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Abstract
Background Previous studies showed altered angiopoietin-like protein-8 (ANGPTL-8) circulating levels in type 2 diabetes
mellitus (DM). Whether or not the alteration in ANGPTL-8 level can be a predictive maker for increased DM risk remains
unclear.
Aim Investigating possible role of ANGPTL-8 as a risk predictor of type2 DM, in addition to a set of factors likely to affect
ANGPTL-8 level.
Methods One hundred recently diagnosed persons with type 2 DM and 100 sex- and age-matched healthy controls were enrolled.
Exclusion criteria included type 1 DM, acute infections, history of chronic kidney disease, malignancy, and blood loss or
transfusion. Serum levels of ANGPTL-8, blood pressure, weight, height, glycosylated hemoglobin (HbA1c), fasting blood
glucose, cystatin C, lipid profile, liver, and kidney function tests were assessed. The independent relationship between DM
and ANGPTL-8 was tested in the unadjusted and multiple-adjusted regression models.
Results Serum ANGPTL-8 levels showed significant elevation among persons with vs. without DM (p = 0.006), positive
correlation with HbA1c (p < 0.001), and negative correlation with estimated GFR (eGFR) (p = 0.003) but no significant corre-
lation to fasting glucose level. In the unadjusted model, patients in the third tertile of ANGPTL-8 had 4 times risk of DM (OR
4.03; 95% CI = 1.37–11.84). Data adjustment for cardiovascular diseases, smoking, body mass index, systolic blood pressure,
alanine transaminase (ALT), and low-density lipoprotein (LDL) increased the direct relationship between ANGPTL-8 and DM
(OR 6.26; 95% CI = 1.21–32.50). However, the risk significantly decreased after adjustment of Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) eGFR creatinine-cystatin (OR 2.17; 95% CI = 0.10–49.84).
Conclusion This study highlights a possible predictive role of ANGPTL-8 in diabetic complications, particularly nephropathy.
Larger prognostic studies are needed to validate the cause-effect relationship between ANGPTL-8 and deteriorated kidney
functions.
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Introduction

Diabetes mellitus (DM) is a health problem with increasing
deleterious effects on both population health and economy.
The Middle East and North Africa (MENA) region is a region
of a high prevalence of DM [1]. Egypt occupies the 8th rank
on the list of the top 10 countries regarding the number of
adults with DM (8.2 million). By 2045, Egypt will climb to
number 6 in the list, with an expected average of 16.7 million
people suffering from DM [2].

In the new era of predictive, preventive, and personalized
medicine (PPPM), it is no longer enough to diagnose a disease
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and its accompanying complications and treat patients using
the classical tools, but rather take the process to a higher level
of developing platforms that can predict the onset of such
events, prevent the disease or its complications, and adminis-
ter treatment based on personalized variations between pa-
tients [3]. Applying this to the management of diabetes, three
levels of desirable pre-diabetes and diabetes care were pro-
posed by Golubnitschaja [4]. Those levels included prediction
of susceptibility to diabetes and pre-stages of diabetes in ad-
dition to prediction of the undesirable complications.

Previous research has pointed out some parameters as pre-
dictive markers for the abovementioned levels, including age
and socioeconomic status [5]; suboptimal health status [6];
indices of DNA damage [7]; some metabolic biomarkers such
as serum sclerostin, irisin, and others [8, 9], markers of endo-
thelial cell damage [10]; and glycosylated hemoglobin
(HbA1c) [11, 12]. DM as a multifaceted disease still has room
for research into more markers that can hold potential in
PPPM [13]. Of such potential markers stands out
angiopoietin-like protein 8 (ANGPTL-8).

ANGPTL-8 has been a marker of great controversy since
its characterization a few years ago [14–17]. ANGPTL-8, also
known as betatrophin, refeeding induced in fat and liver
(RIFL), lipasin, and hepatocellular carcinoma-associated pro-
tein TD26, is a 198 amino acid adipokine/ hepatokine secreted
mainly from the liver in humans and from the adipose tissue
and liver in mice [18, 19]. It is an atypical member of the
angiopoietin-like protein (ANGPTL) family, functionally con-
sidered to regulate blood lipid, in a nutrition-dependent man-
ner [20]. Its levels were shown to be affected by fasting, and it
seems to be a lipogenic factor as it is induced during adipo-
genesis. It promotes cleavage of ANGPTL-3 leading to inhi-
bition of lipoprotein lipase, in addition to the elevation of
serum triglyceride level [14, 21].

The breakthrough proposed by Yi et al. in 2013 [18], that
ANGPTL-8 was a predictive marker of increased pancreatic
beta cell proliferation and mass and improved insulin secre-
tion in 1961 induced insulin resistance mouse models, failed
to be reproduced [22]. However, it drove research about other
potential roles of ANGPTL-8 in DM, especially in type 2.
Most studies showed an association between type 2 DM and
altered circulating ANGPTL-8 level, with most of them dem-
onstrating increased levels of ANGPTL-8 [23, 24], while a
few others showed ANGPTL-8 level to be decreased [25,
26] or unchanged [27]. Although the exact mechanism linking
ANGPTL-8 to DM is not yet established, there is a general
consensus that ANGPTL-8 is upregulated in cases of insulin
resistance rather than insulin deficiency [28]. Whether or not
the alteration in ANGPTL-8 level can serve as a predictive
marker for the risk of developing DM or its complications
remains unsettled.

Taking the association between DM and ANGPTL-8 into
consideration, researchers attempted to uncover the possible

underlying mechanisms causing variation in ANGPTL-8 con-
centration between persons with versus without DM. It is gen-
erally accepted that the concentration of any biomarker is
affected by its synthesis, metabolism, degradation, and excre-
tion. Thus, factors possibly affecting the ANGPTL-8 concen-
tration in DM can fall into one of such categories. Most factors
studied included those related to carbohydrate and lipid me-
tabolism such as fasting blood glucose level, glycosylated
hemoglobin (HbA1c), insulin [24, 26, 29–31], lipid profile
[14, 25, 27, 29], and obesity [25, 32]. There was, however, a
great variation in results of all studied parameters. For exam-
ple, circulating ANGPTL-8 was either increased [29], de-
creased [25, 32], or unchanged [27, 33] in obesity, either pos-
itively [29, 31] or negatively correlated with insulin [25], and
either positively correlated with atherogenic lipid profiles [27]
or with HDL-C [25].

As mentioned above, another aspect that can regulate cir-
culating ANGPTL-8 level is the kidney function, especially
with the well-known unfavorable effect of DM on the kidneys
that might result in diabetic nephropathy. Despite the rele-
vance of this point, limited studies have been performed and
again showed no consensus [20, 34, 35].

The current study is aimed at investigating the possible role
of ANGPTL-8 as a risk predictor of type 2 DM and possible
factors that might affect ANGPTL-8 circulating levels.

Subjects

Study protocol

The protocol was approved by the Ethics Committee of
Alexandria Faculty of Medicine (IRB number 00007555) fol-
lowing the International Ethical Guidelines for Epidemiological
studies [36].

Study design and participants

Amatched case-control study was conducted in the outpatient
clinics of the Alexandria Main University Hospital. The
Alexandria Main University Hospital is a specialist’s referral
center for the northern part of Egypt. It covers four governor-
ates of Northern Egypt and serves approximately 14 million
people. One hundred newly diagnosed persons with type 2
DM (diagnosed within 3 months) were randomly selected
from adult patients admitted to the outpatient clinics.
Persons with diabetes were included based on the American
Diabetes Association (ADA) criteria for diagnosis of DM
[37].

One hundred sex- and aged-matched controls were en-
rolled from healthy workers at the Alexandria Main
University Hospital. All participants were aged ≥ 18 years.
Exclusion criteria were the history of type 1 DM, pre-diabetes,
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acute infections, history of chronic kidney disease, malignan-
cy, and blood loss or transfusion.

Material and methods

Information on the demographics, history of co-morbid con-
ditions (hypertension, cardiovascular diseases, liver diseases,
and neurological diseases), and medication history was col-
lected. Previous conditions were defined based on the medical
history obtained by the treating physician at the outpatient
clinics. Renal function was assessed by the Chronic Kidney
Disease Epidemiology Collaboration (CKD-EPI) creatinine-
cystatin equation to calculate estimated GFR using both serum
creatinine and cystatin C (eGFR cr-cys) [38].

Laboratory investigations

All patients and controls were asked to fast overnight. The
following day, a blood sample was withdrawn into two tubes:
one EDTA-coated tube for analysis of glycosylated hemoglo-
bin (HbA1c) and another RST™ tube with thrombin-based
clot activator BD to obtain serum for analysis of all the re-
maining markers. Blood samples were transferred on dry ice
to the lab within less than 2 h. Tubes designated for serum
analysis were centrifuged; serum was withdrawn and
aliquoted in Eppendorf tubes. On the day of sample collection,
serum concentration of fasting blood glucose (FBG), choles-
terol, triacylglycerol, high-density lipoproteins (HDL), very
low-density lipoproteins (VLDL), low-density lipoproteins
(LDL), aspartate transaminase, alanine transaminase (ALT),
albumin, urea, and creatinine was assessed using colorimetry.
In addition, HbA1c level was measured in whole blood.
Serum aliquots for ANGPTL-8 and cystatin C assays were
stored at − 80 °C till the day of assay.

On the day of the assay, serum aliquots were brought to
room temperature. Cystatin C was measured by N latex-
enhanced nephelometry assay using Siemens Healthineers
ProSpec system. Multiple dilutions of a human cystatin C
calibrator obtained from human sera were used to generate a
six-point calibration. The signal intensity was proportional to
the concentration of cystatin C in the sample. Samples were
autodiluted 1:100, and standards were autodiluted from 1:20
to 1:640. A volume of 30 μl of samples was used. One to 3
sera of known cystatin C concentration were included in each
run to rule out the drift of the assay. Quality controls of low
(1.06 mg/l) and high (1.93 mg/l) cystatin C concentrations
were measured before and after each run. Runs with a change
of more than 6% in the quality controls over the course of the
assay were discarded. Initial measuring range was 0.27–
9.4 mg/l, while the minimum measuring range was 0.06–
1.9 mg/l.

ANGPTL-8 was assayed using human ANGPTL-8 ELISA
kit, provided by Aviscera Bioscience, catalogue number
SK00528-06. The kit showed a sensitivity of 160 pg/ml,
intra-assay precision of 4–6%, and inter-assay precision of
8–10%. Specificity for human ANGPTL-8 was 100% with
no cross-reactivity with any of the similar proteins. The pro-
cedure was performed according to the manufacturer’s proto-
col, and results were calculated using an automated ELISA
reader.

Statistical analysis

Data was reported as mean ± standard deviation (SD), median
and inter-quartile range, or percent frequency, as appropriate.
Comparisons between groupswere made by independent t test
or the Mann-Whitney U test. The association between paired
variables was analyzed by Pearson product moment correla-
tion coefficient (r) or Spearman Rho correlation coefficient
(Rho) and p value. Variables which showed positively skewed
distributions were log transformed (log10) before the correla-
tion study.

The relationship between circulating ANGPTL-8 (indepen-
dent variable) and type 2 DM (dependent variable) was ana-
lyzed by multiple logistic regression models including all var-
iables showing a significant correlation with DM at the bivar-
iate analysis (Table 1, last column), as well as the bivariate
correlates of ANGPTL-8. A series of risk factors serving as
potential confounders of the link between DM and ANGPTL-
8 were considered (all variables which were of statistical or
clinical significance were included). Factors included demo-
graphic data as the history of smoking, body mass index
(BMI), clinical history (cardiovascular disease), blood pres-
sure, lipid profile (total cholesterol, triacylglycerol, LDL,
HDL, VLDL), liver function tests (ALT, AST), serum albu-
min, and renal function. Glomerular filtration rate (eGFR cr-
cys), and ANGPTL-8 were determined. Variables that signif-
icantly affected the link between plasma ANGPTL-8 and the
study outcome (DM) in the bivariate analysis were then jointly
included in a multiple logistic regressionmodel. Threemodels
were built: an unadjusted model between the tertiles of
ANGPTL-8 and DM status, model adjusting for demographic
and clinical data, and the third one combining the two sets of
variables with eGFR cr-cys.

Assessment of the functional form of plasma ANGPTL-8
(untransformed, log-transformed, tertiles, or quartiles) into the
logistic regression models was done using martingale residual
analysis [39]. By this analysis, the “tertiles” were the most
appropriate functional form of plasma ANGPTL-8 to be con-
sidered into the logistic regression models.

Odds ratios (OR) and their 95% confidence intervals (CI)
were calculated. All calculations were done using a standard
statistical package (SPSS for Windows Version 9.0.1, 11 Mar-
1999, Chicago, Illinois, USA).
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Results

Study population characteristics

Table 1 summarizes the baseline characteristics of the study
participants. More than one-third (38%) of persons with type
2DM and 29% of persons without diabetes were smokers.
Patients who gave history of the cardiovascular diseases com-
prised 38% of the persons with diabetes and 34% of persons
without DM. The mean ± SD of systolic blood pressure
(mmHg) was significantly higher among persons with vs.
without DM (137.7 ± 19.7 vs. 127.20 ± 12.9, respectively).
ANGPTL-8 level (pg/ml) was significantly higher among per-
sons with type 2 DM (33,000 (6050–148,500)) than without
DM (1900 (1100–79,950)). The eGFR-cystatin was signifi-
cantly lower among persons with type 2 DM (49.02, range
16.28–61.87 ml/min/1.73m2) than persons without diabetics
(80.83, range 72.15–89.21 ml/min/1.73m2). Similar pattern
was observed with eGFR-creatinine. Levels of triglycerides,
LDL, VLDL, ALT, AST, urea, creatinine, glucose, and
HbA1c were significantly higher in persons with DM, while

levels of HDL and albumin were significantly lower in per-
sons with vs. without DM (Table 1).

Functional correlates of DM: univariate
and multivariate analyses

The associations of type 2 DM with other variables were sub-
stantially confirmed in correlation analyses. Type 2 DM asso-
ciated inversely with HDL, albumin, and both eGFR cys and
eGFR cr, while it was directly correlated to ANGPTL-8, sys-
tolic blood pressure, triglyceride, VLDL, FBG, HBA1c, urea,
ALT, and AST (Table 1, last column). By the same token,
plasma ANGPTL-8 correlated directly with HBA1c (Fig. 1a)
and inversely with eGFR (Fig.1b). There was no correlation
between plasma ANGPTL-8 level and FBG level (Fig.1c).

ANGPTL-8, DM, and renal function: multiple logistic
regression analyses

The independent relationship between circulating levels of
ANGPTL-8 with DM was tested in the unadjusted model

Table 1 Baseline demographic, clinical, and biochemical characteristics of the study population and correlations of different parameters with type 2 diabetes
mellitus

Variables Non-diabetics
(n = 100)

Diabetics
(n = 100)

Significance Correlation with type 2 DM
(correlation coefficient and p value)

Age (years) 50 ± 12 51 ± 10 0.14 0.14 (p = 0.07)
Male sex n (%) 46 (46%) 51 (51%) 0.52 0.50 (p = 0.66)
Smokers n (%) 29 (29%) 38 (38%) 0.18 0.53 (p = 0.18)
BMI (kg/m2) 30.95 ± 4.86 32.14 ± 5.69 0.30 0.07 (p = 0.50)
Patients with previous CVevents n (%) 34 (34%) 38 (38%) 0.60 0.34 (p = 0.7)
Patients with history of CKD n (%) 25 (25%) 34 (34%) 0.04* 0.45 (p = 0.02*)
Systolic blood pressure (mmHg) 127.20 ± 12.9 137.7 ± 19.7 0.004* 0.45 (p < 0.001*)
Diastolic blood pressure (mmHg) 82.92 ± 10.1 80.77 ± 12.2 0.37 0.12 (p = 0.27)
ANGPTL-8 tertiles (pg/ml) 0.004*
1st tertile 1100 (800–1400) 1300 (1050–1650)
2nd tertile 23000 (3750–41350) 15300 (10200–34550)
3rd tertile 157700 (11080–244100) 207000 (111400–329400)

Total cholesterol (mg/dl) 193.10 (166.10–219.74) 198.00 (159.50–276.50) 0.61 0.06 (p = 0.47)
Triglyceride (mg/dl) 104.10 (71.95–145.75) 134.00 (95–206.50) 0.01* 0.28 (p < 0.001*)
LDL (mg/dl) 142.25 ± 62.37 174.45 ± 97.91 0.07* 0.08 (p = 0.49)
HDL (mg/dl) 34.5 (30–38.75) 23 (19–32.50) < 0.001* − 0.42 (p < 0.001*)
VLDL (mg/dl) 20.82 (14.39–29.15) 26.80 (19–41.30) 0.01* 0.28 (p < 0.001*)
Albumin (g/dl) 4.59 ± 0.53 4.07 ± 0.95 0.002* − 0.38 (p < 0.001*)
Fasting blood glucose (mg/dl) 84.80 (60.15–99.60) 159.09 (130.28–227.83) < 0.001* 0.73 (p < 0.001*)
HbA1c (%, mmol/mol) 5.50 (5.10–5.90) 8.25 (7.20–9.20) < 0.001* 0.83 (p < 0.001*)
Serum urea (mg/dl) 29.20 (23.38–39.02) 39.62 (29.79–75.15) < 0.001* 0.41 (p < 0.001*)
Serum creatinine (mg/dl) 0.79 (0.6–1.2) 2.34 (0.7–9.4) < 0.0001* 0.55 (p < 0.001*)
eGFR-Cr (ml/min/1.73 m2) 74.34 (65.16–82.48) 42.85 (18.19–57.94) < 0.001* − 0.49 (p < 0.001*)
eGFR_cys (ml/min/1.73 m2) 80.83 (72.15–89.21) 49.02 (16.28–61.87) < 0.001* − 0.51 (p < 0.001*)
ANGPTL-8 (pg/ml) 1900 (1100–79,950) 33,000 (6050–148,500) 0.006* 0.31 (p < 0.001*)
AST (U/l) 8 (6–10.5) 11.5 (8.25–15) < 0.001* 0.38 (p < 0.001*)
ALT (U/l) 7 (9–11) 11 (8–17) 0.006* 0.67 (p < 0.001*)

N: number;BMI, bodymass index;CV, cardiovascular;CKD, chronic kidney disease;ANGPTL-8, angiopoietin-like protein-8; LDL, low-density lipoprotein;HDL,
high-density lipoprotein; VLDL, very low-density lipoprotein; eGFR-Cr, estimated glomerular filtration rate using creatinine; eGFR_cys, estimated glomerular
filtration rate using cystatin C; HbA1c, glycosylated hemoglobin; AST, aspartate transaminase; ALT, alanine transaminase; U/l, units/liter

*Significance at a level of p ≤ 0.05

242 EPMA Journal (2019) 10:239–248



and models adjusting for smoking status, BMI, clinical history
of cardiovascular diseases, systolic blood pressure, ALT, and
LDL data (model 1, Table 2) and for the two sets of variables
combined together with CKD-EPI creatinine-cystatin-based
e-GFR (model 2, Table 2). The unadjusted model showed that
patients in the third tertile of ANGPTL-8 had four times risk of
having DM (OR 4.03; 95% CI = 1.37–11.84). Data adjust-
ment for smoking status, BMI, clinical history of cardiovas-
cular diseases, systolic blood pressure, ALT, and LDL sub-
stantially increased the direct relationship between DM and
ANGPTL-8 (OR 6.26; 95% CI = 1.21–32.50). However, the
relationship between the third tertile of ANGPTL-8 and DM
became largely insignificant after adjustment of eGFR cr-cys
(OR 2.17; 95% CI = 0.10–49.84).

Discussion

Hepatic ANGPTL-8 is gaining more attention as a potential
player in DM. Most studies have demonstrated altered circu-
lating ANGPTL-8 levels in patients with type 2 DM, mainly
increased levels [23, 24], yet the exact underlying mechanism
explaining the association of ANGPTL-8 with type 2 DM is
not fully understood. Moreover, available research hardly in-
vestigated the concept that ANGPTL-8 might be linked to
diabetic complications such as retinopathy and diabetic kid-
ney disease. Some studies proposed that ANGPTL-8 is a pre-
dictor of increased risk of DM [24, 40], but not to its
complications.

Some factors that might regulate circulating ANGPTL-8 in
DM were investigated in the literature. Most studied factors
were related to the production and metabolism of ANGPTL-8;
however, very limited research was done on the possible role
of the kidney on affecting the ANGPTL-8 serum
concentration.

Our study confirmed the hypothesis, that in persons with
type 2 DM, circulating levels of ANGPTL-8 are significantly
higher than in subjects without DM, which is similar to the
conclusion reached by other previous studies [23, 24]. Higher
levels of ANGPTL-8 may be related to the insulin resistance
and the higher demand for insulin in type 2 DM subjects, in
agreement with data reported in mice where ANGPTL-8
levels were upregulated by 3–4-folds in the db/db and ob/ob
mice models compared with the wild-type [18]. On the other
hand, Abu-Farha et al. showed strong positive associations
between betatrophin and FBG in non-diabetic subjects.
However, correlations with FBG were diminished in T2D
subjects [41].

An interesting observation in this study was that, unlike
other studies [24, 42], ANGPTL-8 correlated directly and sig-
nificantly with HbA1c, but not with the FBG level, where
there was no such significant correlation. This finding drew
our attention that perhaps ANGPTL-8 is more likely

associated with long-term glycemic control represented by
HbA1c, rather than short-term glycemic control, represented
by FBG levels. It is documented that HbA1c, is a reliable
measure of the glycemic status and has a direct relation with
the occurrence of diabetes-related complications as proved by
many landmark studies [43]. A study by Penno et al. [44] has
shown that HbA1c can predict diabetic kidney disease but not
retinopathy. They reported that the prevalence of decreased
eGFR and microalbuminuria was highest when HbA1c was
above the median, and prevalence was lowest when HbA1c
median was at lowest. An interesting finding was that HbA1c
was a much stronger associate with development of diabetic
kidney disease rather than FBG. Logistic regressionmodels of
univariate analysis showed that the risk of diabetic kidney
disease was strongly increased at the HbA1c categories 8%
(OR = 2.35; 95% CI 1.30–4.25), while it was much less with
FBG (OR = 1.139; 95% CI 1.054–1.231). Gupta and Singh
concluded in their study [11] that the level of glycemic con-
trol, as represented by HbA1c levels, was the strongest factor
determining conversion from normoalbuminuria to
microalbuminuria in patients with type 2 DM. Based on this
observation and considering the association between
ANGPTL-8 and both HBA1c and renal functions (discussed
later), a new aspect of research studying the potential role of
ANGPTL-8 in predicting diabetic complications, especially
diabetic kidney disease, might be tackled.

Another worth-mentioning observation is that the ELISA
kit used in our study (Aviscera bioscience, catalogue number
SK00528-06) was reported in a study by Guo et al. [45] to
show significantly higher concentrations of ANGPTL-8 in
overweight persons with type 2 DM vs. overweight persons
without DM, while it showed lower concentrations of
ANGPTL-8 in obese persons with type 2 DM vs. obese per-
sons without DM. This unusual observation by the authors
was attributed to the ELISA kit itself, which was different
from kits used in other studies including Wuhan EIAAB
Science Co. ELISA kit (catalogue number E1164H) and C-
terminal ELISA kit recognizing the region from 139 to 198
amino acids from Phoenix Pharmaceuticals (catalogue num-
ber EK-051-55) [29]. However, our study showed that
ANGPTL-8 levels were significantly higher in persons with
type 2 DM, regardless of their body weight, thus driving the
attention that perhaps other associated factors in the diabetic
persons enrolled inGuo et al. studymight have led to lowering
of ANGPTL-8 concentration in obese diabetic patients.

Moving on to the possible role of ANGPTL-8 as an asso-
ciate of increased risk of DM, the current study showed that
patients in the highest tertile of ANGPTL-8 had four times risk
of having type 2 DM (OR 4.03) in the unadjusted models.
Data adjustment for cardiovascular diseases, smoking, body
mass index, systolic blood pressure, ALT, and LDL even in-
creased the direct relationship between ANGPTL-8 and DM
(OR 6.26).
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Fig. 1 Correlation between
circulating ANGPTL-8 level and
each of HbA1c (a), eGFR (b), and
fasting blood glucose (c)
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This was concordant with the results obtained by Lee et al.
[42], who also concluded that subjects in the highest baseline
quartile of ANGPTL-8 levels had more than a threefold higher
risk of incident diabetes than the subjects in the lowest quar-
tile. Farha et al. [41] as well demonstrated that subjects in the
highest tertile of ANGPTL-8 had higher odds of having type 2
DM (OR = 6.15), and Leiherer et al. [24] showed that in mul-
tivariate analysis, ANGPTL-8 proved to be an independent
predictor of DM risk (OR 1.23). This potentiated the concept
that ANGPTL-8 might be used to predict the incidence of
DM. However, to our surprise, that was not true when we
adjusted to kidney functions (which, to our knowledge, other
authors have not done). Adjustment to eGFR cr-cys signifi-
cantly decreased the risk (OR = 2.17).

This interesting result may set a base for a strong and in-
dependent relationship between circulating ANGPTL-8 and
renal function among persons with type 2 DM. Such a rela-
tionship implies that impaired renal functions, in the form of
low eGFR cr-cys, might be the most important associate to
high ANGPTL-8 levels among patients with type 2 DM, rath-
er than glycemic and lipid profiles.

Very scant research has focused on the interaction between
renal functions and circulating ANGPTL-8 levels and again
reaching controversial results. In consensus with our study,

Maurer et al. showed a negative correlation between circulat-
ing ANGPTL-8 and CKD-EPI eGFR [20]. Some other studies
identified weak positive correlations between circulating
ANGPTL-8 and serum creatinine levels, yet this was not sta-
tistically significant [28, 46, 47].

A suggested mechanism for increased circulating
ANGPTL-8 levels in association with impaired kidney func-
tions would be impaired excretion of ANGPTL-8. However,
this was argued by the following studies: Chen et al. [35]
showed increased serum ANGPTL-8 levels in persons with
diabetes with normo-, micro- and macroalbuminuria as com-
pared with healthy control and positively correlated with
albumin/creatinine ratio. An important observation in Chen’s
study is that in type 2 DM patients, there was an increased
urinary ANGPTL-8 level as compared with healthy subjects,
but there were no differences among normoalbuminuria,
microalbuminuria, and macroalbuminuria groups. This ruled
out that reduced clearance of ANGPTL-8 results from the
decreased glomerular filtration in the different groups.
Another study that also opposed the possible role of renal
excretion in determining circulating ANGPTL-8 levels was
that of Ebert et al. [34]. In their study, they compared circu-
lating ANGPTL-8 levels in diabetic persons with sustained
renal function and diabetic persons undergoing hemodialysis.

Table 2 Multiple logistic regression analyses studying ANGPTL-8 and DM in unadjusted model vs. adjusted models without/with adjustment to
kidney function

Variables Unit of increase Unadjusted Model 1 Model 2

ANGPTL-8

1st tertile 1* 1* 1*

2nd tertile 5.44 (1.80–16.43),
p = 0.003*

7.82 (1.68-36.39),
p = 0.009*

3.38 (0.30-38.78),
p = 0.33

3rd tertile 4.03 (1.37–11.84),
p = 0.01*

6.26 (1.21–32.50),
p = 0.03*

2.17 (0.10–49.84),
p = 0.63

History of smoking Yes vs. no 4.12 (1.07–15.82),
p = 0.05*

2.12 (0.54–8.36),
p = 0.29

Patients with previous history of CV disease Yes vs. no 2.76 (0.63-12.04),
p = 0.18

2.5 (0.50–12.59),
p = 0.27

Albumin g/dl 0.1 5 (0.05–0.43),
p < 0.001*

0.18 (0.04–0.85),
p = 0.03*

Systolic blood pressure mmHg 1.05 (1.01–1.09),
p = 0.008*

1.10 (1.03–1.21),
p = 0.04*

BMI kg/m2 1.11 (0.97–1.26),
p = 0.13

1.42 (1.06-1.90),
p = 0.02*

LDL mg/dl 1.05 (1.01–1.09),
p = 0.008*

1.003 (0.99–1.01),
p = 0.47

ALT Units/liter 1.20 (1.06–.37),
p = 0.005*

1.74 (1.16–2.61),
p = 0.008*

CKD-EPI creatinine-cystatin-based e-GFR 1 ml/min/1.73 m2 0.80 (0.69–0.93),
p = 0.004*

ANGPTL-8, angiopoietin-like protein-8; CV, cardiovascular; BMI, body mass index; LDL, low-density lipoprotein; ALT, alanine transaminase; CKD-
EPI, Chronic Kidney Disease Epidemiology Collaboration; eGFR, estimated glomerular filtration rate

*Significance at a level of p ≤ 0.05
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ANGPTL-8 was significantly positively correlated with the
eGFR. Subjects with eGFR > 50 ml/min/1.73m2 had a signif-
icantly higher ANGPTL-8 levels than patients on
hemodialysis.

ANGPTL-8 might be increased in association with im-
paired renal functions in the same manner that other sev-
eral hepatokines increased. Studies have detected an in-
crease in ANGPTL3 (whose cleavage is promoted by
ANGPTL-8) [48], chemerin [49], FGF21 [50], and leptin
[51] in association with impaired renal functions. The
mechanism of such an increase is not fully understood
though.

Conclusion

Our study highlights two findings that perhaps were not
clearly addressed in the literature. First is the possible link
between ANGPTL-8 and the long-term rather than short-
term glycemic control, as represented by a strong associ-
ation between ANGPTL-8 and HbA1c rather than fasting
blood glucose. The second is the strong association be-
tween ANGPTL-8 and the impaired renal functions.
Taking into consideration that HbA1c has been implicated
as a predictor of early diabetic kidney disease, our find-
ings might set a path for scientific research investigating
the possible predictive role of ANGPTL-8 in detecting
early diabetic kidney disease. There are several questions
to be answered: Is the increased ANGPTL-8 level associ-
ated with the impaired renal functions, a cause or effect of
diabetic kidney disease, or is it a compensatory mecha-
nism trying to restore the renal functions? Large-scale
prognostic studies are required to uncover the mechanism
of this association.

Limitations

Our study was not free of limitations. One limitation was the
unavailability of the urine samples to study albumin and
ANGPTL-8 excretion, which would have helped determine
whether the increased circulating ANGPTL-8 level associated
with deteriorating renal functions was due to impaired excre-
tion. In addition, the authors could not reach a solid conclu-
sion about the potential role of ANGPTL-8 in predicting dia-
betic complications because follow-up of patients was not
possible. This study can be considered a preliminary one,
aiming at understanding the factors behind increased circulat-
ing ANGPTL-8 in type 2 DM. The results, however, require
validation on a larger scale follow-up studies, with tools to
study the underlying mechanisms linking kidney functions
to circulating ANGPTL-8 levels.

Expert recommendations

Diabetes mellitus is a multifaceted, widely spread disease af-
fecting millions of people all around the globe and has a con-
siderable impact on the economy. It is no longer sufficient to
rely on the classical methods of diagnosis and treatment. In the
era of predictive, preventive, and personalized medicine,
search for factors that can fulfill such an approach has become
mandatory as regards DM [1, 3, 4, 10, 52]. A novel biomarker
that might be of potential use in becoming of relevance in
predictive and preventive measures in type 2 DM and/or its
complications is ANGPTL-8. Since our study showed
ANGPTL-8 to be strongly associated with both HbA1c and
the deteriorated kidney functions, we recommend further
large-scale prognostic research conducted to determine the
potential cause-effect relationship between kidney functions
and ANGPTL-8 circulating levels and the possible predictive
role that ANGPTL-8 circulating levels can have in determin-
ing future diabetic complications, particularly early screening
of diabetic kidney disease in type 2 DM.
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