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Background: Angiopoietinlike protein 5 (ANGPTL5) is an adipocytokine and has an important role in metabolic processes in-
cluding lipid metabolism, obesity, and type 2 diabetes mellitus. On the basis of these roles, the present study
aimed to investigate the level and role of plasma ANGPTL5 in metabolic syndrome (MS) patients.

Material/Methods: A total of 139 participants was enrolled in this study; 69 of them were diagnosed with MS. Plasma ANGPTL5
levels were measured by enzyme-linked immunosorbent assay. Sex, age, and other laboratory tests were com-
pared statistically. Correlations between ANGPTL5 and biochemical parameters such as lipid levels and insulin
resistance were all evaluated statistically.

Results: In patients with MS, plasma ANGPTLS5 levels were higher than in those without MS (P<0.05). Moreover, after
adjusting for the glucose profiles, positive correlations were found between plasma ANGPTL5 levels and body
mass index (BMI), waist circumference, and waist-hip ratio (WHR); a weak negative correlation was found be-
tween ANGPTL5 concentration and high-density lipoprotein cholesterol. After controlling the lipid profiles, pos-
itive correlations were found between ANGPTL5 concentration and BMI, WHR, fasting plasma glucose, fasting
insulin, glycated hemoglobin, and homeostatic model assessment (HOMA) of insulin resistance; a negative cor-
relation was found between plasma ANGPTL5 concentration and HOMA of B-cell function. The area under the
curve was approximately 0.912 in receiver operating characteristic curve analysis.

Conclusions: The findings in the present study showed that plasma ANGPTL5 was more positively correlated with glucose
metabolism disorders than with lipid metabolism disorders in patients with MS, which suggested that ANGPTL5
might serve as a potential and useful clinical predictor of MS.
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Material and Methods

Metabolic syndrome (MS), also variously known as syndrome X,
is a cluster of cardiovascular disease risk factors that is mani-
fested in the clinical syndromes of obesity, dyslipidemia, hyper-
glycemia, and hypertension [1]. As it progresses, it promotes the
occurrence and development of cardiovascular diseases such
as type 2 diabetes, nonalcoholic fatty liver disease, and some
tumors [2,3]. Cases of MS have rapidly increased, so effective
diagnostic and therapeutic approaches are of great clinical val-
ue for the prevention and treatment of MS [1]. Currently, bio-
markers are widely used in clinical diagnosis, evaluation, and
prognosis [4-6]. Therefore, exploring novel biomarkers for MS
has important clinical value that could further promote diag-
nosis and treatment strategies for MS.

A novel family of proteins has been identified and recog-
nized as “angiopoietinlike proteins” (ANGPTLs), which exhib-
it structural similarities to antigenic-regulating factors [7-9].
Many studies have found that the ANGPTL family has auto-
crine or paracrine activities in endocrine metabolism such as
lipid regulation, glucose metabolism, inflammation, and an-
giogenesis [10-13]. ANGPTL3, ANGPTL4, and ANGPTL8 have
been confirmed to regulate serum triacylglycerol levels, which
are potential targets for reducing triacylglycerol levels and im-
proving lipid metabolism-related diseases [14-16]. Additionally,
reducing the levels of ANGPTL4 and ANGPTL8 could improve
glucose tolerance [11]. Therefore, ANGPTLs as predictive bio-
markers related to glucose and lipid metabolism have become
current research hot spots in metabolic diseases.

ANGPTL5 was extracted by Zeng et al. in 2003 [17]. Similar to
others, ANGPTL5 has a classic N-terminal coil-coillike domain
and a C-terminal fibrinogenlike domain [13]. Loss-of-function
mutations of ANGPTL5, ANGPTL3, and ANGPTL4 could signifi-
cantly reduce the plasma triglyceride (TG) concentration, which
suggested that ANGPTL5 may be closely related to regulation
of TGs [18]. Recently, Alghanim et al. found that compared with
nonobese type 2 diabetes patients, the plasma ANGPTL5 con-
centration was increased in obese patients with type 2 diabe-
tes. It was also positively correlated with fasting plasma glu-
cose (FPG), TG, and homeostatic model assessment of insulin
resistance (HOMA-IR) [19]. These suggest that ANGPTL5 may
be related to glucose and lipid metabolism, obesity, and dia-
betes, and is expected to become one of the important bio-
markers for the above diseases. Therefore, the present study
aimed to detect plasma ANGPTL5 levels in patients with MS
and further investigate the correlations of ANGPTL5 with MS-
related components such as glucose and lipid profiles and
obesity indicators.

Study population

The study included 139 patients, 70 with MS and 69 with-
out MS, who were recruited from June 2018 to June 2019 in
the Department of Cardiology at Renmin Hospital of Wuhan
University (Wuhan, China). The present study was approved by
the Medical Ethics Review Committee of Renmin Hospital and
was conducted in line with the principles of the Declaration
of Helsinki.

The inclusion criteria for MS patients in the study were the
presence of 3 or more of the following: (1) central obesity,
waist 290 cm (men) or >80 cm (women); (2) hypertriglyceri-
demia, TG >1.7 mmol/L; (3) high-density lipoprotein choles-
terol (HDL-C) <1.04 mmol/L (men) or <1.30 mmol/L (women);
(4) blood pressure >130/85 mmHg; (5) blood glucose »5.6
mmol/L [20]. Individuals were excluded if they had other se-
vere illnesses such as thyroid disease, tuberculosis, liver and
kidney dysfunction, malignant tumor, blood disease, infectious
disease, or autoimmune disease.

All subjects were examined for the presence of diabetes, hyper-
tension, cardiovascular disease, history of smoking, and family
histories. Height, weight, and waist circumference were mea-
sured. After the measurement of height and weight, the calcu-
lation of body mass index (BMI) was achieved by dividing the
weight (kg) by the squared height (m?). Insulin resistance was
calculated using the HOMA-IR formula: FPG (mmol/L)xfasting
insulin (FINS, (uU/mL)/22.5, and the calculation of HOMA of
B-cell function (HOMA-B) was achieved by the following for-
mula: 20xFINS (uU/mL)/(FPG [mmol/L}-3.5)x100%.

Sample preparation

Blood was collected intravenously in the morning after over-
night fasting within 24 h after hospital admission. Venous
blood samples were collected into tubes and centrifuged at
3500 revolutions per minute for 15 min at room temperature.
Next, the plasma was separated and then stored at -80°C un-
til measurement.

Measurement of biochemical parameters

Concentrations of total cholesterol (TC), TG, HDL-C, low-density
lipoprotein cholesterol (LDL-C), and glucose were measured us-
ing enzymatic methods with the Siemens Advia 2400 biochem-
istry analyzer. Concentration of high-sensitivity C-reactive pro-
tein (hs-CRP) was detected using a polyethylene glycol-enhanced
immunoturbidimetric assay. Double antigen sandwich chemilu-
minescence detection was applied for insulin. High-performance
liquid affinity chromatography was used for investigation of
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glycated hemoglobin (HbA1c). To assess the plasma level of hu-
man ANGPTL5, we adopted commercial enzyme-linked immuno-
sorbent assay kits purchased from ELK Biotechnology (catalog
no.: ELK8375). The test principle of this kit was sandwich en-
zyme immunoassay. The range of values detected by this assay
was 62.5-4000 pg/mL. All measurements of plasma ANGPTL5
were performed in duplicate for each sample.

Statistical analysis

SPSS 22.0 (IBM, Armonk, NY, USA) and Graphpad Prism 8.0 were
used for the statistical analysis. Data for continuous variables
were summarized as mean valuetstandard deviation (SD), and
categorical data were expressed as percentages or frequency.
In comparisons between 2 groups, the statistical significance
of differences in continuous variables was assessed using the
independent-sample t test for normally distributed data or the
Mann-Whitney U test for skewed data. The chi-square test was
used to compare categorical variables. For correlation analysis
between 2 variables, normally distributed variables were evalu-
ated using Pearson’s correlation analysis and nonnormally dis-
tributed variables were assessed using Spearman’s correlation
analysis. Potential association of ANGPTL5 with MS was eval-
uated by multivariate logistic regression. The relationship be-
tween ANGPTL5 and the anthropometric biochemical variables
were assessed by multivariate linear regression. The receiver
operating characteristic (ROC) curves for ANGPTL5 were used
to evaluate diagnostic accuracy for MS. Results associated with
a 2-tailed P<0.05 were considered significant.

Results

Characteristics of the study population

The demographic and clinical characteristics of the subjects in-
cluded in the present study are summarized in Table 1. In the
obesity parameters, MS patients showed higher waist circumfer-
ence, waist-hip ratio (WHR), and BMI. For glucose metabolism, the
MS population displayed unfavorable glucose profiles, with high-
er concentrations of FPG, FINS, HbA1C, and HOMA-IR, and lower
HOMA-B. Additionally, the MS individuals had unfavorable lipid
profiles, with higher TC, TG, and LDL-C, and lower HDL-C levels.
Plasma ANGPTL5 concentration of the MS group was nearly twice
that of the non-MS group (Figure 1A). These results indicate that
the MS subjects presented features of obesity, hyperlipidemia,
abnormal glucose metabolism, and elevated plasma ANGPTL5.

Plasma ANGPTL5 level elevated in subjects with glucose
disorders

It was found that the plasma ANGPTL5 concentration of the di-
abetes patients was significantly higher than that of subjects
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without diabetes (Figure 1B). The ANGPTLS5 level in the di-
abetes group was also higher than that of the prediabetes
group (Figure 1C).

Elevated plasma ANGPTL5 more positively correlated with
glucose metabolism disorders

Associations between plasma ANGPTL5 concentration and
laboratory parameters were assessed. In unadjusted analy-
ses, ANGPTL5 was strongly positively correlated with waist
circumference, WHR, BMI, FPG, FINS, HbAlc, TC, TG, LDL-C,
and HOMA-IR. ANGPTL5 had negative correlations with HDL-C
and HOMA-J (Table 2, Figure 2). However, ANGPTL5 had no
correlation with laboratory parameters including obesity and
lipid and glucose metabolism in the non-MS group (Table 2).

As ANGPTLS5 was significantly elevated in subjects with glucose
disorders, this study further investigated the correlations of
ANGPTL5 and lipid profiles after controlling for glucose profiles,
and then again glucose profile correlations after controlling
for lipid profiles. After adjustment of age and glucose profiles,
ANGPTL5 was positively correlated with BMI, waist circumfer-
ence, and WHR, but weakly negatively correlated with HDL-C
(r=-0.180, P=0.039). Of interest, after adjustment for age and
lipid profiles, ANGPTL5 was still strongly positively correlated
with FPG (r=0.525, P<0.001), FINS (r=0.390, P<0.001), HbA1lc
(r=0.443, P<0.001), and HOMA-IR (r=0.556, P<0.001), whereas it
showed a strong negative correlation with HOMA- (r=-0.360,
P<0.001) (Table 3). All of the above results indicated that ele-
vated plasma ANGPTL5 presented a stronger association with
glucose metabolism disorders than with lipid disorders.

Multivariate linear regression analyses

As Table 4 shows, in the model of multiple linear regression,
with MS-related indicators as the independent variable and
ANGPTL5 as the dependent variable, ANGPTL5 was strongly
correlated with these parameters, including FPG and HOMA-B
(F=50.435, P<0.001, adjusted R?=0.591). These data further
reveal that ANGPTL5 was more likely correlated with glucose
metabolism in MS subjects.

Multivariate logistic regression analyses

Different logistic regression models were applied to assess
the association between plasma concentration of ANGPTL5
and MS (Table 5). In unadjusted analysis, ANGPTL5 concentra-
tion was associated with the presence of MS; the odds ratio
(OR) per SD increase was 1.026 (95% confidence interval [CI]
1.018-1.035, P<0.001). The association persisted after adjust-
ment for conventional MS risk indicators including sex, age,
BMI, family history of diabetes, family history of hypertension,
smoking, and hs-CRP; the OR per SD increase was 1.044 (95%
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Table 1. Demographic and clinical characteristics of subjects included.

Variables non-MS (n=70) MS (n=69) Total (n=139) P value

Age (years) 54.96+17.04 60.14+£12.91 57.52+15.30 0.045
CMale® a857%  s3&%  5108% 0551
CSmoking %)  s143% 4928%  5036% 0800

Men 84.38+2.85 94.35+3.52 89.58+5.94 <0.001
"""" Women 8122234 8956+407  8515:530 <0001
CwHR 082:005 098:008 090:010 0001
CBMIGgm) 2186:122 27.048275 24438335 0001
SBP(mmHg  127.47:1181 1419142022 13464:1027 0001
DBP(mmHg 77.71£1026 7514:1020 7644:1027 0141
PG (mmol) 510 (5.00-530) 680 (625765 550 (510-680) <0001
CRNS Um) 1010 (0.08-1160) 1190 (1045-1355) 1080 (940-1260) <0001
CHbAlc(®) 530 (5.10-550) 590 (570-690) 560 (5.30-590) <0.001
CTCmmoy 402:063 - 482:090 442:087 0001
CTG(mmo) 102 (078-141) 177 (147-235 143 (0.96-181) <0001
CHDLC (mmolt) 132025 1201026 1268026 0009
wLCmmoy 219¢051 3112078 264:080 0001
ChsCRP(mgl) 280 (185-363) 390 (130-778) 315 (150-443) 0006
CBUN(mmo) 492 (384-564) 505 (432605 499 (399£590) 0128
CCREA(umol) 6650 (55.00-81.25)  69.00 (5450-80.00) 6800 (55.00-81.00)  0.893
CURIC (umol) 26443:5978 31852:7286 20128:7169 0001
CTBL(mol) 13548548 14138527 13831536 o 0519
CDBIL(mott) 4712226 427:s195 4492212 0251
CBILGmo) 8808352 0858360 032:363 0088
CASTUA) 1500 (1200-2025) 1600 (13.00-2000) 1600 (12.00-2000) 0485
CATUA) 1400 (10.00-2000) 1500 (11.00-1900) 1500 (10.00-2000) 0848
CGGT(UA) 1950 (1275-3350) 2000 (1600-2050) 2000 (1400-33.00 0537
CHOMAR 223 (204-267) 356 (3.05-453) 288 (223-358) 0001
CHOMAS 12191 (107.22-15061) 7077 (5095-89.29) 10333 (70.77-12800)  <0.001
CANGPTLS (pg/m) 1847086850 3212147930 25247:10071 0001

Data are presented as the mean+SD and median (interquartile range). Differences between groups were analyzed by the independent
t test, chi-square test, or Mann-Whitney U test. MS — metabolic syndrome; WHR — waist-hip ratio; BMI — body mass index; SBP

- systolic blood pressure; DBP — diastolic blood pressure; FPG — fasting plasma glucose; FINS — fasting insulin; HbAlc — glycated
hemoglobin; TC — total cholesterol; TG — triglyceride; HDL-C — high-density lipoprotein cholesterol; LDL-C — low-density lipoprotein
cholesterol; hs-CRP — high-sensitivity C-reactive protein; BUN — blood urea nitrogen; CREA — creatinine; URIC — uric acid; TBIL — total
bilirubin; DBIL — direct bilirubin; IBIL — indirect bilirubin; AST — aspartate aminotransferase; ALT — alanine aminotransferase; GGT

- glutamine transpeptidase; HOMA-IR — homeostasis model assessment of insulin resistance; HOMA-B — HOMA of -cell function;
ANGPTL5 - angiopoietinlike protein 5.
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Figure 1. Characterization of plasma angiopoietinlike protein 5 (ANGPTL5) levels in patients with metabolic syndrome (MS) or without
MS. (A) Level of plasma ANGPTL5 in the MS group and the non-MS group. (B) Plasma ANGPTL5 concentration of the diabetes
and the non-diabetes subjects. (C) Plasma ANGPTL5 level of patients with diabetes and prediabetes.

Cl1.013-1.075, P=0.005). Furthermore, to assess the incremen-
tal power of ANGPTL5, ROC curve analysis was performed. As
shown in Figure 3, the area under the curve was approximate-
ly 0.912. Thus, plasma ANGPTL5 might be combined with oth-
er characteristics to help identify patients at higher risk of MS.

Discussion

Consistent with previous studies, when compared with non-MS
individuals in the present study, subjects with MS were accom-
panied by a series of clinical symptoms of metabolic disorders
such as central obesity, hypertension, hyperglycemia, insulin
resistance, and dyslipidemia [1-3]. Most important, the pres-
ent study was the first to evaluate the potential association be-
tween plasma ANGPTL5 and MS. It was observed that the plas-
ma ANGPTL5 level was elevated in MS subjects in a cohort of the
Chinese population. ANGPTL5 concentration was also increased
in subjects with glucose disorders. Plasma ANGPTL5 concentra-
tion was positively associated with the parameters of glucose
metabolism disorders even after adjustment for lipid factors.

In 2019, Alghanim et al. found that the plasma ANGPTL5 con-
centration of obese patients was higher than that of nonobese
patients; compared with nonobese patients with type 2 dia-
betes, the plasma ANGPTL5 concentration was significant-
ly higher in obese patients with type 2 diabetes, which was
closely related to insulin resistance [19]. In 2020, it was fur-
ther found that ANGPTL5 levels were elevated in obese ad-
olescents, and associated with cardiovascular disease risk
factors including hs-CRP and oxidized LDL [21]. It jointly sug-
gested that the concentration of ANGPTL5 might be strongly
correlated with obesity, diabetes, and lipid metabolism, and
is expected to become a powerful biomarker or an important
therapeutic tool for metabolic diseases. However, the role and
mechanism of ANGPTLS5 in the above metabolic diseases need
to be discussed in depth.

This work is licensed under Creative Common Attribution-
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ANGPTL5 has a classic N-terminal coil-coillike domain and a
C-terminal fibrinogenlike domain [13]. As mentioned before,
loss-of-function mutations of ANGPTL5, ANGPTL3, and ANGPTL4
could significantly reduce the level of TG; however, whether the
mechanism of ANGPTL5 in mediating metabolism is closely re-
lated to ANGPTL3 or ANGPTL4 is still unknown [18]. ANGPTL3 is
known as the downstream target of the liver X receptor (LXR),
which plays a critical role in lipid metabolism by regulating the
expression of ANGPTL3 [22]. When treated with LXR activator
T0901317, the concentration of ANGPTL3 in HepG2 cells was
elevated significantly, and the levels of TC and TG were also
markedly increased [23]. Inducement of the expression of LXR
in the liver by intervening LXR ligand could promote the pro-
duction of ANGPTL3 and fatty acid enzymes, which leads to a
large accumulation of TG in mice. However, when the LXR li-
gands interfered, it did not cause the development of hypertri-
glyceridemia in ANGPTL3-deficient mice. Additionally, ANGPTL3
could also significantly inhibit the activity of lipoprotein lipase
(LPL), which then could lead to a significant increase in TG [24].
Similarly, ANGPTL4 is a potent LPL inhibitor, and plays an im-
portant role in regulating LPL activity. ANGPTL4-null mice ex-
hibited lower plasma TG and increased plasma LPL activity;
conversely, transgenic overexpression of ANGPTL4 increased
plasma TG and inhibited the activity of LPL [25]. However, here,
it was found that ANGPTL5 was weakly correlated with HDL-C
when controlling for the glucose profiles. ANGPTL5 present-
ed more correlation with glucose and insulin metabolism than
that of TG and other lipid profiles. In other words, different-
ly from ANGPTL3 and ANGPTL4, ANGPTL5 might regulate lip-
id metabolism through other pathways in the process of MS.

Free fatty acid (FFA) is an important factor leading to insulin
resistance. It has been reported that ANGPTL3 can decompose
fat cells; the decomposed fat cells release a large amount of
FFA [26]. The accumulated FFA will affect glucose metabolism,
which then could result in the occurrence of insulin resistance.
The expression of ANGPTL3 was significantly increased in the
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Table 2. Correlations of plasma angiopoietinlike protein 5 (ANGPTL5) with laboratory parameters in patients with metabolic syndrome

(MS).

Variables

Pearson correlation analysis was used for data conforming to normal distribution, and Spearman correlation analysis was used for
data not conforming to normal distribution. r, and P, represent correlation coefficient and P value in the non-MS group; r, and P,
represent correlation coefficient and P value in the MS group; r, and P, represent correlation coefficient and P value in the total
population.

liver of insulin-deficient mice, and the injection of insulin could
gradually decrease the level of ANGPTL3 and control the blood
glucose within the normal range in the insulin-deficient mice.
Insulin sensitivity was increased in ANGPTL3 knockout mice,
indicating that ANGPTL3 could affect insulin sensitivity and
then play an important role in the process of glucose metab-
olism [27]. Further, we found that plasma ANGPTL5 was more
correlated with glucose disorders. Collectively, this indicates
that the role and mechanism of ANGPTL5 in insulin resistance
and insulin sensitivity can be observed, which then can reveal

information on its role and mechanism in glucose metabolism
in the process of MS.

However, certain limitations exist in the present study. First, a
limited number of MS patients were recruited at a single center.
Although we have proposed the association of the ANGPTL5 lev-
el with MS-related factors in Chinese patients, this has prevent-
ed us from drawing conclusions about the causal relationship
between the ANGPTL5 level and MS pathogenesis. Therefore,
future prospective studies with large-scale populations or
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Figure 2. (A-L) Correlations between angiopoietinlike protein 5 level and obesity, glucose, and lipid metabolism indicators in

participants.

other genetically distinct populations will be needed, which
can then be applied to determine at what point ANGPTL5 con-
centration begins to rise to enable early diagnosis or assess-
ment of MS. This will help determine the role of ANGPTLS in
the pathophysiological mechanism of MS. Second, MS is a com-
mon cause of many chronic diseases including macrovascu-
lar diseases, cerebrovascular diseases, and microvascular dis-
eases, which can cause damage to important organs such as
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the heart, brain, kidney, and liver. Therefore, the correlations
between elevated ANGPTL5 levels and various components or
survival-indicating factors (such as B-type natriuretic peptide,
proteinuria) of MS should be further investigated. This study
could not determine which biochemical factors might be re-
sponsible for elevated plasma ANGPTL5 level in MS patients.
In other words, upstream factors involved in the regulation of
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Table 3. Correlations of plasma angiopoietinlike protein 5 (ANGPTL5) with laboratory parameters after controlling for the lipid or
glucose profiles.

Ajusted* Ajusted** Ajusted***
Variables

*okk

* Adjusted for age; ** adjusted for age+glucose profiles; *** adjusted for age+lipid profiles. r, and P, represent correlation coefficient
and P value after controlling for age. r,and P, represent correlation coefficient and P value after controlling for age and the glucose
profiles including fasting plasma glucose (FPG), fasting insulin (FINS), glycated hemoglobin (HbA1c), homeostasis model assessment
of insulin resistance (HOMA-IR), and HOMA of B-cell function (HOMA-B). r, and P, represent correlation coefficient and P value after
controlling for age and lipid profiles including total cholesterol (TC), triglycerides (TG), high-density lipoprotein cholesterol (HDL-C), and
low-density lipoprotein cholesterol (LDL-C).

Table 4. Multivariate linear regression to examine association of metabolic syndrome (MS)-related indicators with plasma
angiopoietinlike protein 5 (ANGPTL5).

B (95% Cl) B t Statistic P value
Intercept 45.929 0.746 0.457
B 6823 (2651-10996) 0227 3235 0002
CHOMAB  -0917 (-1.195-0640) 0444 657 <0001
ANs 16791 (12286-21.237) 0473 7407 <0001
CHDLC 44910 (-87.485-2335) o116  -2086 0039

F=50.435, P<0.001, adjusted R?=0.591.
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Table 5. Multivariate logistic regression to assess association of
plasma angiopoietinlike protein 5 (ANGPTL5) with the
risk of metabolic syndrome (MS).

ANGPTL5 OR (95% CI) P value

Unadjusted 1.026 (1.018-1.035) <0.001
Modell 1030 (1011-1049) 0002
Model2 1044 (1013-1076) 0005
CModels 1084 (1013-1075) 0005

Model 1: adjusted for sex, age, body mass index; Model 2:
adjusted for model 1+family history of diabetes, family history
of hypertension, smoking; Model 3: adjusted for model 2+high-
sensitivity C-reactive protein.

ANGPTL5 expression are little known, and focused studies to
delineate the potential regulatory mechanism are required.

Conclusions

In summary, plasma ANGPTLS5 level is elevated in MS patients.
The results of the present study suggest that elevated plas-
ma ANGPTL5 concentration is more associated with the pa-
rameters of glucose metabolism disorders than with lipid fac-
tors, and is expected to become one of the novel biomarkers
for evaluating glucose metabolism disorders in MS subjects.
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Figure 3. Receiver operating characteristic curve of

angiopoietinlike protein 5 (ANGPTL5) to identify
patients at higher risk of metabolic syndrome.
ANGPTL5: area under the curve=0.912, P<0.001, 95%
confidence interval 0.862-0.962.
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