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Evaluate hypothyroidism as a complication of CKD Global Dialysis Perspective: Vietnam

Examlne pOtentlal meChaHIStlc llnks between thyr()ld P Van = and e vo DUIZ!)NIJY360 1: 974-976, 2020. doi: https:/ /doi.org/10.34067 /KID.0002872020
and kidney disease

Introduction

s 1 . Vietnam is one of the most populated Southeast Asian
Compare data on hypothyroidism and outcomes in non- counties, i & prpltion o arond 97 lion pes
. ple in 2018 (1). Three kinds of RRT, including hemo-
dialysis (HD), peritoncal dialysis (PD), and kidney 3 : ~100.800 i\ "
CKD and CKD populations e ARl - Estimated ~100,800 individuals with

they service a total of about 36,000 patients, but this

= Plausible causal mechanisms for adverse CV and patient_ only accounts for about onc third of the cstimated > There are ~36,000SKD patients
ESKD population in need of dialysis across the country. - g
centered outcomes ~The purpose of this article is to give a broad over- receiving kidney replacement therapy
view of some key aspects of RRT and nephrology in
Vietnam.

Discuss risks and benefits of thyroid hormone
replacement in hypothyroid CKD patients
= Rationale for the NIH THYROID-HD Trial

Q Vietnam

Bui Pham Van, Chien Vu Duc. Kidney360 2020.




Currently over 815,000 US ESKD patients

600,000
500,000
(¢ In-Center Hemodialysis: 470.433

400,000

300,000
‘Transplant: 261,009 b=

Number of patients

200,000

100,000

- In-Center Hemodialysis

USRDS Annual Data Report 2024.
“Transition of Care in CKD” Special Study, USRDS Annual Data Report

EPIDEMIOLOGY OF
HYPOTHYROIDISM AS A
CKD COMPLICATION

Kidney Cross Talk

Kidney Cross-Talk

'em Academy of Nutrition
right. and Dietetics
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&
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These articles highlight key aspects of multidisciplinary clinical care related to
kidney disease and other health disciplines.

Hypothyroidism in the general population

PRIMARY HYPOTHYROIDISM

I_—I—I

A TSH 1 TSH
J FT4 Normal FT4

- =

Overt Subclinical
hypothyroidism hypothyroidism

ATA: ~20 million adults in US
* Subclinical disease 4-10%
* Overt disease 0.1-2%

Hollowell et al. JCEM 2002.
Ladenson. Werner & Ingbar’s The Thyroid.
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Substantially higher prevalence of
hypothyroidism in CKD

Hypothyroidism has pervasive effects
on most organ systems

Neuropsychiatric Gastrointestinal Musculoskeletal
Decreased cognition Decreased motility Myopathy
Depression LFT elevation Myalgia
Anxiety Malabsorption CK elevation
Constipation Arthralgia

N=14,623

| ~1/2 cases subclinical hypothyroidism |

23.0 23.1

il

2-fold 4 risk even after
adjusting for age, sex,
race/ethnicity

Cardiovascular Hematologic Reproductive Renal
Heart failure Anemia Menorrhagia Decreased GFR
Athersclerosis Coagulopathy Infertility Hyponatremia
ndothelial dysfunction Iron deficiency

Prevalent hypothyroidism, %

54
Subtle symptoms: 2
v’ Fatigue & |, energy -I

v’ Cold intolerance

v - >90 60-89 ' 45-59 30-44 ' <30
i ACO”SE'PatLO” (N=09562) (N=4139) (N=653) (N=204) (N=65)
air quality changes
a Y € Estimated glomerular filtration rate, mL/min/1.73m?
Rhee. Curr Opin Neph HTN 2019.

McDermott. Werner & Ingbar’s The Thyroid. Lo, Chertow, Go, Hsu. Kidney Int 2005.

Lower eGFR associated with

hypothyroidism in 461,607 US Veterans Hypothyroidism commen in HD & PD

Study (year) Cobort (3 overtor i
hypothyroidism or elevated TSH

1.18 1.18 1.13 1.09 1.09 1.09 End-stage renal discase cohorts
(L17-1.20) (1.16-1.20) (1.11-1.15) (1.08-1.10) (1.08-1.10) (1.08-1.10) TSH elevation
p<0.001  p<0.001  p<0.001 p<0.001 p<0.001  p<0.001 Lin [6] (1998) HD/PD (221)
Kutlay [5] (2005) HD (87)
Rhee [39] (2013) HD/PD (2715)

13 to 23% of
HD/PD patients

"TSH 4.5-10 mlU/L + Normal FT4
TSH > 4 mIU/L + Normal FT4
Diagnostic criteria not available

& E Subdlinical hypothyroidism
§ Shantha [9] (2011) HD (137)
Ng [8] (2012) PD (122)
(*] L) Meuwese [28] (2012) HD (218)

10ml/min/1.73m? |, eGFR >
18% I risk hypothyroidism

O Muitivariable adjusted
® Muitivariable + statin adjusted
A Multivariable + statin + cholesterol adjusted

Odds Ratio (95%Cl)

Hypothyroidism Untreated/Partially Treated Hypothyroidism
Rhee et al. Neph Dial Transplant 2014.

Rhee. Abnormalities of Thyroid Function in Chronic Dialysis Patients. Nissenson Handbook of Dialysis 2015.

Rhec [39] (2013) HD/PD (2715)

Overt hypothyroidism
Kaptein [4] (1988)

Lin [6] (1998)
Kutlay [5] (2005)
Meuwese [28] (2012)
Rhee [39] (2013)

HD" (306)

HD/PD (221)
HD (87)

HD (218)
HD/PD (2715)

TSH: assay ULN to 10 mIU/L

(1)TSH > 20 mIU/L, or (2) TSH 10-
20 mIU/L + exaggerated TRH
response + Low TT4 or FT4 index
TSH 2 20 mlIU/L + Low TT4 or FT4
TSH > 5.5 mIU/L + Low FT4
Diagnostic criteria not available
TSH > 10 mIU/L

Under-recognized due to symptom overlap with uremia

Rhee et al. Neph Dial Transplant 2014.
Lo, Chertow, Go, Hsu. Kidney Int 2005.
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Mechanistic link between thyroid and
kidney disease unclear
* Hypothyroidism adversely affects kidney size
and structure
» | Kidney-to-body weight ratio
= Truncated tubular mass
= GBM changes

> | GBM volume and area

INTERACTION > GBM thickening

» Mesangial matrix expansion
BETWEEN THYROID & > 1 Glomerular capillary permeability
KIDNEY DISEASE Bradley et al. Life Sci 1982. Vargas et al. Eur J Endo 2006.

Wheatley et al. Clin Endo 1983. Mariani et al. JASN 2012.
Bentley et al. Am J Pathol 1985. Rodriguez-Gomez et al. J Endo 2013.

Hypothyroidism — Kidney Dysfunction Patients with 1 TSH at higher risk

* Potential mechanisms of developmg CKD
= | Cardiac output
= Altered intra-renal hemodynamics No CKD at baseline &
= | Renin-angiotensin-aldosterone activity Normal TFT’s
= 1 Tubuloglomerular feedback > Annual/biennial TFT’s

* Animal studies > Incident CKD

© | Single nepinen TR Highest TSH quintile:
= | Renal plasma flow > 26% 1 risk CKD
= | Glomerular transcapillary hydrostatic pressure
* Case series
= Hypothyroid patients had | plasma flow and GFR
measured by estimating equations and isotopic scans
= Reversed with exogenous thyroid hormone

Kre.isrnan etal. Arch IM 1999. Karanikas et al. Am J Neph 2004.
Klein et al. NEJM 2001. Mariani et al. JASN 2012. Zhang et al. Int JI Epi 2014.

Hazard ratio
P
% of Person-visits

(vs. lowest quintile)
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Hypo- & hyperthyroidism associated with Higher TSH in the normal range associated
incident CKD & CKD progression with incident CKD & CKD progression
N=4,152,830 ¢! N=4,152,830

Hazard Ratio (95% CI)
Hazard Ratio (95% CI)

142 (139145

Unadjusted Case-mix Expanded case-mix Expanded case-mix
+laboratory
Unadjusted Case-mix Expanded case-mix Expanded case-mix T

+laboratory TSH (mIUIL)
TSH (miUL) | [ <0.1 [] 0.1-<0.5 [0 os<30 [J 3050
[] <05 0550 W >5g| @ >s0-100 [ 100200 W >200
=7 =7 W

You...Rhee. Mayo Clinic Proceedings 2024. You...Rhee. Mayo Clinic Proceedings 2024.

Thyroid hormone replacement , )
may | CKD progression CKD — Thyroid dysfunction

Metabolic acidosis

Selenium deficiency
Treatment: 58%

Impaired iodine clearance and retention
= Wolff-Chaikoff effect
Nephrotic syndrome and peritoneal effluent protein losses
= >99.9% of thyroid hormone (T4) is protein-bound
Non-thyroidal illness

4 2 ml/min/1.73m?%/yr
vs

No treatment: 42% U YRR

Malnutrition
N=309 Stage 2 to 4 CKD
0 05 1 15 20 25

Duration (Years) Kaptein. Endocr Rev 1996.
Mariani et al. JASN 2012.

Rhee at al. Neph Dial Transplant 2014.
Lee, Rhee et al. JCEM 2014.

Shin et al. JCEM 2012.



IODINE EXCESS &
HYPOTHYROIDISM

Iodide essential for
thyroid hormone synthesis

Thytoglobulin

1
o0
Thytoglobulin

iodination

{ Tight

junction

MIT 4
‘_/m '
B {
Oemd[narmn 'MTIPN X
Y N
sl P H_

“ lodide
pump

Wolff-Chaikoff (Hypothyroid)

* Inhibition of iodide organification

& hormone synthesis

Jod Basedow (Hyperthyroid)

* Excess substrate for thyroid

hormone synthesis

e Particularly in patients with

goiter, nodules, Al disease

Kopp et al. Werner & Ingar’s The Thyroid.

Iodinated contrast media (ICM)

* 80 million doses annually
= 800% & 390% 1 in CTs and caths
* 1 dose ICM
= 13,500 mcg iodide & 15-60 g iodine
= 90 to 400,000-fold daily recommended
intake
* Rapidly excreted via filtration

6 iodine atoms: 2 particles, Ratio : 3.0

= Kidney dysfunction
= Time to 50% clearance: 16-84 hrs
= Dialysis patients with disproportionate exposure

Deray. Kidney Int 2006.
Rhee et al. JAMA IM 2012.

Lee, Rhee et al. JCEM 2014.

Limited data on ICM-thyroid disease
association in general population

Inclusion of subjects with preexisting thyroid
disease

Small sample size

Short follow-up
Neonatal/pediatric population
NO CONTROLLED STUDIES

Van der Molen et al. Eur Radiol 2004.

Lee, Rhee, Leung, Braverman, Brent, Pearce. JCEM 2015. Brough et al. Ped Nephrol 2006.

12/12/2025
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Study design Case and control definition

Nested case-control study Incident hyperthyroid casej N;Jl?l;'IS‘IA_IL Ft(?F\;H

Partners Healthcare Research Patient Data Registry |

Inclusion criteria Cases matched to 1-4 controls
= Age =18 yrs Matching criteria
= >2 TSH measurements separated by 2 weeks to 2 years . "Age
* Ist: Baseline “BL-TSH” =Sex
* 2nd: Follow up “FU-TSH” =Race
Exclusion criteria "eGFR
= Preexisting thyroid disease *Time between BL-TSH & FU-TSH
* Abnormal TFT’s at baseline or before *Date of FU-TSH
* Prior diagnosis hypo- or hyperthyroidism Control NORMAL NORMAL
* Use of thyroid supplement, thionamides BL-TSH FU-TSH

* Radioactive iodine or thyroidectomy J—l_

*High/low values with respect to assay range due to assay drift

Exposure definition Longitudinal experience of a
hypothetical patient

* Exposure — CT scan with IV contrast or
cardiac catheterization with contrast in interval
between BL-TSH and FU-TSH

= Limited data on contrast volume and type : ot e

ontrol{s)
N
ICM EXPOSURE o Normal Normai Normal Normal High
Thyrotropin Thyratropin Thyrotropin T

Thyrotrapin Thyrotropin

Control interval Ineligible period (interval GControl interval Hypothyroid case
(exposed) between Thyrotropin >2 y) (unexposed) {exposed)

L] L4 £ 2 '

FU-TSH June 198 i tember December 2002 April 2004

| | 200
4[——l—> Rhee et al. JAMA IM 2012.




Baseline characteristics: Hypothyroid

Matched Incident
Controls Hypothyroid Cases
Characteristic (n=779) (n=213)" P Value

Age, mean (SD), y 51.3(16.8) 51.9(17.8) 12
Female sex, No. (%) 586 (75.2) 157 (73.7) NA
Nonwhite race/ethnicity, No. (%) 77(9.9) 26(12.2) NA
Estimated glomerular filtration rate,
mL-min-1.73 m?, No. (%)¢
>60 512 (65.7) 134 (62.9)
=60 98 (12.6) 31 (14.6) :|
48 (
280 (

Missing 169 (21.7) 22.5)

Interval between baseline and the 272 (132-418) 133-401)

follow-up thyrotropin

measurement date, median

(25th-75th percentiles), d
Study era, No. (%)

1990-1995 89 (11.4)

1996-2000 156 (20.0)

2001-2005 306 (39.3)

2006-2010 228 (29.3)
lodinated contrast media exposure, 66 (8.5)

No. (%)

Rhee et al. JAMA IM 2012.

ORIGINAL INVESTIGATION
LEss IS MORE

Association Between lodinated Contrast Media
Exposure and Incident Hyperthyroidism

and Hypothyroidism

Connie M. Rhee, MD; Ishir Bhan, MD, MPH; Erik K. Alexander, MD; Steven M. Brunelli, MD, MSCE

\ncwdent hypenlwmd[sm —e—— 1.98 (1.08-3.60)

23456789
Odds Ratio (95% CI)

Rhee et al. JAMA IM 2012.

Baseline characteristics: Hyperthyroid

Matched Incident
Controls Hyperthyroid Cases
Characteristic (n=655) (n=178)" P Value

Age, mean (SD), y 46.5(14.2) 46.5 (14.8) >99
Female sex, No. (%) 543 (82.9) 145 (81.5) NA
Nonwhite race/ethnicity, No. (%) 143 (21.8) 45(25.3) NA
Estimated glomerular filtration rate,
mL-min-1.73 m?, No. (%)
>60 440 (67.2) 113 (63.5) :|

=60 18(2.7) 9(5.1)
Missing 197 (30.1) 56 (31.5)
Interval between baseline and the 252 (122-403) 263 (100-406)

follow-up thyrotropin
measurement date, median
(25th-75th percentiles), d
Study era, No. (%)
1990-1995 89 (13.6) 30 (16.9)
1996-2000 147 (22.4) 38 (21.3)
2001-2005 256 (39.1) 69 (38.8)
2006-2010 163 (24.9) 41 (23.0)
lodinated contrast media exposure, 40(6.1) 19 (10.7)
No. (%)
Rhee et al. JAMA IM 2012.

[CM-thyroid associations by eGFR

Rhee et al. JAMA IM 2012.

1.76 (0.91-3.41) 3.24 (0.29-36.63)
LR test p=0.6 .
. Actual differences no
more than what is
explained by chance

-
o
1

1.96 (1.08-3.58) 1.17 (0.43-3.22)
LR test p=0.4

QOdds Ratio (95% Cl)

eGFR >60 eGFR <=60 eGFR>60 eGFR <=60
Incident Hyperthyroidism Incident Hypothyroidism

12/12/2025



ICM-thyroid associations in a
community-based cohort

1.61(1.27-2.04) 1562 (1.08-2.43) 1.01(0.88-1.17) 2.01 (1.25-3.23)

o
3

ot
[¥]
h

-3
|

ADJUSTED OR (95% Cl)
=
L

3821 hyperthyroid cases 7000 hypothyroid cases
15,282 controls 27,981 controls

Overall Overt Disease Overall Overt Disease
HYPERTHYROIDISM HYPOTHYROIDISM

Rhee et al. Endocrinology Studies. 2013.

HYPOTHYROIDISM:
GENERAL POPULATION

CCYELETT] { Kidney-to-body-weight ratio ICECECEY] 2

Truncated tubular mass EELLLEE) 2

JYNLONYLS
AINAIN A3Y3 0V

O EEELEEEEl  Medications (amiodarone, povidine)

NOILINNS
AINADI aF¥3 NV

HYPOTHYROIDISM
3Sv3sia AINani

R EEEEEEEEl  Protein loss (nephrotic syndrome, PD)

Dietary factors: {, selenium, 1" iodine

{Jaoooog Metabolic acidosis

Rhee. Abnormalities of Thyroid Function in Chronic Dialysis Patients. Nissenson Handbook of Dialysis 2021.

] Systolic & diastolic dysfunction —

Endothelial dysfunction

Diastolic hypertension

Obesity & metabolic syndrome

— T
—,.
— YT
T
— I
— T
— T
Rhee et al. Nephrol Dial Transplant 2015.

Rhee. Curr Opin Neph HTN 2019.

p=
=
=
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o
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Subclinical Hypothyro|d|sm and the Risk Subclinical Thyroid Dysfunction and the Risk of Heart

Failure Events

Of Coronary Hea'rt Dlsease and Mortallty An Individual Participant Data Analysis From 6 Prospective Cohorts

for the Thyroid Studies Collaboration for the Thyroid Studies Collaboration

TSH >10: TSH >10:
1 CHD 1 CHF events
events

Ho.of Events o of Paricpants 2 s HF events by TSH level Events / Participants HRs (95% CT)

TSH 10.0-19.9 miULL 40/224 186 (1.27-2.72)

TSH7.09.8 miUL 54/422 18508432 | p 1o rend < 0.01

TSH 4.56.9 mIUL 156/ 1422 101 (0.81-1.26)

TSH 0.45-4 49 miUL 17621 22674 C 1.00 (ref)

TSH 0.10.0.44 miLL 41/494 13 a5
P for trend = 0.047

TSH < 0.10 miwiL 16/ 154 184(1.01:3.72)

N=25,390

Rodondi et al. JAMA 2010. Gencer et al. Circulation 2012.

P value for quadratic patiern < 0.01

Heightened hypothyroid-related S
mOI'tallty in patients Wlth CV disease Impact of Hypothyroidism and Heart Failure

on Hospitalization Risk

All-Cause Mortality
[@cuton miponvos | N=14,879 NHANE.S .HI
—_— Hypothyroidism
associated with Hypothyroidism
death in those with associated with 1
CHF only hospitalization in
RS those with CHF only

Hospitalization Risk

1.86 (1.17-2.94)

HR (95% CI)
HR (95% C1)

R LY (e R

p-interaction=0 01

Rhee et al. JCEM 2013. Ro...Yeh, Leung, Rhee. Thyroid 2018.

10



vt Open
Original | Diabets ind Ei i

Association of Subclinical Hypothyroidism and Cardiovascular Disease
With Mortality

Kosuke Inove.

MD: Beate Ritz, MD, PhD; Gregory A. Brent, MO; Ramin Ebrahimi, MD: Connie M. Rhee, MD, MSc: Angela M. Leung, MD, MSc

Table 3. Estimated Direct Effect Sizes of Serum With All-Cause Mortality Through Cardiovascular Disease in the National
Health and Nutrition Examination Survey, 2001 to 2002 and 2007 to 2012, Followed up Through 2015*

Hazard Ratio (95%CT)

Thyratropin Concentration Deaths, No./Total No. Total Effect Direct Effect Indirect Effect % Mediated”

Low-normal 124/2970 1.32(0.89-1.92) 1.31(1.00-1.72) 1.01 (0.76-1.32) 42
1 [Reference] 1 [Reference]
1.38(1.13-181) 1.36(1.11-1.76) 1.02 (1.00-1.05)

Middle-normal 117/2934 1 [Reference] 1 [Reference]
High-narmal 173/2951 59
Subctinical hypothyroidism 21/165

1.92(1.12-2.77) 1.75(0.99-2.60) 1.10(0.97-1.30) 143

adpsted for age. sex
cancer history, and estimated glomerular filtration rate. Estimated total
ifferent from Table 2 owing to

The percentage mediated was calculated by logfestimated indirect
effect)floglestimated total effect).

tistical approach. A
for to estimate 95%

e interval

CV disease mediated 14.3% and 5.9% of the associations of subclinical
hypothyroidism and high-normal TSH with all-cause mortality.

Inoue, Ritz, Brent, Ebrahimi, Rhee, Leung. JAMA Network Open 2020.

Early studies of hypothyroidism in CKD

* Hypothesized that thyroid hormone deficiency is a
physiologic adaptation

* Means to conserve metabolism in ESKD patients
= Hypercatabolism
* Malnutrition

= Dialytic protein and amino acid losses

Lim. AJKD 2001.

12/12/2025

HYPOTHYROIDISM:
CKD POPULATION

Hypothyroidism:
Under-recognized CV risk factor in CKD?

* ESRD with 7 to 10-fold 1 mortality risk
= 50% CV deaths
= Not wholly explained by traditional risk factors
» | T3/T4 associated with adverse CV outcomes
= | Systolic function
= 1 Atherosclerosis
| Endothelial function
Altered ventricular conduction

= Vascular calcification

Zoccali et al. J HTN 2006. Meuwese et al. CJASN 2012.
Tatar e_t al. CJASN _2011A USRDS ADR 2013.
Zoccali, Mallamaci. CJASN 2012. Rhee. CJASN 2015.

11



Persistently | T3/T4 associated with
all-cause and CV death in HD patients

—— Persistently low — Persistently low
Decrease Decrease
Increase Increase
== Persistently high N=210 ==- Persistently high
T T T T T J T T T
10 20 30 40 50 60 10 20 30
Months Months

3 to 4-fold higher death risk

Meuwese et al. CJASN 2012.

% Survival

0

TSH alterations in kidney disease

| Clearance

Blunted response to TRH

| Pulsatility

1 Half-life

Impaired glycosylation and function

Kaptein. Endocrine Rev 1996.
Rhee et al. Neph Dial Transplant 2014.

Rhee, Kalim. Thyroid Status in Chronic Renal Failure Patients. Textbook of Nephro-Endocrinology. 2017.

Limitations of T3 and T4
e T3

= 80% derived from peripheral conversion of T4 to T3
= | T3 may be due to malnutrition, as well as
> Nonthyroidal illness
» Cytokines and cortisol
> Medications
* T4
= >99.9% protein-bound
= Routine FT4 assays protein-hormone binding dependent
» Inaccurate in uremia and illness states
» TSH most sensitive/specific thyroid function measure
= Negative logarithmic association with T3/T4

Kaptein. Endo Rev 2006.
Soldin. Werner & Ingar’s The Thyroid.
Papaleontiou, Cappola. JAMA 2016.

Non-thyroidal illness:
Thyroid functional test alterations

TSH
Mild Normal

Moderate Normal

Severe l

* TSH usually normal in non-thyroidal illness
* In recovery phase of severe illness, may see transient rise
in TSH, T4, and T3

Langton, Brent. Endocrinol Metab Clin North Am 2002.
Rhee, Kalim. Thyroid Status in Chronic Renal Failure Patients. Textbook of Nephro-Endocrinology 2017.

12/12/2025
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Baseline hypothyroidism associated with
all-cause mortality

. ol 2715 dialysis patients
1 receiving care at two
HR 1 (ef) Boston tertiary centers
» HD +PD
» Mixed incident/prevalent
» 13% hypothyroid

HR 1.35 (96% Cl 1.15-1.58), p\'U‘Ot-)\f_“'—-

500 1000 1500 2000
At-risk time (days)
wv

Rhee et al. CJASN 2013.

Baseline and time-dependent

hypothyroidism associated with mortality

8840 national incident HD patients
> Largest dialysis study to date
» 22% hypothyroid

O Model 1
® Model 2
4 Model 3

All-Cause Mortality Hazard Rati6

Rhee et al.
JCEM 2015.

Baseline Hypothyroidism Time-Dependent Hypothyroidism

12/12/2025

Baseline hypothyroidism NOT associated

with all-cause mortality

= Eesisninall 1000 DM HD patients
(— ‘ T from 4D Study

. » Mixed incident/prevalent
» Only 1.8% hypothyroid
» | Generalizability

long-term adjustod

short-term adjusted

short-term unadusted

No association with sudden cardiac death,
CYV events, or all-cause death

Dreschler et al. AJKD 2014.

Higher TSH levels in the normal range
associated with mortality

Mortality Hazard Rati
e Mortality Hazard Ratio

All-Cause Mortality Hazard Ra
All-Caus

Low-normal TSH  High-normal TSH Moderately high TSH Severely high TSH

Baseline TSH Time-dependent TSH

Low-normal TSH  High-normal TSH Moderately high TSH Severely high TSH

Rhee et al. JCEM 2015.

13
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Hypothyroid-mortality association
robust across most subgroups

> Age
> Sex
» Race/ethnicity

szl i 2 SNy A Rh: t al. JCEM 2015.
All-Cause Mortality Hazard Ratio ceeta

Hypo- AND hyperthyroidism associated
with 1 mortality in PD patients

1484 national PD patients
» 22% hypothyroid
» 7% hyperthyroid

‘ause Mortality Hazard Ratio

O Minimally adjusted

All-C:

4 Expanded case-mix+aboratory

Hyperthyroid Hypothyroid <01 0105  05<30 3050 50100 100+
Time-Dependent TSH Category Time-Dependent TSH Level (mIU/L)

Rhee et al. JCEM 2016.

Hypothyroid-mortality association
across varying BMI categories

BMI <=20 4
BMI>20-25 -
BMI >25-30

BMI>30 1 @ Baseline :
©  Time-Dependent :

—
09 1

All-Cause Mortality Hazard Ratio

15

T T T
2 3 35

» Stronger associations observed in higher BMI categories
» Associations abrogated in BMI category <20kg/m?

Rhee et al. JCEM 2015.

Time-dependent thyroid status &

mortality in a prospective HD cohort

541 HD patients in
Southern CA
> 17 dialysis units
» Protocolized TSH
measurement every 6
months
> 11% hypothyroid

All-Gause Mortality Hazard Ratio

w s wma

1——tb———

2.2 to 2.5-fold

higher death risIT

N=541

|

0 Minimally agjusted
® Casemix

& Expanded case-mix+laboratory

Tertie 2
TSH Level

Tertile 3

Rhee et al. JCEM 2017.

12/12/2025
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AR SRkl pcs Hypo- AND hyperthyroidism associated

U . AL < c

v with 1 mortality in Veterans with CKD
Thyroid Status and Death Risk in US Veterans
With Chronic Kidney Disease

Thyroid Status and Death Risk in oo @
US Veterans With Chronic Kidney

Disease Editor’s

Brunelli, Danl i) Orignal Artce

N=227,426

O BO

Published ini

Full-Text HTMI . ow
BASELINE TIME-DEPENDENT

Thyroid Status and Death Risk in US Veterans
Chre 58

All-cause mortality HR {95% Ch
All-cause mortality HR (95% CI)

05-5.0 (Euthyroid; 5 0.5 SH 0.5-5.0 (Euthyroid)
TSH (miu/Ly TSH (miU/L)

Rhee et al. Mayo Clin Proceedings 2018. Rhee et al. Mayo Clin Proceedings 2018.

Higher TSH in the normal range associated U-shaped association between TSH and
with mortality in Veterans with CKD mortality in Veterans with CKD

BASELINE TIME-DEPENDENT

'1N=227,426

azard ratio

AliCause Mortality HR (95% CI)
AllCause Mortalty HR (95% CIy

All-cause mortal

N=227,426

Oven  Subcimical  LowNormsl MighNormal  Suncun
Hypertnyroia Wyperyrsie  T3H TS Hypothy
Range. Range Range.

3

3 6 8 4 £ 8
Baseline TSH (miU/L} B Time-dependent TSH (mlU/L)
(TSHeRT) (TEMOI<BS) (TEHOS<38) (TIH2E8H) (TSHHEE- s1an (THHCO1) (TSN OA<0E) (TIHOS<0) (TIH ISR (THH EB48D) (TSH>100)

Rhee et al. Mayo Clin Proceedings 2018. Rhee et al. Mayo Clin Proceedings 2018.
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(\’Iil\gjl%é Marius N. Stan, MI; EDITORIAL

ew T. Drake
Gy PO

Failing Kidneys and Thyroid Dysfunction—An
Undesirable Synergy
Ithough underappreciated by i e s S e S AT

“Overall, this study provides considerable food for thought...”
“The interesting results reported in this study will require careful
consideration if we are to improve the health of the target population...”
“Subsequent studies should pursue TSH screening in patients with
NDD-CKD, both to understand the magnitude of the problem and to
allow for prospective evaluation...”
“Future research may also benefit from the evaluation of additional
parameters such as T3 and T4...”

the article by Rhee et al clearly demonstrates, there is much to do if
we are to understand and harness this new insight and improve the lives
of our patients with CKD...”

Stan, Drake. Mayo Clin Proceedings 2018.

Thyroid status & CAC in ESKD

Minimal Moderate Severe

SERUM TSH AND AGATSTON SCORE >100

Unadjusted -20R = agjuftea R
.

Age, sex, and race-adjusted

20 4 I T T
aO0R (85% Cl): aOR (95% CI): aOR (85% Cl): aOR(95% Cl):
3.05(1.26-7.37) 5.53 (1.44-21.5) 10.4 (1.91-56.7) 10. 8-65.

bs

0dds Ratio (35% Cl)

1SD(TSHe19) Highest Tertle Highest Quartiie TSH>3

TSH Definitions

Rhee et al. Cardiorenal Medicine 2022.

12/12/2025

Recommendations on screening

American Academy of
Family Physicians

Periodic screening in older women
A\

American College of
Physicians

Screening in women > 50 years

American Thyroid
Association

o™

oes not recommend routine screening in children
or adults

Institute of Micine

Screening not cost-effective in older/Medicare
population

American College of
Cardiology/American
Heart Association

Recommends screening in patients with newly
diagnosed heart failure

Thyroid & endothelial function in ESKD

Cuft Inftation

Equiibs '
Right Finger oot
(Occluged Arm) '

Cuff Defiation

Fingertip Temperature (°C)

SMinute Baseline  § Minute Cuff
Equilibration Occlusion

You...Rhee. HD International 2021.

Unadjusted

Expanded case-mix
Expanded case-mixsvintage

0@

Unadjustad
Casemic

Expanded case-mix
Expanded case-mixevintage

s o ow
s s =& o

"o

s ratio (5% C1y of
s

|

TEMPERATURE REBOUND (TR)

o =
@ s

TMP-AUC

Decreased adjusled srea under the lemperature curve

Lower TSH levels (TSH Quartie 1) Higher TSH levels (TSH Quarties 2+3+4) Lower TSH levels (TSH Quartde 1) Mighar TSH levels (TSH Quarties 2+3+4)
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Thyroid status and HRQOL in HD

Physical function L]
Role limitations due to physical health

Role limitations due to emotional problems

Energyffatigue

Emotional wellbeing

Secial functioning

Pain

General health

Higher TSH levels associated with worse:
* Energy/fatigue
* Physical function
* Pain

P
Role imitations due to physical health
Role limitations due to emotional problems
Energy/fatigue

Emotional wellbeing

Social functioning
Pain
General health

N=450 dtion between time-dependent TS and

Rhee et al. CJASN 2017. outcomes

MANAGEMENT OF
HYPOTHYROIDISM

12/12/2025

What can we conclude?

THYROID THYROID THYROID
DYSFUNCTION DYSFUNCTION DYSFUNCTION

THYROID
DYSFUNCTION

ADVERSE ADVERSE ADVERSE ADVERSE
OUTCOMES OUTCOMES OUTCOMES OUTCOMES

Zoccali et al. Kidney Int 2006.
Rhee et al. Neph Dial Transplant 2014.

Treatment of hypothyroidism

e USRDS data

» [ evothyroxine (L-T4) among most commonly
prescribed medications
»#4 in NDD-CKD
»>#12 in ESKD
* In general population, treatment shown to reverse
adverse CV outcomes
* Diastolic dysfunction
» Dyslipidemia

Biondi et al. JCEM 1999.

* Endothelial dysfunction Monzani et al. JCEM 2004,
Owen et al. JCEM 2006.

= Atherosclerosis USRDS ADR 2012.
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Thyroid hormone replacement
in general population with
subclinical hypothyroidism

6
No levothyroxing treatment
5| |~ Levottyroxine reatmert 0144

Treatment i Treatment
J’s CV events | no benefit

80 80 100 ‘ x 0 80 ) 100
j0v-Up, MO

Follow-up, mo

Events 58 7 14 138 165 nr
Participants at risk 3035 3 2979 2955 2928 1 fis 595

Younger patients | Older patients
(<70 years) (=70 years)

Razvi et al. JAMA IM 2012.

Thyroid hormone replacement
in US Veterans with CKD

“1 N=227,426

Rhee et al. Mayo Clin Proceedings 2018.

Thyroid hormone replacement
in dialysis patients

“Hypothyroid
treated-to-target”
similar mortality risk
as “spontaneously
euthyroid”

|

HR 1.07 (0.88-1.30) | HR 1.28 (1.07-1.54)
p=0.5 p=0.007

Hazard Ratio (95% CI)

Euthyrod Hypothyroid
On medication With of without medication
n=171 =350

Rhee et al. CJASN 2013.

Thyroid hormone replacement in CKD

* Limited observational data suggest possible benefit

* However, L-T4 carries potential risk
= Narrow toxic-to-therapeutic window
= 1 Protein catabolism

= CKD patients may be particularly vulnerable to adverse
effects of treatment due to underlying CV risk
» Atrial fibrillation
»High-output CHF

Clinical trials needed to determine the

efficacy & safety of L-T4 in CKD

Rhee et al. Neph Dial Transplant 2014.
Rhee. Curr Opin Endo Diab Obes 2016.

12/12/2025
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NIH “LEVO-

BID) u.s. National Library of Medicine

ClinicalTrials.gov

Home Search Results

A Pilot Feasibility Trial of Thyroid Hormone

D’ Trial

Replacement in Dialysis Patients

The safety and scientific validity of this study is the responsibility of the

study sponsor and investigators. Listing a study

does not mean it ha:

A been evaluated by the U.S. Federal Governmery
potential benefits of clinical studies and talk to y|
provider before participating. Read our disclaim

Sponsor:

University of California, Irvine

PRIMARY ENDPOINT:
Efficacy of achieving a target
TSH range of 0.5-3.0 mIU/L
within 12 weeks of L-T4
treatment.

Collaborator:
National Institute of Diabetes and Digestive and Kidney

provided by Party):
Connie Rhee, University of California, Irvine
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NIH “THYROID-HD” Trial

Co-Primary
Outcomes
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Main study (N=336)

Physical component
Score (SF36)

Coronary artery
calcification (CT)

J“'“ff’"‘" NEAR

Endothé ]
(Digital thy al m°"'f°f) Systolic function

Vascular calcification (Echocardiogram)
(Matrix Gla)

Resting energy
expenditure
(Indirect calorimetry)

Total body fat
percentage (DXA)

Check out www.thyroidhd.com!
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NIH THYROID-HD parent trial NIH THYROID-HD substudy
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Endothelial function Echocardiogram
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