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CV Risk Factors in CKD

New onset after
transplant* ——
Kidney
transplant
recipients*

ne Mineral
Metabolism

Patients
receiving
'v \ ° f ." . - *

/ Cardiovascular ' dialysis

I}isease Risk

Factors in CKD

£
E;e‘ééf

Dialysis

Nephrol Dial Transplant. 2025 Oct 30;40(11):2011-2025



Panel 1: Health benefits of physical activity in adults** \/ 6- 10% of all deaths from noncommunicable
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Every Move Counts

At least at least
150 ©75
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the amount of time
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with more physical activity activity
activity of any intensity
(including light intensity). -\f\ﬂﬁr -\qﬂpr
-\W,- —) or an equivalent combination throughout the week

World Health Organization



1 MET=1 kcal/kg/hr; MET-hr=Volume

Physical activity MET
Light intensity activities <3
sleeping 0.9
watching television 1.0
writing, desk work, typing 18
walking, 1.7 mph (2.7 km/h), level ground, strolling, very slow 2.3
walking, 2.5 mph (4 km/h) 2.9
Moderate intensity activities Jtob
bicycling, stationary, 50 watts, very light effort 3.0
walking 3.0 mph (4.8 km/h) 33
calisthenics, home exercise, light or moderate effort, general 35
_walking 3.4 mph (5.5 km/h) 36
bicycling, <10 mph (16 km/h), leisure, to work or for pleasure 40 1 hr
bicycling, stationary, 100 watts, light effort 55
Vigorous intensity activities >6
jogging, general 7.0
Jlisthenics (6.0. DU : umoing ia Wi .
running jogging, in place 8.0 30 min
rope jumping 10.0

Ainsworth’s 2011 Compendium of Physical Activities. Med Sci Sports Exerc. 2011,43:1575-81



ANES-II: Low PA links to risks of CKD

TABLE 3. Relative Risks for Chronic Kidney Disease Associated with Lifestyle Behaviors

and Obesity
Model 17 Model 2* Model 3%
N = 3082 RR 95%CI RR 95%CI RR  95% CI
Physical activity CKD definition:
High* 1.0 1.0 1.0
Moderate 1.2 0.7-1.8 1.1 0.7-1.7 1.2 0.7-2.0 1' ESRD
| Low 2.2 1.3-3.8 1.8 1.0-3.3 2.2 1.2-4.1|
e 2. Death related to CKD
Never* 1.0 1.0 1.0
Former 0.9 0.6-1.3 0.9 0.6-14 0.8 0.5-1.2
Current
1-20 cigarettes/day 1.2 0.7-2.3 1.4 0.7-2.7 0.9 0.5-1.9
> 20 cigarettes/day 23 1.3-42 2.3 1.2-43 2.6 1.4-4.7
Alcohol consumption
Never* 1.0 1.0 1.0
Seldom 0.7 04-1.2 0.8 04-14 0.5 0.3-1.0
Weekly 0.7 0.5-1.1 0.9 0.6-1.3 0.9 0.6-1.3
Daily 0.9 0.5-1.5 0.9 0.5-1.6 0.9 04-22
Body mass index (kg/m*)
Thin (<18.5) 1.3 0.5-3.1 1.6 0.7-3.9 1.0 0.2-3.8
Normal (18.5-24)* 1.0 1.0 1.0
Overweight (25-29) 0.9 0.5-1.5 0.7 0.4-1.3 0.7 04-1.3
Obese (30-34) 1.0 0.6-1.8 0.7 0.4-1.3 0.7 0.4-1.4
Morbid obesity (= 35) 2.3 1.1-4.9 1.3 0.6-2.9 1.7 0.6-4.5

Epidemiology. 2003;14:479-87
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Risk of ESRD by Amount of Leisure-Time Physical Activity

N = 245,639 Taiwanese, health checkup participants, average eGFR 91.3

MET-hr Physical activity No. Person-years No. of ESRD HR|" (95% Cl) HR2* (95% Cl) HR3“ (95% Cl)
<3.75 Noreported LTPA 245639 3,297,765 1336 .00 1.00 .00
3.75-7.49  |ow 122,437 1,457,626 467 0.85 (0.76-095) 093 (083-105) 093 (0.82-1.04)
7.5-16.49 Medium 70,818 880996 401 0.79 (070-089) 087 (077-099) 094  (083-107)
16.5-25.49  High 27,299 37884| 222 074  (063-086) 08l (069-095) 087  (074-102)
>=25.5 Very high 16,342 228315 94 0.57 (045-071) 068 (053085 072  (057-091)
P for trend <.00I <.001 003

Medium or above | 14,459 1,488,152 717 074  (067-082) 082 (074-091) 088 (0.80-0.98)

“ESRD, end-stage renal disease; HR, hazard ratio; LTPA, leisure-time physical activity.
"HRI adjusted for age and sex.

“HR2 adjusted for age, sex, education, occupational activity, smoking status, dnnking status, body mass index, diabetes, hypertension, hyperlipidemia, history of cardiovascular
diseases, history of cancer, long-term use of herbal medicine, and long-term use of pain medications.

9HR3 additionally adjusted for estimated glomerular fittration rate and proteinuria.

Mayo Clin Proc2022,97(5):881-893
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Outlines

* Muscle kidney crosstalk



Muscle-Kidney

crosstalk

Role of SECTEtO m e

in kidney regeneration/growth

www.jasn.org | EDITORIALS

Can Muscle-Kidney Crosstalk
Slow Progression of CKD?

Helbert Rondon-Berrios,* Yanlin Wang,' and
William E. Mitch®

*Renal-Electrolyte Division, Department of Medicine, University of
Pittsburgh School of Medicine, Pittsburgh, Pennsylvania; and
TNephrology Division, Department of Medicine, Baylor College of
Medicine, Houston, Texas

J Am Soc Nephrol 25: 2681-2683, 2014.
doi: 10.1681/A5N.2014060566
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The skeletal muscle secretome: an emerging

plaver In muscle—bone crosstalk

MUSGCLE

Muscle Muscle
Contraction Damage
IGF-1, FGF-2, Myostatin

IL-15
Bone Bone
Formation Repair

Table 1 Growth factors, cytokines and other peptides secreted by muscle,
the factors that influence their secretion and their potential effects on bone

metabolism

Rolefs) in bone
metabolism

Muscle- Factors that stimufate
derived pepticde secretion
peptides
Growth factors
IGF-1 Resistance exercise
FGF-2 Eccentric muscle con-
traction

GDF-8 Muscle damage,
cachexia, atrophy

Stimulates bone forma-
tion
Stimulates bone forma-
tion
Suppresses chondrogen-
esis and fracture healing

Extracellular matrix molecules
SPARC Hesistance exercise, Promotes bone minerali-
muscle regeneration zation
MMP-2 Resistance exercise Fracture callus remod-
and re-loading eling, bone formation
BMP-1 Blast trauma to muscle  Cleaving of procollagen
and possibly heterotopic

ossification
Inflammatory cytokines
IL-6 Physical activity and Bone resorption and
muscle contraction turnover
IL-7 Physical activity and Bone resorption
muscle contraction
[L-15 Resistance exercise Increase bone mass,

decrease adiposity

Abbreviation: IL, interleukin.

Bonekey Rep 2012, 1: 60



Skeletal Muscle: a gene regulatory endocrine organ

Bloodstream Bone
CNTF: Inhibits ostecblasts
Breast
I:> ) DEM: inhibits mammary cancer cell growth
Pancreas
IL-6: increased GLP1 secretion
IL-B: increased GLP1 secretion
SkEIEtal muscle SPARC! suppresses colon tumorigenesis
Liver
Myokines [
IL-G: Increased lipolysis
FGF21: increased glucose uptake
Irisin:  increased thermogenic program, browning
BAIBA: increased thermogenic program, browning
Metrnl: increased thermogenic program, browning
MSTN: negative regulator of muscle mass BAT
IL-6: increased glucose uptake and f-oxidation
IL-15:  Hypertrophy
BDNF: increased B-oxidation
Irisin:  increased energy expenditure and IL-15:  increased thermogenesis and P-oxidation
oxidative metabolism
Brain
ST
IL-8: Angiogenesis i | S, BONF: Isarning and memory
VEGF: Angiogenesis — _'ilj Irisin:  increased hippocampal BONF expression

Bone. 2015;80:115-125



Iris

Messenger who delivered
news from the gods

Eat Weight Disord.2018;23:431-42

Diabetes.2014;63:381-3
Cell Metab.2012;15:277-8

Exercise increases PGC-1o and Irisin

Skeletal muscle N-terminal
/ :
%% X Extracellular
domain of
FNDC5
C-terminal
. T LN | I
i * e L'
Exercise . |I"ISII1’-

UCP-1:

®annns®
biomarker of BAT
 ucp-1 ,p38,ERK
{ Mitochondria /)

! Thermogenesis , =

t Energy expenditure

Transdifferentiation

Brown-like adipocytes White a&ipocytes

PGC-1a: peroxisome proliferator-activated receptor gamma coactivator-1a; FNDCS: fibronectin
type III domain containing 5; UCP-1: uncoupling protein-1.
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Smad3 negatively regulates PGC-1o. and serum irisin

P =0.0014
150 -
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4 > | .
C g0 l-'.-
 —
B B0+
g I '
@ — =
PGC- 1a mRNA &
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\ 4
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PGC-1a & FNDC5 promoter

J Biol Chem. 2015,;290:7671-8

PLoS One. 2013 May 7;8(5):e64025. -/



Muscle-specific PGC-1a. overexpression V renal fibrosis

Wit-Sham ‘ ,VY;FAN__M , — 50

o Pnele
= M W
o O O O O

Serum
level of irisin (ng/m

mPGC-10—Sham mPGC-10—FAN Wi mPGC-1a

Sirius red staing

Primary Tubular Cells
Irisin - - - -
TGFB1 - + + -

p-Smad2 e -50

Smad?2 | - — - _ 0

Sirius red staining
p-Smad3 | s s e | -50

—i
o

&

] v Smad3 [ s - | - 50

' GAPDH [#———— - 37

‘Sham FAN Sham FAN 18
Wt mPGC-1a Nat Commun. 2017 Nov 14;8(1):1493.

—i
o

o

Collagen area (%)
(41




Outlines
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Physical inactivity Patients with CKD Physical activity/Exercise

Physical inactivity is Exueea can improve kidney

associated with decreased fm:‘nq (ef%eﬂFR,

Kidnay function (8. - eGFR, izt

T albuminuria). advanced stages of CKD.
Kidney function

Prwsical inactivity is proves

associated with 2 higher Eammr risk profile

ncidence of CVD risk factors (eg.. blood pressura, body

{eg. T obasity, hypa_mmn. mass index, cholesteral and

fypercholesterolemsa, Insulin resistance),

Cardiovascular risk

Higher risk s . Lower risk
5 Morbidity and mortality ¢

Nephrol Dial Transplant. 2024,39:1384-1391.




PA on inflammation, ROS,

Anti-inflammatory effects of
exercise

- 4 IL-6,IL-1RA and IL-10

-+ pro-inflammatory
pathways

metabolism and vascular functions in CKD

5 2 ROS
Oxidative stress and exercise
‘

- % in anti-oxidant

- ¢§ in pro-oxidant pathways

=, /

Physical Exercise in Chronic Kidney Disease
-Physical therapy —» improved social interaction and
cognitive function score, 6-minute walking test, functional
capacity and eGFR

-Physical therapy — + in BW, body adipose tissue
percentile, inflammatory markers, oxidative stress,
plasma glucose, hsCRP, SBP and DBP

-Exercise —» benefits on physical strength, quality of life
perception, CR function, pain, serum HDL-C levels and
general health status

i

' " adipose tissue with a transition
| from white to brown adipose
) tissue

-Improved endothelial function

Immune and metabolic response to
exercise

-Future studies on immune response
needed

- ? HDL-cholesterol, HDL-
cholesterol: LDL-cholesterol ratio

- § plasma triglycerides and LDL-
cholesterol levels

Eur J Clin Invest. 2024,54:e14105



ects of PA on outcome!

eal-world CKD patient:
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Physical Activity and Mortality in Chronic Kidney Disease
(NHANES III)

t Inactive (reference)
0.60
GFR (60 to 150) — : Insufficient
? ’ 1 Recommended
0.59
058 | 1 Inactive (reference)
GFR (<60) ' ' Insufficient
o |
I ' Recommended
0.44
0.2 0.4 0.6 0.8 1.0 5 1.4
Hazard Ratio
Figure 1. Associations of physical activity with mortality in
non-CKD and CKD subpopulations in NHANES III Clin J Am Soc Nephrol

. 2009 Dec;4(12):1901-6



Association between Physical activity by Accelerometer and Mortality

N = 3626 N =383
Entire cohort CKD subgroup
p value p value
Sedentary duration* M <0.001 N  0.01
1.18 1.16
Low activity duration* Hy 0.01 HEH 0.27
0.85 0.89
Light activity duration* —HaH 0.002 —a— 0.006
0.66 0.61
MVPA duration* } L { 0.007 | L { 0.02
0.31 0.15
| | | I | | | | l ! | |

0.03 0.06 0.13 0.25 0.50 1.00 2.00 0.03 0.06 0.13 0.25 0.50 1.00 2.00

Hazard Ratio** Hazard Ratio**

*Each line represents 2 min/hr more in a seperate model without adjustment for other activity durations CI in J Am Soc Neph rOI
**Adjusted for age, gender, race, education, smoking, alcohol use, lung disease and mobility limitations 2015 JU| 7. 10(7) 1145-53
. ; .
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Dose-response effects of physical activity on major adverse cardiorenal outcomes in CKD

N = 4508 CKD (eGFR < 45 or UPCR >=1 g/g)
Physical activity assessed by the NHANES questionnaire

A All-cause mortality and ESRD B Major adverse cardiovascular events
100% pe. 100% -
- 75% = 75%-
L &
e e
@ @
§ 50% 2 50%-
£ <
E | Tmeenin .
25%- _ ke Mo W 250
+ = Highly-active >=7.5 MET/hr wk « = Highly-active
++-Low-actve >0~ < 7.5 MET/h r-wk - + -Low-active
= |nactive oM ET/h I"-Wk - |nactive
00/0 | I 1 1 | | 00/0 | I 1 1 1 1
0 2 4 6 8 10 12 0 2 4 6 8 10 12
Follow-up Period (years) Follow-up Period (years)
No. at Risk No. at Risk
Highly-active 1915 997 560 307 125 36 16 Highly-active 1915 989 565 302 121 35 15
Low-active 879 372 167 94 40 1 4 Low-active 879 363 162 90 40 10 4
Inactive 1714 736 399 216 96 25 5 Inactive 1714 729 417 234 101 26 5

Kuo CP, ..., Tseng WC*, Tarng DC*. Eur J Prev Cardiol. 2022 Mar 25;29(3):452-461. 26



Dose-response effects of physical activity on major adverse cardiorenal outcomes in CKD

Physical activity
Characteristics Inactive Low-active P value Highly active P value
(0 MET-h/week) (0 to <7.5 MET-h/week) (>7.5 MET-h/week)
Participants, N (%) 1714 (38.0) 879 (19.5) 1915 (42.5)
All-cause mortality and ESRD
Event, N (%) 705 (41.1) 289 (32.9) 563 (29.4)
Age and sex-adjusted HR (95% ClI) Reference 0.86 (0.75-0.98) 0.03 0.64 (0.57-0.71) <0.001
Fully adjusted HR (95% CI)* Reference 0.92 (0.80-1.05) 0.22 0.75 (0.67-0.84) <0.001
All-cause mortality
Event, N (%) 339 (19.8) 130 (14.8) 270 (14.1)
Age and sex-adjusted HR (95% ClI) Reference 0.79 (0.64-0.97) 0.02 0.54 (0.46-0.64) <0.001
Fully adjusted HR (95% CI)* Reference 0.86 (0.70-1.06) 0.16 0.62 (0.53-0.74) <0.001
ESRD
Event, N (%) 486 (28.4) 196 (22.3) 377 (19.7)
Age and sex-adjusted HR (95% ClI) Reference 0.87 (0.74-1.03) 0.10 0.68 (0.59-0.78) <0.001
Fully adjusted HR (95% CI)* Reference 0.93 (0.78-1.10) 0.38 0.83 (0.72-0.96) 0.01
MACE
Event, N (%) 237 (13.8) 104 (11.8) 180 (9.4)
Age and sex-adjusted HR (95% ClI) Reference 0.89 (0.71-1.12) 0.32 0.56 (0.46-0.67) <0.001
Fully adjusted HR (95% CI)* Reference 0.90 (0.71-1.14) 0.39 0.63 (0.51-0.76) <0.001

Kuo CP, ..., Tseng WC*, Tarng DC*. Eur J Prev Cardiol. 2022 Mar 25;29(3):452-461.
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Sustained physical activity: pivotal for best outcome

Supplemental Table S8. Changes in physical activity levels and risks for all-cause mortality, ESRD and MACE in chronic kidney disease patients

Change in Physical activity

All-cause mortality and ESRD

All-cause mortality

ESRD

MACE

Fully-adjusted
HR (95% CI)~

E

p value

E

Fully-adjusted
HR (95% CI)*

p value

E

Fully-adjusted
HR (95% CI)*

p value

Fully-adjusted
HR (95% CI)~

p value

Highly-Active

Continually highly-active

419 Reference

198

Reference

Reference

Reference

I Highly-active to less active®

66 1.39(1.06-1.82)

0.017

44

2.20 (1.55-3.13)

<0.001

1.21 (0.84-1.75)

=]
5]
—

0.001 I

Low-Active

Continually low-active
Low-active to highly-active

Low-active to inactive

Inactive

Continually inactive

Inactive to more activet

185 Reference

2

0.99 (0.23-4.23)
28 1.26 (0.81-1.95)

524 Reference

5  1.60(0.65-3.92)

0.99
0.31

0.31

99

14

270
4

Reference
0.83 (0.10-6.77)
1.23 (0.66-2.32)

Reference

2.53 (0.91-7.05)

0.08

340
1

Reference
1.22 (0.16-9.54)
1.23 (0.68-2.24)

Reference

0.71 (0.10-5.15)

0.85
0.49

0.73

4

L8]

Reference
1.51 (0.31-7.27)
0.53 (0.22-1.28)

Reference

2.00 (0.61-6.52)

0.61
0.16

0.25

Abbreviations: CI. confidence interval: eGFR. estimated glomerular filtration rate: E. number of events: ESRD, end-stage renal disease: HR. hazard ratio: MACE. major adverse
cardiac events: N, number of total patients

Kuo CP, ..., Tseng WC*, Tarng DC*. Eur J Prev Cardiol. 2022 Mar 25;29(3):452-461.
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Adjusted Hazard Ratio

1.2

0.0

U-shaped association between of PA and MACE in CKD

All-cause mortality and ESRD

p < 0.001 for non-linearity

| | | I

20 40 60 80 100
Physical Activity (MET-hour/week)

Adjusted Hazard Ratio

0.2

0.0

Major Adverse Cardiovascular Events

p = 0.003 for non-linearity

|

0 20

| | |

40 60 80
Physical Activity (MET-hour/week)

100

Kuo CP, ..., Tseng WC*, Tarng DC*. Eur J Prev Cardiol. 2022 Mar 25;29(3):452-461.
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Outlines

* Interaction between PA and Cognitive Impairment in CKD



Hemodynamic factors

Dysbiosis triggered
metabolic and
immunological factors

J Intern Med. 2025 Nov;298:368-391.
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CKD and Cogmtlve Impairment

Study or subgroup log[OR] Weight OR OR

IV, Random, 95% IV, Random, 95% Cl

a

CKD vs Non-CKD

Hailpern et al., 2007 [10] 0.8796 0.3149 7.2% 2.41[1.30, 4.47] —_—
Kurella Tamura et al,, 2008 [11] 0.207 0.0759 15.7% 1.23[1.06, 1.43] =
Etgen et al., 2009 [16] 0.7329 0.1206 14.1% 2.08[1.64, 2.64] —-—
Elias et al., 2009 [12] 0.678 0.2321 9.7% 1.97 [1.25, 3.10] —
Subtotal (95% ClI) 46.7% 1.79[1.24, 2.58] <o

Heterogeneity: 12 = 0.11; x? = 17.84, d.f. = 3 (p = 0.0005); I> = 83%
Test for overall effect: Z = 3.10 (p = 0.002)

GFR > 60 vs GFR 45-60

Kurella et al., 2005 [9] 0.6471 0.4071 005.2% 1.91 [0.86, 4.24] .+
Slinin et al., 2008 [17] 0.3853 0.2447 009.3% 1.47 [0.91, 2.37] T
Etgen et al., 2009 [16] 0.1484 0.177 011.8% 1.16 [0.82, 1.64] —fm—
Subtotal (95% ClI) 026.3% 1.32[1.01,1.72] = g

Heterogeneity: 12 = 0.00; x? = 1.55,d.f. = 2 (p = 0.46); I = 0%

Test for overall effect: Z = 2.04 (p = 0.04)
GFR > 60 vs GFR <45

Kurella et al., 2005 [9] 0.9555 0.1876 11.4% 2.601[1.80, 3.76] —
Slinin et al., 2008 [17] 0.2151 0.3966 5.4% 1.24[0.57, 2.70] S S
Etgen et al., 2009 [16] 0.2469 0.221 10.1% 1.28 [0.83, 1.97] S
Subtotal (95% Cl) 26.9% 1.68 [0.98, 2.88] -

Heterogeneity: 12 = 0.16; x> =7.08,d.f.=2 (p=0.03); P =72%
Test for overall effect: Z = 1.88 (p = 0.06)

Total (95% CI) 100.0% 1.65[1.32, 2.05] <
Heterogeneity: 12 = 0.07; x? = 29.65, d.f. = 9 (p = 0.0005); I = 70%
Test for overall effect: Z = 4.47 {p < 0.00001)

Test for subgroup differences: x* = 1.95, df.= 2 (p = 0.38); I = 0%

[ I I I I ]
0.1 0.2 05 1 2 5 10
Cognition better Cognition worse

Am J Nephrol 2012;35:474-482



Cognitive impairment links to higher mortality in CKD

Cognition evaluated by SPMSQ_ (Short-portable mental-status questionnaire)

A Cognitive Impairment B Cognitive Impairment
100%:; 100% ==r=remr
a " -~ '-_ s = - - - _ e RV
- __>_ Tl
©
2 75%] S 75w
c n
= [«})
n Q
o <
o =
o7 ©
S 50%] 0-2 Wi, 3 50%]
8 —None - errors v 5 a _None
s --Mild  3-4 errors 3 - Mild
- _ Q =
ot OO : grapiiad
Og-rank tes > 0g-rank tes
® 25%; o 25%
— < 0.0001 = < 0.0001
- p S p
1)
o
0, 0, - - - -
0% 1 2 3 4 5 6 0%5 1 2 3 4 5 6
Follow-up Period (years) Follow-up Period (years)
No. at Risk No. at Risk
None 28751 28375 25556 21176 16755 12227 6476 None 28751 28375 25556 21176 16755 12227 6476
Mild 835 795 666 563 430 292 131 Mild 835 795 666 563 430 292 131
Severe 975 867 687 514 343 206 94 Severe 975 867 687 514 343 206 94

Tsai MT, ..., Tseng WC*, Tarng DC*. J Affect Disord. 2024 Dec 1:366:354-363.
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Joint association between cognitive impairment and PA

A All-cause mortality B Cardiovascular mortality
4 : ] V 6 3 N 4.97* i )
d
3
S o 4
© ©
f = | 2
@ ‘ @ 2
N 1 N \
® ‘ © 1
T i
0 | i 0
Severe e 4 7" Inactive Severe Inactive
Mild " Low-active N AV Low-active
None y Highly-active : Highly-active
Cognitive Physical Cognitive Physical
impairment activity impairment activity

Tsai MT, ..., Tseng WC*, Tarng DC*. J Affect Disord. 2024 Dec 1:366:354-363. 34



Mediation effects of PA in the relationship between
cognitive impairment and the mortality risks

A All-cause mortality B Cardiovascular mortality
Direct Effect- —e—| Direct Effect- I *
Indirect Effect ] Indirect Effect o
Total Effect— —e— Total Effect— I & I
1 2 3 4 1 2 3 4
Point estimates of causal effects Point estimates of causal effects
p <0.001 p <0.001

Tsai MT, ..., Tseng WC*, Tarng DC*. J Affect Disord. 2024 Dec 1:366:354-363. 35




Physical Activity: Protects Kidney, Heart and Brain in CKD
Risk of physical inactivity are high both in CKD and non-CKD patients.

Skeletal muscle-secretome (PGC-1a., Irisin) reduces renal fibrosis

Physical activity of 7.5 to <15 MET-h/week is associated with lower risks
of adverse cardiorenal outcomes

Extremely-high physical activity may not be feasible in CKD patients.

Physical activity interacts with cognitive impairment on
mortality in elderly CKD patients.

Wei-Cheng Tseng, MD, PhD

wctseng@gmail.com
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