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A B S T R A C T

Background: A common adiposopathic complication of obesity is type 2 diabetes mellitus. Healthful weight
reduction in patients with obesity can improve glucose metabolism and potentially promote remission of type 2
diabetes mellitus. However, weight-reduction in patients with increased adiposity is impaired among patients
with type 2 diabetes mellitus compared to patients without diabetes mellitus.
Methods: Data for this review were derived from PubMed and applicable websites.
Results: Among patients with increased body fat, the mechanisms underlying impaired weight reduction for those
with type 2 diabetes mellitus are multifactorial, and include energy conservation (i.e., improved glucose control
and reduced glucosuria), hyperinsulinemia (commonly found in many patients with type 2 diabetes mellitus),
potential use of obesogenic anti-diabetes medications, and contributions from multiple body systems. Other
factors include increased age, sex, genetic/epigenetic predisposition, and obesogenic environments.
Conclusions: Even though type 2 diabetes mellitus impairs weight reduction among patients with increased
adiposity, clinically meaningful weight reduction improves glucose metabolism and can sometimes promote
diabetes remission. An illustrative approach to mitigate impaired weight reduction due to type 2 diabetes mellitus
is choosing anti-diabetes medications that increase insulin sensitivity and promote weight loss and deprioritize
use of anti-diabetes medications that increase insulin exposure and promote weight gain.
1. Introduction

Type 2 diabetes impairs weight reduction among those with increased
adiposity. The mechanisms accounting for this common clinical finding
are multifactorial. Factors include energy conservation due to improve-
ment in blood glucose control and reduced glucosuria, hyperinsulinemia
commonly found in patients with type 2 diabetes mellitus, potential use
of obesogenic anti-diabetes medications, and contributions frommultiple
body systems. Other factors include increased age, sex, genetic/epige-
netic predisposition, and obesogenic environments. From a pharmaco-
logic standpoint, the choice of anti-diabetes medications should
prioritize those that increase insulin sensitivity and promote weight
reduction and deprioritize anti-diabetes medications that increase insulin
exposure and promote weight gain. Table 1 provides a summary of ten
things to know about how type 2 diabetes mellitus impairs weight
reduction among patients with increased adiposity.
ical Director / President, Louisv
llinois Avenue, Louisville, KY, 40

June 2023; Accepted 12 June 2
ier Inc. on behalf of Obesity Med
2. Obesity and adiposopathy as a cause of diabetes mellitus

Details explaining the adiposopathic consequences of obesity that
cause diabetes mellitus were previously described [1]. In summary, Fig. 1
describes how obesity may result in adiposopathy (“sick fat disease”),
defined as “pathogenic adipose tissue anatomic/functional de-
rangements, promoted by positive caloric balance in genetically and
environmentally susceptible individuals, that result in adverse endocrine
and immune responses that directly and/or indirectly contribute to
metabolic diseases (e.g., type 2 diabetes mellitus, hypertension, dyslipi-
demia, cardiovascular disease, and cancer)” [2].

Fig. 2 describes the importance of adipose tissue crosstalk and bio-
metabolic interactions with organs such as liver, muscle, pancreas, kid-
ney, and brain. Adiposopathic immunopathies, endocrinopathies, and
increased circulating free fatty acids contribute to multi-organ insulin
resistance, as well as an ultimate decline in pancreatic beta cell insulin
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Table 1
Ten things to know about how type 2 diabetes mellitus impairs weight reduction
among patients with increased adiposity.

1. The presence of type 2 diabetes mellitus impairs weight reduction among patients
with obesity treated with healthful nutrition, physical activity, behavior
modification, and medical treatment (i.e., anti-obesity medications and bariatric
surgery).

2. When weight reduction improves glucose control in patients with diabetes mellitus,
then energy is conserved due to reduced glucosuria.

3. Especially early in the onset of type 2 diabetes mellitus, insulin resistance results in
hyperinsulinemia. Insulin stimulates lipid uptake and storage in adipocytes and
inhibits lipolysis, which are obesogenic mechanisms not found in patients who do
not have insulin resistance.

4. Many patients with type 2 diabetes mellitus are treated with obesogenic
medications (e.g., insulin, sulfonylureas, meglitinides, and thiazolidinediones).
Additionally, administration of the first three listed hypoglycemic medications (i.e.,
anti-diabetes mellitus medications that increase insulin exposure) may contribute
to hypoglycemia, necessitating increased caloric intake to avoid or treat low blood
sugar. Increasing caloric consumption to treat or avoid hypoglycemia may impair
weight reduction compared to patients without diabetes mellitus who do not
require increased caloric consumption to treat or avoid hypoglycemia.

5. Body system abnormalities that may contribute to impaired weight reduction in
patients with type 2 diabetes mellitus include endocrine, musculoskeletal,
neurological, cardiovasculo-pulmonary, immune, ophthalmologic, nephrologic,
dermatologic, and gastrointestinal.

6. Patients with type 2 diabetes mellitus are often older than patients without type 2
diabetes mellitus. Increasing age impairs weight reduction.

7. Patients with type 2 diabetes mellitus may have sex and genetic/epigenetic
predisposition to obesity, which may impair weight reduction.

8. Obesogenic mechanisms that may contribute to impaired weight reduction among
patients with type 2 diabetes mellitus include established meal planning,
socioeconomic factors, psychosocial factors, bias, and discrimination.

9. Irrespective of the weight reduction challenges with the presence of type 2 diabetes
mellitus, each of the four pillars of obesity management [healthful nutrition,
physical activity, behavior modification, and medical therapy (i.e., anti-obesity
medications and bariatric surgery)] can achieve clinically meaningful weight
reduction among many patients with type 2 diabetes mellitus, potentially pro-
moting remission of type 2 diabetes mellitus.

10. Pharmacologic treatment of type 2 diabetes mellitus should prioritize use of anti-
diabetes medications that increase insulin sensitivity, reduce insulin levels, and
reduce body weight (e.g., metformin, glucagon-like peptide-1 based therapies,
sodium glucose- cotransporter 2 inhibitors), and deprioritize use of anti-diabetes
medications that increase insulin exposure and increase body weight (e.g., sul-
fonylureas, insulin, meglitinides).

Fig. 1. Adiposopathy contributes to type 2 diabetes mellitus. See text for
details (Copied with permission from Bays HE et al. Obesity Pillars https
://doi.org/10.1016/j.obpill.2023.100056 [1]).
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secretory function. Among patients with pre-obesity/overweight or
obesity, the degree that weight reduction improves adverse clinical
outcomes may vary, with improvement in glucose metabolism in some
patients occurring with as little as � 2% weight reduction. Greater
amounts of weight reduction are generally required for reduction in
cardiovascular disease and overall mortality [1,3].

Fig. 3 describes that when positive caloric balance leads to pathogenic
adipocyte hypertrophy, and when adipose tissue accumulation outgrows
vascular supply, then this may result in adipocyte and adipose tissue
2

hypoxia that potentially contributes to adipocyte death and adiposo-
pathic effects on angiogenesis, adipocyte proliferation, adipocyte dif-
ferentiation, reactive oxygen species generation, inflammation, and
fibrosis. Excessive accumulation of intracellular lipids (i.e., ceramides
diacylglycerol) may lead to lipotoxicity, adipocyte dysfunction, and in-
sulin resistance. Another potential maladaptive process of adipose tissue
dysfunction during positive caloric balance is disruption of mechano-
transduction, which is the ongoing adaptation of adipose tissue to its
microenvironment (e.g., formation, dissolution, and reformation of
extracellular matrix). Continuous adipose tissue remodeling is required
to maintain structural and functional integrity. If during positive caloric
balance, adipose tissue undergoes fat cell hypertrophy, immune cells
infiltration, fibrosis and changes in vascular architecture, impaired adi-
pose tissue expansion, then this may limit further energy storage in ad-
ipose tissue, and thus promote additional adipose tissue dysfunction or
adiposopathy.

Reactive oxygen species (ROS) are unstable oxygen-containing mol-
ecules that may damage deoxynucleic acid, adversely affect macromol-
ecules, and disrupt cellular function. ROS contribute to insulin resistance,
diabetes mellitus, cardiovascular diseases, atherosclerosis, cancer, and
aging [1,4,5]. Along with hyperglycemia, adiposopathic processes that
may generate ROS include mitochondrial and endoplasmic reticulum
stress. Finally, beyond the circulatory release of adiposopathic proin-
flammatory factors, pathogenic hormones, and free fatty acids from ad-
ipose tissue, is the release of such factors from adipocyte extracellular
vesicles.

Collectively, these adiposopathic processes [1] contribute to systemic
insulin resistance in organs such as liver and muscle [6], with possible
subsequent beta cell failure [7], and impaired weight reduction among
patient with pre-obesity/overweight or obesity.

3. Obesity management and improvement in glycemic control,
including remission of type 2 diabetes mellitus

Irrespective of impaired weight reduction with the presence of type 2
diabetes mellitus among patients with increased body fat, an essential
clinical message is that body fat reduction may not only improve glucose
metabolism, but obesity management may also result in diabetes remis-
sion [1].

� Nutritional intervention: Type 2 diabetes mellitus is most likely to
undergo remission among patients who achieve clinically meaningful
weight reduction, regardless of diet type [1].

� Weight management program: Type 2 diabetes mellitus remission
is most likely to be maintained with sustained weight reduction [1].

� Bariatric surgery: Type 2 diabetes mellitus remission with bariatric
surgery is most likely to occur with greater weight reduction [1].

Thus, regarding the clinical management of patients with increased
body fat, impaired weight reduction among those with type 2 diabetes
mellitus should not deter the recommendation and implementation of
interventions to achieve a healthier body weight. Clinically meaningful
weight reduction can help achieve improved fat mass disease and
improved sick fat disease, thus improving glucose control and other
cardiometabolic parameters [2].

4. Weight reduction among patients with pre-obesity/
overweight and/or obesity, with and without diabetes mellitus

Not all weight reduction interventions in patients with increased
adiposity have head-to-head comparisons of efficacy among those with
type 2 diabetes mellitus, versus those without type 2 diabetes mellitus.
However, a general overview of the data suggests that weight reduction
interventions are less effective among those with type 2 diabetes mellitus
than without type 2 diabetes mellitus [8]. While the quality of the data,
as well as statistic and clinical significance vary, the amount of weight
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Fig. 2. Importance of non-adipose tissue in obesity-related glucose dysregulation and other cardiometabolic diseases. See text for details. Copied with
permission from Bays HE et al. Obesity Pillars https://doi.org/10.1016/j.obpill.2023.100056 [1]).
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reduction and/or success of weight reduction maintenance appears less
among those with type 2 diabetes mellitus treated with dietary inter-
vention, physical activity, behavior modification [9,10],orlistat [11],
phentermine [12], phentermine/topiramate [13,14], naltrex-
one/bupropion [13,15–17], liraglutide [13,18], semaglutide [19], as
well as bariatric surgery [20]. It may also be relevant that in the tirze-
patide SURMOUNT program [21], SURMOUNT 1 demonstrated weight
reduction up to 21% among patients with overweight/obesity and
without diabetes mellitus [22], while preliminary reports suggest that in
SURMOUNT 2, tirzepatide reduced weight up to 16% among patients
with overweight/obesity and type 2 diabetes mellitus (https://invest
or.lilly.com/node/48776/pdf).

5. Potential mechanisms for impaired weight reduction among
patients with increased adiposity and type 2 diabetes mellitus

5.1. Clinical mechanisms (See Fig. 4)

Improvement in glucose blood levels may impair weight reduction
through improved energy conservation and decreased glucosuria. In
patients without diabetes mellitus, filtered glucose is typically reab-
sorbed in renal tubules such that glucosuria only occurs when blood
sugars exceed a variable threshold of around 180mg/dL [23]. When
blood sugars exceed this renal threshold, then this results in a loss of
calories due to an increase in urine glucose excretion (4 kcal/g of
glucose) [24]. “Normal” urine glucose excretion is less than 25mg/dL
[25]. In patients with poorly controlled diabetes mellitus, high blood
sugars can result in spot urine glucose levels as high as � 1000mg/dL.
Additionally, poorly controlled diabetes mellitus not only results in cal-
oric/energy loss via glucosuria, osmotic water weight loss due to glu-
cosuria, but also weight loss due to loss of water-associated glycogen in
muscle [3]. Among patients with diabetes mellitus, especially those with
poorly controlled blood sugars, anti-obesity interventions that improve
glucose metabolism will not only conserve energy by reducing gluco-
suria, but also reverse the osmotic dehydration, replenish muscle
3

glycogen, and increase its associated water, which all contribute to
weight gain. While beneficial from a health perspective, each of these
treatment effects that reduce hyperglycemia mitigate weight reduction.

Another relevant clinical mechanism impairing weight reduction is
the use of obesogenic anti-diabetes medications such as insulin, sulfo-
nylureas, meglitinides, and thiazolidinediones [26,27]. Thiazolidine-
diones are peroxisome proliferator gamma agonists agents that as part of
their mechanism of action, reduce glucose levels through increasing the
proliferation and differentiation of adipocytes, adding functional adipo-
cytes, and thus mitigating adiposopathy [28]. While the increase in body
weight with thiazolidinediones in partially fluid weight gain, much of the
weight gain is due to increased (functional) body fat [28,29]. Insulin,
sulfonylureas, and meglitinides are hypoglycemic therapies that increase
insulin exposure. It is not uncommon that patients treated with insulin
can gain 7–20 pounds the first year after initiating insulin therapy [30].
Furthermore, the use of anti-diabetes medications that increase insulin
exposure often promote hypoglycemia (particularly during times of
weight reduction), requiring increased caloric consumption to treat low
blood sugars. Increased caloric consumption to avoid or treat hypogly-
cemia counteracts the effectiveness weight reduction efforts. In fact,
hypoglycemia is predictive of weight gain with insulin therapies,
although weight gain and hypoglycemia may be less with some insulin
formulations, such as insulin detemir [31].

As noted in Figs. 1–3, insulin resistance is a sentinel pathogenic
mechanism, especially in early onset type 2 diabetes mellitus. Prior to the
beta cell failure that often occurs over time, pancreatic beta cells respond
to insulin resistance with increased insulin secretion, resulting in
hyperinsulinemia. Insulin stimulates lipid uptake and storage and in-
hibits lipid breakdown [32]. Thus, the hyperinsulinemia found early in
type 2 diabetes mellitus would seem to be a straight-forward mechanism
driving or maintaining fat weight gain among patients with type 2 dia-
betes mellitus, compared to patients without hyperinsulinemia. Howev-
er, the relationship between hyperinsulinemia and obesity is complex
[32]. For example, if body tissues (including adipocytes) are “resistant”
to the effects of insulin, then even if insulin blood levels were elevated,
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Fig. 3. Mechanisms how adiposopathic processes lead to insulin resistance. See text for details (Copied with permission from Bays HE et al. Obesity Pillars https
://doi.org/10.1016/j.obpill.2023.100056 [1]).

Fig. 4. Proposed clinical mechanisms to explain impairment of weight reduction among patients with increased adiposity and type 2 diabetes mellitus.
(See text for details).
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Fig. 5. Proposed body system mechanisms to explain impairment of weight reduction among patients with increased adiposity and type 2 diabetes
mellitus. (See text for details).

Fig. 6. Proposed age, sex, genetic/epigenetic, and environmental mechanisms to explain impairment of weight reduction among patients with increased
adiposity and type 2 diabetes mellitus. (See text for details).
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how would an increase in insulin levels still drive fat accumulation? One
explanation is that hyperinsulinemia is the result of total body insulin
resistance that occurs not only from insulin resistance in adipose tissue,
but also from insulin resistance in other body organs such as muscle and
liver. Prior to onset of type 2 diabetes mellitus, skeletal muscle appears to
be more sensitive to insulin than the liver and adipose tissue [33].
Skeletal muscle is the major organ responsible for post-meal glucose
disposal [34]. Conversely, early development of type 2 diabetes mellitus,
skeletal muscle insulin resistance is a defect that may occur before insulin
resistance in the liver and adipose tissue [33]. Especially when the in-
sulin resistance in muscle exceeds that of adipose tissue, then adipocyte
responsiveness to hyperinsulinemia may be maintained in a relative
sense, with the potential to promote lipogenesis, suppress lipolysis, and
5

increase lipid storage in adipocytes [35]. These effects of hyper-
insulinemia on promoting fat deposition might reasonably be concluded
to counteract body fat reduction efforts.

5.2. Body system mechanisms (See Fig. 5)

From an endocrine standpoint, hyperinsulinemia may drive fat
deposition as discussed in the previous section. Another potential
endocrine abnormality that may occurs in males with type 2 diabetes
mellitus is a reduction in testosterone levels. Overall, patients with type 2
diabetes have lower testosterone levels than patients without type 2
diabetes mellitus [36–38]. Obesity and type 2 diabetes may contribute to
low testosterone, and low testosterone may contribute to increased body
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fat and decreased muscle mass [37] – both effects that may counter ef-
forts to achieve a healthy body composition [39]. Females with polycy-
stic ovary syndrome (PCOS) have an increased risk of type 2 diabetes
[40], with PCOS being both a potential consequence (i.e., due to adi-
posopathic endocrinopathies) [2], and potential contributor to fat weight
gain (i.e., via insulin resistance and associated eating disorders, depres-
sion, and anxiety) [41–46].

Other organ systems disrupted by type 2 diabetes mellitus that may
contribute impaired weight reduction among patients with increased
adiposity include.

� Diabetes-related musculoskeletal abnormalities that may impair
physical activity include fibroproliferative disorders of soft tissue,
joint disorders, muscle-related disorders, and skeletal disorders [47].
Type 2 diabetes mellitus lower extremity amputation may also limit
physical activity, and may be associated with a high prevenance of
obesity [48,49].

� Diabetes-related peripheral neuropathy may impair physical activity
and increase visceral fat accumulation [50]. Diabetes-related central
nervous system abnormalities may potentially increase hunger [51].
While longstanding dementia may be associated with weight loss,
obesity, diabetes mellitus, and dementia have overlapping etiologies
[52], suggesting the need for early healthful nutrition to simulta-
neously address all three through evidenced-based medical nutrition
therapies such as Mediterranean Diet, Dietary Approaches to Stop
Hypertension (DASH) Diet, or Mediterranean-DASH Intervention for
Neurodegenerative Delay (MIND) diet [53–55].

� Diabetes-related cardiovasculo-pulmonary abnormalities may impair
physical activity due to the spectrum of diabetes heart diseases [56,
57], stroke [58], and peripheral vascular disease [58]. Diabetes
mellitus is also associated with impaired lung function [59], which
may impair physical activity. More than ½ of patients with type 2
diabetes mellitus having obstructive sleep apnea [60], with sleep
apnea contributing to weight gain and visceral fat accumulation
[61–63].

� Diabetes-related inflammation are interrelated with obesity [64],
with diabetes being potentially associated with hypothalamic
inflammation [65], which in turn is also linked to promoting obesity
[66,67].

� Diabetes-related eye disease [68], kidney disease [69], and skin dis-
ease (i.e., diabetes foot ulcer) [70] may impair physical activity, thus
potentially impair weight reduction effectiveness.

� Diabetes-related abnormalities in the microbiome may contribute to
insulin resistance [71], potentially impairing weight reduction.

5.3. Age, sex, genetic/epigenetic, and environmental mechanisms (See
Fig. 6)

� Compared to those without diabetes, some data suggests that type 2
diabetes mellitus may modestly increase resting metabolic rate, but
decrease insulin-induced thermogenesis [72,73]. That said, resting
metabolic rate decreases with increasing age [74]. Physical activity
also decreases with increasing age [75]. Thus older age is often
associated with pathogenic alterations in body composition such as
an increase in body fat and decrease in muscle mass [76,77], which
are directional affects that would not favor fat weight reduction.
Incident diabetes (and other chronic diseases) are associated with a
steeper decline in resting metabolic rate over time [78]. Finally, the
prevalence of prediabetes and type 2 diabetes mellitus are higher in
older individuals [79]. Thus, an additionally clinically relevant
mechanism why a patient with type 2 diabetes mellitus may have
impaired fat weight loss could be because of older age.

� Insufficient data exists to make definitive statements regarding the
effects of sex (i.e., female versus male) on the potential for weight
reduction among patients with increased body fat and type 2 diabetes
mellitus. However, males with prediabetes may lose more weight
6

with low energy diets than females [80]. In the Diabetes Prevention
Program, intensive lifestyle modification (i.e., at least 7% of weight
loss through dietary modification and 150min/week of moderate
intensity exercise) resulted in greater weight loss in males versus fe-
males [81]. Males with type 2 diabetes mellitus may lose more weight
than females with behavior modification [82]. Regarding
glucagon-like peptide 1 receptor agonists, females may lose more
weight than males [83]. Finally, regarding bariatric procedures, sex
may not have a clear differential effect on efficacy outcomes, such as
amount of weight reduction and resolution of obesity complications
such as diabetes, hypertension, or sleep apnea [84].

� Genetic abnormalities [3,85] and disruption of epigenetic processes
such as deoxynucleic acid methylation, histone modification, and
ribonucleic acid processes may contribute to both obesity and type 2
diabetes mellitus [86,87]. Those with a genetic/epigenetic predis-
position to both obesity and type 2 diabetes mellitus might conceiv-
ably experience greater challenges in achieving weight reduction
compared to individuals without such genetic/epigenetic
predisposition.

� Environments that promote obesity are often similar to environments
that predispose to type 2 diabetes mellitus. Such environments are
often difficult to resolve, and thus may impair the effectiveness of
weight reduction interventions. One practical eating environment is
the setting where the patient with type 2 diabetes has undergone
years of reinforced education to consume three meals a day and a
nighttime snack. It may be true that time-restricted eating may not
achieve greater reduction in body weight, body fat, or metabolic risk
factors compared to comparable daily calorie restriction [88]. How-
ever, if time restricted eating aids in reducing total daily caloric
intake, then this may help achieve weight reduction [89]. Compared
to the patient without diabetes mellitus, time restricted eating may
more challenging for patients with type 2 diabetes mellitus who have
undergone years of education, and years of acclimation regarding
consuming three meals a day and nighttime snack. Other challenging
promoters of both obesity and type 2 diabetes mellitus include so-
cioeconomic status [90], psychosocial factors [91], as well as bias,
and discrimination [92,93].

6. Conclusion

Obesity and type 2 diabetes mellitus are diseases that are often
mechanistically interrelated [1], making it sometimes challenging to
determine the degree that each independently contributes to adverse
clinical consequences. Data is often lacking to definitively conclude how
and why patients with type 2 diabetes mellitus and obesity seem to have
greater difficulty with weight reduction than those with obesity without
type 2 diabetes mellitus. Potential explanations described herein include
clinical mechanisms, body system mechanisms, as well as age, sex,
genetic/epigenetic, and environmental mechanisms. It may be diagnos-
tically useful to know the potential mechanisms that might impair weight
reduction among patients with type 2 diabetes mellitus and
pre-obesity/overweight and obesity. However, what may be most clini-
cally relevant is that clinically meaningful weight reduction can be
achieved in patients with increased adiposity and type 2 diabetes mel-
litus via healthful nutrition, physical activity, behavior modification and
medical therapy (i.e., anti-obesity medications and bariatric surgery). In
some cases, these interventions have the potential to promote diabetes
remission. Among patients with increased body fat, impaired weight
reduction due to the presence of type 2 diabetes mellitus may be miti-
gated by choosing anti-diabetes medications that increase insulin sensi-
tivity and promote weight loss and deprioritize use of anti-diabetes
medications that increase insulin exposure and promote weight gain.
This approach is a practical, illustrative example of how to apply the
knowledge of why type 2 diabetes mellitus may impair weight reduction
among patients with concurrent pre-obesity/overweight and/or obesity.
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