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Medical Care Costs Associated
With Long-term Weight
Maintenance Versus Weight Gain
Among Patients With Type 2
Diabetes
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OBJECTIVE

Weight loss is recommended for overweight patients with diabetes but avoidance
of weight gain may be a more realistic goal. We calculated the 4-year economic
impact of maintaining body weight versus gaining weight.

RESEARCH DESIGN AND METHODS

Among 8,154 patients with type 2 diabetes, we calculated weight change as the
difference between the first body weight measure in 2010 and the last measure in
2013 and calculated mean glycated hemoglobin (A1C) from all measurements
from 2010 to 2013. We created four analysis groups: weight change <5% and
A1C <7%; weight gain 25% and A1C <7%; weight change <5% and A1C =7%; and
weight gain 25% and A1C 27%. We compared change in medical costs between
2010 and 2013, adjusted for demographic and clinical characteristics.

RESULTS

Patients who maintained weight within 5% of baseline experienced a reduction in
costs of about $400 regardless of A1C. In contrast, patients who gained >5% of
baseline weight and had mean A1C 27% had an increase in costs of $1,473 (P <
0.001). Those who gained >5% of their baseline weight with mean A1C <7% had a
modest increase in costs ($387, NS).

CONCLUSIONS

Patients who gained at least 5% of their baseline body weight and did not maintain
A1C <7% over 4 years experienced a 14% increase in medical costs, whereas those
who maintained good glycemic control had a mean cost increase of 3.3%. However,
patients who maintained weight within 5% of baseline had costs that were ~5%
lower than baseline. Avoidance of weight gain may reduce costs in the long-term.

Type 2 diabetes (T2D) is a chronic disease defined by hyperglycemia (1), and almost
90% of patients with T2D are affected by overweight or obesity (2). In addition to
blood pressure and cholesterol, weight management and glycemic control are the
cornerstones of diabetes care (3,4). Indeed, based primarily on the Look AHEAD trial
that demonstrated the feasibility of achieving and maintaining weight loss in pa-
tients with diabetes, weight loss is recommended for most overweight patients with
diabetes (5). Although mean weight loss of Look AHEAD participants who received
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the intensive lifestyle intervention (ILI) was
8.6% after 1 year, regain resulted in a
mean loss of 4.7% at 4 years (6). Whereas
68% of ILI participants achieved a 5%
weight loss at year 1, by year 8 that figure
had fallen to 50.3% (7). Furthermore, Look
AHEAD participants represented only
about one-third of individuals who met
prescreening criteria for the study; most
of the other two-thirds declined participa-
tion. In clinical practice, therefore, the ma-
jority of patients with T2D are unlikely to
attempt, achieve, and maintain significant
weight loss; avoidance of weight gain may
be a more realistic goal. We undertook the
current study to determine the economic
impact of maintaining body weight versus
gaining weight over 4 years among free-
living patients with T2D who did and did
not maintain glycemic control during that
period.

RESEARCH DESIGN AND METHODS

The study site was Kaiser Permanente
Northwest (KPNW), an integrated medical
system that provides health services in and
around Portland, OR. We conducted an ob-
servational cohort study using comprehen-
sive electronic medical records data that
include frequent anthropometric mea-
sures, diagnoses, laboratory results, and
pharmaceutical dispensings. The KPNW in-
stitutional review board approved the
study with a waiver of informed consent.

Sample Selection

We identified all people with T2D diag-
nosed in 2010 or earlier and who were
continuously enrolled in KPNW from Jan-
uary 2010 through December 2013 (n =
22,186). Patients were required to have
at least one glycated hemoglobin (A1C)
measurement in each year and to have
at least one body weight measurement
in 2010 and 2013 (n = 16,631). We ex-
cluded patients over age 85 years (n =
153) and those who had bariatric surgery
(n=77) or were diagnosed with malignant
cancer (n = 4,417) or end-stage renal dis-
ease (n = 335) before 2013 because of the
high costs associated with these condi-
tions that also have significant impact on
weight (remaining n = 11,649). We calcu-
lated weight change as the difference be-
tween the first body weight measure
recorded in 2010 and the last measure
recorded in 2013 and excluded 3,495 pa-
tients who lost >5% of their 2010 body
weight to avoid the effects of other un-
intentional weight loss, producing a final

study sample of 8,154. We stratified
weight change by those who maintained
weight within 5% of their 2010 measure-
ment versus gained 5% or more. Mean A1C
was calculated from all measurements re-
corded from 2010 through 2013. We strat-
ified mean A1C over the entire study
period using a glycemic control cut point
of 7%, resulting in four analysis groups:
weight change <5% and A1C <7%;
weight gain =5% and A1C <7%; weight
change <5% and A1C =7%; and weight
gain =5% and A1C =7%.

Cost Analyses

We used calendar year 2010 to collect
baseline data and calculated the change
in annual medical costs as 2013 minus
2010 costs. Inpatient, outpatient, phar-
macy, and total medical costs were calcu-
lated by year for each individual during
their entire follow-up period. We based
our costing method on procedures devel-
oped and validated by the KPNW Center
for Health Research. This costing algorithm
assigns an average cost per unit of service
based on general ledger information.
For outpatient costs, this method creates
standard costs for office visits by specialty/
department and type of clinician (MD vs.
physician assistant/nurse practitioner).
The number of visits per department per
clinician type is multiplied by the appropri-
ate unit cost. Pharmaceutical costs were
based on retail prices within the service
area. Hospitalization costs were calculated
by multiplying the average daily cost per
assigned diagnosis-related groups by the
length of stay. Costs for medical services in-
curred at facilities not owned by KPNW were
based on the amount paid to the non—plan
provider. All costs were adjusted to 2014
dollars using the medical or pharmaceutical
component of the Consumer Price Index.

Covariates

The statistical models included covariates
for baseline costs, age, sex, race/ethnicity,
duration of diabetes, smoking status, base-
line systolic blood pressure (SBP), LDL cho-
lesterol, and weight. We also assessed
history (before 2011) of ischemic heart dis-
ease (ICD-9 codes 410-414.x), heart failure
(ICD-9 428.x), retinopathy (362.01, 362.02,
362.83, and 379.23), neuropathy (250.6,
355.9,356.9, 357.1, and 357.4), depression
(296.x, 300.4, and 311), and chronic kidney
disease (CKD) (585.x or last glomerular fil-
tration rate prior to 2011 <60 mL/min,
estimated from serum creatinine using
the MDRD equation). We also controlled
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for use of specific antihyperglycemic agents
(metformin, sulfonylureas, insulin, other
oral agents, and other injectables), ACE in-
hibitors or angiotensin receptor blockers
(ARBs), B-blockers, and statins in the base-
line year.

Statistical Analyses

Medical costs are not typically normally
distributed. Although log transformation
can often normalize the data, we used
simple ordinary least squares regression
on untransformed medical costs to com-
pare the change in annualized costs across
weight change and glycemic control
groups. Prior research in this setting dem-
onstrated that ordinary least squares re-
gression is as robust at predicting costs
as more advanced techniques (8), and
others have argued that the sample
mean performs well and is unlikely to
lead to inappropriate conclusions (9).
Therefore, for ease of interpretation, we
report mean change in costs adjusted for
covariates listed above and compared ad-
justed costs using the LSMEANS options in
PROC GLM (SAS version 9.4; SAS Institute,
Cary, NC).

RESULTS

Of the 8,154 patients with T2D who met all
inclusion/exclusion criteria for the study
(Table 1), 31.3% (n = 2,553) maintained
mean A1C <7% and experienced body
weight change of <5%, and 6.8% (n =
557) maintained A1C <7% but gained 5%
or more of their baseline body weight.
Another 49.4% (n = 4,024) had a mean
A1C =7% with a body weight change
of <5%, and 12.5% (n = 1,020) had a
mean A1C =7% with a body weight change
of =5%. Patients who did not maintain
A1C <7% were considerably younger,
whereas those who gained weight were
more likely to be women, have heart failure
or depression, and to be using insulin.

Patients who did not maintain mean
A1C <7% were significantly heavier at
baseline regardless of whether they sub-
sequently gained weight (Table 2). These
patients also had significantly higher
baseline comorbidities and costs. Mean
weight gain among patients who gained
weight and maintained glycemic control
was ~20 pounds (9.9%), but those who
did not maintain mean A1C <7% gained a
mean of 23 pounds (10.5%).

Figure 1 displays the multivariable ad-
justed change in medical costs by resource
and in total for each of the four analysis
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Table 1—Characteristics of study sample

Total A1C <7%, weight A1C <7%, weight A1C =7%, weight Al1C =7%, weight

Baseline characteristic sample change <5% gain =5% change <5% gain =5%
Sample size 8,154 2,553 557 4,024 1,020
Percent of total 100% 31.3% 6.8% 49.4% 12.5%
Age 54.3(10.4) 58.6 (10.0)*1% 56.3 (9.5)*1§ 52.3 (10.0)t$§ 50.4 (9.8)*1¢&
Duration of diabetes

(vears) 7.2 (5.2) 5.7 (4.6)tf 5.9 (4.8)tf 7.9 (5.3)*1§ 8.6 (5.4)*1§
% men 54.0% 52.4%*t 47.6%% 56.9%*+§ 49.9%t
African American 4.5% 4.0% 4.8% 4.9% 3.4%
Hispanic 6.4% 5.0%* 4.3%* 7.8%*8 5.8%t
Smoker 9.1% 8.3%* 11.7%8 9.1% 9.6%
LDL cholesterol (mg/dL) 101 (25) 101 (24) 102 (25) 100 (25) 100 (26)
SBP (mmHg) 130 (13) 130 (13)*t 128 (13)+1§ 131 (13)*§ 131 (13)*
Diastolic blood pressure

(mmHg) 73 (8) 72 (8)*tt 71 (8)t1§ 74 (8)*§ 74 (9)*§
Ischemic heart disease 20.9% 21.3% 21.5% 20.3% 21.7%
Heart failure 7.8% 7.2%*% 10.8%t§ 7.2%*% 10.1%*§
Depression 32.1% 29.8%*% 38.1%1¢& 31.8%*+ 35.7%1¢&
Retinopathy 15.1% 9.5%1# 11.7%t+ 16.9%*+§ 23.4%*t§
Neuropathy 29.6% 25.5%*t% 31.6%+8 30.1%%8 36.9%*1§
Hypoglycemia 0.1% 0.0% 0.0% 0.1% 0.1%
CKD 19.8% 21.7%t 21.5%* 17.8%*+§ 21.8%t
ACE/ARB use 76.1% 75.0% 72.5%1% 76.9%* 77.6%*
B-Blocker use 36.6% 39.8%t 39.3%t 33.8%*1§ 38.3%t
Insulin use 22.0% 9.0%* 1+ 14.9%1+§ 26.2%*18§ 42.1%*t§
Statin use 77.0% 76.3%% 79.7% 76.3%% 79.6%18&
Metformin use 63.0% 50.9%1% 48.8%t% 71.0%*§ 69.3%*§
Sulfonylurea use 36.3% 19.6%t# 16.0%t# 47.0%*§ 47.2%*§
Other oral antidiabetic use 3.4% 1.5%1% 1.6%t% 4.5%*& 4.9%*&

Data are mean (SD) or percentage. *P < 0.05 compared with A1C <7% and weight gain =5%. TP < 0.05 compared with A1C =7% and weight
change <5%. ¥P < 0.05 compared with A1C =7% and weight gain =5%. §P < 0.05 compared with A1C <7% and weight change <5%.

groups. After adjustment for baseline
costs and demographic and clinical charac-
teristics, patients who maintained weight
within 5% of baseline experienced a reduc-
tion in costs of about $400 regardless of
whether mean A1C was above or below
7%. In contrast, patients who gained >5%

of their baseline weight and had a mean
A1C =7% had an increase in costs of
$1,473 (significantly different from both
weight maintenance groups, P < 0.001).
Those who gained >5% of their baseline
weight but had a mean A1C <7% had a
more modest increase in costs ($387) that

Table 2—Baseline weight and weight change, mean A1C, and baseline costs

A1C <7%, weight A1C <7%, weight

was not statistically significantly different
from the other groups.

The full models of change in medical
costs by resource and in total are shown
in Table 3. A diagnosis of heart failure
was the single largest contributor to an
increase in total costs ($3,705, P < 0.001),

A1C =7%, weight A1C =7%, weight

Baseline characteristic Total sample change <5% gain =5% change <5% gain =5%
Baseline weight (pounds) 217 (53) 210 (52) 205 (51) 221 (53) 221 (55)
Baseline BMI (kg/m?) 34.1 (7.3) 33.3(7.3) 32.7 (7.0) 34.6 (7.2) 35.2 (7.7)
Weight change (pounds) 3.2 (12) —1.4(7.4) 19.8 (11.4) —1.0(6.2) 23.0 (14)

Weight change (%)
Mean A1C

1.5% (5.6%)
7.5% (1.1%)

Mean # of A1C values 8.0 (2.5)
Baseline costs
Inpatient $2,643
Outpatient $3,924
Pharmacy $2,266
Total $8,833

—0.7% (2.6%)
6.5% (0.3%)

9.9% (5.9%)
6.4% (0.4%)

7.1(2.2) 7.1(2.3)
$3,133 $4,116
$3,787 $4,724
$1,999 $2,949
$8,919 $11,789

—0.5% (2.7%)
8.1% (1.0%)

10.5% (6.4%)
8.2% (1.0%)

8.5 (2.6) 9.1 (2.8)
$2,041 $2,994
$3,681 $4,794
$2,214 $2,764
$7,936 $10,552

¥20z Iudy || uo 1sanb Aq Jpd-€£60919P/S6091S/186 /1 L/6E/APA-BI0ILE/DIBD/LLIOD IIBYIISA|IS EPE//:d)Y WOL papeojumoq


http://care.diabetesjournals.org

1984 Costs of Weight Gain
|

Diabetes Care Volume 39, November 2016

$2,000 -
Pharmacy $1,473
$1,500 - Outpatient
Inpatient $415
$1,000 - $387
$1,145
$500 - 2038 ’
$573 $500
30 $102
$500 - 858
$281 $108
$1,000 - $129 $400*
$420*
A1C < 7%, A1C < 7%, A1C > 7%, A1C > 7%,
$1,500 -

Weight Change < 5%

Weight Gain > 5%

Weight Change < 5%

Weight Gain > 5%

*Total change in costs statistically significantly different from group with A1C > 7% and Weight Gain > 5%, p<0.001.

Figure 1—Change in annual medical costs calculated as costs in 2010 minus costs in 2013, by resource and in total. Data labels in red indicate lower
costs in 2013 compared with 2010. Data labels in black indicate higher costs in 2013 vs. 2010.

followed by use of insulin (52,670, P <
0.001), depression (52,489, P < 0.001),
and neuropathy (52,392, P < 0.001).

CONCLUSIONS

In this observational cohort study of
8,154 patients with T2D who did not
lose >5% of their baseline weight over
4 years, we found that the majority of
patients (81%) were able to maintain
their weight within 5% of baseline,
but a minority (38%) managed to maintain
mean A1C of <7%. From a cost stand-
point, however, weight gain was far
more important than glycemic control.
The combination of weight gain =5%
and A1C =7% was a particularly expen-
sive combination that resulted in a 14%
increase in medical costs that were al-
ready ~20% higher at baseline than pa-
tients who did not gain weight. In fact,
patients who maintained their baseline
weight had an ~5% decline in baseline
costs.

Our findings are consistent with previ-
ous studies evaluating shorter periods of
weight change and medical costs. Bell

et al. (10) reported that weight gain
of >3% over 1-6 months was associated
with a significant increase in 1-year all-
cause costs of $3,400 compared with a
weight-neutral cohort. In another study,
patients who increased weight by a min-
imum of 1 pound over 6 months had
mean total health care costs that were
$1,719 higher than patients who did not
gain weight (11). The current study is
unique in its analysis of long-term weight
maintenance and associated costs.

We limited our analyses to patients
who maintained weight within 5 pounds
of baseline, or gained weight of 5% or
more over 4 years because substantial
weight loss is often a marker for cata-
strophic illness. We could not attribute
weight loss to any specific lifestyle inter-
vention or even personal attempts to in-
tentionally lose weight, including use of
weight loss medications; use was ex-
tremely low and therefore impossible to
assess. It is possible that pharmaceutically
induced weight loss could provide eco-
nomic benefit. In the Look AHEAD trial,
the Diabetes Support and Education

(control) group experienced mean weight
loss of <1% over 4 years (6), remarkably
similar to the percentage weight change
of our two groups that did not gain
weight. Thus, we believe our cohort
represents a “usual care” group of typical
patients living with diabetes. Although the
Look AHEAD trial reported cost savings
over 10 years among those who received
the ILI compared with the control group,
the difference in costs did not appear until
about year 5 (12), despite significant dif-
ferences in weight loss at year 4 (6). This
suggests that our exclusion of patients
with intentional weight loss does not im-
pact the costs we report for patients who
maintained their baseline weight. We also
note that weight gain in an already heavy
individual may be a marker of diabetes
severity and therefore may not be a mod-
ifiable risk factor. We controlled for diabe-
tes duration, use of antihyperglycemics,
and other presence of comorbidities to
account for differential disease burden.
Our other analysis variable, mean
A1C <7% vs. =7% over 4 years, had little
impact on change in costs. However, mean
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Table 3—Parameter estimates (independent dollar contribution to change in costs) and P values from fully adjusted
multivariable models of change in annual costs

Inpatient costs Outpatient costs Pharmacy costs Total costs

Parameter Parameter Parameter Parameter

estimate Pvalue estimate Pvalue estimate Pvalue estimate Pvalue
A1C <7%, weight change <5% (ref) = = = = = = =
A1C =7%, weight change <5% 162 0.550 —64 0.661 22 0.823 20 0.958
A1C <7%, gained >5% 208 0.650 365 0.141 —152 0.358 807 0.216
A1C 27%, gained >5% 786 0.044 572 0.007 544 <0.001 1,894 <0.001
Baseline costs -1 <0.001 -1 <0.001 0 <0.001 -1 <0.001
Age 13 0.304 7 0.301 —13 0.006 —15 0.416
Duration of diabetes 23 0.390 54 <0.001 -23 0.020 28 0.463
Male -3 0.990 —425 <0.001 77 0.366 —436 0.193
African American -1,377 0.009 —54 0.851 —185 0.331 —1,571 0.037
Hispanic —882 0.053 —147 0.550 —135 0.408 —1,363 0.035
Smoker 1,176 0.002 198 0.338 199 0.149 1,942 <0.001
Baseline LDL cholesterol 4 0.363 -2 0.455 -1 0.666 =il 0.926
Baseline SBP 23 0.010 —6 0.215 4 0.258 26 0.039
Baseline weight 1 0.625 1 0.275 1 0.142 4 0.268
Ischemic heart disease 479 0.115 521 0.002 —189 0.084 888 0.040
Heart failure 2,195 <0.001 840 <0.001 297 0.058 3,705 <0.001
Depression 699 0.004 732 <0.001 185 0.036 2,489 <0.001
Retinopathy 497 0.137 148 0.410 —204 0.088 175 0.712
Neuropathy 323 0.208 1,135 <0.001 233 0.012 2,392 <0.001
Hypoglycemia —3,035 0.381 1,918 0.304 844 0.497 826 0.867
CKD 47 0.874 340 0.033 -7 0.945 567 0.178
ACE/ARB use —191 0.510 56 0.718 —59 0.568 —209 0.611
B-Blocker use 720 0.005 355 0.010 -3 0.974 1,282 <0.001
Insulin use 1,072 <0.001 310 0.071 271 0.019 2,670 <0.001
Statin use —351 0.224 —587 <0.001 —272 0.009 —966 0.018
Metformin use —503 0.047 8 0.951 —91 0.316 —566 0.115
Sulfonylurea use 416 0.100 —21 0.879 233 0.011 745 0.038
Other oral antidiabetic use 415 0.491 54 0.869 —430 0.047 655 0.445
Other injectable antidiabetic use —2,229 0.610 2,543 0.281 2,084 0.185 4,457 0.473

Bold font indicates statistical significance, P < 0.05.

A1C in the =7% groups was 8.2%, which
may not be high enough to affect costs.
Furthermore, cardiovascular disease
(CVD) is a major driver of medical costs
in diabetes (13). Because the relationship
between A1C and CVD risk is reportedly
U-shaped (14,15), an association between
costs and A1C would likely be mitigated by
excess CVD-related costs at both the high
and low ends of the A1C distribution.

Aside from weight gain, heart failure
was associated with substantially greater
health care costs in our study. Heart fail-
ure generates a substantial number of
hospitalizations, and rehospitalization is
common, making it an enormously expen-
sive condition (16,17). Because heart fail-
ure is more common among people with
diabetes of all ages (18), preventing heart
failure could significantly impact the cost
of diabetes.

Use of insulin was another variable that
was a large contributor to change in health
care costs. This may be due in part to the
fact that medical costs are greater later in
life (19,20), and in our setting, patients
typically begin insulin use at ~65 years
of age after ~9 years of living with diabe-
tes (21). These patients are likely to have
many more comorbidities, each of which
would make an independent contribution
to costs. Although we controlled for a
number of diabetes-related comorbidities,
insulin use may be a marker for greater
overall disease burden, representing a
multiplicative effect on costs of age, dia-
betes duration, and complications. How-
ever, insulin, as well as sulfonylureas, is
known to cause weight gain (22-25), a
fact that may have confounded the asso-
ciations between weight gain and costs.
We controlled for use of specific classes

of antihyperglycemic agents in our analy-
ses. Disentangling the association between
disease burden, body weight, medical
costs, and medications is beyond the scope
of our report.

Strengths of our study include the abil-
ity to capture complete medical utilization,
and therefore costs, and to do so for a
sample size sufficient to compare medical
costs despite high variability. However,
the integrated health system in which
the study was conducted uses information
technology, including practice alerts, that
may not be available in smaller group or
independent practices. As an observa-
tional study, we cannot conclude that
cost differences were caused by weight
change or glycemic control. We relied on
A1C and weight measurements that were
taken in the course of clinical care rather
than at regular protocol-defined intervals.
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Although we included a large number of
covariates, residual confounding could re-
main. As discussed above, we limited our
analyses to patients who did not lose >5%
of their baseline body weight, and we re-
quired participants to be continuously
enrolled in the health plan for 4 years.
Whether these factors impact generaliz-
ability is unknown.

In summary, we found that patients
who gained at least 5% of their baseline
body weight over 4 years had higher med-
ical costs at baseline. Of those, patients
who did not maintain A1C <7% over
4 years experienced an increase in medical
costs of 14%, whereas those who did
maintain good glycemic control had a
mean cost increase of 3.3%. However, pa-
tients who maintained weight within 5%
of baseline had costs that were ~5% lower
than baseline. Avoidance of weight gain
may result in meaningful cost reductions.
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