/reprotox

Increased risk of cancer in the offspring of
female electronics workers

Tzu-1. Sung?, Jung-Der Wang®", Pau-Chung Chen®¢-*

@ 2008 Wiley-Liss, Inc. Birth Defects Research (Part A) 85:119-124 (2009)

Increased Risks of Infant Mortality and of Deaths Due to
Congenital Malformation in the Offspring of Male
Electronics Workers

Tzu-I Sung,’ Jung-Der Wang,"*” and Pau-Chung Chen'”
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The Study of Preterm Delivery among the Offspring of

Residents Potentially Exposed to Groundwater
Contaminated with Chlorinated Hydrocarbons
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FIGURE 4. Bilateral diffuse endometrial hyperplasia together with luminal dilatation (right) are pre-
sent more frequently in female ICR mice treated with CA mixture. Notice the cystic endometrium
(arrow) and the ovarian cyst (arrowhead). A normal uterus is shown on the left for comparison.
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Hill's Criteria for Causation

Strength

Consistency

Specificity

Temporality
Biological gradient
Plausibility
Coherence
Experiment

Analogy

Section of Occupational Medicine 295

The Environment and Disease:

A iation or C: tion?

by Sir Austin Bradford Hill cBe bsc FRCP(hon) FRs
ssor Emeritus of Medical Statisti

University of London)

A the objects of this newly-founded Section
of Occupational Medicine are firstly ‘to provide a
means, not readily afforded elsewhere, whereby
physicians and surgeons with a special knowledge
of the relationship between sickness and injury
and conditions of work may discuss their prob-
lems, not only with cach other, but also with
colleagues in other fields, by holding joint meet-
ings with other Sections of the Society’; and,
secondly, ‘to make available information about
the physical, chemical and psychological hazards
of occupation, and in particular about those that
are rare or not easily recognized’.

At this first meeting of the Section and before,
with however laudable intentions, we set about
instructing our colleagues in other fields, it will
be proper to consider a problem to

Meeting January 14 1965

President’s Address

observed association to a verdict of causation?
Upon what basis should we proceed to doso?

1 have no wish, nor the skill, to embark upon a

i i i i of the i of
“‘causation’. The ‘cause’ of iliness may be imme-
diate and direct, it may be remote and indirect
underlying the observed association. But with
the aims of occupational, and akmost synony-
mously preventive, medicine in mind the decisive
question is whether the frequency of the un-
desirable event B will be influenced by a change
in the environmental feature A. How such a
change exerts that influence may call for a preat
deal of research. However, before deducing
‘causation” and taking action we shall not
invariably have to sit around awaiting the
results of that research. The whole chain may
have to be unravelled or a few links may suffice.
It will depend upon circumstances.

Disregarding then any such problem in
semantics we have this situation. Our observa-
tions reveal an association between two variables,
perfectly clear-cut and beyond what we would
care to attrit to the play of chance. What

our own, How in the first place do we detect
these relationships between sickness, injury and
conditions of work? How do we ine what

aspects of that iation should we especially
consider before deciding that the most likely
inter ion of it is ion?

are physical, chemical and psychological hazards
of occupation, and in particular those that are
rare and not easily recognized ?

There are, of course, instances in which we
can reasonably answer these questions from the
general body of medical knowledge. A particular,
and perhaps extreme, physical environment can-
not fail to be harmful; a particular chemical is
known to be toxic to man and therefore suspect
on the factory floor. Sometimes, alternatively,
we may be able to consider what might a par-
ticular environment do to man, and then see
whether such consequences are indeed to be
found. But more often than not we have no such
guidance, no such means of proceeding; more
often than not we are dependent upon our
observation and enumeration of defined events
for which we then seek antecedents. In other
words we see that the event B is associated with
the environmental feature A, that, to take a
specific example, some form of respiratory illness
is associated with a dust in the environment. In

-what circumstances can we pass from this

(1) Strength, First upon my list [ would put the
strength of the association. To take a very old
example, by comparing the occupations of
patients with scrotal cancer with the occupations
of patients presenting with other diseases,
Percival Pott could reach a correct conclusion
because of the enormous increase of scrotal
cancer in the chimney sweeps. ‘Even as late as the
second decade of the twentieth century’, writes
Richard Doll {1964), ‘the mortality of chimney
sweeps from scrotal cancer was some 200 times
that of workers who were not specially exposed
to tar or mineral oils and in the eighteenth
century the relative difference is likely to have
been much greater.”

To take a more modern and more general
example upon which I have now reflected for
over fifteen years, prospective inquiries into
smoking have shown that the death rate from
cancer of the lung in cigarette smokers is nine to
ten times the rate in non-smokers and the rate in
heavy cigarette smokers is twenty to thirty times

Sir Austin Bradford Hill (1897-1991) in 1965
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Adventures in Environmental and
Occupational Health Sciences

\
‘ Endocrine Disrupting Chemicals
{
‘ Radio Corporation of America
|
‘ Aristolochic Acid Nephropathy

/
‘ Statins - Cancer Chemoprevention
/
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Slimming Regimen, Belgium, 1990-92

Adulteration

Gm———p

Substitution

Han Fangji

; . Guang Fangji
Stephaniae tetrandrae radix Aristolochiae fangchi radix
Stephania tetrandra S.MOORE Aristolochia fangchi WU
Menispermaceae . Asistolochiaceas

» More than 100 kidney
0 ok R i ) intoxications in Belgium o poon
" o e (,Aristolochia nephropathia®) <o ‘ NO,
1) N » More than 40 women now ‘
i e - depend on dialysis ‘
» Several cases of kidney Dot
cancer Aristolochic acid A

Violon, J. Pharm. Belg. 52, 7-27(1997). Reginster et al., Nephrology, Dialysis, Transplantation 12, 81-86
(1997): Vanherweghem, J. Altern. Complement. Med. 4, 9-13 (1998); Pokhrel u. Ergil, Clin. Acupunct.
Orient. Med. 1, 161-166 (2000): Nortier et al., N. Engl J. Med. 342, 1686 (2000)
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Aristolochic Acid Nephropathy
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AAs & HCC in general
population, 2014-18

St u d i eS O n AAs, lead & mercury in herbalists

after the ban, 2007-11

AI"iStOlOCh iC AAs, statins & aspirin study in

general population, 2005-14

AC i d S SIR study in herbalists,
2005-10

NHIRD study in general

population, 2003-10

Case-control study in
herbalists, 2000-03

SMR study in
herbalists, 1998-2000

Slimming Regimen, Belgium, 1390-92

1994 2000 2002 2003 2012
Ban Belgium United IARC Taiwan IARC
Germany States  Group 1: I_, Guang-Fangchi (& [ ¢ ) Group 1:
United Kingdom Plants Guan-Mu-Tong (B i ) Aristolochic
Canada Containing Ma-Dou-Ling (5 f{é,))\ Acid
Australia Aristolochic [ oo pu-Xiang (+ N )
Acid Tian-Xian-Teng (& %)
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Aristolactam (AL)-DNA adducts and TP53 mutations in

urothelial carcinoma of the upper urinary tract (UUC) cases

from Taiwan

Cases Al | Males | Females

Cases with AL-DNA adducts
Cases with TP53 mutations
Cases with TP53 A—>T transversions

Cases with AL-DNA adducts and TP53
A—T transversions

AL-DNA adduct-positive cases with
TP53 A—>T transversions

TP53 A>T transversion cases with AL-
DNA adducts

PNAS 2012;109:8241-6

89/148 (60%)
84/151 (56%)
47/151 (31%)

38/148 (26%)

38/89 (43%)

38/45 (84%)

45/82 (55%)
34/82 (41%)
17/82 (21%)

14/82 (17%)

14/45 (31%)

14/17 (82%)

44/66 (67%)
50/69 (72%)
30/69 (43%)

24/66 (36%)

24/44 (55%)

24/28 (86%)
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Reduction in the Incidence of Urological Cancers after the Ban
on Chinese Herbal Products Containing Aristolochic Acid
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Sequence of Establishing Causality

Clinical observation
Many case reports

Epidemiological studies
* Cohorts of consumption of single material in Belgium
* Occupational exposure in Chinese herbalists of Taiwan
* Consumptions of mixtures of multiple Chinese herbs in general population of Taiwan
* High incidence of end-stage renal disease in Taiwan

* Environmental contamination among farming material and epidemic among residents consuming
contaminated bread in Balkan countries

Biological plausibility from human and animal studies
* TP53 gene mutation and AL-DNA adducts
* Molecular mechanisms of renal damage or tumor formation

Preventive actions after causal inference
e Total ban of aristolochic acid associated herbs

» Early recognition and/or diagnosis of AA-associated nephropathy and cancer
e Establishment of pharmacovigilance system for herbs

BioMed Res Int 2014;2014:569325
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Aristolochic Acid Nephropathy
A Worldwide Problem

Renal interstitial fibrosis
and urothelial carcinoma

ﬁues

Chinese herb nephropathy
(1992)
Etiological factors:
aristolochic acid highly
suspected, ochratoxin A evoked

1]

Aristolochic acid-related
specific DNA adducts in
renal tissue

Aristolochic acid nephropathy
(1996-)
Etiological factor:
role of aristolochic acid proven

Kidney Int 2008;74:158-69

Balkan endemic nephropathy
(1956)
Etiological factors:
ochratoxin A highly suspected,
aristolochic acid evoked

—

Renal interstitial fibrosis, urothelial carcinoma,
and aristolochic acid-related specific DNA adducts

Aristolochic acid -
Balkan endemic
nephropathy
(2007-)

Etiological factors:
aristolochic acid highly
suspected, ochratoxin A evoked

In the Balkan regions,
the exposure to AA
found in flour obtained
from wheat
contaminated with
seeds of Aristolochia
clematitis could be
responsible for the so-
called Balkan-
endemic nephropathy.
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Herbal medicine
containing
aristolochic acid and
the risk of
hepatocellular
carcinoma In patients
with hepatitis B virus
infection

1JC 2018; 143(7): 1578-87
Cancer Epidemiol Biomarkers Prev
201; 28(11): 1876-83

10.07 Estimated aristolochic acid (mg)
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0.01 e Log-rank test: p < 0.001
0 2 4 6 8 10 12 14
Follow-up Time (Years)
Number at risk
0 325527 324292 322443 320050 316619 312029 306726 302064
1-250 449261 447727 444613 440152 434406 427908 421041 415304
251-500 18378 18327 18220 18004 17758 17481 17194 16928
501-1000 6940 6924 6876 6777 6666 6548 6418 6276
=1000 2536 2525 2513 2465 2420 2347 2290 2238 o



Global distribution of mutagenesis associated
with aristolochic acid and derivatives in HCCs
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Controlling
Cholesterol

with Statins »
\

The HMG-CoA reductase
pathway, which is blocked by
statins via inhibiting the rate
limiting enzyme HMG-CoA
reductase.

http://www.cdc.gov; Nature Reviews Drug Discovery
2003; 2: 517-526

HMG-CoA reductase

depend on the drugs you take. Several
medicines are effective at lowering
blood cholesterol levels—a key factor
in good heart health. Chief among
them are the statins.
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ORIGINAL REPORT

Statins and the Risk of Hepatocellular Carcinoma in Patients
With Hepatitis B Virus Infection

Yu-Tse Tsan, Chang-Hsing Lee, Jung-Der Wang, and Pau-Chung Chen
A B 5 T R A C T

Purpose

513!:;:15 hawve potential protective effects against cancers, but no studies have focused on patients
with chronic hepatitis B virus (HBEV) infection. The purpose of this study was to investigate the
association between the use of statins in HEV-infected patients and the risk of hepatocsllular
carcinoma (HCC).

Patients and Methods

We conducted a population-based cohort study from the Taiwan Mational Health Insurance
Hesearch Database. A total of 33,413 HBEV-infected patients were included as the study cohort.
Each patient was individually tracked from 1887 to 2008 to identify incident cases of HCC since
1999. Subsequent use of statin, other lipid-lowering agents, aspirin, and angictensin-converting
enzyme inhibitors was identified. Cox proportional hazards regression was used to calculate the
hazard ratios (HRs) and 35% Cls for the association between the use of statins and the occurrence
of HCC in the HEV-infected cohort.

Results

There were 1,021 HCCs in the HBV cohort during the follow-up period of 328 346 person-years;
the overall incidence rate was 310.4 HCCs per 100,000 person-years. Thers was a dose-response
relationship between statin use and the risk of HCC in the HBV cohort. The adjusted HRs were
0.66 {95% CI, 0.44 to 0.89), 0.41 (35% CI, 0.27 to 0.61), and 0.34 (95% CI, 0.18 to 0.67) for statin
use of 2B to 90, 91 to 365, and more than 365 cumulative defined daily doses (cDDDs),
respectively, relative to no statin use (< 28 cDDDs).

Conclusion
Statin use may reduce the risk for HCC in HEW-infected patients in a dose-dependent manner.

Further mechanistic research is nesded.

J Clin Oncaol 30:623-630. @ 2012 by Amencan Society of Clinical Oncology
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Statins and Risk Reduction in
Hepatocellular Carcinoma: Fact
or Fiction?

To THE EDITOR: In the February 20, 2012 issue of Journal of
Clinical Oncology, Tsan et al' published an article entitled “Statins
and the Risk of Hepatocellular Carcinoma in Patients With Hepa-
titis B Virus Infection.” In this population-based cohort study that
used the Taiwan National Health Insurance Research Database, the
authors reported that statin use may reduce the risk of hepatocel-
lular carcinoma (HCC) in patients with hepatitis B virus (HBV)
infection. Tsan et al' followed 33,413 patients with HBV infection
from 1997 to 2008, of which 8.3% used statins and noted 1,021
incident HCC cases in this HBV cohort. The incidence rate (per
100,000 person-years) of HCC in patients on statins was 210.9,
compared with an incidence rate of 319.5 in nonusers (P << .001).
The crude and adjusted hazard ratios (95% Cls) for HCC in statin
users compared with nonusers was 0.66 (0.51 to 0.86) and 0.47
(0.36 to 0.61), respectively. The authors appropriately adjusted for
potential confounders (age, sex, cirrhosis, diabetes, and medica-

CORRESPONDENCE

The antineoplastic effect of metformin is believed to be medi-
ated by the activation of adenosine monophosphate-activated pro-
tein kinase and the consequent inhibition of the mammalian target
of rapamycin pathway.® In addition, metformin may inhibit cell
growth by inhibiting cyclin D1 expression and retinoblastoma
protein phosphorylation.” Thiazolidinediones have been postu-
lated to induce cell-growth arrest and prevent cancer-cell invasion
through the inhibition of the ubiquitin-proteasome system and/or
the extracellular signal-regulated kinase pathway. In addition, thia-
zolidinediones also induce apoptosis by increasing proapoptotic
p53 and phosphatase and tensin homolog and reducing antiapop-
totic Bel-2 and survivin levels.'”

In our opinion, although Tsan et al' adjusted for multiple
potential confounding medications, an important omission was
antidiabetic therapy, especially metformin and thiazolidinediones.
Overall, 26.4% of patients in the cohort were diabetic, and that
statistic rose to 61.9% in the group with statin use. Many of these
patients would have been on antidiabetic therapy of various types,
and adjustment for diabetes alone did not take into account the
potential effects of these drugs on HCC risk. Hence, although
statins may lower risk of HCC in this population, part of the risk
reduction may actually have been attributable to the effect of
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Do Statins Reduce Patients’ Risk of
Hepatocellular Carcinoma?

Tsan Y-T, Lee C-H, Wang J-D, Chen P-C. Statins and the risk of hepatocellular carcinoma
in patients with hepatitis B virus infection. J Clin Oncol. 2012;30:623-630.

tatins, a class of drugs used to lower cholesterol, are
S known to help prevent against cardiovascular dis-

ease and stroke.” Interestingly, statins have also been
explored as anticancer agents, with several lines of pre-
clinical evidence pointing to potential anticancer activity.
For example, statins have antiproliferative, proapoprotic,
prodifferentiation, anti-invasive, and radiosensitizing
properties.” One of the potential mechanisms explaining
the antitumor effect of statins involves suppression of the
mevalonate pathway, resulting in depletion of isopren-
oids; these downstream products have a role in cell cycle

- " - - - 4,5
progression, cell signaling, and membrane integrity.

Gastroenterology and Hepatology 2012;8:320-1

a unit recommended by the World Health Organization,
which is the assumed average maintenance dose per day of
a drug consumed for its main indication. In this study, the
number of DDDs was calculated as the total amount of the
drug divided by the amount of drug in a DDD. This num-
ber was then used to estimate the sum of dispensed starins,
which resulted in the cumulative DDD (cDDD); this latter
value is an indicator of the exposed duration. Statin nonus-
ers were defined as those with fewer than 28 cDDDs.

In this population-based cohort study, a total of
33,413 patients (58.2% male) were identified from the
Taiwan Narional Health Insurance Research Database
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Do statins reduce the risk of hepatocellular carcinoma in patients

with chronic hepatitis B?

James Fung'”, Ching-Lung Lai'?, Man-Fung Yuen'’, Irene Oi-Lin Ng*’

‘Department of Medicine, The University of Hong Kong, Hong Kong SAR; *State Key Laboratory for Liver Research, The University of Hong Kong,
Hong Kong SAR; *Department of Pathology, The University of Hong Kong, Hong Kong SAR
Corresponding to: James Fung, MD. Department of Medicine, Queen Mary Hospital, The University of Hong Kong, 102 Pokfulam Road, Hong

Kong. Email: jflung@gastro.hk.

In subjects with chronic hepatitis B (CHB), the lifetime risk
of developing hepatocellular carcinoma (HCC) is estimated
to be 25-37 dmes compared to non-infected subjects. The
process of hepatocarcinogenesis is complex and involves
well-documented host, viral, and environmental risk factors.
The most important risks include host factors such as older

Hepatobiliary Surgery and Nutrition 2013;2:1-3

the effect was attenuated in a sub-analysis of patient without
known liver diseases (OR 0.63). In another population-based
case-control study from Taiwan, Chiu er #/. examined 1,166
liver cancer cases with an equal number of controls matched
for age and sex (3). The adjusted OR was 0.62 (95% (I,
0.42-0.91) tor the group which had been prescribed statin
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ORIGINAL REPORT

Statins and the Risk of Hepatocellular Carcinoma in Patients
With Hepatitis C Virus Infection

Yu-Tse Tsan, Chang-Hsing Lee, Wen-Chao Ho, Meng-Hung Lin, Jung-Der Wang, and Pau-Chung Chen

See accompanying editorial on page 1499
A B § T R A C T

Purpose
Statins may have protective effects against cancer, but no studies have focused on their effects

in patients with chronic hepatitis C virus (HCV) infection. The purpose of this study was to
investigate the association between use of statins and risk of hepatocellular carcinoma (HCC) in
HCV-infected patients.

Patients and Methods . _ _ _
Ours was a population-based cohort study of 260,864 HCV-infected patients enrolled in the Taiwan

Mational Health Insurance Research Database since January 1, 1999, and observed through
December 31, 2010. Cox proportional hazards regression with time-dependent covariates for drug
exposures was employed to evaluate the association between statin use and HCC risk.

Results

There were 27,883 cases of HCC in the HCV cohort during a follow-up period of 2,792,016.6
person-years. Amaong the 35,023 patients using statins (defined as = 28 cumulative defined
daily doses [cDDDs]), 1,378 had HCC. Among the 225,841 patients not using statins (< 28
cDDDs), 26,505 were diagnosed with HCC. A dose-response relationship between statin use
and HCC risk was observed. The adjusted hazard ratios were 0.66 (95% Cl, 0.59 to 0.74), 0.47
(95% CI, 0.40 to 0.56), and 0.33 (95% CI, 0.25 to 0.42) for patients with 28 to 89, 30 to 180, and
= 180 cDDDs per year, respectively, relative to nonusers. The reduction in risk also demonstrated
a progressive duration-response relationship in patients with = 28 cDDDs per year when
comparad with nonusers.

Conclusion
Among patients with HCV infection, statin use was associated with reduced risk of HCC. Further
research is needed to elucidate the mechanism responsible for this effect.

J Clin Onecol 31:1514-1521. @ 2013 by American Society of Clinical Oncology
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An Ounce of Prevention Is Better Than a Pound
of Cure: A Patient-Centered Approach to

Hepatocellular Carcinoma

Abby B. Siegel, Columbia University Medical Center, New York, NY

See accompanying article on page 1514

Hepatocellular carcinoma (HCC) is one of the leading causes of
cancer deaths worldwide. Though it is less commonly seen in the
United States, age-adjusted incidence rates have tripled here over the
last three decades, and overall survival remains poor for those with
advanced disease.! Host factors, including viral hepatitis, metabolic
syndrome, alcohol use, and genetic disorders, contribute to HCC
pathogenesis, both singly and in combination. HCC is notable for
having particularly varied etiologies in different populations. Hepatitis
B vaccination programs have begun to show dramatic decreases in
HCC incidence, but for those with other underlying risk factors,
primary prevention efforts have been disappointing.

In the article that accompanies this editorial, Tsan et al® provide
compelling evidence for an association between statin use and a sig-
nificantly lower risk of HCC development in patients with hepatitis C
infection (HCV). The authors examine a population-based cohort of
260,864 patients infected with HCV from Taiwan between January 1,

HCC in the observational studies, but no benefit attributable to statins
in the randomized trials.” Such differences between observational
studies and randomized trials are not unusual, and may reflect length
of follow-up and patient selection factors such as risk and country
of origin.

Additionally, observational studies are susceptible to bias. The
study by Tsan et al* has several limitations related to its design. First,
because the differences between the groups are seen after just 28 to 89
cumulative daily doses of statin therapy (hazard ratio [HR] 0.66), one
might suspect that other nonbiologic factors are playing a role. Sec-
ond, confounding by indication can be seen if those with more ad-
vanced liver disease are less likely to be given a statin because of
concerns for hepatotoxicity (or less concern about high lipids) in
patients with advanced cirrhosis. The authors stratify by cirrhosis
status and still show that the protective effects persisted in both
groups. However, it is possible that cirrhosis, especially compensated
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Statins and Reduced Risk of Georgios Nikolopoulos
. . . National Development and Research Institutes, New York, NY
Hepatocellular Carcinoma in Patients , ,
. .. . . Nikolaos M. Sitaras
Wlth Hepatltls C VII‘U.S IIlfeCUOl’l University of Athens, Athens, Greece

Further Evidence Is Warranted
AUTHORS' DISCLOSURES OF POTENTIAL CONFLICTS OF INTEREST

L
Statins May Protect Against ical rationale exists that may provide the basis for a potential

. protective action of statins. HCV directly affects the host lipid
HepatO Celhﬂar Carcinoma metabolism, thereby favoring its own replication, morphogenesis,
Development in Patients Infected and secretion.® Thus, inhibitors of lipid synthesis, such as statins,

R L. . decrease viral replication”® and egress® in vitro and, to a varying
With HepatltlS C Vlrus, but What Are extent, in patients.'® Recently, we have shown that the genotype 3
the MeChanismS? of HCV downregulates the phosphatase and tensin homolog de-

leted on chromosome 10 (PTEN), thereby inducing steatosis,'! on

L
1 and acceptable adjuvant strategy for preventing HCC in HCV -
Common FlaWS H} . infected patients,”2(P1520)
Pharmaco epldeml()l() g1C Stu dY When designing observational studies, careful attention must be
Des i gn an d An alySiS given to the temporality of study inclusion criteria and to measurement of

exposures, covariates, and outcomes. The cohort study conducted by
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Statins for Prevention of Hepatocellular
Cancer: One Step Closer?

Tsan YT, Lee CH, Ho WC, Lin MH, Wang D, Chen
PC. Statins and the risk of hepatocellular carcinoma in

patients with hepatitis C virus infection. ] Clin Oncol
2013;31:1514-1521 (Reproduced with permission.)

Abstract

Purpose: Statins may have protective effects against cancer, but
no studies have focused on their effects in patients with chronic
hepatitis C virus (HCV) infection. The purpose of this study
was to investigate the association between use of statins and risk
of hepatocellular carcinoma (HCC) in HCV-infected patients.
Patients and Methods: Ours was a population-based cohort
study of 260,864 HCV-infected patients enrolled in the Taiwan
Nartional Health Insurance Research Database since January 1,
1999, and observed through December 31, 2010. Cox propor-
tional hazards regression with time-dependent covariates for
drug exposures was employed to evaluate the association
between statin use and HCC risk. Results: There were 27,883
cases of HCC in the HCV cohort during a follow-up period of

EDITORS
Roberto J. Groszmann, New Haven, CT
Yasuko Iwakiri, New Haven, CT

Tamar H. Taddei, New Haven, CT

medication in the United States.” Preclinical as well as
epidemiologic studies have shown that besides choles-
terol reduction, statins may be protective against
inflammation-driven cancers."® Statins have antiproli-
ferative,  proapoptotic,  antiangiogenic,  immuno-
modulatory, and antiinfective effects.” By competitive
inhibition of 3-hydroxy-3-methyl-glutaryl-CoA (HMG-
CoA) reductase, statins inhibit products of the mevalo-
nate pathway, preventing posttranslational modification
of Ras/Rho proteins. Myc activation is a critical step in
hepatocarcinogenesis, and its inactivation using atorvas-
tatins has been shown to induce sustained regression of
HCC.® Besides their direct effect on hepatocarcinogene-
sis, statins have also been shown to have antiinfective
effects against HCV.” There is a growing body of evi-
dence suggesting a protective association between statin
use and risk of incident HCC.'®!!

In their population-based cohort study, Tsan et al.'
used the comprehensive Taiwanese National Health
Insurance Database to study the association between sta-
tin use and risk of HCV-associated HCC. They followed
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Pathogenesis of HCC And Targets for Chemopreventive Agents
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Singh, S. et al. (2013) Chemopreventive strategies in hepatocellular carcinoma
Nat. Rev. Gastroenterol. Hepatol. doi:10.1038/nrgastro.2013.143
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Proposed algorithm for chemoprevention in patients at risk of hepatocellular
carcinoma

Chronic liver disease

Y v Y

Chronic viral hepatitis NASH Other causes of cirrhosis
HBV—any stage (any stage) (alcoholic cirrhosis,
HCV—advanced fibrosis haemachromatosis)
Antiviral therapy, = Associated metabolic syndrome—consider statins,
as clinically indicated* as clinically indicated*

= Associated diabetes—prefer metformin and/or TZD
as first-line and second-line agents; avoid
sulphonylureas as first-line agent

= If no portal hypertension—consider aspirin, as
clinically indicateds

= Encourage coffee consumption, in moderation
(2-3 cups per day)

= Consider a diet rich in vitamin E and fish rich in n-3
polyunsaturated fatty acids

Singh, S. et al. (2013) Chemopreventive strategies in hepatocellular carcinoma
Nat. Rev. Gastroenterol. Hepatol. doi:10.1038/nrgastro.2013.143
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Statin Use After Diagnosis of Hepa
Associated With Decreased Mortal

Aaron P. Thrift,”* Yamini Natarajan,> Yan Liu,

“Section of Epic i and Populati ie Dep.

SSection of gy and H Dep. of A
for ions in Quality, Eff and Safety, Michael E
BACKGROUND & AIMS: Statin use is associated with a k

However, it is unclear whether po
death in patients with HCC.
METHODS: We performed a retrospective anal
Administration Central Cancer Re
statin prescriptions that were fill
dependent Cox regression models
risk of death. We used a time-varyi
(following up patients from 3 mont
A e q d
and start of follow-up evaluation.

RESULTS: Statin use after diagnosis was rec
diagnosis statin use was associated
0.85; 95% CI, 0.77-0.93) and all-cai
of these inverse associations were
and the inverse associations rema
months after HCC diagnosis). We
statin use, or by presentation- or
with prediagnosis statin use.
CONCLUSIONS: In a retrospective analysis of data
after a diagnosis of HCC was assoc

Keywords: VA; Liver Cancer; Prognosis; Medication Use.

epatocellular carcinoma (HCC) is a rapidly
Hincreasing, highly fatal cancer."” For patients
who present with early stage HCC, treatment modalities
including transplant, resection, and local ablation have
been shown to improve overall survival.’ However,
despite the existence of guidelines for screening and
detection of incident HCC among high-risk patients, the
majority of HCC patients, especially those with alcohol-
related or nonalcoholic fatty liver disease-related HCC,*
still present with advanced-stage disease that is not
amenable to curative treatment. Curative treatment
modalities are only available to HCC patients with
good functional status, and patients with decompensated
cirrhosis often are not candidates.” For patients with
advanced disease, the only available treatment until
recently was sorafenib, but this drug may have low efficacy
in advanced liver disease as well as increased risk for
adverse effects.” There is a need for additional treatment

ORIGINAL RESEARCH

Lipophilic Statins and Risk for Hepa
Patients With Chronic Viral Hepatiti
Swedish Population

Tracey G. Simon, MD, MPH; Ann-Sofi Duberg, MD, PhD; Soo Aler
Long H. Nguyen, MD, MPH; Hamed Khalili, MD, MPH; Raymond '

Background: Whether statin type influences hepatocellular car-
cinoma (HCC) incidence or mortality in chronic hepatitis B or C
virus infection is unknown.

Objective: To assess the relationship between lipophilic or hy-
drophilic statin use and HCC incidence and mortality in a nation-
wide population with viral hepatitis.

Design: Prospective propensity score (PS)-matched cohort.
Setting: Swedish registers, 2005 to 2013.

Participants: A PS-matched cohort of 16 668 adults (8334 who
initiated statin use (6554 lipophilic and 1780 hydrophilic] and
8334 nonusers) among 63 279 eligible adults.

Measurements: Time to incident HCC, ascertained from vali-
dated registers. Statin use was defined from filled prescriptions
as 30 or more cumulative defined daily doses (cDDDs).

Results: Compared with matched nonusers, 10-year HCC risk
was significantly lower among lipophilic statin users (8.1% vs.
3.3%; absolute risk difference [RD], —4.8 percentage points
[95% CI, —6.2 to —3.3 percentage points]; adjusted subdistribu-
tion hazard ratio [aHR], 0.56 [C], 0.41 to 0.79]) but not hydrophilic
statin users (8.0% vs. 6.8%; RD, —1.2 percentage points[Cl, —2.6
to 0.4 percentage points]; aHR, 0.95 [CI, 0.86 to 1.08]). The in-

pproximately 500 000 cases of hepatocellular car-

cinora (HCC) are diagnosed worldwide each year
(1), related primarily to chronic infection with hepatitis
B virus (HBV) or hepatitis C virus {HCV) (2). In the United
States and Europe, the incidence of HCC has tripled
since the 1970s, and mortality is increasing more rap-
idly for HCC than for any other type of cancer (1, 3). The
disease carries a grim prognosis, with limited treatment
options and median survival of less than 1 year (2, 3).
Although HCC risk is reduced with HBV suppression or
HCV eradication, it may persist in high-risk patients or
in those with advanced fibrosis (2, 4). Consequently,
there is an urgent need to identify effective primary
prevention strategies to reduce HCC-related morbidity
and mortality.

Accumulating data suggest that in chronic liver dis-
ease, 3-hydroxy-3-methylglutaryl coenzyme A reduc-
tase inhibitors (statins) may improve clinical outcomes

See also:
Web-Only
Supplement
318 © 2019 American College of Physiclans
from ¥ org by Natl Taiwan Univ Hospital user on 01/18/2(
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:
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Statin use and risk of liver cancer
population-based studies

Kim Tu Tran &%, (na C. McMenamin %, Helen G, Coleman®-?, C
Amanda ). Lee® and Aaron P. Thrift

*Cancer Epidemiology and Health Services Research Group, Centre for Public
United Kingdom

*Centre for Cancer Research and Cell Biology, Queen's University Belfast, Bel

Tacademic Pimary Care, Institute of Applied Health Sciences, University of A

*Medical Statistics Team, | nstitute of Applied Health Seiences, University of J

"Sactian of Epidemiology and Population Seiences, Department of Medicing,

“Dan L Duncan Comprehensive Cancer Center, Baylor College of Medicine, He

Epidemiological studies of statin use and liver cancer risk have p
between statin use and risk of primary liver cancer in two large it
covariates and main indications of statins such as high cho lester
control study within the Scottish Primary Care Clinical Informatic:
with primary liver cancer and we used conditional Logistic regres:
intervals (Cls) for associations with statin use. We also conductes
self-reported statin use and can cer-registry recorded primary live
hazard ratios (HRs) and 95% Cls. In the PCCIU case-control analy
In the UK Biobank cohort, 182 out of 475,768 participan ts develt
lower risk of liver cancer in the PCCIU (adjusted OR 0.61, 95% CI
cancer in the UK Bicbank, statin use was associated with lower ri
€L, 0.24-0.94) but not intrahepatic bile duct carcinoma (IBDC; ad
a consistent inverse relationship between statin use and risk of |

Intreduction

Liver cancer (85-90% hepatocellular cardnoma [HCC]) is a
rapidly increasing, highly fatal cancer. In the United States,
age-adjusted mortality rates for liver cancer increased by 43%
between 2000 and 2016 Increasing secular trends in incidence
and mortality have been ohserved across many countries
including the United Kingc‘nm,“ Foland, Brazil, Germany
and Norway.* Major risk factors for liver cancer indude hepati-
tis C virus (HCV) infection, hepatitis B virns (HBV) infection,

Key words: stating, liver cancer, |
Tile duct carcinoma
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Statin Use is Protective Agair
in Patients With Nonalcc

A Case-coi

Margarita N. German MD*} Megan K
Richard J. Bruce MD.}f a

Background and Goal: The mcldeme uf nonalcuhahc fatty liver
disease (NAFLD) d (HCCO) is
rising. We aimed to characterize risk factors for NAFLD-HCC
development.

Methods: We d a S trol study of HCC
cases from a cohort of NAFLD patients who underwent at least 2
computed tomography scans, NAFLD-HCC cases confirmed on
contrast imaging and/or biopsy were included. Controls were
NAFLD patients without HCC matched by sex and age. Clinical
variables were assessed. Visceral adipose tissue and subcutaneous
adipose tissue were measured by computed tomography at 2 time-
points: before HCC diagnosis and at diagnosis.

Results: We identified 102 subjects [34 HCC cases, 68 controls, 65%
(n=66) males, mean age: 69 y] from 2002 to 2016. Cirthosis was
present in 91%. In multivariate analysis, statin use was protective
against HCC [odds ratio (OR) =0.20, 95% confidence interval (CI):
0.07-0.60, P=10.004], while hypertension was a risk factor for HCC
(OR =5.80, 95% CI: 2.01-16.75, P =0.001). In multivariate analysis,
visceral adipose tissue in males was higher before HCC diagnosis
and declined by HCC diagnosis in 86%, which was a significant
difference compared with controls (OR =2.78, 95% CI: 1.10-7.44,
).

P=0.04]

Conclusions: In a cohort of NAFLD-HCC patients, statin use was
protective against HCC, while hypertension conferred an imcreased
risk. Visceral adiposity at baseline was not a risk factor, but was
higher in male patients before HCC development, declining in the
majority by HCC diagnosis.

Key Words: nonalcoholic fatty liver disease (NAFLD), non-
alcoholic steatohepatitis (NASH), visceral fat, hepatocellular car-
cinoma (HCC), statins
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Abstract

Statins have pleiotropic effects which may include chemoprevention. Several
observational studies have suggested that statins may prevent hepatocellular carcinoma
(HCC) but they have not yet been fully studied in patients with chronic hepatitis B virus
(HBV) infections. A hospital-based retrospective cohart of 7,713 chronic HBV-infected
individuals between January 2008 and December 2012 were analyzed. The primary
outcome was the development of HCC, Patients who used statins for at least 28
cumulative defined daily doses (cDDDY) during the follow-up period were defined as statin
uszers (n =713). The association between the use of statin and the incidence of HCC was
analyzed using the multivariable Cox regression model with time-dependent covariates.
During a median follow-up of 7.2 years {min-max: 0.5-9.7), HCC newly developed in 702
patients (9.1%). Statin use was associated with a lower risk of HCC (adjusted hazard ratio
(HR) = 0,36, 95% confidence interval (CI): 0.19-0.68, adjusted for age, sex, cirrhosis,
diabetes, hypertension, serum alanine aminotransferase, cholesterol, HBY DNA level,
antiviral treatment, and antiplatelet therapy). The observed benefit of the statin use was
dose dependent (adjusted HR (95% CI), 0.63 (0.31-1.28); 0.51 (0.21-1.25); 0.32 (0.07,1.36);
and 0.17 (0.08, 0.48) for patients with statin use of 28-365, 366-730, 731-1095, and maore
than 1095 cDDDs, respectively). In subgroup analysis, the association between statin use
and reduced risk of HCC was observed in all pre-specified subgroups analyzed.

Conclusions

Statin use was associated with a reduced risk of HCC development in chronic HBY-
infected patients, suggesting that statin may have chemopreventive role in this
population. These findings warrant a prospective evaluation.
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Finding the Missing Link for Big
Biomedical Data
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Precision Environmental Medicine
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The Exposome Concept

Ecosystems

Food outlets, alcohol outlets
Built environment and
urban land uses
Population density

Walkability
Green/blue space

Lifestyle
Physical activity
Sleep behavior
Diet

Drug use
Smoking
Alcohol use

Social
Household income
Inequality

Social capital
Social networks
Cultural norms
Cultural capital
Psychological and mental stress

Science 2020

Physical-Chemical

Temperature/humidity
Electromagnetic fields
Ambient light

Odor and noise

Point, line sources, e.g,
factories, ports

Outdoor and indoor air
pollution

Agricultural activities,
livestock

Pollen/mold/fungus
Pesticides

Fragrance products

Flame retardants (PBDES)
Persistent organic pollutants
Plastic and plasticizers

Food contaminants

Soil contaminants

Drinking water contamination
Groundwater contamination
Surface water contamination
Occupational exposures
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4[] ZETTABYTES It's estimated that
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of data are created each day

2020, an increase of 300
times from 2005 2020 O

6 BILLION
PEOPLE

have cell
phones

Most companies in the
U.S. have at least

100 TERABYTES

[ 100,000 GIGABYTES ]
of data stored

WORLD POPULATION: 7 BILLION

Modern cars have close to

100 SENSORS

The New York Stock Exchange

captures
1 TB OF TRADE @ that monitor items such as
INFORMATION (\ ( fuel level and tire pressure

during each trading session
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ANALYSIS OF
STREAMING DATA

By 2016, it is projected
there will be

18.9 BILLION
NETWORK
CONNECTIONS
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The
FOUR V’s
of Big
Data

From traffic patterns and music downloads to web
history and medical records, data is recorded,
stored, and analyzed to enable the technology
and services that the world relies on every day.
But what exactly is big data, and how can these
massive amounts of data be used?

As a leader in the sector, IBM data scientists
break big data into four dimensions: Velume,
Velocity, Variety and Veracity

Depending on the industry and organization, big
data encompasses information from multiple
internal and external sources such as transactions,
social media, enterprise content, sensors and
mobile devices. Companies can leverage data to
adapt their products and services to better meet
customer needs, optimize operations and
infrastructure, and find new sources of revenue.

By 2015

4.4 MILLION IT JOBS

will be created globally to support big data,
with 1.9 million in the United States

As of 2011, the global size of
data in healthcare was

By 2014, it's anticipated
there will be

estimated to be 420 MILLION
150 EXABYTES WEARABLE, WIRELESS
[ 161 BILLION GIGABYTES ] HEALTH MONITORS
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4 BILLION+
HOURS OF VIDEO

are watched on
YouTube each month

You
{ Tube ]

Vnu

30 BILLION
PIECES OF CONTENT

are shared on Facebook
every month

400 MILLION TWEETS

are sent per day by about 200
million monthly active users

Poor data quality costs the US
economy around

don’t trust the information
they use to make decisions .

Veracity
UNCERTAINTY ;ﬁ
OF DATA

in one survey were unsure of
how much of their data was
inaccurate

Sources: McKinsey Global Institute, Twitter, Cisco, Gartner, EMC, SAS, IBM, MEPTEC, QAS




100 Ways of Using Data to I\/Iake Lives Better
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