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Abstract
Aims/hypothesis Fatty acid-binding protein 4 (FABP4) is an adipokinewith a key regulatory role in glucose and lipidmetabolism.We
prospectively evaluated the role of FABP4 in the pathophysiology of diabetic ketoacidosis (DKA) in new-onset type 1 diabetes.
Methods Clinical and laboratory data were prospectively collected from consecutive children presenting with new-onset type 1
diabetes. In addition to blood chemistry and gases, insulin, C-peptide, serum FABP4 and NEFAwere collected upon presentation
and 48 h after initiation of insulin treatment. In a mouse model of type 1 diabetes, glucose, insulin,β-hydroxybutyrate and weight
were compared between FABP4 knockout (Fabp4−/−) and wild-type (WT) mice.
Results Included were 33 children (mean age 9.3 ± 3.5 years, 52% male), of whom 14 (42%) presented with DKA. FABP4
levels were higher in the DKA group compared with the non-DKA group (median [IQR] 10.1 [7.9–14.2] ng/ml vs 6.3 [3.9–7]
ng/ml, respectively; p = 0.005). The FABP4 level was positively correlated with HbA1c at presentation and inversely correlated
with venous blood pH and bicarbonate levels (p < 0.05 for all). Following initiation of insulin therapy, a marked reduction in
FABP4 was observed in all children. An FABP4 level of 7.22 ng/ml had a sensitivity of 86% and a specificity of 78% for the
diagnosis of DKA, with an area under the receiver operating characteristic curve of 0.78 (95% CI 0.6, 0.95; p = 0.008). In a
streptozotocin-induced diabetes mousemodel,Fabp4−/−mice exhibited marked hypoinsulinaemia and hyperglycaemia similar to
WT mice but displayed no significant increase in β-hydroxybutyrate and were protected from ketoacidosis.
Conclusions/interpretation FABP4 is suggested to be a necessary regulator of ketogenesis in insulin-deficient states.

Keywords Adipokine . aP2 . DKA . FABP4 . Fatty acid-binding protein . Ketogenesis . Type 1 diabetes

Abbreviations
DKA Diabetic ketoacidosis
FABP4 Fatty acid-binding protein 4
βOHB β-Hydroxybutyrate
ROC Receiver operating characteristic

SDS SD score
STZ Streptozotocin
WT Wild-type

Introduction

Fatty acid-binding proteins are a family of intracellular lipid chap-
erones that were identified as criticalmolecules responsible for the
integration of intracellular signalling and metabolic stress and
regulation [1, 2]. Fatty acid-binding protein 4 (FABP4), also
known as aP2, is an adipokine, the secretion ofwhich is enhanced
under lipolytic stimuli and is inhibited by insulin [3, 4].
Adipocyte-derived FABP4 promotes hepatic glucose production
during fasting [5], and Fabp4 deletion in mice is sufficient to
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protect the mice from insulin resistance and diabetes [6]. In
humans, circulating FABP4 levels have been linked to obesity,
type 2 diabetes and atherosclerosis and to poor glycaemic control
in type 1 diabetes [7–10]. Additionally, another study demonstrat-
ed that serum FABP4 may serve as a biomarker for prediction of
pre-eclampsia in pregnant women with type 1 diabetes [11].

Type 1 diabetes is one of the most common chronic diseases
in childhood. The incidence of type 1 diabetes among children
and adolescents increases every year at a rate of 3–15% world-
wide [12–14]. Up to 80% of children with newly diagnosed type
1 diabetes present with diabetic ketoacidosis (DKA) [15], which
is the most common cause of hospitalisation, cerebral oedema
and death among children with type 1 diabetes [16, 17].

Upon presentation, individuals with type 1 diabetes exhibit
complex metabolic alterations of cellular starvation and dehydra-
tion, enhanced lipolysis and ketogenesis, and marked
hyperglycaemia. This may lead to a life-threatening DKA.
Since FABP4 is an adipokine with key hormonal functions in
systemic glucose and lipid metabolism, we aimed to determine
the importance of FABP4 in new-onset type 1 diabetes, before
initiation of insulin therapy.

Methods

Study design Clinical and laboratory data were prospectively
collected from children who presented with new-onset type 1

diabetes to a single tertiary medical centre. The clinical data
included age at diagnosis, sex, anthropometric measurements
and Tanner stage. Inclusion criteria were children between the
ages of 6 months and 18 years with new-onset type 1 diabetes.
The participants were divided into DKA and non-DKA groups,
and into prepubertal children and pubertal adolescents.

The criteria for diagnosis of DKA were venous blood
pH <7.3 and/or HCO3

−<15 mmol/l with evidence of
ketones [18]. The parents gave informed consent, and
the assent was sought and obtained from the children
involved in this study. The Institutional Review Board
of Sheba Medical Center approved the study protocol
(protocol ID: 2108–15-SMC).

Anthropometric measurements Anthropometric data
comprised of weight, height and BMI. Standing height was
measured to the nearest 0.1 cm using a wall-mounted
stadiometer, and body weight was obtained to the nearest
0.1 kg. BMI was calculated based on the formula weight
(kg)/height (m)2. Height, weight and BMI SD scores were
calculated using age and sex-specific growth data (based on
the US Center for Disease Control and Prevention, Year 2000
Growth Charts, which were found to be appropriate also for
Israeli children and youth [19]).

Laboratory assessment Laboratory data for all participants
included glucose, blood gases, anti-GAD antibody titre and
HbA1c. The metabolic data added for this study consisted of
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serum levels of insulin, C-peptide, FABP4 and NEFA.
FABP4 and NEFA were collected upon presentation and at
48 h after initiation of insulin treatment. FABP4wasmeasured
using DuoSet ELISA (R&D Systems, Minneapolis, USA),
and NEFA were measured using Quantification kit (Abcam,
USA) according to the manufacturer instructions. Insulin and
C-peptide were measured by Immulite 2000 (Siemens
Medical Solutions Diagnostics, UK). HbA1c was measured
by Variant II Turbo (Bio-Rad, California, USA), and anti-
GAD was measured by RIA kit (RSR, UK). Serum glucose
and serum gases were measured using Cobas b 211 (Roche
Diagnostics, Rotkreuz, Switzerland).

Animals Insulin deficiency was induced by injecting 12-week-
old C57BL/6 wild-type (WT)mice and Fabp4−/−mice (kindly
provided by G. Hotamisligil, The Sabri Ülker Center, Harvard
T.H. Chan School of Public Health, Boston, MA, USA) with
streptozotocin (STZ) [20]. Mice were fed with regular chow
diet. After mice were starved overnight, they were injected
with 200 mg/kg STZ (Sigma-Aldrich, Israel S0130). STZ
was dissolved in 0.1 mol/l citrate buffer pH 4.5.Mouse weight
and glucose were monitored daily. Fat mass in mice of both
groups was assessed using NMR spectroscopy at baseline.

Glucose levels were determined from the tail vein using
FreeStyle strips (Abbott, USA). Ketones (β-hydroxybutyrate
[βOHB]) were measured with a ketometer (Abbott) before
injection and daily from day 2 until the mice were killed by
isoflurane inhalation on day 4. Insulin concentrations were
determined in plasma samples using ELISA according to the
manufacturer’s instructions (Ultrasensitive Mouse Insulin
ELISA; Mercodia, Sweden), and NEFA were measured using
Quantification kit (Abcam) according to the manufacturer’s
instructions. Under anaesthesia, blood was taken from the
vena cava using a gas syringe. We repeated this experiment
four times with similar results. This part of the study was
approved by the Institutional Animal Care and Use
Committee (protocol ID: 1310/12/ANIM).

Statistical analysis Statistical analysis was performed on IBM
SPSS Statistics for Windows, Version 20.0 (IBM Corp., New
York, USA, www.spss.com) and GraphPad Prism9
(GraphPad Software, USA, www.graphpad.com).
Continuous variables are presented as mean ± SD and
compared using Student’s t test. Abnormally distributed
continuous variables are presented as medians and IQRs and
compared using theMann–Whitney test. Categorical variables

Table 1 Baseline characteristics of the cohort population, comparing DKA and non-DKA groups

Factor category Study cohort (n=33) With DKA at diagnosis (n=14) Without DKA at diagnosis (n=19) p value

Individual factors

Sex

Female 16 (48) 7 (50) 9 (47) 0.88

Male 17 (52) 7 (50) 10 (53)

Age, years 9.3±3.5 9.5±3.1 9.1±3.8 0.75

Weight SDS −0.4±0.9 −0.3±1.0 −0.5±0.9 0.51

Height SDS −0.1±0.9 −0.3±0.8 0±1 0.28

BMI SDS −0.4±1.0 0±1.0 −0.7±0.9 0.06

Puberty status

Prepuberty 23 (70) 11 (79) 12 (63) 0.4

Puberty 10 (30) 3 (21) 7 (37)

Disease factors

Venous blood pH 7.30 (7.19–7.34) 7.18 (7.11–7.24) 7.34 (7.32–7.37) <0.0001

Venous blood HCO3
−, mmol/l 17.6 (9.2–24.3) 8.1 (7.6–13) 24.1 (21.3–26.3) <0.0001

Anti-GAD antibody titre, U/ml 6.4 (1.5–15.2) 5 (1.8–15.5) 8 (1.6–12.1) 0.74

HbA1c, mmol/mol 101 (88–112) 107.5 (97–116) 97.5 (86–1101) 0.19

HbA1c, % 11.4 (10.2–12.4) 12.0 (11–12.8) 11.0 (10–12.3) 0.19

Metabolic factors

FABP4, ng/ml 7.2 (4.1–11) 10.1 (7.9–14.2) 6.3 (3.9–7) 0.005

NEFA, mmol/l 0.03±0.02 0.04±0.02 0.02±0.02 0.05

C-peptide, ng/ml 0.4 (0.2–0.5) 0.3 (0.1–0.4) 0.4 (0.3–0.8) 0.03

Insulin, pmol/l 13.2 (13.2–13.2) 13.2 (13.2–13.2) 13.2 (13.2–36.8) 0.08

Glucose, mmol/l 28.7±10.0 28.3±7.5 29.0±11.7 0.83

Data are presented as n (%), mean ± SD or median (IQR)
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were analysed using the χ2 test and presented as percentages.
Correlations between continuous abnormally distributed vari-
ables were described using Spearman’s correlation test, and
correlations between continuous normally distributed vari-
ables were assessed using Pearson’s correlation test. FABP4
distributed abnormally, therefore correlations between
FAPB4 and each of the variables were assessed using the
Spearman’s correlation test. NEFA distributed normally,
therefore correlations between NEFA and normally distribut-
ed variables (weight SDS, BMI SDS and glucose) were
conducted using the Pearson’s correlation test. Correlations
between NEFA and abnormally distributed variables (pH,
HCO3

−, insulin, C-peptide, HbA1c, FABP4 and anti-GAD)
were conducted using the Spearman’s correlation test.

The adjusted risk for DKA at presentation, defined as
venous blood pH < 7.30, was assessed using multivariable
logistic regression model, including the following variables:
serum FABP4 levels, female sex, age, weight SDS, HbA1c,
glucose, C-peptide levels and anti-GAD antibody titre. The
analysis was performed using the enter method for variables
inclusion. The OR and 95% CI for each variable were report-
ed. FABP4 cut-off was determined using the receiver operat-
ing characteristic (ROC) curve analysis, and the AUC was
calculated with 95% CIs. Continuous variables were used as
dichotomous (belowmedian vs at/abovemedian), and FABP4
was used as dichotomous, based on the point of maximal
sensitivity and specificity. A two-tailed p value of <0.05 was
used for defining statistical significance.

Results

We enrolled 40 consecutive children presenting with new-
onset type 1 diabetes into the study; seven children were
excluded due to missing data. The remaining 33 eligible chil-
dren had a mean age of 9.3 ± 3.5 years, 17 (52%) were male
and 14 (42%) presented with DKA. There were no statistically
significant differences in sex, age, weight, height, BMI SDS
or puberty status between the DKA and non-DKA groups
(Table 1). The C-peptide level was lower in the DKA vs
non-DKA group (median [IQR] 0.3 [0.1–0.4] vs 0.4 [0.3–
0.8] ng/ml, respectively; p = 0.03) (Table 1) and the serum

FABP4 level was higher in the DKA vs non-DKA group
(median [IQR] 10.1 [7.9–14.2] vs 6.3 [3.9–7] ng/ml, respec-
tively; p = 0.005) (Fig. 1a and Table 1).

Following initiation of insulin therapy, a marked reduction
in serum FABP4 was observed in all of the participants (Fig.
1b). There was no difference between female and male partic-
ipants in serum FABP4 level (p = 0.5, Fig. 1c), and no corre-
lation was observed between FABP4 and anthropometric
measurements (weight SDS, r = 0.17, p = 0.35; height
SDS, r = 0.06, p = 0.71, BMI SDS, r = 0.27, p = 0.14;
Fig. 1d–f). In addition, there was no significant correlation
between FABP4 and glucose (r = 0.12, p = 0.5; Fig. 1g),
insulin (r = −0.2, p = 0.31; Fig. 1h) or NEFA (r = 0.15, p =
0.21; Fig. 1i) level upon presentation to the emergency depart-
ment. However, FABP4 positively correlated with HbA1c (r
= 0.36, p = 0.04; Fig. 1j), negatively correlated with C-
peptide level (r = −0.38, p = 0.06; Fig. 1k) and anti-GAD
titre (r = −0.43, p = 0.01; Fig. 1l), and strongly and nega-
tively correlated with blood pH (r = −0.53, p = 0.002; Fig.
1m) and HCO3

− (r = −0.5, p = 0.001; Fig. 1n). SerumNEFA
levels were correlated negatively withHCO3

− (r = −0.43, p =
0.03) and pH, although the latter correlation did not reach
statistical significance (r = −0.39, p = 0.059), but did not
correlate with weight SDS, BMI SDS, HbA1c, insulin, C-
peptide or anti-GAD. Lastly, a positive correlation was
observed between the levels of FABP4 and NEFA only after
insulin treatment has been initiated (r = 0.53, p = 0.007).

In an analysis of prepubertal vs pubertal patients, the medi-
an (IQR) FABP4 level at presentation was similar in the two
groups: 6.9 (4.1–12.6) vs 8.1 (5.2–11.3) ng/ml; p = 0.89
(ESM Fig. 1). However, following initiation of insulin therapy
serum FABP4 declined by 67% in the prepubertal group but
only by 43% in the pubertal group (p < 0.0001 and p = 0.002,
respectively; ESM Fig. 1).

In a ROC curve analysis, a cut-off value for FABP4 serum
levels ≥7.22 ng/ml had a sensitivity of 86% and a specificity
of 78% for detecting the presence of DKA, with an AUC of
0.78 (95%CI 0.6, 0.95, p = 0.008; Fig. 1o). In a multivariable
logistic regression analysis, an FABP4 level ≥ 7.22 ng/ml,
was the only variable independently associated with increased
odds of DKA (OR 70.06 [95% CI 1.2, 4097.6], p = 0.04;
Table 2).

To assess the potential mechanistic role for FABP4 in
mediating ketogenesis, we injected FABP4 null (Fabp4−/−)
mice and WT controls with STZ and monitored their blood
glucose, βOHB, plasma insulin, and NEFA levels. STZ treat-
ment resulted in a similar decrease in insulin levels in WT and
Fabp4−/− mice (Fig. 2a) and a similar rise in blood glucose
(Fig. 2b). Yet, while an expected rise in βOHB level was
observed in WT mice 4 days post STZ injection (from 2.1
± 1.2 mmol/l at baseline to 3.1 ± 1.4 mmol/l 4 days post STZ
injection, p = 0.006), no significant change in βOHB was
detected in Fabp4−/− mice (1.9 ± 0.4 to 1.6 ± 1.4 mmol/l,

�Fig. 1 (a–c) Median (IQR) serum FABP4 levels in DKA and non-DKA
groups at new-onset type 1 diabetes (a), at 48 h after commencing insulin
(n = 14 in DKA group; n = 19 in non-DKA group) (b), and at new-onset
type 1 diabetes among female andmale participants (c). (d–n) Correlation
analysis between serum FABP4 levels and weight SDS (d), height SDS
(e), BMI SDS (f), serum glucose (g), serum insulin (h), serum NEFA (i),
serum HbA1c (j), serum C-peptide levels (k), serum anti-GAD titre (l),
serum pH (m) and serumHCO3

− (n) in participants with new-onset type 1
diabetes. (o) ROC curve for the detection of pH < 7.3 by FABP4 levels
in participants with new-onset type 1 diabetes (AUC = 0.78). **p < 0.01
for DKA vs non-DKA
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p = 0.1). When comparing the change in βOHB levels from
baseline to 4 days after STZ treatment, a twofold difference
was observed between WT and Fabp4−/− mice (p = 0.004,
Fig. 2c). Plasma NEFA levels measured 4 days after STZ
treatment were higher in WT compared with Fabp4−/− mice,
although the difference did not reach statistical significance (p
= 0.07, Fig. 2d). In addition, WT mice exhibited a marked
hypoinsulinaemia-related catabolic state, with a body weight
loss twice that of Fabp4−/− mice who were protected from a
significant weight loss despite a significant hypoinsulinaemia
and hyperglycaemia (10% vs 5%, respectively; p = 0.007)
(Fig. 2e). It is important to add that the baseline weight of
the mice in the two groups did not differ significantly (23.2
± 1.7 g in WT mice vs 22.5 ± 2.1 g in Fabp4−/− mice; p =
0.19), nor did fat mass with 27.79 ± 2.2% fat observed inWT
mice vs 26.32 ± 1.71% in Fabp4−/− mice (p = 0.13).

Discussion

The current study suggests FABP4 as a potential regulator of
ketogenesis in the pathophysiology of DKA in both mice and
humans. In humans, we showed that FABP4 is sensitive and
specific for the detection of DKA, being superior to any other
clinical variable. In addition, the rapid and marked reduction
in FABP4 levels following insulin initiation further supports
the tight regulation of FABP4 secretion by insulin [3, 7]. In
mice, we demonstrated that in the absence of FABP4, insulin
deficiency was unable to induce significant production of
βOHB, supporting its direct role in the pathophysiology of
DKA. Taken together, our data demonstrate that the adipokine
FABP4 is necessary in mediating ketogenesis, even under
extreme insulin-deficient conditions.

FABP4 has been demonstrated not only to tightly correlate
with obesity and fat mass [21, 22] but also to act as a mediator of
obesity-related metabolic abnormalities such as insulin

resistance, diabetes and atherosclerosis [2]. Here we showed that
in untreated type 1 diabetes, an extreme insulin-deficient state,
FAPB4 level lost its association with both sex and anthropomet-
ricmeasures. Our observation in humans is in agreement with the
findings of Cao et al. [7] demonstrating increased FABP4 levels
during fasting, irrespective of fat mass. These and other studies
have thus identified FABP4 as an adipokine that is tightly regu-
lated by nutritional status and as an important component of the
systemic adaptive response to fasting [5, 7]. Additional support
for themechanistic role of FABP4 inmetabolic regulation during
fasting comes from its stimulatory effects on hepatic glucose
production [7] and glycogenolysis [23]. Our results add a further
component by demonstrating FABP4’s potential role as a medi-
ator of ketogenesis. The exact mechanism(s) by which FABP4
regulates ketogenesis cannot be elucidated in this clinical/
translational study and may include the regulation of NEFA
release from adipose tissue, hepatic delivery of NEFA and/or a
direct effect on liver ketone synthesis. There is evidence to
suggest that FABP4may exert its pro-ketogenic effects by syner-
gistically regulating both NEFA supply from the adipose tissue
and utilisation in the liver. In fact, FABP4-deficient adipocytes
have been demonstrated to exhibit reduced efficiency of basal
and β-adrenergic stimulated lipolysis, both in-vivo and in-vitro
[24, 25], thus attenuating hepatic delivery of NEFA inDKA. The
greater reduction in body weight in WT mice and the higher
levels of NEFA following STZ treatment, may suggest that
decreased lipolysis inFabp4−/−may be an important contributor.
Yet, given the vast excess of NEFA under insulin-deficient
conditions, the rate-controlling steps of ketogenesis are consid-
ered to be the mitochondrial transfer of NEFA via carnitine acyl-
transferase I and utilisation via 3-hydroxy-3-methylglutaryl-CoA
synthase (HMGCS2) [26]. Of interest, FABP4 has been impli-
cated in the regulation of genes encoding both of these, albeit this
has not been assessed directly. Regardless of the exact mecha-
nism of action of FABP4, its potential regulatory role in glyco-
genolysis, gluconeogenesis and ketogenesis highlights this
adipokine as an important partner of glucagon in mediating its
biological activities.

FABP4’s role in DKA pathophysiology reported here is
supported by functional studies inmice. During nutrient depri-
vation, a primary function of adipose tissue is to augment
lipolysis. Induction of lipolysis in mice resulted in a rapid
increase in plasma FABP4 levels, further linking FABP4
secretion to lipolytic signals. Thus, the increase in FABP4
level during fasting likely represents increased adipocyte lipo-
lytic activity [7]. In fact, Fabp4−/− mice exhibit a decreased
lipolytic activity even under conditions known to stimulate
lipolysis [27]. This corroborates with the reduced ketogenesis
we observed in Fabp4−/− mice, which consequently lost less
of their body weight after STZ injection. The enhanced lipol-
ysis in type 1 diabetes likely contributes to the rise in both
circulating FABP4 and NEFA levels, leading to the

Table 2 Multivariable logistic regression analysis for the odds of DKA
among children with new-onset type 1 diabetes

Variable OR (95% CI) p value

FABP4 level ≥7.22 ng/mla 70.06 (1.2, 4097.59) 0.04

Female sex 4.21 (0.18, 99.04) 0.37

Younger age 9.53 (0.23, 387.29) 0.23

Low weight SDS 1.34 (0.06, 30.83) 0.85

High HbA1c 6.91 (0.16, 306.26) 0.32

High serum glucose 0.33 (0.02, 6.51) 0.47

Low C-peptide 16.16 (0.14, 1934.37) 0.25

High anti-GAD titre 22.52 (0.19, 2709.75) 0.2

a Serum FABP4 levels ≥7.22 ng/ml had the highest sensitivity and spec-
ificity in the ROC curve for DKA in the analysis
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development of DKA, and both effectors are rapidly
suppressed upon initiation of insulin therapy [28].

The incidence of DKA in our cohort is similar to that report-
ed in a larger cohort from our centre, described in 2015 [29], as
well as in reports from other countries [15, 30], highlighting the
relatively high rate of DKA as a presenting metabolic emergen-
cy in new-onset type 1 diabetes in children. As such, better
understanding of the metabolic regulation of excessive keto-
genesis is important, especially among children at high risk
for the development of type 1 diabetes. Here we demonstrate
that FABP4 was superior to other metabolic variables such as
NEFA, glucose, C-peptide or insulin as markers of DKA. This
underlines the difference between FABP4 and NEFA despite
their co-secretion from adipose tissue. Re-esterification, tissue
uptake and efficient metabolism of NEFA may explain this
apparent discrepancy, emphasising the potential utility of
FABP4 as an integrative biomarker for the acutemetabolic state
of severe insulin deficiency.

In pubertal children, compared with prepubertal children,
we observed that insulin treatment was less effective in
decreasing FABP4 and NEFA levels. Notably, puberty is
associated with a marked decrease in insulin sensitivity and
a higher fat mass, which likely explains our observations [31].
In support is a study of 124 children aged 6–14 years old, in
which FABP4 levels were positively correlated with pubertal
stage [22].

Our study has several limitations. We did not have data on
FABP4 levels once glucose levels and body weight have
stabilised. Yet, the rapid decrease in FABP4 within only
2 days of insulin therapy argues against an inherent difference
between the two groups (DKA and non-DKA). Similarly, we
did not have any determinations of FABP4 levels prior to
diagnosis of type 1 diabetes, which might have highlighted
FABP4 as a reliable predictive biomarker for at-risk individ-
uals during the prediabetic state. In addition, in this set of
experiments we could not determine whether the marked
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inhibition of ketogenesis in the absence of FABP4 is due to
inhibition of lipolysis at the level of the adipose tissue or a
decrease in glucagon bioactivity in the liver. Yet, as discussed
above, accumulating data demonstrating the role of FABP4 in
both glycogenolysis and gluconeogenesis argue in favour of
the latter as an important mechanism for the effects of FABP4.

In summary, we report that the adipokine FABP4 is
increased in insulin deficiency and particularly in the setting
of DKA among children with new-onset type 1 diabetes, and
declines rapidly after commencement of insulin therapy. In a
mouse model of type 1 diabetes, FABP4 deletion resulted in a
marked reduction in ketogenesis. Our study suggests that
circulating FABP4 may play a regulatory role in DKA patho-
genesis and may serve as a biomarker for metabolic charac-
terisation of deficient bioactivity of insulin. Since FABP4 is
involved in both glucose and lipid metabolism, its circulating
levels may be seen as an integration of insulin action at the
level of the adipose tissue, with tight correlation to lipolysis,
ketogenesis and hepatic glucose production. Therefore,
FABP4 is an ideal readout of systemic metabolism in the
setting of both insulin resistance and insulin deficiency.
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