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Abstract

Background/Objectives: Type 2 diabetes (T2D), a chronic metabolic disorder character-
ized by systemic inflammation, disproportionately affects African American adolescents.
Metformin may reduce inflammation beyond glycemic control; however, its impact on
inflammatory markers in adolescents remains unclear. We hypothesized that inflamma-
tory markers would differ across groups defined by diabetes, obesity, and metformin
use. Methods: In this cross-sectional analysis, inflammatory markers (C-reactive protein
[CRP], interleukin-6 [IL-6], and tumor necrosis factor-alpha [TNF-«]), metabolic panels,
and metformin exposure were assessed in African American adolescents from Children’s
of Alabama. Simple and multivariate linear regression models were used to test asso-
ciations between metformin use and inflammatory markers, adjusting for age, sex, and
BMI z-score. Results: Among 78 adolescents, metformin use was reported in 73.6% of
those with T2D + obesity and 27.3% of those with obesity-only. In the T2D + obesity group,
metformin use was associated with TNF-« (3 = 0.34, p = 0.02). Conclusions: Metformin use
was associated with higher levels of specific inflammatory markers, potentially reflecting
that metformin was more likely utilized in more severe diseases. Longitudinal studies are
needed to disentangle treatment effects from underlying disease progression.
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1. Introduction

Type 2 diabetes (T2D) is a metabolic disorder arising from insulin resistance (IR)
and relative insulin deficiency in the absence of autoimmune beta-cell destruction [1].
While IR and hormonal changes of puberty can precipitate the development of T2D, they
do not fully explain the rapid disease progression observed in adolescents compared to
adults. The increasing prevalence of T2D, particularly among individuals with obesity,
underscores the need to understand how therapeutic agents, such as metformin, influence
inflammatory processes that may drive disease progression [2]. Identifying biological
mechanisms beyond lifestyle determinants is essential to improve long-term outcomes in
this high-risk population.

Inflammation plays a pivotal role in the development and progression of T2D [3]. For
example, high-sensitivity C-reactive protein (CRP) has been identified in both adult and
adolescent populations [4,5]. Pro-inflammatory cytokines such as tumor necrosis factor-o
(TNF-«) and interleukin-6 (IL-6) are increased in individuals with IR before the onset of
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T2D and gestational diabetes [6—10]. TNEF-a promotes IR by phosphorylating the insulin
receptor [11], while IL-6 triggers hepatic synthesis of CRP and inhibits insulin signaling [11].
Several studies have confirmed these findings, highlighting the role of pro-inflammatory
cytokines in IR and T2D development [12-16]. Given the varying presentations of T2D,
particularly among individuals with and without obesity, understanding how inflammation
differs across these groups is essential for targeted interventions.

Metformin, the first-line pharmacologic therapy for T2D, impacts glucose levels by
decreasing gluconeogenesis from the liver [17-19] and improving tissue insulin sensitiv-
ity [20,21]. It has been shown to decrease nuclear factor kf3, a key regulator of inflamma-
tion [22,23]. Other studies indicate that metformin use is associated with reductions in CRP
levels [24-26], suggesting that its benefits extend beyond glycemic control to modulating
inflammatory pathways. It has been shown to improve cardiovascular disease (CVD)
outcomes via improving inflammation as well [27,28]. The magnitude and consistency
of these anti-inflammatory effects remain unclear, particularly in adolescents and across
obesity phenotypes. Investigating inflammatory markers in African American adolescents
with varying metabolic risk profiles yields critical insights into their role in mitigating
disease progression and comorbidities in this population.

While African American individuals represent 14.4% of the population [29], African
Americans are underrepresented with a prevalence to participation ratio of 0.36-0.72 [30].
This underrepresentation makes it difficult to generalize existing findings of inflammation
and T2D in African American adolescents. The prevalence of T2D in African American
adolescents has increased from 0.98 in 1000 people to 1.8 per 1000 people in the past
20 years, representing a dramatic increase [2]. Including a population highly impacted
by the disease is therefore critical to ensure that insights into the disease pathology and
response to treatment apply to all populations. Our study aimed to address this knowledge
gap by focusing exclusively on African American adolescents, providing valuable data on
inflammatory and metabolic characteristics in a group often excluded from mechanistic
studies of diabetes.

In this study, the primary objective was to evaluate whether inflammatory markers
differed across three groups (African American adolescents with either T2D + obesity or
obesity only, or normal-weight controls). We hypothesized that inflammatory markers
would differ across groups defined by obesity phenotype and that metformin use would
be associated with lower levels of inflammatory markers after adjusting for age and sex.
Understanding these relationships may help guide future longitudinal studies of metformin
use and its impact on disease progression and inflammatory response to treatment in this
high-risk population.

2. Materials and Methods
2.1. Study Design and Settings

The study was conducted using data collected during a single study visit for each
participant. All procedures were completed at Children’s of Alabama, between January
2022 and February 2023, as previously described [31]. Eligible participants completed the
study assessments during one in-person visit with no longitudinal follow-up.

2.2. Inclusion/Exclusion Criteria

Participants were self-reported race-identified African American adolescents aged
12-18 years who were classified into three groups: (1) adolescents with T2D + obesity
(n =19), (2) adolescents with obesity only (n = 43), and (3) normal-weight, non-diabetic
controls (n = 15). Inclusion criteria in the T2D + obesity group were body mass index
(BMI) > 95th percentile for age and sex, a confirmed diagnosis of T2D based on a history
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of hemoglobin Alc (HbAlc) > 6.5% at diagnosis and negative pancreatic antibodies, and
no history of a monogenic cause of obesity. Participants in the obesity only group met the
following criteria: HbAlc < 6.5%, BMI > 90th percentile for age and sex, and no history
of a monogenic cause of obesity. Normal-weight controls had HbAlc < 5.6%, BMI < 90th
percentile, and no history of a monogenic cause of obesity.

No formal power calculation was performed because this was an exploratory analysis.
Recruitment targeted the available population within the study period to assess feasibility
and identify potential associations to inform potential for future longitudinal work. The
study was conducted following the ethical principles recommended by the Declaration of
Helsinki. The Institutional Review Board (IRB) at the University of Alabama at Birmingham
(UAB) approved this study, IRB approval number 3000010930. Written informed consent
and assent were obtained from all participants and their legal guardians.

2.3. Recruitment Protocol

Recruitment was conducted by the research team at the UAB. The primary investigator
trained the research team on the procedures and communication with patients and families.
Potential eligible participants were identified through electronic medical records and
contacted via phone to collect information based on age, ethnicity, and medical diagnosis.
Adolescents were recruited from outpatient clinics at Children’s of Alabama, either in the
general adolescent medicine clinic, weight management clinic, or pediatric endocrine clinic.
Once eligibility was confirmed, participants and their guardians received detailed study
information and instructions for participation.

2.4. Data Collection

Demographic and anthropometric data was collected including age, sex, weight z-
score, height z-score, and BMI z-score, which were collected from the electronic medical
record after being calculated based on the normative data from the Center for Disease
Control and Prevention for age and sex-specific weight, height, and BMI, HbAlc, lipid
panel, AST, ALT, IL-6, TNF-alpha, and CRP. HbAlc was measured to evaluate glycemic
control using a DCA Vantage Analyzer and Hemoglobin Alc reagent kit, which estimates
average blood glucose during the past 2-3 months. Lipid panels, including total cholesterol,
low-density lipoprotein (LDL), triglycerides, and high-density lipoprotein (HDL), were
analyzed using the Abbot Architect ci8200 system. The limit of detection for total cholesterol
was 6.2 mg/dL, with an assay imprecision <3% of the Total Coefficient of Variation (CV).
For LDL, the detection limit was <10 mg/dL, with interassay and intraassay CVs of 2% and
1.1-14%, respectively. The limit of quantitation was 5.0 mg/dL, and the detection limit for
HDL was 2.5 mg/dL with an interassay CV of 0.5-1.1%, and intraassay CV of 1.0-1.7%.
IL-6 (Interleukin-6), TNF-alpha, and CRP were measured at the UAB Nutrition Obesity
Research Center Metabolism Core with ELISA immunoassays.

2.5. Statistical Analysis

Descriptive statistics were used to summarize the baseline characteristics of par-
ticipants by all three groups (normal weight, obesity only, and T2D + obesity and by
two groups (obesity only and T2D + obesity). Categorical variables were presented as
frequencies and percentages, while continuous variables were reported as means and stan-
dard deviation (SD). Differences in baseline characteristics among groups were assessed
using one-way analysis of variance (ANOVA) for continuous variables and chi-square tests
for categorical variables. Pairwise comparisons were conducted using Tukey’s post hoc test
to identify specific group differences.

Inflammatory markers (CRP, IL-6, and TNF-«) were assessed for normality using
the Shapiro-Wilk test. Homoscedasticity was also assessed using Levene’s and Brown—
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Forsythe tests. Due to the highly skewed nature of biomarkers (<0.05), each biomarker was
transformed using the natural log formula log(value + 0.0001) to improve normality.

Simple and multivariate linear regression models were used to determine the asso-
ciation between metformin use and each log-transformed inflammatory marker among
participants with obesity only and T2D + obesity, given the study objective to assess whether
T2D modifies the relationship between metformin use and inflammatory markers. Simple
linear regression models were employed to assess the relationship with inflammatory
markers individually. Stratified multivariate and simple linear regression analyses were
conducted to further investigate the association based on group differences (obesity only
and T2D + obesity). Correlation analyses were conducted to assess the relationship between
potential confounders of the association between metformin use and inflammatory markers
among the obesity only and T2D + obesity groups. All regression models were adjusted
for age, sex, and BMI z-score. The normal-weight group was excluded from all regression
analyses, given that we were interested in looking at the impact of the diagnosis of T2D
on the changes seen in inflammatory markers. No prior power calculation was performed
due to the exploratory nature and limited sample size. Given the small study sample
size, subgroup analysis will be underpowered to allow for the detection of moderate-sized
differences. Statistical significance was set at alpha <0.05, and all analyses were conducted
using SAS 9.4.

2.6. Outcomes and Variables

The outcomes of interest were circulating levels of IL-6, TNF-«, and CRP. Key exposure
variables included weight category (normal weight, obesity only, and T2D + obesity)
and use of metformin. Additional confounding variables considered in adjusted models
included sex and age. Secondary clinical variables for descriptive and exploratory analysis
may include HbAlc, AST, ALT, and lipid panel components.

3. Results

The total study population included 78 African American adolescents, with baseline
characteristics summarized in Table 1. The mean age across all participants was 14.8 years
(£1.8), and 64.1% of participants were female. Metformin use was reported in 27.3% of
participants in the obesity only group and 73.6% in the T2D + obesity group; no participants
in the normal-weight control group reported metformin use.

ANOVA with post hoc Tukey’s group comparisons of significant and/or clinically
important characteristics and markers are shown in Table 2. Participants in the obesity
only and T2D + obesity groups had significantly higher weight z-scores, height z-scores,
BMI z-scores, and lower HDL compared to those in the normal-weight group (p < 0.001).
Additionally, triglycerides and fasting glucose were significantly different between the T2D
+ obesity group and the normal-weight group. HbAlc levels were significantly different
between the obesity only and normal-weight groups. However, no significant differences
were observed in inflammatory markers or metabolic markers such as AST, ALT, A1C, total
cholesterol, and LDL.

In multivariate regression models, metformin use was not associated with inflamma-
tory markers in participants with obesity only or in those with concurrent T2D + obesity
(Table 3). In separate analyses of individual inflammatory markers, metformin use was not
associated with CRP, TNF-«, or IL-6 (Supplementary Materials: Tables S1-S3).

https://doi.org/10.3390/diabetology7010013


https://doi.org/10.3390/diabetology7010013

Diabetology 2026, 7, 13

50f11

Table 1. Characteristics of participants by group (Normal Weight, Obesity, T2D + Obesity) (n = 78).

Total Normal Weight Obesity Only T2D + Obesity 1
(n=78) (n =15) (n = 44) (n=19) p-Value
Demographics
Age (years) 14.8(1.8) 14.8 (1.5) 14.8(1.9) 14.7 (1.9) 0.96
Female, n (%) 50 (64.1) 9.(60.0) 28 (63.6) 13 (68.4) 0.87
Weight z-score 2.3(1.3) —0.2(0.9) 2.8(0.7) 2.7(0.5) <0.01
BMI z-score 2.2(1.0) 0.0 (0.9) 2.6(0.3) 2.4(0.3) <0.01
Metabolic Markers
ALT (U/L) 215 (21.7) 12.8 (4.6) 207 (11.4) 30.0 (39.0) 0.07
(Trzﬁ:}gi‘)’les*eml 156.2 (33.3) 148.4(27.6) 160.2 (35.5) 153.1(32.2) 045
LDL (mg/dL) 103.0 (38.0) 87.9 (24.6) 109.5 (42.8) 100.4 (32.6) 0.16
HDL (mg/dL) 416 (11.5) 51.1(10.6) 40.3 (10.5) 37.1(10.8) <0.01
Triglycerides (mg/dL) 85.0 (65.4) 55.4(16.5) 77.7 (34.7) 124.8 (111.9) <0.01
Glycemic Markers
Fasting glucose (mg/dL) 106.9 (53.8) 91.3 (7.8) 90.1 (11.5) 158.0 (91.4) <0.01
Hemoglobin Alc (%) 6.2(1.6) 5.5(0.4) 5.7(0.5) 7.8(2.6) <0.01
Inflammatory Markers
CRP (mg/L) 82(7.6) 7.4(6.7) 9.2(8.4) 5.6 (4.5) 0.29
TNF-o (pg/mL) 1.6 (0.6) 1.9(0.9) 1.6 (0.4) 1.4(0.4) 0.07
IL-6 (pg/mL) 1.8(2.1) 1.2(1.3) 1.9(1.9) 1.9 (2.9) 0.46
Use of Metformin
Yes, n (%) 26.0 (33.3) 0.0 (0.0) 12.0 (27.3) 14.0 (73.6)
No, n (%) 52.0 (66.7) 15.0 (19.2) 32.0(72.7) 5.0 (26.4) <001
Notes: Mean (SD) unless stated otherwise. ! Significance level at alpha <0.05. Abbreviations: BMI, body mass
index; AST, aspartate transaminase; ALT, alanine transaminase; LDL, low-density lipoprotein; HDL, high-density
lipoprotein; CRP, C-reactive protein; TNF-«, tumor necrosis factor-alpha; IL-6, interleukin-6; T2D, type 2 diabetes.
Table 2. One-way ANOVA with Tukey’s post hoc group comparison of metabolic changes and
inflammatory markers relative to normal-weight control, obesity only, and T2D + obesity groups
(n=178).
One-Way ANOVA Post Hoc Test (Tukey)
Variables
F-Value p-Value Group Comparison Mean Difference 95% CI
Weight z-score 84.5 <0.01 gj 3:8 ;; gz
Height z-score 4.0 0.02 3-1 1.2 03,22
BMI z-score 149.8 <0.01 gj 5:2 53 5:2
HDL (mg/dL) 80 <001 £ C140 27 %2
Triglycerides (mg/dL) 6.0 <0.01 gj 763741 71278,6,1270626
Fasting glucose (mg/dL) 15.7 <0.01 gj 762779 72987.‘99,’162.759
Hemoglobin Alc (%) 189 <0.01 23 —21 —30, 12
3-1 2.3 12,34

Abbreviations: CI, confidence interval; BMI, body mass index; HDL, high-density lipoprotein. Notes: Group
codes: 1 = normal-weight control, 2 = obesity only, 3 = T2D + obesity.

In linear regression analyses, metformin use was negatively associated with TNF-
o in the T2D + obesity group (Table 4). Metformin use was not associated with CRP,
TNF-«, or IL-6 in the obesity only group; data note shown (Supplementary Materials:
Tables 54-56). No significant associations were observed for CRP or IL-6 in the adolescents
with T2D + obesity group (Supplementary Materials: Tables S7 and S8). A multivariable
linear regression including metformin use showed no association between AST, ALT, and
inflammatory markers, looking at the obesity-only group and T2D + obesity together,
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but CRP was positively associated with AST and ALT in the obesity only group. This
difference could be secondary to the fact that the groups are small (Supplementary Materials:
Table S9). If metformin is not included in the model, CRP was positively associated
with AST and ALT in the obesity only group (Supplementary Materials: Table 510). No
significant associations were observed in any of the three groups between lipid profiles
(total cholesterol, LDL, and triglycerides) and inflammatory markers (Supplementary
Materials: Tables S11 and S12). There was an association between CRP and lipid panel
components in the T2D + obesity groups (Supplementary Materials: Table 512). Looking
at Pearson correlation (Supplementary Materials: Table S13), there was no significant
correlation with metformin use and inflammatory markers, but there was a significant
correlation with Alc and liver enzymes.

Table 3. The association between metformin use and inflammatory markers among those with obesity
and T2D + obesity (n = 63).

Effect df Wilks” Lambda f Value p
1 Obesity and T2D + Obesity
Metformin use 3 0.9 1.2 0.33
Age 3 1.0 0.2 0.88
Sex * 3 0.8 4.0 0.01
BMI z-score 3 1.0 0.8 0.48
2 Obesity only
Metformin use 3 0.9 1.9 0.15
Age 3 1.0 0.3 0.82
Sex * 3 0.7 43 0.01
BMI z-score 3 0.9 0.7 0.56
3 T2D + Obesity

Metformin use 3 0.4 39 0.06
Age 3 0.6 14 0.33
Sex * 3 0.6 1.7 0.25
BMI z-score 3 0.5 2.0 0.20

* Male as the referent group. Multivariate regression models were used to test these associations. ! Model:
Metformin use (among those with obesity only and T2D + obesity) and inflammatory markers (CRP, TNF-«, and
IL-6), controlling for age, sex, and BMI z-score. 2 Model: Metformin use (among those with obesity only) and
inflammatory markers (CRP, TNF-«, and IL-6) controlling for age, sex, and BMI z-score. 3 Model: Metformin use
(among those with T2D + obesity) and inflammatory markers (CRP, TNF-«, and IL-6), controlling for age, sex,
and BMI z-score. Abbreviations: CRP, C-reactive protein; TNF- &, tumor necrosis factor-alpha; IL-6, interleukin-6;
T2D, Type 2 diabetes.

Table 4. The association between metformin use and TNF-« among those with T2D + obesity (n = 19).

Effect B SE 95% CI P
LL UL

uMsitformi“ 0.34 0.12 0.08 0.59 0.02

Age 0.05 0.03 —0.01 0.11 0.12

Sex * 0.11 0.14 —017 0.41 0.40

BMI z-score 0.25 0.19 —0.16 0.66 0.21

* Male as the referent group. Linear regression models were used to test these associations. Model: Metformin use
and TNF-«, controlling for age, sex, and BMI z-score. Bold p-values denote an alpha < 0.05. Abbreviations: Body
mass index, BMI; TNF-«, tumor necrosis factor-alpha; T2D, Type 2 diabetes.
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4. Discussion

Our study examined clinical and metabolic differences among adolescents with
T2D + obesity, adolescents with obesity only, and normal-weight controls, an age group
for which there are limited studies. Participants with T2D + obesity had significantly lower
HDL and higher triglycerides compared to normal-weight controls. This study demon-
strated no significant difference in biomarkers of inflammation across the three groups.
(Table 1).

Differences in dyslipidemia between the three groups were consistent with prior
studies reporting dyslipidemia in youth with insulin resistance and T2D [32-34]. We
also assessed differences in inflammatory markers among the three groups, but found no
significant differences. These findings contrast with previous studies that reported elevated
markers of inflammation, including CRP, TNF-«, IL-5, IL-1$3, and IL-6 in individuals with
insulin resistance [35—40] and Type 2 diabetes [41-45]. The lack of significant differences in
our study may reflect our limited sample size or the heterogeneity of disease severity. The
discrepancy between our findings and prior studies may also be due to confounding by the
indication of starting metformin, as metformin is more likely to be prescribed to individuals
with more advanced metabolic dysfunction. Given that metformin is prescribed to patients
with more severe insulin resistance, those patients may inherently have higher levels of
inflammation regardless of treatment. These findings may reflect that adolescents with
higher inflammation or worse metabolic profiles were more likely to receive metformin.

Metformin has been shown in both adult and animal models to have anti-inflammatory
effects, suppressing IL-13, IL-6, and TNF-« [46—48] and enhancing IL-10 and activation
of AMP-activated protein kinase [49,50]. In metabolic syndrome, metformin has been
shown to improve adipokines and lower TNF-«, IL-6, and CRP [51-53]. In patients with
obesity on metformin, there has also been improvement in BMI and insulin sensitivity,
as well as improvement in serum IL-6 and TNF-« [54]. Interestingly, metformin was not
shown to decrease inflammatory markers in early-onset T2D in the Lancet trial, which is in
line with our findings, given that our recruited participants were early in their course of
disease [55]. To further investigate the role of metformin in inflammation in patients with
T2D, we compared inflammatory markers in adolescents with T2D + obesity and obesity
only, stratified by metformin use. In our study, there was no significant association between
inflammatory markers in the obesity only or the T2D + obesity group (Supplementary
Materials: Table S11). These differential findings suggest that the relationship between
metformin and inflammatory markers may be multi-factorial and depend on diabetes
status and duration of use of metformin and dosing, underscoring the need for future
research. The lack of statistically significant differences in inflammatory markers across
groups should not be interpreted as evidence of no clinically relevant differences, given the
small sample size of this study. The study was a pilot study and thus should be interpreted
as a hypothesis-generating study, indicating the need for larger prospective studies.

Higher inflammatory markers in patients with T2D + obesity place them at an in-
creased risk of CVD. Patients with increased CRP have been associated with increased
waist circumference and increased cardiovascular risk [56]. Elevated levels of inflamma-
tory markers, such as TNF-«, fetuin A, and FGF-21, have also been shown to be tied to
pancreatic beta-cell failure [35] and other complications [57]. A meta-analysis of 13 random-
ized controlled trials showed lower CRP but did not show sustained lower levels of IL-6
and TNF-o with metformin use [24]. Longitudinal studies are needed to assess whether
inflammatory markers can serve as predictors of beta-cell decline and future comorbidities.
Establishing protocols using these markers may help identify adolescents at greater risk for
disease progression or need for insulin therapy.
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A strength of this study is its focus on an understudied population—African American
adolescents with T2D + obesity—from a pediatric endocrinology clinic in the southern
United States. This population is disproportionately affected by early-onset T2D, making
it critical to understand metabolic and inflammatory differences in this group. However,
our study has limitations. The cross-sectional design limits causal inference, and the small
sample size may have reduced power to detect significant differences. There is also a
potential for the indication for use of metformin with dysglycemia. Information regarding
metformin duration was also not collected, given that the study was a cross-sectional study
design. This should be explored in further research studies. Physical activity, dietary intake,
environmental factors, and psychosocial stressors should also have been considered in
the study, as they could also influence inflammatory markers; therefore, in further larger
studies, these factors should also be included [58]. Another limitation of the analysis was
that the study was underpowered to detect modest differences, and multiple comparisons
increase the risk of type I error. Therefore, these analyses should be considered hypothesis-
generating rather than confirmatory. Additionally, the single-site recruitment may restrict
generalizability. Future studies with larger, multi-site cohorts and longitudinal designs are
needed to explore the temporal relationships between metformin use, inflammation, and
disease progression.

This study provides insights into the clinical and metabolic characteristics of African
American adolescents with T2D + obesity, obesity only, and normal-weight controls. While
no significant differences in inflammatory markers were observed between groups, we
identified associations between CRP and metformin use in the obesity only group and
TNF-o and metformin use in the T2D + obesity group. These results highlight the com-
plexity of inflammatory regulation in youth with metabolic dysfunction and emphasize
the importance of future longitudinal studies to clarify metformin’s role in managing
inflammation in this population.

Supplementary Materials: The following supporting information can be downloaded at https:
/ /www.mdpi.com/article/10.3390/diabetology7010013/s1. Table S1: The association between
metformin use and CRP among those with Obesity and T2D + Obesity (n = 63); Table S2: The
association between metformin use and TNF-« among those with Obesity and T2D + Obesity
(n =63); Table S3: The association between metformin use and IL-6 among those with Obesity
and T2D + obesity (n = 63); Table S4: The association between metformin use and CRP among
those with Obesity only (n = 44); Table S5: The association between metformin use and TNF-«
among those with Obesity only (n = 44); Table S6: The association between metformin use and
IL-6 among those with Obesity only (n = 44); Table S7: The association between metformin use and
CRP among those with T2D + Obesity (n = 19); Table S8: The association between metformin use
and IL-6 among those with T2D + Obesity (n = 19). Table S9: The association between metformin
use and inflammatory markers and metabolic markers (AST and ALT); Table S10: The association
between inflammatory markers and metabolic markers (AST and ALT); Table S11: The association
between inflammatory markers and metabolic markers (cholesterol, LDL, and triglycerides); Table
512: The association between inflammatory markers and metabolic markers (cholesterol, LDL, and
triglycerides); Table S13: Pearson correlation matrix for metformin use, metabolic markers, glycemic
markers, and inflammatory markers among those with Obesity only and T2D + Obesity (n = 63).
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The following abbreviations are used in this manuscript:

T2D Type 2 diabetes

CRP C-reactive protein
TNF-«  Tumor-necrosis factor-o
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