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ABSTRACT

Introduction: Given the high rates of obesity
and poor glycemic control among individuals
with type 2 diabetes (T2D), this study examines
current trends in HbAlc and body mass index
(BMI) as well as the association between HbAlc
and BMI among adults with T2D.

Methods: Data from the IBM® MarketScan®
Explorys® Claims-EMR Data were used to con-
struct eight annual cohorts for the vyears
2012-2019. Each annual cohort included adults
identified with T2D who had at least one
recorded HbA1c laboratory result and BMI value
in the year of interest. Given these cohorts,
trends in HbAlc and BMI were described over
time using generalized estimating equation
(GEE) tests.

Results: Results indicate that, over the study
period from 2012-2019, average BMI increased
significantly and there was a decrease in the
percentage of adults with T2D who achieved
glycemic control. In addition, for all years,
higher BMI classification was associated with
higher HbAlc values. When examining results
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for patients in different age groups, the findings
were generally consistent with the overall pop-
ulation. In each age group, but most notably the
age 18-44 group, the mean BMI increased over
time and higher BMI was associated with higher
HbAlc.

Conclusion: Given the increase in BMI and
decreasing percentage of individuals achieving
glycemic control among adults with T2D found
over the study period, therapies which decrease
BMI as well as HbAlc can potentially have a
significant impact on the management of T2D.
The growing proportion of the younger age
group with higher mean BMI may remain a key
subgroup of interest.
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Key Summary Points

Why carry out this study?

In the US, the rate of obesity has increased
among adults with diabetes, with
implications for both treatments and
health outcomes.

This study updates trends in body mass
index (BMI) and HbAlc in a US
population with type 2 diabetes (T2D) and
examines the relationship between BMI
and HbAlc.

What was learned from the study?

Among individuals with T2D, from 2012
to 2019 mean BMI increased and the
percentage of individuals who achieved
glycemic control decreased.

For all adults with T2D, higher BMI was
generally associated with higher HbAlc
levels.

The results of this study suggest that
therapies which decrease BMI as well as
HbAlc may be important in the
management of T2D.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14610426.

INTRODUCTION

Multiple studies drawing from a variety of data
sources have shown that the rate of obesity has
increased in the USA over the past 40 years [1].
Among American adults with diagnosed dia-
betes, the frequency of overweight and obesity
has likewise risen, from an estimated 78.5% in

1988-1994 to 85.2% in 1999-2002 [2] and
89.0% in 2013-2016 [3]. These trends may have
implications for diabetes treatment. Previous
research among individuals with type 2 diabetes
(T2D) has indicated that overweight and obesity
increase the risk of cardiovascular and other
diseases and make it harder to sustain glycemic
control [4]. In addition, a synthesis of data from
51 randomized control trials and 7 prospective
single-arm studies revealed a consistent, linear
relationship between weight loss and decreased
HbAlc among people with T2D who were
overweight or obese [5]. The American Diabetes
Association (ADA) has stated that “[t]here is
strong and consistent evidence that obesity
management...is beneficial in the treatment of
type 2 diabetes” [6].

Given that much of the research cited above
relied upon data now a decade old or older
[4, 5, 7], one purpose of the present study was to
provide updated statistics on trends in body
mass index (BMI) and HbA1c in a US population
with T2D. The second main purpose was to re-
examine the relationship between BMI and
HbAlc. Given these aims, the present analyses
used claims data collected in naturalistic treat-
ment settings to explore trends in BMI and
HbAlc and the association between the two
measures.

METHODS

The analyses were conducted with the IBM®
MarketScan® Explorys® Claims-EMR database,
which links administrative claims, laboratory
results, and clinical observations to supply
information on individual characteristics, diag-
noses, procedures, outpatient prescription drug
use, HbAlc laboratory test results, and records
of height, weight, and BMI. The claims data
contain information on fully paid and adjudi-
cated claims and capture information for over
263 million individuals since 1995 on physician
office visits, hospital stays, retail, mail order and
specialty pharmacies, and carve-out care such as
mental health services, while the laboratory
data contain laboratory test results [8]. The
MarketScan® data used in this study are based
upon a large convenience sample and were
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mostly obtained from large employers [8]. The
EMR data provided for this study were built
upon clinical data and capture information for
more than 63 million unique patients. The EMR
data include data from ambulatory services,
specialty care, and inpatient care [9]. All data for
this study were fully de-identified and Health
Insurance Portability and Accountability Act
(HIPAA) compliant and represented medical
encounters that took place between January 1,
2012, and December 31, 2019. Use of the data
was obtained by Eli Lilly and Company via the
purchase of a data license from International
Business Machines (IBM) Corp. In addition, a
data access rider from IBM allowed HealthMet-
rics Outcomes Research to access the data.
Given the use of retrospective and de-identified
data, ethics committee approval was not
required.

A prevalence cohort was constructed for each
year from 2012 through 2019. Given this 8-year
time span, there were eight annual cohorts.
Individuals were included in an annual cohort
if, in the year of interest, they had: (1) two or
more diagnoses of T2D, (2) a recorded age of
18 years or older, (3) at least one recorded
HbAlc, and (4) at least one recorded BMI.
Individuals were excluded from the annual
cohort if they had a diagnosis of gestational
diabetes or pregnancy or a discontinuation of
insurance in the calendar year of interest.

Given the eight annual cohorts, the analyses
examined trends in HbAlc, trends in BMI, and
the relationship between BMI and HbA1c, based
upon the last recorded BMI or HbA1lc value for
each year of interest. Trends in HbAlc focused
on the American Diabetes Association (ADA)
target of HbAlc < 7% for most adults [10],
while trends in BMI focused on the Centers for
Disease Control and Prevention (CDC) BMI
categories [11]. Trends in HbAlc and BMI were
described over time with no adjustments for
confounding wusing generalized estimating
equation (GEE) tests [12]. In addition, trends
were examined for age groups, as categorized by
the CDC in their National Diabetes Statistics
Report [3]. Means and standard deviations were
reported for continuous variables, and percent-
ages were reported for categorical variables. All
analyses were conducted using SAS version 9.4,

and a P value < 0.05 was considered, a priori, to
be statistically significant.

RESULTS

Table 1 shows sample size and characteristics of
the individuals with T2D over the years
2012-2019. Table 1 shows that, over the study
duration, the average age decreased and, in
general, there were slightly more males than
females. Figure 1 illustrates that the mean BMI
increased over the study period, from 33.2 kg/
m? in 2012 to 34.5 kg/m? in 2019. Accordingly,
there was a decrease in the percentage of adults
who were classified as normal weight or over-
weight and an increase in the percentage of
adults identified as obese class I, obese class II,
or obese class III, with all trends statistically
significant. Both the decreasing trend in the
percentage of normal weight individuals and
the increasing trend in the percentage of indi-
viduals identified as obese class III were statis-
tically significant. Overall, there was no
statistically significant trend in HbAlc over the
study period.

Table 2 examines the relationship between
BMI and HbA1lc. Results indicate that over the
time period from 2012 to 2019 for all individ-
uals and for all benchmark BMI classifications
(normal weight, overweight, obese class I, obese
class II, and obese class III), there was a decrease
in the percentage of individuals with HbAlc at
the ADA recommended target of < 7% [10] and
an increase in the percentage of people with
HbAlc > 7%. For all weight classifications
except obese class III, the decreasing trend in
the percentage of individuals with HbAlc < 7%
and the increasing trend in the percentage of
individuals with HbAlc > 7% were statistically
significant. In addition, Table 2 reveals that, in
general, higher benchmark BMI was associated
with worse glycemic control, as indicated by a
higher proportion of patients having post-pe-
riod HbAlc > 7%.

Figure 2 illustrates changes in mean HbAlc
stratified by BMI classification. Most com-
pellingly, Fig.2 descriptively illustrates that,
without exception and for each year of study,
higher BMI categorization was associated with
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Table 1 continued

Year

2019

2018

2017

2016

2015

2014

2013

2012

18.9% 18.8% 18.7% 19.2% 19.4% 20.9% 21.5%

18.9%
16.1%

Obese class II*

16.5% 16.7% 17.4% 18.7% 20.3%
72 £ 15

16.2%

16.2%

Obese class IIT*

73+ 16

72 £ 15

73 £ 15 73+ 16 73+ 15 73+ 15

73 £ 16

Mean HbA1c® + SD (%)

BMI body mass index, CDHP consumer-directed health plan, HMO health maintenance organization, POS point of service, PPO preferred provider organization,

SD standard deviation

* Time trend for year is positive and statistically significant (P < 0.05)

b

Time trend for year is negative and statistically significant (P < 0.05)

¢ Time trend for year is not statistically significant (P > 0.05)

higher mean HbAlc. These results are consis-
tent with Table 2, which found higher BMI
classification was associated with worse gly-
cemic control. In addition, Fig. 2 shows that the
obese class III category was associated with a
statistically significant downward trend in
mean HbAlc. Regardless of these trends, how-
ever, Fig. 2 reveals that the obese class III cohort
had the highest mean HbAlc for every year of
study.

Figure 3 illustrates trends in BMI and HbAlc
stratified by age groups. Results reveal that
individuals aged 18-44 years had the highest
mean BMI and HbAlc, while individuals aged
65 or older had the lowest mean BMI and
HbAlc. For all age groups, but most notably for
those individuals aged 18-44, mean BMI
showed a statistically significant increase in
trend over the time period from 2012 to 2019,
while mean HbAlc declined significantly for
individuals aged 18-44 or 45-64 years over the
study period.

Given the reduction in sample size which
occurred in our dataset post 2017, all trend tests
were conducted a second time, focusing exclu-
sively on the years 2012-2017 (i.e., removing
the years 2018 and 2019). These alternative
trend test results were generally consistent with
the statistics reported above. Specifically,
decreases in mean age and increases in both
mean HbAlc and mean BMI were statistically
significant over the time period 2012-2017.
However, in contrast to the primary analyses,
the sensitivity analyses found no change in the
percentage of all individuals or normal weight
individuals with HbAlc > 7% over the time
period from 2012 to 2017. In addition, the
alternative analyses found a significant decline
over time in the percentage of obese class III
individuals with Hbalc > 7%.

DISCUSSION

In this retrospective, descriptive study, individ-
uals with higher weight classifications also had
higher HbA1lc. In addition, mean BMI increased
while the percentage of patients identified as
having glycemic control decreased. These
results are consistent with previous research
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Fig. 1 Trends in body mass index: 2012-2019

which has shown higher BMI and higher HbAlc
to be positively correlated [13, 14].

The increase in BMI observed over the study
period, with 89.5% classified as overweight or
obese in 2012 and 93.4% in 2019, continues an
upward BMI trend observed in an earlier study
of a population of US adults with diabetes, in
which the proportion with obesity rose from
33% in 1970-1974 to 49% in 1985-1989 [15].
The increase in mean HbAlc observed in this
study is consistent with research which has
found a linear increase in HbAlc levels with
increasing BMI [16] as well as with a literature
review which examined real-world studies of
BMI and HbA1c in eight countries [17]. Notably,
the increase in mean HbAlc, from 7.25% in
2012 to 7.32% in 2019, occurred despite chan-
ges in diabetes therapy since 2012, including a
growth in the use of GLP-1 RAs and the intro-
duction of SGLT-2s and insulin-GLP combina-
tions products [18-20].

Consistent with the rise in mean HbAlc for
all individuals and for those of normal weight,
overweight, obese class I, or obese class II, the
proportion who were unable to achieve the

ADA treatment target of HbAlc < 7% [10] grew
over the 8-year time frame. This finding con-
trasts with research from an earlier time hori-
zon, which found that the percentage of people
with diabetes who attained the HbAlc goal
of < 7% rose from 50.9% in 1988-1994 to
58.8% in 2005-2010 [7]. However, the present
findings are in concert with a retrospective
analysis based on claims data from a more
recent time period (2009-2011), which con-
cluded that being overweight or obese was
consistent with suboptimal glycemic control
[13]. Furthermore, a literature review of real-
world studies reporting data on HbAlc and BMI
concluded that “Overall, studies have shown
that the proportion of patients failing to
achieve glycemic control increases with over-
weight or obesity” [17].

Results for individuals based on age groups
were also generally consistent with prior
research. For example, consistent with the lit-
erature review discussed above [17], the group
with the highest mean HbAlc (age 18-44) also
had had the highest mean BMI, while patients
with the lowest mean HbAlc (age 65 years or
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Table 2 Distribution of HbAlc by BMI categories from 2012-2019
Distribution of HbAlc by BMI categories  Year
2012 2013 2014 2015 2016 2017 2018 2019

% of all T2D individuals

< 7%" 534 533 527 530 523 S44 524 Sl

> 7%" 466 467 473 470 477 456 476 489
% of normal weight T2D individuals

< 7%" 616 621 612 608  6L1 620 604 570

> 7%" 384 379 388 392 389 380 396 430
% of overweight T2D individuals

< 7%" 586  S78 566 561 559 574 549 555

> 7%" 414 422 434 439 441 426 451 445
% of obese class I T2D individuals

< 7%" 524 524 517 519 524 537 521 506

> 7%" 476 476 483 481 487 463 479 494
% of obese class II T2D individuals

< 7%" 493 498 485 497 489 516 499  49.1

> 7%" 507 502  SL5 503 SL1 484 501 509
% of obese class III T2D individuals

< 7%" 459 461 476 489 475 505 493 473

> 7%" 541 539 524  SL1 525 495 507 527

BMI body mass index, 72D type 2 diabetes

* Time trend for year is positive and statistically significant (P < 0.05)
® Time trend for year is negative and statistically significant (P < 0.05)
¢ Time trend for year is not statistically significant (P > 0.05)

older) also had the lowest mean BMI. In addi-
tion, the finding that age is inversely related to
mean HbAlc is consistent with research from
the CDC which found that individuals with
diabetes aged 18-44 years had the highest per-
centage of individuals with HbAlc > 8% or
10%, while individuals with diabetes aged 65 or
older had the lowest percentage of individuals
with HbAlc > 8% [3]. Prior research has also
found that weight gain in early adulthood is
associated with a higher risk of onset of T2D
compared to weight gain later in life [21]. Such
a finding is consistent with results of this study

that found higher BMI among younger adults
with T2D.

The strengths of the present analyses include
a large source database and an extended time
horizon. Nevertheless, the results should be
interpreted within the context of the limita-
tions. Most notably, the use of data from a
convenience sample that captures information
predominantly from large employers means
that results may not be generalizable to the
entire US population. Moreover, the sample size
was affected by the requirement of recorded
BMI and HbAlc results, and only one BMI and
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one HbAlc measurement was required per per-
son in each year of interest. In addition, data-
base limitations precluded inclusion of all
patients for all years of the analyses, and not all
individuals could be tracked for the duration of
the study. However, a sensitivity analysis found
that results were generally robust when exam-
ining only records from the first 6 years of
interest (2012-2017), where there was signifi-
cantly more consistency of patients over time.
In addition, the analysis is primarily descriptive
and as such did not examine how factors such
as medication use or insurance status would
affect trends in HbAlc or BMI. Finally, the
analyses relied on diagnostic codes to identify
individuals with T2D, a method which may not
be as rigorous as results of laboratory tests or
clinical assessments.

CONCLUSIONS

The findings of this study indicate that, for
adults with T2D and for all age groups exam-
ined, BMI increased over the time period from
2012 to 2019 and that higher BMI was associ-
ated with higher HbAlc. While mean HbAlc
remained unchanged over the study period for
the entire cohort, the percentage of individuals
achieving glycemic control decreased, despite
the development of many new antidiabetic
therapies over the study horizon. These results
suggest that glycemic control may become
more challenging as body mass increases and
that therapies which decrease BMI as well as
HbA1lc may be important in the management of
T2D.
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nc/4.0/.
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