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Article

Hypothyroidism and Mortality among Dialysis Patients
Connie M. Rhee,** Erik K. Alexander,™ Ishir Bhan,*® and Steven M. Brunelli**!

Summary
Background and objectives Hypothyroidism is highly prevalent among ESRD patients, but its clinical signifi-
cance and the benefits of thyroid hormone replacement in this context remain unclear.

Design, setting, participants, & measurements This study examined the association between hypothyroidism and
all-cause mortality among 2715 adult dialysis patients with baseline thyrotropin levels measured between April
of 2005 and April of 2011. Mortality was ascertained from Social Security Death Master Index and local
registration systems. The association between hypothyroidism (thyrotropin greater than assay upper limit
normal) and mortality was estimated using Cox proportional hazards models. To reduce the risk of observing
reverse-causal associations, models included a 30-day lag between thyrotropin measurement and at-risk time.

Results Among 350 (12.9%) hypothyroid and 2365 (87.1%) euthyroid (assay within referent range) patients, 917
deaths were observed during 5352 patient-years of at-risk time. Hypothyroidism was associated with higher
mortality. Compared with thyrotropin in the low-normal range (0.4-2.9 mIU/L), subclinical hypothyroidism
(thyrotropin >upper limit normal and =10.0 mIU/L) was associated with higher mortality; high-normal thy-
rotropin (=3.0 mIU/L and =upper limit normal) and overt hypothyroidism (thyrotropin >10.0 mIU/L) were
associated with numerically greater risk, but estimates were not statistically significant. Compared with spon-
taneously euthyroid controls, patients who were euthyroid while on exogenous thyroid replacement were not at
higher mortality risk, whereas patients who were hypothyroid were at higher mortality risk. Sensitivity analyses
indicated that effects on cardiovascular risk factors may mediate the observed association between hypothy-

roidism and death.

Conclusions These data suggest that hypothyroidism is associated with higher mortality in dialysis patients,
which may be ameliorated by thyroid hormone replacement therapy.
Clin ] Am Soc Nephrol 8: 593-601, 2013. doi: 10.2215/CJN.06920712

Introduction
Patients with CKD and ESRD are more likely to
manifest hypothyroidism than patients with pre-
served kidney function (1-5). Third National Health
and Nutrition Examination Survey data indicate that
the prevalence of hypothyroidism is 5.4%, 10.9%,
20.4%, 23.0%, and 23.1% among participants with es-
timated GFRs of =90, 60-89, 45-59, 30-44, and <30
ml/min per 1.73 m?, respectively (4). In nondialysis
populations, variable associations between hypothy-
roidism and mortality have been reported. In general,
hypothyroidism seems to be associated with higher
mortality in populations with high underlying car-
diovascular risk (6-8) (presumably because of effects
on cardiac contractility, electrical conduction, and fac-
tors influencing atherosclerotic progression) (9,10)
but not populations with nonelevated risk (11,12).
Given the exceptionally high cardiovascular risk
inherent to ESRD, it might be inferred that the ill
effects of hypothyroidism would be particularly po-
tent among dialysis patients. Nonetheless, supportive
data are limited. Several studies among dialysis
patients have shown that low triiodothyronine (T3)
levels are associated with endothelial dysfunction
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(13,14), atherosclerosis (13), ventricular dysfunction
(15), and higher cardiovascular (16,17) and all-cause
mortality (16-19). However, interpretation of these
findings is made difficult because of potential con-
founding: T3 levels are altered by nonthyroidal illness,
malnutrition, inflammation, and uremia that, in and of
themselves, influence mortality (2,3,20). By virtue of
greater sensitivity and specificity, thyrotropin (TSH)
levels are the clinical gold standard for assessing hypo-
thyroidism (21,22). To date, no studies have examined
the association between hypothyroidism—defined by
TSH levels—and mortality among dialysis patients.

To better inform the field, we conducted a retro-
spective study of a cohort of dialysis patients, who
had TSH measurements made at baseline, to assess
whether hypothyroidism (defined by elevated TSH)
was associated with mortality. We also examined
whether thyroid hormone replacement therapy was
associated with improved prognosis.

Materials and Methods

Study Cohort
We conducted a retrospective cohort study using
data from the Partners Healthcare Research Patient
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Data Repository (RPDR), a clinical data registry aggregat-
ing >1.5 billion ambulatory and inpatient medical records
from >4.5 million patients within the Partners Healthcare
System, the two largest constituent organizations of which
are Brigham and Women’s Hospital and Massachusetts
General Hospital. The RPDR contains longitudinal data,
including sociodemographics, diagnostic and procedure
codes, laboratory data, medications, inpatient/ambulatory
encounters, and vital status. Vital status information is
updated from Partners Healthcare registration systems
and through monthly linkage to the Social Security Death
Master Index. This database has been used in numerous
epidemiologic studies (23,24). The study protocol was ap-
proved by the Partners Healthcare Institutional Review
Board.

The source cohort consisted of adult inpatients and
outpatients from Brigham and Women’s Hospital and
Massachusetts General Hospital who had =1 TSH mea-
surement after having had an established ESRD diagnosis
(International Classification of Diseases, Ninth Revision
code 585.6; both occurring between April 14, 2005 and
April 1, 2011). To limit consideration to dialysis patients,
we excluded patients who had undergone renal transplan-
tation (International Classification of Diseases, Ninth Revi-
sion codes 55.6 and 55.69; Current Procedural Terminology
codes 50327, 50328, 50329, 50360, 50365, and S2065; data
dating back to 1988), unless there was evidence of an in-
terim return to dialysis. Finally, because the comparison of
interest was between hypothyroidism and euthyroidism,
we excluded patients who had TSH levels below the refer-
ence range (i.e., hyperthyroidism).

Exposure Ascertainment

In the primary analysis, we examined the association
between thyroid functional status and survival. Exposure
status was defined by TSH level: patients with TSH greater
than assay referent range (upper limits of normal [ULNs]
were 5.0 and 5.7 mIU/L for assays used) were considered
to be hypothyroid; patients with TSH within assay referent
range were ascribed as euthyroid. To provide greater
granularity, we conducted secondary analyses in which
TSH level was defined as low-normal (0.4-2.9 mIU/L),
high-normal (=3 mIU/L and =ULN), subclinical hypothy-
roidism (greater than ULN and =10.0 mIU/L), and overt
hypothyroidism (>10.0 mIU/L). In addition, we consid-
ered TSH in the low-normal, high-normal, and subclinical
hypothyroid ranges as a continuous predictor of mortality,
described as a restricted cubic spline with knots corre-
sponding to the 20th (1.1 mIU/L), 40th (1.7 mIU/L),
60th (2.4 mIU/L), and 80th (3.9 mIU/L) percentiles of ob-
served values as well as an anchoring knot at 10.0 mIU/L.
In the spline analyses, estimates for TSH>10 mIU/L be-
came unstable owing to a paucity of observations and
therefore, were not included.

To examine the influence of thyroid hormone replacement
therapy on the association between hypothyroidism and
mortality, we parsed euthyroid patients into patients who
were and were not using exogenous thyroid hormone and
compared mortality risk among the following categories:
euthyroid without medication (i.e., spontaneously euthy-
roid), euthyroid on medication (i.e., hypothyroid treated to
target), and hypothyroid with or without medication.

In instances where TSH was measured on more than one
date, we considered the first value after a qualifying ESRD
diagnosis. In instances where duplicate TSH measurements
were made on the same date, we considered the mean of
values; in all such instances, contemporaneous TSH levels
were concordant (e.g., both high or both normal).

Outcome Ascertainment

The primary outcome of interest was all-cause death.
Severe systemic illness affects TSH levels in the absence of
true thyroid pathology (i.e., euthyroid sick syndrome) (25);
it also renders patients at a greater likelihood of dying. To
minimize the likelihood of observing reverse-causal asso-
ciations on this basis, analyses imposed a 30-day lag pe-
riod between TSH measurement and start of at-risk time
(thereby excluding patients who died immediately after
TSH measurement, in whom likelihood of observing a
reverse-causal association is high). For completeness, we
also conducted corresponding nonlagged analyses in
which at-risk time began the day after TSH measurement.
Patients remained at risk until death, censoring for renal
transplantation, or end of study (June 1, 2011).

Statistical Analyses

Baseline characteristics between exposure groups were
compared using chi-squared, Wilcoxon rank sum, and two-
sample t tests as dictated by data type. Analogous meth-
ods were used to estimate exposure-mortality associations
in all analyses. Unadjusted exposure-mortality associations
were estimated using Kaplan-Meier plots, log-rank testing,
and unadjusted Cox proportional hazards models. Adjusted
associations were estimated using multivariable Cox models
containing covariate terms for confounders. Candidate cova-
riates were selected as those covariates that were plausibly
associated with thyroid dysfunction and mortality based
on published evidence but not thought to be on causal path-
ways linking hypothyroidism to death. These covariates
included age, sex, race (white versus nonwhite), diabetes,
and hospitalization for noncardiovascular indication in the
preceding year. Effect modification of exposure-outcome as-
sociations on the basis of sex, race, and diabetes was ex-
plored through the addition of two-way interaction terms
with exposure (separately) using likelihood ratio testing.
The proportional hazards assumption was confirmed graph-
ically and through Schoenfeld residual testing.

To explore whether cardiovascular pathways may me-
diate the association between hypothyroidism and mor-
tality, we conducted sensitivity analyses in which we
added covariate terms for potential pathway intermediates
to multivariable models and observed for effect estimate
attenuation. These terms included hypertension, hyperlip-
idemia, cerebrovascular disease (CVD), coronary artery
disease (CAD), congestive heart failure (CHF), and hospi-
talization for cardiovascular indication in the preceding
year. Analyses were performed using STATA MP 10.1
(StataCorp, College Station, TX).

Results
Cohort Description

The study cohort qualifying for the primary (lagged)
analysis consisted of 2715 patients: 350 (12.9%)
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hypothyroid and 2365 (87.1%) euthyroid controls. Within
the cohort, 45 (1.7%) and 2670 (98.3%) patients were on
peritoneal dialysis and hemodialysis, respectively; 149
(5.5%) patients were previous transplant recipients who
returned to dialysis. Comparison of baseline characteristics
between hypothyroid patients and controls is presented in
Table 1. Hypothyroid patients and controls were similar in
terms of age, sex, and prevalence of diabetes, hyperlipid-
emia, CVD, and likelihood of noncardiovascular hospital-
ization in the preceding year. Hypothyroid patients were
less likely to be hypertensive, and they were more likely to
be white, have CAD and CHF, and have had a cardiovas-
cular hospitalization in the preceding year.

To assess the validity of our TSH-based definition of
thyroid functional status with respect to the possibility of
secondary/tertiary thyroid disease (i.e., pituitary/hypotha-
lamic origin), we examined concurrent total thyroxine and
free thyroxine (FT4) levels among patients in whom the lev-
els were available. Of 136 patients classified as hypothyroid
on the basis of TSH, none had high total thyroxine or FT4,
providing reassurance that secondary hyperthyroidism was
not misclassified as primary hypothyroidism.

Hypothyroidism and Mortality
In the primary analysis, patients contributed a total of
5352 patient-years of at-risk time, during which 917 deaths
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were observed; median time at risk was 1.7 years. On un-
adjusted analysis, hypothyroidism was associated with
a higher mortality risk: hazard ratio (HR)=1.34 (95%
confidence interval=1.12-1.60; P=0.001). On case mix ad-
justment, the association was modestly attenuated but
remained statistically significant (Figure 1A). When a
30-day lag period was not imposed between TSH
measurement and start of at-risk time (5585 patient-
years of at-risk time; 1120 deaths), the association
between hypothyroidism and mortality was larger
(Figure 1B). We did not detect effect modification of the
hypothyroidism—mortality association on the basis of sex,
race, or diabetes (interaction P values of 0.80, 0.10, and
0.30, respectively).

Secondary Analyses Based on Thyrotropin Level

When TSH was considered in finer gradations, sub-
clinical hypothyroidism was associated with significantly
greater mortality compared with low-normal TSH (Figure
2A and Supplemental Table 1). High-normal TSH and
overt hypothyroidism trended to higher risk, but associa-
tions did not achieve statistical significance. When TSH
was considered as a continuous variable (represented as
a restricted cubic spline), the HR for death increased mono-
tonically up to ~7.5 mIU/L, after which it leveled off
(Figure 2B).

Table 1. Comparison of baseline characteristics between hypothyroid patients and euthyroid controls
Euthyroid (1=2365) Hypothyroid (1=350) P Value
Thyrotropin (mIU/L)
Median 1.83 7.65 N/A
p25, p75 1.19, 2.69 6.06,12.3 N/A
Minimum to maximum 0.40-5.21 5.03-520 N/A
Age (yr) 63.1x15.7 64.7+14.3 0.08
Female sex 43.9% 46.3% 0.40
Nonwhite race 38.0% 29.1% 0.001
Diabetes® 56.1% 57.1% 0.70
Hospitalized for noncardiovascular 42.0% 42.9% 0.70
indication in preceding year®
Hypertension® 85.1% 77.4% <0.001
Hyperlipidemia® 66.1% 62.6% 0.20
Cerebrovascular disease® 32.5% 34.3% 0.50
Coronary artery disease” 64.3% 70.0% 0.04
Congestive heart failure® 64.5% 76.3% <0.001
Hospitalized for cardiovascular 12.7% 17.7% 0.01
indication in preceding year®
Baseline use of exogenous thyroid 13.7% 41.7% <0.001
hormone
Date of ESRD diagnostic code 0.40
2005 16.0% 17.7%
2006 23.4% 21.4%
2007 20.3% 20.3%
2008 16.9% 14.0%
2009 14.5% 14.6%
2010 8.3% 11.1%
2011 0.6% 0.9%
Thyroid functional status categorizations: euthyroid (referent group; thyrotropin within reference range) and hypothyroid (thyro-
tropin greater than upper limit normal). Data presented as mean = SD or percent, except where indicated. Significance testing by two-
sample t tests or chi-squared tests. N/A, not applicable.
*Ascertained using International Classification of Diseases, Ninth Revision diagnostic codes.
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Figure 1. | Time to death based on baseline thyroid functional status. Survival curves are adjusted for age, sex, race, diabetes, and hospi-
talization for noncardiovascular indication in the preceding year. (A) shows results of the primary analysis in which the start of at-risk time began
30 days after thyrotropin (TSH) measurement. (B) shows estimates from an analogous model that did not consider the 30-day lag period. 95% Cl,

95% confidence interval; HR, hazard ratio.

Thyroid Hormone Use and Mortality

To examine the potential mitigating effects of therapy,
we considered patients in terms of TSH level and exoge-
nous thyroid hormone use/nonuse. Compared with eu-
thyroid patients without medication, hypothyroid patients
were at greater risk of death, whereas patients who were
euthyroid on medication (i.e., adequately treated hypothy-
roidism) were not (Figure 3 and Supplemental Table 2).

Exploration of Potential Pathways between Hypothyroidism
and Mortality

To explore whether the hypothyroidism-mortality asso-
ciation might be mediated by cardiovascular pathways,
we performed sensitivity analyses in which we adjusted
for hypertension, hyperlipidemia, CVD, CAD, CHF, and

preceding cardiovascular hospitalization (in addition to
case mix factors) and observed for effect estimate attenu-
ation. The association between hypothyroidism and mor-
tality was greatly attenuated and no longer statistically
significant: adjusted HR (95% confidence interval)=1.12
(0.94-1.34; P=0.20).

Discussion

To our knowledge, this study is the first to show an
association between hypothyroidism—defined by TSH
levels (the clinical gold standard)—and mortality in dialysis
patients. In primary analyses, we found that hypo-
thyroidism was significantly and independently asso-
ciated with mortality and that milder subcategories of
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Figure 2. | Secondary analyses of adjusted associations between gradations in TSH and mortality. (A) presents HRs (95% Cls) for low-normal
TSH, high-normal TSH, subclinical hypothyroidism, and overt hypothyroidism. (B) shows TSH analyzed as a restricted cubic spline with knots
at 1.1, 1.7, 2.4, 3.9, and 10.0 mIU/L; a histogram of observed TSH values is overlaid. All analyses considered a 30-day lag between TSH
assessment and the start of the at-risk time, and they were adjusted for age, sex, race, diabetes, and hospitalization for noncardiovascular

indication within the preceding year. ULN, upper limit normal.

hypothyroidism (i.e., subclinical) also conferred higher mor-
tality in secondary analyses.

In nondialysis populations with high underlying cardio-
vascular risk, hypothyroidism is associated with greater
cardiovascular and all-cause mortality (6-8). The exagger-
ated cardiovascular risk inherent to ESRD suggests that
dialysis patients might be particularly vulnerable to the
ill effects of hypothyroidism. Existing data in CKD/
ESRD patients show that hypothyroidism is associated
with surrogate cardiovascular outcomes, such as ventricu-
lar dysfunction and hypertrophy (15), atherosclerosis

(13,14), and endothelial dysfunction (13,14,26). Some stud-
ies have considered hard outcomes, showing that lower
(total/free) T3 and/or thyroxine (T4) levels are associated
with all-cause (16-19) and cardiovascular mortality (16,17)
in dialysis populations.

However, T3/T4 levels are particularly prone to devia-
tions on the basis of nonthyroidal illness and thus, may
not accurately reflect thyroid functional status (2,3). For ex-
ample, peripheral conversion of T4 to T3 by types I and
IT deiodinase (the source of 80% of T3) (27) is sensitive
to health status (2,27), cytokines (28-31), cortisol (27),
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Figure 3. | Adjusted HRs (95 % Cls) for mortality based on baseline functional thyroid status and exogenous thyroid hormone status. Analyses
considered a 30-day lag between TSH assessment and the start of the at-risk time, and they were adjusted for age, sex, race, diabetes, and
hospitalization for noncardiovascular indication within the preceding year.

medications (27), and uremia (20). Additionally, uremic tox-
ins as well as low albumin states interfere with in vitro FT4
assays, rendering observed measures lower than actual cir-
culating levels (2,32). For these reasons, studies using T4/T3
to define thyroid function are subject to confounding, and
serum TSH is considered to be a more specific thyroid func-
tional status metric. Moreover, owing to the logarithmic T3/
T4 and TSH relationship (i.e., minimal T3/T4 changes in-
duce large reciprocal TSH changes), TSH is a more sensitive
marker of hypothyroidism, and it is more robust to measure-
ment error (22,33). Although the clearance, diurnal pulsatil-
ity, response to thyrotropin releasing hormone, and half-life
of TSH may be altered in renal failure (2,20), most CKD/
ESRD patients have normal TSH levels (20,34) and respond
appropriately to changes in circulating levels of thyroid hor-
mone (i.e., TSH levels decrease and rise in response to exog-
enous T3 and thyroid ablation, respectively) (34).
Furthermore, metabolic testing in ESRD patients has shown
that TSH is a more reliable indicator of thyroid functional
status than T3 (35).

Several of the above studies evaluating hypothyroidism
and mortality in ESRD patients have indirectly examined
for—and not detected—associations between TSH levels
and mortality (16,17,19). However, none contained a suf-
ficient number of patients with actual hypothyroidism (i.e.,
elevated TSH), in instances caused by exclusionary restric-
tion, to be powered in this regard. Instead, studies com-
pared TSH deviations within the normal range. Our study
is, therefore, the first to show an association between hypo-
thyroidism per se and mortality in the ESRD population.
Because of data limitations, we were unable to directly
examine the association between hypothyroidism and
cause-specific mortality. However, we performed sensitivity
analyses in which we adjusted for cardiovascular risk factors
and observed dramatic attenuation of the hypothyroidism—
mortality association. There are two potential explanations

for this observation. (1) Cardiovascular illness is one means
by which hypothyroidism increases mortality (i.e., hypo-
thyroidism—cardiovascular morbidity—death); under this
logic, the true impact of hypothyroidism on survival is bet-
ter represented by estimates that are not adjusted for car-
diovascular comorbidity. (2) Cardiovascular disease is a
confounder of the association between hypothyroidism and
death (i.e., cardiovascular disease—hypothyroidism—death);
under this logic, the true impact of hypothyroidism on sur-
vival is better represented by estimates that are adjusted for
cardiovascular comorbidity. Empirical distinction between
these two explanations is not possible, and interpretation
must, therefore, be guided by content area logic. We favor
the former interpretation, because whereas there is abun-
dant data indicating that hypothyroidism induces cardio-
vascular disease (e.g., alterations in myocyte contractility /
relaxation, flow-mediated vasodilation, and arterial stiff-
ness [9,10,20] that distort ventricular geometry and func-
tion; cardiac channel expression changes that prolong the
cardiac action potential and QT interval and increase Tor-
sades risk [10]; hyperhomocysteinemia [36]; coagulation
and fibrinolysis alterations [37]; and systemic vascular re-
sistance and lipid derangements accelerating atherogenesis
[10]), we are not aware of data suggesting that cardiovas-
cular disease causes hypothyroidism. However, given data
limitations, we were not able to assess the temporal se-
quence of TSH measurement versus comorbid cardiovas-
cular event incidence, and therefore, we could not formally
distinguish whether cardiovascular morbidities were con-
founders or pathway intermediates. Additional mechanis-
tic study of the hypothyroidism-mortality association in
ESRD is needed.

In the general population, there remains controversy as
to whether subclinical hypothyroidism adversely impacts
survival (38,39), and prior studies have yielded conflicting
results (6-8,11,12,40,41). Studies in patients with high
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underlying cardiovascular risk have tended to show a
higher mortality risk (6-8), whereas studies in patients of
older age (>65 years) and average cardiovascular risk
have shown a neutral (11,12) or protective effect (40). Car-
diovascular disease accounts for 50% of deaths in ESRD,
with many of these fatalities related to CAD, CHF, and
sudden cardiac death (42,43). Given their greater cardio-
vascular burden, ESRD patients may represent a subpop-
ulation in whom subclinical hypothyroidism portends
greater mortality risk than in the general population.

Although there was a trend to an association between
overt hypothyroidism and mortality, estimates did not
achieve statistical significance. However, our cohort con-
sisted of few patients with overt disease (n=112; 45 deaths).
It is uncertain whether the absence of statistical signifi-
cance indicates true absence of biologic association or a
chance finding stemming from limited statistical power.
Additional study is warranted to elaborate the association
between overt hypothyroidism and mortality in ESRD.

In the general population, there is controversy regarding
the TSH ULN. Some experts advise lowering the ULN from
4.0-5.0 to 2.5-3.0 mIU/L in the broader population, be-
cause >95% of the euthyroid population has TSH levels
below the latter threshold (44—46); others recommend age-
based normal ranges (47). To address this uncertainty
within the dialysis population, we examined TSH in finer
gradations and also considered TSH as a restricted cubic
spline. The former analysis did not conclusively show a
higher mortality risk associated with a TSH range of 3.0
mIU/L to the ULN, but a nonsignificant trend was detected.
The latter analysis did not identify a discrete threshold
above which mortality risk increases, suggesting a contin-
uum of risk across TSH levels, including those levels in the
high-normal range. Additional study is needed to clarify the
prognostic significance of high-normal TSH levels.

To our knowledge, this study is also the first showing
that exogenous thyroid hormone might ameliorate the
hypothyroidism-mortality association in ESRD. Our find-
ings showed that, compared with spontaneously euthy-
roid patients, those patients who were euthyroid on
medication (i.e., adequately-treated hypothyroidism)
had a similar mortality risk, whereas hypothyroid patients
had greater mortality. Our findings are consistent with
observational data from the general population in which
subclinically hypothyroid patients receiving treatment
had a lower risk of cardiac events compared with un-
treated patients (48). Dedicated studies with rigorous at-
tention to longitudinal treatment are needed to confirm the
benefits of thyroid hormone supplementation in hypothy-
roid ESRD patients.

Our study has several strengths, including its large
sample size, extended follow-up, and use of analytical
techniques to minimize the likelihood of observing reverse-
causal associations. The cohort case mix was similar to the
case mix of the broader US dialysis population (49), en-
gendering generalizability. However, several limitations
bear mention. First, the indications for which TSH levels
were measured are not known. However, the requirement
for TSH measurement applied equally to hypothyroid pa-
tients and controls and therefore, should not have created
for differential bias. Second, thyroid functional status cat-
egorizations were based on one-time TSH measurements
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and therefore, were subject to misclassification. However,
any residual bias is expected to be nondifferential and
would not explain the observed associations. Third, we
were unable to define thyroid functional status using con-
comitant TSH and T3/T4 measurements because of sparse
T3/T4 data. However, in all instances in which T4 data
were available, they confirmed that TSH abnormality was
not attributable to secondary hyperthyroidism. Fourth, we
were unable to determine the setting in which thyroid
functional testing was conducted, and it is possible that
this setting was a mixture of ambulatory and inpatient
measurements. Fifth, our clinical registry had limited abil-
ity to ascertain cause of death. However, exploratory anal-
yses of potential intermediates pointed to cardiovascular
pathways, and additional mechanistic studies are needed.
Finally, as with all observational studies, we cannot ex-
clude the possibility of residual confounding.

In conclusion, our study supports an association between
hypothyroidism and mortality in ESRD patients and sug-
gests that this association may be ameliorated by thyroid
hormone supplementation. Given the high prevalence of
hypothyroidism in patients with renal dysfunction, hypo-
thyroidism may be considered a viable prognostic marker
as well as a target for potential intervention. Additional
studies are needed to confirm findings, elaborate underlying
mechanisms, and better examine the efficacy and effective-
ness of thyroid hormone supplementation vis a vis effects
on survival.
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