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Abstract

Aims/hypothesis: In vitro and rodent studies suggest that pioglitazone, a thiazolidinedione, can 

promote adipogenesis in adipose tissue (AT); however, there is a lack of in vivo studies in humans 

to support these findings. The objectives of this randomised, placebo-controlled, parallel-arm trial 

were to test if pioglitazone stimulates in vivo adipogenesis in the subcutaneous adipose tissue 

depots and if these measures were related to metabolic health outcomes in women with obesity.

Methods: Forty-one healthy women with obesity (20 black; 21 white; 29 ± 6 years; BMI 32.0 ± 

1.7 kg/m2; 44.0 ± 3.6 % body fat) were randomised to consume 30 mg/day of pioglitazone (n=21) 
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or placebo (n=20) for 16 weeks. SAS v9.4 was used to generate the block randomisation code 

sequence (stored in password-protected files) with a 1:1 allocation ratio. The participants and 

study staff involved in assessing and analysing data outcomes were blinded to the group 

assignments. The trial was conducted at Pennington Biomedical Research Center and ended in 

2016. At baseline and post-intervention, subcutaneous abdominal (scABD) and femoral (scFEM) 

AT biopsies were collected, and in vivo cellular kinetics (primary endpoint of the trial) were 

assessed by an 8 week labelling protocol of deuterium (2H) into the DNA of adipose cells. Body 

composition was measured by dual-energy x-ray absorptiometry (DXA), scABD and visceral AT 

(VAT) by MRI, ectopic fat by 1H-MRS, and insulin sensitivity by an OGTT.

Results: After the 16 week intervention, there was a significant decrease in visceral fat 

(VAT:total AT [as a %]; p=0.002) and an increase in the Matsuda index (i.e. improved insulin 

sensitivity; p=0.04) in the pioglitazone group relative to the placebo group. A significant increase 

in the formation of new adipocytes was observed in the scFEM (Δ=3.3 ± 1.6%; p=0.04) but not the 

scABD depot (Δ=2.0 ± 2.1%; p=0.32) in the pioglitazone group relative to the placebo group. No 

serious adverse events were reported.

Conclusions/interpretation: Pioglitazone may elicit distinct differences in in vivo 

adipogenesis in subcutaneous adipose depots in women with obesity, with increased rates in the 

protective scFEM.
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Introduction

White adipose tissue (AT) expansion is characterised by adipocytes accumulating lipid and 

increasing in size (hypertrophy) and/or increasing in number via the differentiation of pre-
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adipocytes (hyperplasia or adipogenesis). Evidence suggests that the capacity of 

subcutaneous AT to expand can influence cardiometabolic health, as impaired adipogenesis 

may result in increased ectopic deposition, contributing to obesity-associated diseases such 

as insulin resistance and type 2 diabetes [1].

Pioglitazone, a member of the thiazolidinedione family and a potent activator of the 

transcription factor peroxisome proliferator-activated receptor (PPAR)-γ, has been shown to 

substantially enhance insulin sensitivity in vivo [2] and is currently used as an effective 

therapeutic agent for type 2 diabetes [3-5]. While the underlying biological mechanisms are 

unclear, pioglitazone is thought to improve cardiometabolic health in humans by the 

redistribution of AT [6], via a reduction in visceral AT (VAT) [7, 8] and an increase in lower-

body fat [9], and by promoting AT expansion (i.e. adipogenesis) in subcutaneous depots. 

Pioglitazone has been shown to induce adipocyte differentiation and lipid accumulation in 

cultured mouse cell lines in vitro [10] and to enhance adipogenesis by increasing the number 

of small adipocytes in the fat pads of obese rodents [11]. In one clinical study, pioglitazone 

was reported to increase the proportion of small adipocytes in individuals with type 2 

diabetes [12], while another study in nondiabetic individuals who were either overweight or 

obese showed a similar effect of pioglitazone, with an increased number of small adipocytes 

associated with improved insulin sensitivity [13].

Collectively, these data suggest that pioglitazone may exert its beneficial effects by 

stimulating the formation of new adipocytes in subcutaneous AT. However, there is a 

scarcity of in vivo data in humans to corroborate these findings. While in vitro approaches 

have provided insight into the mechanisms underlying adipogenesis, these studies do not 

provide a comprehensive in vivo assessment within the natural microenvironment of the 

adipose tissue. In addition, no studies have investigated the effects of pioglitazone on in vivo 

adipogenesis in distinct AT depots. Preferential accumulation of abdominal AT, mainly VAT 

but also subcutaneous abdominal (scABD) AT, is associated with obesity-related diseases 

[14, 15]. Conversely, lower-body fat depots, including gluteal and femoral (scFEM), are 

associated with lower health risk and are metabolically protective [16-18], as evidenced by 

data from numerous clinical and epidemiological studies [19-27]. These data suggest that 

inherent differences in physiology and characteristics are likely to exist among adipose 

depots [28].

We report here the primary endpoints of the Apple & Pear study (ClinicalTrials.gov 

NCT01748994), as the baseline data have been previously reported [29-31]. The primary 

outcomes of the study were to compare in vivo adipogenesis rates in two subcutaneous 

adipose depots in response to a 16 week pioglitazone intervention and to determine if these 

measures were related to improved metabolic outcomes. We assessed in vivo cellular 

kinetics in subcutaneous AT from the scABD and scFEM depots using an 8 week in vivo 
deuterium (2H) labelling protocol via 2H2O administration [32], with 2H incorporated into 

the DNA of pre-adipocytes and adipocytes. Forty-nine overweight or obese women were 

assessed at baseline and after 16 weeks of either pioglitazone (30 mg/day) or placebo.
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Research design and methods

Participant characteristics

Healthy women, who were either overweight or obese, were recruited according to the 

following inclusion criteria: 18-40 years of age, BMI 27-38 kg/m2, WHR either >0.84 or 

<0.77, fasting plasma glucose (≤ 6.1 mmol/l), blood pressure (≤ 140/90 mmHg), absence of 

major organ disease, normal screening urinary and blood laboratory tests, weight stability 

for ≥3 months (± 3.2kg), and no self-reported significant changes in diet or physical activity 

in the previous month. Exclusion criteria consisted of a history of diagnosed diabetes; 

chronic use of medications with potential metabolic effects (glucocorticoids, adrenergic 

agents, thiazolidinediones); or use of medications or procedures that cause weight gain or 

weight loss. Individuals with HIV, hepatitis B or hepatitis C were excluded, as were pregnant 

or breastfeeding women. The institutional review board of Pennington Biomedical Research 

Center (PBRC) approved all procedures, and all study participants gave written, informed 

consent.

Study design

The Apple & Pear trial (‘Cellular dynamics of subcutaneous fat distribution in obese 

women’; ClinicalTrials.gov NCT01748994) was a randomised, double-blind, placebo-

controlled, parallel-arm trial conducted at Pennington Biomedical Research Center (PBRC). 

To enhance recruitment and enrolment, the WHR limits (>0.84 or <0.77) were removed after 

the trial commenced to accept the full continuum of WHR. After screening, eligible women 

completed an 8 week 2H2O-labelling protocol (Weeks −8-0). At Week 0 (baseline), the 

women were randomised (simple randomisation with a 1:1 allocation ratio) to consume 30 

mg/day of pioglitazone or placebo for 16 weeks (Weeks 0-16) and completed an additional 
2H2O-labelling protocol during the last 8 weeks of the intervention (Weeks 8-16). 

Participants were encouraged to avoid major dietary and physical activity changes 

throughout the study.

Pioglitazone (30 mg), purchased from a pharmacy, was repackaged into capsules by the 

pharmacist at PBRC, and the placebo was packaged in similar capsules. The pioglitazone 

and placebo were distributed to participants during visits every 4 weeks at PBRC. To 

monitor compliance, participants were required to return unused pills for counting during 

these visits. All participants included in the analysis remained compliant through the 

duration of the study. Potential adverse events were identified by participant self-report and 

collection of blood to monitor the levels of liver enzymes, alanine aminotransferase (ALT) 

and aspartate aminotransferase (AST). The nature and frequency of adverse events was 

similar between the placebo and pioglitazone groups.

To avoid requiring a third adipose biopsy in participants, we conducted an additional study 

to measure the residual 2H enrichment remaining in adipose tissue from the first labelling 

period (Week 8). Specifically, six women (29 ± 6 years of age; BMI 32.2 ± 4.7 kg/m2) with 

similar age and BMI with Apple & Pear study participants were enrolled to complete an 8 

week 2H2O-labelling protocol, and adipose biopsies were collected at Week 0 (the end of the 
2H2O administration period) and at Week 8 (i.e. without a second 8 week 2H2O-labelling 
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period). The average (mean) 2H decay rates in the adipose DNA from these women were 

used to estimate residual label at 8 weeks in the Apple & Pear dataset. Additional 

information about the inclusion and exclusion criteria, trial dates, changes to the study 

design, randomisation, adverse events and CONSORT diagram (Electronic supplementary 

material [ESM] Fig. 1) can be found in the ESM.

Study procedures and clinical measurements

8 week 2H2O labelling protocol (Weeks −8 to 0 and 8 to 16)—After enrollment in 

the study, aliquots of 99.9% 2H2O (Sigma Aldrich, St. Louis, MO, USA) were administered 

in sterile containers. Participants were instructed to drink 35 ml doses three times per day for 

Week 1 (priming period), and two 35 ml doses per day for Weeks 2-8. This protocol 

maintains near-plateau body 2H2O enrichments (1.5-2.5%) during the 8 weeks [32]. 

Compliance with 2H2O intake was monitored through weekly return of empty vials for 

counting and urine collections for measurement of deuterium enrichment in body water.

2H enrichments in body water (urine) were measured by isotope ratio mass spectrometry 

[33]. Urine samples were cleaned using activated charcoal and filtered. Isotope enrichment 

was directly analysed with an H-Device attached to a Delta V Advantage Mass Spectrometer 

(Thermo Fisher Scientific Life Sciences, Waltham, MA, USA). 2H2O enrichments were 

calculated by comparison with standard curves generated by mixing 100% 2H2O with 

natural abundance 2H2O in known proportions.

Anthropometric characteristics (Weeks 8, 0 and 16)—Anthropometric 

characteristics, including height, weight, WHR, mean arterial pressure (1/3 [systolic BP – 

diastolic BP] + diastolic BP) were taken at the start of the study (Week −8), after the first 8 

week 2H-labelling period (Week 0), and at the end of the 16 week study intervention (Week 

16) following an overnight fast. Fasting plasma total triacylglyerol, HDL-cholesterol, LDL-

cholesterol and total cholesterol were also measured using immunoassays with 

chemiluminescent detection (Siemens; Immulite 2000).

Body composition measures (Weeks 0 and 16)—Dual-energy x-ray absorptiometry 

(DXA) was performed after an overnight fast using the GE Lunar iDXA system to determine 

total percent body fat, from which fat mass and fat-free mass were calculated. Scans were 

analysed with the enCORE software, version 13.60.033. VAT and scABD AT volumes were 

defined and quantified with MRI using a 3.0T scanner (GE, Discovery 750w) by obtaining 

~581 images from the dome of the liver to the pubic symphysis. Images were analysed by a 

single trained analyst. Estimates of VAT and scABD AT volumes were converted to mass 

using an assumed density of 0.92 kg/l. VAT:total abdominal AT (T AT) reflects the 

percentage of abdominal fat that is VAT and is calculated as VAT/(scABD AT + VAT).

Intramyocellular (IMCL) and extramyocellular (EMCL) lipid in the soleus and anterior 

tibialis skeletal muscles, as well as intrahepatic lipid (IHL), were measured with proton 

magnetic resonance spectroscopy (1H-MRS) on a 3.0T whole body imaging and 

spectroscopy system (GE, Discovery 750w) using a commercially available 1H body coil. 

IMCL, EMCL and IHL content were determined with jMRUI (Java-Based Magnetic 

Resonance User Interface) [34] as previously described [35-37]. IMCL, EMCL and IHL 
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peak areas are expressed relative to the peak area of a peanut oil phantom signal of known 

constant concentration, as previously described [38]. IMCL and EMCL data reflect the 

combination of soleus and anterior tibialis lipid.

OGTT (Weeks 0 and 16)—Insulin sensitivity was estimated by the 2 h OGTT and 

calculated using the Matsuda index [39].

Adipose tissue biopsy collections (Weeks 0 and 16)—AT biopsies were collected 

via needle lipoaspiration technique under sterile conditions and local anaesthesia [29]. 

Biopsy samples were taken from the scABD region, between one- and two-thirds of the 

distance from the iliac spine to the umbilicus, and from the scFEM region, on the anterior 

aspect of the thigh, one- to two-thirds of the distance from the superior iliac spine to the 

patella. The tissue was immediately placed in sterile tubes for processing.

Isolation of adipocytes: scABD and scFEM tissues were treated with a HEPES/type 1 

collagenase solution for 1 h at 37°C to separate adipocytes and the stromal-vascular fraction 

[40]. As previously described [41], the adipocytes were purified by incubation with a 

cocktail of biotinylated antibodies against markers of endothelial cells (anti-human CD31; 

eBioscience, Thermo Fisher Scientific Life Sciences, Waltham, MA, USA; 1:200), 

hematopoietic cells (anti-human CD45; BioLegend, San Diego, CA, USA; 1:400), and 

mesenchymal stem cells (anti-human CD34; eBioscience, Thermo Fisher Scientific Life 

Sciences, Waltham, MA, USA 1:00) for 15 min at room temperature using an EasySep Cell 

Separation kit (EasySep, Stem Cell Technologies, USA). Cells attached to these antibodies 

were bound by magnetic nanoparticles (EasySep) and removed, while immuno-purified 

adipocytes were retained. Adipocytes were flash frozen in liquid N2 and stored at −80°C 

until DNA extraction.

Collection of blood monocytes: Blood was collected in Ficoll-Paque (Cytiva, Marlborough, 

MA, USA) solution and the mononuclear fraction was removed after centrifugation. 

Monocytes were isolated as CD14+ cells by immune-magnetic beads (EasySep).

DNA preparation: DNA was isolated from the adipocytes and blood monocytes using 

DNEasy microDNA extraction kits (Qiagen, Hilden, Germany). DNA was enzymatically 

hydrolysed to free deoxyribonucleosides [42] and hydrolysates were derivatised to 

pentafluorobenzylhydroxylamine (PFBHA) derivatives for GC-MS analysis.

GC-MS analyses and calculation of fraction of new adipocytes: The PFBHA derivatives 

were analysed for incorporation of 2H2O on an Agilent 6890/5973 GC-MS (Santa Clara, 

CA, USA) equipped with a 30 m DB-225 column using methane negative chemical 

ionisation and collecting ions in selected ion-monitoring mode at m/z 435, 436 and 437 

(representing M0, M1 and M2 mass isotopomers). Baseline (unenriched) DNA standards 

were measured concurrently to correct for abundance sensitivity.

The percentage enrichment of the M1 ion above natural abundance in the adipocytes was 

determined by subtracting the % M1 in natural abundance standards from the % M1 in the 

sample. The theoretical maximum M1 enrichment in adipose cells was calculated using mass 
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isotopomer distribution analysis (MIDA) equations [43] based on the body 2H2O exposure 

integrated over the 8 week period. The fraction of new cells (%), as reported in the Results 

section, is calculated by the following:

Fraction of new cells ( % ) =
M1 enrichment in sample cells

Theoretical maximum M1 enrichment × 100

Blood monocytes were collected and analysed to represent a (near) completely turned-over 

cell population. This measurement, used as a reference marker of 2H2O exposure in each 

individual, serves to confirm calculations using the theoretical maximum enrichment from 

the measured body H2O values [42].

Statistical analysis

Analyses were performed using SAS (version 9.4; SAS Institute, Cary, NC, USA) with a 

significance level of α=0.05. Due to budgetary constraints by the funder, the trial ended after 

n=23 (placebo group) and n=26 (pioglitazone group) participants completed the study in 

each group. Data were analysed using linear mixed-effects models, adjusted for treatment 

group and time as fixed effects. Differences in the fraction of new adipocytes (%), or the 

formation of adipocytes, during the 8-week 2H-labeling periods from the scABD and scFEM 

depots were tested using the least square means based on the linear mixed-effects model. 

Additional analyses were performed by including race as a fixed effect, but these analyses 

did not change the study outcomes. With the exception of Table 1 and unless otherwise 

stated, all results are reported as the least-squares means ± SEM. Treatment effects, which 

represent the change induced in the pioglitazone group relative to the change in the placebo 

group, are denoted with the symbol ‘Δ’.

Results

The analyses included 41 women who completed the study and had adipose tissue data 

available (n=20 in the placebo group; n=21 in the pioglitazone group) who were black 

(n=20) or white (n=21). They were 29 ± 6 years of age with a mean BMI of 32.0 ± 1.7 

kg/m2 and 44.0 ± 3.6 % body fat. The clinical and metabolic characteristics of participants 

in the placebo and pioglitazone groups are included in Table 1.

Figure 1 demonstrates that the change (increase) in the fraction of new adipocytes in the 

pioglitazone group was significant in the scFEM (Δ=3.3±1.6%; p=0.04) but not the scABD 

depot (Δ= 2.0±2.1%; p=0.32) compared with the placebo group. Table 2 provides measures 

of the formation of new adipocytes (i.e. in vivo adipogenesis) for each group. Additional 

analyses were performed to adjust for clinical covariates (i.e. body composition, ectopic fat 

and cardiometabolic risk factors) using Akaike’s information criterion (AIC) for model 

selection. These analyses did not change the study outcomes and are not presented.

A linear mixed-effects model was used to determine the clinical and metabolic covariates 

associated with the change in the fraction of new adipocytes. Baseline scABD AT mass 

(Week 0) was positively associated with the change in the fraction of new adipocytes in the 

pioglitazone vs the placebo group in the scFEM depot (pioglitazone, r=0.22; placebo, r=
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−0.34; p=0.03) but not in the scABD depot (pioglitazone, r=0.31; placebo, r=−0.07; p=0.15). 

In addition, baseline VAT:TAT was negatively correlated with the change in the fraction of 

new adipocytes between the treatment groups in the scFEM depot (pioglitazone, r=−0.63; 

placebo, r=−0.08; p=0.02) but not the scABD depot (pioglitazone, r=−0.21; placebo, r=

−0.32; p=0.85). The baseline characteristics for cardiovascular risk factors of participants in 

the placebo vs pioglitazone groups are shown in ESM Table 1. There were no associations 

between these covariates and changes in the fraction of new adipocytes (data not shown).

Discussion

Although previous studies have reported broad effects of thiazolidinediones on AT 

metabolism [44], this study is the first to assess in vivo cellular kinetics in human AT depots 

in response to the thiazolidinedione pioglitazone. Furthermore, no studies to date have 

examined in vivo cellular kinetics in metabolically distinct subcutaneous AT depots in 

response to a pioglitazone intervention. Our data provide evidence that pioglitazone 

stimulates a significant increase in in vivo adipogenesis in the scFEM depot but not the 

scABD depot in women with obesity, highlighting potential distinct mechanisms of action 

for pioglitazone on different subcutaneous adipose depots. As opposed to the abdominal AT 

depots, lower-body (e.g. scFEM) AT has been established as acting as a more protective 

energy storage depot [16-18]. Hence, our observations imply that pioglitazone may have a 

greater influence on the adipogenic rate in the metabolically protective scFEM depot [16, 

17] than in the the scABD depot in women with obesity.

In agreement with previous research [2, 13, 45], pioglitazone treatment induced a significant 

decrease in visceral fat (% VAT:TAT; p=0.002) and an improvement in insulin sensitivity 

(Matsuda index; p=0.04) relative to the placebo (Table 1). Further analyses showed that 

baseline measures of abdominal adiposity were highly associated with the change in the 

fraction of new adipocytes in the scFEM depot. Interestingly, baseline subcutaneous AT 

mass was positively associated, while VAT:TAT was negatively associated, with the change 

in the fraction of new adipocytes between the treatment groups. These data suggest that 

higher visceral adiposity at baseline was correlated with a decreased capacity to make 

additional new adipocytes in response to pioglitazone, while higher subcutaneous AT mass 

was associated with increased new adipocyte formation. Together, these data highlight 

subcutaneous adipose storage as an important predictor of adipocyte cellularity responses to 

pioglitazone.

Our present findings also highlight the varied perspectives regarding the role of adipogenesis 

in metabolic health. Data from our previous cross-sectional analyses challenge the AT 

expandability hypothesis, which proposes that higher adipogenesis (adipocyte formation) is 

associated with markers of impaired metabolic health [30]. We hypothesised an alternative 

manner of impaired adipose expansion (also suggested by other groups [46]), in which there 

could be an abundance of small adipocytes with a decreased capacity to sufficiently expand 

and store lipid contributing to metabolic dysfunction in women with obesity. In contrast, 

pioglitazone treatment may stimulate the formation of adipocytes that are capable of 

adequate expansion and lipid storage in subcutaneous AT. Of note, pioglitazone has been 
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previously reported to upregulate the expression of genes related to lipid synthesis and 

storage [47] and adipocyte differentiation [48] in the AT of humans.

Few studies have examined the direct effects of pioglitazone on subcutaneous AT in humans. 

One study reported that pioglitazone treatment increased the number of small adipocytes in 

the scABD AT of insulin-resistant men and women [13]. Contrary to this investigation, our 

RCT was conducted in a different study population (healthy, non-insulin-resistant women 

with obesity) and assessed both the scABD and scFEM fat depots. In addition, while the 

osmium fixation method was used to assess adipocyte cellularity [13], our study utilised a 

very different method (2H-labelling) that provides quantitative measures of in vivo adipocyte 

formation. Nevertheless, we also observed improvements in insulin sensitivity (Matsuda 

index) and a decrease in visceral adiposity in the pioglitazone group (relative to the placebo 

group), which are consistent with findings from McLaughlin et al and other prior studies. To 

our knowledge, only one group has reported the effects of pioglitazone on the adipocyte 

morphology of the femoral depot [9]. The investigators showed a decrease (p=0.07) in 

scFEM adipocyte size, despite an increase in leg fat mass, suggesting adipocyte proliferation 

(i.e. adipogenesis) rather than hypertrophy in the scFEM depot in response to pioglitazone in 

nondiabetic individuals with upper-body obesity [9]. Overall, findings from our study 

support the hypothesis that pioglitazone may exert its beneficial metabolic effects, in part, by 

stimulating the formation of new adipocytes in subcutaneous AT, especially in the scFEM 

AT depot.

An important study limitation is that kinetics in visceral AT were not assessed. Nevertheless, 

this study is strengthened by including two distinct depots. As the population was limited to 

overweight and obese women, our results cannot be extrapolated to cellular kinetics in men 

due to sex differences in adipose distribution and characteristics [17, 28]. Another limitation 

was the use of data from a reference group of six women to correct for residual 2H-label 

from the first labelling period prior to the repeat metabolic labelling period. Though similar 

in age and BMI with the Apple & Pear study participants, individual variability in 2H decay 

rates in AT among individuals cannot be ruled out. Nevertheless, as the decay rates among 

the six women were consistent, it can be reasonably expected that these data provide reliable 

estimates for the correction analysis.

In conclusion, data from this randomised controlled trial (Apple & Pear) depicts novel 

regional differences in in vivo adipose cellular kinetics in response to pioglitazone. We 

previously reported that scFEM AT may have a higher capacity for in vivo adipogenesis than 

scABD AT [29], providing additional evidence to implicate the thigh as a more efficient 

depot to expand and accommodate lipid [16, 17] in women with obesity. We now 

demonstrate that in vivo adipocyte formation rates in response to pioglitazone may also vary 

by depot location in this study population, with increased rates in the protective scFEM 

compared with the scABD depot. More studies are needed to further characterise the 

physiological effects of pioglitazone, as well as other pharmacological treatments for type 2 

diabetes, on AT metabolism in order to better understand their influence on metabolic health.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Glossary

AIC Akaike’s information criterion

AST Aspartate transaminase

AT Adipose tissue

DXA Dual-energy x-ray absorptiometry

HDL High density lipoprotein

IHL Intrahepatic lipid

LDL Low density lipoprotein

PBRC Pennington Biomedical Research Center

WHR Waist-hip ratio
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Research in context

What is already known about this subject?

• Studies suggest that pioglitazone, a thiazolidinedione, can promote 

adipogenesis in adipose tissue

• There is a lack of in vivo studies in humans to support these findings

What is the key question?

• Does pioglitazone stimulate in vivo adipogenesis in different subcutaneous 

adipose tissue depots in humans, and are these measures related to metabolic 

health outcomes?

What are the new findings?

• This study is the first to assess in vivo adipogenesis in metabolically distinct 

human adipose tissue depots in response to pioglitazone via the deuterium-

labelling metabolic protocol

• Pioglitazone stimulates a significant increase in in vivo adipogenesis in the 

subcutaneous femoral depot but not the subcutaneous abdominal depot in 

women with obesity

How might this impact on clinical practice in the foreseeable future?

• These findings validate this in vivo metabolic protocol as a cutting-edge 

approach to assess adipose cell turnover in response to interventions in 

humans and provide new knowledge on the in vivo mechanistic actions of a 

current pharmacological treatment for type 2 diabetes, pioglitazone
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Fig. 1. 
The change in the fraction of new adipocytes was significant in the scFEM, but not the 

scABD depot in the pioglitazone group compared with the placebo group. The least square 

means comparing the change (post-intervention – baseline) in the fraction of new adipocytes 

in the pioglitazone vs the placebo group were derived from the linear mixed-effects model 

(n=41). The change in the fraction of new adipocytes between the pioglitazone and placebo 

groups in the scFEM depot is 3.3±1.6% (p=0.04), while the change in the fraction of new 

adipocytes between the treatment groups in the scABD depot is 2.0±2.1% (p=0.32). Values 

presented as means ± SEM. Dark grey bars, placebo; light grey bars, pioglitazone
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