
 

 

 University of Groningen

Adiposity Blunts the Positive Relationship of Thyrotropin with Proprotein Convertase
Subtilisin-Kexin Type 9 Levels in Euthyroid Subjects
Kwakernaak, Arjan J.; Lambert, Gilles; Kobold, Anneke C. Muller; Dullaart, Robin P. F.

Published in:
Thyroid

DOI:
10.1089/thy.2012.0434

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2013

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Kwakernaak, A. J., Lambert, G., Kobold, A. C. M., & Dullaart, R. P. F. (2013). Adiposity Blunts the Positive
Relationship of Thyrotropin with Proprotein Convertase Subtilisin-Kexin Type 9 Levels in Euthyroid
Subjects. Thyroid, 23(2), 166-172. https://doi.org/10.1089/thy.2012.0434

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

https://doi.org/10.1089/thy.2012.0434
https://research.rug.nl/en/publications/c8da8212-e076-4db0-a7b0-47b07f0be494
https://doi.org/10.1089/thy.2012.0434


Adiposity Blunts the Positive Relationship of Thyrotropin
with Proprotein Convertase Subtilisin-Kexin Type 9 Levels

in Euthyroid Subjects

Arjan J. Kwakernaak,1 Gilles Lambert,2 Anneke C. Muller Kobold,3 and Robin P.F. Dullaart 4

Background: Effects of thyroid function status on lipoprotein metabolism may extend into the euthyroid range.
Low-density lipoprotein (LDL) metabolism is governed by proprotein convertase subtilisin-kexin type 9
(PCSK9), which down-regulates LDL receptor expression, resulting in higher LDL cholesterol (LDL-C). Here, we
tested whether plasma PCSK9 correlates with thyroid function in nonobese and obese euthyroid subjects.
Methods: We assessed the extent to which plasma PCSK9 is determined by thyrotropin (TSH) in 74 euthyroid
subjects (31 women; TSH between 0.5 and 4.0 mU/L and free thyroxine [FT4] between 11.0 and 19.5 pM) with
varying degrees of obesity (body mass index [BMI] ranging from 20.2 to 40.4 kg/m2).
Results: TSH, FT4, PCSK9, non–high-density lipoprotein cholesterol (non-HDL-C), LDL-C, and apolipoprotein B
(apoB) levels were not different between 64 nonobese subjects (BMI < 30 kg/m2) and 10 obese subjects (BMI
‡ 30 kg/m2; p > 0.20 for each). PCSK9 correlated positively with TSH in nonobese subjects (r = 0.285, p = 0.023). In
contrast, PCSK9 was not associated positively with TSH in obese subjects (r = - 0.249, p = 0.49). The relationship
of PCSK9 with TSH was different between nonobese and obese subjects when taking age, sex, FT4, and the
presence of anti-thyroid antibodies into account (multiple linear regression analysis: b = - 0.320, p = 0.012 for the
interaction term between the presence of obesity and TSH on PCSK9), and was also modified by BMI as a
continuous trait (b = - 0.241, p = 0.062 for the interaction term between BMI and TSH on PCSK9). Non-HDL-C,
LDL-C, and apoB levels were dependent on PCSK9 in nonobese subjects ( p £ 0.01 for each), but not in obese
subjects ( p > 0.50), Accordingly, BMI interacted negatively with PCSK9 on non-HDL-C ( p = 0.028) and apoB
( p = 0.071).
Conclusions: This study suggests that circulating PCSK9 levels correlate with thyroid function even in the
normal range. This relationship appears to be blunted by obesity. Thyroid functional status may influence
cholesterol metabolism through the PCSK9 pathway.

Introduction

The impact of thyroid dysfunction on cardiovascular
morbidity and mortality is receiving continued interest.

Current evidence strongly favors the notion that overt hypo-
thyroidism confers increased cardiovascular risk, but equi-
vocal effects of subclinical hypothyroidism on incident
cardiovascular disease have been reported (1–6). More re-
cently, the concept is evolving that higher levels of circulating
thyrotropin (TSH) and lower thyroid hormone (TH) levels,
even within the euthyroid range, adversely affect cardiovas-
cular risk factors, including plasma levels of pro-atherogenic
lipoproteins (7–10), as well as subclinical atherosclerosis
(11,12).

It is well established that thyroid functional status has
multiple and complex effects on lipoprotein metabolism
(13,14). Despite the stimulation of hepatic cholesterol syn-
thesis, TH lowers plasma low-density lipoprotein cholesterol
(LDL-C) due to its ability to up-regulate low-density lipo-
protein receptor (LDL-R) expression (13–18). Among the other
factors involved, TH also affects lipoprotein metabolism via
effects on intestinal cholesterol absorption, hepatic lipase,
lipoprotein lipase, and cholesteryl ester transfer protein,
a lipid transfer protein that specifically transfers cholesteryl
esters between lipoproteins in plasma (13,14,19–21). Although
it has long been recognized that TH plays a crucial role in the
regulation of plasma lipoprotein and cholesterol metabolism
(13,14), it was reported only recently that TSH may directly
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stimulate the expression of 3-hydroxy-3-methyl-glutaryl
coenzyme A reductase, the rate-limiting enzyme in hepatic
cholesterol synthesis (22).

The discovery that proprotein convertase subtilisin-kexin
type 9 (PCSK9) represents a key regulatory pathway for LDL-
R degradation has greatly impacted current concepts about
the regulation of cholesterol metabolism. PCSK9 is a secreted
protease that binds to the extracellular domain of the LDL-R,
and targets it for lysosomal degradation after endocytosis
(23,24). PCSK9 prevents LDL-R recycling to the cell surface
and results in decreased LDL-R availability (23,24). Accord-
ingly, plasma cholesterol is decreased in mice lacking PCSK9
(25). In humans, the fractional catabolic rate of apolipoprotein
B (apoB) is correlated negatively with circulating PCSK9
levels, whereas plasma LDL-C, non–high-density lipoprotein
cholesterol (non-HDL-C) and apoB levels have been shown to
be correlated positively with PCSK9 (26–28). Interindividual
differences in plasma PCSK9 concentrations are, therefore,
likely to be physiologically relevant (25,26). Importantly, the
sterol regulatory element binding protein transcription factor
2 (SREBP2), which stimulates intracellular cholesterol syn-
thesis and promotes LDL-R gene expression, is also able to up-
regulate PCSK9 (23,24). Of further relevance, SREBP2 has
been identified as a TH target, explaining at least in part the
effects of thyroid functional status on LDL-R expression (29).
This makes it plausible to postulate that thyroid functional
status could play a role in PCSK9 regulation.

In view of recent findings suggesting that the effects of
thyroid function on lipoprotein metabolism may extend in the
euthyroid range (7–10), we asked the question whether plas-
ma PCSK9 levels are related to thyroid function in subjects
without overt or subclinical hypo- and hyperthyroidism. The
present study was initiated to determine the extent to which
plasma PCSK9 is dependent on TSH or free thyroxine (FT4) in
euthyroid subjects with varying degrees of obesity.

Materials and Methods

Patients and methods

Subjects (aged > 18 years) were recruited by an advertise-
ment in local newspapers. Eligible subjects were of Caucasian
ethnicity, had a negative history of thyroid disease, did not
show thyroid abnormality on physical examination, and
had serum TSH and FT4 levels within the institutional refer-
ence range. Previously diagnosed diabetes mellitus, known
hypertension, renal function abnormalities (elevated serum
creatinine and/or elevated urinary albumin excretion), liver
function abnormalities (transaminase levels > 1.5 times the
upper normal level), clinically manifest cardiovascular
disease, and pregnancy were exclusion criteria. Smokers,
subjects who consumed > 3 alcoholic drinks daily, and sub-
jects who used lipid-lowering drugs or other medications
(except for oral contraceptives) were also excluded. No par-
ticipant had previously-diagnosed genetically-determined
hyperlipidemia, but we did not exclude subjects with high
plasma total cholesterol or triglyceride concentrations in
order to ensure generalizability of the data obtained as much
as possible. Body mass index (BMI) was calculated as weight
divided by height squared (kg/m2). Obesity was defined as
BMI ‡ 30 kg/m2. After 15 minutes of rest, systolic and dia-
stolic blood pressure were measured thrice with 5-minutes
intervals with a digital sphygmomanometer in the supine

position. Homeostasis model assessment (HOMAir) was used
as a measure of insulin sensitivity using the following equa-
tion: fasting plasma insulin (mU/L) · glucose (mM)/22.5 (30).
All participants were studied after an overnight fast, and ve-
nous blood was obtained between 8 and 10 a.m. The medical
ethics committee of the University Medical Center Groningen,
The Netherlands, approved the study. All participants pro-
vided written informed consent.

Laboratory analyses

Serum and EDTA-anticoagulated plasma samples were
stored at - 80�C until analysis. Glucose was measured shortly
after blood collection. Serum TSH (sandwich principle; Roche
Diagnostics GmbH, Mannheim Germany, cat. no. 117314591;
reference range 0.5–4.0 mU/L) and FT4 (competition principle;
Roche Diagnostics GmbH; cat. no. 11731297; reference range
11.0–19.5 pM) were measured by an electrochemiluminescence
immunoassay using a MODULAR ANALYTICS immuno-
assay analyzer (Roche GmbH, Mannheim, Germany). Anti–
thyroid peroxidase (anti-TPO) and anti-thyroglobulin (anti-Tg)
autoantibodies were determined using commercially available
automated enzyme-linked immunoassays (ImmunoCap cat
nos. 14-4508-35 and 14-4507-35, respectively; Phadia, Freiburg,
Germany). Thyroid autoantibodies were considered to be
positive in case of anti-TPO antibodies > 60 IU/mL or anti-Tg
antibodies > 289 IU/mL, as indicated by the supplier. PCSK9
was measured using a sandwich enzyme-linked immunosor-
bent assay (25). Plasma cholesterol and triglycerides were
assayed by routine enzymatic methods. HDL-C was measured
with a homogeneous enzymatic colorimetric test. Non-HDL
cholesterol (non-HDL-C) was calculated as the difference
between plasma total cholesterol and HDL-C. LDL-C was
calculated using the Friedewald formula. ApoB was measured
by immunoturbidimetry. Plasma glucose was measured with
an APEC glucose analyzer (APEC, Inc., Danvers, MA). Plasma
insulin was assayed with a microparticle enzyme immuno-
assay. All intra- and interassay coefficients of variation were
< 6%.

Statistical analyses

Data are in median (interquartile range, IQR). Between-
group differences were determined by Mann–Whitney U
and Chi-square tests. Univariate relationships were calcu-
lated using Spearman’s rank correlation coefficients. Multi-
ple linear regression analyses were performed to assess the
independent contribution of variables. Interaction terms
were calculated as the product terms between TSH and BMI
(dichotomized in BMI < 30 and ‡ 30 kg/m2, and in addition
as a continuous variable). For continuous variables, distri-
butions centered to the mean were made by subtracting the
group mean value from the individual value of the variable
of interest to account for possible outliers. Interaction terms
were considered to be significant at a two-sided p-value
< 0.10. Otherwise, statistical significance was set at a two-
sided p-value < 0.05.

Results

Seventy-four subjects participated (Table 1). Sixty-four
subjects were nonobese subjects (BMI < 30 kg/m2), and 10
were obese subjects (BMI ‡ 30 kg/m2). Two nonobese women
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used oral contraceptives; other medications were not used.
Four of the nonobese and none of the obese subjects had either
positive anti-TPO or anti-TG autoantibodies ( p = 0.59). Age
( p = 0.78), and sex distribution ( p = 0.23) were not different
between the nonobese and obese subjects. Blood pressure,
plasma insulin, and HOMAir were higher in the obese sub-
jects. Plasma total cholesterol was somewhat lower in the
obese subjects (range: 4.14–7.08 mM) than in the nonobese
subjects (range: 3.71–8.29 mM), which was due to lower HDL-
C (Table 1). Non-HDL-C, LDL-C, triglycerides, and apoB
levels were not significantly different between the nonobese

and obese subjects. TSH, FT4, and PCSK9 levels were also not
significantly different between the nonobese and obese sub-
jects (Table 1). In addition, the levels of PCSK9 (131 [109–191]
lg/L) and TSH (1.36 [1.02–1.74] mU/L) were lower in women
than in men (169 [142–198] lg/L, p = 0.043 and 1.80 [1.33–2.22]
mU/L, p = 0.022, respectively), but FT4 was not different
between women and men ( p = 0.92).

Total cholesterol, non-HDL-C, LDL-C, triglycerides, and
apoB levels were correlated positively with PCSK9 in all
subjects combined. Total cholesterol, non-HDL-C, LDL-C,
triglycerides, and apoB levels were correlated positively with

Table 1. Clinical Characteristics, Plasma Glucose, Insulin, Homeostasis Model Assessment,

Lipoproteins, PCSK9, Thyrotropin, and Free Thyroxine in All Subjects Combined,

and Separately in Nonobese Subjects and Obese Subjects

All subjects (n = 74) Nonobese subjects (n = 64) Obese subjects (n = 10)

Age (years) 55 [48–62] 54 [48–63] 57 [44–58]
Sex (M/F) 31/43 28/36 3/7
Systolic blood pressure (mmHg) 128 [118–142] 128 [117–138] 142 [130–152]**
Diastolic blood pressure (mmHg) 82 [76–88] 79 [75–86] 88 [84–94]**
BMI (kg/m2) 25.4 [23.6–27.4] 24.7 [23.4–26.4] 33.3 [30.2–35.2]***
Glucose (mM) 5.7 [5.1–6.1] 5.7 [5.2–6.1] 5.8 [5.1–6.4]
Insulin (mU/L) 6.9 [4.8–8.5] 6.0 [4.4–8.1] 11.1 [8.4–19.8]**
HOMAir (mU mmol/[L2 · 22.5]) 1.61 [1.15–2.26] 1.50 [1.12–2.04] 3.00 [2.17–3.70]***
Total cholesterol (m) 5.70 [5.03–6.46] 5.76 [5.26–6.48] 4.96 [4.88–5.10]*
Non-HDL-C (mM) 4.10 [3.65–5.03] 4.21 [3.57–5.08] 3.82 [3.72–4.11]
LDL-C (mM) 3.51 [2.94–4.22] 3.64 [2.97–4.27] 3.16 [2.78–3.44]
HDL-C (m) 1.40 [1.16–1.72] 1.46 [1.23–1.74] 1.15 [0.97–1.32]**
Triglycerides (mM) 1.31 [0.90–1.91] 1.31 [0.89–1.90] 1.36 [0.97–2.22]
ApoB (g/L) 0.93 [0.80–1.12] 0.93 [0.79–1.18] 0.90 [0.80–1.04]
PCSK9 (lg/L) 150 [116–192] 150 [116–191] 150 [78–192]
TSH (mU/L) 1.54 [1.25–2.02] 1.61 [1.14–2.04] 1.36 [1.27–1.56]
FT4 (pM) 13.34 [12.48–14.69] 13.38 [12.56–14.73] 13.17 [12.32–14.03]

Values are presented as mean IQR.
*p £ 0.05, **p £ 0.01, ***p £ 0.001 vs. nonobese subjects.
BMI, body mass index; non-HDL-C, non-HDL cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein

cholesterol; ApoB, apolipoprotein B; PCSK9, proprotein convertase subtilisin-kexin type 9; TSH, thyrotropin; FT4, free thyroxine.

Table 2. Correlation Coefficients Between Thyrotropin, Free Thyroxine, PCSK9, Clinical Characteristics,

Plasma Glucose, Insulin, Homeostasis Model Assessment, and Lipoproteins in All Subjects Combined,

and Separately in Nonobese Subjects and Obese Subjects

All subjects (n = 74),
correlation coefficient with

Nonobese subjects (n = 64),
correlation coefficient with

Obese subjects (n = 10),
correlation coefficient with

PCSK9 TSH FT4 PCSK9 TSH FT4 PCSK9 TSH FT4

Age - 0.122 0.027 0.114 - 0.143 0.103 0.179 0.024 0.380 - 0.524
BMI - 0.003 - 0.052 - 0.092 0.026 - 0.009 - 0.056 - 0.139 0.869*** - 0.430
Glucose - 0.151 0.046 - 0.003 - 0.105 0.109 0.047 - 0.326 - 0.198 - 0.265
Insulin 0.237* - 0.093 - 0.158 0.226 - 0.091 - 0.175 0.745* 0.195 - 0.079
HOMAir 0.216 - 0.085 - 0.138 0.185 - 0.062 - 0.124 0.855** 0.097 - 0.261
Total cholesterol 0.354** 0.114 0.037 0.405*** 0.089 0.043 0.370 0.225 - 0.006
Non-HDL-C 0.401*** 0.024 0.062 0.439*** 0.026 0.070 0.224 - 0.091 - 0.103
LDL-C 0.291* 0.083 0.058 0.314** 0.081 0.039 0.067 - 0.122 0.236
HDL-C - 0.144 0.136 - 0.088 - 0.168 0.079 - 0.126 - 0.200 0.207 0.018
Triglycerides 0.329** - 0.034 0.106 0.386** - 0.038 0.158 0.067 0.109 - 0.176
ApoB 0.271* - 0.064 - 0.007 0.319** - 0.058 0.008 - 0.091 0.012 0.140
PCSK9 0.201 0.031 0.285* 0.057 - 0.249 - 0.067

Spearman’s rank correlation coefficients are shown. Statistically significant correlations are shown in bold.
*p £ 0.05, **p £ 0.01, ***p £ 0.001.
BMI, body mass index; non-HDL-C, non-HDL cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein

cholesterol; ApoB, apolipoprotein B; PCSK9, proprotein convertase subtilisin-kexin type 9; TSH, thyrotropin; FT4, free thyroxine.
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PCSK9 in all subjects combined, and in nonobese subjects, but
no such relationships were found in obese subjects (Table 2).
PCSK9 was related positively to insulin or HOMAir in all
subjects combined and in obese subjects separately, although
PCSK9 was not significantly related to BMI. Notably, PCSK9
was correlated positively with TSH in nonobese subjects
(r = 0.285, p = 0.023). In contrast, no positive relationship of
PCSK9 with TSH was observed in the obese subjects (r = -
0.249, p = 0.49). Figure 1 shows the scatter plot of plasma TSH
and PCSK9 in nonobese and obese subjects. BMI was corre-
lated positively with TSH in obese subjects, but thyroid
function parameters were not significantly related to insulin,
HOMAir and lipid variables. FT4 was unrelated to PCSK9 in
the nonobese and obese subjects.

To determine whether the relationship of TSH with PCSK9
was different between the nonobese and obese subjects,
multiple linear regression analysis was performed, which
included the interaction term between the presence of obesity
and TSH levels. In a model that accounted for age, sex, FT4,
and the presence of thyroid autoantibodies, a negative inter-
action between the presence of obesity and TSH on PCSK9
levels was observed (b = -0.320, p = 0.012; Table 3, model 1).
This interaction was also present after additional adjustment
for HOMAir (b = -0.330, p = 0.008). In an alternative analysis,
which included BMI as continuous trait, BMI was again found
to interact with TSH on PCSK9 (b = -0.241, p = 0.062; Table 3,
model 2). These interactions remained essentially similar after
the exclusion of those 4 subjects who were positive for thyroid
autoantibodies (model 1: b = -0.325, p = 0.015; model 2: b =
-0.271, p = 0.046). Thus, these analyses were consistent with
the possibility that the positive relationship of the PCSK9 level
with TSH was blunted by increasing adiposity. Graphical
presentations of the influence of obesity and BMI as contin-
uous traits on the relationship of PCSK9 with TSH are shown
in Figures 2 and 3. Finally, we assessed whether the rela-
tionship of plasma lipoprotein cholesterol with PCSK9 was
modified by obesity. Negative interactions between BMI and

PCSK9 impacting on both non-HDL-C (b = - 0.244, p = 0.028)
and apoB (b = - 0.207, p = 0.071) were observed after adjust-
ment for age and sex (data not shown).

Discussion

This study demonstrates for the first time that plasma
PCSK9 levels are correlated positively with TSH in nonobese
euthyroid subjects. In contrast, no positive relationship of
PCSK9 with TSH was observed in obese individuals. Ac-
cordingly, the effect of TSH on PCSK9 was blunted by in-
creasing adiposity, as inferred from negative interactions of
TSH with obesity as a categorical variable, as well as with BMI
as a continuous trait. The present data, therefore, support the
hypothesis that variations in thyroid functional status within
the euthyroid range may influence lipoprotein cholesterol

FIG. 1. Scatter plot showing the univariate relationship
between thyrotropin (TSH) and proprotein convertase sub-
tilisin-kexin type 9 (PCSK9) in nonobese (n = 64) and obese
subjects (n = 10).

Table 3. Multiple Linear Regression Analyses

Demonstrating Interactions Between Obesity,

Body Mass Index, and Thyrotropin

on PCSK9 in 74 Euthyroid Subjects

Model 1 Model 2

b p-Value b p-Value

Age - 0.092 0.45 - 0.106 0.40
Sex (men vs. women) - 0.244 0.050 - 0.193 0.13
Thyroid autoantibodies

(yes vs. no)
- 0.114 0.32 - 0.144 0.22

FT4 0.058 0.61 0.067 0.57
TSH 0.197 0.11 0.068 0.58
Obesity (yes vs. no) - 0.074 0.53
BMI 0.012 0.92
Interaction TSH ·

obesity (yes vs. no)
- 0.320 0.012

Interaction TSH · BMI
(continuous variable)

- 0.241 0.062

Obesity is defined as BMI ‡ 30 kg/m2.
b, standardized regression coefficient; FT4, free thyroxine; TSH,

thyrotropin; BMI, body mass index.

FIG. 2. Three-dimensional bar graph showing the negative
interaction of obesity (z-axis) with quintiles of thyrotropin
(TSH) (x-axis) on proprotein convertase subtilisin-kexin type
9 (PCSK9) (y-axis) in 74 euthyroid subjects. The standardized
regression coefficient of the interaction term obtained by the
multiple linear regression model 1 (Table 3) is used.
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metabolism via the PCSK9 pathway in nonobese subjects. Our
results also raise the possibility that this relationship is dis-
turbed in obesity.

As expected (27,28,31), PCSK9 was associated positively
with insulin in all subjects combined, and also in obese indi-
viduals separately. We did not observe a relationship of
PCSK9 with BMI. Previous studies showed no significant
(28,31) or weaker (27) associations of PCSK9 with obesity. The
currently documented positive relationship of total choles-
terol, non-HDL-C, LDL-C, and apoB with PCSK9 levels in
nonobese individuals is in line with other data, and under-
scores the important role of PCSK9 in cholesterol metabolism
(23–25,27,28,31,32). Of potential interest, this relationship of
apoB-containing lipoproteins with circulating PCSK9 was
disturbed in obese subjects. In agreement, PCSK9 interacted
negatively with BMI on non-HDL-C and apoB. In compar-
ison, the negative impact of PCSK9 on LDL apoB catabolism
was found to be absent in predominantly obese diabetic
subjects (33), although a strong positive relationship of apoB-
containing lipoproteins with PCSK9 has been observed in
diabetes mellitus in another report (32).

Large-scale studies in euthyroid subjects have shown pos-
itive relationships of total cholesterol and apoB-containing
lipoproteins with TSH (7,10), and negative relationships
with FT4 (8). Whether such variable relationships of apoB-
containing lipoproteins with either TSH or FT4 would reflect a
direct effect of TSH (22), besides the more established direct
contributions of TH on cholesterol metabolism (14), is unclear
at present. In the current report, only the relationship of
PCSK9 with TSH was statistically significant, which we in-
terpret to suggest that variations in thyroid functional status
within the euthyroid range influence circulating PCSK9.
Obviously, further studies are needed to provide greater in-
sights on the impact of thyroid functional status on intracel-

lular cholesterol homeostasis, and to specifically address the
role of SREBP2 and the PCSK9 pathway therein. Remarkably,
adiposity was found to interact with TSH on PCSK9 levels in
such a way that the effect of TSH on PCSK9 was blunted with
increasing adiposity. This interaction remained present after
controlling for insulin resistance, which is important because
insulin resistance itself has been shown to be related to the
TSH level (8), and to modify the effect of TSH on LDL-C (34).
The mechanisms responsible for such a modification of the
degree of adiposity on the relationship of PCSK9 with TSH are
unknown, but seem unrelated to direct the effects of insulin,
as prolonged intravenous insulin administration does not
affect circulating PCSK9 levels in humans (35). Together with
the lack of a positive relation of apoB-containing lipoproteins
with PCSK9 in obesity, this finding would suggest that the
degree of obesity could interfere with the effects of TH status
on cholesterol metabolism via the PCSK9 pathway.

Several methodological aspects and limitations of our
study need to be considered. First, we carried out a cross-
sectional study, and cause–effect relationships cannot be
unequivocally established. Second, the number of obese in-
dividuals in the current report was small. Notably, an effect
modification of adiposity on the relationship of PCSK9 with
TSH was also documented by additional multiple linear re-
gression analyses in which the impact of the interaction of
TSH with BMI as a continuous trait on PCSK9 was deter-
mined. Third, we took the presence of thyroid autoantibodies
in the analyses into account, because autoimmune responses
could enhance early atherogenesis even in euthyroid subjects
(36). In the current report, the independent relationship of
PCSK9 with TSH was not appreciably modified by the
presence of thyroid autoantibodies. Fourth, reasoning that
changes in FT4 in association with variations in TSH levels
within the euthyroid range are more pronounced com-
pared with changes in free triiodothyronine (FT3) (10), we
did not measure FT3 levels, Furthermore, TH effects on apoB-
lipoproteins during reversal of both hypo- and hyperthy-
roidism to euthyroidism are adequately documented by FT4
measurement only (18). Thus, a major additional contribution
of variations in FT3 to the presently observed relationship of
plasma PCSK9 with thyroid functional status seems unlikely.
Finally, the present observations in euthyroid subjects war-
rant determination of the extent to which overt thyroid dys-
function and its treatment affects the PCSK9 pathway.

In conclusion, this study suggests that circulating PCSK9
levels correlate with thyroid function even in the normal
range. This effect of thyroid functional status on PCSK9 reg-
ulation appears to be blunted by adiposity.
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