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Abstract

Objective: Angiopoietin-like proteins (ANGPTL) 3, 4 and 8 are upcoming cardiovascular 
biomarkers. Experimental studies showed that thyroid hormones altered their levels. 
We assessed ANGPTL3, 4 and 8 as predictors of cardiovascular functions among naïve 
subclinical and naïve overt hypothyroidism (SCH and OH) and altered ANGPTL levels with 
levothyroxine replacement (LT4) and their association with improved cardiovascular risk 
factors and cardiovascular function.
Design and methods: The study was a prospective follow-up study that assessed 
ANGPTL3, 4 and 8 levels, vascular status (flow-mediated dilation% of brachial artery 
(FMD%), carotid intima-media thickness (CIMT), aortic stiffness index (ASI)), left ventricle 
(LV) parameters (ejection fraction (EF), myocardial performance index (MPI), and LV 
mass), well-known cardiovascular risk factors and homeostatic model for the assessment 
of insulin resistance, at two time points, that is, among naïve SCH, naïve OH, and 
healthy subjects groups; and at 6 months after achieving the euthyroid state with LT4 
by calculating their increased or decreased delta changes (∆↑ or ∆↓) in longitudinal arm 
among LT4-hypothyroid groups.
Results: Significantly elevated levels of ANGPTL3, 4 and 8 among hypothyroid groups than 
the healthy subjects were reduced with LT4. Multivariate analysis revealed ANGPTLs as 
independent predictors of cardiovascular functions and the contributors for ANGPTL 
level included ANGPTL3 and 4 for impaired FMD%, and ANGPTL8 for LV mass among 
naïve SCH; ANGPTL3 for EF% and ANGPTL8 for CIMT in naïve OH; ∆↓ANGPTL3 for ∆↓ASI 
meanwhile ∆↑freeT4 for ∆↓ANGPTL3, ∆↓fasting glucose, ∆↓triglyceride, and ∆↓thyroid 
peroxidase antibody for ∆↓ANGPTL4 among LT4-SCH. ∆↓ANGPTL4 for ∆↓MPI and ∆↓LV 
mass, meanwhile ∆↓TSH and ∆↓triglyceride for ∆↓ANGPTL3, ∆↑free T3 and ∆↓HOMA-IR 
for ∆↓ANGPTL4, and systolic blood pressure and waist circumference for ∆↓ANGPTL8 
among LT4-OH.
Conclusion: Elevated ANGPTL3, 4 and 8 levels are differentially independent predictors of 
endothelial and cardiac function and are reduced with LT4 in SCH and OH.
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Introduction

Overt hypothyroidism (OH) and subclinical  
hypothyroidism (SCH) are characterized by the 
coexistence of traditional cardiovascular disease risk 
factors, insulin resistance (IR), elevated inflammatory 
markers, altered hemodynamic and morphological 
parameters of endothelial function of the peripheral 
muscular and central elastic arteries as assessed via flow-
mediated dilation% (FMD%) of the brachial artery, carotid 
intima-media thickness (CIMT), and aortic stiffness 
index (ASI) as early atherosclerotic markers. These factors 
induce impaired cardiac function among the patients with 
hypothyroidism (1, 2).

Angiopoietin-like proteins (ANGPTLs) are a family 
of secreted proteins, including ANGPTL3, ANGPTL4 
and ANGPTL8 (ANGPTL3, 4 and 8). They are proposed 
to inhibit lipoprotein lipase (LPL) enzyme activity in a 
coordinated manner to maintain metabolic homeostasis, 
which enhances the supply of fatty acid as a fuel source 
for many tissues such as the heart and the skeletal muscles 
during fasting. Moreover, metabolic homeostasis enhances 
adipose tissue storage during feeding. The inhibition 
of LPL activity by ANGPTL3 and ANGPTL4 is regulated 
by their interaction with ANGPTL8 with subsequent 
hypertriglyceridemia (3).

Aside from their role in lipid metabolism, human 
genetic studies highlighted the association of inactivating 
mutation in ANGPTL3, 4 and 8 with reduced risk of 
atherosclerosis and coronary artery disease (CAD) (4, 5, 6). 
Also, the knockout of any of these ANGPTLs can prevent 
the development and progression of atherosclerosis in mice 
(7, 8, 9). They are associated with obesity, dyslipidemia, 
and IR, as well as cardiovascular risk and atherosclerosis. 
Moreover, anti-ANGPTL3, anti-ANGPTL4, and anti-
ANGPTL8 provide new opportunities for the therapeutic 
intervention for dyslipidemia, obesity, atherosclerosis, and 
CAD, but safety must be further evaluated before they can 
be effectively used in clinical setting (6, 10, 11). One pilot 
study demonstrated the regulatory role of ANGPTL4 upon 
endothelial and cardiac function parameters in chronic 
obstructive pulmonary disease (COPD) (12).

One preliminary study revealed that circulating 
ANGPTL3 and 8, but not ANGPTL4, were elevated in 
SCH and OH (13). Thyroid hormones (THs) upregulate 
ANGPTL8 gene expression in the cell line and suppress 
ANGPTL3 mRNA but not ANGPTL4 mRNA in hypothyroid 
rat (14, 15).

Based on the above data and to the best of our 
knowledge, our study was the first to: (i) evaluate the role 

of levothyroxine (LT4) replacement therapy on ANGPTL 
level after 6 months follow-up of achieved euthyroid state 
among naïve SCH and naïve OH groups in longitudinal 
arm; (ii) assess the association of ANGPTL3, 4 and 8 
with the morphological and hemodynamic parameters 
of functional state of both the endothelium and left 
ventricle (LV) as early predictors of atherosclerosis and 
cardiac dysfunction, respectively and (iii) evaluate the 
role of THs, studied cardiovascular disease risk factors, and 
inflammatory parameters as contributors to the levels of 
these ANGPTLs at two time points, that is, at the baseline 
among hypothyroid groups in cross arm and at the end 
of longitudinal arm as we calculated the increased or 
decreased delta change (∆↑or ∆↓) of these parameters.

Subjects and methods

We conducted this prospective, observational, cohort 
study with cross-sectional and longitudinal follow-up 
arms at the Endocrinology and Diabetes Unit, Internal  
Medicine Department, Minia University, Egypt, from 
February 2018 to June 2020. The cross-sectional arm 
included healthy euthyroid (HS), naïve SCH, and naïve OH 
groups (n = 36 for each group, with female/male ratios of 
30/6, 32/4, and 34/2, respectively).

Study design

The present study was conducted on a consecutive sample 
of naïve patients with SCH and OH who were referred to 
Endocrinology Unit, Minia University Hospital during 
the year 2018. Upon further analysis, 45 SCH and 45 OH 
patients met the diagnostic and exclusion criteria of the 
study. Diagnosis of SCH and OH was made according to 
the American Association of Clinical Endocrinologists and 
the American Thyroid Association Guidelines 2012 (16). 
Diagnosis of SCH was based on persistent, elevated thyroid-
stimulating hormone (TSH) >4.5 IU/L with normal serum-
free T4 (FT4) at least 3 months prior to the commencement 
of the study. The subjects that regained euthyroid state 
within this period were excluded. Diagnosis of OH was 
made among subjects with TSH >4.5 IU/mL and FT4 <0.9 
ng/dL. Age- and sex-matched euthyroid healthy subjects 
were selected as controls. The subjects that met any of 
the following exclusion criteria were not included in the 
study: with cardiovascular disorder, diabetes mellitus, 
hypothalamic–pituitary axis problem, chronic illness, 
organ dysfunction, and malignancy anywhere or taking 
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medications that may influence the studied laboratory and 
cardiovascular parameters.

Ethical aspects
This study was approved by the Institutional local Ethics 
Committee, Faculty of Medicine, Minia School, Egypt; 
and was conducted in accordance with the Declaration of 
Helsinki. All the subjects gave their informed consent for 
contribution after full explanation of the study design.

Cross arm of the study

Initially, through history, anthropometric, biochemical, 
and cardiovascular parameters were assessed among the 
three studied groups.

Medical treatment and longitudinal arm of 
the study

The SCH and OH subjects consequently received the initial 
dose of LT4 which was 25–75 μg/kg and 1.5–1.6 μg/kg,  
respectively. Then, TSH and FT4 were measured every  
6 weeks with adjustment of the LT4 dose until euthyroid 
state and TSH target range (0.4–2.5 IU/mL) were achieved, 
and dosage was modified to reach the target by maintaining 
the TSH level in the target range during this period. Later, the 
THs were assessed every 3 months. Eight patients dropped 
out of the study as they neither came back for the follow-up 
nor followed the instructions of the study protocol. Six 
patients were excluded from the analysis because they 
developed concomitant disease (n = 4) or failed to achieve 
the reference TSH level during the 3 months of treatment 
(n = 2). After 6 months of achieving established laboratory 
euthyroid state on LT4 substitution therapy in the diseased 
groups (labeled as LT4-SCH and LT4-OH groups), the same 
anthropometric, laboratory, and cardiovascular parameters 
were assessed. We calculated the increased or decreased 
delta change (∆↑or ∆↓) of these parameters to evaluate 
the effect of LT4 therapy on ANGPTLs in the context of  
these changes.

Measurement of biochemical parameters

An overnight fasting and 12-h fasting blood samples were 
drawn from each subject and prepared for the measurement 
of fasting plasma glucose (FPG), complete lipogram (total 
cholesterol and HDL-c, triglycerides, and calculated LDL-c)  
using standard laboratory methods. THs (TSH, freeT3 
(FT3), and FT4) were assessed using Mini Vidas via enzyme-

linked fluorescence immunoassay (BioMerieux, Marcy-
I’Etoile, France). Specimens stored at −80°C were used to 
measure the anti-thyroid peroxidase (anti-TPO) antibodies 
(ORGENTEC, Mainz, Germany), high sensitive C-reactive 
protein ((hsCRP) (BIOS microwell ELISA Diagnostic 
Systems Kit, San Francisco, CA, USA), fasting plasma 
insulin (Epitope Diagnostics, Inc., San Diego, CA, USA), 
and plasma ANGPTL3, 4 and 8 (ELBA Science, Wuhan, 
China) via ELISA. Homeostatic model for the assessment 
of insulin resistance (HOMA-IR) was calculated (17).

Assessment of cardiovascular status

For endothelial function: (i) high-resolution, color-
coded Doppler ultrasonography (Toshiba) with an 8- to 
12-MHz linear array was employed for the measurement of 
common CIMT according to the recommendations of the 
Mannheim CIMT Consensus (18), and the FMD% of the 
brachial artery was calculated as follows: (post occlusion 
diameter − baseline diameter) × 100/baseline diameter 
according to the method described by Celermajer et  al. 
(19). (ii) M-mode echocardiography of the aortic root was 
performed to calculate the ASI = 100 × (natural (systolic 
blood pressure (SBP))/diastolic blood pressure (DBP)) / 
((aortic maximum systolic diameter − aortic end-diastolic 
diameter) / aortic end-diastolic diameter) (20).

According to the 2015 ASE/ESCI guidelines (21), we 
measured the LV ejection fraction (EF) and fractional 
shorting (FS) and the isovolumetric contraction time 
(IVCT) as markers of systolic function. The ratio of the peak 
velocity of the early E-wave to the atrial A-wave (E-wave/A-
wave), deceleration time of the early transmitral flow (DT), 
isovolumetric relaxation time (IVRT), and early diastolic 
pulsed-wave tissue Doppler velocities at the mitral annulus 
(é) were measured as markers of diastolic function (22). 
The myocardial performance index (MPI) was calculated 
using the Tie index (23), which is the total of the IVCT and 
IVRT divided by the ejection time (ET) as marker of global 
cardiac function. LV mass was assessed using the Devereux 
formula (24).

Statistical analysis

In all the statistical analyses, the SPSS software version 
22.0 was used. Prior to the study, the sample size was 
determined after a power calculation according to the 
data obtained by the pilot study. In that study, the post-
treatment ANGPTL8 levels were 371.56 ± 96.29 and 
459.44 ± 105.75 in the SCH and OH groups, respectively. 
A sample size of 36 patients in each group was determined 
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to provide 95% power for independent samples t-test at the 
level of <0.05 significance. Data for continuous normally 
and non-normally distributed data were expressed 
as mean ± s.d. and median (interquartile range) and 
compared using Student’s t-test and the Mann–Whitney 
U-test, respectively. Categorical variables were expressed 
as percentage and compared using the chi-squared test 
between two different groups. Paired sample t-test and the 
Wilcoxon signed rank test were used to compare pre-treated 
and post-treated values of studied parameters in the same 
group. The following tests were conducted for baseline 
variables among naïve subjects and for the delta changes 
(∆) of these variables among the LT4 subjects. Spearman’s 
or Pearson’s correlation as bivariate analysis determined 
the relationship between ANGPTLs, cardiovascular disease 
risk factor, and cardiovascular function parameters. To 
assess the role of ANGPTLs as independent predictors 
of cardiovascular function parameters and to determine 
the independent predictors of ANGPTLs, variables 
significantly correlated with cardiovascular parameters 
and variables significantly correlated with ANGPTLs, 
respectively, were analyzed via multiple regression analysis 
using an appropriate method (enter or stepwise) and best 
model after the exclusion of collinear variables. A P -value 
<0.05 was considered statistically significant.

Results

Cross arm of the study

(a) The baseline anthropometric, laboratory, and 
cardiovascular function characteristics of the OH, 
SCH, and HS groups who were age- and sex-matched 
are summarized and compared in Tables 1 and 2. A 
significant increase in ANGPTL3, 4 and 8 levels was 
observed when OH was compared with SCH and 
when both groups were compared with the HS group. 
Also, most of the other studied cardiovascular disease 
risk factors demonstrated similar patterns (Table 1).  
Furthermore, most of the echocardiographic 
parameters were in the normal reference range in all 
analyzed groups, except for significantly impaired 
diastolic function% in the hypothyroid groups. 
Compared with healthy subjects, hypothyroid groups 
also had significantly impaired relative systolic, 
diastolic, global LV function, and significantly ↑LV 
mass in addition to impaired endothelial function 
markers as presented in Table 2.

(b) Bivariate correlation of the studied ANGPTLs with the 
cardiovascular disease risk factors and cardiovascular 
function parameters in the entire study population 
and among SCH and OH patients are presented in 
Tables 3 and 4.

Among SCH patients, ANGPTL3 was negatively correlated 
with age, obesity parameters, blood pressure, triglyceride, 
FMD%, IVRT, and DT and positively correlated with 
insulin, HOMA-IR, cholesterol, é septal, and é lateral. 
ANGPTL4 was positively correlated with SBP, insulin, HDL, 
ET, and IVCT and negatively correlated with TPO, hsCRP, 
FMD%, and FS%. ANGPTL8 was positively correlated with 
FPG, HDL, and LV mass and negatively correlated with 
waist circumference, triglyceride, and IVRT.

Of note, ANGPTL3, 4 and 8 were positively correlated 
with ASI and CIMT and negatively correlated with FMD% 
in a group of hypothyroid patients.

Among OH patients, ANGPTL3 was negatively 
correlated with age, BMI, EF%, and FS%. ANGPTL4 
was positively correlated with BMI and cholesterol and 
negatively correlated with DT. ANGPTL8 was negatively 
correlated with HDL-c, CIMT, and IVCT.

ANGPTL3, ANGPTL4 and ANGPTL8 were not found to 
be correlated with diastolic function grade among either 
SCH or OH patients.

(c) Variables significantly correlated with ANGPTL-
related cardiovascular function parameters among 
hypothyroid subjects are summarized in Table 5.

(d) Multivariate regression: The use of the best method 
and model showed that:

- Among naïve SCH patients: The independent 
predictors of the levels of ANGPTLs were as follows: 
age, cholesterol, and waist circumference for 
ANGPTL3; TPO and SBP for ANGPTL4; and only 
waist circumference for ANGPTL8. The independent 
predictors of the cardiovascular function parameters: 
both ANGPTL3 and ANGPTL4 were contributors 
for FMD%; both age and HOMA-IR (not ANGPTL4) 
were independent predictors of FS%; finally 
ANGPTL8 was independent predictors of LV mass 
(Supplementary 1, see section on supplementary 
materials given at the end of this article).

- Among naïve OH patients: Age and HDL were 
independent predictors of ANGPTL3 and 
ANGPTL8, respectively, ANGPTL3 was contributor 
to EF% while ANGPTL8 and FPG were independent 
predictors of CIMT (Supplementary 2).
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Longitudinal arm of the study

(a) Changes in the anthropometric, laboratory, and 
cardiovascular function parameters for 6 months with 
the euthyroid state achieved among the LT4-SCH 
and LT4-OH patients revealed significant reductions 
in ANGPTL3, 4 and 8 and improvement in most of 
the studied cardiovascular disease risk factors and 
cardiovascular function parameters (Tables 1 and 2).

(b) Bivariate correlations of ∆↓ANGPTL with ∆changes 
of both cardiovascular disease risk factors and 
cardiovascular function parameters among LT4-SCH 
and LT4-OH patients are presented in Tables 3 and 4.

- Among LT4-SCH patients, ∆↓ANGPTL3 was 
positively correlated with ∆↑FT3, ∆↑FT4, ∆↓DBP, 
∆↓ASI, ∆↑é septal, and ∆↑é lateral. ∆↓ANGTPL4 

was positively correlated with ∆↓FPG and 
negatively correlated with ∆↓TPO, ∆↓triglyceride, 
and ∆↓ANGPTL8. ∆↓ANGPTL8 was negatively 
correlated with ∆↓BMI and ∆↓TSH, ∆↓IVRT,  
and ∆↑ET.

- Among LT4-OH patients, ∆↓ANGPTL3 was 
positively correlated with ∆↓DBP, ∆↓TSH, and 
∆↓ANGPTL8 and negatively correlated with 
∆↓WC, ∆↓triglyceride, and ∆↓DT. ∆↓ANGPTL4 was 
positively correlated with ∆↓MPI and ∆↓LV mass 
and negatively correlated with ∆↑FT3, ∆↓insulin, 
∆↓HOMA-IR, and ↑∆ET. ∆↓ANGPTL8 was 
positively correlated with ∆↓SBP and negatively 
correlated with ∆↓BMI and ∆↓WC.

(c) Variables significantly correlated with ∆↓ANGPTLs 
related to the cardiovascular function parameters 

Table 1 Studied clinical and biochemical parameters.

Variables 
Baseline groups  Levothyroxine replacement groups

Healthy (n = 36)  SCH ((n = 36) OH (n = 36) SCH (n = 36)  OH (n = 36)

Age (years)a 35.6 ± 9.9 40.2 ± 8.6 41.1 ± 9.9 41.2 ± 8.5 41.9 ± 10
Sex: female, n (%)b 34 (94.4) 32 (88.9) 30 (83.3) 32 (88.9) 30 (83.3)
BMI (kg/m2)a 23.3 ± 0.84 26.7 ± 2f 26.7 ± 2f 25.9 ± 1.9f, i 26.1 ± 2f, i 
Systolic blood pressure 

(mmHg)a
109.4 ± 10.6 124.4 ± 8.7f 125.8 ± 8.8f 123.3 ± 9.9f 120.3 ± 11f, i

Diastolic blood pressure 
(mmHg)a

 67.8 ± 4.3 75.8 ± 4.9f 75.8 ± 6.2f 73.3 ± 5.7f, g 74.4 ± 5.9f

Waist circumference (cm)a 75.1 ± 4.9 78.3 ± 7.9  78.1 ± 8.9 75.8 ± 7.7i 76.9 ± 7.3g

TSH (IU/mL)c 2.1 (1.4–3.1) 11 (10–17)f 17.5 (8.4–53.2)f, k 2.2 (1.9–2.4)i 2.1 (1.6–2.4)i

Free T3 (pg/mL)a 2.6 ± 0.2 2.5 ± 0.2 1.1 ± 0.5f, l  2.6 ± 0.4h  2.6 ± 0.2i, j

FreeT4 (ng/dL)a 1.3 ± 0.2 1.2 ± 0.1f 0.47 ± 0.1f, l 1.4 ± 0.2i 1.2 ± 0.2i, k

Anti-thyroid peroxidase 
(IU/mL)c

12 (8.8–14.8) 127 (80–192)f 141 (102–284)f, l 70 (40–105)i 82 (44–155)i, j

Fasting plasma glucose 
(mg/dL)a

76.7 ± 3.5 79 ± 5d 81.6 ± 6.6e 77.2 ± 5.1g 78.4 ± 6.4h

Insulin (mU/mL)c 4 (2.5–4.6) 7.1 (3.2–8.9)f 8.2 (5.5–10.6)f 2.7 (1.9–3.6)g, h 3.7 (2.3–4.6)i

HOMA-IRc 0.7 (0.5–0.9) 1.4 (0.6–1.7)f 1.7 (1.2–2.1)f, j 0.5 (0.4–0.7)i 0.7 (0.4–0.9)i

High density lipoprotein 
(mg/dL)a 

52.6 ± 5 48.4 ± 5.3e 46.8 ± 5.3f 54.5 ± 4.7i 53.9 ± 4.4i

Low density lipoprotein 
(mg/dL)a 

83 ± 9 125 ± 13f 153 ± 28f, l 90.2 ± 9i 118 ± 27i, l

Total cholesterol  
(mg/dL)a

142 ± 13 197 ± 11f 234 ± 25f, l 177 ± 15i 184 ± 16i, j

Triglyceride (mg/dL)a 95.6 ± 30 141 ± 21f 176 ± 22f,k 120 ± 23i 128 ± 22i,k

hs-C-reactive protein 
(mg/L)c 

1.03 (0.9–1.3) 4.1 (3.7–4.9)f 5 (4.9–9.4)f,k 1.2 (0.8–2)f,i 2.8 (2.1–3.6)i,k,f

ANGPTL3 (ng/mL)c 18 (12–22) 41 (32–51)f 58 (48–72)f, l 26 (18–31)f, i 38 (30–49)f, i, l

ANGPTL4 (ng/mL)a 45 ± 13 74 ± 16f 92 ± 11f, l 48 ± 13i 72 ± 13f, i, l

ANGPTL8 (pg/mL)a 191 ± 12 470 ± 70f 630 ± 62f, l 371 ± 96f, i 459 ± 105f, i, j

aNormally distributed quantitative data are expressed as mean ± s.d. and compared using Student’s t-test between each two different groups and paired 
t-test when compared basal and post-treated within the same group; bQualitative variables are expressed as frequency and compared by χ2 test; c 
Non-parametric quantitative data are expressed as median and interquartile (25–75%) and compared using Mann–Whitney U-test between each two 
different groups and Wilcoxon signed rank test when compared basal and post-treated within same group. Statistical significance vs healthy subjects; dP 
< 0.05, eP < 0.01, fP < 0.001. Statistical significance vs disease respective baseline group gP < 0.05, hP < 0.01, i P < 0.001; Statistical significance when 
comparing either basal SCH vs basal OH group or treated SCH vs treated OH jP < 0.05, kP < 0.01, lP < 0.001.
ANGPTL, angiopoietin-like protein; HOMA-IR, homeostatic model for the assessment of insulin resistance; OHT, overt hypothyroidism; SCH, subclinical 
hypothyroidism.
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among LT4-hypothyroidism patients are summarized 
in Table 5.

(d) Multivariate regression analysis:

- Among LT4-SCH patients, ∆↑FT4 was an 
independent predictor of ∆↓ANGPTL3; ∆↓FPG, 
∆↓TPO and ∆↓triglyceride were contributors to 
∆↓ANGPTL4; ∆↓ANGPTL3 and ∆↑HDL were 
independent contributors to ASI (Supplementary 1).

- Among LT4-OH patients, the independent 
predictors were ∆↓TSH and ∆↓triglyceride for 
∆↓ANGPTL3, both ∆↓HOMA-IR and ∆↑FT3 for 
∆↓ANGPTL4, and both ∆↓SBP and ∆↓BMI for 
∆↓ANGPTL8. Moreover, ∆↓ANGPTL4 and ∆↓DBP 
were independent predictors of improved MPI. 
∆↓ANGPTL4 was only a positive contributor to 
∆↓LV mass (Supplementary 2).

Discussion

We demonstrated that ANGPTL3, 4 and 8 differentially 
contributed to cardiovascular function parameters among 
naïve and LT4-hypothyroid patients at 6 months follow-up 
with the achievement of euthyroid state, an aspect not 
mentioned before. Moreover, we were first to determine the 

predictors of ANGPTLs, and first to describe the significant 
reduction in levels of ANGPTL3, 4 and 8 after therapy.

Only one study reported similar elevated levels of 
ANGPTL3 and 8 (but not ANGPTL4) among OH and SCH 
patients. ANGPTL3 and 8 were found to be negatively 
correlated with FT3 and FT4 but positively correlated 
with TSH among all the study subjects (13). Our study had 
similar findings, but there was difference in terms of the 
elevated levels of ANGPTL4 in the hypothyroid groups; 
higher levels of ANGPTL3, 4 and 8 were observed among 
OH patients than the SCH patients. Reduced levels of 
ANGPTL3, 4 and 8 among LT4-hypothyroid patients were 
related to the improvement of the TH levels. ∆↓ANGPTL3 
was dependent on ∆↑FT4 among LT4-SCH patients, 
whereas ∆↓ANGPTL3 and ∆↓ANGPTL4 were dependent on 
∆↓TSH and ∆↑FT4, respectively, among LT4-OH patients. 
Elevated ANGPTL4 level may be attributed to the role of 
THs, similar pattern to other IR conditions or stimulatory 
effect of relative hypoxia on ANGPTL4 in hypothyroidism 
(25, 26, 27). Moreover, THs suppressed ANGPTL3 mRNA 
but not ANGPTL4 mRNA in hypothyroid rats (14). We 
found that both initial and ∆↓anti-TPO were independent 
inhibitory contributors to the corresponding ANGPTL4 
values among SCH patients. This may be an autoimmune 
protective mechanism similar to downregulated astrocytic 
ANGPTL4 expression in active demyelinating multiple 

Table 2 Studied cardiovascular parameters.

Variables
Baseline groups  Levothyroxine replacement groups

Healthy (n = 36)  SCH ((n = 36) OH (n = 36) SCH (n = 36)  OH (n = 36)

Cardiac systolic markers
 Ejection fraction (%)a 71.9 ± 4.8 67.5 ± 5.6d 66.7 ± 6e 69.2 ± 4.7c, h 69.1 ± 5.1c, h

 Fractional shortening (%)a 41.6 ± 5.4 35.7 ± 3.9e 35.7 ± 4.6e 37.8 ± 4.3d, h  37.9 ± 4.9d, h

 IVCT (ms)a 31.7 ± 1.4 33.3 ± 2.5d 34.3 ± 2.7d 31.8 ± 2g 32.1 ± 2.3h

 Ejection time (m)a 341.2 ± 41.3 259.8 ± 18.1e 250.4 ± 21.2e, i 334.9 ± 43.6h 324.5 ± 24.8c, h

Cardiac diastolic markers
 E/Aa 1.3 ± 0.1 1 ± 0.3e 1.2 ± 0.3i 1.3 ± 0.1h 1.3 ± 0.2
 é septal (cm/s)a 8.8 ± 0.4 7.7 ± 0.8e 7.9 ± 1.2e 8.3 ± 0.5h 8.4 ± 0.6h

 é lateral (cm/s)a 10 ± 0 9.5 ± 0.6e 9.4 ± 0.8e 10 ± 0h 9.9 ± 0.3h, i

 DD grades (%): G0/GI/GIIb 100/0/0 55.6/44.4/0e 66.7/27.8/5.6e 100/0/0h 94.4/5.6/0h 
 IVRT (ms)a 71.7 ± 1.9 76.3 ± 4.3e 80.5 ± 4.8e, k 73.2 ± 3.1c, h 73.7 ± 2.8c, g

 Deceleration time (ms)a 163 ± 8 202 ± 27e 192 ± 32e 186 ± 19e, h 17 3 ± 21d, h, j

Global cardiac function: MPIa 0.3 ± 0.03 0.43 ± 0.04e 0.46 ± 0.04e, j 0.31 ± 0.04h 0.33 ± 0.02g, j

LV mass (g)a 107 ± 7 115 ± 10e 120 ± 17e 111 ± 8g 113 ± 15c, h

Vascular function markers
 Aortic stiffness indexa 3.3 ± 0.6 6.3 ± 1.6e 9.6 ± 2.4e, h, k 4 ± 0.8e 5.6 ± 1.6e, h, k

 CIMT (mm)a 0.51 ± 0.06 0.56 ± 0.09d 0.78 ± 0.15e, h 0.49 ± 0.06h  0.57 ± 0.10d, f, g, j

 Flow-mediated dilation (%)a 15.9 ± 3 10.8 ± 1.4h 7.7 ± 2.2e, k 15.8 ± 1.9h 12.1 ± 2.3d, h, k

aNormally distributed quantitative data are expressed as mean ± s.d. and compared using Student’s t-test between each two different groups and paired 
t-test when compared basal and post-treated within the same group. bQualitative variables are expressed as frequency and compared by χ2 test. 
Statistical significance vs healthy subjects, cP< 0.05, dP < 0.01, eP < 0.001. Statistical significance vs disease respective baseline group, fP <0.05, gP<0.01,  
hP < 0.001; Statistical significance when comparing either basal SCH vs basal OH group or treated SCH vs treated OH,iP < 0.05, jP < 0.01, kP < 0.001.
A, late transmitral flow velocity; CIMT, common carotid artery intimal media thickness; DD, diastolic dysfunction; E, early transmitral flow velocity; é, early 
diastolic pulsed-wave tissue Doppler velocities at the mitral annulus; G, grade; IVCT, isovolumetric contraction time; IVRT, isovolumetric relaxation time; 
LV=left ventricle; MPI, myocardial performance index; OHT, overt hypothyroidism; SCH, subclinical hypothyroidism.
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sclerosis (28). The present negative correlation between 
ANGPTL8 and TSH among SCH patients was not confirmed 
by multivariate analysis. In this context, cellular cell line 
studies reported enhancing the effect of THs on ANGPTL8 
(15).

The novel regulatory roles of ANGPTLs in cardiovascular 
function were as follows: ANGPTL3 and ANGPTL4 were 
sponsors for impaired FMD%. Meanwhile, ANGPTL8 was 
an independent predictor of LV mass among naïve SCH 
patients. Furthermore, ANGPTL3 and 8 were contributors 
to EF% and CIMT, respectively, in naïve OH patients. 
Finally, ∆↓ANGPTL3 was an independent predictor of 
∆↓ASI in LT4-SCH patients, whereas ∆↓ANGPTL4 was an 
independent contributor to ∆↓MPI and ∆↓LV mass among 
LT4-OH patients.

Our study suggested an atherogenic role of ANGPTLs. 
We demonstrated that ANGPTL4 is an endothelial function 
biomarker of the both muscular peripheral and the central 
elastic arteries meanwhile ANGPTL3 is an endothelial 
function biomarker of only peripheral arteries. Beyond 
lipid metabolism regulation, inactivated mutations of 
ANGPTL3 and ANGPTL4 reduce atherosclerosis and CAD 
risk (4, 5). Their deficiency inhibits foam cell formation 
and atherosclerosis in animal studies (7, 8). ANGPTL3 also 
exerts pro-inflammatory and pro-angiogenic effects and 
prevents cholesterol efflux; the anti-atherosclerotic effect 
of anti-ANGPTL3 is well recognized (5, 7). ANGPTL3 was 
associated with increased CIMT and aortic stiffness in 
healthy and CAD subjects, respectively, whereas ANGPTL4 
was related to ankle–brachial index among COPD patients 
(10, 12, 29). However, the association between CAD and 
the ANGPTL4 level is still under debate (30, 31). Moreover, 
macrophage ANGPTL4 inhibits foam cell formation. Thus, 
macrophage and systemic ANGPTL4 may have a diverse 
effect on atherosclerosis (11).

We found a positive association between ANGPTL8 and 
CIMT among all the study subjects and the hypothyroid 
group. In contrary, we found an inverse association among 
OH patients. The atherogenic role of ANGPTL8 is still 
unclear. ANGPTL8 was correlated with increased CIMT in 
type 2 diabetes mellitus (T2DM) patients but not among 
metabolic syndrome patients in the multivariate analysis 
(32, 33). ANGPTL8 is related to advanced peripheral 
arterial atherosclerosis and plaque presence and severity 
but is not a risk factor for CAD (34, 35). ANGPTL8 as an 
independent predictor of the presence and severity of CAD 
is still unclear (36, 37). ANGPTL8 promotes macrophage 
foam cell formation via controlled cholesterol efflux 
and uptake. ANGPTL8 also alters the expression of the 
scavenger receptors that favor atherosclerosis. However, its Ta
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enriched effect on foam cell formation was not confirmed 
using ANGPTL8 overexpression and knockdown mice 
(9) Contrarily, ANGPTL8 may be a ‘brake’ for certain 
inflammatory pathways as intracellular ANGPTL8 exerts an 
anti-inflammatory effect. However, extracellular ANGPTL8 
may cause inflammation (6). The anti-atherogenic role 
of ANGPTL8 among OH patients was consistent with its 
association with reduced incidence of cardiovascular events 
among CAD patients (38). Different study population and 
low THs may cause this diversity.

Increased ANGPTL3 in naïve SCH and ∆↓ANGPTL3 
in LT4-SCH patients were associated with better diastolic 
function as estimated by enhanced é lateral and é septal 
mitral annulus velocity in addition to shortened IVRT 
and DT among naïve SCH patients. Our explanation for 
this paradoxical finding was presence of two antagonizing 
effects of ANGPTL3. The direct effect of ANGPTL3 is 
attenuation of myocardial ischemia and improvement of 
heart function by promoting angiogenesis. The indirect 
role ∆↓ANGPTL3 in LT4-SCH patients via reduced ASI with 
subsequent improved cardiac diastolic function (39, 40).

Among the naïve OH group, elevated ANGPTL3 level 
was found to be a contributor to reduced cardiac systolic 
function. ANGPTL3 has dual antagonizing independent 
effects to regulate the FFA level as the main cardiomyocyte 
fuel in fasting. It enhances adipose tissue lipolysis with 
subsequently increased circulating FFA and probably 
cardiac toxicity if excess. The second effect of ANGPTL3 is 
inhibition of the systemic LPL with subsequently decreased 
circulating FFA and hypertriglyceridemia (41). We 
hypothesized that the inhibitory effect of excess ANGPTL3 
on myocardial contractility and systolic function via 
cardiac lipotoxicity or decreased FFA supply was further 
suppressed with low THs in OH patients. Thus, ANGPTL3 
may have dual effect on cardiac function, which may be 
modified by its level or associated cofactors.

We reported a negative effect of ANGPTL4 on global 
cardiac function as reduced ANGPTL4 level in LT4-OH 
patients was associated with the improvement of MPI 
and reduction of LVM. We also reported its negative 
effect on systolic function (FS%) in bivariate, not 
multivariate, analysis in naïve SCH patients. Consistent 
with our findings, ANGPTL4 was positively correlated 
with cardiac dysfunction biomarker and LV mass in 
COPD (12). ANGPTL4 is widely expressed with tissue 
specificity with regard to re gulatory factors and activated 
fragment component. The liver nANGPTL4-fragment 
has only endocrine role by inhibiting systemic LPL 
activity. The adipose tissue fANGPTL4-fragment locally 
inhibits lipolysis, systemically inhibits LPL activity and 

greatly contributes to circulating ANGPTL4. In addition, 
macrophage, endothelium, and cardiomyocyte express 
ANGPTL4. Upregulated cardiac ANGPTL4 physiologically 
inhibits only local LPL to reduce FFA in order to prevent 
myocardial lipotoxicity. So, increased circulating ANGPTL4 
inhibits lipolysis with a shift of triglyceride and ectopic 
fat deposition in other tissues (11). ANGPTL4-deficient 
mice also exhibit enhanced circulating LPL activity as 
well as unchanged cardiac LPL activity (42). Based on our 
results and literature, we conclude that more triglyceride 
and ectopic fat deposition in cardiomyocyte occurs in 
response to elevated circulating ANGPTL4. This effect may 
overcome protective role of cardiac ANGPTL4. The excess 
fat in cardiomyocyte may undergo lipolysis by cardiac LPL. 
The net effect is production of more fatty acid which may 
lead to cardiac lipotoxicity and impaired function. We 
reported the enhancing effect of ANGPTL8 on LV mass in 
naïve SCH patients. This was matched to restore LV mass 
via ANGPTL8 gene therapy (43).

Among previous different population studies, cross 
talk of the studied ANGPTL with traditional cardiovascular 
risk factors showed much diversity with an unidentified 
cause-and-effect relationship or presence of vicious 
circle. This diversity may be attributed to different races, 
study populations, and technical ELISA kits. We first 
addressed the correlations and the contributory roles 
of cardiovascular risk factors with ANGPTL level among 
hypothyroid patients.

The independent predictors of ANGPTL level were age, 
waist circumference, and cholesterol for ANGPTL3 and 
SBP and waist circumference for ANGPTL4 and ANGPTL8, 
respectively, among naïve SCH patients; age and HDL 
for ANGPTL3 and ANGPTL8, respectively, among naïve 
OH patients; ∆↓FPG and ∆↓triglyceride for ∆↓ANGPTL4 
among LT4-SCH patients; ∆↓triglyceride for ∆↓ANGPTL3, 
∆↓HOMA-IR for ∆↓ANGPTL4, and ∆↓SBP and ∆↓waist 
circumference for ∆↓ANGPTL8 among LT4-OH patients.

Our results suggested that age, obesity parameters 
and cholesterol were the main independent regulators of 
circulating ANGPTL3 among naïve SCH patients. Bivariate 
analysis revealed that ANGPTL3 had positive associations 
with insulin and IR and negative associations with TG 
and SBP among naïve SCH patients. Also, ANGPTL3 was 
positively correlated with ∆↓DBP among the entire treated 
hypothyroid patients. However, these associations were not 
confirmed in further multivariate analysis. The negative 
effect of age on ANGPTL3 in our study was in conflict with 
the previously described positive association as one study 
was among wider age range while the other included older 
age subjects and mainly males (10, 44). The relationship of 
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ANGPTL3 with the obesity, glycemic, and lipid parameters 
is less clear in previous studies. In accordance with our 
results, BMI had inverse correlation with ANGPTL3 across 
the wide BMI spectrum (45). This may be explained by 
the stimulatory effect of ANGPTL3 on hypothalamic LPL 
activity with subsequently decreased appetite and body 
weight (41) Contrarily, obese Middle Eastern population 
and overweight Korean children exhibited elevated and 
normal ANGPTL3 levels, respectively (27, 46). ANGPTL3 
enhances lipolysis in adipose tissue, resulting in increased 
hepatic and peripheral resistance. It also stimulates fatty 
acid uptake by white adipose tissue with a subsequent 
decrease in insulin sensitivity (41). Thus, we found positive 
associations between ANGPTL3 and insulin and HOMA-IR. 
This finding is consistent with that of other clinical, animal, 
and molecular studies. The ANGPTL3 level was increased 
in IR mice. ANGPTL3 gene silencing and inactivating 
mutations enhance insulin sensitivity and are associated 
with lower HOMA-IR (46, 47, 48, 49). Reduced or elevated 
ANGPTL3 levels were reported in diabetic subjects as 
hyperinsulinemia may suppress ANGPTL3 or ANGPTL3 is 
increased in IR states respectively, whereas others reported 
no association irrespective of the body weight. Moreover, 
no relationship was observed among ANGPTL3 and the 
glycemic parameters in the population studies (27, 41, 
44, 45, 47, 50). Although the precise mechanism of lipid 
metabolism is not yet fully understood, ANGPTL3 inhibits 
LPL activity and endothelial lipase, thereby increasing the 
lipid levels (49). The inactivating mutation of ANGPTL3 
induces total hypolipidemia. Moreover, anti-ANGPTL3 
therapy reduces cholesterol and TG (5). Similar to us, 
Cinkajzlová et  al. (2019) reported an inverse correlation 
of ANGPTL3 with TG and its positive correlation with 
cholesterol (45). ANGPTL3 exhibited marked diversity 
with lipid profile in clinical studies. The population studies 
demonstrated no association at all or the presence of 
positive correlation with HDL-c and negative correlation 
with TG as well as no association with cholesterol and LDL-c 
(44, 50). Also, the ELISA kit used in our study detected full-
length ANGPTL3 but did not recognize the cleavage active 
form, which regulates the LPL activity. This may explain the 
unpredictable association of ANGPTL3 with TG in our study. 
Finally, we reported dual relation of BP with ANGPTL3 that 
may depend on the ANGPTL3 level. Previous data reported 
a normal level of ANGPTL3 in hypertensive patients and 
a positive association with BP in healthy subjects (10, 51). 
Our findings may be attributed to the effect of ANGPTL3 on 
endothelial function which was described in our study.

In our study, ANGPTL4 was positively correlated with 
most traditional cardiovascular risk factors such as blood 

pressure, BMI, glycemic indices, and cholesterol. SBP was a 
positive independent regulator of ANGPTL4 in naïve SCH 
patients. ∆↓FBS was a positive whereas ∆↓TG a negative 
independent contributor to ∆↓ANGPTL4 among LT-SCH 
patients. Finally, ∆↓HOMA-IR was a negative regulator 
of ANGPTL4 in LT4-HT patients. The BMI among naïve 
OH patients and IR as well as the insulin, HDL-c and 
cholesterol level among naïve SCH patients were positively 
correlated but were not predictors of ANGPTL4. Recent 
study reported elevated ANGPTL4 level in hypertensive 
diabetic patients (51). This may be mediated by arterial 
stiffness effect of ANGPTL4 in our study. In animal 
studies, ANGPTL4-deficient mice demonstrated enhanced 
insulin sensitivity and LPL activity with decreased TG 
level. Conversely, ANGPTL4 overexpression exhibited a 
much diverse effect on glucose tolerance and decreased 
LPL activity with elevated triglyceride. The inactivating 
mutation of ANGPTL4 promotes reduced triglyceride, 
increased HDL-c, low fasting glucose, enhanced insulin 
sensitivity, and reduced diabetic risk (3, 52, 53). Moreover, 
the serum ANGPTL4 levels exhibited widely varying 
glucose metabolic traits in clinical studies. For example, 
the ANGPTL4 levels were positively correlated with BMI, 
blood glucose, HbA1c, triglycerides, and insulin and 
negatively correlated with HDL-c in one study. Others 
demonstrated an association neither with lipid profile 
nor with glycemic parameters. Contrarily, ANGPTL4 was 
positively correlated with serum glucose and HbA1c but 
not with lipid profile among subjects with impaired glucose 
tolerance. Moreover, data regarding T2DM and circulating 
ANGPTL4 are conflicting (44, 45, 50, 54). However, the 
exact mechanisms responsible for the close relationship 
betweenANGPTL4 and metabolic parameters in our study 
remain largely unidentified. Contrary to the original 
hypothesis of free fatty acids that the main PPAR ligands 
are the primary regulators of ANGPTL4 synthesis, others 
suggested low-grade inflammation as a more important 
contributor to increased ANGPTL4 levels in IR state. 
Here, we have demonstrated a strong positive correlation 
between serum ANGPTL4 and hsCRP in all the study 
subjects(not in hypothyroid patients) as a marker of low-
grade inflammation Our finding of negative association 
of ANGPTL4 with HOMA-IR among treated hypothyroid 
patients may be explained by the physiological inhibitory 
effect of insulin on the ANGPTL4 levels. The ANGPTL4 
level is reduced during hyperinsulinemic–euglycemic 
clamp in healthy subjects (55). The lack of a positive 
correlation between serum ANGPTL4 and TGs could 
have resulted from either the limitations of the ELISA kits 
in our study and most of these studies, as this kit detects 
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full-length ANGPTL4 but fails to recognize the N-terminal 
domain of ANGPTL4, which is responsible for the LPL 
inhibition, or the modulating role of other factors as THs 
on the ANGPTL4–triglyceride relationship (52).

ANGPTL8 influence the different pathophysiological 
conditions including inflammation, IR, dyslipidemia, 
and non-alcoholic fatty liver disease. However, the 
precise underlying molecular mechanisms still need to be 
delineated. It regulates both intracellular and extracellular 
lipid metabolism, LPL activity, inflammatory pathways (11).

Our study demonstrated that obesity and HDL were 
negative regulators whereas SBP was a positive regulator 
of ANGPTL8. Among naïve and treated OH patients, waist 
circumference and its ∆ reduction during the follow-up 
period were independent predictors of ANGPTL8. HDL-c 
was an independent negative predictor among naïve OH 
patients, whereas ∆reduced SBP was a positive contributor 
among LT4-OH patients. Our bivariate (not multivariate) 
analyses revealed a positive association between FPG and 
HDL and a negative association between TG and ANGPTL8 
among naïve SCH patients. Our results were matched to 
previous studies, the reduced ANGPTL8 level in obese 
subjects (with or without diabetes) significantly increased 
1-year after bariatric surgery (56, 57). However, one study 
reported nil association of ANGPTL8 and obesity and 
others recorded entirely contradictory results among obese 
diabetic patients who had elevated ANGPTL8 levels and 
showed a long-term ANGPTL8 reduction after bariatric 
surgery (46, 58). Previous data about blood pressure is 
scarce. ANGPTL8 level was found to be positively associated 
with blood pressure in preeclampsia and elevated in 
hypertensive diabetic, but not in non-diabetic, subjects 
(51, 59). Unfortunately, the underlying mechanism is still 
unknown. The negative associations between ANGPTL8 
and triglyceride and HDL-c in our study were similar 
to previously described among other population, CAD 
patients and those with obesity and glucose intolerance 
(36, 57). On the other hand, nil and positive associations 
of ANGPTL8 with atherogenic lipid profile were described 
(37, 44). Furthermore, inactivating mutations of ANGPTL8 
decrease LDL-c and HDL-c levels, and exert an insignificant 
effect on TG in human genetic studies (6). We only 
measured full-length ANGPTL8 in the fasting state, but 
the ANGPTL8 activity was regulated by nutritional status. 
The effect of ANGPTL8 on triglyceride metabolism might 
be apo-CIII-dependent; unfortunately, the latter was not 
measured in our study (6, 36).

Our study demonstrated that ANGPTLs are 
independent risk biomarkers for endothelial and cardiac 
function, and depend on TH levels and cardiovascular 

risk factors in hypothyroid patients. The results are quite 
promising and have led us to consider whether thyroid 
analogs could be used to reduce ANGPTL levels in patients 
with atherosclerosis. However, this study has some 
limitations: the relatively small sample size and the ELISA 
kit used to detect full-length ANGPTL.
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