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CLINICAL RESEARCH ARTICLE

HDL Cholesterol Efflux Capacity is Impaired in Severe
Short-Term Hypothyroidism Despite Increased HDL
Cholesterol

Trynke van der Boom,'? Congzhuo Jia,** Joop D. Lefrandt,” Margery A. Connelly,®
Thera P. Links," Uwe J. F. Tie’[ge,a""6 and Robin PF. Dullaart’

'Department of Endocrinology, University of Groningen, University Medical Center Groningen, 9700

RB Groningen, The Netherlands; 2Department of Vascular Medicine, University of Groningen, University
Medical Center Groningen, 9700 RB Groningen, The Netherlands; *Department of Pediatrics, University
Medical Center Groningen, University of Groningen, 9700 RB Groningen, The Netherlands; *Division of
Clinical Chemistry, Department of Laboratory Medicine, Karolinska Institutet, 171 77 Stockholm, Sweden;
5Laboratory Corporation of America Holdings (LabCorp), Morrisville, North Carolina 27560; and ®Clinical
Chemistry, Karolinska University Laboratory, Karolinska University Hospital, 171 77 Stockholm, Sweden

ORCiD number: 0000-0001-5327-1718 (T. P. Links).

Context: Severe hypothyroidism has profound effects on lipoprotein metabolism including
high-density lipoprotein (HDL) cholesterol elevations but effects on HDL function metrics are
unknown.

Objective: To determine the impact of severe short-term hypothyroidism on HDL particle
characteristics, HDL cholesterol efflux capacity (CEC), and HDL antioxidative capacity.

Design: Observational study with variables measured during severe short-term hypothyroidism
(median TSH 81 mU/L) and after 20 weeks of thyroid hormone supplementation (median TSH
0.03 mU/L) (Netherlands Trial Registry ID 7228).

Setting: University hospital setting in The Netherlands.

Patients: Seventeen patients who had undergone a total thyroidectomy for differentiated
thyroid carcinoma.

Main outcome measures: HDL particle characteristics (nuclear magnetic resonance
spectrometry), CEC (human THP-1-derived macrophage foam cells and apolipoprotein
B-depleted plasma), and HDL anti-oxidative capacity (inhibition of low-density lipoprotein
oxidation).

Results: During hypothyroidism plasma total cholesterol, HDL cholesterol and apolipoprotein
A-l were increased (P < 0.001). HDL particle concentration was unchanged, but there was a shift
in HDL subclasses toward larger HDL particles (P < 0.001). CEC was decreased (P = 0.035), also
when corrected for HDL cholesterol (P < 0.001) or HDL particle concentration (P =0.011). HDL
antioxidative capacity did not change.

Conclusion: During severe short-term hypothyroidism CEC, an important antiatherogenic metric
of HDL function, is impaired. HDL cholesterol and larger HDL particles are increased but HDL
particle concentration is unchanged. Combined, these findings suggest that HDL quality and
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quantity are not improved, reflecting dysfunctional HDL in hypothyroidism. (J Clin Endocrinol

Metab 105: e3355-e3362, 2020)

Key Words: cholesterol efflux capacity, HDL ant-oxidative capacity, HDL cholesterol, HDL
subfractions, hypothyroidism, nuclear magnetic resonance

vert hypothyroidism is a well-established risk factor

for atherosclerotic cardiovascular disease (ASCVD)
(1, 2), which is in part attributable to profound effects
on lipoprotein metabolism (3, 4). Hypothyroidism re-
sults in hypercholesterolemia, which is mainly due to
an increase in low-density lipoprotein (LDL) choles-
terol, coinciding with plasma lipoprotein(a) (Lp(a)) and
proprotein convertase subtilisin/kexin type 9 elevations
(1, 5, 6). Remarkably, high-density lipoprotein (HDL)
cholesterol has been repeatedly demonstrated to be ele-
vated in severe hypothyroidism as well, even though
triglycerides are higher 7-10). In view of the inverse as-
sociation of HDL cholesterol with cardiovascular mor-
bidity 11-13), this raises the question whether the high
HDL cholesterol levels could oppose the deleterious
effect of LDL cholesterol elevations on ASCVD risk in
hypothyroidism.

During the past few years, the causal role of HDL
cholesterol as a cardioprotective lipid biomarker has
been questioned, leading to the concept that assessing
the functional metrics of HDL may provide more in-
sight into the antiatherogenic properties of this lipo-
protein fraction than measurement of HDL cholesterol
per se 14-16). HDL is able to promote cellular choles-
terol efflux, an early step in the atheroprotective reverse
cholesterol transport pathway, whereby cholesterol is
transported from macrophage foam cells in the vas-
cular wall to the liver for metabolism and excretion
into the bile (14, 16). Indeed, several population-based
studies have shown that the so-called cholesterol efflux
capacity (CEC) predicts incident ASCVD, even inde-
pendent and irrespective of the plasma HDL choles-
terol concentration 17-19). Cross-sectionally, CEC is
impaired in metabolic syndrome (20), whereas hyper-
glycemia, particularly in the context of low-normal free
T4 (fT4) levels, may confer a lower antioxidative cap-
acity of HDL, another important metric of HDL func-
tion (21, 22).

HDL comprises a heterogenous group of particles of
different sizes, structures, and compositions (23, 24).
A novel high throughput nuclear magnetic resonance
(NMR) spectrometry-based technique has enabled the
determination of various plasma HDL subfractions and
the HDL particle concentration with good precision and
accuracy (25). Using such an NMR spectrometry-based
technique, a recent meta-analysis involving individual
level participant data in a pooled cohort of 4 population

studies showed that the HDL particle concentration was
inversely associated with incident myocardial infarction
and ischemic stroke even after adjustment for HDL
cholesterol (26). This association was similar in women
and men (26). Moreover, it has been found that HDL
particle concentration is a better predictor of ASCVD
than HDL cholesterol in the context of statin therapy
(13,27).

A study in hypothyroid rats has shown that ATP-
binding cassette transporter Al (ABCA1)-mediated
CEC is improved in response to liothyronine adminis-
tration (28). No such effect was found for scavenger
receptor class B type I (SR-BI) or ATP-binding cassette
transporter G1 (ABCG1)-mediated CEC (28, 29). In
addition, 1 study in humans showed that CEC, assayed
using THP-1 macrophages, is reversibly decreased in
hypothyroidism (30), but there are no data on the effect
of overt hypothyroidism on NMR-based HDL particle
characteristics.

The present study was initiated to determine the ef-
fect of overt hypothyroidism and the response to thy-
roid hormone supplementation on CEC, the HDL
antioxidative capacity and NMR-measured HDL
particle characteristics in patients who had under-
gone a total thyroidectomy for differentiated thyroid
carcinoma (DTC).

Patients and Methods

The present observational study was performed among
patients with DTC. Our treatment protocol followed Dutch
guidelines of DTC treatment (31). Newly diagnosed DTC pa-
tients (18 to 75 years old) were eligible to participate in the
study. Pregnant women and patients with cerebrovascular/
coronary events, atrial fibrillation, or heart failure were not
allowed to participate. No subjects with suspected distant
metastases were included. The study was approved by the
Medical Ethics Committee of the University Medical Center
Groningen (registration number 2015/116). This study was re-
gistered at the Netherlands Trial Register (NTR ID 7228). All
participants gave written informed consent. Inclusion of parti-
cipants was from October 2016 until August 2018.

This study comprised 2 outpatient study visits. The first
visit took place under circumstances of profound short-term
hypothyroidism (i.e., 4 to 6 weeks after total or completion
thyroidectomy, the latter when a hemithyroidectomy was per-
formed initially) at the day before ablative radioactive iodine
treatment. This procedure was performed at high endogenous
TSH levels to enhance uptake of radioactive iodine in any
remaining thyroid tissue. Shortly after radioactive iodine
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treatment, liothyronine (n = 13; 75 pg daily) or levothyroxine
(n = 4; 150-200 pg daily) supplementation was started, aimed
to achieve TSH suppression. All study measurements were re-
peated after 20 weeks of thyroid hormone supplementation.
Patients were advised by a dietician not to change the diet
cholesterol content starting 5 days before each study visit. At
both study visits, patients were studied after an overnight fast.
Height (m), weight (kg), blood pressure (mm Hg), and pulse
rate (beats per minute [bpm]) were measured. Body mass index
was calculated as weight divided by height squared (kg/m?).

Laboratory methods

Venous blood was drawn after an overnight fast. Plasma
and serum samples were obtained by centrifugation at 1400g
for 15 minutes at 4°C. EDTA-anticoagulated venous blood
samples were kept frozen at —-80°C until analysis.

TSH and fT4 were assayed in serum using the Roche
Modular E170 Analyzer (Roche Diagnostics, Mannheim,
Germany).

EDTA plasma samples were sent frozen to LabCorp
for testing. Lipoprotein parameters were measured by 'H-
NMR spectroscopy using a Vantera NMR Clinical Analyzer
(LabCorp, Morrisville, PA) (25, 32). Plasma total cholesterol,
HDL cholesterol, and triglycerides were also measured on the
NMR platform. Non-HDL cholesterol was calculated as the
difference between total cholesterol and HDL cholesterol.
HDL particles and HDL subclasses (small, medium, and large)
were quantified using the amplitudes of their spectroscopic-
ally distinct lipid methyl group NMR signals (25). HDL size
was calculated using the weighted averages derived from the
sum of the diameters of each subclass multiplied by its relative
mass percentage. Total HDL particle numbers were calculated
by the sums of the concentrations of the respective subclasses.
Estimated ranges of particle diameter for the subclasses were
as follows: large HDL, 10.3 to 12.0 nm; medium HDL, 8.7
to 9.5 nm; and small HDL, 7.4 to 7.8 nm. All lipoprotein
parameters were measured using an optimized version (LP4
algorithm) of NMR LipoProfile Test (33). Estimated diam-
eters for the HDL subspecies were as follows: H7P, 12.0 nm;
H6P, 10.8 nm; H5P, 10.3 nm; H4P, 9.5 nm; H3P, 8.7 nm; H2P,
7.8 nm; and H1P, 7.4 nm. Linear regression of the HDL sub-
class signal areas against serum apolipoprotein A-1 (apoA-1)
levels measured chemically in a large reference range study
population (n = 698) provided the conversion factor to gen-
erate NMR-derived concentrations of apoA-1. NMR-derived
concentrations of apoA-1 are highly correlated (r > 0.95) with
values reported using a standard chemistry method.

CEC was measured as described previously (19, 20,
34). Brieflyy, THP-1 human monocytes (ATTC via LCG
Promochem, Teddington, UK) were differentiated into macro-
phages and loaded with 50 pg of acetylated LDL per milliliter
and 1 uCi/mL SH-cholesterol (PerkinElmer, Boston, MA) for
24 hours. Following overnight equilibration in Roswell Park
Memorial Institute 1640 Glutamax medium (penicillin 100
U/mL/streptomycin 100 pg/mL) containing 2% BSA (Sigma-
Aldrich) cells were thoroughly washed with PBS and 2%
apoB-depleted individual patient plasma was added in Roswell
Park Memorial Institute 1640 Glutamax medium containing
penicillin/streptomycin. ApoB-depleted plasma was obtained
by precipitation with polyethylene glycol-6000 17-19). After
5 hours, the medium was collected and centrifuged in a table-
top centrifuge for 5 minutes at 10 000rpm to pellet cellular

https://academic.oup.com/jcem e3357

debris. Effluxed cholesterol label was determined in an aliquot
of medium by liquid scintillation counting (Packard 1600CA
Tri-Carb, Packard, Meriden, CT). Meanwhile, the cells were
incubated for at least 30 minutes with 0.1 M NaOH at room
temperature, whereupon the radioactivity remaining within
the cells was measured. Efflux per well is expressed as the per-
centage of counts (desintegrations per minute) released into
the medium related to the total dose of radioactivity initially
present (counts recovered within the medium added to the
counts recovered from the cells). Values obtained from con-
trol cells without added apoB-depleted patient plasma were
subtracted to correct for unspecific efflux. CEC measurements
were carried out in all respective patient samples in duplicate
at the same time to limit potential variation due to different
assay conditions. To correct for potential plate-to-plate vari-
ation, pooled apoB-depleted control plasma was included on
each plate at 4 different concentrations. Presented data were
further normalized to the mean values for efflux obtained with
control apoB-depleted plasma. CEC was expressed in arbi-
trary units (AU).

HDL antioxidative function was determined as previously
published (33). For the antioxidation assay, 2% of individual
HDL preparations isolated as detailed previously were added
to native, unoxidized LDL particles (100 mg/dL final protein
concentration), after which oxidation was induced by 2.5 mM
2,20-azobis [2-amidinopropane] dihydrochloride followed by
incubation at 37°C for 10 hours. Thereafter, thiobarbituric
acid reactive substances were determined as a measure for
the degree of LDL oxidation as detailed previously (35). The
HDL antioxidative capacity was calculated as the percent re-
duction in thiobarbituric acid reactive substance formation
obtained with an individual HDL sample relative to a reac-
tion to which only LDL and 2,20-azobis [2-amidinopropane]
dihydrochloride but no HDL had been added (35). Lower
values thus indicate poorer protection against LDL oxidation.
The antioxidation assay for all samples was carried out at the
same time and with the same badges of reagents to limit po-
tential variation due to different assay conditions.

Statistical analysis

SPSS 23 (version 23.0, IBM Corp., Armonk, NY) was used
for data analysis. Data were presented as the median (inter-
quartile range [IQR]), and categorical data in numbers and
percentages. Changes in variables between hypothyroidism
and thyroid hormone supplementation were determined
by paired samples Wilcoxon signed-rank tests. Two-sided P
values < 0.05 were considered significant.

Results

Seventeen participants were included in the present
study. Their median age was 46 (IQR 36, 50) years.
Sixteen participants were women (94 %). Fourteen par-
ticipants (82%) were diagnosed with papillary thyroid
carcinoma, of which 7 had lymph node metastases; the
other 3 (18%) were diagnosed with follicular thyroid
carcinoma. None of the participants had distant me-
tastases. The most important medication prescription
included insulin for type 1 diabetes in one participant,
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prednisolone 5 mg daily in another participant, previ-
ously diagnosed with polymyalgia rheumatica (dose
unchanged during follow-up), and hormonal contracep-
tives in 8 women. One subject used a statin that was
continued during the study. None of the participants
were current smokers. Nine participants (53%) con-
sumed alcohol; the average weekly intake of alcohol
varied between 0.25 and 8 drinks and was unchanged
during the follow-up period.

Median TSH was 81.0 (IQR 67.0, 120.5) mU/L
and fT4 was 2.3 (IQR 1.7, 3.5) pmol/L in the hypo-
thyroid condition. TSH had decreased to 0.03 (IQR
0.01, 0.14) mU/L during thyroid hormone supple-
mentation (P < 0.001). Pulse rate was 66 (IQR 60,
70) bpm during hypothyroidism and increased to 76
(IQR 71, 80) bpm during thyroid hormone treatment
(P = 0.016), whereas body mass index was decreased
from 26.5 (IQR 24.8, 29.1) kg/m* during hypothy-
roidism to 25.8 (IQR 24.1, 28.5) kg/m* during thy-
roid hormone supplementation (P = 0.014). As shown
in Table 1, thyroid hormone supplementation resulted
in considerable decreases in plasma total cholesterol,
non-HDL cholesterol, LDL cholesterol, and triglycer-
ides compared with the values during hypothyroidism.
HDL cholesterol and apoA-1 were decreased during
thyroid hormone supplementation, but the total HDL
particle concentration remained unchanged. There was
a size shift in HDL from larger toward more medium
sized HDL particles in response to thyroid hormone

Impaired HDL Cholesterol Efflux in HypothyroidismJ Clin Endocrinol Metab, September 2020, 105(9):e3355-e3362

supplementation. These changes were mirrored by a
decrease in average HDL size during thyroid hormone
supplementation.

In marked contrast to the decrease in HDL choles-
terol and apoA-1, CEC was increased during thyroid
hormone supplementation (Table 1). Notably, this in-
crease was also evident after correction for either
HDL cholesterol (0.0165 [0.0146, 0.0219] vs. 0.0133
[0.0108, 0.0156] AU/[mmol/L], P < 0.001) or the HDL
particle concentration (0.0416 [0.0375, 0.0506] vs.
0.0380 [0.0350, 0.0447] AU/[umol/L], P = 0.011). CEC
values during hypothyroidism and in response to thy-
roid hormone supplementation are shown in Fig. 1. The
antioxidant function of HDL did not change in response
to thyroid hormone supplementation (Table 1).

No significant differences in changes in HDL chol-
esterol (P = 0.60), the HDL particle concentration
(P =0.88), CEC (P = 0.80), and the HDL antioxidative
capacity (P = 0.92) were found between women using
hormonal contraceptives (n = 8) and those who did not
(n = 8) (data not shown).

Discussion

The present study demonstrates in a limited number of
patients that short-term severe hypothyroidism leads to
an impaired CEC, an important metric of HDL func-
tion. Of note, this decrease in CEC was also observed

Table 1.

Plasma Lipids, HDL Parameters, CEC, Anti-Inflammatory Function, and Antioxidant Function During

Hypothyroidism and During TH Supplementation in 17 Patients with Differentiated Thyroid Carcinoma

Parameter Hypothyroidism Thyroid Hormone Supplementation P Value
Total cholesterol (mg/dL) 248.0 (216.5, 288.5) 152.0 (140, 167.5) <0.001
Non-HDL cholesterol (mg/dL) 180.0 (148.5, 218.0) 99 0 (83.0, 109.5) <0.001
LDL cholesterol (mg/dL) 138.0 (120.5, 169.5) 9 (64.5, 92.0) <0.001
HDL cholesterol (mg/dL) 68.0 (57.5, 85.5) 57 0 (45.0, 66.0) 0.001
Triglyceride (mg/dL) 130.0 (99.5, 175.0) 83.0(73.5, 116.0) <0.001
ApoA-1 (mg/dL) 156.0 (136.0, 181.0) 144.0 (133.0, 161.0) 0.007
Total HDLP (umol/L) 23.3(21.4, 25.5) 23.2(21.7, 24.8) 0.948

Large HDLP (umol/L) 4.2(2.6,6.4) 1.0(1.6,2.9 <0.001

Medium HDLP (umol/L) 5.1(3.3,5.5) 6.6 (5.5, 8.8) <0.001

Small HDLP (umol/L) 14.4 (13.3, 15.9) 13.2(12.3, 16.3) 0.463
H7P (umol/L) 1.0(0.5, 1.5) 0.5(0.2, 0.8) 0.001
H6P (umol/L) 2.1(0.8,4.1) 0.6(0.3,1.2) 0.001
H5P (umol/L) 0.8(0.2, 1.0) 0.4 (0.2, 0.8) 0.255
HA4P (umol/L) 1.1(0.9, 1.7) 2.3(1.3,3.3) 0.008
H3P (umol/L) 3.2(2.3,4.5) 5.6(3.1,6.3) 0.002
H2P (umol/L) 11.1(8.8, 12.4) 10.8 (8.7, 12.7) 0.554
H1P (umol/L) 3.2(3.1,5.1) 3.3(1.8,5.1) 0.079
HDL size (nm) 9.6 (9.2,9.9) 9.0(9.3,9.8) <0.001
CEC (AU) 0.90(0.83, 1.01) 1.01(0.93, 1.13) 0.035
Anti-oxidative capacity (%) 60.1 (58.3, 63.1) 61.6 (58.6, 64.1) 0.332

Data in median (interquartile range). Statistical comparisons were done by paired samples Wilcoxon signed-rank tests. Significant changes are indi-

cated in bold.

Abbreviations: ApoA-1, apolipoprotein A-1; CEC: cholesterol efflux capacity; HDL, high-density lipoproteins; HDLP, HDL particles; H7P to H1P, larger

to smaller HDL particles (see Methods); LDL, low-density lipoproteins.

120z Areniga4 go uo Jasn uabuiuols) Jo AusiaAun Aq G291 88S/SSEES/6/S0 L /8101e/Wwad(/woo dno-olwspese//:sdny wolj papeojumoq



doi:10.1210/clinem/dgaad 11

A
P=0.035
14—
1.2- -
s | L
<
o 1.04
T
(&]
0.8 L 1
0.6 T T
Hypo THS
B
P <0.001
0.03 A
o |1
7 0.02-
(=]
I
3 . -
W 0.01 L
0.00 T T
Hypo THS
C
0.06- P =0.011
o 0.06-
: T -
a
T 0.04-
o] I 1L
w
© 0.02-
0.00 T T
Hypo THS

Figure 1. Cholesterol efflux capacity (CEC) during hypothyroidism
(Hypo) and during thyroid hormone supplementation (THS) in

17 patients with differentiated thyroid carcinoma. The median,
interquartile range, and total range are shown as boxplots. (A)

CEC (AU), (B) CEC after correction for high density lipoprotein
cholesterol (HDL-C), (C) CEC after correction for HDL particle (HDL-P)
concentration.

after correction for either the HDL cholesterol or HDL
particle concentration. Furthermore, large HDL par-
ticles were increased, whereas the HDL particle con-
centration, measured by NMR spectroscopy, remained
unchanged. Combined, these data suggest that HDL
quality and quantity are not improved in hypothy-
roidism. Our findings therefore reflect that HDL likely

https://academic.oup.com/jcem e3359

becomes dysfunctional in the hypothyroid state, sug-
gesting that the higher HDL cholesterol levels observed
as such may not translate into an amelioration of the
increased ASCVD risk conferred by the elevations of
apoB-containing lipoproteins. The magnitude of the
observed changes in CEC may be clinically relevant,
particularly in view of our recent longitudinal findings
showing that CEC averaged 0.93 AU in subjects who
developed ASCVD compared with 1.01 AU in subjects
who remained free of clinically manifest ASCVD during
12 years of follow-up (19).

It is commonly appreciated that the ability of cells to
promote cholesterol efflux to extracellular acceptors is
driven by ABCA1-, ABCG1-, and SR-BI-mediated path-
ways as well as by aqueous diffusion (14, 16, 23, 36).
However, there is no consensus about which cell system
to use, or with respect to the use of plasma or serum
to determine CEC in individual patient samples. In
the current study, we used THP-1-derived macrophage
foam cells, generated by loading them with modified
LDL. In this cell system, ABCA1, ABCG1, and SR-BI
are all functional (19, 20). As in our previous studies,
we used EDTA plasma samples obtained in the fasting
state (19, 20, 34). The advantage of EDTA plasma over
serum is that for serum preparation incubation at room
temperature is required subsequent to blood drawing.
This likely results in remodeling of HDL, particularly
of lipid poor pre f-HDL particles, which interact with
macrophages via the ABCA1 pathway (16). Moreover,
we used apoB-depleted plasma, a widely accepted HDL
preparation method for efflux assays (13, 17, 18, 34),
in which CEC depends to >90% on the presence of
HDL (19). The use of a standardized amount of patient
plasma allowed us to calculate HDL cholesterol- and
HDL particle-adjusted CEC values to better delineate
functional HDL abnormalities in the setting of hypo-
thyroidism. Hence, it is relevant that the decrease in
CEC during hypothyroidism remained significant after
adjustment for HDL cholesterol and HDL particle con-
centration. Notably, CEC has been observed to be in-
versely associated with ASCVD in several prospective
and cross-sectional studies 17-20). Therefore, it seems
plausible that impaired CEC in overt hypothyroidism,
could translate into elevated ASCVD risk. It should be
noted, however, that CEC may not relate to (subclin-
ical) atherosclerosis in specific patient categories such as
those with (pre)diabetes, renal transplant recipients and
diabetic patients on hemodialysis 35-37). Therefore, the
impact of decreased CEC on ASCVD in overt hypothy-
roidism needs to be tested in longitudinal studies.

The present study was not designed to extensively
explore mechanisms responsible for the impaired
CEC during hypothyroidism. The ABCA1 pathway
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is important to explain hypothyroidism-induced al-
terations in HDL function as reported in rat studies
(29). If this also holds true for the human hypothy-
roid condition, then it seems plausible that changes
in pre B-HDL, a lipid-poor nascent HDL particle
that interacts with the ABCA1 receptor, play a role
in hypothyroidism-induced CEC impairment. In this
regard, it is noteworthy that pre-f-HDL formation
correlates positively with high-normal fT4 levels in
humans (40). Furthermore, we observed a shift to-
ward larger, more cholesterol-containing HDL par-
ticles during hypothyroidism as expected (7, 8). In fact,
HDL cholesterol was increased during hypothyroidism
without a change in the HDL particle concentration.
Such cholesterol-rich HDL particles in hypothyroidism
are likely the result of lowering of cholesteryl ester
transfer protein activity (9, 41) and could conceivably
negatively impact on CEC (42). Notably, low-grade
chronic inflammation also exerts a negative effect on
CEC (20, 24). In this regard, it is relevant that overt
hypothyroidism may confer higher levels of C-reactive
protein and other inflammatory biomarkers (1). Finally,
recent findings suggest that ABCA1l-mediated CEC
is impaired by Lp(a), which is reversibly elevated in
overt hypothyroidism (5, 43). Because we used apoB-
depleted plasma to determine CEC, it seems unlikely
that Lp(a) effects could to an important extent explain
impaired CEC during hypothyroidism.

Another not-yet-reported finding is that the
antioxidative function of HDL remained unchanged
during overt hypothyroidism, although this metric of
HDL function correlates inversely with fT4 among eu-
thyroid subjects (22). Paraoxonase-1 (PON-1) is an im-
portant anti-oxidative enzyme that resides on HDL, and
is associated inversely with incident ASCVD (44). Using
the same assay to measure PON-1 activity, we have
documented that serum PON-1 activity is a determinant
of the HDL antioxidative function (21). Recent reports
showed that PON-1 activity remains unaltered during
overt hypothyroidism (10), but was decreased when
expressed as the PON-1/apoA-I ratio (30). Moreover,
in euthyroid subjects, PON-1 is more closely related to
HDL particle concentration than to HDL cholesterol
(45). Altogether, the lack of effect of overt hypothy-
roidism on PON-1 activity (10), as well as on the HDL
particle number (present study), may help to explain
why the HDL antioxidative function was unaffected in
the hypothyroid state.

Several other methodological aspects and limitations
of our study need to be ascertained. First, this study was
carried out in the context of Dutch guidelines to manage
and treat DTC patients (31). We took advantage of
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postthyroidectomy status without thyroid hormone re-
placement to assess the effects of short-term profound
hypothyroidism on the HDL biomarkers reported
here. As a consequence, it was not possible to include
a control group of DTC patients or of other hypo-
thyroid patients observed during a prolonged period
of overt untreated hypothyroidism. Furthermore, it
should be appreciated that TSH levels were low during
thyroid hormone supplementation, indicating (mild)
overreplacement. Whether this could to some extent
have affected the magnitude of changes in CEC is un-
known. In this context, it may be relevant that CEC did
not fully recover after reversal of overt hypothyroidism
in another study (30), and that the anti-inflammatory
function of HDL is positively correlated with fT4 levels
within the euthyroid reference range (46). The use of
hormonal contraceptives apparently did not affect the
effects of hypothyroidism on HDL cholesterol, the HDL
particle concentration, CEC, and the antioxidative cap-
acity of HDL. Because most patients participating in the
present study were women, our findings do not neces-
sarily hold true for men. Although our conclusions with
respect to HDL quality and quantity appear to be ro-
bust, our study was carried out in a rather small number
of DTC patients as in other reports (9, 10).

In conclusion, using total thyroidectomy as a condi-
tion of severe short-term hypothyroidism in humans, it
was observed that HDL function, in particular CEC, is
impaired. The plasma HDL particle concentration re-
mained unaltered despite HDL cholesterol elevations
during hypothyroidism. In view of the inverse associ-
ations of CEC, as well as of the HDL particle concentra-
tion with ASCVD, we surmise that the increase in HDL
cholesterol does not sufficiently counteract the dele-
terious effects of LDL cholesterol elevations and other
pro-atherogenic biomarkers on overt hypothyroidism-
related ASCVD risk.
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