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ARTICLE INFO ABSTRACT

Keywords: Background: Chronic renal failure (CRF) is a serious disease that has become a burden on global and local
Non-thyroidal illness syndrome economics and public health. In addition, non-thyroidal illness syndrome (NTIS) has become increasingly more
Low T3 syndrome prevalent in CRF patients.

Chronic renal failure
Chronic kidney disease
Meta-analysis

Materials and methods: A data search was conducted on the PubMed/Medline, Cochrane Library, Web of Science,
Embase, and CBM databases to identify studies up to November 1st, 2018, that compared low T3 and normal T3
levels in patients with CRF. Data analysis was done by calculating the relative risks (RR) and 95% confidence
intervals (95% CI) and continuous variables were described by weighted mean difference (WMD) and 95% CI.
The efficacy outcomes included renal function and mortality. The Newcastle-Ottawa Scale and Agency for
Healthcare Research and Quality scale were used to assess the quality of the cohort and cross-sectional studies,
respectively. A funnel plot was used to identify publication bias.

Results: Seventeen studies with a total of 4593 patients were finally included in the analysis. Among the 17
studies, 11 reported the mortality of CRF patients with low T3 and normal T3 levels. Subgroups were assigned
according to different follow-up times and different methods of treatment. The mortality rate in the low T3 group
was much higher than in the normal T3 group. 11 studies reported creatinine (Cr) results in patients with low T3
and normal T3 levels and our analysis found no significant differences between the two groups (95%CI:
0.46-0.25; P-heterogeneity = 0.000; P = 0.559). Five studies reported uric acid results and we found no sig-
nificant differences between the two groups (95%CI: 0.08-0.22; P-heterogeneity = 0.438; P = 0.377). Five
studies reported the urea levels in the two groups and our analysis found no significant differences (95%CI:
1.60-1.23; 12 = 0.0%; P-heterogeneity = 0.498;P = 0.798).

Conclusion: Low T3 had a greater impact on the short-term prognosis of patients with CRF than on the long-term
prognosis. NTIS did not cause substantial kidney damage.

1. Introduction patients with CRF can help provide optimal care transition for patients
and ultimately improve long-term outcomes [3,4].

Chronic renal failure (CRF) is a serious disease that has become a Low levels of triiodothyronine (T3) (such as those in low T3 syn-

global burden on both economics and public health [1]. The National drome) are well-known, common complications of many serious dis-

Center for Health Statistics reported that CRF has risen among all eases and T3 levels play a very essential role in the prognosis of criti-

causes of death [2]. Therefore, predicting the long-term outcomes of cally-ill patients [5]. Non-thyroidal illness syndrome (NTIS) is defined
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as decreased serum free T3 and/or free thyroxin (T4) concentrations,
with increased reverse T3 (rT3) and normal concentrations of thyroid-
stimulating hormone (TSH) [6].

A previous study reported a fast decrease in T3 and T4 levels in
critically ill patients, with no concomitant rise in TSH levels, before
their death [7]. Another study reported morbidity rates of up to 79% in
dialysis patients with NTIS [8]. Furthermore, some investigators have
suggested measuring T3 levels to assess the effects of thyroid dysfunc-
tion on the mortality of uremic patients [9-13].

A previous survey considered NTIS a protective co-morbidity in
renal disease [14]° however, an increasing number of studies have
shown that NTIS is a common complication in CRF patients, associated
with poor prognosis and high mortality [15-26]. In addition, high-
quality meta-analysis has been increasingly regarded as a key tool for
validating evidence [27-29]. Here, we used original research reports to
conduct a meta-analysis summarizing the relationship between NTIS
and the prognosis of CRF patients to determine if NTIS substantially
decreased renal function and to provide a foundation on which to base
treatment decisions for NTIS in patients with CRF.

2. Research design and methods

All methods follow the PRISMA guidelines for conducting sys-
tematic reviews and meta-analyses [30]. This meta-analysis was con-
ducted according to Assessing the Methodological Quality of Systematic
Reviews (AMSTAR) guidelines and registered on PROSPERO Interna-
tional Prospective Register of systematic reviews (PROSPERO Identi-
fier: CRD42019118428) [31].

2.1. Data sources and searches

Searches were conducted on the PubMed/Medline, Cochrane
Library, Web of Science, Embase, and CBM databases [32] up to No-
vember 1, 2018, to identify studies that compared low T3 and normal
T3 in patients with CRF. We also screened all relevant studies from
references to supplement these databases. The keywords and Mesh
terms were combined in the following search strategy: (“Euthyroid Sick
Syndromes” [Mesh] OR “Non-Thyroidal Illness Syndrome” OR “Eu-
thyroid Sick Syndrome”)AND (“Kidney Failure, Chronic” [Mesh] OR
“End-Stage Kidney Disease”). The detailed search strategy is shown in
Appendix 1.

Eligible studies met the following inclusion criteria:

1. Observational studies that only included patients over the age of
eighteen

. Assessed the relationship between NTIS and CRF

. Compared CRF patients with low T3 and normal T3

. Study patients had no history of thyroid replacement therapy

. Study patients had no history of renal transplant

. The follow-up time was more than six months in studies that eval-
uated mortality

AU~ WN

The following types of studies were excluded from the analysis:

1. Studies with research animals or cells
2. Studies that only provided an abstract
3. Reviews and meta-analyses

2.2. Data extraction and quality assessment

The data were extracted by two authors. For every study included,
data on authors, location, publication year, study design, patient
characteristics, numbers of patients with low T3 and normal T3, any use
of thyroid medications or therapy, dialysis status, baseline concentra-
tion of FT3, and body mass index (BMI) were extracted. The Newcastle-
Ottawa Scale (NOS), which contained 3 main concepts, selection,
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comparability, and outcome assessment, was used to assess the quality
of 14 cohort studies. We defined scores =7 as low risk of bias, 5-7 as
moderate risk, and <5 as high risk. The Agency for Healthcare
Research and Quality (AHRQ) scale, which included 11 terms, was used
to assess the quality of 3 cross-sectional studies included in the analysis.
AHRQ scores of 0-3 indicated low quality, 4-7 indicated moderate
quality, and scores of 8-11 were classified as high quality. We used
Engauge Digitizer (version 4.1) graphical data extraction software to
extract data on mortality that were only provided by Kaplan-Meier
curves (K-M survival curve) in several studies [33].

2.3. Data analysis

We used Stata/SE 14.0 to analyze the data. Dichotomous outcomes
between the two groups were compared by calculating the relative risks
(RR) and 95% confidence interval (95% CI) and the continuous vari-
ables were described by weighted mean difference (WMD) and 95% CL.
Heterogeneity was assessed by the I? statistic versus the P-value. A P-
value < 0.05 and I* = 50% were considered high heterogeneity and
I? < 50% indicated heterogeneity in an acceptable range. At this time, a
fixed effect model was selected for the data analysis. Otherwise, a
random effect model was chosen. Sensitivity analysis and subgroup
analysis were used to determine the source of the heterogeneity. Egger's
Test and Begg's Test were used to assess publication bias. A funnel plot
was also constructed [34]. P < 0.05 was considered statistically sig-
nificant.

3. Results

We retrieved 265 studies from five databases and additional records
identified through other sources. We excluded 248 studies based on the
inclusion and exclusion criteria and 17 studies were finally included in
our meta-analysis, 14 cohort studies and three cross-sectional studies
(Fig. 1). A total of 4593 patients were included in the 17 studies and the
data and information extracted are shown in Table 1. The sample size in
each study varied from 27 to 835 patients and 1999 patients and 2594
patients had low T3 and normal T3 levels, respectively. The mean age
ranged from 49 to 78.9 years in the low T3 group and 48-70.3 years in
the normal T3 group. Differences in the baseline concentration of FT3
between the low T3 and normal T3 groups were significantly different.
NOS scores ranged from 5 to 7 in the 14 cohort studies. Out of 14 cohort
studies, six studies were at low risk of bias and eight studies were at
moderate risk of bias. All three cross-sectional studies were at moderate
risk of bias. Eleven studies reported the mortality of CRF patients with
low T3 and normal T3 levels. Ten studies reported mortality for up to
three years and one study reported only two years [23,35-44]. Of the
17 studies, 11 studies reported creatinine (Cr) test results
[1,22,23,35-39,45-47], five studies reported uric acid test results
[15,36,37,45,46], and five studies reported wurea results
[37,38,40,45,47].

3.1. Mortality

Eleven studies reported one-year data [23,35-44], 11 studies pro-
vided two-year follow-up [23,35-44], 10 reported data three years
following discharge [23,35-39], eight reported four-year data
[35,37-39,41-44], and seven studies collected mortality data every
year until five years after discharge [35,37,38,41-44]. We compared
each year to see if there was any correlation with years of follow-up.
Relative risk (RR) was used to describe the mortality between two
groups. The results showed that the mortality in the low T3 group was
much higher than in the normal T3 group at each follow-up time (One
year: RR: 3.030; 95%CI: 2.298-3.996; I2 = 0.00%; P-hetero-
geneity = 0.790; P < 0.001; 11 studies. Two years: RR: 2.374; 95%CI:
1.836-3.070; I? = 42.9%; P-heterogeneity = 0.064; P < 0.001; 11
studies. Three years: RR: 1.928; 95%CI: 1.541-2.412; I? = 58.9%; P-
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Fig. 1. PRISMA (preferred reporting items for systematic reviews and meta-analyses) flow diagram and exclusion criteria.

heterogeneity = 0.009; P < 0.001; 10 studies. Four years: RR: 1.757;
95%CI: 1.405-2.199; 2 =71.3%; P-heterogeneity = 0.001;
P < 0.001; eight studies. Five years: RR: 1.652; 95%CI: 1.355-2.015;
I> = 69.1%; P-heterogeneity = 0.003; P < 0.001; seven studies)
(Fig. 2). The results of Egger's and Begg's tests showed that there was no
publication bias in the studies included in our analysis (Egger's:
P = 0.162; Begg's: P = 0.213; 11 studies) [48] (Supplementary S1). A
funnel plot for mortality was constructed and is shown in Supplemen-
tary S2. We assigned subgroups by different therapy methods to con-
struct a forest plot to compare mortality between the two groups. The
results showed a significant difference between peritoneal dialysis (PD)
group and Hemodialysis (HD) group (Not: RR: 1.57; 95%CIL: 1.15-2.15;
P = 0.005; one study. PD: RR: 1.72; 95%CI: 1.30-2.27; I? = 56.9%; P-
heterogeneity = 0.073; P < 0.001; four studies. HD: RR: 1.73; 95%CI:
1.47-2.03; I?> = 52.0%; P-heterogeneity = 0.034; P < 0.001; nine
studies) (Fig. 3).

3.2. Renal failure severity

Renal failure severity was assessed by renal function tests, which
included Cr, uric acid, and urea. Eleven studies reported Cr results in
patients with low and normal T3 levels and our analysis found no sig-
nificant difference between the two groups (WMD: 0.10; 95%CI: 0.46,
—0.25; P= 77.7%; P-heterogeneity = 0.000; P = 0.559) (Fig. 4). Five
studies reported uric acid results and no significant difference between
the two groups was found (WMD: 0.07; 95%CI: 0.08, —0.22; I* = 0.0%;
P-heterogeneity = 0.438; P = 0.377) (Fig. 5). Five studies reported
urea results and no significant difference was found between the two
groups (WMD: 0.18; 95%CI: 1.60, —1.23; I?=0.0%; P-

46

heterogeneity = 0.498; P = 0.798) (Fig. 6).
4. Discussion

This meta-analysis included 17 studies with a total of 4593 patients
with CRF. The pooled data suggested that the all-cause mortality in the
low T3 group was much higher than that in the normal T3 group. In
order to explore the impact of T3 levels further, we conducted addi-
tional meta-analyses, which showed that NTIS did not have a significant
effect on renal function in patients with CRF.

The meta-analysis of all-cause mortality demonstrated that the in-
fluence of low T3 in CRF patients was reduced each year of patient
follow-up. The was a 3.030-fold relative risk at one-year follow-up and
a 1.652-fold relative risk at five-year follow-up. The decrease from the
one-year group to five-year group was statistically significant, in-
dicating a negative correlation between the effect of low T3 on all-cause
mortality and follow-up time. This result was consistent with a study by
Christiane et al. [35] that reported an association of HD patients with
NTIS and early mortality. Interestingly, Kanji tried to explore whether it
is beneficial to treat CRF patients with NTIS and found no evidence
indicating that treating NTIS patients accelerated their death [49]. The
results of this meta-analysis highlighted the importance of early eva-
luation and detection of NTIS. Early diagnosis of NTIS and appropriate
interventions will effectively reduce mortality in patients with CRF.
This study also showed that early thyroid hormone replacement
therapy had the potential to reduce the risk of mortality in CRF pa-
tients. In addition, there is an urgent need to explore the effect of NTIS
on long-term mortality of CRF patients, as well as the deeper re-
lationship between CRF and NTIS.
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Fig. 2. Forest plot of mortality in CRF patients with or without NTIS according to different length of follow-up time.

groups. And several articles we included used the mean (quartile) or the
mean (upper and lower) to describe the outcome indicators we needed.
However, although we conducted an exhaustive search to identify as
many articles as possible, the number of articles eventually included
was still small and the sample size was insufficient, which may reduce
the generalizability of our meta-analysis results.

Despite these limitations, our study had some strengths. This meta-
analysis provides guidance for the treatment of CRF patients with low
T3 levels. Because of the small number of included studies, more re-
search is needed to determine if low T3 influences the 10- or even 20-
year prognosis of CRF patients.

48

5. Conclusion
Low T3 had a greater impact on the short-term prognosis of patients

with CRF than on the long-term prognosis. NTIS did not cause sub-
stantial reductions in kidney function.
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