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Abstract

INTRODUCTION: End-stage renal disease (ESRD) is associated with perturbations in thyroid
hormone concentrations and an increased prevalence of hypothyroidism. Few studies have
examined the effects of hemodialysis dose or frequency on endogenous thyroid function.

METHODS: Within the Frequent Hemodialysis Network (FHN) Trials, we examined the
prevalence of hypothyroidism in patients with ESRD. Among those with endogenous thyroid
function (without overt hyper/hypothyroidism or thyroid hormone supplementation), we examined
the association of thyroid hormone concentration with multiple parameters of self-reported health
status, and physical and cognitive performance, and the effects of hemodialysis frequency on
serum thyroid stimulating hormone (TSH), free thyroxine (FT4) and free tri-iodothyronine (FT3)
levels. Conventional thrice-weekly hemodialysis was compared to in-center (6 days/week)
hemodialysis (Daily Trial) and nocturnal (6 nights/week) home hemodialysis (Nocturnal Trial)
over 12 months.

FINDINGS: Among 226 FHN Trial participants, the prevalence of hypothyroidism was 11%
based on thyroid hormone treatment and/or serum TSH =8 mIU/mL. Among the remaining 195
participants (147 Daily, 48 Nocturnal) with endogenous thyroid function, TSH concentrations
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were modestly (directly) correlated with age (r=0.16, p=0.03) but not dialysis vintage. Circulating
thyroid hormone levels were not associated with parameters of health status or physical and
cognitive performance. Furthermore, frequent in-center and nocturnal hemodialysis did not
significantly change (baseline to month 12) TSH, FT4 or FT3 concentrations in patients with
endogenous thyroid function.

DISCUSSION: Among patients receiving hemodialysis without overt hyper/hypothyroidism or
thyroid hormone treatment, thyroid indices were not associated with multiple measures of health
status and were not significantly altered with increased dialysis frequency.

end stage renal disease; daily dialysis; nocturnal dialysis; thyroid; hypothyroidism

INTRODUCTION

Despite considerable overlap in the symptoms related to hypothyroidism and end-stage renal
disease (ESRD), there are limited data pertaining to thyroid function in patients with ESRD.
Increased thyroid gland volume® and an increased prevalence of goiter?-3 have been
observed, potentially related to altered iodine metabolism, autoimmune and uremic factors.*
Existing data suggest that primary hypothyroidism is more common in patients with ESRD
compared with the general population.3° Cases of reversible primary hypothyroidism with
iodine restriction have been reported in patients with mild to severe renal dysfunction and
those receiving maintenance hemodialysis, suggesting that impaired renal excretion of
iodine may contribute to the observed association between hypothyroidism and chronic
kidney disease (CKD).8.7 These observations are of interest, given that two large
observational studies reported an inverse graded relation between kidney function and risk of
prevalent clinical or subclinical hypothyroidism within the general population®? and among
patients with moderate to severe CKD.10 However, the mechanisms underlying the
association of kidney function and thyroid disease, including the potential effects of dialysis
on free thyroid hormone concentrations, have not been clearly elucidated.

In the absence of overt hypothyroidism, reduced levels of triiodothyronine (T3) and
thyroxine (T4) levels have been reported in patients with ESRD,311-14 possibly a
consequence of chronic nonthyroidal illness (euthyroid sick syndrome), unresolved uremia
and/or protein malnutrition.11 End-stage renal disease has also been associated with
symptoms of depression, asthenia and reduced energy, potentially related to the
accumulation of nitrogenous waste products, although these symptoms are similar to those
associated with perturbations in thyroid function.1®16 Furthermore, low levels of thyroid
hormone have been associated with cardiac dysfunctionl”:18 and increased mortality
risk14:19-21 jn patients with ESRD, independent of other risk factors.

The Frequent Hemodialysis Network (FHN) trials provide a unique opportunity to
characterize thyroid status and associated health status in a community dwelling population
of patients receiving hemodialysis and to examine the effects of hemodialysis frequency on
indices of thyroid function. These trials were designed in light of physiologic and
observational studies suggesting benefits of more frequent hemodialysis.?2 The FHN Daily
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and Nocturnal Trials randomized patients receiving conventional thrice weekly hemodialysis
to either daily in-center hemodialysis or nocturnal home hemodialysis, aiming to determine
the effects of hemodialysis frequency on multiple intermediate outcomes, including cardiac
structure and function, physical health and performance, mental health, cognitive function,
hypertension, nutritional status, anemia, bone and mineral metabolism, and general health-
related quality of life. This ancillary study to the FHN trials examined the prevalence of
thyroid function abnormalities in ESRD, the associations of indices of thyroid function with
multiple intermediate outcomes, and the effects of hemodialysis frequency on circulating
thyroid hormone concentrations. We hypothesized that frequent hemodialysis would
increase levels of free tri-iodothyronine (FT3) and thyroxine (FT4) and that improvement in
thyroid function associated with frequent hemodialysis would be observed in parallel with
improvements in multiple measures of health status.

METHODS
Study Population

The FHN trials compared the effects of conventional thrice weekly hemodialysis with in-
center daily hemodialysis (6 days per week) and nocturnal home hemodialysis (6 nights per
week) over a 12-month treatment interval, with examination of two co-primary outcomes:
death or change in left ventricular mass by cardiac magnetic resonance imaging and death or
change in self-reported physical health (the Physical Health Composite score from the
RAND SF-36 health survey). Secondary outcomes in multiple domains were examined at
baseline and over 12 months. For the Daily Trial, a total of 245 patients were randomized to
3 (N=120) or 6 (N = 125) times per week hemodialysis; for the Nocturnal Trial, a total of 87
patients were randomized to 3 (N=42) or 6 (N = 45) times per week hemodialysis, both with
follow-up to 12 months.

The FHN Daily and Nocturnal Trials were approved by the Institutional Review Board at
each participating site, with biosamples stored at the NIDDK Repository obtained by
informed consent for future biomarker analyses. This ancillary study, using stored
biosamples and clinical data from the FHN Trials was also approved by the Institutional
Review Board at Kaiser Permanente Northern California.

Measurements

Thyroid hormone laboratory measurements were conducted at the University of California
Davis (Biomedical Sciences Laboratory) using stored serum frozen at —70C obtained from
the NIDDK Biorepository. Samples were taken at baseline and month 12 (or if not available
then, used the month closest to month 12, ranging from 10-15 months). Serum thyroid
stimulating hormone (TSH) was measured in duplicate by enzyme-linked immunoassay
(Alpco Diagnostics, Salem NH) with an intra- and inter-assay CV of 2.5-5.7% and 5.7—
8.9%, respectively; manufacturer observed TSH values ranged between 0.3-8.1 ulU/mL for
normal individuals, with suggested age-specific TSH values of 0.4-4.2 (age 21-54 years)
and 0.5-8.9 (age 55-87 years) ulU/mL from external reference guides. Serum free thyroxine
(FT4) was measured in duplicate by enzyme-linked immunoassay (Alpco Diagnostics,
Salem NH) with an intra- and inter-assay CV of 3.3-11.0% and 6.0-10.8%, respectively, and
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a reported normal reference range of 0.8-2.2 ng/dL. Serum free triiodothyronine (FT3) was
measured in duplicate by enzyme-linked immunoassay (Alpco Diagnostics, Salem NH) with
an intra- and inter-assay CV of 3.1-4.9% and 7.9-13.2%, respectively, and reported normal
reference range of 1.4-4.2 pg/mL. All assays were completed with no more than one freeze
thaw cycle occurring at the NIDDK Biorepository for specimen aliquoting.

We examined the following parameters of health status at baseline and during follow-up.
The RAND SF-36 item health survey23 was used to derive physical and mental health
composite (PHC and MHC) scores where higher scores reflect better physical or mental
health status, along with a general health scale (0 to 100, where 100 indicates perfect
health); the Beck Depression Inventory,2425 a 21-item survey designed to measure the
presence and severity of depressive symptoms; the Health Utilities Index (HUI-3) scored to
a final result from 0 to 1 as a measure of overall health utility, with function derived from
community preferences for various health attributes;25 the Feeling Thermometer, a visual
analog scale (0 to 100, where 100 indicates perfect health); and the time to recover (in
minutes) after a dialysis session. The short physical performance battery consists of three
lower extremity mobility tests pertaining to standing balance, timed chair stand and timed
walk was used to calculate a physical performance score (0-12). The Trail Making Test B,
which measures the ability to visually search, sustain attention and perform cognitive
shifting during completion of an activity and the Modified Mini Mental Status exam were
conducted as measures of global cognitive function.

Statistical Analyses

We compared groups by treatment status using standard descriptive statistics, including
Students t-test for continuous variables and chi-squared or Fisher’s exact test for categorical
variables. We examined the association between free thyroid hormone concentrations and
continuous measures of health status using Pearson correlations and partial correlations were
used to adjust for demographic and clinical factors that might affect health status and/or
thyroid levels. To examine the effect of dialysis frequency on changes in thyroid function
measures, and to include all observations, even in those subjects with no 12-month
measurements (e.g. due to missing end of study visit and/or missing sample), we employed a
mixed-effects model with an unstructured covariance matrix, with adjustment for clinical
center in the Daily Trial. Secondarily, as a sensitivity analysis, we conducted these analyses
with inclusion of FHN Trial participants receiving thyroid hormone supplementation
(excluding two with TSH > 8 plU/mL). All analyses were conducted using SAS statistical
software, version 9.4 (SAS Institute, Cary, NC) with a p-value criterion of <0.05 as the
threshold for statistical significance.

RESULTS

Thyroid function studies with TSH measured were available in 167 Daily and 59 Nocturnal
FHN Trial participants, including 22 participants receiving thyroid hormone
supplementation (all with TSH <5 plU/mL except three with TSH of 7.0-7.9 ulU/mL and
two with TSH >10 plU/mL) and three with TSH level >8 plU/mL in the absence of thyroid
hormone supplementation. These 25 (11% of 226) individuals were collectively classified as
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hypothyroid and initially excluded from primary analyses examining the relation among
thyroid function, measures of health status and hemodialysis frequency, due to the effects of
underlying hypothyroidism and/or treatment on thyroid hormone indices. An additional six
participants were excluded due to missing baseline TSH in whom thyroid status could not be
confirmed, TSH <0.01 pulU/mL, treatment with propylthiouracil, or lack of both FT3 and
FT4 measures. The primary analytic cohort included 195 individuals with TSH values
between 0.2 and 8.0 ulU/mL classified as having endogenous thyroid function, including 14
individuals with TSH levels of 5.0-7.9 plU/mL (6.2% of the source cohort).

Table 1 shows the clinical characteristics of the FHN Trial participants with endogenous
thyroid function at baseline, including 147 Daily (33% female) and 48 Nocturnal (38%
female) participants. In the Daily Trial, 59% were under age 55 and 13% were age 65 years
and older at study entry; only three were over age 80 years. The majority (68%) had received
maintenance hemodialysis for at least two years and 42% had diabetes mellitus. In the
Nocturnal Trial, 52% were under age 55 and 27% were age 65-79; none were age 80 years
or older. The majority had received hemodialysis for less than two years and more than half
(56%) had diabetes mellitus. Mean (x SD) baseline TSH concentrations were 2.33 + 1.39
(Daily Trial) and 2.18 + 1.44 (Nocturnal Trial). As expected, baseline TSH was modestly
correlated with age (r = 0.16, p = 0.028). There was no association between TSH
concentration and dialysis vintage.

Examination of the associations of TSH, FT4 and FT3 with measures of health status among
those with endogenous thyroid function found that serum TSH concentration was modestly
(inversely) correlated with lower extremity physical performance (r = -0.21, p = 0.004) and
(directly) correlated with the Trail Making Test B (r = 0.17, p = 0.021), but these
associations were no longer significant after adjusting for differences in age, sex, vintage,
diabetes and comorbidity burden, r = -0.13 (p = 0.07) and 0.12 (p = 0.11), respectively.
Furthermore, other indices of physical or cognitive function were not associated with TSH in
these patients. No significant associations of FT4 and FT3 with measures of health status
were seen among subjects with endogenous thyroid function, without or with adjustment for
differences in age, sex, vintage, diabetes and comorbidity burden (all |r] <0.15, p > 0.05).

Table 2 shows the serum concentrations of TSH, FT4 and FT3 at baseline and month 12,
along with the change in thyroid indices between baseline and month 12, when restricting
analyses to Daily and Nocturnal Trial participants with both baseline and month 12
measurements. Changes in thyroid indices from baseline to month 12 were not statistically
significant when compared between treatment arms for each trial.

Table 3 demonstrates the effect of hemodialysis frequency on changes in serum
concentrations of TSH, FT4 and FT3, examined in all 147 Daily and 48 Nocturnal
participants with endogenous thyroid function using mixed-effects models to account for
missing values. A positive mean change indicates that the month 12 thyroid lab value
increased from baseline. The treatment effect compares the change from baseline to month
12 between the hemodialysis frequency arms. A treatment effect with a positive sign
indicates a net increase comparing daily to conventional hemodialysis. A treatment effect
with a negative sign indicates a net decrease comparing daily to conventional hemodialysis.
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In the Daily Trial, there were no significant changes in TSH, FT4 or FT3 between
conventional and daily hemodialysis treatment arms. In sensitivity analyses, these results
were similar when participants receiving thyroid hormone supplementation (and with TSH
<8 mIU/mL) were included in the analyses (data not shown, p>0.18). Among Nocturnal
Trial participants with endogenous thyroid function, changes in thyroid indices were not
significant, including increased FT3 levels associated with dialysis frequency (p=0.07),
although a significant increase in FT4 concentrations was observed in sensitivity analyses
that included those receiving thyroid hormone therapy (treatment effect 0.10, 95% CI 0.01-
0.20, p=0.03).

DISCUSSION

Across a relatively large clinical trial population of patients receiving hemodialysis
randomized to frequent versus conventional hemodialysis, we estimated that the prevalence
of hypothyroidism was in the range of 11% (or as high as 17% if potentially subclinical
cases are included, TSH 5.0-7.9 ulU/mL). Among those with evidence of endogenous
thyroid function (absence of hyper or hypothyroidism or thyroid hormone supplementation),
no association of free thyroid hormone concentrations (FT4 and FT3) were observed with
measures of self-reported health status, and physical and cognitive performance. Frequent
in-center daily hemodialysis and nocturnal home hemodialysis also did not result in
significant changes in thyroid hormone levels among those with endogenous thyroid
function, despite a significant effect of dialysis frequency on FT4 levels seen only in
Nocturnal Trial participants when including participants receiving thyroid hormone therapy.

The etiology underlying the increased prevalence of hypothyroidism in ESRD has not been
clearly elucidated, but the accumulation of inorganic iodide secondary to reduced renal
excretion and accumulation of other uremic toxins with central and peripheral effects are
thought to play a contributing role.2” These mechanistic processes are supported by
observations of increased prevalence of primary hypothyroidism in association with
declining renal function reported from large population studies.8-10 In a large cohort of 2715
patients receiving hemodialysis in the greater Boston area, 12.9% were classified as
hypothyroid,28 somewhat lower than findings from a large U.S. dialysis organization with
8840 patients, among whom 22% were classified as hypothyroid also using a TSH threshold
of 5.0 mIU/L.20 Data from our study demonstrate a prevalence of 11% with TSH =8
ulU/mL (17% with TSH =5 ulU/mL) or evidence of thyroid hormone treatment, within
range of these published estimates.

Few studies have examined the effect of dialysis treatment on thyroid hormone levels. In a
pilot study of 40 patients with ESRD where free thyroxine (FT4) and tri-iodothyronine
(FT3) were measured before and after hemodialysis, levels of both FT4 and FT3 increased
post-dialysis, although no change in thyroid stimulating hormone (TSH) level was observed.
29 Others have found that immediate dialysis-related changes in thyroid indices are not
sustained, and potentially relate to hemoconcentration or transient effects of hemodialysis on
thyroid hormone binding.3%:31 Low FT3 is also evident in the setting of protein malnutrition
and chronic illness, and may increase as a reflection of improvement in these health
parameters rather than thyroid function per se. Given the association of thyroid function,
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mortality and cardiovascular outcomes, and particularly the association of low
triiodothyronine and thyroxine with increased mortality risk,1427:32 the extent to which
increased frequency of hemodialysis affects endogenous thyroid function and circulating
thyroid indices, independent of nutrition, illness severity and other related health outcomes,
may have important implications for long term outcomes. In our study we observed a
nonsignificant increase in FT3 level associated with increased dialysis frequency in the
Nocturnal Trial and a significant increase in FT4 when including the broader subset of
patients receiving thyroid hormone therapy. The implication of these findings is unclear.

This study has several limitations to consider. First, because we did not have detailed
information pertaining to prior thyroid history, dosage and change in dosage for participants
receiving thyroid replacement therapy, we were unable to examine the effects of more
frequent hemadialysis in the subgroup of patients with overt thyroid dysfunction. Second,
we did not have measures pertaining to the effects of dialysis frequency on iodine clearance.
Third, these analyses were conducted using data from participants enrolled in two
randomized trials, somewhat limited by modest sample size within each trial arm among
those with evidence of endogenous thyroid function, especially the Nocturnal Trial. Thus,
findings may not be generalizable to the broader population of patients with ESRD. Finally,
we cannot exclude the potential limitations of conventional FT4 and FT3 assays, including
assay precision characteristics as well as performance in the setting of uremia, other disease
states or medication use, where protein-hormone binding may be altered. The strengths of
this study include use of data reported from a carefully characterized diverse multicenter
population of patients receiving chronic hemodialysis in whom longitudinal measures of
thyroid function were obtained.

In summary, the estimated prevalence of hypothyroidism was in the range of 11% or higher
among patients receiving hemodialysis. Among ESRD patients with endogenous thyroid
function, baseline indices of thyroid function were unassociated with a variety of measures
of health status; in addition, more frequent hemodialysis had no significant effect on thyroid
hormone levels. Further studies should be conducted in larger clinical populations and those
receiving nocturnal hemodialysis to additionally characterize whether there are short or
long-term effects of hemodialysis frequency on thyroid hormone levels in this vulnerable
population, including those with thyroid dysfunction.
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Baseline characteristics of subjects with end stage renal disease receiving chronic hemodialysis with
endogenous thyroid function.
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FHN Daily Trial FHN Nocturnal Trial
3x/week (N=72) | 6x/week (N=75) | 3x/week (N=25) | 6x/week (N=23)

Age Group, N (%)

<55 41 (56.9%) 46 (61.3%) 11 (44.0%) 14 (60.9%)

55-64 19 (26.4%) 22 (29.3%) 7 (28.0%) 3 (13.0%)

>65 12 (16.7%) 7 (9.3%) 7 (28.0%) 6 (26.1%)
Race/Ethnicity, N (%)

Non-Hispanic White 11 (15.3%) 12 (16.0%) 13 (52.0%) 12 (52.2%)

Black (Hispanic/Non-Hispanic) 36 (50.0%) 33 (44.0%) 10 (40.0%) 11 (47.8%)

All Others 25 (34.7%) 30 (40.0%) 2 (8.0%) 0
Years since ESRD, N (%)

<2 years 24 (33.3%) 23 (30.7%) 19 (76.0%) 12 (52.2%)

> 2 years 48 (66.7%) 52 (69.3%) 6 (24.0%) 11 (47.8%)
Charlson Comorbidity Index, N (%)

0 29 (40.3%) 28 (37.3%) 7 (28.0%) 7 (30.4%)

1-2 20 (27.8%) 25 (33.3%) 8 (32.0%) 8 (34.8%)

>3 23 (31.9%) 22 (29.3%) 10 (40.0%) 8 (34.8%)
Diabetes mellitus 31 (43.1%) 31 (41.3%) 13 (52.0%) 14 (60.9%)
Hemoglobin (g/dL) 121+1.12 120+1.21 12.0+1.17 11.9+0.91
Serum albumin (g/dL) 4.00+0.45 4.00 £0.39 4.07 £0.46 4.03+0.47
Serum prealbumin (mg/dL) 33.1+8.73 34.8+9.08 32.1+8.38 31.8+8.82

Unless otherwise indicated, numbers represent mean + standard deviation

Differences between treatment arms within the Daily and Nocturnal Trials were not significant
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Table 2.

Baseline and month 12 thyroid indices in FHN participants with endogenous thyroid function

Page 11

Daily Trial 3x/week 6x/week

N Baseline Month 12 Change N Baseline Month 12 Change
TSH (ulu/mL) 43 | 2.01+1.33 | 233+1.44 | 0.32+1.29(0.25) 49 | 2.06+1.16 | 202+1.22 | -0.04+0.89 (0)
Free T4 (ng/dL) | 44 | 0.86+0.23 | 0.90+0.27 | 0.04 £0.15 (0) 50 | 0.84+0.21 | 0.91+0.30 | 0.07 +0.26 (0.02)
Free T3 (pg/mL) | 36 | 2.46+0.75 | 2.59+0.74 | 0.12 +0.43 (0.16) 44 | 257+0.88 | 2.81+0.95 | 0.24 +0.64 (0.26)
Nocturnal Trial 3x/week 6x/week

N Baseline Month 12 Change Baseline Month 12 Change
TSH (ulU/mL) 16 | 1.71+0.75 | 1.86+0.89 | 0.15+ 1.06 (0.07) 12 | 1.93+1.00 | 1.87+£0.97 | -0.06 + 0.68 (0.10)
Free T4 (ng/dL) | 16 | 0.96 +0.11 | 0.93+0.14 | —-0.04 £0.14 (-0.07) | 12 | 1.02+0.18 | 1.04+0.18 | 0.02+0.11 (0)
Free T3 (pg/mL) | 16 | 3.27+1.42 | 297+1.20 | -0.30+0.55(-0.36) | 10 | 2.83+0.38 | 3.17+0.99 | 0.34 +1.00 (-0.12)

These data include participants with both baseline and month 12 measurements and give mean + SD. For changes, value in parentheses gives the

median.

Changes in TSH, FT4 and FT3 were not significant comparing 3x and 6x weekly hemodialysis treatment arms for the Daily and Nocturnal FHN
Trials (p=0.15, 0.58, 0.71 for the Daily Trial and p=0.84, 0.12, 0.07 for the Nocturnal Trial for TSH, FT4 and FT3, respectively).

Hemodial Int. Author manuscript; available in PMC 2020 September 10.



Page 12

[eAIBIUI BOUBPIUOD = _ok

“18]U80 [EOIUI[O oy palsnipe aam |eri] Ajreq ayj 1o} S|apow paxiiA
x

Loetal.

: . . (9z°¢ ‘'95°2) (L0€ '60°2)
0] - .
o6 (01T 0150'0) (¢80 01800-) LE0 oD 9.2 €2) 652 A38M/X9
€50 €1e 1z P
. . . €1'e'L2T) (60°€ 'v2'2)
o) — —
(02°00125°0-) 9T°0 (oT) 912 (c2) 092 YooM/Xe (w/Bd) €14
: . ) (6T'T'16°0) (20T '€L0)
01200~ .
. (100 2002) (er0 4 20'0-) 50°0 @D ot (€2) 160 oA
80°0 (01 c8 o
) . ) 10T '€8°0) (10T '06°0)
0 — —
(+0°0 01 60°0-) £0°0 1) 260 (62) 860 MOOMYXE (Ip/BY) ¥14
. . . (€52 'T0°T) (182 ‘ev'T)
01690~ - g
" (650 01£10) (ve'0 01 69°0-) 870 (er) 98T (£2) 902 Ao
0T'0- (827 '9¢" o b
. . . 827 ‘'9€'T) (2rz'erT)
0 — —
(8€°0 01 €5°0-) 80°0 (o) £9°T (62) €8T BIMYXE (Aw/nIn) HSL
(10 %S6) ulpseg (ebueajirenbeiur) (@bue.
an - 0, . ! !
PA-d [ (1D %S6) OUTWBUISBIL | |\ o6 o5 eo posnipy (U) UeIPS N ZT YO alienbeu) (U) Ueipo W aulpseg | WY WRUIERIL | SOIPUI PIOIAYL
IVIYL TYNYNLOON
. . . (ee€ '9z2°2) (€0 ¥1°2)
0} .
- (86001 0T0) (sv'0 1 v0'0) v2'0 (s 8Lz (e 65 oA
¥1°0 612 vz .
_ . ) 6.2 '722) (€L'2'502)
[0} —
(€001 TT°0-) 0T'0 (68) 672 (9 152 BaM/XE (Twybd) €14
. . . (60T ‘29°0) (00T ‘T2°0)
01200~ g
e (270 01 50'02) (€10 0120°0-) 900 (0) 88°0 (61) 88°0 H38M/X9
€00 (90T 0L .
: . . 90T ‘02°0) (S0°T ‘€2°0)
0. —
(0T°0 01 50°0-) 20°0 (1) 68°0 2L) 880 BBM/XE (Tp/BY) ¥4
. . ) (252 'c0'T) (To'e '1€'1)
0] -
. (160 0192°0-) (6€70 01 G€°0-) 20°0 (&) 81 () 88T o9M/X9
Ge0- —
) . ) (822 '22T) (T7e 'LT'T)
O —_
(5001 70°0-) LEO () 102 @) zzz Yoamyxeg (w/nIn) HSL
(10 %s6) Bulpseq (ebue . a|nnrenb LUl (@b
anfen- (1D %S6) 10943 WoWIEs L v n wi uel
P o wo.8Bueyd ues | persnfpy (U) veIpa N ZT YIUO N sl renbo1u) (U) Ueipe W oulpseg | WAV IUBLIERIL | S0IpUI PIOIAYL
IVIYL AlIvad

Author Manuscript

uonouny prosAyr snousfopus ynm sjuedionued el NH4 ul sso1put proJAyr uo Aousnbaiy sisAjeip Jo 198448 ay |

‘€ 9l1qeL

Author Manuscript

Author Manuscript

Author Manuscript

Hemodial Int. Author manuscript; available in PMC 2020 September 10.



	Abstract
	INTRODUCTION
	METHODS
	Study Population
	Measurements
	Statistical Analyses

	RESULTS
	DISCUSSION
	References
	Table 1.
	Table 2.
	Table 3.



