ClinicoEconomics and Outcomes Research

Dove

REVIEW

Impact of Weight Change in Adults with Type 2
Diabetes Mellitus: A Literature Review and
Critical Analysis

Moshe Fridman®'

Mariann E Lucas
Yurek Paprocki3
Tam Dang-Tan*
Neeraj N lyer

2

5

'Biostatistics, AMF Consulting, Los
Angeles, CA, USA; 2|nformation Science,
Scientific Analytics, Novo Nordisk Inc,
Plainsboro Township, NJ, USA; 3Medical
Affairs, Novo Nordisk Inc, Plainsboro
Township, NJ, USA; *Medical Affairs,
Novo Nordisk Inc, Plainsboro Township,
NJ, USA; SHEOR Strategy & Evidence
Generation - Diabetes, Novo Nordisk
Inc, Plainsboro Township, NJ, USA

Correspondence: Neeraj N lyer
Novo Nordisk, Inc, 800 Scudders Mill
Road, PlainsboroTownship, NJ 08536,
USA

Tel +1 609 578 8157

Email nriy@novonordisk.com

This article was published in the following Dove Press journal:
ClinicoEconomics and Outcomes Research

Objective: Weight reduction is a key component of diabetes management in adults with
type 2 diabetes mellitus (T2DM), yet the benefits of weight loss in T2DM patients have been
difficult to quantify. We examined the medical literature regarding the relationships between
weight change and 1) glycemic control and 2) cost and resource use.

Methods: Systematic searches were conducted in the electronic databases Embase,
MEDLINE, and the Cochrane Database of Systematic Reviews to identify publications
regarding the impact of weight change on T2DM outcomes from 2007 onward. Identified
publications were screened for relevance against predefined eligibility criteria, and metho-
dological approaches and results were extracted. Evidence for the impact of weight change
on outcomes was evaluated and used to identify strengths, limitations, and gaps in the current
literature.

Results: The number of studies meeting eligibility criteria for each outcome was: glycemic
control (n=38) and cost and resource use (n=11). The relationship between weight change
and glycemic control was dependent on the interplay of multiple factors, eg, the weight loss
interventions employed, the antidiabetic medication classes used, the time horizon, and
baseline BMI and glycemic control. With respect to cost and resource use, the review
indicated that savings were associated with weight loss, and increased costs were associated
with weight gain.

Conclusion: Studies regarding weight change in T2DM patients demonstrated varying
effects on glycemic control and a positive association with costs and resource use, where
weight loss was associated with decreased costs and resource use. Future studies may be able
to clarify these relationships.

Keywords: type 2 diabetes, overweight/therapy, obesity/therapy, weight loss, cost, resource

utilization, economics

Plain Language Summary

Weight reduction is a key component of diabetes management in patients with Type 2
diabetes mellitus. The evaluation of the benefits of weight loss interventions has been
difficult, largely because of the many inter-relationships among these interventions, meta-
bolic factors, and human behaviors.

We report on studies that examined the relationship of weight change and glycemic
control (n=38) and cost and resource use (n=11). The relationship between weight change
and glycemic control was not consistent and depended on other factors, such as the weight
loss interventions employed, antidiabetic medication classes used, time period for weight
change and outcome studied, and baseline Body Mass Index (BMI) and glycemic control.
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For cost and resource use, the review indicated that savings was
associated with weight loss and increased costs associated with
weight gain.

We highlight the potential to improve research study designs
and methodologies to better understand the benefits of weight
loss and the detriments of weight gain.

Introduction

According to the American Diabetes Association, an esti-
mated 24.7 million people in the United States (US) are
diagnosed with diabetes, representing approximately 9.7%
of the adult population.! Cases of diabetes are expected to
continue to rise markedly, both in the US and worldwide.*”
In 2017, the average medical expenditures in the US were 2.3
times higher in people with diabetes compared with those
without diabetes, and there were an estimated 277,000 pre-
mature deaths attributed to diabetes.! Type 2 diabetes melli-
tus (T2DM) accounts for 90-95% of all cases.*

Per the Centers for Disease Control and Prevention,
87.5% of US adults with diabetes were overweight or obese.*
The 2018 position statement of the American Diabetes
Association (ADA) and the European Association for the
Study of Diabetes (EASD) on the management of type 2
diabetes in adults states that “for those with obesity, efforts
targeting weight loss, including lifestyle, medication, and
surgical interventions, are recommended” Weight reduction
improves insulin sensitivity and preserves beta-cell function,
leading to decreased fasting and postprandial glucose levels,
and improved glycosylated hemoglobin (HbAlc) results.®
Balancing adequate glycemic control and obesity risk is a
challenge for clinicians when choosing an antidiabetic med-
ication regimen, since several antidiabetic medications are
associated with weight gain.”®

Multiple clinical studies have attempted to identify phar-
maceutical, surgical, or lifestyle interventions that can
achieve weight loss in the T2DM population.”"! The patho-
physiology of T2DM involves elaborate relationships
between a variety of organ systems, each with their asso-
ciated hormones and feedback loops. Adiposity increases
insulin resistance, leading to the development of T2DM, or
worsening symptoms.'? In turn, weight loss can result from a
wide range of interventions (eg, diet, exercise, medications,
surgery), with each intervention potentially having a different
impact physiologically and psychologically.

The purpose of this review was to assess the recent
medical literature regarding the effects of weight change in
the T2DM population, with a focus on identifying the gaps
and limitations within the current evidence. We used

examples to determine how to better understand these

limitations and overcome these constraints in the future.

Materials and Methods

A scoping literature review'® was conducted to identify
studies of adult T2DM patients reporting relationships
between weight loss and the outcomes of interest: 1)
glycemic control, and 2) cost/resource use. Search queries
were performed for literature published in the English
language from January 1, 2007, through May 29, 2017,
utilizing PubMed, EMBASE, and the Cochrane Database
for Systematic Reviews. The Cochrane Database was
searched separately. Search strings are provided in
Supplementary Appendix 1.

Eligibility criteria were identified in advance (Table 1).
Studies on cancer populations or patients who underwent
bariatric surgery were excluded. These criteria were first
applied to the title and abstract of an article in Round 1 of
study selection. Citations were identified in Round 1 if
they included adult individuals with T2DM and had data
regarding weight change and the outcome of interest. Two
reviewers read and selected all the citations. If the rele-
vance of a citation was disputed, it was carried forward to
Round 2. During Round 2, the full text of the potentially
relevant citations was examined by 2 reviewers.
Discrepancies were resolved by consensus, or if needed,
discussion with the research team. Relevant data from
eligible publications were entered into a data extraction
table and verified by a second reviewer. For cost, all
amounts extracted and reported are expressed in US

dollars.

Results

Study Selection

The PRISMA diagrams of the flow of citations through the
selection process for the two outcomes are presented in
Figures 1 and 2."* There were 786 glycemic control cita-
tions and 419 cost/resource use citations identified from
the PubMed and Embase electronic databases. Of 318
articles retrieved from the Cochrane Database that per-
tained to diabetes, none was included in either of the
final datasets. In general, these studies did not meet inclu-
sion criteria because they did not evaluate weight change.
The final datasets included 38 articles for glycemic

1552 and 11 articles for cost/resource use.’® %

50-52

contro

Three articles were included in both datasets.
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Table | Eligibility Criteria for the Review

Criteria Include Exclude
Population Adults (aged 218 years) with type 2 ® Pediatric populations
diabetes ® Animal populations
® Pregnant populations
.

Studies reporting results only for mixed populations (part of the population
not meeting inclusion criteria)
® Patients with cancer

Intervention and Weight change in relationship to one of | ®

comparators the outcomes .

Weight change due to surgery
Interventions with antihyperglycemics not approved by the United States

Food and Drug Administration

Outcomes ® Glycemic control

® Cost and resource use

Study design Observational studies
Clinical trials

Database claims

Modeling studies

Meta-analyses

Narrative and systematic reviews without meta-analysis
Editorials, news

Practice guidelines

Case studies

Studies on the Association Between

Weight Loss and Glycemic Control

Thirty-eight relevant published articles were identified
(Table 2). These studies were of the following types: 16
post hoc analyses of randomized controlled trials (RCT);
13 retrospective observational cohort studies; 5 prospec-
tive cohort studies, 4 of which included an intervention, ie,
pharmaceutical (n=3) or lifestyle (n=1); 1 post hoc analy-
sis of an observational cohort study; 1 study that created a

model to describe the relationship between changes in
weight and glycemic control; 1 RCT; and 1 discrete choice
experiment.

A range of measures for weight change was found.
Changes in weight were described in kilograms (kg),
body mass index (BMI), percent body fat, and by percent
changes in these measurements. These measures were
often collapsed into categorical variables such as weight
loss/weight gain/weight stability, weight change patterns

Database Searches
N=786

Duplicates -
N=181

(" Title/Abstract Screen |

L N=605 )
[ Added from
Excluded on Abstract | - v ~ Cost/Resources Search
and Title Full Text Screen N=22
N=292 L N=335 )
E Excluded on Full Text %
N=268
Total Relevant by Full
[ Text N=67 }
Reviews
N=29
Included
N=38

Figure | Flowchart of the process of determining eligible studies regarding T2DM weight loss and glycemic control.
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Database Searches
N=419
Duplicates - g
N=52
- /(" Title/Abstract Screen |
N=367
~ - Added from Glycemic
(" Excluded on Abstract ) ¥ Control Search
and Title Full Text Screen L N=1
L N=333 L N=35 )
[ Excluded on Full Text |
L N=23 )
Total Relevant by Full
Text N=12
( Reviews
N=1

N=11

[ Included }

Figure 2 Flowchart of the process of determining eligible studies regarding T2DM weight loss and cost/resource use.

(ie, weight fluctuations over time), tertiles/quartiles of
weight change, or were classified using a minimal loss/
gain of a specific amount of weight, eg, >3% change, >5
kg, or BMI > 1 kg/m?. The composite outcome of weight
gain or loss and a specified HbAlc goal was also used.
Time periods for weight measurements varied across stu-
dies, some focusing on short term (eg, 12 weeks), and
others on sustained weight loss (eg, 2 years).

The most common measure of glycemic control was
HbAlc, which was expressed in both percent of total
hemoglobin and in mmol/L. Various HbAlc goals were
used as study endpoints. Other measures included fasting
glucose levels, and one paper used the frequency of hypo-
glycemic episodes.®* For several studies, glycemic control
was treated as an explanatory variable for weight change,
as opposed to an outcome.'>27-31:35:39:44

The reported relationships between weight change and
glycemic control were not consistent across the 38 studies.
The wide variation in findings was due to the heterogene-
ity in (1) the factors described above, (2) the type of
interventions and medication classes used by the patients
in different studies, and (3) the period of observation.
Some studies demonstrated a positive relationship, eg,
that weight loss was associated with a lower HbAlc,
some demonstrating a negative relationship, eg, that
weight loss was associated with a higher HbAlc, and
some demonstrating that this relationship may be positive
or negative depending on the time period studied and the

intervention used.

Studies Showing a Positive Association

Real-world studies that reported a positive relationship
included Davis et al,’! who found that >5% loss over 4
years was associated with measurably improved glycemic
control at 4 years. Another real-world study was con-
ducted by McAdam-Marx et al.'®'”* The authors found
that, among patients who were newly treated or starting a
new class of medications, those who lost >3% of their
body weight were more likely to attain their HbAlc goal.
In a post hoc analysis of an RCT, Wing et al** had similar
results.

In a meta-analysis, Franz et al** found that 5% weight
loss appeared necessary to have beneficial effects on gly-
cemic control, while acknowledging that most lifestyle
interventions were not able to achieve this amount of

weight loss. Carter et al,?!

in a study comparing two
types of energy-restriction diets, found that a 1% change
in body fat accounted for a 3% change in HbAlc.
Gummeson et al*’ conducted a meta-analysis to develop
a model suggesting that, on average, for each kg of weight
loss, there was an HbA1lc reduction of 0.1 points, and that
HbAlc lowering was greater when baseline glycemic con-

trol was poor.

Studies Showing a Negative Association

Other studies demonstrated and quantified a negative rela-
tionship, ie, that weight gain was associated with a lower
HbAlc in patients. This is consistent with the often-cited

association between weight gain and insulin use,” although
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Table 2 Summary of Selected Articles with Reference Numbers

Number of included articles
® The study included 46 articles with the following number of articles
per category:

e Glycemic control: 38

® Cost and resource use: ||

50 . 51
1,>" Davis et al,

® Three studies were in both datasets (Nichols et al
Mohamed et al)*?
® Nearly all studies relied on unique study populations. The following

1617 relied on

studies were exceptions. Two McAdam-Marx articles
overlapping study populations from the Geisinger Health System.
e Gummeson et aI,49 Franz et al,48 and Zinman et al*’ were meta-

analyses.

Table 2 (Continued).

Study design
® Glycemic Control Studies

19-21,24,26,31,32,35-37,41,43,45,47-49
® Post hoc analyses of RCTs: 16

o Retrospective observational cohort studies: |3'¢7'82223:28

29,34,38,40,42,44,50

. : e, £3033,39,4651
® Prospective observational cohort studies: 5

® Post hoc analyses of prospective cohort studies: 1%
o Simulation model: |'®
o Discrete choice experiment: 132
® RCT: 1%
o Cost Studies
 Retrospective observational cohort studies: 6°%33°660
o Simulation model: 3°77°
e Prospective observational cohort studies: 1°'

) 52
o Cross-sectional surveys: |

o Percent total weight: 8'6!7:33:34:40:454851
o BMI: [

® Quartiles/Tertiles of weight change:
92526

2I9,4I

o Composite outcome with HbAlc:

° Kilograms: I8I5,22—24,27,30,32,35—39,43,44,46,49,52

® Weight lost vs gained/maintained: 52028314750

® Weight change pattern: 2'8%°

® Cost Studies
e Percent total weight: 5°'°375%%8
® Weight lost vs gained/maintained: 2°%
® BMI: %

o Kilograms: 3°2°7°

Outcome measures
® Glycemic control Studies

o Composite outcome including HbAIc and weight gain/loss:
525.2628.47.56

e FPG or FBG and HbA|c: 7'%343738:463!

o HbA|c: |8'6-1820-23.29.30,33,36,40-43,46.48.49

e HbAlc as a predictor: 6!52731:35.39.44

e HOMA-IR: 13°

® Hypoglycemic events: 1%

e Treatment attributes, including glycemic control: 152

o Cost Studies
e Costs (variety of definitions): | 1°°-°

® Resource use (variety of definitions): 2°>%*

Study population

® Glycemic Control Studies

e T2DM cohort or registry patients: 10'82:3:9.22.23.33.38.44.51

® T2DM cohort males only: 1%

® T2DM cohort self-reported: 22'*2

® T2DM cohort employees: 2344
e T2DM EMR: 2'¢?°
e T2DM EMR + claims: 2'7%°

e T2DM RCT or pooled studies: |5'>!%9242631:32.35-37.41.43:45,
47,48

® T2DM RCT for elderly: 1%°

® T2DM RCT for cardiac patients: 1%

© T2DM studies for insulin naive patients: 2%+

© T2DM study for patients who resolved T2DM: 1%

e Cost Studies

® T2DM cohort or registry patients: 2°"¢°

® T2DM cohort self-reported: %2

© T2DM cohort employees: 1%7

e T2DM EMR + claims: 5°%>3°¢

Type of analysis
® Glycemic control Studies
e Student’s t-testing: 1°'

o Adjusted means: 2384

e Correlation: 530323643

o Descriptive only: 5'%2223:46:50

o Linear regression: I22I,24,27,28,3I.33—35,37,39,4I,44

® Logistic regression: 7!820.25.26.29.42.45

® Meta-analysis: 3%/

o Simulation models: |'®
e Structural equation modelling: 2'¢"
o Discrete choice: 1%2
® Cost Studies
o Linear regression: 6°%°'-53-¢
o Simulation model: 3°7°
o Cross-sectional survey: 152

o Descriptive only: 1%°

© T2DM simulation model for Medicare patients: 1°
© T2DM simulation model for patients in a weight loss program: 1°°
Weight change measures
® Glycemic control Studies
e Percent body fat: 1?'
(Continued)

Abbreviations: HbA I c, hemoglobin HbAlc; BMI, body mass index; EMR, electro-
nic medical record; FBG, fasting blood glucose; FPG, fasting plasma glucose; HOMA-
IR, Homeostasis Model Assessment-Insulin Resistance; RCT, randomized controlled
clinical trial; T2DM, type 2 diabetes mellitus.

it was not always possible to distinguish the results by
drug classes for the studies included in this report. The

study by Cohen et al** was among the real-world studies
demonstrating this result. The investigators followed out-

patients for over 5 years, dividing them into those on oral
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medications vs oral medications plus insulin, noting that
the insulin group increased weight upon insulin initiation
with a reduction in HbAlc. Watson et al** also examined
weight gain at insulin initiation, finding weight gain high-
est in those with poorest control and that higher BMI at
baseline was associated with less weight gained.
Janghorbani et al*® followed outpatients for up to 15
years, also demonstrating that those who gained weight
had better glycemic control, although there was no
description of or adjustment for medication class.

Several post hoc analyses of RCTs also demonstrated
this negative relationship, that weight gain was associated
with a lower HbAlc. Glass et al,** in a study comparing
exenatide and insulin, found that patients on exenatide
achieved an average 2 kg weight loss and a 1% decrease
in HbA1c, while patients on insulin had a 2 kg weight gain
and a 1% decrease in HbAlc. Jacob et al’’ pooled data
from studies using insulin and also found weight gain to be

associated with a drop in HbAlc.

Patterns of Weight Loss and Glycemic Control

Several real-world studies attempted to describe weight
change patterns over time. These studies generally found
that the relationship between weight change and glycemic
control was not only associated with diabetes medication
classes but was also dynamic throughout a patient’s life
course. Study results were dependent on the window of the
study period. Jansen et al®’ followed patients starting
biphasic insulin for 3 years, noting that in the first 9
months, patients gained on average 0.5 kg/month. They
found that 12% of the variation in documented weight gain
was associated with a drop in HbAlc, and that those with
higher baseline obesity had less weight gain. However, in
the following period (9-36 months), bodyweight increased
at 0.1 kg/month, unrelated to changes in glycemic control.
In patients followed for 2 years after diagnosis, Aucott

et al'®

described two weight change patterns that were
associated with poor glycemic control in patients in a
large diabetes registry: 1) gaining weight, and 2) being
weight stable with weight change variability. Feldstein
et al,” in a retrospective cohort study of patients with
newly diagnosed T2DM, stressed the importance of initial
weight loss, finding that those who lost weight in the first
18 months had improved glycemic control despite regain-
ing weight in the next 18 months.

With respect to post hoc analyses of weight change
patterns, similar points were made. First, weight change
patterns appeared to parallel what was found in the real-

world studies. Neiberg et al,*' in a post hoc analysis of an
RCT using data from the Look AHEAD lifestyle interven-
tion study, showed that greater first year month-to-month
weight losses (top tertile) were predictive of greater
HbAlc reduction at 4 years. Second, the initiation phase
of insulin treatment was associated with weight gain and
improved glycemic control. Fonseca et al,*' in another
post hoc analysis of an RCT, found this weight gain in
the insulin initiation phase especially true if the baseline

HbAlc was elevated. Huizenga et al,*

in a prospective
observational ancillary study to an RCT, specifically stu-
died the trajectories of patients who underwent intensive
control with insulin vs non-insulin treatments after control
was achieved, ie, essentially avoiding contamination by
the initiation of insulin. They found that at the end of the
2-year study, insulin users had less weight gain compared

to non-insulin users.

Studies on the Association Between Weight Loss and
Healthcare Cost and Resource Use

The literature search resulted in 11 relevant published
articles, of which 6 were retrospective observational, 1
was a prospective observational cohort study, 3 were
based on simulation models, and 1 was a discrete choice
experiment (Table 2). Five of the retrospective studies
used claims and/or EMR administrative data and one
used epidemiological data collected at primary care cen-
ters. The prospective study used data collected from an
observational diabetes study.

As found with research that reported on glycemic con-
trol and weight loss summarized in the previous section, a
review of the healthcare cost and resource use papers iden-
tified a range of measures for both weight change and cost.
For most studies, healthcare costs included outpatient and
inpatient medical costs, labs costs and pharmacy costs (both
all-cause and diabetes-related); however, Sabale et al®
excluded medication costs. The period of measurement of
costs also varied by study, with most studies considering the
annual costs for the year after the weight change evaluation
period, effectively assuming a future effect of weight
change on cost. Sabale et al°® also considered a longer 3-
year cost follow-up but used overlapping annual periods for
weight change and cost measurements. The 3 simulation
studies examined lifetime costs.

We found that patients who gained weight generally
had higher costs compared to those in weight-loss or

49,52-54

weight-neutral cohorts. Five studies used adminis-

trative data (eg, insurance and pharmacy claims data), that
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may have included a link to electronic medical record
(EMR) data, to assess the relationship between weight
change and costs. Bell et al’* performed a retrospective
cohort study in patients in a health maintenance organiza-
tion (HMO) who were receiving at least one oral antidia-
betic medication (91% on metformin only during the study
period) to measure all costs and diabetes-specific costs for
T2DM patients losing >3% or gaining >3% compared to
weight-neutral patients in the first 6 months of the study.
The weight-loss cohort incurred lower costs per year,
primarily due to lower medical costs from reduced utiliza-
tion. Weight reduction was associated with approximately
$2200 and $440 lower annual all-cause and T2DM-speci-
fic costs (p < 0.05), respectively. Weight gain was asso-
ciated with a significant increase in all-cause costs of
$3400 per year. Differences in T2DM-specific costs
between the weight-gain and the weight-neutral cohort
did not reach significance levels.

Blak et al> had similar results using administrative
databases in the United Kingdom. Compared with the
weight-neutral group (ie, <3% weight change), weight
gain over 6 months was subsequently associated with
increased diabetes medication prescribing and contact
with primary care clinicians, and with increased diabetes
costs in primary care and in total spending. However,
weight gain was not associated with more or longer all-
cause hospital admissions. By contrast, higher weight loss
was associated with substantially increased odds of all-
cause hospital admission, length of stay and total costs but
not with diabetes primary care spending. These higher
costs associated with weight loss differ from the findings
of Bell et al,>* who found inpatient costs lowered. The
inclusion of older, more severe T2DM patients in Blak

1> would increase the likelihood that some of these

et a
patients were fragile and suffered severe complications
requiring hospitalization following intentional or uninten-
tional weight loss during the identification period.

To avoid the potential bias caused by unintentional
weight loss, Nichols et al,50 in another administrative
data study, focused on weight stability, and eliminated
those >85 years old. Patients who maintained weight
within 5% of baseline over the 4-year study period experi-
enced a reduction in costs of about $400 regardless of
HbAlc. In contrast, patients who gained >5% of baseline
weight and had mean HbA1c >7% had an increase in costs
of $1473 (p < 0.001). Those who gained >5% of their
baseline weight with mean HbAlc <7% had a modest
increase in costs ($387, non-significant).

Mukerjee et al’® conducted an administrative data
study among patients with T2DM and found that weight
loss over a short-term (6-month) period was associated
with decreased diabetes-specific pharmacy costs over the
subsequent 12 months. In the subset of patients who had
obesity and had no previous cardiovascular disease, weight
loss was also associated with decreased all-cause phar-
macy costs, diabetes-specific medical costs, and diabetes-
specific total healthcare costs.

Yu et al’® examined a linked HMO database of admin-
istrative data and EMR data in a retrospective cohort study
to compare both 1-year total and diabetes-specific health-
care costs in patients who did and did not have weight gain
over a 6-month period. This work was consistent with
most of the above findings in that weight change was
positively associated with total costs, but added the finding
that, for DM-specific costs, it was important to model
weight gain and weight loss separately. They found that
every one percentage point weight loss was associated
with a 5.8% or $131 cost decrease (p < 0.01), while one
percentage point weight gain was insignificantly related to
a 0.40% or $9 cost increase.

With respect to other research designs, Davis et al,’' in a
prospective observational cohort study, found lower total
medication costs for those with a 5% loss of initial body
weight over 4 years. They demonstrated that weight loss
during follow-up was associated with cerebrovascular dis-
ease at baseline, highlighting the above concern regarding the
identification of intentional vs unintentional weight loss.

Sabale et al,*” in a retrospective analysis of an epidemio-
logical dataset, identified newly diagnosed patients in pri-
mary care clinics and followed them annually with BMI
measurement. Outpatient, inpatient, and laboratory costs
over 3 years were documented. Patients were assigned to
weight change categories based on >1 BMI unit increase, <1
BMI unit change, and >1 BMI unit decrease (roughly equiva-
lent to a 3% change in body weight). Patients were assigned a
pattern for the entire 3 years. Mean annual and 3-year cumu-
lative healthcare costs were estimated for each pattern.
Weight stability was the most common pattern over 3 years
and it was associated with the lowest healthcare costs.

Meads et al,’ Thorpe et al’ 8 and Trueman et al*® each used
simulation models to examine short-term and lifetime costs for
weight change. None of these studies exclusively studied
T2DM patients. Two of these studies’”® used data from
weight loss intervention programs and found cost savings
associated with enrollment in the program. The third,”® using
data from the Diabetes Prevention Program to populate their

ClinicoEconomics and Outcomes Research 2020:12
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models, found cost savings associated with weight loss. This
last study assumed that weight loss was permanent, and also
checked a scenario where weight loss was temporary for 90%
of the individuals, still finding that cost savings would occur.

Discussion

This review identified 38 studies describing the association
of weight change with the outcome of glycemic control
and 11 describing the association of weight change with
healthcare cost/resource use. Although studies regarding
the relationship between weight change and glycemic con-
trol showed a range of associations, the relationship
between weight loss and cost/resource use was generally
positive, with weight gain associated with higher costs and
weight loss associated with lower costs.

The implications must be examined within each indivi-
dual study context and may not be generalizable. For exam-
ple, among the studies that focused on the impact of weight
loss on glycemic control, a variety of weight loss patterns
were described, illustrating that simple linear relationships
did not consistently reflect what actually occurred. Several
factors may have impacted the interpretation of the results,
including not only the duration of T2DM diagnosis [which
has been found to be unreliable as a proxy for T2DM
severity],®' the baseline BMI and HbAlc, and the treat-
ments used, but also the time period evaluated. Generally,
the weight loss period evaluated was concurrent with the
change in glycemic control, ie, the entire time period was
used to evaluate both the predictor and outcome variables.
Demonstration of a causal effect between weight change
and the outcome would require that the weight change
preceded the outcome. Feldstein et al,29 Jansen et al,39 and
Neiberg et al*' each demonstrated the importance of calcu-
lating weight change over an “initial” period, preceding the
time of measuring the change in glycemic control, not only
because time of measurement may impact the associations
but also because of changes in both weight and glycemic
control that may occur after 9—18 months of treatment if a
change in treatment is involved.

Although most studies attempted to control for the
medication class used by patients, there was much poten-
tial for misclassification, particularly in real-world studies
over the long term. These concerns are warranted, given
the known and often opposite effects of insulin and other
medication classes on the relationship between weight loss
and glycemic control.

The cost review demonstrated a generally positive rela-
tionship between weight change and costs. This result was

consistent with evidence that weight gain is linked to
increased insulin resistance and consequent initiation of insu-
lin treatment,'® therefore requiring more healthcare services.
Weight gain is also linked to worsening of cardiovascular risk
factors such as blood pressure and elevated cholesterol,**
requiring closer patient monitoring and additional medica-
tions. Several of the administrative data studies suggested
that weight loss may not have positive associations with

305455 or those with cardiovascular

costs in older patients
disease.® The concept of intentional versus unintentional
weight loss is not easily distinguished in such studies, and
sub-analyses may be necessary to quantify the bias encoun-
tered because of weight loss due to hospitalization and illness.

The reviewed studies indicate that weight gain, weight
loss, and weight stability may all have different effects on
healthcare spending, and that perhaps longer-term follow-up
is required to collect more accurate information regarding
weight change patterns. The importance of considering
weight change patterns is supported by a recent study that
examined real-world weight change patterns in a large long-
itudinal electronic patient database and included patients who
had obesity at baseline (BMI > 30 kg/m?), did not gain
weight during the first 6 months weight change evaluation
period and had a minimum of 2.5 years of follow up.® It was
found that weight cycling and regain were common after an
initial weight loss and that continued weight loss was more
likely among patients who initially lost more weight.
Longitudinal data may provide stronger long-term evidence
and help in overcoming these limitations with more robust
study designs that include adjustment for baseline patient
characteristics and better account for variation in weight
change and clinical outcomes over time.

A salient limitation of both the administrative data studies
and simulation models was their generalizability to the com-
plex care scenarios that patients with T2DM experience. In
general, these studies used a government or payer perspec-
tive, failing to consider the potential benefits that might
accrue to patients, such as improved quality of life, or
fewer disability days, or improved glycemic control.

An important finding of this review was that the study
designs evaluating the relationship between glycemia and
weight change need further development. The 2018 posi-
tion statement of the ADA and the EASD acknowledges
the key knowledge gap regarding

understanding the biology, psychology, and sociology of

obesity to identify pharmacological, behavioral, and
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political approaches to preventing and treating this princi-
pal cause of type 2 diabetes.’

Since RCT are designed to determine the effect of the
intervention (often a drug) on outcomes, these studies are
difficult to use for the independent assessment of the
impact of weight change on diabetes outcomes, such as
HbAlc. The creation of a cohort of T2DM patients (such
as large longitudinal patient systems) that have real-world
weight loss and glycemic control measurements unasso-
ciated with a specific intervention assignment would
improve the interpretability, quantification, and generaliz-
ability of the connection between weight loss and out-
comes in T2DM patients.®* Figure 3 summarizes the
potential relationships derived from this literature review.
The key methodological barriers identified in the literature
were:
Study design issues —

1. Most studies examined an intervention and examine
the effects of weight changes on outcomes.
However, the potential bias from the confounding
between the intervention and weight change may
not have been entirely removed, even after adjust-
ment for the intervention.

2. Effect modification by baseline patient characteris-
tics was not always accounted for.

3. Most studies modeling outcomes considered static
values for weight change and for confounders such
as glycemic control. Methods for time varying cov-
ariates for longitudinal data would be more appro-
priate to accurately model the dynamic nature of
these relationships.

4. The relationships between outcomes and weight
change likely depend on the timing of measurement
relative to the duration of the disease and type and
duration of treatment at time of measurement. The
choice of index date for pre/post studies varied and
may be critical to the effects found and their
interpretation.

Weight change measurement issues —

1. There was wide variation in the way weight change
was measured, and the functional form (eg, linearity)
of the relationship may depend on the definition used.

2. Various studies relied on self-reported or perception
of weight change and others on clinical records.
The reporting source may affect the nature of the
relationship of weight change and outcomes.

Outcome measurement issues —

1. There was wide variation in the way glycemic con-
trol and cost were measured, and the functional
form (eg, linearity) of the relationship may depend
on the definition used.

2. The period of evaluation of outcomes varied (eg, 12
months or 24 months). There may be different
effects of weight change on short vs long-term
outcomes.

Limitations
This review was conducted using predefined eligibility
criteria and conformed to Preferred Reporting Items for

Cost/
Resource
Use

Glycemic
Control

Intervention/
Patient Characteristics/
Genetics/Med class &
attributes

Figure 3 Nature of relationships between weight loss and health outcomes.

May confound all the
relations indicated above
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Systematic Reviews and Meta-Analyses (PRISMA)
guidelines, which contributes to the strength of the con-
clusions. However, limitations to this methodology
include 1) restriction to articles published in the study
period, and 2) the potential not to include articles that
were lacking in the keywords used in the search but that
did address the relationships of interest. Other limitations
with respect to generalizability of the data retrieved may
have resulted from the various populations studied by the
relevant articles (eg, claims databases, national polls),
and the methodological limitations outlined above. None
of the studies directly evaluated beta-cell function and
weight loss, a result that may have occurred because of
the parameters used in our literature search. However,
weight loss is known to directly impact insulin sensitiv-
ity, and to preserve beta-cell function. Where this review
demonstrated inconsistent relationships between weight
loss and glycemic control, relationships between weight
loss and insulin sensitivity or beta-cell function may be
more robust. Weight loss is generally associated with an
improvement in whole-body insulin sensitivity and beta-

cell function.®>%°

Conclusion

This literature review and critical analysis describe the
current state of the medical literature with respect to the
association between weight change and the outcomes of
glycemic control and cost/resource use in patients with
T2DM. Generally, the studies were consistent in that
weight loss/stability appeared positively associated with
cost savings and that weight gain was negatively asso-
ciated with cost savings. Improved study designs are
required to isolate the effects of weight change on glyce-
mic control and on cost/resource use, particularly with
respect to potential biases that may occur because of
differences in baseline characteristics of study patients,
weight loss interventions, and the measurement of changes
in these parameters and their relationships over time.
Future conduct of real-world studies may advance our
understanding of the incremental benefits of weight loss
in T2DM patients.
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