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All-cause mortality attributable to chronic kidney disease:
a prospective cohort study based on 462293 adults in Taiwan

mrmﬂawd Cheng, Min Kuang Tsai, Yen Chen Chang, HuiTing Chan, Shan Pew Tsai Po Huang Chiang, Chi Cheng Hsu,

Pei Kum Sung. Y HunHsu. Sung Feng Wen

Summary
Background Both end-stage renal disease and chronic kidney disease are increasing worldwide; however, the full

Lancet 2008; 371: 207382

effect of chronic kidney disease is unknown because mortality risks for all five stages are unavailable. We assessed
prevalence and mortality risks for all stages of chronic kidnay dissase and quantified its attributable mortality in
Taiwan.

Methods The cohort consisted of 462 293 individuals aged older than 20 years who participated ina standard medical
screening programme since 1994, As of Dec 31, 2006, we identified 14436 deaths. Chronic kidney disease was
determined by glomerular Allration rate and urinary prolein, We estimated national prevalence in Taiwan from the
cohort by adjusting age and educational levels. Hazard ratios (HRs) were calculated with Cox proportionate hazards
model. We calculated mortality attributable tochronic kidney disease for national population and for low socioeconomic
status.

Findings The national prevalence of chronic kidney disease was 11.93% (95% CI 11.66-12-28), but only
3.54% (3-37-3.68) of participants in the cohort were aware of their disorder. Prevalence was substantially higher in
the group with low socioeconomic status than in the high status growp (19- 87% [19:84-19-91] vs7-33%[7-31-7-35)).
S6477 (12%) of cohort participants had chronic kidney disease; those with disease had 83% higher mortality for all
cause (HR 1.83 [1.73-1.93]) and 100% higher for cardiovascular diseases {2.00 [1.78-2.25]), in a cohort that was
observed for 13 vears with median follow-up of 7.5 vears (IQR 4.(-10-1), 10- 3% (95% CI %.57-11.03) of deaths in the
entire population were attributable to chronic kidney disease, but 17-5% (16-27-18-67) of deaths in the low
socineconomic status population. 2350 (398} deaths occurred before 65 years of age in those with chronic kidney
disease, Regular users of Chinese herbal medicines had a 20% {odds ratio 1.20 [1.16-1.24]) increased risk of
developing chronic kidney disease.

Interpretation The high prevalence of chronic kidney disease and its associated all-cause mortality, especially in people
with low socioeconomic status, make reduction of this disorder a public-health priority. Promotion of its recognition
through the general public knowing their glomerular filtration rate and testing their urine is crucial to reduce
premature deaths from all causes and to attenuate this global epidemic.
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Chronic kidney disease and cardiovascular risk:
epidemiology, mechanisms, and prevention

FonT Garsen 2 Hemmetyam, Tozeen Hjofo Hiddo Lambes Kespink Jabannes o

Since the frst description of the association between chroni kidney disease and heart disease, many epidemiological w3382 3.0
studies have confirmed and extended this inding. As chronic kidney disease progresses kiduer-spectfic risk factors peisettnine

for cardiovascular events and disease come into phy. As a result, the ik for cardiovascular diease is nofably Voiws
increased in individuals with chronic kidney disease. When adjusted for traditional cardiovascular risk factors, mf;?;iw
impaired kidneg finction and raised concentrations of albumin i urine increase the risk of cardiovascular disease by Ih'smhpltthctinnhn
o o four times, Yt cardiovascular disease is frequently underdiagnosed and underteated in patients with chronic -
Kidney disease. This group of patents should, therefore, be acknowledged as having high cardiovascular risk tat esonfistppemeta
needs particular medical attention at an individual level, This view should be incorporated in the development of - tebnastcomen o 26,203
guidelines and when defining research priorities. Here, we discuss the epidemiology and pathophysiological TisiefitinaSeict

mechanisms of cardiovascula isk in patients with chronickides disease and discuss methods of prevention. f‘lm:"”’-*i’"“

Kunihira Mats
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CKD %+ T %7

defined by KDOQI and endorsed by KDIGO (2002)

Stage Description T3k TRiE e I
GFR
1 Kidney damage (#v %) > 90
2 Kidney damage (&¥¢ #4) 60-89
3 Moderate | In GFR 30-59
4 Severein | GFR 15-29
5 ESRD (Kidney failure) <15

KDOQI: Kidney Disease Outcome Initiative
KDIGO: Kidney Disease Improving Global Outcomes




M2 ¥ %08 (CKD) o 202§ 4

R R E - tr FEMC A
W% | F 3¢ K £ GFR<60 202§ + 14,000 *
% (11.9%)

$-% |GFR290 $ %% 5 174 + (1.0% 1,500 4
$-# |GFR60~89 7} % f | 65% *(3.8% IO

GFR 30-59 115§ % (6.8%)

GFR 15-29 37,000 4 (0.2%)

GFR <15 17,000 4 (0.1%)
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3 @ 17 &
v/ ¥ =
FE#Z AL > g 2}
1400
12.91%
(12 34-1123)
11.93% 2
1 661220 0% } Stagel: 0.87% ":l‘
—
20 {0.83-0.91) 1L03%
092 } Stagel: L.02% (0.98-1.05) (IR §4-11 47)
)
s 104 Stagal: L14%
T 0m Staged: 44Tl 0.40 (1.10-1.20
= {4.37-4.56)
& Siagel: 3.79% (1.73-3.85)
E 28 b Staged: J14%
E &m {3.06-3.12)
=
a A0
[
40 Staged:T.28%
Siage3: 6.81% (5.73-6.80) 7.16.7.40) Staged: 6.41%
{6.30-6.52)
2m
Siaged: 0.21% Staged: 0.23%
{0.190.13) 021025
Siaged: 0.22% (0.21-0.23) Siages: 0.09% Stages: 0.10%
- StageS: 0.10% (0.09-0.10) , . 09-0.00 : ,10-0.107

MAL {% AR 2 Ml Fonal

Fig2. National prevalence of CKD among adults in Taiwan.
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Early recognition and prevention of chronickidney disease (% #f

CEIERN EeA N b))

Matthew T James, Lancet April 10.2010

14+ I Stage 1
[ Stage 2
[ stage 3
- [ stage 4
12 4
10+
£ 8
£
g
e b
4
2 —
0 T T T T 1
LsAF Japan®® Spain® Iram™ Tabwan™ China® Mo any 22
19992004 2005 2004 2008 1994-2006 2008 199597
Age (years) =20 =20 =20 =14 W =18 =20
Criteria:
Estimated GFR +/ o o o o o o
Proteinuia  ACR Dipstick ACR Dipstick Dipstick ACR ACR
Haematuria o

Figure 1: Population-based estimates of prevalence of chronic kidney disease
ACR=albumin-to-creatinine ratio. GFR=glomerular filtration rate.
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Minimum amount of physical activity for reduced mortality
and extended life expectancy: a prospective cohort study

(ChiPang Wen”, Jackson Pul Man Wal®, Min kuang Tssi ¥iChen Yang, Ting Yunn Dovid Chang: Meng-ChifiL oz HuiTng Chan Chwenkeng Fann,

Shan Pou T, Serg Wi

Summany

Background The health henefits of Ieisuretime physical activity are well known, but whether less exercise than the
recommendesd 150 min o week can ave kife expectancy benefils ks unclear, W asgessed e health benefils of a range
popubation.

ol volunves of plysbcal activity In a Talwanese

Methods In this prospecive cohort study, 416175 individuals (199265 men and 216910 women) participated in a

stondard medical

ln Talwan bebvesn 1996 and 208, w!lh.lnaunel’oﬂewlq)ul’%l‘ﬁvun

SCTESIHNg Programme
[5T0 4-21), On the basis of the amoant of weekly exercise indicated in a selfad;
mphmﬂuinmenfﬁwuleuunﬂtfmnﬂm|mdn=ur|nwmdilnnhqhurvﬂ)"hlﬁhmw=
calculabed hazard ratios (HR} for mactality risks for every group group, and cakul

axpectancy for cvery group,

Findings Compared with Indlviduals Lo Use inacth

 thoge Lo e clivily

who exercised for an

o A EEpEAF 0 ik

-

ERi

Minimal Amount of Exercise ®

to Prolong Life

group,
awﬁﬂlmlnmrmhﬂi%cl?l—lmurﬁmhaﬁn (5D 1-8). had @ 14% reduced risk of allcause morality
[0 86, 0)-81-0.9), andlladl3ﬂurlmllfrap«hlq Every additional 15 min of daily exercise heyond the minimum
amount of 15 min a day further all.cause mortality by 4% (95% CI 2-5_7-0) and all.cancer morkality by 1%

To Walk, to Run, or Just Mix It Up?*

Chi Sy W, N0, Dl Jachcacn s M Was, e, Min Kaag Taad, MS, Chien Mus Chia, 305, WPILS

[0-3-4. 5) Tlmumnwmawmmdmmmmbﬂhm and te those with cardlovascular disease
rishs, inactive had a 175 (HR 117, 95% C1 1-10-1-24) increazed risk of mortality compared with

Trgmn Twee
{1 MW Py DT af

Epidemialogy. Unbrersiy of
Wahington, Sealth, WA, 54

indivicluals in the lowsvohame grip.

Interpretation 15 m.’ma day or %0 min a week of moderate-intensity exercise might be of benefit, even for individuals

at risk of cardi disease.

myeo
iz ard Departmert of
Familyand Communiy
Wegicine Ching ShasMedionl

Funding Taiwan Departmsent of Health Clinical Trial and Research Center of Excellence and National Health
Hesearch Insti

Takhung Tawze:
ML M B

Housn T, USA [XWs Ul
Crmepongeas tn
Drchifsnzwan hatin

Introduction

Wuch rvidence suggests that 150 min or moree a week of
Jessuretime physical sctty (LTPA) can have sulsfantial
health benehls fur :.nmd.md Y Guidelines such as the
008 physical activity muidelnes for Ameri md

motivated 1o evercise iMieir docior recommends mn easily
manageable amount, espedally if health messages are
simple. Because cast Asians visat their doctors (reguently
plenty of fur health and

‘exercise exist”However, such opportunitios

WHO's 2010 G]uhd Recommendations on - Physical
Activity for Health'' have drawn attention to the health
benefits of this amount of weeldy xercdse. Becuse
‘harriers mstlomu:t this ¥ min a day, ‘Eda\' lwck

¥ kayar g fhuman,
Mlaoil Coaey 0, Tewar,
g

{eg, time o oran I's
about the amount of exercies needed to
benefit Iu:althr. ITPA & an underused public health
intervention. Fast Asians tend 1o be less physically active
than indraduals in western countries, and also tend to
exerciee at lower intensine? A Ihm:l of the American adult
. met this " whereas lexs than
a fifth of the aduh population did in Fast Asian countries
such as China, Japan, or Taiwon Whether levels of
Physical activity below the recommended 150 min 2 wesk
are adequate W generate health benefits is wsclear.
Identification of 2 minlmum amound of exwerdoe—
or minimum dese'—suffident to reduce mortality is
desirable because a =mall ameunt of evercise can be easier
to achieve. Furthermore, patients might be more easily

bpresl:rh exercise are sometimes missed becanse most
doctars are expected to weat only diseases, having litle
time to medify & behaviour that s not directly related to
the discase if not tequested by 3 patent If health-

physical activity wete 1o be prescribed, it
shm:]rlbeidﬂedlud:edismemqmmm.mdlhe
recommended amoumt should be kept to 3 minimum o
ncrease the chances of adherence.

The alspettne. ot oty 1 o iy the bl
benefite of different vohimes of physical activity in a large
cohort in Taiwan, and o investigate whether less than
150 min a week of exercise is sufficient 1o reduce mortality
or extend life expectancy.

Methods

Data collection

In this historically prospective cohart snady, the cohort
conssted of 416175 healthy individuals aged 20 years or
older (199265 men and 216910 women) who participated
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fi =n Walking and

A S-min run generates the same benefits as a 15-min walk, and a 25 -min run is equivalent
1o 2 105-min walk.
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AST(SGOT) EL ALT(SGPT)EZ&E

> 4 O éb e 1 0 3 Thse with elevated AST (240 IUIL) had life expectancy cut short by 10.2years, doubled the number of Loss of Life Expectancy by 10 Years or More From
= %‘ MRl T8 years lost with elevated ALT. For allcause and for liver-related mortality, AST was an important Elevated Aspartate Aminotransferase: Finding
dictor, better than ALT Aspalftate Aminotransferase a Better Mortality
pre ! ' Predictor for All-Cause and Liver-Related than

Alanine Aminotransferase
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Table 3. The goodness of fit for different models®

—— Model 1: AUC=0.807
— Model 2: AUC=0.900
— Model 3: AUC=0.900
—— Model 4: AUC=0.918

10-year risk prediction

C-index (95% CI)

Subcohort
without HCV test

Subcohort
with HCV test

Maodel 1—Health
history
Full datasst
Training set
“alidation sst
Model Z—Transaminase
only
Full dataset
Training set
Validation set
Model 3—Transaminase
and heaith history
Full detaset
Training set
Validation set

Model 4—Transaminase,

health history,
AFP and HEV
Full dataset
Training set
Validation set

Model 5—Transaminase,

0.810 {0.799 to 0.822]
0.813 (0.602 to 0.629]
0.809 {0.798 to 0.820)

0903 (0.887 to 0.912)
0504 {0.896 to 0.921)
0.902 (0.892 to 0.916]

0904 [0.892 to 0922}
0905 {0.854 to 0.926)
0.203 (0.889 to 0.917]

0.923 (0.910 to 0.939)
0.925 (0.913 to 0.942]
0.922 (0.911 1o 0.241)

health history, AFP HBV,

and HCV

Full dataset
Training set
Valdation set

0.798 (0.772 to 0.815)
0.783 {0.764 to 0.801]
0.817 (0.797 1o 0.B36}

0.974 [0.201 to 0.937)
0915 (0.903 to 0.935)
0.917 (0.903 to 0.938)

0.915 (0903 to 0.936)
0.916 (0,905 ta 0:939)
0.915 (0204 to 0.936)

0.936 (0.913 to 0.958)
0.936 (0.911 to 0.960]
0.941 [0.916 o 0.964)

0.941 [0.918 10 0.967)
0.942 [0.920 to 0.970)
0945 [0.928 to 0.975)

* Tha full datasat was spiit into half as the training and validation sats. C-index
imaasures moedel discriminatory accuracy! of each model was calculated
to evaluate model goodness of fit in the Tull datasets, the tramning set,
and the validation set . C-ndex = concordanca index; Cl = confidance
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Hepatocellular Carcinoma Risk Prediction Model for the General
Population: The Predictive Power of Transaminases
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Background

Methods

Results

Conclusion

Risk prediction models for hepatocellular carcinoma are available for individuals with chronic hepatitis B virus
{HBV) and hepatitis C virus (HCV) infections who are at high risk but not for the general population with average
or unknown risk. We developed five simple risk prediction models based on clinically available data from the
general population.

A prospective cohort of 428 584 subjects from a private health screening firm in Taiwan was divided into two
subgroups—one with known HCV test results (n = 130 533 subjects) and the other without (n = 298 051 subjects).
A total of 1668 incident hepatocellular carcinomas occurred during an average follow-up of 8.5 years. Model
inputs included age, sex, health history-related variables; HBV or HCV infection-related variables; serum levels of
alanine transaminase (ALT), aspartate transaminase (AST), and alfa-fetoprotein (AFP), as well as other variables
of routine blood panels for liver function. Cox proportional hazards regression method was used to identify risk
predictors of hepatocellular carcinoma. Receiver operating characteristic curves were used to assess discrimina-
tory accuracy of the models. Models were internally validated. All statistical tests were two-sided.

Age, sex, health history, HBV and HCV status, and serum ALT, AST, AFP levels were statistically significant inde-
pendent predictors of hepatocellular carcinoma risk (all P = .08). Use of serum transaminases only in a model
showed a higher discrimination compared with HBV or HCV only (for transaminases, area under the curve
[AUC] =0.912, 95% confidence interval [Cl] = 0.909 to 0.915; for HBV, AUC = 0.840, 95% Cl = 0.833 to 0.848; and for
HCV, AUC = 0.841, 95% Cl = 0.834 to 0.847). Adding HBY and HCV data to the transaminase-only model improved
the discrimination (AUC = 0.933, 95% CI =0.929 to 0.948). Internal validation showed high discriminatory accuracy
and calibration of these models.

Models with transaminase data were best able to predict hepatocellular carcinoma risk even among subjects with
unknown or HBV- or HCV-negative infection status.

J Matl Cancer Inst 2012; 104:1599-1611



Table 1. Characteristics of subjects in the subcohort without HCV test and nisk factors identified for hepatocellular carcinoma

Model 1 Model 2 Model 3 Model 4
Transaminase and Transaminase, health
i Health history Transaminase health history history, AFR and HBV
Total Incidence,
Charactaristics subjects, % Mo. (%) HR (95% CI} HR {95%: CI} HR {95% Cl) HR {95%: Cl)
Sex
Female 52.2 390 (0.25)  1.00 (refersnt) 1.00 (referent) 1.00 (refersnt) 1.00 {referent)
Male 478 BE2 (060} 1.7201.54 to 2.07) 183 11.71 to 2.139) 154 (1.33 to 1.79] 1.38 (1.1 to 1.81)
Age at bassling, y
20-29 E5.5 116 {0.071.  1.00 (referent) 1.00 [referent) 1.00 (referent) 1.00 {referent
40-59 31.8 4791052} 6.6615.43 10 8.17] 534 {4.35 to 6.56) B.24 (4,76 to 6.43) 5.28 [4.281t06.51)
260 127 536 (1.63) 19.06 (15.60t023.40) 13.71 (11.20t0 168} 13.46(10.90 to 16.60] 14.85 (12.00 to 18.40)
Smoking. pack-year
0 718 664 (0.31)  1.00 (referent) — 1.00 ireferem) 1.00 ireferent)
1-8.9 138 196 (0.47) 135 (113 101.61) — 1.36 11.14 to 1.63 1.19 (0.99 to 1.42)
210 14.6 392 (0.90] 132 (1.13 101556} —_ 1.39{1.19 to 1.62} 1.38 {1.18 10 1.62)
Drrinkingt
Maone or B4.2 872 1{0.35) 1.00 {referent) — 1.00 ireferent) 100 {referent)
occasional
Reqular 158 3B0(081) 156 (13610 1.79] —_ 1.211.0610 1.39) 1.26 11.09 to 1.45)
Physical activity,
METhours
<3.75 6526 634 (0.40)  1.00 (referent) — 1.00 lreferent) 1.00 ireferent)
375749 225 232 (0.35) 082 10.701t00.95) — 0.90 (0.77 to 1.06] 0.96 [0.62 to 1.12)
275 2489 3761051 0.7 (0.65 to 0.84) — 0.87 (0.77 to 1.00) 0.87 {0.76 to 0.99)
Diabetes
Mo 9.4 1111 (0.38)  1.00 {referent) — 1.00 ireferent) 1.00 Ireferent)

AST, UL
<25
25-39
40-59

260
ALT, LWL
<25
225

<25
25459
099
=100
HBV
Negative
Positive

518
40.6
6.7
0.9

B4.3
15.7

213 {0.09)
365 (0.69)
260 (2.66)
413 (743

238 (0.2}
1013 (1.04)

183 (0.12)
416 {0.35)
296 11.49)
345 13.24)

615 (0.25)
637 11.38)

1.00 (referent)
3.893(3.21 10 4.83)

14.58 (11.50 to 18.40)
39.58 (31.60 to 40.80)

1.00 (referent)
183 (1.71 to 2.19)

331{1.11 to 1.60)

00 ireferent)
.00 (3.25 t0 4.81)
.43 {11.4 to 18.3)

334 (30610 48.1)

00 ireferent)
47 (1.21 to 1.79)

1.3411.11 to 1.62)

1.00 referent)
331 (2.69 to 4.08)
8.51 (6.68 1o 10.8)
10.92 (8.55 to 13.9)

1.00 (referent)
1.291.06 to 1.57]

1.00 (referent)

156 11.30 to 1.87]
4791362 to B.22]
15.20 (12.30 to. 18.90)

1.00 (referemnt)
3.40(3.00 to 3.84)
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Tahle 2. Adjusied martality risks of serum AST{IUL), with 15-24 as mference, by all-couse and stlecied couse-specific deaths
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Supplemental table 2. Adjusted mortality risks of ALT (TU'L), with 15-24 as reference, by all-cause and selected causes spectfic deaths for total
cohort, male and female

Cause of death <13 13-4 AR 40-69 20

Deaths HR  99%(CT  Deaths HR Deafis MR 9% (1 Deats HR  O9%(T Deaths HR  99%CT  Deatl

All-cavse mortalty 2160 110 (L3126 3823100 2200 104 08109 1261 1361704 068 230 Q225 1
Liver disease 0059 0508) 163100 834808742%) 379 1018 04 028 465 2844 (370 314)
Nooliverdisease 20110124 (L17,131) 3,660 100 1902093 (038,098 882 098 (091105 503 128 (11614D) 138

Cancer § 103 (WW1%) 1462100 8931140512 556 168(R1E) 50 36 G840 1
Liver cancer 505 OM08) 95100 2042903658) 5 11800 1508 337 3706 (935 463) 3

Non-liver cancer 118 (L0B12) 1367100 683093 (084100 311 09908711 183 135 (L6158 4
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WHAT IS KNOWN
v/ ALTand AST are indicators of liver dysfunction. We praviously

Table 2 Adjusted morta ity risks of setum AST(U/L), with 15-24 as reference, by all-cause and selected causs-specific deaths
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showed that transaminasas were the strongest predictors in
the intagrative risk prediction model for hepatocellular
carcinoma development. The associated all-cause mortality
and lifa-shortening effects of ransaminases from liver and

non-liver causas have not been well studied.

WHAT IS NEWHERE

/ There is a J-shape relationship between aminotransferasa

and all-causa mortality

v/ Participarts with AST = 40 IU/L showed a loss of life
axpectancy of 10.2 years, with <15-24 |U/L as referencea.
Thera is a linear relationship with reversad longevity, with
a 2-manth shortening for every unit above 25 IU/L. For AST,
the causaes of excess mortality includad liver diseasas,
cancers, and stoke. In comparison, elevated ALT was
contributed mainly from liver, with loss of life expectancy less
than half of that from elevated AST.

v/ Physical activity altenuated the loss of life years due to
alavated serum transaminasas,
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Change in albuminuria and subsequent risk of end-stage
kidney disease: an individual participant-level consortium
meta-analysis of observational studies

Josef Coresh, Hiddo | L Heerspink, Yingying Sang, Kunihiro Matsushita, Johan Arnlov, Brad C Astor, Comi Bladk, Nigel) Brunskill, Juan-Jesus Carrers,
Harold I Feldman, Carnline SFax, Lesley A Inker, Areefishani, Sadayoshilto, Simerjot Jassal, Tsuneo Konta, Kevan Polkinghorne, Selfrid Romundstad,
Marit D Solbu, Nikita Stempniewicz, Benedicte Stengel, Marcello Tonelli Mitsumasa Umesawa, Sushrst 5 Waikar, Chi-Pang Wen, [ack F M Wetzels,
Mark Woodward, Morgan £ Grams, Csaba P Kovesdy, Andrew SLevey, Ron T Gansevoort, forthe Chronic Kidney Disease Prognosis Consortivm and
Chronic Kidney Disease Epidemiology Collaboration*

Summa

Bnckgrou:?l;l Change in albuminuria as a surrogate endpoint for progression of chronic kidney disease is strongly
supported by biological plausibility, but empirical evidence to support its validity in epidemiological studies is lacking.
We aimed to assess the consistency of the association between change in albuminuria and risk of end-stage kidney
disease in a large individual participantlevel meta-analysis of observational studies.

Methods In this meta-analysis, we collected individual-level data from eligible cohorts in the Chronic Kidney Disease
Prognosis Consortium (CKD-PC) with data on serum creatinine and change in albuminuria and more than 50 events
on outcomes of interest. Cohort data were eligible if participants were aged 18 years or older, they had a repeated
measure of albuminuria during an elapsed period of § months to 4 years, subsequent end-stage kidney disease or
mortality follow-up data, and the cohort was active during this consortium phase. We extracted participant-level data
and quantified percentage change in albuminuria, measured as change in urine albumin-to-creatinine ratio (ACR)
or urine protein-to-creatinine ratio (PCR), during baseline periods of 1, 2, and 3 years. Our primary outcome of
interest was development of end-stage kidney disease after a baseline period of 2 years. We defined an end-stage
kidney disease event as initiation of kidney replacement therapy. We quantified associations of percentage change
in albuminuria with subsequent end-stage kidney disease using Cox regression in each cohort, followed by
random-effects meta-analysis. We further adjusted for regression dilution te account for imprecision in the
estimation of albuminuria at the participant level. We did multiple subgroup analyses, and also repeated our analyses
using participant-level data from 14 clinical trials, including nine clinical trials not in CKD-PC.

Findings Between July, 2015, and June, 2018, we transferred and analysed data from 28 cohorts in the CKD-PC, which
included 693816 individuals (557583 [80%] with diabetes). Data for 675904 individuals and 7461 end-stage kidney
disease events were available for our primary outcome analysis. Change in ACR was consistently associated with
subsequent risk of end-stage kidney disease. The adjusted hazard ratio (HR) for end-stage kidney disease after a
30% decrease in ACR during a baseline period of 2 years was 0-83 (95% CIL0-74-0.94), decreasing to 0-78 (0. 66-0-92)
after further adjustment for regression dilution. Adjusted HRs were fairly consistent across cohorts and subgroups (ie,
estimated glomerular filtration rate, diabetes, and sex), but the association was somewhat stronger among participants
with higher baseline ACR than among those with lower baseline ACR (p,,_._<0-0001}. In individuals with baseline
ACR of 300 mg/g or higher, a 30% decrease in ACR over 2 years was estimated to confer a mere than 1% absolute
reduction in 10-year risk of end-stage kidney disease, even at early stages of chronic kidney disease. Results were
generally similar when we used change in PCR and when study populations from clinical trials were assessed.

Interpretation Change in albuminuria was consistently associated with subsequent risk of end-stage kidney disease
across a range of cohorts, lending support to the use of change in albuminuria as a surrogate endpoint for end-stage
kidney disease in clinical trials of progression of chronic kidney disease in the setting of increased albuminuria.

Funding US National Kidney Foundation and US National Institute of Diabetes and Digestive and Kidney Diseases.
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Figure 3: Hazard ratlos and 95% Cls for all-cause and cardlovascular mortality according to spline estimated glomerular filtration rate (eGFR) and
categorical albuminuria

Shaded areas represent 95% Cls. Models included spline eGFR, categorical albuminuria, and their interaction terms as well as adjustment for age, sex, ethnic origin, history
of cardiovascular disease, systolic blood pressure, diabetes, smoking, and total cholesterol. The reference (diamond) was eGFR 95 mbL/min/1-73 m® plus ACR less than

3-4 mg/mmol (30 mg/q) or dipstick test result negative or trace. Circles represent statistically significant and triangles represent not significant. The estimated HR and
95% Cl at eGFR 120 mb/min/1-73 m* with dipstick 2+ or mare for cardiovascular mortalitywere omitted, since only two studies contributed to reliable estimation. To

convert ACR in mg/g to mg/mmol multiply by 0-113.
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The risk of dialysis by eGFR and by proteinuria
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Appendixtable 1. Hazard ratios (HR) for selected causes of death by proteinuria status for the entire cohort (n=464,709)
Proteinuriastatus

Number of subjects

Age-adjusted mortality rate per 100,000 person year

Cause of death

All causes
All cancer

Esophagus cancer & lﬁ %

-]

Stomachcancer 5 J
Colorectal cancer + % 7%

B-T:—:)%.
R
B A
T

Non-Hodgkin's lymphoma

Liver cancer
Lung cancer
Bladdercancer

Kidney cancer

Diabetes mellitus
Cardiovasculardisease

Ischemicheartdisease
Cerebrovasculardisease (Stroke)

ICD-9

001-998
140-208
150
151
153-154
155
162
188
189

200,202,203

250

390-459
410-414
430-438

Chronicobstructive pulmonary disease (COPD)491-496

Livercirrhosis

Kidney diseases

571

580-589

Negative

428,157

382

Deaths HRS

12,912
5,270
112
337
527
1100
1155
72

82

197

619
2,469
658
1082

373
468

163

1
1
1
1
1
1
1
1
1

[ S T Y [

=

Deaths HR$

Trace

27,044
828

95% ClI

1,799 1.70* (1.58,1.81)
602 1.52* (1.35,1.70)
24 2.87* (1.58,5.22)
39 1.83* (1.21,2.77)
63 1.59* (1.12,2.25)
151 1.85* (1.38,2.21)
120 1.39* (1.09,1.78)
16 3.02* (1.39,6.57)
12 2.74* (1.37,5.49)

26 1.36 (0.74,2.49)

165 1.97* (1.53,2.53)
403 1.63* (1.41,1.90)
112 1.48* (1.11,1.98)
177 1.71* (1.36,2.14)

41 1.69* (1.09,2.63)
94 2.92* (2.36,4.29)

69 5.97* (3.90,9.16)

Deaths

1,015
268

5

16

25

65

47

10

16

10

132
251

59
118

29
35

1+

5,879
1,927

HRS

2.31*
1.97*
2.92
1.21
1.64
3.21*
1.46
6.71*
8.78*

0.98

3.09*
2.17*
1.99*
2.19*

2.10
2.94%*

86 19.16*

95% ClI

(2.07,2.58)
(1.61,2.41)
(0.88,9.70)
(0.44,3.30)
(0.86,3.14)
(2.18,4.55)
(0.91,2.36)

(2.45,18.39)
(3.82,20.21)

(0.24,4.03)

(2.22,4.30)
(1.72,2.74)
(1.28,3.10)
(1.53,3.13)

(0.97,4.57)
(1.44,5.01)

(11.97,30.66)

Deaths

991
175
2
13
13
54
26
6

7

4

212
237
72
98

14
28

2+ or more

3,629
3,458

HRS

3.62*
1.76*
0.98
1.88
1.01
3.69*
1.21
3.81
4.01

1.56

9.14*
2.91*
3.53*
2.12*

2.37
2.38*

95% ClI

(3.25,4.04)
(1.36,2.28)
(0.13,7.22)
(0.69,5.16)
(0.37,2.76)
(2.29,5.35)
(0.64,2.28)
(0.86,16.90)
(0.94,17.10)

(0.38,6.46)

(7.06,11.84)
(2.29,3.70)
(2.35,5.29)
(1.40,3.22)

(0.95,5.90)
(0.95,4.97)

144 59.54* (39.80,89.07)



Micro 4 % *~ GFR Stage 3b

Macro #p & >t

GFR

Normal

3a
3b
4

GFR Stage 4

ACR Microalbuminuri Macroalbuminuria

<1:1 mg/mmol 1.1-33 mg/mmol 3-4-33-8 mg/mmol 233:9 mg/mmol

(<10 mg/g) (10-29 mg/g) (30-299 mg/g) (2300 ma/g)
All-cause mortality
=105 mL/min/1.73 nv 114(1:02-1-27) 152 (1-28-181) 232 (2:00-270) 526 (2-80-0-85)
00-104 mUYmin/173 m? Reference 148(1:20-1-69) 161(1-39-187) 365(213-677)
75-80 mU/min/1.73 100 (0-91-1-09) 1.40(1-26-1.55) 178 (1.58-2.01) 250(1-89-331)
60-74 mL/minf1.73 m¢ 1.02 (0-92-1-15) 149 (1.34-1-66) I 1.95{1-67-2-27) 309(256-372) I
AG-58 mUmin/173 e 128 (105-1.57) 1:95(173-2:20) 2.51(2:16-2:90) 410 (3-36-4.95)
30-44 mL/min/173 ¥ I 197 (159-2-43) I 265 (213-3.22) 3-66 (2-01-4-60) C.08 (4-20-6-15)
15-29 ml/min/1-73 m? £-39 (330-8-80) 366 (2-43-5-50) 4-8E (3-26-7-21) 6-06 (5-28-0.19)
Cardiovascular mortality
=105 mU/min/173 m* 093 (074-1-16) 133(104-172) 2.46 (1-88-3-.23) 269(136-532)
90-104 mU/min/173 m? Reference 163(1.20-2-19) 182 (1:36-2-45) 477 (316-722)
75-89 mlymin/173 m? 1.03 (0-85-1:24) 148 (1:23-178) 173(126-2.32) 401 (262-614)
60-74 mUmin/1-73 v 1.09 (0-62-1-29) 158(131-191) 218 (1.58-3.02) 473 (2-95-6-06)
45-50 mU/min/173 me 152 (118107 238(1-91-2:96) 313(232-4-22) 497 (3.70-6:66)
30-44 mL/min/173 ¥ 240 (1-80-3.21) 307 (173-5-44) 412 (2.84-5.08) 6-10 (4-08-0-10)
15-29 ml/min/1-73 m 1361 (4-849-3735) 799 (1-95-32-81) C-60 (3-66-8-57) 0-49(4-97-18-10)

eGFR-estimated glomerular filtration rate. ACR-urine albumin-to-creatinine ratio. Hazard ratios and 95% Cls adjusted for age, ethnic origin, sex, history of cardiovascular

disease, systolic blood pressure, diabetes, smoking, and total cholesterol concentration.

Table 2: Pooled estimates of adjusted hazard ratlos (95% Cl) for all-cause and cardlovascular mortality according to categorles of eGFR (listed Inthe left
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Table | Classification of proteinuria

Diagnostic test Normal albuminuria Microalbuminuria Albuminuria Proteinuria
24 hour urine albumin <30 mg/24 hours 30-300 mg/24 hours >300 mg/24 hours >300 mg/
collection 24 hours
Spot urine dipstick <30 mg/dL N/A >30 mg/dL >30 mg/dL
Spot urine albumin <17 mg/g (men) 17-250 mg/g (men) =250 mgfg (men) N/A
to creatinine ratio <25 mg/g (women) 25-355 mg/g (women) >355 mglg (women)

<2.5 mg/mmol (men) <35 mg/mmol >35 mg/mmol

<3.5 mg/mmol (women) 30-300 ug/mg >300 ug/mg

<30 ug/mg
Spot urine protein <200 mg/g N/A N/A >200 mg/g
to creatinine ratio <45 mg/mmol >45 mg/mmol




Figure2. Distribution of ACE by different urinary dipstick results in their relationships to
microalbuminuria based on selected samples (WN=1311).
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Screening for Proteinuria in US Adults
A Cost-effectiveness Analysis

L. Ebony Boulware, MDD, MPH
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HRONIC KIDNEY DISEASE IS A
growing public health prob-
lem. More than 10 million US
adults have some kidney dam-
age (serum creatinine levels ==1.5 mg/dL
[132.6 prmolL 1), and the number of per-
sons with end-stage renal disease ( ESRD)
exceeds 300000, Persons with ESRD,
who have a poor quality of life and ac-
crue high health care costs, are pro-
jected to exceed 600000 in 2010.' Early
identification and treatment of patients
who are more likely to progress to ESRD
to decrease mortality, morbidity, and
costs associated with chronic kidney dis-
ease has been debated. Controversy ex-
ists because many patients do not
progress to ESRD. however, the major-
ity of those who do progress go unde-
tected until it is too late to intervene
Growing evidence indicates that the
presence of relatively low levels of urine
protein can be an early marker of in-
creased risk of progressive kidney dis-
ease, poor cardiovascular outcomes, and
death ™7 Prescription of angiotensin-
converting enzyme (ACE) inhibitor or
angiotensin [I-receptor blocker (ARB)
therapy in persons with proteinuria and
chronic kidney disease has been dem-
onstrated 1o decrease both the progres-
sion of kidney disease toward ESRD as
well the incidence of cardiovascular
events and death **2
Dipstick urinalysis has imperfect ac-
curacy in the diagnosis of persistent pro-
teinuria, but it is an inexpensive test that

2003 Amencan Medical Association. All rights reserved.
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Context Chronic kidney disease is a growing public health problem. Screening for
early identification could improve health but could also lead to unnecessary harms and
EXCess Costs.

Objective To assess the value of periodic, population-based dipstick screening for
early detection of urine protein in adults with neither hypertension nor diabetes and
in adults with hypertension.

Design, Setting, and Population Cost-effectiveness analysis using a Markov de-
cision ic model to compare a strategy of annual screening with no screening {usual
care} for proteinuria at age 50 years followed by treatment with an angiotensin-
converting enzyme (ACE) inhibitor or an angiotensin ll-receptor blocker (ARE).

Main Outcome Measure Cost per quality-adjusted life-year (QALY)

Results For persons with neither hypertension nor diabetes, the cost-effectiveness
ratio for screening ws no screening (usual care) was unfavorable (282818 per QALY
incremental cost of $616 and a gain of 0.0022 QALYs per person). However, screen-
ing such persons beginning at age 60 years yielded a more favorable ratio ($53372
per QALY). For persons with hypertension, the ratio was highly favorable ($18621
per QALY; incremental cost of 5476 and a gain of 0.03 QALY's per person). Cost-
effectiveness was mediated by both chronic kidney disease progression and death pre-
vention benefits of ACE inhibitor and ARB therapy. Influential parameters that might
make screening for the general population more cost-effective include a greater inci-
dence of proteinura, age at screening ($53372 per QALY for persons beginning screen-
ing at age 60 years), or lower frequency of screening {every 10 years: SB0700 per
QALY at age 50 years; $6195 per QALY at age 60 years; and $5486 per QALY at age
70 years).

Conclusions Eary detection of urine protein to slow progression of chronic kidney
disease and decrease mortality is not cost-effective unless selectively directed toward
high-risk groups {older persons and persens with hypertension) or conducted at an
infrequent interval of 10 years.

JAMA. 2003 290:3101-3114 WO jEmE.com

can be performed in most medical set-
tings. " For persons with diabetes, rou-
tine screening for urine protein his been
shown to be cost-effective.'>'*1% [n con-
trast, although there is accruing evi-
dence that the use of ACE inhibitor
therapy decreases the incidence of death
and slows clinical progression of dis-
ease for persons with chronic. nondia-
betic proteinuric nephropathies, there is
little evidence addressing the cost-
effectiveness of routine screening ™™™ I
is not clear whether screening of the en-
tire US adult population by physicians
iswarranted. If screening followed by the

implementation of ACE inhibitor or ARB
therapy were beneficial in slowing pro-
gression toward ESRD, patients could
benefit from lengthened survival and im-

Author Affillations: Depanment of Medidne, Johns
Haopkins University School of Medicine (Drs Boad-

5 Epl-
demiclogy, Johns Hopkins Bisomberg Schoc of Pub-
Bc Health (Drs Boukware, Brancatl, and Powe), Welch
Center for Preventon, Epldemiology and Clinical
Reseanch, kohns Hoplans Medical Institutions (Drs
Bouhware, Jaar, Tarwer-Carr, Brancat, and Powep,
Baltimore, Md.
C sponding Author and R L. Ebony Boul-
weare, MDD, MIPH, '"Welch Canter for Prevention, Epi-
demiclogy and (nical Research, kohns Hoplins Medi-
«cal Insttutons, 2024 E Monument St Sutte 2-635,
Baltimore, MD 21205 (e-masl: lboubw 28fhmtedu).
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Editorial

Urine Dipstick to Detect Trace Proteinuria: An Underused Tool for an
Underappreciated Risk Marker

| Related Article, p. 19

]

In e medical evaluations of bealthy individuals,
urinalysis receives relatively litle atiention com-
pared with blood work. However, one finding from
the urimalysis, proteinuria, caries a risk far higher
than many abpormalities identitied from blood stud-
jes"* Even small quantities of albumin in the wrine
Can albumin-creatinne matio [ACR] of 302300 mg/e
often termed “microalbiminmng) s oot only o sign
of Kidney damnge,® but is also associated with an
tncreased risk for candiovascular diseases,' certain
cancers.™” pnd increased all-cause mortality. -
Althotigh the classincation of chronic Kidoey dis-
case (CKD) in the 2002 publication of the National
Kidney Foundation's KDOQI (Kidney Disease Out-
come Quality Initiative) puidelines” estublished sus-
tained albuminurin s o marker of Kidney damage
suflicient for the diagnosis of CKD, it is not chear who
should be screened for proteinuria and what method
of screcning sfiould be used. In o healthy population.
aculy 9 out of 10 people have ACR < 30 mgig"
Quimtifying albuminuria by ACR is slow, cumber-
some, and expensive. In contruss, dipstick sereeming
for peoteinusa iy o simple, mstuntancotts lnboratory
test that can be casily performed in most medicnl
offices, A major challenge for the prevention of CKD
complications s timited awareness of CKD (more
than 9% of CKD patients are unaware of their
condition**¥). therefore a simpler sereening test for
Kidriey damage is an aitractive wuy o improve delee
ton and awareness. However, (e dipstick test for
proteinura may be viewed us inadequate by msany
nephrologists, who prefer having ACR results, This
reluctunce w rely on urine dipstick lesting for protein.
urla is undentandable given thid few studies have
evaluated urine dipstick testing in e with

urine ACR of 30.300 mg/g. Although the sensitivity
of screcning by dipstick urinalysis can be lmproved
by decreasing the threshold for a positive test 10 a
trace protesnuria reading, the suthors caution thut this
mcreises (he Bilse-positive rale for detecting an ACR
of 30300 mp/g 1o mearly 73%. Although thsx point is
important, the lack of onteome dita tor vianous dip-
stick results may have obscured the value of findings
in the mnge of profeinunia equivalent 1o an ACR less
than 30 mg/g

PProvious studies have shown that trace proteinuna
by urine dipstick (s o powerful pradictor of mortality
risk." Ina pooled meta-analysts of 1.1 million individu-
als with normal glomeruler filtrtion rate (GFR). Lhose
with truce proleinuria had o hizard ratio of 178 for
Cardiovaseular movtafity wd 144 for ull-cunse mortal
iy, The rishs associuted with tace proteinuris at a
nommal kevel of GFR were more similar 1o those foe
ACR of 10-29 mg/g than ACR of 30-300 mg/e. Figme
1 shows the relationsiip belween ul-cause mortality
risk and proteinuria i a cohort of approximately
SO0.000 Tarwunese individuals* This mmlysis, which
ws adjusted for |2 ask factoes, it a curvilinear line
through hazaed ratics associnted with negitive, trace,
1+, 24, and 3+ dipstick results. The mupnitude of
the increased nisk doe 1o trace protcinuria (1.70) is
approximately aquivalent to the risk from smoking
(155" 1t 45 intriguing that detecting trace protein-
urka in the office and obtaining history about smoking
yicld similar information about health risk. When
Uace and 1+ were considered together os mild protein-
urka in o study investigating mortality risk in a Cana-
dian cobort of nearty 1 million individuals, the all
catse mortality rish was 2.1, o result simitar o the
Targe Taiwanese study.”

Three mechanisms may explain why the risks of

the gold standard of ACR ™"

In this issuc of the American Journal of Kiduey
Diseases, White et al'™? smdicd the relationship be-
tween urine dipstick ond urine ACR by anolyzing
wrine collected in 1999 and 2000 from 10,944 ran.
domly selected Australinn bealthy adults from Aus-
Db (Australian Drabetes, Obesity and Lifestyle
Study), which was designed to examine dinhetes.
heart disease, wind kidoey diseases, They report Uit i
dipstich reading of 1+ or more wos seen in narly ull
of those with larger quanitics of albumin in the uring
(ACR above 300 mgfg, temmed “macroal buminuria™).
However, the investigators did not find the 1+ cutoff
in dipstick urinalysis sufficiently xensitive to detect

Am ) Kidney Ois. 2011,58{1) 13

trace profemuria were so high in these studies. Fint,
the medim ACR corresponding 10 trwe proteinuria
was 65 mg/g in healthy adulis in the Taiwanese data®
und 48 mg/g in 2321 community-hased. healthy par-
ticipants in Takahata, Japan."" Given the hazand ratios
of 140 and 178 for ACRs of 1029 and 30299
mgiz.! respectively, the relitive mortality sk of trace
proteinunia of 144 (or 1,70 in Taiwan study: Fig 1)

Adlresy correspowcdesce in Chi Pane Wen MIL DAPH, Chine
Medicul University Hospinl, 35 Keyan Rt Zwnun, Miaoil, Toi
et E-anall: owengmd @nlir orgnw

3 2011 by the Noationat Kudney Fondation. dnc
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Figure 1. The dose-response rele-
fionship betwaen albumin<reatining ra-
fio (ACR) and hazard ratio (HR) ob-
served by fiting a curviinear line through
the 5 levels of all-cause mortalty risk
identified by dipstick testing in a Taiwan-
es2 cohorl. The hazard ratios, adjusted
for 12 risk fators, came from a cohort of
464 709 adults recruitedt since 1994, with
ACR values adcitionally analyzed on a
suioset with dipstick results classified as

2312.07258) 1+ negalive (n=773), hace proleinuria (n =

), 1+ (1= 1422+ (n=12), and3-

trace (=24} in 2007. The age, sax, and

educafional distributions of individuals In
each dipstick category inthis subset have
been tasted and found to be grossly simi-
lar fothosa In the overall cohort Dashed
lings Indlcate 25in-5t parcentles of
ACR. Source: Wen etal®
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Knpwords
Chronic lidney dicsase
cardiovasndar disease
Fick predirtion
meta-aralysis

Bockgmund: Cheoic kidney disease (CKD] measures [estimated glomenular f@lration raie [2GFR] and albu-
minuria ) are frequently assessed in clinical practice and improve the prediction of incident cardiovascular
disease |(VD), yet most majer clinical puidelines do not have a standordized approach for incorporating
these Meaures into VD risk pradiction. " CKD PIrch” & avalidated reethod © calibrae and improve te pre-
dlicted risk from established squatiom aoconding 10 CKD measee.
Methods: Utilizing data from 4,143,535 aduls from 35 datasets, we developed several *“CKD Patchis™ incorpo-
rating eFR and albuminoria. m enhance prediction of sk of athevosclemte ©V0 {ASCVD) by the Paoled
Cohort Equatice { FCE | and (VD moralioy by Systematic COronary Risk Evaliation | SCORE). The risk enbance-
ment by CKD Parcl was determined by the deviaton between individual (KD measures and the values
expecied from the ir traditional CVD rick factors and the hazard rados for 2CFR and aibuminwria, We then wal-
ithaten] This approach 2mong 832,824 alults Form 37 independent dalasels, compar g the oiigina PCE and
SCORE eqqua tions (recalibrated in each dataset ) to those with sdditionof (KD Paich
Findings: We confirmed the prediction improvement with tie (KD Pateh for CVD morz ity beyoed SCORE
and ASCVD beyond PCE in validacion datasets {Ac-satishe 0027 955 C 001E-0036] and 0010
0007 -0013] and net Lass ification i Q080 [0032-01] and 0056
[0 00ET], remspectivedy | Thes median (0 of e i of predicied ick for CVD merality with OKD Pasch
ws, the original prediction with SCORE was 2 64188140} in very high-risk CRD{e g, =GFR 30 &4 mljimin{
173w with albumsinuria =30mg e}, 186 (146-244) in higherise CKD (eg. eGP £3-59 mimin/1,73m’
with elbeminuria J0-29meigl, and 137 (L14-16% in moderate rish (KD (eg, cGFR B0-E9mljmin
1.73m" with alburninoria 30— 299 mg/g), indicating considerable nsk underestimation in CKD with SCOHE,
The corresponding estmates for ASCVD with PCE were 155 (L37-181% 124 (L10-1.54], and 121
(0081 46},
Interpremtian: The *CKD Patch® can be ussd io quantitatively enhance ASCVD and CVD mortality ride predic-
tion equations recommended in major US amd Burnpean guidelines. according i CKD measwes. when
availal
Furfing: US Mational Kidney Foundacion and the MIDOK.
0 220 The Authors. Publishiad by Eisevier Lid. This & an open access aticle wnder the CC BY-NC.KD licensa
(L fereat lvecimim g lesnus: iy -ne-nd (4 D)
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« Garmin

* Fitbit

Personalized Activity Intelligence (PAI) for ) o
* Apple health Prevention of Cardiovascular Disease and
Promotion of Physical Activity

Bjarne M. Nes, PhD,? Christian R. Gutvik, PhD,® Carl J. Lavie, MD, Javaid Nauman, PhD,** Ulrik Wisloff, PhD* %!

K.G. Jebsen Center of Exevcise in Medicine at the Department of Circulation and Medical Imaging, Norwegian University of Science and
Technology, Faculty of Medicine, Trondheim, Norway; "Technology Transfer Office, Norwegian University of Science and Technology,
Trondheim, Norway,; “Department of Cardiovascular Diseases, John Ochsner Heart and Vascular Institure, Ochsner Clinical
Schoel—University of Queensiand School of Medicine, New Orfeans. La; A5chool of Human Movement & Numrition Sciences. University of
Queensland, St Lucia, QLD, Australia

- Zepp

Hi, Tina!

* Polar

Your goal is 100 PAI

PAl awards you points based on how much
you elevate your heart rate. Your goal is to
maintain 100 PAl over a rolling 7-day period.

ABSTRACT

PURPOSE: To derive and validate a single memric of activity tracking that associates with lower risk of
cardiovascular disease monality,

METHODS: We derived an algorithm, Personalized Activity Intelligence (PAT), using the HUNT Fitness
Study (n = 4631), and validated it in the general HUNT population (n = 39.208) aged 20-74 vears The
PAI was divided into three sex-specific groups (<50, 51-99. and = 100), and the inactive group (0 PAT) was
used as the referent. Hazard ratios for all-cause and cardiovascular disease mortality were estimated using

PAI Score (0]

© Lost synced: Mar 19, 245PM

Cox proportional hazard regressions.

RESULTS: After =1 million person-years of observations during a mean follow-up time of 26.2 (SD 5.9)
years, there were 10,062 deaths. including 3867 deaths (2207 men and 1660 women) from cardiovascular
disease. Men and women with a PAI level =100 had 17% (95% confidence imterval [CI], 7%-27%) and
23% (95% C1, 4%-38%) reduced risk of cardiovascular disease mortality, respectively, compared with the
inactive groups. Obtaining > 100 PAI was associated with significantly lower risk for cardiovascular disease
mortality in all prespecified age groups, and in participants with known cardiovascular disease risk factors
(all P-wends < .01). Participants who did not obtain =100 PAI had increased risk of dying regardless of
meeting the physical activity recommendations.

CONCLUSION: PAI may have a huge potential to motivate people to become and stay physically active, as it
is an easily understandable and scientifically proven metric that could inform potential users of how much
physical activity is needed to reduce the risk of premature cardiovascular disease death.

@ 2016 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND
license (hrp:erearivecommaons. org/licensesby-ne-nd/4.0/). o The Amevican Journal of Medicine (2017)
130, 728-336

28 eal

PAI Earned Today:

KEYWORDS: Activity tmcking: Canliovasculur disease moriality: Physical aetivity: Prevention
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Total participanis

n=50812 Available online et www.scisncedirect. com
ScienceDirect
www onlinepcd. com
20862 Excluded
;jgg U'S’OW ?gg'r'nazg'"? ke, D Personal Activity Intelligence (PAI), Sedentary W) e
5015 0 00CaloNs - . . .
»| 2079 Motion impairmen Behavior and Cardiovascular Risk Factor Clustering -
4136 Missing values for sedertary behavior, PAl and smoking the HUNT Study
1254 Missing data on cardovascuar fisk factors
Nina Zisko™ ', Kjerstin Neess Skjerve™’, Atefe R. Tari, Silvana Bucher Sandbakk?,
Ulrik Wislaff®®, Bjarne M. Nes®™ “*2, Javaid Nauman®*®?
“K.G. Jeboen Center of Exercioe in Medicine at the Department of Circulation and Mediarl Imaging, Norwegian University of Science and
Techndogy, Faculty of Medicine, Trandheim, Nornaay
USchool of Hruman Movement and Nutnition Sciences, The University of Q1 land, Erisbane, Qv land, A
“Departrent of Cardiology, St Olaus Hospital, Norway
' ARTICLE INFOD ABSTRACT
. Eeywards: Frolonged seden tary bebavior |SE) posidvely assodates with custering of sk factors for
29950 participants Physical activity cardicvaseular disease (VD). The recently developed metric for physical sctivity (PA)
i . Exercise tracking called Personal Activity Intellipence (PAL) takes inlo account age, sex, resting and
13896 man, 16054 women Exercige intensity maximum heart rate, and a score of 2100 weekly PAT hac been shown toreduce the risk of
Cardiovascular disease premature CVD death in healthy as well as individuals with known CVD risk factors,
Cardiovasecular dicease nck factors regardlecs of whether or not the current PA recommendations were met The aim of the
Sedentary behavior present study was to examine if PAl mopdifies the assccations between 58 and CVD
. %4 ¥ Ay . o ¥ ¥ ek fetor (CV-RE) custering m a large apparently healthy general pepulation eohart (n=
Fig 1- Flow of participants in the study cohort Abbreviations: MI, myocardial infarction; DM, diabetes mellitus; BP, blood 25,950, aged 220 years). Logistic regression revealed that in those with 2100 weekly PAL, the
L e 0 likelibeod of CV-BF slustering prevalence associated with prmlonged SB was attenuated
plusuu’ PAI’ pmml tt“my mmn%mce' acoss age groups. Monitoring weekly PAl-level could be useful to ensure that people
perform anoupgh PA b hat SB's del tion with CV-HF.

® 2017 The Authors. Published by Eisevier Inc This is an cpen access erticle under the CC
BY.MC.MD beerss (hitp:) arg/licens es/by-ne-nd/d ).




Table 1 - Descriptive characteristics of participants according to Physical Activity Intelligence,
Personal Activity Intelligence (PAI)?

0n=610)  <SOm=708)  S1Wm=%6)  200(n=1320)

Women, no. (%) 2418 391) 4183 591) 2140 61.7) 7313 55.4)

Age (ears) £9(139) S14(147) 474(140) £7(136)

Weight (kg) 820(160)° 773 (145)° 778(152° 7.7 (140)°

Waist circumference (cm) %5(123)° 91 (115)° 94(119° 897 (110)°

Systalic blood pressure (mmg) 180 (163)° 187 (178)° 168(17)° 1256 (159)°

Diastolic blood pressure (mmkg) 75 (119)° 13211 71 (108° 715 (108)° P A I

Total cholesterol (mmol/L) 55 (11)f 56(LY)° 55(L1)° S4{LY°

HDL cholesterol (mmol) 1303 14048 14038 14{04° 0

Glucose (mmol/L) S4(13° S4(12)° 53(19)° 53(09)° Y

Trghycerides (mmoll 17(11)° 1610 1509° 14009° O 2 O . 7 /O

BMI (kg/m) 273(50° %6 (41)? %60 %108 0

Obesity status, (BMI> 3}, 0o, 1455 235) 167(179) 44 (186) 1875 (142) o K

e <50 23.6%
Never BIBE16) 362 (32) 1616 4656) 6631 (507) 0
Former 1542 (49) 2095 (195) 972 (281) 4025 305) P _
Curent 1782 289 1418 (200) 9 (17.4) 1381103 5 O 9 9 11 . 6 /0
Occasional 538 87) 07{72) 2%9(83) 1111184

Sedentary behavior, no, (5)° o > 0
4 218 (39:) 2729 (385) 1357 39.) 81272) — 1 O O 44 . 1 /0
Stod 1823 295) 21312) 10997 3186 187)
7 1949 (315) 2141 (302) 1083 312) 4510 341)

Numbers are mean (SD unless otherwise stated.

BMI, body mass index.

# Sample-specific quartiles of personal activity intalligence (PA]).

® In hours per day.

© Significantly different from all other PAI categories.

* Significantly cifferent from 0 PAI category.

*# Significantly different from 51-99 PAL and >100 PAI category.
* Significantly diflerent from <50 PAI and X100 PAI category.

8 Significantly different for 0 PAI and 100 PAI category.

" Significant difference between groups (Chi-square test).
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* Raised blood pressure is the biggest single
contributor to the global burden of disease
and to global mortality.

* The numbers of people affected and the prevalence of
high blood pressure worldwide are expected to
increase over the next decade

= A Bk 3R e P
* Three-drug combinations can control hypertension in
about 90% of patients but only if resources allow
identification of patients and drug delivery is
affordable. Furthermore, assessment of optimal drug
therapy for each ethnic group is needed.
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Hypertension

Nl R Fond

Dovercy Prabhakaran Mk Coufien

5 A
&‘,‘ »

Ralsed blood pressure Is the biggest single contributor to the global burden of disease and to global mortality, The
numbers of people atfected and the provalence of high blood pressure wordwide ire expected to increxse over the next

decade. Prmentive stralegies ane theselore urgently needed, especially in kexs developed
5t be optimised . Genetic advances in some rare couses of hypertension hive been made Litely, but

Iypectension

ountries, and munagenent of

the aggregate effect on blood pressure of all the genetic locl dentified 1o date is small. Henee, intervention on

loey ot Jeterminants and offective

jon of triakb

b can control by

Epidemiology

Blood peessure fs a normally distributed biol
vanabie: values at the high end of the distrbut
termed hypert
based on

2 measure that
las a across ity whole
range with the risk of various cardiovascular d
Furthurmore, 50% of the disease burden attributable
gh blood pressure relates o values below this

bitrary cutoff A utic definition of
hypertension, proposed by Geofirey Rose decades agn.
1s the level of blood pressure for which investigation
and management de good than harm. In most
national and international guidelines the threshold for
the diagnosis of hypertension 15 a systolic blood
pressure measured in 4 clinic or office at least
a diastollc blood pressue of at least
90 mm Hg, or both.*

The latest data from the Global Burden of Disease
profct show that ratsed blood  pressuro
115 mm Hg) continues to be the
contributar ta the global burden of disease glohal
mortaltty, lcading to 9-4 million deathz each year* The
effect is larpely mediated through coronary heart discase
and stroke: the relative risks for both these events are
similar for men and women. However, th
incidence ratios of coronary heart disease
deaths vary ex
presumably reflects the differential coexistence of other
rigk factors, particularly dyslipidsemin. Furthermore
extensrve data from the UK suggest adverse
effects o systalic and diastalic blood pressure un vattous
cardiovascular endpoints are not concordant and that
their relative importance is differentially affected by ape*

The numbers of people affected by hypertension are
predicted 1o rise in all reglons of the world from 2000 to
2025." reflecting not only that the i
growing and ageing—and blood

pressure rises with
age tn almost all parts of the worid—but also that more
than 80% of the workd ks deemed 0 be developl

in about 90% of patients &
and drug delivery is affrdable. Furthermore. assessment of optimal dr

d therapies are novded. Throe-diug
wsources allow identification of patients
therapy for each ethnic group is needed

Between 1980 and 2008, the global prevalence
o fell marginally i men and women
r. along with numbers affected. the prevalence
1= expacted to rise between 2008 and 2015 in all reglons
of the world except possibly sub-Saharan Afrlca, (o
which changes in population distribution are likely to
be limited,

As a consequence of the prodicted increase in global
prevalence of about 10%, between 2000 and 2025 an
estimated 560 million extra people will be affected by
hypertension’ This prospect 1 daunting. given that in
2010 high blocd pressure was dy the bigpest single
contri to worldwlide deatis.*

In most low-income and middie-income couniries
no robust epidemiological data are avatlable
estimates of the prevalence of byportension at present,
Howwver, the best avallable data suggest that the
prevalénce has Incréased In ihe past two decades to
rates stmilar to those found in highdncome countries
(16-0-36..9% across 12 national survoys), that ratos are
higher in urban than in rural environments, and that
treatment and control rates are low though better
in women than in men'* In thelr review from
sub-Saharan Africa. Twagiramul and colleagues
predicted a 683 Increase in numbers affected between
2008 and 2015: treatment and control rates were
reported to be low, a3 of 2008, Similarly tn India, but
lso based on suboptimal data, 2 highly significant

Seacch strategy and seloction afteks

e searchd Medline and Pubhed from july L 2009 ta
June 30, 2014 wsing varous combinations of the search
terra *bypertension”. “blood presware’, *epidemmology”
“popuistion”. “meent advances”. *guidelines”. Harker

hypothests”. “Intervtenne programming”. “salt intake”,
“sodim intake’, *reducng stiatagies’, “gunes”

Hitherto the process of development has been associated
with tncreased exprsure to the main environmental
detorminants of high blood pressure. such as oxtoss
Intakes of salt, calories, and alcohol

“Blood-p g q ", ow o
Jow middle income countries”. and “mihcaith technology”. W
ch 1 ickes f nterest.

Samve of which were oves S years od W iltered on quality
aned mfiverce The refevence Extam modified o the basis of
comments from pesr reviewers




Appendrx table 5. Companson between heart rate and BP for all-canse and CVD mortality

Prevalence _-'E]l-i:aqie {'."i.'[l: _-'E]l-fap_ie C"i.'l}
ER)* ERF | @ER¢ | @R
Hizh normal I 1.91 2.69 167 1.58
RHR 9(- 48005 | Asawhale o )
00 min Eroup (1.80, X.03) (2.30, 3.14) (1.58, 1.75) (141, 1.75)
Subgroup with 1.9 114
LT0% normal BP )
=120/80 mmHg| (1.75 214) | (1.58,2.88)
EP: — Az 2 whole L.a3 203 147 155
140/90hmm He o group (1.56, 1.72) 157,335 | (142,152 (2.35,2.77T)
Subgroup with 1.43 3 80
3.90% 1 EHE
D o | (135151 | (242,329
FHE 8- 17.10% As a whole 147 209 1.28 1.23
§9/min o group (1.39, L34 | (1.81, 2400 | (1.23, 131 | (L.14,131)
— Eubg,-muﬁ:npwﬁxh 1.26 1.21
% e mmbg (17,135 | (L0716
BP=13030 32.20% Az awhole 1.45 Z51 1.33 211
mmHg e group 1.41,1.56) | (2.21,287) | (129,137 | (1.96,2.2
Subgroup with 1.9 1335
9.30%% normal BEHE .
at 60-69/min | (125, 136) | (1.96,259)
BP 140-1=9/ 11.20% A: 2 whole 154 159 1.33 i
S0-90mmHz o group (1.45, L&) 218, 300y (1.28, 1L.38) (1.96, 2.35)
Subgroup with 1.31 1 1s
2.90%% normal BHE
at G069 min (1.22, 1.40) (1.01, 2.75)
RERSD | 5y 00 | Asawhole 158 223 137 131
99/ min B group (1.51, L.67) (1.94, 2.5 (1.33, 141} (1.2Z, 1.41)
Subgroup with 1.38 145
0.40%; rmal B =
12080 meda| 129148 | (@21L,177)
* Reference group (1dentical reference): BHE at 80-6%/min and BF = 120780 mmHg
*+- Reference group (different reference): For BHE 15 60-69'mun; for BP 1= = 120/80 mmHg
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Conclusion: RHR at 90-99/min, shortened life by 9.5 years, had larger all-cause mortality risks than BP = 140/90 mmHg.

RHR at 80-89/min, an easily measured marker of increased mortality, had a similar life-threatening risk as total

hypertension (BP = 130/80 mmHg). Exercisers were associated with slower heart rate.
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90-99/min vs. >140/90 mmHg

Table 3. Comparison between heart rate and BP for cause-specific mortality, examining subgroups!? with normal BP or normal heart rate

Heart rate Heart rate BP BP BP
RHR (80-89/min) RHR (90-99/min) BP > 130/80 mmHg BP>14090 mmHg  BP 140-159/90-99 mmHg
with normal BP* with normal BP! with normal heart rate?  with normal heart rate” with normal heart rate’
(N=48.954) (N=10.521) (N=59.23:6) (N=25.087) (N=18.170)
N of Nof Nof Nof Nof
50/ [ 50/ 0 o 0

deaths HR  (95%CI) deaths HR  (95%CT) deaths R (95%CI) g HR (95%CI) _deaths HR  (95%CT)

All cause 2093 126 (117.135) 654 | 192 (1.72.2.14) [7.652 1.9 (122.136) I5.0”6 143 (1.35.1.52)'3.992 131 (1.22.140)

Eg{%‘;"‘“"“‘la" disease 283 131 (L07.061) 91 214 (158.288) 1986 225 (196.259) 1471 280 242.324) 809 235 (201..75)

Stroke 01 1.29 (0 88 188) 30 219 (1.28.3.76) 730 2.80 (2.18 .3.61) 542 362 (”9 A70) 305 323 (74‘3 4"")

Ischemic heart disease 72 139 (093207 20 244 (141423 509 226 (1.71.298) 367 264 (198.352) 199 215 (1.57.2.94)

Diabetes mellitus 118 192 (1.28 .2.87) 46 438 (2.77.691) 413 2,05 (146.286) 293 215 (1.51.3.05) 162 193 (1.32.2.82)

Kidney diseases 53 179 (1.03 3.11) 0 319 (1.57.648) 351 190 (124.292) 183 213 (136332 87 165 (1.01.270)

Expanded CVD* 454 147 (124 1.74 157 265 (2.11.333 2650 2.17 (1.91.245) 1947 260 (2.28.295) 1.038 218 (1.90.251

p

Cancer 008 122 (110136 236 144 (120.173) 2520 107 (098.116) 1519 L1l (101.122) 967 108 (0.97.119)

Lung cancer 179 1.09 (0.86.1.39) 52 121 (0.79.185) 558 097 (0.81.1.16) 338 095 (0.78.1.16) 207 093 (0.75.1.16)

Liver cancer™ 166 135 (0.66.2.77) 36 459 (1.87.1130) 520 0.89 (0.52.152) 305 0.72 (0.38.1.37) 195  0.68 (0.33.1.40)
Liver disease

. . . 22 3 g227 . 94 102 7 . 62 165 2 267 ) 55

e s s 6 13 m27) 6] 445 (1941029 | T3 101 (062.169) Lo 083 046,149 | 267 080 (042,159

Respiratory system 173 150 (1.15.1.9) 64 250 (1.77.3.79) 712 112 (092.136) 494 122 (099.150) 302 1.17 (0.93.147)

COPD 63 1.91 (1.20 .3:.02) 32 404 (2.60.8.28) 228 132 (0.92 .1.38) 154 1.37 (0.94.2.00 1.37 (0.91 .2.08)

Sutcide 02 113 (0.80.1.59) 20 77 (104 3.0 91  0.89 (0.64.1.24) 1.00 (0.66.1.52 1.00 (0.62.1.60)
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Resuitz: A novel CVD death risk prediction meodel for Chinese individuals was established from this
cohort. An increase in the resting heart rate was the statistically independent predicior in this model. The

m:gi'mm s discriminarory accuracy was measurad by generaning the receiver aperating characteristic (ROC) curve,
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Fisk predicion mode dividuals was demonstrated in the present study.
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How hard our heart works

Individual A : Individual B :
Heart rate: 60 beats/min Heart rate: 90 beats/min

| |
Difference: 30 beats/Min

Extra 30 beats/min *60 = 1,800/hour - ’J‘ Eﬁ : 1 800 *
1,800/hour *24 = 43,200/day 24 ,J B§ - 43, 299
43,200/day *365 = 15,768,000/year 20 & - 3 f@
15,768,000/year *20 =315,360,000/20year 40 & : b iF—

(In 20 yeasrs, & me= =

extra million beats)



The slower the heart rate, the longer the life expectancy in mammals

Turtle 5-10 100 years p sh .

Whale 6-9 80 years ygmy shrew

Elephant 30 80 years T (BR -~ Lm- 4 R) cuine o
Humans 70 80 years Heart rate: 1000 Hamster uined l_::lg
Cat 120 10 years Life expectancy: 2-4 months R £

Dog 100 15 years Heart rate: 300-400 Heart rate: 200-300

Guinea pig 200 5 years
Hamster 300 3 years
Mouse 500 2 years

Life expectancy: 2-3 years  Life expectancy: 5-6 years

Giraffe
Heart rate: 40-60
Life expectancy: 25years Mice
- . Heart rate: 500
Life exnectancv: 1-2 years Turtle
Heart rate: 5-10
Whalefi & Life expectancy: 100 years

Heart rate: 6-9
Catand dog Life expectancy: 80-100 years
Heart rate: 120 —
Life expectancy: 12 year:

Human
Heart rate: 70

Llfeéxpecta ncy: 80 years

@i;’)"

Elephant
Heart rate: 30
Life expectancy: 60-70 years

Humans: Marathon runner heart rate below 60
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. +
90-99/min

Increased by

When both co-existed

>140/90 mmHg 1.63

¢ +

2.19 * =

34%

>130/80 mmHg  1.48

90-99/min

2.52

Increased by 36%

BP risk for all cause

BP r1isk for CVD

Hvpertension with high normal Original Risk for amplified with heart Original Risk for amplified
¥p heart rate BPrisk co-existed 1J S BPrisk co-existed with heart rate
rate considered R
considered
BP=140/90mmHg  with 90-99/min 1.63 2.19 (2.04.2.35) 34% 2.93 3.53 (2.98 4.19) 20%
BP=130/80 mmHg  with 90-99/min 1.48 2.02 (1.89.2.15) 36% 2.52 3.06 (2.61 .3.60) 22%
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Change in albuminuria and subsequent risk of end-stage EY =®
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meta-analysis of observational studies
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Evidence for an association between inflammatory markers and suicide: a cohort study
based on 359,849 to 462,747 Taiwanese adults

Abigail EmmaRussell®, BeckyMars®®, Chi PangWen®2#»  Shu-SenChang’®*  David Gunnell *®
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ABSTRACT

Feyward:
Iaflanunation

varide

while lhood cell et
Copaclive jrulein
Tadwiss

b

Badcground: Hialogical mariers of ancide rige have the pocentinl to inform prevenibon and treatment eforts. 1
"has recently heen bypothesized that imflammarion may infiuence mood and in tum asicide risk. We investigated
the amsociation between indientors of systemic inflammation and suicde in a large echart of Taiwaness adulix.
Methods: White blood cell (WBC) count and levels of Cormective procein ((CHE) were messured i 462747 and
359,849 ndults in the Taiwan MJ cobart, respectively, The associations between WRC, CRF and suicide risk were
investigated wsing Cox proportions] hazands models adjusting for a range of potential confounding Eactors.
Resur: Eraring 1 mesn 151 and 158 years of follow-up, 647 and 605 siicides ware identified in participents who
‘*had information an WBC and CRP respectively. There was an association of sultide with WBC count (adjustad
‘hazard mtio [2H#] = 113 per 1 standard devintion increess of log-transformed WBL, 95% confidence inberval
[CH] 1.0%, 1.77). The assacinrion was driven by the highess quinsile of WHBC count (aHR = 1,39, 95% (1 L09,
1.77; reference: the lowesz quintile). No assacintion hesween (R and suicide ws found.

Limatmtions: Chur cobart was from & privatelymn healh chackaup progrmmme and find a lowes micide rmte than
that in the gener] paplation.

Concludons: Individuals with the highsst WBC counts may have incrensed risk of sucide. Peripheral maricess of
inflamaation are potertial biomarkers of suicide risk; however, this ssems to vary by population and the marker
irvestigated and could be influencad by & mnge of confounding factors.
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The more you smoke,
The earlier you stroke,
And

The longer sufferings you have to cope.
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E

Stroke

7.190

Smoking Paradox in Stroke Survivors?
Uncovering the Truth by Interpreting 2 Sets of Data

Hao-Kuang Wang, MD, PhD; Chih-Yuan Huang, MD, PhD; Yuan-Ting Sun, MD, PhD;
Jie-Yuan Li. MD: Chih-Hung Chen. MD. PhD: Yu Sun. MD: Chung-Hsiang Liu. MD:
Ching-Huang Lin, MD; Wei-Lun Chang. MD: Jiunn-Tay Lee, MD, PhD: Sheng-Feng Sung. MD:
Po-Yen Yeh, MD; Ta-Chang Lai, MD: I-Ju Tsai, MD:; Mei-Chen Lin, MD; Cheng-Li Lin. MD;
Chi-Pang Wen®. MD. PhD:* Chung Y. Hsu, MD. PhD:*
for the Taiwan Stroke Registry Investigatorst

Background and Purpose—The observation that smokers with stroke could have better outcome than nonsmokers led (o the
term “smoking paradox.” The controversy of such a complex claim has not been fully settled, even though different case
mix was noted. Analyses were conducted on 2 independent data sets to evaluate and determine whether such a paradox
truly exists.

Methads—Taiwan Stroke Registry with 88925 stroke cases. and MI cohort with 541047 adults participating in a medical
screening program with 1630 stroke deaths developed during 15 years of follow-up (1994-2008). Primary outcome [or
stroke registry was [unctional independence at 3 months by modified Rankin Scale score <2, for individuals classified by
National Institutes of Health Stroke Scale score at admission. For MJ cohert. mortality risk by smoking status or by stroke
history was assessed by hazard ratio,

Results—A >11-year age difterence in stroke incidence was found between smokers and nonsmokers, with a median age
of 60.2 years for current smokers and 71.6 years for nonsmokers. For smokers. favorable outcome in mortality and in
functional assessment in 3 months with modified Rankin Scale score <2 stratified by the National Institutes of Health
Stroke Scale score was present but disappeared when age and sex were matched. Smokers without stroke history had
a =2-fold increase in stroke deaths (2.05 for ischemic stroke and 1.53 for hemorrhagic stroke) but smokers with stroke
history. 7.83-fold increase. overshadowing smoking risk. Quitting smoking at earlier age reversed or improved outcome.

Conclusions— "The more you smoke, the earlier you stroke. and the longer sufferings you have to cope.” Smokers had 2-fold
mortality from stroke but endured stroke disability || years longer. Quitting early reduced or reversed the harms.  (Stroke.
2020:51:1248-1256. DOI: 10.1161/STROKEAHA.119.027012.)
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Are e-cigarettes reviving the popularity of
conventional smoking among Taiwanese male
adolescents? A time-trend population-based analysis
for 2004-2017

Wayne Gao," Mattia Sanna

,' Enkhzaya Chuluunbaatar,' Min-Kuang Tsai,’

: 3 2.4
David T Levy @ ,* Chi Pang Wen™
| " 6.221

ABSTRACT rax increase from irs previous level of $NT21 8,
Introduction In Taiwan, national tobacco use surveys and the implementation of a well-subsidised cessa- R

. 2 >
show that e-cigarette use has increased since 2014 rion service. In addition, according to the Taiwan S —i 7z l} -& “_’1 '::& _:5. J,ﬁt &/Ef‘ -+ o % r 9 fg é‘ibk
among youth, while, at the same time, conventional Glabal Youth Tobacco Survey (TGYTS),” conducted | 4 { F v F 5= P w N
cigarette smoking has continuously decreased, The by the Health Promotion Adnmunistration (HPA), 7w = 2. I U
purpose of this study is to examine whether the an agency of the Ministry of Health and Welfare Fx 7‘75\ l-'»‘ r l+ / < ©
increased popularity of e-cigarettes has undermined this (MoHW), smoking prevalence among senior high
favourable declining trend for cigarette smoking. school students continued a favourable decline,

i i i : i 3 -] . = 3 /2

Methods We examined conventional cigarette and from 14.7% = 2011 to 8.3% in 2017, reaching an ""J‘,_, J;‘ —+ 2PA AN 2 % m—-r Ké(: °
e-cigarette prevalence among male high school students  historical low in every recent year. b — . =

{aged 16—18 years) and adults from 2004 to 2017,
using data from cross-sectional nationally representative
surveys. Applying interrupted time series analysis, we
assessed whether there was a change in trend in 2014,
when e-cigarette use started to gain popularity from
lang-term trends in prior years (2004-2013).

Results E-cigarette use prevalence increased from
2.5% in 2014 to 6.4% in 2017 among male high school
students but was negligible among male adults, declining
from 1.4% in 2015 to 0.8% in 2017.The annual relative
decline in the cigarette smoking rate after e-cigarettes
started to gain popularity was greater (—10%) than the
long-term trend (—2%) among high school students.
Amang adults, the change in trend over time after e-
cigarettes started to gain popularity was not significant
{ie, not significantly different from 0).

Conclusions The increased popularity of e-cigarettes
since 2014 is associated with a greater decline in

youth smoking, compared with previous years. On the
contrary, e-cigarette use has remained very low among
Tziwanese male adults and no additional impact on the
conventional smoking trend is found.

While smoking prevalence declined, last 30-day
use of e-cigarettes also declined from its low level of
0.9% in 2015 ro 0.5% n 2017.” In contrast, the use
of e-cigarettes among senior high school smudents
increased from 2.1% in 2014 to 4.5% in 2017.°
Chen and colleagues also found thart around 2%
of Taiwanese high school studenrs were dual users
(of bath convenrional cigarerres and e-cigarerres) in
2014-2016" and that e-cigarette 1sers Were more
likely to attempt to quit smoking than students who
exclusively smoked conventional cigarerres.’

Unlike many countries in Furope’ and North
America,'” where e-cigarertes are legal, the MoHW
has classified e-cigarette liquid (e-liquid) containing
nicotine as a drug in Taiwan.*! Since no legal
licenses have been issued, such products are accord-
ingly rtreared as illegal pharmaceurical producrs.
However, vaping devices and e-liquids withour nico-
rine can stll be purchased in so-called vape shops
wlule a wide range of flavoured e-liqinds containing
nicotine is readily available on the black market or

over ['!]? internet. TEIE main reason fC\l’ these restric-
tive regulations is the concern thar e-cigarette use
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Special communication

Air pollution is not 'the new smoking'’: comparing the
disease burden of air pollution and smoking across

the globe, 1990-2017

Wayne Gao @, Mattia Sanna © ,' Marita Hefler © % Chi Pang Wen**

ABSTRACT

Air poliution has been labelied the ‘new smoking’, with
news arficles bearing titles such as 'If You Live in 2 Big
City You Aleady Smoke Every Day” and “The Air ks So
Bad in These Citwes, You May Ac Well Be Smoking”. Dr
Tedros Adanom Ghebreyesus, WHO Director-General
highlighted this attention-catching comparison, saying,
The world has turned the comer on tobacco. Now it
must do the same for the ‘new tobacco’ — the mxic

air that billions breathe every day' and 'Globally, with
smoxing on the teding, air pollution now causes more
deaths annually than tobacea’ at the First Global
Conference on Air Pollution and Heaith in 2018 The
suggestion that the world has turned the comer on
tobacea control and the reference to air pofiution 2s the
“rew smoking' raise @ number of concerns. We generate
autguts from GBD Coempare (the online data visuaksation
too! of the Global Burden of Diseases and Injunies
(GBD) Study) to demonstrate historical disease butden
trends in terms of disability-adjusted ke years and
age-standardised mortality attributable to & pollution
and tobacco use from 1990 10 2017 aooss the globe.
We find that the disease burden caused by ambient air
pollution dediined significantly faster than the burden
caused by tobacoo use, We conclude that the workd is
still far from tuming the comer on the tobacco endemic
Further, the suggestion that air pallution 5 as bad as
actuz! smoking & not onfy inscourate but also potentially
dangecous to pubkc health

Analopising other health nsks as ‘the new
smokmg’ to highlight therr danger 15 not new.
This rquivalence has been made for several other
risk factors that received momentary media prom-
wence, mcloding peolonged sitting, obesity, highs
proein diets and diets high 10 processed meass.®
However, most of the ‘mew smoking’ hypes have
been shorelived,® and 'old suoking' consinues 1o
be the unresclved, second-largess canse of death
worldwide,” Since thin avalogy # common, it &
essetial o cousider how such a comparison could
potentially aftect globul tobacco conmrol and aspects
of daily life such s owdoor pliysical activitk

Theee are a number of concemns raised by sugges-
sons thar die world has mumed the corner on the
tobacco endemic and that aie pollunon is the ‘new
smokm-

FIRST, THE WORLD HAS NOT TURNED THE
CORNER ON THE TOBACCO ENDEMIC

Smioking remuame one of the top prevertable causes
of dearh and disabiliny despite decades of robacco
contro) eltorts and wome prowisng successes,
However, currently only rwo connrries—Brazl and
Turkey—have impletnented all MPOWER moasitres
ar best-pracrice level as recommended by WHO,!
Many counrries with a high-disease burden from
tobacco, such as China, Tndonesia and even hagh-
icome countnes like Germany, have seea limired
progress i conrrolling the smoking and toh
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Original research

Tobacco control within and beyond WHO MPOWER:
outcomes from Taiwan SimSmoke
Mattia Sanna @ ,' Wayne Gao,’ Ya-Wen Chiu," Hung-Yi Chiou,? Yi-Hua Chen,?
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ABSTRACT

Introduction Adult smaking prevalence in Tawvan

upudly declined from 26.5% in 2005 to 20.0% in 2015,
heless, future projections on smoking-attributable
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deaths and current per capita consumption do not paint
an equally bright picture.

Methods We used SimSmoke, a tobaceo control
simulation model to assess the mpact of tax increases
and other policies by predicting past and projectng over
future decades smoking rates and smoking-stiributable
martality,

Results The mode! accurately depicts the decline in
smoking prevalence observed in Taiwan from 2000 to
2015, Nonetheless, under the 'status quo’ scenaro,
smoking-attnbutable mortzlity is projectsd to continue
growing, peaking at 26602 annual deaths in 2038 and
cumulative deaths >1 million by 2044, By comparing
projections with current policies with a counterfactual
scenario based on the 2000 pelicy levels, SimSmoke
estimates that tobacco control in Tawan has been able
1o reduce smoking prevalence by 30% m 2015 with
450000 fewer smoking-attributable deaths by 2060.
Modified scenarios show that doubling the retall price
of cigarettes and fully mplementing the remaining
MPOWER measures would avert approximately 45000
lives by 2040 and 130000 by 2060.

Conclusions Tobacco will be a leading cause of death
In Taiwan for the coming decades, showing yet again the
long-term consequences of smoking on public health

capita (—1882.2) one of the hughest in the world."*
As a result, the smoking rate fell from 3005 in 2000°
to 2000 m 2015.%

Even diough Taswan has had some success in
reducing obacco use, mlukmg is sall the lurgest
cause of premarure death,” Per capita cigarerre
consumption has decreased only slightly in the last
decads and remains one of the hughest in Asia’
Moreover, the rate of decline is slowing recently,
making 11 unlikely for Taiwan o reach s overall
goal to reduce smoking prevalence among adults 1o
10% by 2020."

Using ssmulation modelling, we first conducted a
retrospective analysis amed arevaluatmg the conses
quences of the weasures adopied staring from
2000, including the crucial 2009 THPA amend-
ment. We then considered two fumre scenarios,
one m which the current tobaceo contral legistas
tien e wnchange, i anoilier hypothiesising
full smplementaton of the MPOWER™ package.
Fhe compurational ool emploved iu this study is

1 A SR S
mode] that has been successtully tested and used
>20 counrries, including. among others, Rrazil,”
China," Ialy,” Korea®™ and Thaland. ' An early
version of SimSuoke had been applied in Taiwan in
2005 1w predice the eftect of the wx ke mroduced
in 2002,'"" when the country enrered the World
Trade Orgamisanon,
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Exploiting a low tax system: non-tax-induced
cigarette price increases in Taiwan 2011-2016
Wayne Gao Mattia Sanna,” ' | Robert Branston,” * Hung-¥i Chiou,” Yi-Hua Chen,’

Allison Wu," Chi Pang Wen®?

ABSTRACT

# Introduction This study ams to anayse the non-
tax-induced pree mormasing strategies adopted by
tobacco mdustry in Talwan, a high-incoms country with
comprehensive tobaces control palicies but low tobecce

! taxes ard a dedinng cigaretie marke:
Methods Usirg govemmental tax, price and inflation
data, we malyied ogarette sales volume, affordabilty,
affardanility elastioty of demand, market share, prcing
and net revenue of the top five tobacco comparies
in Talwan frem 2011 10 2015 when no tax incraases
occurred
Results Total revenue after tax grew sionificantly for
all the magor transnatonal tobacco mompanves between
2011 ond 2016 at the expense of the state-owned
Tatwan Tobacca 2nd Liguor Corparation. In terms of
market share, Japan Tobacco () was the lesding
company, despite sxperiencing a small decling while
Brtish Americen Tobacca end Impenal Brands remaiced
siable, and Philip Mams Intemational moreased from
4.7% o 7.0% . IT adopted the most effaciive pridng
strategy by inreasing the real price of its two most
paputat brands (Mevius and Mi-Ne) and, at the same
time, doubling the sales of 2s cheaper and less popular
brend Wirston by leaving its norminal retad rice
unaitered,
Conclusions Low and unchanged tobacco taxes
enable tobacca campanies to use sgoressive pricing
and segmentation stategies to increase the real prce
of cigarettes without making them less aflordable
while simultaneously maintsining custorness’ loyalty. it
ts anucal to continue manitoring the industry’s pricing
strategies and 1o regulatly inciease tawes to promote
pubiic health and to prevent tobiacca industry from
profiting at the expense of govemment revwanues.

Background

L the Last rwo decacde, Tadwan has made impoctans
progress in toharco contol, especially afwe 2009
when regalations were nghtened in line with the
gmidelines provided by the Framework Conven-
tien on Tobacco Comtrol (FCTC) Smokimg has
beon forbiddon 1n most work stes and public
spaces, tobacco sdvertsement aud peomotion huve
bern banned anl pictocial health warnmgs have
been wrrodaced, Moreover, taxes were mreased
several times during the last two decades, with
positive effects on tobacco conspmprion ¥ Asa
sesulr of all chese measures, dunng the 2009-2016
period, the smoking rate dacreased from
153% smong adults, and from 14.8% ta 9.1%
among senior fgh school studeats: (16-18 years
old).Y Smokitis is largely o male and age-relsted
habit m Tarwan. In 2005, the age group with the
Iighest smioking rate umong et was the 40-44
vears ol group (37.4%)M while w2015 s
was the 50-54 one (47.4%).7 Dorng the same
periud, the smcking rate among inen aged 25-29
years decreased from 47.9% 10 21.4%. The duly
consumption of adulr smokers decressed from 19
cigarertes in 2008 to 17.3 cigarertes in 2016, whike
the cigarerre comsumption per capics above the age
ot 15 years old decreased by 5.9% from 1970 in
2009 10 1857 in 2016, (Here and m the rest of the
papes, the percentage changs is ealculated wrh the
madpoir method),”

T Tarwan, munufoctured cigarettes sre by fir the
most common form of tobacco smoking, whilo the
use of orher products is exurenely Bumed. In 2016,
the murira warker share of nou-cigazotte tobaceo
prochicts, mchuding everything from hand-rollmg,
chewing and pipe tobarco, to cigars and snuff, was

2011-2016) °
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Geo-temporal distribution of 1,688 Chinese
healthcare workers infected with COVID-19 in
severe conditions—A secondary data analysis
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Abstract
Introduction
Tha COVID-19 outtreak 9 98 to workers. This
study analy gaotemporal effects on o yfor tna 1,583 Chinesa health-
Gare workers infected with COVID-19.
Methods
Using results recantly reported by cC, pee
ocantags of workess b conditi time and across thes
areas |0 Chira, and Me lataity rae of ik h nd-
vidus n Ching 3gad 22-56 yours.
Results

0 tha Intected Chingse workars.
the same Wn-day period of these g
canty fram 19,7 % (Jan 11-20) 10 14 4% {Jan 21-31) 10 6.7% Fob 1-11),. Across $19 coun-
¥Y.thera wat aiso sevanty, with the
mast severs (17.3%), lofowed by Hubel Provines {10,2%), od the rest of Chna (6.6%2),

The cans tataliy rate for the 1,688 nlested Crinese ek > y
lower than that for the 29,798 infecied patents aged 20-58 years—0 5% (51,688} vs.
0.65% (195/29,796), respactvaly.

Conclusion

Th ity i overa
short paricd of $me o China. The condilicns in W P to the mst of
the country may | btatts ™ | cul ol infected
Ch: may epesent a of by

COVID-19 lor these who have access 12 qually heahcare.




The Lancet Diabetes & Endocrinology has anImpact Factor of 25340

Change in albuminuria and subsequent risk of end-stage
kidney disease: an individval participant-level consortium
meta-analysis of observational studies
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Evidence for an association between inflammatory markers and suicide: a cohort study
based on 359,849 to 462,747 Taiwanese adults
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Background: ialogics] markers of suicide risk have the posential to infarm prevention and treatment eforts. 1t
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‘Toazard ratio [aHR] = 1.4 per 1 standard deviation incresse of log:-transfarmeed WBL, 95% comfidence interval
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Canclusians: IndFvidianls with the highest WIC conmts may have increased risk of micide. Perpheral markers of
inflam=ation are poterial biomarkers of suicids risk bowever, s sesms to vary by population and the marker
imvestigated and could be influenced by a mnge of confounding faciars.




FDA approves for emergency use in early
cases of COVID 19

Regeneron antibody cocktail
Inmazeb

* before patients are hospitalized or
require oxygen therapy. The drug
should be given as soon as

possible after a positive viral test,
according to the FDA.

Eli Lilly’s
bamlanivimab

amonoclonal antibody



Genetic Vaccines

Vaceines that deliver one or more of the coronavirus's own
genes into our cells to provoke an inunune response.
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PHASE 3

Moderna develops vaccines based on messenger RNA (MRNA) to produce
viral proteins in the body. They have yet to bring one to the market, In
January, they began developing a vaccine for the coronavirus. The vaccine
contains genetic instructions for building a coronavirus protein, known as
spike. When injected into cells, the vaccine causes them to make spike
proteins, which then get released into the body and provoke a response
from the immune system.

The United States government bankrolled Moderna's efforts, providing

FACSOMVIE 1SMCovid-18 Vaccine Tracker  Latest Updoton - The New York Times, ntmi

PHASE 2 PHASE 3 COMBINED PHASES

SIONT=CrH §Z FOSUNPHARMA

On Nov. 9, New York-based Pfizer and the German company BioNTech
made history by presenting preliminary data indicating that their
coronavirus vaceine was over 9o percent effective, It was the first time
anyone had found such evidence. A week later, Moderna reported similar

findings with a similar vaccine.

In May Pfizer and BioNTech launched a Phase 1/2 trial on two versions ofa
mRNA vaccine, They found that both versions caused volunteers to

i = P e L M Vel Thaaan bl



PHASE 1 PHASE 2 COMBINED PHASES

Imperial College ;o rNINGSIDE
London

Imperial College London researchers have developed a “self-
amplifying” RNA vaccine, which boosts production of a viral protein to
stimulate the immune system. They began Phase 1/2 trials on June 15 and
have partnered with Morningside Ventures to manufacture and
distribute the vaccine through a new company called VacEquity Global
Health. The researchers expect to know if the vaccine is effective by the end
of the year.

PHASE 1 PHASE 2 COMBINED PHASES

An%‘ses ¢ X PR A= TaHaRa

OSAKA UNIVERSITY

On June 30, the Japanese biotechnology company AnGes announced they
had started Phase 1 trials on a DNA-based vaccine, developed in
partnership with Osaka University and Takara Bio. The company will
present initial results of the trials in November and are planning for a
Phase 3 trial by the end of the year.

Updated Sept. 30

PHASE 1 PHASE 2 COMBINED PHASES

ARCTURUS L'<) DukeNUS

therapautieos Medical School

The California-based company Arcturus Therapeutics and Duke-NUS
Medieal School in Singapore have developed an mRNA vaccine. It has a
“self-replicating” design that leads to a greater production of viral proteins.
Tests on animals showed that it protected them against infection. In
August, Arcturus launched a Phase 1/2 trial at Singapore General Hospital.
On Nov. 9, the company announced that an interim analysis of the trial
showed that the vaccine produced an immune response that’s in the range
of responses seen in people who recovered from Covid-19. Singapore

PHASE 2

INEEVIO

POWERING DNA MEDICINES

The American company Inovio has developed DNA-based vaccines which
are delivered into the skin with electric pulses from a hand-held device.
They have vaccines in clinical trials for a number of diseases, and in June
they announced interim data from a Phase 1 trial on Covid-19. They found
no serious adverse effects, and measured an immune response in 34 out of
36 volunteers. Inovio has yet to publish detailed results of these studies,
however, and it is embroiled in several lawsuits with stockholders and a
company partner. On Sept. 28, the F.D.A. put the vaccine on a partial hold
due to questions about the delivery device. On Nov. 16, Inovio said that the
F.D.A. had given them permission to move forward with their Phase 2 trial.
Upadated Nov. 16

PHASE 1

Genexine

The Korean company Genexine started testing the safety of a DNA-based
vaccine in June. They anticipate moving to Phase 2 trials in the fall.
Updated June 24

PHASE 1

) @ ABOGEN YVALVAXZSLW

In June, Chinese researchers at the Academy of Military Medical
Sciences, Suzhou Abogen Biosciences and Walvax Biotechnology
announced they would start their country’s first safety trials on a mRNA-

HCOVID 19/Covid-19 Vaccine Tracker_ Latest Updatos - The New York Times.htmi 8131



based vaccine, called ARCoV. Earlier studies on monkeys reportedly
showed protective effects.
Updated June 26
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Researchers at Thailand’s Chulalongkorn University have been
developing several potential vaccines for the coronavirus. The furthest
along is an mRNA-based vaccine known as ChulaCov1g. On Sept. 29, the
Chula Vaccine Research Center registered a Phase 1 trial to test it in
humans. In an interview with the Bangkok Post, the leader of the project
said that up to 30 million doses might be produced for Thailand and six
other Asian countries if the vaccine proved to be safe and effective.
Updated Sept. 30
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The Canadian company Entos Pharmaceuticals has created a DNA
vaccine for the coronavirus. Most other genetic vaccines carry the gene for
the spike protein on the surface of the virus. Entos instead chose the gene
for nucleocapsid, a protein that sits inside the virus’s membrane. They are
betting it can offer long-lasting immunity. In October, Entos launched a
Phase 1 trial in Canada for their vaccine, called Covigenix VAX-o01.
Updated Oct. 20
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On Nov. 2, the Canadian company Symviveo announced they had
administered a DNA vaccine to their first volunteer in a Phase 1 trial. The

DNA is inserted into harmless bacteria, which volunteers swallow in a
frozen liquid (the company is working on putting the bacteria into a pill).
When the bacteria reach the intestines, the DNA slips into cells in the gut
lining, which then make viral proteins.

Updated Nov. 3
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IMMUNOTHERAPIES

New Jersey-based OncoSec Immunotherapies has developed
experimental cancer treatments that deliver genes into tumors. There, the
injected genes produce a natural signalling molecule called T1-12, which
attracts the attention of immune cells that attack the cancer. In the spring,
OncoSec began adapting their technology to make a vaccine for the
coronavirus. The vaccine, called CORVax12, consists of a loop of DNA that
encodes both the spike protein and 1L-12. Causing the body to make extra
1L-12 could potentially enhance the immune system’s ability to make
antibodies to the spike protein. On Nov. 13, the company registered a Phase
1 trial to test the safety of the CORVax12,

Updated Nov. 13
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The French pharmaceutical company Sanofi is developing an mRNA
vaccine in partnership with Translate Bio. They have found that it
produces a strong antibody response in mice and monkeys and are
planning on starting Phase 1 trials by December. It would become Sanofi's
second Covid-19 vaccine candidate in clinical trials, along with their
protein-based vaccine.

Updated Oct. 16
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Viral Vector Vaccines

Vaccines that contain viruses engineered to carry
coronavirus genes. Some viral vector vaccines enter cells and
cause them to make viral proteins. Other viral vectors slowly

replicate, carrying coronavirus proteins on their surface.

1
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The Chinese company CanSino Biologics developed a vaccine based on
an adenovirus called Ads, in partnership with the Institute of Biology at the

country’s Academy of Military Medical Sciences. In May, they
published promising results from a Phase 1 safety trial, and in July they
reported that their Phase 2 trials demonstrated the vaccine produced a
strong immune response. In an unprecedented move, the Chinese military
approved the vaccine on June 25 for a year as a “specially needed drug.”
CanSino would not say whether vaccination would be mandatory or
optional for soldiers. Starting in August, CanSino began running Phase 3
trials in a number of countries, including Saudi Arabia, Pakistan and
Russia.

Updated Sept. 24
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The Gamaleya Research Institute, part of Russia’s Ministry of Health,
launched clinical trials in June of a vaccine they called Gam-Covid-Vac. It is
a combination of two adenoviruses, Ads and Ad26, both engineered with a
coronavirus gene.

On Aug. 11, President Vladimir V. Putin announced that a Russian health
care regulator had approved the vaccine, renamed Sputnik V, before Phase
3 trials had even begun. Vaccine experts decried the move as risky, and
Russia later walked back the announcement, saying that the approval was a
“conditional registration certificate,” which would depend on positive
results from Phase 3 trials. Those trials, initially planned for just 2,000
volunteers, were expanded to 40,000. In addition to Russia, volunteers
were recruited in Belarus, the United Arab Emirates, and Venezuela. On
Oct. 17, a Phase 2/3 trial was launched in India.

On Sept. 4, three weeks after Putin’s announcement, Gamaleya researchers
published the results of their Phase 1/2 trial. In a small study, they found
that Sputnik yielded antibodies to the coronavirus and mild side effects.
Meanwhile, Russia negotiated agreements to supply the vaccine to
countries including Argentina, Brazil, Mexico and India.

On Nov. 11, the Russian Direct Investment Fund announced preliminary
evidence from their Phase 3 trial indicating that the vaccine is effective.
Based on 20 cases of Covid-19 among the trial participants, Russian



scientists estimated that the vaccine demonstrated 92 percent efficacy.
Outside experts said that was possible, but they also said that data from
more cases would be needed to see if that estimate held up. In their press
release, the fund said that the results of the trial would be eventually
published in a peer-reviewed scientific journal. The announcement came
two days after Pfizer announced similar results on 94 volunteers in its own
Phase 3 trial.

Updated Nov. 11
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A decade ago, researchers at Beth Israel Deaconess Medical Center in
Boston developed a method for making vaccines out of a virus called
Adenovirus 26, or Ad26 for short. Johnson & Johnson developed
vaccines for Ebola and other diseases with Ad26 and have now made one
for the coronavirus. In March they received $456 million from the United
States government to support their move towards production. The vaccine
has provided protection in experiments on monkeys. Johnson & Johnson
began Phase 1/2 trials in July and launched a Phase 3 trial with up to
60,000 participants in September. Unlike other Phase 3 trials, Johnson &
Johnson administered just a single dose instead of two.

In August, the federal government agreed to pay $1 billion for 100 million
doses if the vaccine is approved. The European Union reached a similar
deal on Oct. 8 for 200 million doses. The company is aiming for production
of at least a billion doses in 2021.

On Oct. 12, Johnson & Johnson announced it put its trial on pause to
investigate an adverse reaction in a volunteer. The trial resumed eleven
days later. Despite the delay, the company expects to get results by the end
of the year. On Nov. 16, Johnson & Johnson announced that they were
launching a second Phase 3 trial to observe the effects of two doses of their
vaccine, instead of just one.

Updated Nov. 16
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The British-Swedish company AstraZeneca and the University of
Oxford developed a vaccine based on a chimpanzee adenovirus called
ChAdOx1. In May, the United States awarded the project $1.2 billion in
support for 300 million doses should the vaccine prove effective. A study
on monkeys found that the vaccine protected the animals from the disease.
In a Phase 1/2 trial, the vaccine developers did not detect any severe side
effects. They found that the vaccine raised antibodies against the
coronavirus as well as other immune defenses. The vaccine began Phase
2/3 trials in England and India (where it’s known as Covishield). In
addition, AstraZeneca launched Phase 3 trials in Brazil, South Africa, and
the United States.

In August the European Union reached an agreement for AstraZeneca to
deliver 400 million doses if the trials yield positive results. The company
has said their total manufacturing capacity for the vaccine, if approved,
stands at two billion doses. India’s Serum Institute has already produced
millions of doses to be used in trials.

On Sept. 6, AstraZeneca halted global trials of the vaccine to investigate one
volunteer, who developed a form of inflammation called transverse
myelitis. Within a week, the trials began in all countries except the United
States. Meanwhile, a newspaper in Brazil reported on Oct. 21 that a
volunteer in the trial there died of Covid-19. While AstraZeneca would not
comment on the case, the trial was not paused, which led outside experts to
conclude that the volunteer must have received a placebo. On Oct. 23, the
F.D.A. authorized the restart of the trial. The C.E.O. of AstraZeneca said in
a Nov. 5 interview with Bloomberg that the company expected results from
their trial by the end of December.

Updated Nov. 6
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The Italian biotechnology company ReiThera has developed a Covid-19
vaceine, called GRAA-COV2, that is based on an adenovirus that infects
gorillas. Working in collaboration with the Lazzaro Spallanzani
National Institute for Infectious Diseases in Rome, they launched a
Phase 1 trial al the end of July.

Updated Aug. 28

PHASE 1

VAXART

While many vaccines are given as injections, some vaccines can be taken as
a pill. Oral vaccines have been approved for diseases including polio,
cholera, and typhoid fever. The small San Francisco company Vaxart
specializes in developing oral vaccines. They have created and tested pills
for influenza and other diseases. Earlier this year, Vaxart began work on an
oral vaceine for Covid-19. It contains an adenovirus called Ad5 (the same
viral vector in CanSinoBio’s vaccine and in Russia’s Sputnik V).

When Vaxart gave the pill to mice, they produced antibodies against the
coronavirus. Mice don’t suffer symptoms of Covid-19, however, so the
researchers then switched to hamsters, which do. In an unpublished study,
they found that the vaccine pill not only dramatically reduced the amount
of coronavirus in sick hamsters, but also protected them from two
important symptoms of the disease: weight loss and swollen lungs. In
October, the company began giving the pill to volunteers in a Phase 1
clinical trial.

Although none of Vaxart’s vaccines have yet been licensed, the company’s
stock price increased 3,600 percent in the first half of 2020. In June, The
New York Times reported, a hedge fund that partly controlled the company
sold off most of its shares, netting over $200 million in profits. In the wake
of that reporting, the Department of Justice began investigating the

company, while a number of shareholder lawsuits were brought against
Vaxart, its executives and its board.
Updated Nov. 12
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The American company Merck acquired the Austrian firm Themis
Bioscience in June and is working on a vaccine originally developed at
Institut Pasteur. The vaccine uses a weakened measles virus that carries
a gene for the coronavirus spike protein. Researchers launched a Phase 1
trial in August.

Updated Aug. 12
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In 2019, researchers at the University of Hong Kong and Xiamen
University created a nasal-spray vaccine for the flu based on a genetically
weakened form of the influenza virus. Earlier this year, they engineered the
vaccine to produce part of the coronavirus spike protein as well. On Sept. 9,
they received approval to start clinical trials in partnership with Beijing
Wantai Biological Pharmacy.

Updated Sept. 9
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Three decades ago, the German Center for Infection Research
developed a smallpox vaccine from a harmless virus called Modified
Vaccinia Ankara, or MVA for short. In recent years, they adapted it to
create a vaccine for MERS, a disease caused by another coronavirus. This
spring, they made an MVA-based vaccine for SARS-CoV-2, the coronavirus
that is causing the Covid-19 pandemic. It carries the gene for the spike
protein, which is produced inside cells that it invades. On Sept. 29, the
center and a consortium of German universities registered a Phase 1 trial.
The vaccine is expected to be ready for approval by the end of 2021.

Updated Sept. 29
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In addition to its project with Themis, Merck is partnering with IAVI on a
second viral vector vaccine. It is based on vesicular stomatitis viruses, the
same approach Merck successfully used to produce the first approved
vaccine for Ebola. They have designed their coronavirus vaccine as a pill,
which could potentially make it easier to distribute than syringes for
injections. Merck and IAVI received $38 million from the United States
government to support their research, and on September 30 they registered
a Phase 1 trial.

Updated Aug. 27
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The California-based company ImmunityBio launched a Phase 1 trial of a
Covid-19 vaccine in October. The vaccine uses the Ads adenovirus, the

M AQI i1 0 Vaesina Trackar | atast Usdates - The Mew York Timas.html

same one used by CanSinBio and the Gamelaya Institute in Russia.
ImmunityBio has engineered the Ads5 virus to carry genes for two genes
from the coronavirus. In addition to the spike protein, it also carries the
gene for a protein called nucleocapsid. The company hopes that this
combination will provoke a strong immune response to the virus. The
chairman and C.E.O. of ImmunityBio is billionaire Patrick Soon-Shiong,
the owner of the Los Angeles Times.

Updated Oct. 27
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In the spring, the Israel Institute for Biological Research started
work on a coronavirus vaccine based on vesicular stomatitis viruses. They
engineered the viruses to carry the gene for the coronavirus spike protein.
On Oct. 25, the Israeli government announced that the vaccine, called
Brilife, would be going into Phase 1 trials. If the vaccine is successful in
Phase 1 and Phase 2 trials, researchers hope to start Phase 3 trials in spring
2021.

Updated Oct. 26
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The Swiss company Novartis will manufacture a vaccine based on a gene
therapy treatment developed by the Massachusetts Eye and Ear Hospital,
Massachusetts General Hospital and the Gene Therapy Program at the
University of Pennsylvania. A virus called an adeno-associated virus
delivers coronavirus gene fragments into cells. Phase 1 trials are set to
begin in late 2020.

Updated Aug. 24



Protein-Based Vaccines

Vaccines that contain coronavirus proteins but no genetic
material. Some vaccines contain whole proteins, and some
contain fragments of them. Some pack many of these
molecules on nanoparticles.

PHASE 3

NOVAVAX

Creating Tomorrow's Vaccines Today

Maryland-based Novavax makes vaccines by sticking proteins onto
microscopic particles. They've taken on a number of different diseases this
way; their flu vaccine finished Phase 3 trials in March. The company
launched trials for a Covid-19 vaccine in May, and the Coalition for
Epidemic Preparedness Innovations has invested $384 million in the
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vaceine. In July the U.S. government awarded $1.6 billion to support the
vaccine’s clinical trials and manufacturing.

After getting promising results from preliminary studies in monkeys and
humans, Novavax launched a Phase 2 trial in South Africa in August. The
blinded, placebo-controlled trial on 2,900 people will measure not just the
safety of the vaccine but its efficacy. The following month, Novavax
launched a Phase 3 trial enrolling up to 15,000 volunteers in the United
Kingdom. It could potentially deliver results by the start of 2021. A larger
Phase 3 trial is in development to launch in the United States by the end of
November.

In September Novavax reached an agreement with the Serum Institute of
India, a major vaccine manufacturer, that they said would enable them to
produce as many as 2 billion doses a year. If the trials succeed, Novavax
expects to deliver 100 million doses for use in the United States by the first
quarter of 2021. On Nov. 4 they announced another agreement to deliver
40 million doses to Australia.

Updated Nov. 6

PHASE 2 PHASE 3 COMBINED PHASES
medicago &)

Canada-based Medicago, partly funded by the cigarette maker Philip
Morris, uses a species of tobacco to make vaccines. They deliver virus genes
into leaves, and the plant cells then create protein shells that mimic viruses.
In July, Medicago launched Phase 1 trials on a plant-based Covid-19
vaccine in combination with adjuvants to boost the immune system'’s
response to the viral proteins. In that study, they found that an adjuvant
made by GSK produced promising levels of antibodies in volunteers. On
Oct. 23, the company announced it had reached an agreement with the
government of Canada to supply 76 million doses. A Phase 2/3 trial of the
vaccine began on Nov. 12.

Updated Nov. 12
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In July, the Chinese company Anhui Zhifei Longcom began Phase 2
trials for a vaccine that is a combination of viral proteins and an adjuvant
that stimulates the immune system. The company is part of Chongqing
Zhifei Biological Products and has partnered with the Chinese Academy
of Medical Sciences. On Nov. 16, the Xinhua News Agency reported that
Uzbekistan would host an upcoming Phase 3 trial of the vaccine.

Updated Nov. 16
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On Aug. 18, the head of epidemiology at Cuba’s public health ministry
announced that the Finlay Vaccine Institute in Havana would start a
clinieal trial on a vaceine for Covid-19. The vaccine, called Soberana 1,
contains a part of the spike protein, called RBD, along with two extra
ingredients: proteins from a bacteria and aluminum hydroxide. These
ingredients, known as adjuvants, boost the immune system’s response to
the coronavirus RBD.

Updated Oct. 28
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On Aug,. 26, the Vector Institute, a Russian biological research center,
registered a Phase 1/2 trial for a coronavirus vaccine they call
EpiVacCorona. The vaccine contains small portions of viral proteins,
known as peptides. According to newspaper reports, the EpiVacCorona

trials had already begun by then. On October 14, Vladimir Putin announced

that Russia has granted regulatory approval to EpiVacCorona, making it
the second vaccine to receive that designation after the Gamelaya
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Institute’s Sputnik V vaccine. Like the Sputnik vaceine, EpiVacCorona
received approval before a Phase 3 trial to demonstrate that it was safe and
effective. That trial is expected to start later this year.

Updated Oct. 14
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In addition to their mRNA vaccine, Sanofi developed a Covid-19 vaccine
based on viral proteins. They produced the proteins with engineered
viruses that grow inside insect cells. GSK supplemented these proteins
with adjuvants that stimulate the immune system. The vaccine is based on
the same design Sanofi used to create Flublok, an approved vaccine for
influenza. The companies launched a Phase 1/2 clinical trial in September.
They plan to start a Phase 3 trial in December and hope to know if the
vaccine is safe and effective by the middle of 2021.

Starting before their clinical trials began, Sanofi negotiated several major
deals to supply the vaccine, including a $2.1 billion agreement with the
United States to provide 100 million doses. On Sept. 18 they closed another
deal with the European Union for 300 million doses for an unspecified
amount, and later reached an agreement with Canada for up to 72 million
doses. In addition, Sanofi agreed to provide 200 million doses to COVAX,
an international collaboration to deliver the vaccine equitably across the
world. They have plans to make up to one billion doses in 2021.

Updated Oct. 28
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SpyBiotech, a company spun off from the University of Oxford,
announced in September that the first volunteers in an Australian Phase
1/2 trial were receiving their Covid-19 vacecine. The researchers created the
vaccine from a mixture of proteins. Some of the proteins, from hepatitis B
viruses, assemble themselves into hollow shells. The researchers decorated
these shells with part of the coronavirus spike protein. The Serum Institute
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of India, which licensed the technology from SpyBiotech, is running the
trials.
Updated Sept. 24
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After the SARS epidemic in 2002, Baylor College of Medicine
researchers began developing a vaccine that could prevent a new outbrealk.
Despite promising early results, support for the research disappeared.
Because the coronaviruses that cause SARS and Covid-19 are very similar,
the researchers revived the project in partnership with the Texas
Children’s Hospital. The researchers have found that the Covid-19
vaccine produces antibodies in mice. The Indian company Biological E
licensed it in August and launched a Phase 1/2 trial in November,
combining the viral proteins with an adjuvant made by Dynavax. If trials
confirm that the vaccine works, they hope to potentially make a billion
doses a year.

Updated Nov. 18
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Clover Bilopharmaceuticals INNOVATING IMMUNCLOGY

Clover Biopharmaceuticals has developed a vaccine containing the
spike protein from coronaviruses. To further stimulate the immune system,
the vaccine is being given in conjunction with so-called adjuvants made by
British drugmaker GSK and the American company Dynavax.
Investments from CEPI will support the development of manufacturing
that could lead to the production of hundreds of millions of doses a year.

Clover launched a Phase 1 trial in June. In September the company
announced that it was expanding the trial and anticipated starting a Phase
2 trial by the end of 2020.

PHASE 1
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A vaccine from Australia’s University of Queensland delivers viral
proteins altered to draw a stronger immune response. Experiments on
hamsters showed that the vaccine protected them from the coronavirus.
The university launched Phase 1 trials in July, combining the proteins with
an adjuvant made by CSL. If the results are positive, CSL will advance late
stage clinical trials by the end of 2020. In September the vaccine makers
reached an agreement with the Australian government to deliver 51 million
doses if the trials deliver positive results. They expected their first supply of
the vaccines to be ready in mid-2o21.
Updated Sept. 8
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The Australian company Vaxine developed a vaccine that combines viral
proteins with an adjuvant that stimulates the immune system. A Phase 1
trial began over the summer, and Phase 2 trials are expected to commence
by the end of the year.

Updated Sept. 29
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A second tobacco-based vaceine is in development at Kentucky
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BioProcessing, an American subsndlary of Bntxsh American Tobacco, the
maker of Lucky Strike and other cigarettes. Like Medicago, Kentucky
BioProcessing engineers a species of tobacco called Nicotiana benthamiana
to make viral proteins. The company previously used this technique to
make a drug called Zmapp for Ebola. After preclinical testing in the spring,
they registered a Phase 1 trial for their coronavirus vaccine in July. The trial
is scheduled to start in November.

Updated Oct. 12
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Taiwan-based vaccine maker Medigen is making a vaccine made of a
combination of spike proteins and an adjuvant from Dynavax. After a
series of promising experiments on animals, they began injecting
volunteers for a Phase 1 trial in early October.

Updated Oct. 13
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Taiwan-based vaccine manufacturer Adimmune got permission to launch
a Phase 1 trial on Aug. 20. The vaccine contains the RBD section of the
virus'’s spike protein.

Updated Aug, 20
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In July, researchers at West China Hospital of Sichuan University
published a study in Nature deseribing a vaccine made from the RBD
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region of the spike protein that could protect mice and monkeys from the
coronavirus. On Aug. 24, they got approval to run a Phase 1 trial. To make
the vaccine, researchers encode the RBD region in a gene, which they insert
into a virus. They then infect insect cells with the virus, causing them to
make the molecule in huge amounts.

Updatad Aug. 27
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COVAXX

New York-based COVAXX, a subsidiary of United Biomedical, has created
a vaccine containing parts of several viral proteins. On Sept. 11 they
registered a Phase 1 trial in Taiwan. They have reached an agreement with
authorities in Brazil to run their Phase 2/3 trial there.

Updated Sept. 15
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In the spring, researchers at the University of Tiibingen in Germany
created a vaccine made of eight parts of two viral proteins, along with an
immune-stimulating adjuvant. In September they launched a Phase 1 trial.
Updated Sept. 15
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In October, Cuba’s Finlay Vaccine Institute launched clinical trials on
their second experimental vaccine for the coronavirus. Known as Sovereign
2, it contains the RBD part of the coronavirus spike protein. The RBD
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fragment is fused to a standard tetanus vaccine, which makes it stable. Tt
also uses aluminum hydroxide.
Updated Oct. 28
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On July 18, North Korea's State Commission of Science and Technology
announced on their web site that they had started clinical trials on a
vaccine based on part of the coronavirus spike protein. It’s hard to
independently determine how much truth there is in the claim from the
isolated dictatorship. The commission claimed to have tested the vaccine
on animals, but provided no data. What's more, it stated that effectiveness
trials would have to be carried out in another country “since there is no
case of Covid-19 in DPR Korea.” That's a claim outside experts find highly
doubtful.

Updated July 20
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: University of
Pittsburgh

A vaceine in development by the University of Pittsburgh, called
PittCoVace, is a skin patch tipped with 400 tiny needles made of sugar.
When placed on the skin, the needles dissolve and deliver virus proteins
into the body. Its creators are planning to start clinical trials in late 2020.
Updated Aug. 27
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Other protein-based vaccines in active preclinical development include
vaccines from: Adaptive Phage Therapeutics; AdaptVac and Bavarian
Nordie; Applied Biotechnology Institute; Artes Biotech; Axon
Neuroscience: BiOMVis and University of Trento; City College of New York



Inactivated or Attenuated
Coronavirus Vaccines

Vaccines created from weakened coronaviruses or
coronaviruses that have been killed with chemicals.

Inactivated
virus
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The Wuhan Institute of Biological Products developed an inactivated
virus vaccine, which the state-owned Chinese company Sinopharm put
into clinical tests. The Phase 1/2 trial showed that the vaccine produced
antibodies in volunteers, some of whom experienced fevers and other side
effects. They launched Phase 3 trials in the United Arab Emirates in July,
and in Morocco and Peru the following month. Over the summer, the
company later said, the government gave it approval to inject hundreds of
thousands of people with its two experimental vaccines. On Sept. 14, the
U.A.E. gave emergency approval for Sinopharm’s vaccine to use on health
care workers.

Updated Sept. 15
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Sinopharm also began testing a second inactivated virus vaccine, this one
developed by the Beijing Institute of Biological Products. After
running early clinical trials in China, they launched Phase 3 trials in the
United Arab Emirates and Argentina. Over the summer, the company later
said, the government gave it approval to inject hundreds of thousands of
people with its two experimental vaccines. On Sept. 14, the U.A.E. gave
emergency approval for Sinopharm’s vaccine to use on health care workers
before Sinopharm shared data indicating it was safe and effective. In
October, the chairman of Sinopharm said the company was gearing up
manufacturing for their two vaccines, with plans for producing a billion
doses a year.

Updated Oct. 20
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The private Chinese company Sinovac Biotech is testing an inactivated
vaccine called CoronaVac. In June the company announced that Phase 1/2
trials on 743 volunteers found no severe adverse effects and produced an
immune response. Sinovac then launched a Phase 3 trial in Brazil in July,
followed by others in Indonesia and Turkey. On Sept. 16, they registered a
Phase 1/2 trial of the vaccine for children. While Sinovac has yet to release
late-stage trial data, on Oct. 19 officials in Brazil said that it was the safest
of five vaccines they were testing in Phase 3 trials.

Reuters reported that the Chinese government gave the Sinovac vaccine an
emergency approval for limited use in July. In October, authorities in the
eastern Chinese city of Jiaxing announced they were giving CoronVac to
people in relatively high-risk jobs, including medical workers, port
inspectors and public service personnel.

Meanwhile, Sinovac has been preparing to manufacture the vaccine for
global distribution, reaching an agreement to supply Indonesia with at least
40 million doses by March 2021. In September, Yin Weidong, the CEO of
Sinovac, said the company planned on worldwide distribution of the
vaccine in early 2021 — including the United States.

On Nov. 9, the Brazilian government announced they had paused the
country’s Sinovac trial the previous month because of an adverse event. The
details of the pause were murky, raising suspicions that politics were
involved. Two days after the announcement, the trial was allowed to
resume,

Updated Nov. 12
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In collaboration with the Indian Council of Medical Research and the
National Institute of Virology, the Indian company Bharat Biotech

Cavid-19 Vaccine Tracker: Latest Updates - The Mew York 1imes
designed a vaccine called Covaxin based on an inactivated form of the
coronavirus. Studies on monkeys and hamsters found that it provided
protection against infection. When the company launched clinical trials in
July, reports circulated that the vaccine would be ready by Aug. 15. But the
C.E.O. of Bharat told reporters it would be available no sooner than early
2021. On Oct. 23, the company announced they were initiating a Phase 3
trial.
Updated Oct. 23
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Researchers at the Institute of Medical Biology at the Chinese
Academy of Medical Sciences, which has invented vaccines for polio
and hepatitis A, started a Phase 2 trial of an inactivated virus vaccine in
June.

Updated June 23
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The Chumakov Center at the Russian Academy of Sciences has
developed an inactivated coronavirus vaccine. On Oct. 14, the TASS news
agency reported that clinical trials of the vaccine would begin in Kirov and
St. Petersburg on Oct. 19. On its web site, the center stated that it would
finish the first phase of trials the following month.

Updated Oct. 14
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The central Asian nation of Kazakhstan began research on a vaccine made
from inactivated coronaviruses over the summer. On August 28, their
Research Institute for Biological Safety Problems registered a
Phase 1 trial on the vaccine, known as QazCovid.

Updated Aug. 28

PHASE 1

ﬁg REEY

BIOKANGTAI

Shenzhen Kangtai Biological Products is a Chinese company that
makes vaccines for diseases such as hepatitis B and measles. In August,
AstraZeneca reached an agreement with them to supply China with their
mRNA vaceine. In October Shenzen Kangtai launched a Phase 1 trial on
180 volunteers of its own vaccine, based on inactivated coronaviruses.
Updated Oct. 18
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On Nov. 5, Turkey’s Erciyes University announced they had begun
injecting volunteers with an inactivated coronavirus vaccine. It is the first
clinical trial of a coronavirus vaccine developed in Turkey.

Updated Nov. 18
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CODAGENIX & INC.

New York-based Codagenix develops vaccines based on live attenuated
viruses, but with a twist: they create the viruses from scratch. Researchers
rewrite the genome of viruses, introducing hundreds of mutations. Then
they manufacture RNA molecules encoding the rewritten genes. In special
host cells, the molecules can give rise to full-blown viruses. But thanks to
their numerous mutations, they are too weak to cause Covid-19 when
they’re delivered in a vaccine. After successful experiments in animals, a
Phase 1 trial of their coronavirus vaccine was registered on Nov. 6.

Updated Nov. 10

PRECLINICAL

Other inactivated or attenuated coronavirus vaccines in active
preclinical development include vaccines from: Valneva; Vivaldi
Biosciences; Washington University; Western University.

Updated Nov. 7

Repurposed Vaccines

Vaccines already in use for other diseases that may also
protect against Covid-19. Repurposed vaccines are not
included in our vaccine count.
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