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β-Aminoisobutyric acid (BAIBA) is secreted by skeletal muscle and promotes insulin sensitivity, fat oxidation, and anti-inflammation.
While BAIBA is purportedly lower in individuals with obesity, nowork has examined if prediabetes (PD) differentially impacts BAIBA
concentrations in people with obesity.Methods. Adults were classified as normal glucose tolerant (NGT; n = 22 (20F); 48 0 ± 2 4 yrs;
36 9 ± 1 2 kg/m2) or PD (n = 23 (18F); 54 2 ± 1 6 yrs; 38 4 ± 1 2 kg/m2) based on ADA criteria. A 180-minute 75 g OGTT was used to
estimate fasting (HOMA-IR (liver)) and postprandial (Matsuda index (muscle)) insulin sensitivity as well as β-cell function
(disposition index (DI), glucose-stimulated insulin secretion adjusted for insulin sensitivity). Body composition and fasting
measures of BAIBA, fat oxidation (indirect calorimetry), and adipokines were determined. Results. NGT and PD had similar
BAIBA concentrations (1 4 ± 0 1 vs. 1 2 ± 0 1μM, P = 0 23) and fat oxidation (P = 0 31), despite NGT having lower fasting
(92 2 ± 1 2 vs. 104 1 ± 3 2mg/dL, P = 0 002) and tAUC180min glucose (P < 0 001) compared to PD. Moreover, NGT had higher
postprandial insulin sensitivity (P = 0 01) and higher total phase DIliver (P = 0 003) and DImuscle (P = 0 001). Increased BAIBA was
associated with adiponectin (r = 0 37, P = 0 02), adiponectin/leptin ratio (r = 0 39, P = 0 01), and lower glucose and insulin at 180
minutes (r = −0 31, P = 0 03 and r = −0 39, P = 0 03, respectively). Adiponectin also correlated with lower glucose at 180 minutes
(r = −0 45, P = 0 005), and mediation analysis showed that BAIBA was no longer a significant predictor of glucose at 180 minutes
after controlling for adiponectin (P = 0 08). Conclusion. While BAIBA did not differ between NGT and PD, higher BAIBA is
related to favorable glucose metabolism, possibly through an adiponectin-related mechanism. Additional work is required to
understand how exercise and/or diet impact BAIBA in relation to type 2 diabetes risk.

1. Introduction

Obesity is a public health problem in the United States [1]
because it is related to higher mortality rates [2]. According
to the CDC, obesity prevalence in the U.S is about 42%
(BMI ≥ 30 kg/m2) among adults (NHANES 2021) [3, 4].
Two common characteristics of obesity are overnutrition
and low physical activity levels [5]. These factors are impor-
tant in influencing adipocyte function, namely, fat storage,

substrate availability for energy metabolism, and endocrine
function [6]. This later point is germane as adipose tissue
secretes hormones known as adipokines, such as adiponectin
and leptin, that have been used as indices of “sick fat” or
adiposopathy [7]. Adiponectin is an anti-inflammatory
adipokine that is low in circulation among adults with obe-
sity. This is relevant because adiponectin promotes insulin
sensitivity, β-cell function, and fat oxidation, in part, by acti-
vating AMPK [8]. In contrast, leptin regulates satiety and
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energy expenditure and is related to fat mass [9]. Thus,
understanding how adiposopathy may be influenced could
play an important role in chronic disease risk since adipose tis-
sue has crosstalk with other organs including skeletal muscle
[7] to influence insulin sensitivity [10].

Skeletal muscle is an important endocrine organ in the
body that influences whole-body energy metabolism and
insulin sensitivity [11]. Hormones secreted from the skeletal
muscle are called myokines, and one such myokine that has
gained recent attention is β-aminoisobutyric acid (BAIBA).
BAIBA is a nonprotein amino acid released from skeletal
muscle in response to contraction through the upregulation
of PGC-1α [12]. Low BAIBA concentrations have been
linked to elevated cardiometabolic risk factors in humans,
namely, blood glucose [12]. Interestingly, mice treated with
BAIBA show reductions in weight and body fat [12].
Further, BAIBA-treated human pluripotent stem cells
demonstrate weight reduction in relation to enhanced fat
oxidation, aerobic fitness, and insulin sensitivity, as well as
reduced hepatic de novo lipogenesis [12]. This is consistent
with other work in rats treated with BAIBA showing
improved glucose tolerance, lower circulating lipid levels,
and attenuated diet-induced obesity [13]. While the exact
mechanism is unclear, BAIBA may exert these beneficial
effects either directly on target organs or through adiponec-
tin-/leptin-dependent pathways [13]. To date, however, no
studies exist in humans that have tested if circulating BAIBA
levels are different in people with obesity who are normal
glucose tolerant (NGT) compared with those with prediabe-
tes (PD) in relation to adiposopathy, insulin sensitivity, or
energy metabolism. Therefore, we tested the hypothesis that
BAIBA would be lower in people with PD compared to those
with NGT. We anticipated that lower BAIBA levels would
correlate with reduced insulin sensitivity, fat oxidation, and
glucose tolerance.

2. Methods

2.1. Participants. A cross-sectional study was conducted in
people with overweight/obesity who either were NGT
(n = 22 (20F/2M), 48 0 ± 2 4 yrs, 36 8 ± 1 1kg/m2) or PD
(n = 23 (18F/5M), 54 2 ± 1 6 yrs, 38 4 ± 1 2kg/m2) (Table 1).
Glucose tolerance classification was based on American Dia-
betes Association (ADA) criteria and included those with
impaired fasting glucose (IFG, 100-125mg/dL), impaired
glucose tolerance (IGT, 140-199mg/dL), and/or IFG+IGT.
Participants were eligible if ≥18yrs of age, had a body mass
index (BMI) of 25-50kg/m2, nonsmoking, physically inactive
(≤60 minutes of exercise/week), had no history of chronic dis-
eases (i.e., renal, hepatic, cardiovascular, and type 2 diabetes
(T2D)), not taking medications that influence glycemia/insu-
lin sensitivity (e.g., metformin and SGLT-2 inhibitors), and
weight stable over the past 3 months (≤2kg variation). Partic-
ipants underwent amedical examination conducted by a study
physician as well as resting and maximal stress test electrocar-
diogram with blood pressure to assess cardiac function.
Additionally, urine and blood samples were collected for bio-
chemical analysis. Lastly, blood pressure was recorded 3 times
with 1–2-minute rest in between (systolic ≥ 130mmHg and/or

diastolic ≥ 85mmHg) in a seated position with feet flat on the
floor and averaged. Written and verbal informed consent was
obtained from all individuals before participating in the study.
Study protocols conformed to the standards set by the latest
version of the Declaration of Helsinki except for registration
in a database and were approved by the University Institu-
tional Review Boards (IRB #18316 and # Pro2020002029).

2.2. Aerobic Fitness. A continuous treadmill or bicycle incre-
mental exercise test with indirect calorimetry was performed
to assess respiratory gases for peak oxygen consumption
(VO2peak) determination. Individuals self-selected a walk-
ing speed with incremental grade increasing approximately
2% every 2 minutes until exhaustion (NGT n = 8 vs. PD
n = 16) or maintained a cadence above 60 rpm with increas-
ing 25W workload every 2 minutes (NGT n = 14 vs. PD
n = 7). Heart rate (HR) and rating of perceived exertion
(RPE) scale were also measured.

2.3. Body Composition. A digital scale was used to measure
total weight while participants were without shoes and had
minimal clothing. Height was measured using a stadiometer,
and body mass index (BMI) was calculated as weight divided
by height [2]. Waist circumference was obtained 3 times
using a plastic tape measure 2 cm above the umbilicus and
averaged. Body fat mass (FM) and fat-free mass (FFM) were
determined by dual-energy X-ray absorptiometry (NGT
n = 8 vs. PD n = 16; DXA; Horizon DXA System, Marlbor-
ough, MA, USA) or via air displacement plethysmography

Table 1: Participant characteristics.

NGT PD P value

Demographics

N (F/M) 22 (20/2) 23 (18/5)

Age (yrs) 48 ± 2 3 54 2 ± 1 5 0.03

Weight (kg) 105 6 ± 3 8 107 9 ± 4 6 0.69

BMI (kg/m2) 36 8 ± 1 1 38 4 ± 1 2 0.38

FFM (kg) 56 5 ± 2 2 57 0 ± 2 5 0.87

Body fat (%) 45 6 ± 1 3 47 0 ± 1 1 0.45

VO2peak (mL/kg/min) 20 75 ± 1 3 21 14 ± 0 9 0.82

Cardiometabolic disease risk

WC (cm) 111 9 ± 2 7 116 8 ± 3 0 0.24

SBP (mmHg) 127 8 ± 2 6 136 6 ± 4 2 0.09

DBP (mmHg) 73 3 ± 2 4 78 5 ± 3 0 0.19

TG (mg/dL) 122 4 ± 16 3 162 3 ± 17 9 0.02

HDL-c (mg/dL) 46 2 ± 1 9 49 1 ± 2 8 0.77

LDL (mg/dL) 132 5 ± 9 5 133 6 ± 7 0 0.60

HbA1c (%) 5 3 ± 0 0 5 60 ± 0 07 0.01

Data are presented as mean ± SEM. NGT = normal glucose tolerant; PD =
prediabetes; BMI = body mass index; VO2peak = aerobic capacity relative to
mean body weight (kg); FFM = fat-free mass; WC = waist circumference;
SBP = systolic blood pressure; DBP = diastolic blood pressure; TG =
triglycerides; HDL-c = high-density lipoprotein; HbA1c = hemoglobin A1c.
Unpaired two-tailed t-test was utilized to determine group differences.
Significance accepted at P ≤ 0 05.
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(NGT n = 14 vs. PD n = 7; BodPod, Concord, CA, USA) after
a 4hr fast (food and beverage) along with minimal physical
activity for at least 4 hr [14, 15].

2.4. Metabolic Control. Participants were asked to refrain
from nonexercise strenuous physical activity along with con-
sumption of caffeine, alcohol, and medications 24hr prior to
the metabolic study visits. Participants were also advised to
consume a mixed meal (e.g., 55% CHO, 30% fat, and 15%
protein) the day prior to metabolic tests to standardize diet.

2.5. Insulin Action. Participants arrived at the Clinical
Research Unit after an overnight fast to assess glucose
metabolism and insulin action using a 180-minute75 g oral
glucose tolerance test (OGTT). Indirect calorimetry (Vmax
Encore, CareFusion, Yorba Linda, CA, USA) was used after
approximately 20 minutes of rest in a semisupine position
to assess resting energy expenditure (REE), respiratory
exchange ratio (RER), and fat oxidation (Fox) and carbohy-
drate oxidation (CHOox). Breath samples were collected for
15 minutes, and the last 5 minutes of data collected was
averaged. Blood samples were then obtained at 0, 30, 60,
90, 120, and 180 minutes following a 75 g OGTT to
determine glucose, insulin, and C-peptide. Total area under
the curve (tAUC) was calculated using the trapezoidal rule.
For peripheral, or skeletal muscle insulin sensitivity, the
Matsuda index was calculated [16] while hepatic insulin
resistance (HOMA-IR) was estimated by using fasting glu-
cose multiplied by insulin divided by 405 [17]. Prehepatic
glucose-stimulated insulin secretion (GSIS) was calculated
as C-peptide tAUC divided by glucose tAUC during the
OGTT to depict early (0-30 minutes) and total phase
(0-180 minutes) insulin section. The disposition index was
then used to calculate β-cell function relative to skeletal mus-
cle as tAUC of GSIS∗Matsuda index. β-Cell function adjusted
for hepatic insulin resistance was also calculated as GSIS
divided by HOMR-IR. Hepatic insulin clearance (HIC) was
calculated as tAUC of C-peptide divided by insulin during
the OGTT [18].

2.6. Biochemical Analyses. Plasma glucose was analyzed
immediately by a glucose oxidase assay (YSI Instruments
2700, Yellow Springs, OH). All remaining samples were cen-
trifuged for 10 minutes at 1500 g at 4°C, and plasma was
stored at -80°C until later batched-analyzed in duplicate.
Insulin, C-peptide, total and HMW adiponectin, and leptin
were measured from 3mL EDTA vacutainers in-house using
ELISA (EMD Millipore, Billerica, MA, USA) [19], while uni-
versity medical laboratory performed colorimetric assay to
analyze serum TG and cholesterol [20]. Adiponectin (total
and HMW) and leptin were collected at 0 minute of the
OGTT to depict adipocyte dysfunction, as we previously
performed [19]. Specifically, adiposopathy was determined
by dividing adiponectin by leptin. BAIBA was also collected
in 3mL EDTA vacutainers and measured by liquid chroma-
tography mass spectrometry (LCMS) [21]. Briefly, 20μL of
plasma sample was spiked with an internal standard solution
consisting of isotopically labeled amino acid. The superna-
tant was immediately derivatized with 6-aminoquinolyl-N-

hydroxysuccinimidyl carbamate according to Waters’ Mas-
sTrak kit. A 10-point calibration standard curve underwent
a similar derivatization procedure after the addition of inter-
nal standards. Both derivatized standards and the samples
were analyzed on a Thermo Quantum Ultra triple quadru-
pole mass spectrometer coupled with a Waters Acquity liq-
uid chromatography system. Data acquisition was done
using select ion monitor (SIM) via positive electrospray con-
dition. Concentration of the analyte was calculated against
its respective calibration curve [21, 22].

2.7. Statistical Analyses. Data were analyzed using IBM SPSS
Statistics (version 28.0.0.0 (190), IBM Corp). Normality was
assessed and skewed data were log transformed. Logged data
were assessed again to confirm normality. Unpaired two-
tailed t-tests were used to compare group variables between
NGT and PD. Log-transformed outcomes are presented in
raw data format for ease of interpretation. Pearson or Spear-
man rank order correlation analyses were also performed to
examine significant correlations between BAIBA, adipo-
kines, and other variables when appropriate. Mediation
regression analysis was used to investigate the hypothesis
that fasting adiponectin concentrations mediate the effect
of fasting BAIBA on glucose levels at 180 minutes. The indi-
rect effect was tested using a percentile bootstrap estimation
approach with 5000 samples and implemented with the
PROCESS macro version 4 by Hayes. Mediation regression
analysis was used to gain better insight on the relationship
between BAIBA, adiponectin, and glucose at 180min com-
pared to a simple regression because of the correlation pres-
ent between BAIBA and adiponectin with plasma glucose
[23]. Significance was accepted as P ≤ 0 05, and data are pre-
sented as mean ± SEM.

3. Results

3.1. Participant Demographics. These data were presented as
an abstract at the 45th Annual Mid-Atlantic Regional Chap-
ter of American College of Sports Medicine (MARC-ACSM)
Conference in 2022 [24]. Although preliminary analysis with
free fatty acids was reported at the MARC-ACSM confer-
ence, technical issues with kit availability did not allow for
the entire sample size to be analyzed. This resulted in us
not reporting free fatty acids here. Relevant to this work, free
fatty acids did not relate to BAIBA. Nonetheless, there was
no significant difference between NGT and PD with regard
to weight, BMI, body composition, or aerobic fitness
(Table 1). However, participants with PD were older
(48 ± 2 3 vs. 54 2 ± 1 5, P = 0 03) compared to people with
NGT (Table 1). Moreover, individuals with PD had higher
HbA1c (P = 0 01) and TG (P = 0 02). HDL and LDL levels
were not different between the groups, nor were fasting
RER, CHOox, or Fox (Table 2).

3.2. BAIBA and Adipokines. There was no significant dif-
ference in BAIBA concentrations between NGT and PD
(Figure 1). Also, no significant differences were observed
among leptin, total adiponectin, HMW adiponectin, or
adiposopathy (Table 3).
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3.3. Insulin Action. In line with higher fasting glucose
(P = 0 002), people with PD had significantly higher glucose
at 120 minutes (P = 0 01) and tAUC180min glucose (P < 0 001)
compared with NGT (Table 4). Fasting C-peptide (P = 0 001),
tAUC180min (P = 0 02), and insulin at 120 minutes (P = 0 02)
were also significantly elevated in PD versus NGT (Table 4).
Peripheral insulin sensitivity (P = 0 005) was higher in NGT
compared with PD (Table 5).While early and total phase GSIS
was not significantly different between the two groups, total
phase DImuscle (P = 0 003) and early as well as total phase
DIliver (both P = 0 001) were significantly higher in NGT
as compared to PD (Table 5).

3.4. Correlations. BAIBA did not correlate with Fox
(r = −0 002, P = 0 99) or skeletal muscle insulin sensitivity
(r = 0 26, P = 0 11). However, higher BAIBA levels correlated
with VO2peak (r = 0 33, P = 0 04), total adiponectin (r = 0 37,
P = 0 02), HMW adiponectin (r = 0 322, P = 0 04), and total
adiponectin/leptin ratio (r = 0 32, P = 0 05). Further, BAIBA
was related to lower levels of glucose (r = −0 32, P = 0 03)
and insulin (r = −0 39, P = 0 03) at 180 minutes each
(Figures 2(a)–2(d)). Total adiponectin was inversely associ-

ated to glucose at 180 minutes (r = −0 45, P = 0 004) and glu-
cose tAUC180min (r = −0 40, P = 0 01), while both HMW and
total adiponectin positively correlated to total phase DImuscle
(r = 0 435, P = 0 03 and r = 0 585, P = 0 002, respectively).

3.5. Mediation Analysis. BAIBA was a significant predictor
of adiponectin (B = 3143 2, SE = 1465 2, 95% CI [168.5,
6117.8], β = 0 34, P = 0 039), and adiponectin was a significant
predictor of glucose levels at 180 minutes (B = −0 0012, SE =
0 0005, 95% CI [-0.0022, -0.0001], β = −0 35, P = 0 0319).
Fasting BAIBA was no longer a significant predictor of glucose
at 180 minutes after controlling for fasting adiponectin
(B = −8 78, SE = 4 82, 95% CI [-18.57, 1.01], β = −0 28, P =
0 077) (Figure 3), consistent with a mediation effect. Approxi-
mately 27% of the variance of glucose at 180 minutes was
accounted for by the predictors (R2 = 0 27), indicating a signif-
icant indirect coefficient (B = −3 68, SE = 2 42, 95% CI [-9.77,
-0.25], completely standardized β = −0 12).

4. Discussion

The main finding of the present study is that PD status does
not differentially impact BAIBA levels among people with
obesity. However, BAIBA did relate to lower postprandial
glucose concentrations as well as adiposopathy. In particu-
lar, adiponectin appeared to mediate the effect of BAIBA
to impact postprandial glucose. This suggests that BAIBA
may be a myokine that interacts with adipose tissue to estab-
lish crosstalk and impact whole-body glucose homeostasis.
These findings are consistent with prior work highlighting
lower BAIBA levels in adults with diabetes who were hemo-
dialysis (HD) patients [25] as well as those people with
obesity [26]. Why we did not detect lower BAIBA levels in
people with PD compared with NGT is beyond the scope
of the current study, but a potential reason is prior work
included older adults or HD patients with diabetes and dif-
fering levels of BMI and comorbidities. Furthermore, these
studies did not specifically control physical activity levels.
Herein, all participants were sedentary and reasonably simi-
lar in key demographics, including adiposity and aerobic fit-
ness, allowing for direct assessment of PD impact on BAIBA.
Nonetheless, it is important to note that BAIBA exists in
different isoforms. In particular, R-BAIBA dominate in both
urine and plasma [27] and produced and degraded in the
liver and the kidney, while S-BAIBA is produced and
degraded primarily in the skeletal muscle, the brain, and
the liver [28]. Thus, it is possible that subforms contribute
differently, and additional work is required. Regardless, total
BAIBA has been associated with reduced cardiometabolic
risk [12] as well as plasma insulin levels [12]. This later point
is consistent with our current work showing that higher
BAIBA levels correlated with lower circulating glucose and
insulin at 180 minutes of the OGTT in adults with obesity,
independent of PD status. Thus, BAIBA appears to be a
potential myokine that contributes to T2D risk.

BAIBA has been implicated as a potential target for low-
ering T2D risk [29]. In fact, BAIBA treatment in 6-week-old
mice improved glucose tolerance during intraperitoneal glu-
cose tolerance (IPGTT). Moreover, oral administration of

Table 2: Fuel use among NGT and PD.

NGT PD P value

Energy expenditure

REE (kcal/day) 1243 ± 69 7 1231 6 ± 88 0.92

REE (kcal/kg/day) 11 4 ± 0 5 12 0 ± 0 8 0.58

Fuel use

CHOox (mg/kg/min) 0 94 ± 0 09 0 97 ± 0 13 0.79

Fox (mg/kg/min) 0 49 ± 0 04 0 55 ± 0 05 0.35

RER (a.u.) 0 83 ± 0 009 0 81 ± 0 01 0.29

Data are presented as mean ± SEM. NGT = normal glucose tolerant; PD =
prediabetes; REE = resting energy expenditure; CHOox = carbohydrate
oxidation; Fox = fat oxidation; RER = respiratory exchange ratio. Unpaired
two-tailed t-test was utilized to determine group differences. Significance
accepted at P ≤ 0 05.
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Figure 1: β-Aminoisobutyric acid (BAIBA) levels among NGT and
PD. Data are presented as mean ± SEM. NGT = normal glucose
tolerant; PD = prediabetes. Unpaired two-tailed t -test was
utilized to determine group differences.
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Table 4: Glucose metabolism between NGT and PD.

NGT PD P value

Glucose (mg/dL)

Fasting 92 2 ± 1 1 104 1 ± 3 2 0.002

120min 113 0 ± 3 0 133 5 ± 7 0 0.01

tAUC30 min 3400 8 ± 73 0 3841 6 ± 120 0.003

tAUC180min 20922 5 ± 545 9 25633 3 ± 1099 2 <0.001
Insulin (uU/mL)

Fasting 15 83 ± 2 0 26 0 ± 4 2 0.09

120min 79 83 ± 10 3 133 8 ± 19 8 0.02

tAUC30 min 1597 4 ± 164 7 2217 7 ± 407 5 0.41

tAUC180min 15238 8 ± 2134 0 19087 2 ± 2959 2 0.22

C-peptides (ng/mL)

Fasting 2 19 ± 0 1 3 60 ± 0 3 0.001

120min 8 76 ± 0 65 12 47 ± 1 13 0.01

tAUC30 min 145 3 ± 11 3 180 2 ± 14 0 0.03

tAUC180min 1372 6 ± 84 3 1790 6 ± 143 1 0.02

Data are presented as mean ± SEM. NGT = normal glucose tolerant; PD = prediabetes; tAUC = total area under the curve. Unpaired two-tailed t-test was
utilized to determine group differences. Significance accepted at P ≤ 0 05.

Table 5: Insulin sensitivity and secretion between NGT and PD.

NGT PD P value

Insulin sensitivity

HOMA-IR 3 68 ± 0 4 6 0 ± 1 2 0.49

Matsuda index 2 75 ± 0 2 1 86 ± 0 2 0.005

Insulin secretion

GSIS30 min 0 04 ± 0 002 0 05 ± 0 003 0.17

GSIS180min 0 06 ± 0 003 0 07 ± 0 006 0.38

DImuscle30min^ 0 12 ± 0 01 0 26 ± 0 10 0.22

DImuscle180 min 0 20 ± 0 01 0 12 ± 0 01 0.003

DIliver30min^ 0 82 ± 0 05 −2 12 ± 0 06 <0.001
DIliver180 min 0 02 ± 0 002 0 06 ± 0 02 0.001

HIC tAUC30 min^ 0 10 ± 0 008 0 17 ± 0 05 1.00

HIC tAUC180min^ 0 0004 ± 0 0 0 0006 ± 0 0002 0.78

Data are presented asmean ± SEM. ^Data were log-transformed for statistical analysis but are presented as raw data for ease of interpretation. NGT = normal glucose
tolerant; PD = prediabetes; HOMA-IR = homeostatic model assessment for insulin resistance; GSIS = glucose-stimulated insulin secretion; DI = disposition index;
HIC = hepatic insulin clearance. Unpaired two-tailed t-test was utilized to determine group differences. Significance accepted at P ≤ 0 05.

Table 3: Adipokines between NGT and PD.

NGT PD P value

Adipokines (ng/mL)

Total adiponectin^ 9655 7 ± 1259 9520 8 ± 1216 0.50

HMW adiponectin 4270 8 ± 923 3683 01 ± 585 0.84

Leptin 76 1 ± 9 7 62 8 ± 7 5 0.87

Total adiponectin/leptin^ 167 6 ± 25 0 180 6 ± 32 2 0.92

HMW adiponectin/leptin 72 4 ± 14 8 80 9 ± 27 4 0.61

Data are presented as mean ± SEM. NGT = normal glucose tolerant; PD = prediabetes; HMW = high molecular weight. ^Data were log-transformed for
statistical analysis but are presented as raw data for ease of interpretation. Unpaired two-tailed t-test was utilized to determine group differences.
Significance accepted at P ≤ 0 05.
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BAIBA for 4 weeks in type 2 diabetic mice resulted in
improved insulin signaling, by restoring Akt-IRS-1 (Tyr632
and Ser307) phosphorylation [30]. While we did not observe
relations directly with BAIBA and insulin sensitivity, higher
BAIBA did correlate with lower circulating insulin levels at
180 minutes of the OGTT. This is consistent with work sug-
gesting that high BAIBA associates with low glucose tAUC
during OGTT in humans [25]. Furthermore, others suggest
that low BAIBA during hyperglycemic infusion conditions
was paralleled with lower insulin secretory function regard-
less of presence or absence of hyperglycemia and T2D

[31]. BAIBA has also been shown to improve glucose metab-
olism in mice of diet or streptozotocin-induced diabetic con-
ditions [31].

Adiposopathy, or adipose dysfunction/“sick fat,” has
been suggested to be causal in the development of T2D
and cardiovascular disease [32]. We show that circulating
BAIBA in NGT and PD adults with obesity correlates with
adiposopathy. Specifically, BAIBA is related to adiponectin
but not leptin, suggesting that BAIBA impacts the produc-
tion of an insulin-sensitizing and anti-inflammatory mecha-
nism that could influence glucose homeostasis. Indeed, we
report that BAIBA and adiponectin correlated to lower
glucose levels at 180 minutes. Human-induced pluripotent
stem cells (IPSC) treated with BAIBA differentiated into
white adipocytes with some of the beige genotype-specific
genes like UCP-1 and enhanced mitochondrial biogenesis,
and the functional effects of this outcome were observed by
enhanced glucose uptake [12]. Mediation analysis in the
current work suggests that controlling for adiponectin nulli-
fied the relationship of BAIBA and glucose, indicating that
BAIBA may indirectly impact circulating glucose through
an adiponectin-specific mechanism. These findings are
somewhat consistent with evidence that BAIBA improved
glucose homeostasis in mice through browning of the fat
tissue by a PPAR-α-mediated pathway [33]. Further, muscle-
derived BAIBA is purported to impact white adipocytes
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Figure 2: Correlations between BAIBA and (a) adiponectin, (b) adiposopathy, (c) glucose at 180 minutes, and (d) insulin at 180 minutes.
Significance accepted at P ≤ 0 05. Grey circles, NGT; black circles, PD.

Fasting BAIBA

Fasting adiponectin

180 min glucose

a = 3143.2 ± 1465⁎ b = −0.0012 ± 0.0005⁎

c = −12.46 ± 4.78⁎

c’ = −8.78 ± 4.82

Figure 3: Simple mediation diagram. a, b, c, and c′ are path
coefficients representing the unstandardized regression weights and
standard errors. The c path coefficient represents the total effect of
fasting BAIBA concentration on glucose levels at 180 minutes. The
c-prime path coefficient refers to the direct effect of fasting BAIBA
concentration on glucose at 180 minutes. ∗Significance accepted at
P ≤ 0 05.
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through JAK, PKA, and AMPK pathways [34] for adipose
browning, which can promote insulin-stimulated glucose
uptake in adipocytes [35]. In humans, BAT is known to raise
the expression of UCP-1 in inner mitochondrial membrane
and oxidize substrates like glucose to increase metabolic rate
[36]. Despite these observations in rodents, we observed no
relation of BAIBA with fat or carbohydrate oxidation, suggest-
ing that BAIBA did not influence fuel metabolism and energy
expenditure in this study. Adiponectin though itself plays an
important role in insulin resistance [37] and pancreatic func-
tion [38]. Results obtained from our study demonstrate that
adiponectin correlated with total phase GSIS scaled to indices
of skeletal muscle insulin sensitivity (i.e., the disposition
index). This suggests that adiponectin may modulate circulat-
ing glucose through the synthesis of insulin granules during
the postprandial state compared with readily available release
(i.e., early phase). Indeed, studies have shown that adiponectin
may influence β-cell function by enhancing insulin granule
exocytosis or insulin gene expression [39] as well as through
direct action on β-cell adiponectin receptors [40]. Thus, our
work suggests that adiponectin may modulate the need of
the pancreas to secrete insulin for skeletal muscle glucose
uptake [41], and further investigation into this potential
muscle-adipose crosstalk is warranted [42].

This study has limitations that may influence our inter-
pretation. The modest sample size prohibits comparisons
of sex and race within NGT and PD groups, thereby limiting
the generalization of these findings. Based on our current
work, with a mean difference of 0.24μM and standard devi-
ation of 0.65 for BAIBA between groups, it was suggested
that 116 people per group would be needed at a power of
0.8 and significance set to 0.05 to detect statistical differences
between NGT and PD. Further, people with PD were catego-
rized by IFG, IGT, or IFG+IGT. While literature suggests
that prediabetic phenotypes are depicted by varying levels
and origins of insulin resistance [43], we did not observe dif-
ferences in BAIBA concentrations among these subgroups
(data not shown). However, additional work is needed to
confirm. Adults with PD were statistically older (~5 yrs) than
those with NGT, and it is possible that older age could influ-
ence our results. However, it is difficult to ascertain the phys-
iologic relevance of such chronologic impact on BAIBA, and
we observed no correlation between age and BAIBA despite
insulin sensitivity, glucose tolerance, and body composition
generally declining with age [44, 45]. We also used OGTT
instead of a euglycemic-hyperinsulinemic clamp to measure
insulin sensitivity. However, by assessing C-peptides, we
were able to identify potential influences and relationships
with pancreatic function compared with calculations of
insulin sensitivity. Given that neither were related to BAIBA,
it would seem reasonable to conclude that BAIBA was not a
primary factor regulating insulin metabolism. Nevertheless,
this study also has several strengths. We screened people
for PD using standard clinical tests and provide detailed esti-
mates of liver and skeletal muscle insulin sensitivity [46] as
well as C-peptide-derived pancreatic function (via the
disposition index) indexes to understand the physiologic
relevance of BAIBA in glucose regulation [47]. Furthermore,
participants consumed mixed meals and were instructed to

omit vigorous physical activity and medications 24 hours
prior to testing to enhance confidence determining if BAIBA
differed between groups.

5. Conclusion

In conclusion, our study suggests that BAIBA is similar in
adults with obesity characterized as NGT or PD. However,
BAIBA concentrations may be related to favorable glucose
metabolism via an adiponectin-related mechanism and
highlights the importance of muscle-adipose crosstalk. Fur-
ther work is required to examine if exercise and/or caloric
restriction improves BAIBA levels in relation to lowering
cardiometabolic disease risk.
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