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Introduction: Thyroid hormones can directly affect kidney function; elevated levels of thyroid-stimulating
hormone (TSH) and chronic kidney disease (CKD) are associated with proteinuria, decreased estimated
glomerular filtration rate (eGFR), and progression to end-stage renal disease. Our hypothesis is that in
patients with CKD and TSH at levels considered to be in the low subclinical hypothyroidism (SCH) range,
lowering TSH with levothyroxine (LVX) improves the clinical parameters of renal function.

Methods: This was a double-blind, randomized, pilot clinical trial in patients with proteinuric CKD (eGFR <60
ml/min per 1.73 m? and proteinuria >150 mg/d) performed at the Hospital Civil de Guadalajara, with the
intention of lowering TSH (levels of 1.25—2.5 plU/l) in patients with TSH (levels of 2.6—9.9 plU/ml with FT4 in
the range of 0.7—1.8 ng/dl). Patients were randomized 1:1 to receive LVX or placebo for 12 weeks. The
primary objective was to evaluate absolute levels of proteinuria at the beginning compared to the end of the
study and, as a secondary objective, the changes in serum creatinine (sCr), eGFR, cholesterol, triglycerides,
low-density lipoprotein (LDL), and blood pressure, and to assess the tolerability and safety of LVX.

Results: Between March and November 2018, a total of 163 patients were assessed for eligibility; 119
patients did not meet the inclusion criteria or were excluded, and 32 patients were randomized. The
demographic and clinical characteristics of the 2 study groups were essentially not different. Subjects were
66.87 (SD 12.19) years of age, 62.5% were female, 75% were diabetes mellitus, eGFR was 23.55 (+12.91) ml/
min per 1.73 m?, TSH was 5.37 + 2.13 plU/ml, proteinuria in 24-hour urine collection was 1.52 + 1.12, and all
of them were taking angiotensin-converting enzyme inhibitors (ACEls) or angiotensin Il receptor blockers
(ARBs). Proteinuria at 12 weeks in the LVX group was 0.89 SD + 1.28 g/d, and in the placebo group it
was 1.35 SD + 0.85 g/d; when compared to placebo, LVX showed a significant decrease in proteinuria of
1.1 g/d (P=0.0011). The eGFR in the LVX group showed an improvement of 4 ml/min/1.73 m? (P = 0.049);
in the placebo group, there was a decrease of 1.98 ml/min per 1.73 m?. The sCr, cholesterol, triglycerides,
low-density lipoprotein, systolic blood pressure, and diastolic blood pressure were not different between
groups. Adverse events were reported in the LVX group in 7.14% of patients and in 11.11% of patients in
the placebo group; none left the study because of adverse effects, and there were no serious adverse
events.

Conclusion: This single-center, randomized, double-blind, placebo-controlled pilot clinical trial in patients
with advanced proteinuric CKD who already used ACEls or ARBs demonstrated that administering LVX to
obtain a TSH range close to 2.5 plU/ml decreased proteinuria and improved eGFR. Future research is
needed to confirm our results and to determine whether our findings generalize to patient groups not
explicitly enrolled in this small pilot trial.
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and 2013, the CKD burden rapidly climbed, with age-
standardized years of life lost (YLL) and disability-
adjusted life-year (DALY) rates increasing more than
130%, the second highest DALY due to CKD in the
world.” The incidence of end-stage renal disease has
increased dramatically in parallel with these risk
factors.”

Thyroid hormones can directly affect kidney func-
tion, and impaired renal function can also contribute to
thyroid disorders.” ° The prevalence of primary overt,
subclinical hypothyroidism (SCH) and low T3 syn-
drome increases with the progression of CKD.'""!

The prevalence of SCH in patients with an estimated
glomerular filtration rate (eGFR) >60 ml/min per 1.73
m® is 7% and is up to 17.9% in those with an
eGFR <60 ml/min per 1.73 m>."' Thyroid hormone
affects the kidney by multiple mechanisms; local he-
modynamic changes, decreased renal blood flow,
decreased cardiac output, circulating volume, and
decreased atrial natriuretic factor contribute to a
decrease in renal perfusion with a concomitant
reduction in eGFR,” 7111 affecting the
renin—angiotensin—aldosterone system, glomerular
basement membrane, and renal tubular function, and
leading to the development of proteinuria through
direct effects on megalin and podocytes.™”

The frequency of proteinuria in patients with
normal thyroid function (euthyroid), SCH, and hy-
pothyroidism is 1.29%, 2.2%, and 2.97%, respec-
tively.'"" In addition, it has been reported that the
progression to end-stage renal disease is more accel-
erated in patients with SCH than in euthyroid pa-
tients,'"”'® and there is evidence that high (>3
UIU/ml) and low (<0.5 WU/ml) thyroid-stimulating
hormone (TSH) are associated with higher mortality
rates in patients with CKD.'” There is also an asso-
ciation of mortality in patients with CKD and thyroid
functional disease due to increased cardiovascular
risk,?° particularly in patients on hemodialysis,21 23
as well as peritoneal dialysis®* and thyroid function
disease.

The American Thyroid Guidelines, the American
Association of Endocrinology,25 and European Guide-
lines and Clinical Practice Guidelines™® recommend
beginning LVX doses of 0.25 [Ilg and not going above
0.50 g in patients with high cardiovascular risk,”’*®
as patients with CKD have been considered.”

Levothyroxine is usually well tolerated in the gen-
eral population at standard doses (1.6-18.8 lg/kg). In
patients with SCH, overdose symptoms were reported
in 10% to 21% of cases, and a Cochrane meta-analysis
of thyroid hormone replacement for SCH found no
significant adverse events.”’
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However, many patients with CKD will experience
renal progression, despite antiproteinuric treat-
ment.’""** These observations led to the examination of
alternative pathways to delay CKD, with disappointing
results so far. The most commonly used anti-
proteinuric’”*  drugs are angiotensin-converting
enzyme inhibitors,”’ angiotensin receptor blockers,
aldosterone antagonists, ~' " and, although they are
less effective, s‘catinsf“’42 allopurinol,43 and vitamin D
activators.”” **

Treatment of SCH with LVX in the general population
improves the lipid profile and cardiac function,”” ”" and
patients with CKD show improvement in eGFR and
serum creatinine (sCr),'*”" but there are no clinical trials
in this field in patients with CKD.

Our hypothesis is that in patients with CKD and TSH
at levels considered to be in the SCH range, the
normalization of TSH with LVX improves the clinical
parameters of renal function.

MATERIALS AND METHODS

We conducted a pilot randomized, single-center, dou-
ble-blind, placebo-controlled, parallel group, dose-
adjusting trial of levothyroxine (LVX) 25 Ug adminis-
tered orally once daily to patients with proteinuric CKD
conducted at the Hospital Civil de Guadalajara from
March 2018 to 31 January 2019. The study objectives
were to evaluate the efficacy and safety of normalizing
TSH levels with LVX and to explore the clinical effect
of LVX compared with placebo.

The measurement of TSH and FT4 was carried out
with the UniCel DxI 800 (Beckman Coulter Inc., Indi-
anapolis, IN) access Immunoassay system by chem-
iluminescence, with the serum FT4 (assay type 2-step
competitive) reportable range of 0.25 to 6 ng/dl (3-2-
77.2 pmol/l), analytical sensitivity 0.25 ng/dl (3.2 pmol/
), and serum TSH (assay type l-step sandwich)
reportable range of 0.03 to 100 WIU/ml, which in-
corporates functionality for the lower limit of detec-
tion, analytical sensitivity 0.01 WIU/ml, and 0.03 uIU/
ml functional, and all samples were analyzed in a single
laboratory.

Patients with CKD (eGFR <60 ml/min per 1.73 m® by
the Chronic Kidney Disease Epidemiology Collaboration
[CKD-EPI] equation) were eligible if they were >18
years of age or if they had proteinuria >150 mg/24 h.
With TSH levels between 2.5 and 10.0 pUIU/ml, we
chose TSH >2.5 UIU/ml, as there is evidence that there
was an association of a decrease in eGFR'*’* with
proteinuria,'’ and TSH <10.0 [LIU/ml excludes clinical
hypothyroidism. All patients treated with angiotensin-
converting enzyme inhibitors (ACEIs) or angiotensin II
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receptor blockers (ARBs) and without renal replace-
ment therapy who attended the Renal Health Clinic
were considered for participation in this pilot clinical
trial.

We excluded patients with the following: primary
hypothyroidism or preexisting thyroid disease; previous
ischemic heart disease within a period of <6 months;
arrhythmia; pregnancy; use of drugs that interact with
the synthesis of thyroid hormones (Supplementary
Table S1); those who did not provide informed con-
sent; those with a serum TSH level <2.5 UIU/ml or >10
UIU/ml; those with a free serum T4 value between 0.6
and 1.8 ng/dl; those with positive anti-thyroid anti-
bodies; and patients weighing <50 kg or >90 kg,
because within this weight, all patients will maintain a
dosage of 0.3—0.5 lg/kg per day, so it will be easy to
prescribe the LVX dose with a narrow error window.

Approval was obtained from the participating site’s
Research and Ethics Committee (Hospital CG 034/18
March 2018). Patients provided written informed con-
sent before enrollment in accordance with local and
national laws. Conduct and reporting are consistent
with the 2010 Consolidated Standards of Reporting
Trials (CONSORT) extension for pilot trials.”” The trial
was registered in the Clinical Trials Registry
(NCT03898622).

Measures of renal function included the eGFR
calculated from serum creatinine using the Chronic
Kidney Disease Epidemiology Collaboration equa-
tion.” Proteinuria was measured by means of 24-
hour urine collection, expressed in grams per day,
at the beginning and end of the study. Serum
creatinine, serum electrolytes, hemoglobin, albumin,
cholesterol, TSH, FT4, and triglycerides were
measured at the beginning of the study and every 4
weeks for 4 months.

Using a Web-based randomization system, we
randomly assigned participants in a 1:1 ratio. Standard
care was defined pragmatically; in both the study
intervention and the standard care group, the
nephrologist determined all aspects of clinical care,
based on standard practice and individual patient
needs, independent of the study intervention.

The study consisted of 3 phases. The first phase,
with a duration of 8 to 12 weeks, consisted of enrolling
patients and collecting demographic and clinical base-
line measurements (proteinuria, lipid profile, serum
electrolytes, arterial pressure, weight, TSH level, he-
moglobin, and serum albumin). The second phase
consisted of both groups being treated according to the
allocation arm, and the third phase consisted of
comparing the variables studied and the data analysis.
The dose of LVX has previously been shown to be safe
and efficient in adult patients with CKD.'"”"
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Table 1. Dose adjustment of levothyroxine
TSH range

Dose adjustment

TSH < 0.5 plU/ml
TSH (0.5-1 plU/ml)

TSH (1.2-2.4 wlU/mi)
TSH (2.5-4.3 plU/mi)
TSH (4.4-6.1 plU/mi)
TSH (6.2-8 plU/mi)

TSH (8.1-9.9 piU/mi)

Suspend the pill
Suspend the pill if it is at minimum dose
Suspend the pill if it is af minimum dose
Dose 25 pg/d
Keep dose if 50 pg/d or increase if taking 25 pg/d
Keep dose if 50 pg/d or increase if taking 25 pg/d
Keep dose if 50 pg/d or increase if taking 25 pg/d

TSH, thyroid-stimulating hormone.
All vials (placebo or levothyroxine) presented drugs in one-quarter tablet = 25 pg the
first month. In addition, the following months were adjusted according to the TSH range.

Our primary objective was to evaluate the effect of
lowering TSH with the use of LVX or placebo to assess
absolute levels at the beginning compared to the end of
the study, when proteinuria was measured in urine
collected for 24 hours. The secondary objectives were
to evaluate the changes in sCr and eGFR and to assess
the tolerability and safety of LVX and changes in
cholesterol, triglycerides, LDL and blood pressure.

Interventions
The treating nephrologist and the patients were blin-
ded to the study intervention.

If randomized to the intervention arm, the inter-
vention consisted of treatment with oral levothyroxine
(LVX) between 0.25 and 0.50 [Ig according to a dose of
0.3 to 0.5 [lg/kg per day during fasting (in the case of
taking a drug that interacts with the absorption, use of
it was changed according to the hours specified). The
dose adjustment was every 4 weeks. Levothyroxine or
placebo was adjusted to 25 or 50 [ig according to TSH
levels (Table 1).

Participants allocated to placebo took 1 pill per day,
with the same bottle characteristics as patients in the
intervention arm, for >12 weeks.

The preparation and packaging of LVX and placebo
were carried out by a pharmacist who was not involved
in the development of the present study. All patients
were followed up every 4 weeks for usual renal health
consultation. In addition, the specific aspects of the
protocol consisted of monitoring thyroid function for
the adjustment of LVX or placebo dose according to the
previous dosage adjustment.

To ascertain compliance and adherence to treatment,
a record sheet was created with all drug supplied and
returned. During the course of the study, the investi-
gator was responsible for providing additional in-
structions to retrain any subjects who did not comply
with the administration of the study drug or with
attendance at the required clinical visits.

Adverse events were recorded during the follow-
up, which included thyroid profile control tests
every 4 weeks. Previously specified adverse effects
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therapy

Patients with CKD G2-G5
without renal replacement

Enrollment

Excluded (N= 125 patients)
e Did not meet inclusion criteria. (N=64)

Ramdomized 38 patients
(N=1:1)

[ Piacebo (N=19) |

e Declined to participate. (N=56)
e Otherreasons. (N=5)

« |

Allocation

Levothyroxine (N= 19)

|

loss of follow-up (N=5)
e loss of tracking (N=4)
e decided not to participate (N=1)

Follow-up

\L Analyzed
32 patients

I Analyzed (N=14) |

Figure 1. Flowchart during the study period.

were reported and followed up, and were rated in
intensity according to the Common Terminology
Criteria for Adverse Events (CTC) v. 3.0 (1-5), along
with the start date and end date, as well as the
treatment received.

This protocol was not sponsored or financed by any
pharmaceutical company, nor are there any conflicts of
interest on the part of the authors.

Statistical Analyses

The sample calculation was at will. The reason for this
pilot trial was to investigate areas of uncertainty
regarding future definitive randomized clinical trials on
the effects of thyroid hormone reduction with levo-
thyroxine on proteinuria in patients with advanced
chronic kidney disease based on eGFR and proteinuria.
This was a small-scale study conducted to test the plan
and method of a research study; this pilot study ad-
dresses treatment safety assessments, determination of
dose levels and response, and estimation of the effect of
treatment and its variance.

The methodology for a clinical trial of superiority
was carried out. Parametric continuous variables are
given as the mean and SD, and nonparametric contin-
uous variables are reported as medians. Comparisons
were made wusing the Student ¢ test or the
Mann—Whitney test. Categorical variables are pre-
sented as percentages and were compared using the
test or Fisher exact test. The prespecified threshold for
significance was a P value <0.05. All statistical ana-
lyses were performed using the statistical programs
SPSS version 20 (SPSS IBM Corporation, Armonk, NY)
and GraphPad 7 (GraphPad Software, San Diego, CA).
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RESULTS

From March to November 2018, a total of 163 patients
attended the Renal Health Clinic and were considered
for participation. Of the patients, 125 were excluded
because 64 did not meet the inclusion criteria, 56 pa-
tients decided not to participate, and another 5 did not
meet the other specifications. Only 38 patients pro-
vided consent to participate. Of these, 6 patients were
lost during follow-up, leaving a total of 32 patients
(77.2%) to be analyzed. Of those, 14 patients (43.75%)
were randomized to the placebo group and 18 (56.25%)
to the LVX group (Figure 1).

Baseline clinical and demographic characteristics
are shown in Table 2. Both groups had similar char-
acteristics with respect to sex, age, number of
comorbidities, CKD grade, weight, albumin, eGFR,
hemoglobin, systolic blood pressure (SBP), diastolic
blood pressure (DBP), lipid profile, and proteinuria,
except for the statistically higher TSH, sCr and LDL
levels in the LVX group. At baseline, the mean (SD)
levels of LDL cholesterol were significantly lower in
the placebo group than in the LVX group (75.5 & 19
mg/dl and 102.38 £ 31-42 ng/dl, respectively, P =
0.01). The TSH levels in the placebo group were
significantly lower than those in the LVX group (4.46
& 1.68 UIU/ml and 5.93 4 2.2 pIU/ml, respectively;
P = 0.02). The sCr levels of the placebo group were
significantly higher than those of the LVX group (3.05
SD 4 1.65 mg/dl and 2.46 SD = 1.13 mg/dl, respec-
tively, P = 0.05).

The primary objective, measured at 3 months of
randomization, is presented in Table 3 and Figure 2. A
total of 32 patients were analyzed, 14 in the placebo
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Table 2. Demographic and clinical baseline characteristics
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Baseline characteristics Placebo (n = 14) Levothyroxine (n = 18) All (N = 32) P value
Sex, n, % female 10 (71.42) 10 (65.55) 20 (62.5) NA
Age, yr, SD 63.85 + 156 69.22 + 8.7 66.87 + 12.19 0.41
Diabetes mellitus 11 (78.57) 13 (72.22) 24 (75) 1.00
Hypertensionn 12 (85.71) 16 (88.88) 28 (87.5) 1.00
Weight, kg, SD 67.90 + 13.83 67.01 £ 11.32 67.55 £ 12.13 0.88
Obesity (BMI >30 kg/m?) 1(7.14) 3 (6.6) 4 (12.5) 0.61
CKD G3a (45-59 mi/min per 1.73 m?) 0 3 (16.6) 3 (9.37) 0.23
CKD G3b (30-44 mi/min per 1.73 m?), 2 (14.28) 4 (22.22) 6 (18.75) 0.67
CKD G4 (15-29 ml/min per 1.73 m?) 5 (356.71) 7 (38.88) 12 (37.5) 1.00
CKD G5 (<15 ml/min per /1.73 m?) 7 (60) 4 (22.22) 11 (34.37) 0.14
eGFR (ml/min per 1.73 m?) 18.14 + 9.96 27.72 + 13.38 23.65 + 12.91 0.078
TSH, plu/ml 4.46 + 1.68 6.08 + 2.18 537 +£2.13 0.02
TAL, ng/dl 0.93 £ 0.12 0.99 £ 0.14 0.96 + 0.13 0.65
Proteinuria grams/d urine collection 1.28 £ 1.28 1.71 £1.20 152 £ 1.12 0.14
sCr, mg/dl 3.65 + 1.65 246 +£1.13 2.98 £+ 1.61 0.05
Albumin, mg/dl 3.99 + 0.41 3.8 £ 0.41 3.88 + 0.42 0.24
Triglycerides, mg/dl 194 +£75.3 144.66 + 91.76 172.6 + 87.71 0.09
Cholesterol, mg/dI 170.567 + 45.96 165.5 + 59.67 167.71 £+ 54.16 0.67
LDL, mg/dl 755 + 19 102.38 + 31.42 90.62 + 29.86 0.01
Hemoglobin, g/dI 11.37 £ 1.21 11.95 + 1.61 11.72 £ 1.48 0.17
SBP, mm Hg 148.14 £ 27.7 160 + 19.4 1564.81 + 24.14 0.17
DBP, mm Hg 79 £ 11.72 81.83 £ 8.2 80.59 + 10 0.60
ACEI or ARB 14 (100) 18 (100) 32 (100) 1.00
Allopurinol 14 (100) 18 (100) 32 (100) 1.00
Statin 14 (100) 18 (100) 32 (100) 1.00

ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensinogen receptor blockers; BMI, body mass index; DBP, diastolic blood pressure; CKD, chronic kidney disease; eGFR,
estimated glomerular filtration rate; G, grade; kg, kilograms; LDL, low-density cholesterol; NA, not available; SBP, systolic blood pressure; sCr, serum creatinine.
Data are n (%) or SD, unless otherwise noted.

group and 18 in the LVX group, whereas 6 were lost
during follow-up. The mean (SD) proteinuria at 3
months in the LVX group was 0.89 4= 1.28 g/d, and in
the placebo group 1.35 & 0.85 g/d. When compared to
placebo, LVX showed a significant decrease in pro-
teinuria of 1.1 g/d (P = 0.0011).

The comparative secondary objectives are presented
in Table 3 and Figure 3. For the eGFR, the LVX group
showed an improvement of 4.04 ml/min per 1.73 m’
(P = 0.049); in the placebo group, there was a decrease
of 1.96 ml/min per 1.73 m”. The placebo group showed
a decrease in TSH of 0.4 UIU/ml, and the LVX group

Table 3. Clinical and laboratory variable changes at the end of the study period (12 weeks), according to the placebo or levothyroxine group

Primary objective Placebo Levothyroxine P value
Profeinuria, g/d +0.2 (-0.410 2.1) -1.1 (-4.1100.9) 0.0011
(1.35 + 0.85) (0.89 + 1.28)

Secondary objectives

Changes in eGFR, ml/min per 1.73 m? —1.96 (-5 1o 3) 4.04 (9.8 o —2) 0.049
(16.18 + 8.37) (31.76 £ 11.9)
sCr, mg/di 0.05 (—0.510 1.49) -0.2 (-0.7 10 0.5) 0.32
(3.71 + 1.6b) (2.36 + 1.27)
Cholesterol, mg/dl —28.46 (107 to 26) —18 (57 t0 37) 0.18
(142.11 + 44.05) (147.5 + 30.8)

Triglycerides, mg/dI —21(—94 10 108) —14.6 (—286 to 66) 0.71
(173.2 £ 51.46) (130 + 41.79)
SBP, mm Hg —2.5 (—57 1o 3b) —5.5 (—75 to 57) 0.33
(145.64 + 18.58) (154.5 + 26.38)
DBP, mm Hg —6.43 (—17 o0 14) —9.06 (—20 fo 10) 0.33
(72.57 £ 9.78) (72.77 £11.61)
TSH, piu/mi —0.4 (-3.09 fo 1.87) -3.2 (-6.8101.6) 0.0032
@897 +1.77) @B2+15)
TAL, ng/di —0.1 (-0.18 10 0.12) 0.05 (—0.38 f0 0.4) 0.77
0.92 +0.24 1.04 +£ 0.21
Weight, kg 1.63 (—3.5 t0 5.5) —1.05 (-3.5102.1) 0.20

(68.96 + 14.65)

(65.86 + 11.65)

DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; SBP, systolic blood pressure; sCr, serum creatinine; TSH, thyroid-stimulating hormone.
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p=0.77 p=0.0011

18 171
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Proteinuria g/Day
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0.2
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Baseline 12 weeks

D Levothyroxine

D Placebo

Figure 2. Proteinuria (in grams per day) at the end of the study
period (12 weeks) in the placebo and levothyroxine groups.

showed a decrease in TSH of 3.2 IU/ml (P = 0.0032).
When comparing the weight reduction, the LVX arm
showed a reduction in weight of —1.05 & 3.72 kg,
whereas the placebo group showed an increase in
weight of 1.63 SD 4 5.59 kg (P = 0.20). For sCr,
cholesterol, triglycerides, LDL, SBP, and DBP, there
were no differences between the groups at 3 months
(Figure 3). Adverse effects are shown in Table 4. Uri-
nary tract infection presented in 1 patient in the pla-
cebo group (7.14%) and nervousness in 2 patients in
the LVX group (11.11%) (relative risk 1.55 95% con-
fidence interval 0.15-15.47, P = 1.0). No patients left
the study because of adverse effects. Adverse events
were not severe according to the severity scale.

DISCUSSION

This pilot randomized, single-center, double-blind
study in patients with advanced proteinuric CKD
demonstrated that administering LVX to obtain a
normal TSH range decreased proteinuria and improved
eGFR, with few adverse events.

The management of proteinuria in CKD is mainly
due to the effects of blocking the
angiotensin—aldosterone system (RAAS), such as with
ACEIs and ARBs,”””° and other drugs to a lesser
magnitude, such as allopurinol,”” aldosterone antago-
nists,”” *° statins,”"** and calcitriol* *’; however,
despite these treatments, there is still residual protein-
uria that contributes to the deterioration of renal func-
tion and cardiovascular risk.” Proteinuria in
hypothyroid human beings and rats has been related to

renin—
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RAAS activity,9 blood pressure, and oxidative stress,
although it may be a reflection of glomerular hyper-
tension and decreased glomerular filtration rate,’
changes in the management of tubular proteins, or
changes in the structure of the glomerular barrier, spe-
cifically at the podocyte and megalin.*” In our study,
the significant decrease in proteinuria of 1.1 g/d in the
LVX group could be explained by the normalization of
the TSH range. In addition, the antiproteinuric benefit
observed with LVX could be explained by the alteration
of glomerular pressure due to the negative inotropic
effect on the heart, reduction in the circulating intra-
vascular volume, and increase in peripheral resistance,
with renal vasoconstriction adding a counterregulatory
effect of RAAS, as well as changes at the level of the
glomerular, tubular, and podocyte basal membrane.” "’
Higher baseline ranges were observed for TSH, LDL,
and sCr in the LVX group, which could explain why the
higher the TSH, the greater the effect on protein-
uria.'*”"”" 1t is very important to consider the admin-
istration of LVX in patients with CKD and alterations in
TSH for a greater benefit in decreasing proteinuria, thus
adding the correlation that thyroid hormone in endo-
thelial damage and in cardiovascular risk could also
decrease mortality and decrease eGFR.'"'”7>?

In our study, eGFR increased in the LVX group by 4
ml/min per 1.73 mz, compared to that in the
placebo group, in which eGFR decreased by 2 ml/min
per 1.73 m’. Van Welsem et al.” reported that the
normalization of hypothyroidism after treatment with
LVX led to a significant improvement in renal function
in a patient with CKD.” In addition, Shin et al.
demonstrated that reaching a TSH goal of 1 to 4.5 UIU/
ml with LVX at a dose of 25 to 50 lg/d improved the
eGFR +4.31 + 0.5 ml/min per 1.73 m*>.”' Chang et al.
used a TSH goal of 1.16-2.86 IU/ml with a dose of LVX
25 lg/d and obtained an improvement in eGFR +5.77
ml/min per 1.73 m* (P = 0.015).""

Although previous studies have shown that LVX
improves cardiac function, renal function, and dysli-
pidemia and delays progression of CKD that is already
established in patients with SCH, there is still a lack of
consensus in the current guidelines on whether to treat
SCH in patients with CKD. In particular, little is known
about the effect of thyroid hormone replacement on
changes in eGFR.”" ** Some studies exist comparing
CKD and thyroid disorders in which normal TSH
ranges were maintained and an improvement in the
progression of CKD, decreased proteinuria, ">’
improved lipid profile,”” and lower cardiovascular
risk were observed.”’ Rhee et al. found, in more than
220,000 patients, that at TSH levels >3 WIU/ml and
TSH <0.5 UIU/ml, there is a higher mortality rate in
patients with CKD G3."”
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Table 4. Adverse events during the study period
Group n (%)

1(7.14) Urinary tract infection”
2(11.11) Anxiety”

Outcome

LVX group
Placebo group

Cl, confidence interval; LVX, levothyroxine; RR, relative risk.
2Urinary tract infection: duration of 5 days, without complications.
PAnxiety: duration of 3 days, without complications.

RR = 1.55, 95% CI 0.15-15.47, P = 1.0.

There are already studies in which the elevation of
TSH is associated with the progression of CKD.'""” In
patients already undergoing renal replacement therapy,
such as hemodialysis with elevated TSH, it was asso-
ciated with mortality,”’ ~*’ similar to peritoneal
dialysis.”*

We sought to reinforce these benefits of maintaining a
range of TSH (<4.5 WU/ml, considering previous
studies in which mortality was associated with TSH
>2.5 WIU/ml)."”*” In addition, some authors have re-
ported a greater progression to terminal CKD and mor-
tality in patients with SCH versus euthyroid
hypothyroidism.'”* The American®> and European
guidelines’’ do not mention the potential benefit of the
use of LVX and its impact in patients with CKD and SCH.

Another possibility of improving proteinuria and
eGFR is that by decreasing TSH, an increase in catab-
olism and weight reduction was achieved, eliminating
hyperfiltration and proteinuria. It should be mentioned
that at the beginning of the study, only 4 patients had a
BMI >30 kg/m?, 1 patient from the placebo group and
3 patients from the LVX group (P = 0.61), and the
differences in weight loss (in kilograms) at the end of
the study were higher in the LVX group than in the
placebo group, with an average of —1.05 SD £ 3.72 kg
and 1.63 SD + 5.59 kg, respectively, but the differ-
ences were not significant (P = 0.20). Among the other
variables relevant to this study, there were no signifi-
cant changes in BP or HR.

Regarding tolerance, the use of LVX was safe, there
were no severe adverse events, and no patient had to
discontinue the study drug. However, more patients in
the LVX dose adjustment were required (relative risk =
1.55, 95% confidence interval = 0.15—15.47, P = 1.0).
In previous studies, no serious adverse effects have
been reported when giving LVX to patients with CKD,
considering that they are patients with cardiovascular
risk.””° This information can be interpreted as
showing that LVX is a useful treatment in hypothy-
roidism and that the risk is minimal.***’

Several limitations need to be acknowledged. This
paper presents the results of a small, single-center,
randomized controlled pilot clinical trial. As such, es-
timates of treatment effects may be overoptimistic and/
or unique to the population studied. The main analyses
did not impute missing data, which, in both the
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placebo and LVX groups, were assumed to be missing
at random. Other limitations of our study include the
racial homogeneity of the study population and the
short treatment duration (12 weeks). The sustainability
of these effects over a longer time period needs to be
confirmed in longer-term studies. However, the results
demonstrate that the study intervention is feasible and
has promising effects on multiple measures of renal
function. Another limitation is that TSH levels were
different at the time of randomization, although we
believe that this had no impact on the final result, as
both groups were in ranges of abnormality. Further-
more, there is no objective evidence to suggest that the
study population is unique. However, as with all pilot
projects, our findings remain exploratory and hy-
pothesis generating.

In conclusion, this single-center, randomized, double-
blind, placebo-controlled pilot clinical study in patients
with advanced proteinuric CKD who already used ACEIs
or ARBs demonstrated that administering LVX to obtain
a TSH range close to 2.5 MU/ml decreased proteinuria
and improved eGFR. These findings could encourage the
performance of a clinical trial with sufficient statistical
power to demonstrate the benefit of normalizing TSH
with LVX in patients with CKD.

DISCLOSURE

All the authors declared no competing interests.

ACKNOWLEDGMENTS

Clinical trial registration number: NCT03898622.

SUPPLEMENTARY MATERIAL

Supplementary File (Word)
Table S1. Drugs that interact with levothyroxine.

REFERENCES

1. Hill NR, Fatima ST, Oke JL, et al. Global prevalence of chronic
kidney disease: a systematic review and meta-analysis. PLoS
One. 2016;11:e0158765.

2. Sarafidis P, Charles J, Morales E, et al. SGLT-2 inhibitors and
GLP-1 receptor agonists for nephroprotection and car-
dioprotection in patients with diabetes mellitus and chronic
kidney disease. A consensus statement by the EURECA-m
and the DIABESITY working groups of the ERA-EDTA.
Nephrol Dial Transplant. 2019;34:208-230.

3. Garcia-Garcia G, Gutiérrez-Padilla AJ, Chavez-lhiguez J, et al.
Identifying undetected cases of chronic kidney disease in
Mexico. Targeting high risk populations. Arch Med Res.
2013;44:623-627.

4. Garcia-Garcia G, Chavez-lhiguez JS. The tragedy of having
ESRD in Mexico. Kidney Int Rep. 2018;3:1027-1029.

5. Rhee CM. The interaction between thyroid and kidney dis-
ease: an overview of the evidence. Curr Opin Endocrinol
Diabetes Obes. 2016;23:407-415.

117



https://doi.org/10.1016/j.ekir.2020.10.016
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref1
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref1
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref1
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref2
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref2
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref2
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref2
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref2
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref2
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref3
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref3
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref3
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref3
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref4
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref4
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref5
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref5
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref5

CLINICAL RESEARCH

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

118

Rhee CM, Kalantar-Zadeh K, Streja E, et al. The relationship
between thyroid function and estimated glomerular filtration
rate in patients with chronic kidney disease. Nephrol Dial
Transplant. 2015;30:282-287.

van Hoek |, Daminet S. Interactions between thyroid and
kidney function in pathological conditions of these organ
systems: a review. Gen Compar Endocrinol. 2009;160:205-
215.

Mariani LH, Berns JS. The renal manifestations of thyroid
disease. J Am Soc Nephrol. 2012;23:22-26.

Iglesias P, Diez JJ. Thyroid dysfunction and kidney disease.
Eur J Endocrinol. 2009;160:503-515.

Zhang Y, Chang Y, Ryu S, et al. Thyroid hormone levels and
incident chronic kidney disease in euthyroid individuals: the
Kangbuk Samsung Health Study. Int J Epidemiol. 2014;43:
1624-1632.

Chonchol M, Lippi G, Salvagno G, et al. Prevalence of sub-
clinical hypothyroidism in patients with chronic kidney dis-
ease. Clin J Am Soc Nephrol. 2008;3:1296-1300.

Mohamedali M, Maddika SR, Vyas A, et al. Thyroid disorders
and chronic kidney disease. Int J Nephrol. 2014;2014:520281.

den Hollander JG, Wulkan RW, Mantel MJ, Berghout A.
Correlation between severity of thyroid dysfunction and renal
function. Clin Endocrinol. 2005;62:423-427.

Chang Y-C, Chang CH, Yeh Y-C, et al. Subclinical and overt
hypothyroidism is associated with reduced glomerular
filtration rate and proteinuria: a large cross-sectional popu-
lation study. Sci Rep. 2018;8:2031.

Du X, Pan B, Li W, et al. Albuminuria is an independent risk
factor of T4 elevation in chronic kidney disease. Sci. Rep.
2017;7:41302.

Gilles R, Heijer M, Ross AH, et al. Thyroid function in patients
with proteinuria. Netherlands J Med. 2008;66:483-485.

Merino JL, Espejo B, Ferreiro P. Deterioro de la funcion renal
asociado con hipotiroidismo. Nefrologia. 2010;30:378-380.

Zhou J-B, Li HB, Zhu XR, et al. Subclinical hypothyroidism
and the risk of chronic kidney disease in T2D subjects: a case-
control and dose-response analysis. Medicine. 2017;96:15.

Rhee CM, Kalantar-Zadeh K, Ravel V, et al. Thyroid and death
risk in US veterans with chronic kidney disease. Mayo Clin
Proc. 2018;93:573-585.

Rhee CM, Brent GA, Kovesdy CP, et al. Thyroid functional
disease: an under-recognized cardiovascular risk factor in
kidney disease patients. Nephrol Dial Transplant. 2015;30:
724-737.

Drechsler C, Schneider A, Gutjahr-Lengsfeld L, et al. Thyroid
function, cardiovascular events, and mortality in diabetic
hemodialysis patients. Am J Kidney Dis. 2014;63:988-996.

Rhee CM, Kim S, Gillen DL, et al. Association of thyroid
functional disease with mortality in a national cohort of inci-
dent hemodialysis patients. J Clin Endocrinol Metab.
2015;100:1386-1395.

Rhee CM, You AS, Nguyen DV, et al. Thyroid status and
mortality in a prospective hemodialysis cohort. J Clin Endo-
crinol Metab. 2017;102:1568-1577.

Rhee CM, Ravel VA, Streja E, et al. Thyroid functional disease
and mortality in a national peritoneal dialysis cohort. J Clin
Endocrinol Metab. 2016;101:4054-4061.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

G Navarro Blackaller et al.: TSH and CKD

Garber JR, Cobin RH, Gharib H, et al. Clinical practice guide-
lines for hypothyroidism in adults: cosponsored by the Amer-
ican Association of Clinical Endocrinologists and the American
Thyroid Association. Endocr Pract. 2012;18:988-1028.

Biondi B, Bartalena L, Cooper DS, et al. The 2015 European
Thyroid Association guidelines on diagnosis and treatment of
endogenous subclinical hyperthyroidism. Eur Thyroid J.
2015;4:149-163.

Loon E. The debate on treating subclinical hypothyroidism.
Singapore Med J. 2016;57:539-545.

Peeter RP. Subclinical hypothyroidism. N Engl J Med.

2017;376:26.

Javed Z, Sathyapalan T. Levothyroxine treatment of mild
subclinical hypothyroidism: a review of potential risks and
benefits. Ther Adv Endocrinol Metab. 2016;7:12-23.

Villar HCCE, Saconato H, Valente O, Atallah AN. Thyroid
hormone replacement for subclinical hypothyroidism (Re-
view). Cochrane Library. 2007;3:CD003419.

Sarafidis PA, Ruilope LM. Cardiorenal disease development
under chronic renin-angiotensin-aldosterone system sup-
pression. J Renin Angiotensin Aldosterone Syst. 2012;13:
217-219.

Abbate M, Zoja C, Remuzzi G. How does proteinuria cause
progressive renal damage? J Am Soc Nephrol. 2006;17:2974-
2984.

Palmer BF. Proteinuria as a therapeutic target in patients with
chronic kidney disease. Am J Nephrol. 2007;27:287-293.

KDIGO. Clinical practice guideline for the evaluation and
management of chronic kidney disease. Kidney Int Suppl.
2013;3:51-S150.

de Zeeuw D, Remuzzi G, Parving H-H, et al. Proteinuria, a
target for renoprotection in patients with type 2 diabetic ne-
phropathy: lessons from RENAAL. Kidney Int. 2004,65:2309-
2320.

Fernandez Juarez G, Lufno J, Barrio V, et al. Effect of dual
blockade of the renin-angiotensin system on the progression
of type 2 diabetic nephropathy: a randomized trial. Am J
Kidney Dis. 2013;61:211-218.

Bianchi S, Bigazzi R, Campese VM. Efectos a largo plazo de la
espironolactona sobre la proteinuria y la funcion renal en
pacientes con enfermedad renal cronica. Kidney Int. (Edicion
espanol). 2007;2:145-153.

Rachmani R, Slavachevsky |, Amit M, et al. The effects of
spironolactone, cilazapril and their combination on albumin-
uria in patients with hypertension and diabetic nephropathy
is independent of blood pressure reduction: a randomized
controlled study. Diabetes Med. 2004;21:471-475.

Sato A, Hayashi K, Saruta T. Effectiveness of aldosterone
blockade in patients with diabetic nephropathy. Hyperten-
sion. 2003;41:64-68.

Bianchi S, Bigazzi R, Campese VM. Antagonists of aldoste-
rone and proteinuria in patients with CKD: an uncontrolled
pilot study. Am J Kidney Dis. 2005;46:45-51.

Goicoechea M, Garcia de Vinuesa S, Lahera V, et al. Papel de
las estatinas en la enfermedad renal crénica. Clin Invest
Arterioscl. 2010;22:17-24.

Su X, Zhang L, Lv J, et al. Effect of statins on kidney disease
outcomes: a systematic review and meta-analysis. Am J
Kidney Dis. 2016;67:881-892.

Kidney International Reports (2021) 6, 110-119


http://refhub.elsevier.com/S2468-0249(20)31686-7/sref6
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref6
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref6
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref6
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref7
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref7
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref7
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref7
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref8
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref8
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref9
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref9
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref10
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref10
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref10
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref10
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref11
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref11
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref11
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref12
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref12
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref13
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref13
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref13
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref14
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref14
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref14
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref14
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref16
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref16
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref16
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref17
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref17
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref18
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref18
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref19
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref19
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref19
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref20
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref20
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref20
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref21
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref21
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref21
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref21
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref22
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref22
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref22
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref23
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref23
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref23
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref23
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref24
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref24
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref24
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref25
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref25
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref25
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref27
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref27
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref27
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref27
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref28
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref28
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref28
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref28
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref26
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref26
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref29
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref29
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref30
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref30
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref30
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref31
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref31
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref31
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref32
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref32
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref32
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref32
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref33
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref33
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref33
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref34
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref34
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref35
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref35
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref35
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref36
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref36
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref36
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref36
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref37
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref37
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref37
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref37
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref38
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref38
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref38
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref38
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref39
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref39
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref39
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref39
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref39
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref40
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref40
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref40
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref41
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref41
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref41
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref42
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref42
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref42
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref43
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref43
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref43

G Navarro Blackaller et al.: TSH and CKD

43.

44,

45,

46.

47.

48.

49.

Fishbane S, Chittineni H. Oral paricalcitol in the treatment of
patients with CKD and proteinuria: a randomized trial. Am J
Kidney Dis. 2009;54:647-652.

Pérez-Gomez MV, Ortiz-Arduan A, Lorenzo-Sellares V. Vita-
mina D y proteinuria: revisién critica de las bases moleculares
y de la experiencia clinica. Nefrologia. 2013;33:716-726.

Alborzi P, Patel NA, Peterson C, et al. Paricalcitol reduces
albuminuria and inflammation in chronic kidney disease: a
randomized double-blind pilot trial. Hypertension. 2008;52:
249-255.

Zeeuw D, Agarwal R, Amdahl M, et al. Selective vitamin D
receptor activation with paricalcitol for reduction of albu-
minuria in patients with type 2 diabetes (VITAL study): a
randomised controlled trial. Lancet. 2010;376:1543-1551.

Sanchez-Nino, Bozic M, Cérdoba-Lanus E, et al. Beyond
proteinuria: VDR activation reduces renal inflammation in
experimental diabetic nephropathy. Am J Physiol Renal
Physiol. 2012;302:F647-F657.

Zhang Z, Sun L, Wang Y, et al. Renoprotective role of the
vitamin D receptor in diabetic nephropathy. Kidney Int.
2008;73:163-171.

Barovero M, Mereshian P, Geres A, et al. Study on renal
function in patients with subclinical hypothyroidism.

Kidney International Reports (2021) 6, 110-119

50.

51.

52.

53.

54,

55.

CLINICAL RESEARCH

Response to treatment with levothyroxine. Rev Argent
Endocrinol Metab. 2012;49:115-118.

Huang X, Ding L, Peng K, et al. Thyroid hormones associate
with risk of incident chronic kidney disease and rapid decline
in renal function: a prospective investigation. Trans/ Med.
2016;14:336.

Shin DH, Lee MJ, Lee HS, et al. Thyroid hormone replace-
ment therapy attenuates the decline of renal function in
chronic kidney disease patients with subclinical hypothy-
roidism. Thyroid. 2013;23:654-661.

Kim SH, Min HK, Lee SW. Relationship between thyroid and
kidney function: analysis from the Korea National Health and
Nutrition Examination Survey between 2013 and 2015. Kid-
ney Blood Press Res. 2020;45:442-454.

Eldridge SM, Chan CL, Campbell MJ, et al. CONSORT 2010
statement: extension to randomised pilot and feasibility tri-
als. BMJ. 2016;355:i5239.

Levey AS, Stevens LA, Schmid CH, et al. A new equation to
estimate glomerular filtration rate. Ann Intern Med. 2009;150:
604-612.

Goicoechea M, Garcia de Vinuesa S, Arroyo D, Luno J.

Hiperuricemia, gota y enfermedad renal. Nefrologia.
2012;32(Suppl 3):1-196.

119



http://refhub.elsevier.com/S2468-0249(20)31686-7/sref47
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref47
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref47
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref45
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref45
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref45
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref46
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref46
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref46
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref46
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref48
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref48
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref48
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref48
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref49
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref49
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref49
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref49
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref50
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref50
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref50
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref51
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref51
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref51
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref51
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref52
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref52
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref52
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref52
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref53
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref53
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref53
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref53
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref54
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref54
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref54
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref54
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref55
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref55
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref55
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref56
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref56
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref56
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref44
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref44
http://refhub.elsevier.com/S2468-0249(20)31686-7/sref44

	A Pilot Trial on the Effect of Levothyroxine on Proteinuria in Patients With Advanced CKD
	Materials and Methods
	Interventions
	Statistical Analyses

	Results
	Discussion
	Disclosure
	Acknowledgments
	Supplementary Material
	References


